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Abstract

This thesis surveys the field of browse/search interactions. The results of this study form
the basis of a specification of a representation scheme and a library of access functions

which facilitate the creation of information-rich multimedia applications.

Evidence is provided for the hypothesis that browsing and searching are the extreme ends
of a continuum of data access methods and that many browse/search interactions contain a
mixture of both with the ratio varying as the interaction proceeds. These observations
motivate the integration of browsing and search facilities so that applications can be built

which exhibit both types of information access.

This work is tailored to the area of consumer multimedia with a review of the constraints
that this imposes on the authoring process and the applications themselves forming part of
this work.

The specification of the functionality of the function library, together with its
implementation and testing are described in detail. The library has been evaluated by
constructing a number of prototype applications which demonstrate the utility and scope of
the library.
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Context

This PhD work has been conducted part-time whilst the author has been employed by
Philips Research Laboratories, Redhill (PRL). This thesis documents work which has
formed a self contained part! of a PRL project the aim of which has been to make use of
techniques from the artificial intelligence (AI) world to add value to informative CD-i?
applications. The PRL Project also contributed to the Homestead Esprit project? where an
implementation of the Generic Browser work formed part of the data representation and

access software which was used for trials of CD-i-based home shopping.

IDue attribution is given wherever work not performed by the author, such as related work within the
project, is described.

2Compact Disc Interactive (CD-1) is a consumer multimedia system with application software sold on
compact disc.

3Esprit II1 Project 6789 - Homestead
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1 Introduction

People interact with information in many circumstances. They browse magazines, read
books and search for information in encyclopadias. They go to libraries to browse for
inspiration or search for information. These interactions can be loosely grouped as browse
and search processes. These same processes form the basis of information-rich
applications on computers. Users access information held on CD-ROMs and “surf” the
World Wide Web* sometimes in the hope of finding something interesting (browsing) and
sometimes with a specific goal to find particular information (searching). Though research
into specific aspects of these processes has been done within the fields of hypertext,
hypermedia and databases, little work has been done on the theoretical underpinnings of
integrating browsing and search within single applications. Perhaps this is because
hypertext and hypermedia have concentrated on browsing and databases on search as these
are the primary types of information access for these types of application. However there
1s a trend for hypertext, hypermedia and databases to converge on similar representation

schemes which would make such integration possible.

The field of multimedia systems covers a broad range of applications which combine text,
pictures, audio and video. There are three factors which determine the state of the art.
These are the technology available, the products which exploit the technology and the
research contribution. In an ideal world the research would drive the technology which
would be realised as products. And indeed this is, to some extent what happens.
However, technology also progresses by development (evolution if you will) and in this
process the link with the foundations of research can become tenuous. Technology can
advance without any more purpose than that the next step is possible. The ramifications of

that advance are discovered after the event rather than predicted beforehand.

In the multimedia area this technology-led progress (if it can be so termed) is taking place in
both hardware and the software. Hardware is evolving at a frantic pace. Users “need”
more performance, storage, screen resolution and so on. Ever more complex applications
push the limits of what is possible with the existing technology and, as a by-product, give a
justification for increasing the power of the hardware - a vicious circle. It is interesting to
observe the ever increasing storage and processing requirements of the operating systems
themselves - whose major function is to allow the user access to his applications and files.

Improved usability 1s often cited as the reason for the expanded facilities offered by each

4The World Wide Web (WWW or W3) is a global hypermedia system accessible via the Internet. Browsing
information on the web is also known as surfing.
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new release. However the research which could justify this expansion lags behind the

drive to outdo competitor’s offerings on number of features alone [Oren 1990].

It is into this maelstrom that the area of consumer multimedia has been born. Price has also
been added to the equation of steering factors and has a very strong influence. Technology
must be exploited to the full to support more eye catching products than are offered by the
competition. Indeed the home computer segment of the PC market now leads in the
adoption of advanced technology such as multimedia upgrades and even the Pentium
processor [Kehoe 1995]. Software too must be produced within a limited budget. Re-use
of code can help to offset the development costs and re-use of the assets offsets their
purchase or production costs. In an article analysing the problems facing multimedia
publishers in the consumer market and, in particular, the competition with tv, books,

newspapers, and radio, [Carrigan 1991] writes

"What is required are techniques that make information browsing as compelling
as watching a film or viewing a TV documentary, {...]."

Achieving the right blend of features (to sell the product) and cost effectiveness is the

tightrope being walked by software developers in this technology-led field.

The aim of this thesis is to redress the balance a little by resedrching the area of multimedia
browse and search with particular emphasis on the needs of consumer applications.
Providing a research basis for the development of informative applications will mean that
they can more readily provide the user with what he or she wants, namely information,

education and entertainment.

With consumer multimedia systems a reality and considerable commercial interest in the
field there is a pressing need for improvements to the multimedia authoring process.
Authoring is the process of creating the application from its components (text, pictures,
audio and video) and is currently very time consuming and therefore costly. In particular,
the facilities for building interesting, stimulating applications lags behind the support given
to the process of creating visually exciting screen designs. Support for authors is largely
non-existent - the majority of current multimedia information-rich applications are
developed as one-off applications using bespoke software, often programmed in a low

level language such as ‘C’ or even assembler.

Generally available tools for creating multimedia applications such as HyperCard,
MacroMedia Director and Apple Media Tool have been developed with the needs of
multimedia as the primary design criteria. All three allow the creation of multimedia objects
(screens) containing pictures, text, audio and video which can then be displayed. Hotspots
allow the user to navigate between screens. Information access is thus limited to encoding

information as screens and then displaying them. Separation of the data from its screen
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presentation is not provided for except by resorting to the tool’s programming language
(which rather defeats the object of using the tool in the first place). The particular

requirements of consumer (as opposed to professional) applications have also not been
addressed.

As an example consider MacroMedia Director. This tool was originally designed as an
animation tool. It has a basic concept of a “stage” where “cast members” (pictures,
graphics items, text, audio and video) can be displayed. This process is under the control
of a “score” which choreographs the presentation. For further control including
responding to mouse or keyboard events the author must write “scripts” written in Lingo, a
programming language. This tool is particularly good for presentation-type applications or
those with simple navigation. However the time-line used for the score becomes unwieldy
for complex branching structures particularly as the relationships between items are stored

in the score and not the objects themselves.

Apple Media Tool takes a different viewpoint concentrating on a structure of linked
multimedia nodes. The links originate from hotspots and can embody transition
information such as dissolves from one picture to another. This tool makes it simple to
construct applications with one navigable structure but adding additional structures such as
guided tours is more difficult. Once the basic drag-and-drop positioning of nodes and links

is exceeded the author must resort to ‘C’ programming to accomplish other features.

The problem can be summarised as the lack of research into the functionality required to
support the efficient creation of information-rich applications in the consumer domain. The
creation of a generic function library for this type of application will reduce the need for
expensive tailor-made software; generic in the sense that the functionality would be

independent of target platform and application.

The general form of the solution to this problem can be outlined as follows:
finding the generic primitives of browsing and search,
investigating how browsing and search should be integrated,

considering how the data representation and structuring needs in a multimedia

browse/search application can be met.

The consumer multimedia area is interesting because of the necessity to satisfy the needs of
users by providing authors with a data representation scheme and function library, based
on a foundation of research (addressing the problem of technology driving multimedia

software development), which can be utilised on the existing hardware that is available to
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consumers for use in the home. This constrains the solution to be realistic thus capable of

being exploited in the application development process reasonably quickly.

1.1 Structure of the Thesis

The structure of this thesis is, perhaps, slightly unusual in that it does not begin with a
survey of the relevant research literature before homing in onto the problem to be solved.
Unfortunately not much existing research (on consumer multimedia per se) was available to
guide and influence this work and so in terms of defining a problem space an alternative
approach has been followed. Since the technology of multimedia systems is currently
driving application development it is important to look at this technology first. A problem
in the technological space forms the basis for the research problem. Accordingly consumer
multimedia is looked at from the technological and product perspectives first. This allows a
problem area to be defined (in terms of those two spaces). That problem space is then
addressed in terms of related and relevant research which allows the extraction of the

research issues to be tackled.

There are two basic approaches to solving problems in this field of consumer multimedia
applications. Firstly existing software is evolved to suit the new requirements. This
creates many difficulties as old designs are adapted and often means that unforeseen side
effects plague the development process. The second approach is to start from scratch.
However there is little or no theoretical or experimental background to support this process
so that it becomes basically trial and error, often a time consuming and therefore expensive

process.

The rationale for using research to solve the problem, rather than the approaches just
described, is that research provides a reasoned basis for the solution giving confidence that
it is the right solution by knowing why it is the right solution. It is theory led and the
theory can be tested. If the research-derived solution is found not to be correct when tested
the model and assumptions can be challenged in a reasoned way to solve the problem. This
avoids much of the error in the trial and error approach and the problems of historical
decisions inherent in the evolutionary approach. The existence of research in this area will

provide an alternative to the technology-led evolution of applications.

This thesis commences with some background, starting by defining some basic
terminology to be used. This is particularly important as this work touches on a number of
disciplines and includes terminology from the consumer area as well. An examination of
the consumer multimedia domain and the opportunities within it follows. This overview
sets the scene for a detailed examination of the technologies and products. The section on

technologies looks in detail at the key elements available or soon to become available for
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systems that will support multimedia applications. In particular the use of CD’s for data
storage has acted as a catalyst to consumer multimedia, exploiting the colour displays and
reasonable quality audio that have also become increasingly available on modest hardware.
The embodiment of this technology in actual systems exposes the constraints that are
imposed by the marketplace on such systems and highlights the technology-led evolution
described above. The consumer system chosen as the target platform for the
implementation component of the work, Compact Disc Interactive (CD-i), is described in

detail as an example of what such systems have to offer.

Having identified the information-rich applications in the consumer domain as an area
lacking in research chaptef 3 outlines the problem space and sets the main objectives of this
thesis. This is to show that information-rich consumer multimedia applications can be built
effectively by using a core function set accessing a flexible data model and integrating
browse and search. The key steps to this are the definition of the data model, the devising
of a method to integrate browse and search, definition of the core function set and the
implementation of a prototype and its testing and evaluation. The scope of the research is
also defined here to contain the research task to manageable proportions. A strategy for

tackling the problems is then outlined.

The next two chapters, 4 and 5, develop the research problem by looking at browsing and
search in two ways, empirically and theoretically. In chapter 4 a number of currently
existing examples of consumer multimedia applications and other browsing situations are
examined with a view to extracting common features. The examples studied range from
printed documents to multimedia applications. In chapter 5 the fields of browse and search
are studied with a literature survey which seeks to characterise them from a theoretical point
of view. Various existing models are examined from three perspectives: task, cognitive
and functional. After this preliminary literature review and observational studies the rest of
this work has been conducted as a refinement process with a cycle of devising a model,
implementing a function set, building prototype applications to evaluate the function set and
suggest changes to the model or implementation. These are made and the cycle repeated.

Chapters 6 and 7 describe the solution to the problem set in the preceding chapters.

Chapter 6 develops a model of an integrated browsing and search process and defines a
system architecture to support it. This model draws on the empirical data derived in chapter
4 and the theoretical work studied in chapter 5 and distils this into a model suited to the

consumer multimedia domain.

With the architecture and data structures defined, chapter 7 describes the development of a
library of functions, based around a frame-representation, that allows information-rich,

multimedia applications to be constructed. An early LISP prototype demonstrated the
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feasibility of the structures and functionality defined in the model. The LISP programming
environment was found to be well suited to the rapid prototyping which characterised this
phase of the work. Unfortunately the very reasons for this proved its downfall as running
an interpreted language on such a modest performing hardware platform as CD-i proved
not to be viable. A switch was made to developing the prototype browser library, and the
applications constructed to test it, in ‘C’. As this new version of the library was
developed, new functionality was added and assessments done. A formal testing process
has also been used to test the actual functionality of the Generic Browser to ensure that each

function meets its specification.

In chapter 8 the important topic of how interface issues affect the Generic Browser is
tackled. Though not the main thrust of the work it is nevertheless necessary to consider
issues such as the feasibility of representing the user interface in the same data structures as
the browsable information and how transition effects could be associated with the links

between data items.

A significant amount of work has been done building prototype applications to demonstrate
the applicability of the work to real world situations. These prototypes have formed part of
the evaluation process for the Generic Browser. Chapter 9 describes the prototypes and

what modifications were made to the function library as a consequence of building them.

To avoid the problem of unconsciously biasing the prototypes to suit the Generic Browser,
a paper study has been carried out to show how two existing CD-i applications could have

been built using the Generic Browser.

These chapters form the body of the thesis. A summary chapter draws conclusions from
the work done. Finally a chapter is devoted to further work the could be done based on the
work reported in this thesis. This is divided into two parts, the first looks at the short-term
developments possible with the Generic Browser. The second looks at more major,
longer-term possibilities such as the integration of video (which is becoming increasingly

important in the consumer domain).
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2 Background to the Research

This chapter sets the scene for this research into providing browsing and search utilities for
consumer multimedia systems. It starts by defining some of the essential terminology used
in this field, a full glossary can be found at the end of this thesis. The motivation for
targeting consumer multimedia is then explained and the consumer domain examined from
the perspectives of the types of activity that need to be supported and the hardware and
available to do them. The shortcomings of existing software and the new technologies
coming to fruition suggest an agenda for the areas of research. These are further examined
and developed in the next chapter where the selection of the research area that comprises
this work is chosen.

2.1 What is Browsing ?

The term browsing is at once familiar and yet hard to define. Dictionary definitions
emphasise a leisurely, unfocused search for information. In the computing domain
browsing has come to mean the type of exploratory access used in hypertext systems, often
contrasted with search as used in database retrieval. [Liebscher & Marchionini 1988]
define browsing as the opposite of search. However [Palay & Fox 1981] describe
browsing used as a search activity. The problems of defining browsing will be explored
further in chapter 5. Suffice to say here that this thesis will show that browsing and search
are better defined as the extreme ends of a continuum rather than as two separate, individual
access mechanisms. As one moves from browsing to search, the focus becomes more
directed and the activity, perhaps, less leisurely. To avoid the confusion that exists because
of the ambiguity of the terms browse and search, within this thesis the term browsing is

used to describe the activities that lie on that continuum.

2.2 Basic Terminology

At this point it is necessary to define the basic terminology to be used in the remainder of
this thesis. The key terms are defined below. Other terms are defined in the glossary.

asset the multimedia objects such as pictures, audio material,
text and video which are the basis of a multimedia

application.

browser a convenient shorthand for ‘“browse and search

mechanism” as in “Generic Browser”.
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digital video (DV)

full-screen, full motion video, usually MPEG (see
below) encoded to VideoCD (white book) specification.

Sometimes also referred to as fmv.

Generic Browser

the function library described in this thesis is known as
the Generic Browser. The reasons for this name are
largely historical - like LISP’s CAR and CDR5. The
usage of the term browser should not be taken as a true
description of the total functionality of the library which

comprises aspects of data representation, browsing and

search.

link a directed arc joining two information nodes; often used
to represent a relationship between concepts.

MPEG Motion Picture Expert Group, the ISO standardisation

committee that has defined the MPEG 1 digital video
encoding/decoding standard [ISO 1993a, ISO 1993b,
ISO 1993c].

multimedia application

one which combines more than one of the media types

text, pictures, audio and video

navigation the process of moving through an information space in a
non-random way.
node a chunk or unit of information; often used to represent a

concept.

Table 1. Basic terminology.

2.3 Consumer Multimedia

Multimedia has been around in the professional arena for a number of years. It did not take

off as fast as some of its most ardent protagonists such as Apple Computer might have
hoped, but CD-ROM drives are becoming standard features of PCs and so the

5These two functions which return the head and tail of a list respectively. have names derived from the

architecture of the machine on which they were first implemented viz. CAR - contents of address register

and CDR - contents of decrement register.




necessary high capacity storage devices have become common and support for audio and

video is increasingly becoming a standard feature of mainstream workstations.

Multimedia in the home is another matter entirely. There are a number of key issues which
differentiate this market from the professional one:

Constrained hardware environment - the consumer market is much more sensitive
to price than the professional one. As a consequence computer based systems for
the consumer market are generally of more modest performance (in terms of
processing power and memory capacity). The lower purchase price of consumer
systems requires a commensurate higher volume of sales and reduced cost of

production.

Low computer literacy - consumer multimedia systems must avoid alienating those
people who are not computer literate and for whom a computer is regarded as
difficult to use and unfriendly. This is often achieved by avoiding calling the
system a computer and eliminating the keyboard. Interaction is then performed

with joysticks, trackballs, buttons and similar devices.

Low tolerance to poor response times - because the majority of consumers don’t
know (and don’t want to know) how a multimedia system works they are more

critical of poor response times.

No requirement to use - consumers do not have to use their multimedia systems.
These systems must give their users pleasure or fulfil some other need.
(Professional users generally do not have the choice, use of the system is part of
their job or the only way they can find information). Consumer systems are in
competition with existing uses for a person’s leisure time. Possibly because use

is optional, consumers do not tolerate uninteresting or difficult to use software.

Because of the price sensitivity of the consumer market, it is not as easy to pass on high
application development costs to the purchaser so there is a need to make application
production as cheap as possible hence tools which assist in the authoring process or which

allow re-use of code or data are in demand.

2.4 Enabling Technologies

Critical to the success of multimedia as a “new publishing medium” are the technologies

which are allowing it to expand out of the mainstream computing, data storage and retrieval

environments and into the mass marketplace.



2.4.1 Compact Discs for Data

Although video disc players have been connected to PCs for interactive video (training)
applications, the total cost of these combined systems is high, as is the cost of mastering

the discs. These systems have therefore remained in the professional market.

Compact disc was originally developed as a cheap medium for storing digitally encoded
audio but it did not take long for its potential as a storage medium for any digital data to be
realised. CD-ROMs were the first use in the computing domain, holding 600Mb of data
including programs. Extensions and alternatives to the way the data is laid out on the disc
have lead to a number of alternative formats.

Acronym Standard Description Date

CD-DA Red Book Audio CD standard 1980

CD-ROM Yellow Book Computer Data 1984

CD-i Green Book® Multimedia data 1987
(interleaved)

CD-R Orange Book Multi-session recording to | 1992
disc (Photo-CD)

VideoCD White Book MPEG 1 coded linear 1993
movies

Table 2. CD formats.

However the basis of all these standards is the same - the CD provides a cheap storage
medium for about 650Mb of digitally encoded data. Riding on the back of the music CD

industry’s economies of scale means that the infrastructure for CD publishing is in place.

2.4.2 Cheap Platforms

As has already been observed the consumer is very conscious of the cost of new “gadgets”
and so it is only with the advent of cheap multimedia platforms that this market has opened
up. Some of the contenders in this field are briefly examined below to give the reader an

idea of the capabilities of the target platforms of this work.

6The Green Book CD-i standard defines not only the disc format but the hardware and operating system as
well.
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CD-ROM - not really a platform in its own right, rather an add-on to existing
platforms (Macintosh, PC etc.). This is the basic building block on which
multimedia is based - cheap, removable, robust, high capacity storage. Though
initially only available on high-end machines there is a trend to incorporate a CD-
ROM drive in machines aimed at the home market. CD-ROM provides the
minimum for multimedia in the sense that whilst it does give 600Mb of storage
there is no interleaving of data as there in on CD-ROM XA and CD-i disc. This
means that, for example, music data cannot be played off the disc whilst a picture

is loading.

Because personal computers have been designed as just that, computers, their
multimedia capabilities are generally barely adequate. They usually have poor
internal audio capabilities (in the case of PCs requiring an add-on card), modest
video capabilities with only one plane and often only 8-bit CLUT graphics. But
the unrelenting progress in the pc industry means more memory and processing
power are available every year so a brute force approach to, say, screen handling
has overcome most of the disadvantages of not having an architecture specifically

designed for multimedia with add-on cards supplying the missing functionality.

The large computer manufacturers such as Apple and IBM are always nearly in the
consumer market. But with CD-ROM equipped machinery costing £1500 and
more it is difficult to see multimedia versions of personal computers penetrating
outside the traditional home computer market. However that market is an ever
expanding one. About 7 million multimedia equipped PCs were sold for home
use in 1994 [Cortese 1995] and CD-ROMs are now sold like computer games or

audio CDs and even have a “top ten”.

CDTYV - essentially a Commodore Amiga with a CD-ROM drive, no keyboard or
other disks. Released in 1991, about the same time as CD-1, but with much less
development. A lack of innovative multimedia software saw this machine fail to
penetrate further than the home computer/games machine market where it has
become a peripheral for existing Amiga users. Indeed, Commodore have now (in
1994) released a successor to CDTV the CD-32 (a games console).

CD-i - a consumer multimedia machine designed with this market as its target.
CD-i is built around the “Green Book” standard [Philips & Sony 1990]. Modest
memory and processing power betray its mid ‘80s origins. CD-i offers
interleaved multimedia data so that, effectively, more than one file can be read
concurrently from the disc. This allows music to be played from the disc whilst a

picture is being loaded for example. There are two video planes allowing a range
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of video effects, a variety of picture coding formats from CLUT to tv-quality
allows the use of photographic (natural) images as well as “computer graphics™

and finally high quality stereo audio.

Nintendo and Sega - although producers of computer games machines, both
these manufactures have recently produced CD-drives as add-ons to their top of
the range games machines (these use CD-ROM format and are consequently
slow). It will be interesting to see if they branch out from their games market

niche and into the multimedia arena proper.

3D0 - this machine is aimed much more at the games market than CD-1 (which
was developed before the dramatic rise in the fortunes of Nintendo and Sega made
computer games a “legitimate” market to be in). Custom chips allow fast video
processing promising excellent special effects. It is a similar story for the other
recently (1995) released platforms such as the Sony Playstation, Atari
Jaguar, Sega Saturn and ... - more power, more realistic graphics but a

concentration on games and a dearth of other software.

Though not an exhaustive list this gives a good impression of the type of hardware
available for consumer multimedia. To sum up, this market has shown no signs of
adopting a single platform. Some companies have stayed with a standardised design and
concentrated on the addition of digital video and the production of a large software library.
Others, keen to cash in on the games machine bonanza are producing ever more powerful
games consoles which now include CD drives as part of the specification. In all cases
these machines undercut the prices of multimedia equipped PCs but there is now a fast

growing market for consumer software for PCs as well.

In spite of the increasing processing power of current consumer multimedia machines, with
the exception of personal computers these improvements are largely aimed at better
graphics processing rather than information processing. The computing environment
remains constrained with modest amounts of memory and slow CD drives for mass
storage. (Only very small amounts of non-volatile storage are available, principally for the

storage of game high scores and saved games.)

One key observation is that in spite of the volatility of the hardware market there is an ever
increasing interest in producing multimedia software. Cross-platform code development is
a must for software houses so that they can “hedge their bets” while the hardware

manufacturers try to carve out a niche for their particular combination of the basic

multimedia components.



2.4.3 Digital Video

As the whole concept of multimedia developed in the late ‘80s it became increasingly
apparent that multimedia which consisted of just static pictures and simple animations was
in a sense incomplete. There was a need for such systems to display moving pictures i.e.
video. Hooking-up laser disc players or video tape machines was not the real answer.
First on the scene was DVI (digital video interactive) from Intel. This system offered real-
time decoding and either low qﬁality “edit level” video for prototyping which can be coded
on the user’s PC or higher quality material coded by Intel. DVI also required an add-on
board for the PC. The relatively high cost of a DVI equipped PC has meant that this

system did not really take off outside limited professional uses.

Apple Computer, long time proponents of multimedia, have developed QuickTime [Apple
1993a, Apple 1993b], an operating system extension to integrate video at the system level
on Macintosh and also PC. This can use a variety of compression/decompression systems.
Apple supply a number of software codecs with QuickTime which have the advantage is
that they do not require an add-on board to display QuickTime movies. However, needless
to say, a powerful Macintosh is needed to display even a small (i.e. part screen) image at a

reasonable frame rate.

Meanwhile ISO’s Motion Picture Expert Group (MPEG) were working to produce their
standard for digital video compression/decompression [ISO 1993a, ISO 1993b, ISO
1993c]. Philips backed MPEG for CD-i and in late 1993, after much delay, released
MPEG decoders for CD-1. Decoders have also been promised for other platforms such as
3DO0 and the Atari Jaguar. Apple have specified that QuickTime 2 will support MPEG via
add-on hardware [Apple 1995 pp. 9-10].

One target area for digital video is the home video market. As well as being playable on
CD-i systems, MPEG encoded discs with feature films on will be playable on dedicated
digital video movie players. Because the cost of producing CDs is much less than that of
duplicating video tapes (by a factor of three) it has been suggested that the major home
video suppliers will kill-off VHS pre-recorded movies in favour of digital video CDs. This
would reinforce MPEG as the standard for digital video coding and reduce the costs as
volume forces the encoding price down. Integration of digital video with “static”

multimedia will become expected by consumers.

2.4.4 Consumer Applications of Multimedia Technology

As well as the “traditional” informative applications such as encyclopadia discs or museum

guides there are several new avenues opened by a “mass market” for information-rich

multimedia.

-27 -



Home Shopping

There is a growing interest in the possibilities offered by multimedia systems for shopping
from home. Major catalogue companies spend large sums of money on printing and
distributing bulky catalogues. Putting such a catalogue on a CD would reduce these
overheads. So the first step in home shopping is the catalogue on a disc. The real
challenge is to explore how multimedia can be exploited as a sales vehicle which was the
area being investigated by, for example, the Esprit Homestead Project’. A catalogue with
digital video might be more like tv advertising. Search facilities would make finding the
right item to buy more easy. A modem connection would allow orders to be placed on the
retailer’s computer. Prices and availability could be transmitted to the consumer,

superseding information held on the disc.
Magazine Discs

In 1991 Computer Graphics World ran an article on Interactive Magazines [Maguire 1991].
This explored the potential for the nascent CD-based magazine market, concentrating on
CD-ROM as a vehicle for distribution. Maguire looked at three magazine discs: Macworld
Interactive, Nautilus and Verbum Interactive. He was impressed with the quality of these
three offerings but felt that the bottom-line was (in 1991) that the home market was “a high
stakes long shot” though there was potential in the professional market with for example
magazine CD-ROMs for doctors extolling the virtues of new drugs and treatments. The
main obstacle to take-up was the lack of CD-ROM drives. Most PCs sold for home use
now have CD-ROM drives [Kehoe 1995] so all that is required is a sufficiently cheap

authoring mechanism so that magazine applications can be produced on a regular basis.

A very important characteristic of magazine applications is their transient nature - they are a
throw-away commodity. This requires that they must be produced at low cost which
places even greater demands on the authoring tools. For such applications common
structures and interface elements are important from two perspectives; firstly, from the
reader’s viewpoint a “house style” allows familiarity with the layouts to be built-up as
successive issues are read; secondly, from the authoring perspective new structures carry
an implementation overhead - indeed most paper magazines keep to a well defined style for

many issues with revisions every year or so to keep the style fresh.

CD-i World, the first CD-1 magazine disc, used MediaMogul for authoring. MediaMogul is

a fairly simple tool allowing the creation of screens linked by hotspots. The authoring

TEsprit 111 Project 6789 Homestead had the objective of investigating the potential of home shopping from
a CD based application and conducted extensive user trials with a CD-i based system.
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system consists of a spreadsheet interface to the sequencing of the screens and a hotspot
editor. Screens can show pictures or video and have audio associated with them. More
complex structure could be produced with a better tool. There is a need for a high level

representation scheme to allow authors to create content structure and specify interaction

possibilities, minimise programming and reduce cost to allow magazine discs to be cheap
enough to be marketable as throw-away commodities.

Networked Multimedia

Although multimedia in the home currently revolves around a single, unconnected machine,
the burgeoning high bandwidth communication paths to the home via satellite, cable and
(digital) telephone links, the so-called “information superhighway”, mean that new avenues
based on the idea of networked multimedia are coming to the fore in the multimedia world.
The range is enormous. Home shopping might allow downloading of up-to-date prices
and merchandise availability together with order placement direct from the box in the
lounge, even browsing around a virtual store. Multimedia, multiplayer games (e.g.
[Crawford 1993]), pay-as-you-view, video-on-demand (e.g. [Little et al 1993]) and so on.
Many of these services will require data storage, structuring and access tools. For instance
video on demand will need a database of movies available and may offer information such

as reviews, plot descriptions and cast details about these films.

Although in networked multimedia the servers will be powerful machines and so not
subject to the tight performance constraints of machines in the home they still share the
need for the structuring and access facilities for multimedia information. Thus research

directed at domestic multimedia platforms is applicable to this area as well.

2.5 CD-i - A Typical Consumer Multimedia Platform

An important objective of this work is to demonstrate its suitability for implementation on
the types of multimedia machine sold for use in the home. To this end all the
implementation work has been carried out on CD-1 hardware. To give the reader a better
appreciation of the capabilities of such platforms the key features of the CD-1 player are
listed below. The CD-i hardware, disc format and system software are defined in a
standard document known as the “Green Book” [Philips & Sony 1990].8

8For further information on the CD-i hardware and the CD-i authoring process see also [Philips IMS
1992a, Philips IMS 1992b & Philips IMS 1992c].

-29 .




Key features of CD-i

650 Mbytes of data on CD disc. Interleaved format allows more than one stream
of data can be read concurrently.

10MHz 68000-based CPU, IMB RAM.

2 video planes for CLUT graphics or DYUV coded natural images, a background

plane for digital video and a cursor plane.

Digital video option decodes MPEG 1 coded video onto the background plane.
An additional 1Mbyte of RAM is also available.

High quality stereo audio.
Real-time, multi-tasking CD-RTOS operating system based on OS-9.

A more detailed specification of the CD-i system is given in appendix A.

2.6 The Research Context

This PhD work has been conducted part-time whilst the author has been employed by
Philips Research Laboratories, Redhill (PRL). This thesis documents work which has
formed a self contained part” of a PRL project the aim of which has been to make use of
techniques from the artificial intelligence (Al) world to add value to informative CD-i

applications.

This environment has imposed some constraints. Firstly there was a Project need to build
prototype applications early in the work. Accordingly this was done in parallel with the
theoretical investigations rather than delaying the prototyping activity until after the problem
space had been fully defined. However the fact that the problem space was poorly defined
initially meant that this prototyping helped in the initial exploration that characterised the
problem space. The choice of the CD-i platform (see below) was clearly influenced by the
Philips connection. Similarly total freedom of choice for implementation language was not
possible because of the requirements of the PRL Project. However where constrained

choices have been made the limitations of the choice are recorded.

9Due attribution is given wherever work not performed by the author such as related work within the project
1s described.
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2.6.1 The Choice of CD-i

At the time that this research was started the CD-i platform was the only multimedia system
specifically designed for use in the home (not counting game consoles that were dedicated
to game use). CD-i was chosen because it was felt that it was important to address the
constraints such a system (as opposed to a PC or Macintosh) would place on the work. As
the work has progressed this choice has become less clear cut because PC’s are now very
common in homes in the US and could be regarded as consumer multimedia. Such
platforms pose slightly different problems to CD-i. The display and audio architectures are
not “tailor made” for multimedia and pure CD-ROM requires very careful use of the CD
filesystem to avoid unaccéptable delays. However more memory and a writable disk
coupled with sophisticated programming environments might make such machines a good
choice for this type of research if it were to be started now.

2.6.2 The Film Browser

The Generic Browser concept grew from experiences gained during the development of a
browser implemented on the CD-i platform. This browser, The Film Browser, was
derived from an existing browser, the Cookery Browser. The Cookery Browser was
designed and developed in the PRL project, the application code being written by David
Walker [Walker 1990].

The Cookery Browser allowed the user to view recipes for the four courses of a meal. The
user browsed with next and previous buttons, could mark!9 items of interest, heard a short
audio commentary for each dish and could select whether he saw a picture of the dish, the

recipe, a description or the ingredients. An index was also provided for rapid access to the

dishes arranged by type e.g. fish dishes, meat dishes and so on.

The Film Browser!! [Cole 1991c¢] gave similar functionality but in the domain of feature
films. In this browser, the user could see a still picture from the film, a film clip, a review
and a cast list. The index allowed access by genre. Again marking was available with
either all the films, all the films in a genre or all the marked films being available to browse.

10Marking is the attachment of annotations to an information item.
1I'The author’s contribution to the Film Browser was the modification of the Cookery Browser code to the

film domain and the building of the actual application. The screen designs, asset production and voice-overs
were contributed by other members of the project
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Figure 2. Film Browser - browsing screen.
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Four key features of the Film Browser are listed below:

browsing (navigation)
marking
multimedia data

subsets

Functionally these two browsers are very similar and it was proposed to simply change the
data being used by the Cookery Browser together with the graphics in the interface to

achieve the desired functionality in the Film Browser.
Following the completion of the Film Browser the following observations were made:

the same basic browsing functionality was used in two different applications and
further thought suggested that these applications were by no means unique in their

requirements for browsing facilities

modification of an existing ‘C’ program, which had not been written with such
modification in mind, was a time consuming task. The resulting new application
used the same data structuring and access functions with a different look and feel

to the user interface

extending the Film Browser to allow more genres was constrained by the
representation used (in this case the bits in an integer). A more general
representation scheme would allow extensions without major modifications to the

code.
Two approaches which avoid some or all of these problems suggested themselves.

Firstly a browser “shell” application could be written with reusability is a design
requirement. Many of the code modifications to the Cookery Browser were as a direct
consequence of reuse not being considered. Examples range from application specific

variable naming to inflexible data structures.

Whilst this approach works well when the applications are all very similar the widespread
use of browsing interactions in multimedia software (as demonstrated later in this thesis)

suggests a more general approach.

The predicted widespread use of browsing in the context of the growth of consumer
multimedia described in this chapter further adds weight to the decision to pursue this

concept in preference to that of browser shells.
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One issue raised but not addressed by the work on the Film Browser was that of the use of
search. For example in a Film Browser-type application it would not be unreasonable for

the user to request to see information on all films by a certain actor. This would require the
application to search for these films. Hence the position of search with respect to browsing

1s an issue for information-rich application development.

The Film Browser provided the trigger to investigate browsing interactions with the aim of
specifying a generic framework for multimedia browsing. Such a framework consists of
both a representation scheme for the data to be browsed and the functions required to
access and manipulate the data within the context of the browser application. As this
investigation progressed the importance of search to multimedia applications became
apparent. Thus search was added to the feature space to be addressed by the generic

software.

2.7 Multimedia Authoring Needs

Authoring is the process of turning raw assets into an application. Whilst multimedia is a
relatively young field it is growing fast (as the number of CD-ROM applications testifies).
As the production of applications moves out of the professional marketplace the need for
design and creativity in the authoring process increases. As all the entrants into the
multimedia market have found, it doesn’t matter how gee-whiz the hardware is, it is the
software that makes the money. Consumers do not have to buy multimedia software.
Richard A. Bowers, executive director of the Optical Publishers Association said in 1991
“What’s going to make multimedia - or CD-ROM go - will be people who have the content,
and the creative and business chutzpah to pull it all together and really make this new
medium” [Maguire 1991 p. 40]. The major players in the multimedia market are buying
asset owners such as film and record companies e.g. Sony owns CBS records, Columbia
and Tristar Hollywood studios, Philips owns 70% of PolyGram which owns, among
others, Propaganda Films and Matsushita owns MCA (Universal Studios).

When CD-i was being developed there was a critical shortage of suitable authoring
software and so applications were developed by teams which included programmers skilled
in ‘C’ or even assembler. This meant that application build costs were very high.
Considerable effort was (and 1s) being expended to provide tools that increase productivity
by reducing the amount of hand coding that is necessary and as a consequence the level of
testing required to prove the application before release. This type of bespoke software
development is very costly. At first sight it might seem that code re-use and portability are
alien to multimedia and to a large extent this is the case at present, particularly on dedicated

home machines. The alternative is to make use of application development tools. However
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there are only a few multimedia authoring tools available for the main platforms (Macintosh
and PC).

Those multimedia authoring tools that do exist concentrate on tying together assets in the
form of screens. This is essentially based around a slideshow presentation type of
mechanism. Interaction is often limited to switching between presentations. Examples of

this type of tool are:

MediaMogul for CD-i - in MediaMogul the fundamental objects are scripts which control
the presentation of assets and menus which allow branching between scripts. There are no
data handling facilities at all. Within this rather constrained environment a range of
interesting applications can be built. Good examples are the CD-i World magazine discs!?.
The lack of any data handling facilities within MediaMogul is restrictive however and a
number of authors have requested such functionality to be added. One route for providing
these features is to use the MediaMogul “plug-in” which allows extensions to the basic

MediaMogul system!13.

The next step up are Hypercard and MacroMedia Director (similar products are also
available for PCs) which allow multimedia, interactive presentations to be assembled.
These allow complex program structure but require the use of programming languages to
achieve this. However, even in MacroMedia Director there are no database facilities for

structuring and accessing data.

There are not a great many tools available to assist the author of a multimedia application
which contains a large amount of information i.e. where accessing the information is the
purpose of the application. There are database and spreadsheet packages for PCs (though
few, if any, have been ported to dedicated consumer multimedia boxes such as CD-1) which
allow raw information to be stored, retrieved, and to a very limited extent displayed. The

principal problem with the use of databases is their inflexible representation.

What is lacking is the ability to put data at the heart of the authoring process rather than
presentation. The research issues here are: what does 1t mean to have data-centred
authoring? What are its advantages and disadvantages compared to the

location/presentation model currently in use? Can the two coexist or be integrated?

I2The CD-i World discs are published by Parker Taylor and Company to accompany the CD-i World
Journal.

13 A MediaMogul database search plug-in has been developed using the Generic Browser search functionality
described 1n this thesis.



2.8 Research Opportunities

The prerequisites for consumers to have access to multimedia are now in place. There are a
number of competing platforms in the marketplace. Of course the success of these ventures
are dependent on application producers giving the public applications which will interest,
amuse and inform them. To do this economically they will need tools to streamline the
production process and before tools can be produced the representational and functional

underpinnings must be developed.

The domain of consumer multimedia has been chosen as the target for this research because
it offers a number of interesting challenges. Firstly it is not an area that has been as heavily
researched as, for example multimedia for teaching purposes where entertainment is an aid
to learning rather than the primary purpose of the application. Secondly there are a number
of constraints that this market places on the hardware. This in turn impinges on the design
of the software components from which the application is constructed. The challenge here
is to provide the right support to enable good application software to be written. In a
relatively unconstrained environment many alternatives can be offered to an author without
seriously prejudicing the performance of the application. In a constrained environment a
more careful choice of options is required. It is also an area which is fast evolving - de-
facto standards last only a year or so. This means that to be useful software must not be
tied to a particular platform. The consumer industry’s preoccupation with “the bottom line”
i.e. minimising costs is also very relevant because this provides a driving force for more
efficient and productive software and tools. The research issue here is the production of
techniques and methodologies which can be implemented within these constraints. In
particular the area of informative applications (so-called edutainment) is poorly served from
the authoring standpoint with little or no support for information structuring for example.

The Film Browser has shown key characteristics which are also shared by its predecessor
the Cookery Browser. If the hypothesis that these have a wider applicability to a range of
multimedia applications is proved then providing these as a function library for the
application developer avoids re-inventing this particular wheel each time such an application
is built. Preliminary investigation showed that a range of multimedia applications share
common information access primitives such as browsing and marking items of interest and
searching for particular information. Together browsing and searching form an important
part of the field of information access. In the world of CD-i that information is multimedia
in nature with textual information forming only part of the range which also includes audio,
video and still pictures. The additional requirements that multimedia data impose on the

representation and processing functions of a system need to be explored in detail.
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The essentials of application creation can be summarised as follows:

data authoring
tools

data representation
scheme

function

library — ————_interface

library
\ interface

authoring tools
tools

Figure 3. Components of application creation.

Most current applications have very little data other than screens of information so that the
data representation is simply a means of storing these screens and the data authoring tools
are paint and draw packages. The function library allows screens to be presented and the
interface library translates user input from buttons and menus into screen selections.

Authoring tools like MacroMedia Director include interface creation.

In information-rich applications the data may not be stored as screens but as pictures and
text and audio fragments. Structural information such as hyperlinks and other forms of
browsable structure form part of this data. So the data authoring process now adds data
structuring to asset creation, manipulation and storage. The interface handles the
presentation of this data on the physical screen as well as user input and the function library

gives access to the data objects and traverses the structures.

For information-rich applications, a combination of an effective interaction layer on a rich
data representation should enable interesting and stimulating applications to be created. The
key is to address the problem of making the information easily and enjoyably available to
the user via a mechanism that makes application creation straightforward and quick for the
author. The first step towards this goal is to find the functionality that consumer software

requires so that tools can be built.
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2.9 Research Agenda

The first area in need of research is the provision of generalised browsing and search
facilities on the “modest” hardware of consumer multimedia machines. This requires
small, efficient codes to be developed with the variety of platforms causing support for

cross-platform application development to be of increasing importance.

Underpinning authoring tools for such hardware will be data structures and access
software. The need for an emphasis on browsing access to information, but with search
facilities integrated at this level makes the needs of this environment stretch most existing
models developed for the professional database application area. Accordingly there is a
need to develop a suitable data model for the multimedia information that is at the heart of a

wide range of potential consumer applications and to extract a rich set of access functions.

With the designer playing a key rdle in the development of consumer multimedia
applications and the current bias towards a “location centred” view!4 of the structure of an
application there is a need to examine how information-rich applications can be supported

by integrating an information centred viewpoint.

Of growing importance to the multimedia world is the integration of video with other
multimedia assets. This means that the problems of representation of the video content
must also be addressed together with the integration of presentation and how the inclusion

of video affects the current application models and the authoring process.

Another area gaining prominence with the advent of networked multimedia and the
“information superhighway” is coping with large volumes of information. Structuring and

access methodologies are important here.

These are the research areas closest to the domain of multimedia browsing and search. In

the next chapter the topics chosen for research in this thesis are described in more detail.

14 A location centred view regards an application to be composed of a number of locations (screens of
information), for example HyperCard’s cards. A user navigates by following links between these locations.
Structure in the data is secondary to the navigation structure.
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3 Objectives, Scope and Strategy

In this chapter the objectives of this thesis work are laid out in detail addressing research
issues raised in the previous chapter. Following the objectives the scope of the work is
presented, differentiating between the core topics of the work and those areas that are
addressed only as far as is necessary to support the main thrust. The chapter concludes by

explaining the strategy employed to do this research.

3.1 Objectives

The primary objective of this thesis is to asses the feasibility of providing a core set of
information access functions operating on a flexible data model as a basis for the
construction of information-rich multimedia applications in the consumer domain. Such a
set of functions should integrate both browse and search activities to allow both access
strategies to be provided in one application. To asses the feasibility a generic function
library for creating information-rich multimedia applications that include browsing and
searching access to the information is developed. This addresses the observed lack of
information-based authoring facilities for multimedia applications reported in the preceding

chapter.

In the context of this work the term generic is used to indicate the generality of the software

from two perspectives; generic with respect to platform and secondly with application.

Platform independence means that the software is not tied to a specific platform, it does not
depend on specific platform features or is written in such a way that such features are
accessed through drivers which isolate them from the rest of the code. These drivers can
then be re-written for different platforms without the main portion of the code needing to be
modified. Chapter two has shown the rapid evolution of multimedia hardware and this
necessitates a machine independent approach. However the constraints of the current
generation of hardware have been used to ensure that the resulting software is realistic in
the demands that it places on its host system and hence that the specification is

implementable.

Application independence means that the browse/search software is not specific to any
particular application. There is a trade-off between bespoke software solutions and the
generalised approach preferred here. Bespoke software allows maximum efficiency as the
data structures and functional code are all specific only to the tasks required by one
application. However the needs of the multimedia publication industry namely speed of
application creation and maximum code re-use (to spread the costs over a number of discs
and allow sequel/related discs to be produced easily) has led to the use of “engines” for

particular classes of disc. An example is the series of art discs for CD-i such as “The
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World of Impressionism” disc described in detail in chapter 9. These all share a basic
browsing engine. The natural evolution of the engine approach is to make the engine
general enough to be used for a number of different types of application (but all within the

same basic class of application). This is the direction taken by the Generic Browser.

There is a conflict between the goal of generality and that of efficiency and
implementability. The more specific the solution the more tailored it can be, incorporating
only what is necessary to solve the problem and no more. Experience in the Al world
highlights this conflict. Early (1980’s), general-purpose Al toolkits such as
KnowledgeCraft and KEE were extremely flexible allowing researchers to concentrate on
the Al research issues. The price of this flexibility was that the toolkits were very large and
inefficient. As Al techniques have been absorbed into mainstream computing the toolkits
have been pruned down reducing the choice of knowledge representation methodologies
for example, enabling them to be implemented on PC-sized machines. An example of this
process is Nexpert Object [Neuron Data 1990].

Within the overall goal of generality there are a number of key subgoals:

3.1.1 Development of Multimedia Data Model

A data model is important because it provides a secure foundation for the function library.
The model should be common to both the browsing and search functions. This allows
both processes to operate on the same data structures with integration a fundamental
property. The alternative where separate browsing and searching sub-systems are used can
require data to be passed back and forth and overlapping or duplicated representations of
the information.

In the following chapters the processes of browsing and search are investigated together
with their data representation and structuring requirements. A suitable data model is then
proposed. This model underpins the development of an architecture for browse/search
applications. It has the following features:

The data representation is object based and is suitable for multimedia data.
The data model handles browsable structures of the following types :
linked structures typified by “hyperlinks”,
paths - for representing sequences or narrative,

subsets.
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It demonstrates a uniformity of representation between the basic building blocks

of multimedia applications:
data items
search queries
search results
histories
paths

The model allows the richly interlinked structures present in a wide variety of multimedia

data and provides additional structuring for sequence or narrative.

3.1.2 Integration of Browsing and Search

Evidence is provided for the hypothesis that browsing and searching are the extreme ends
of a continuum of data access methods and that many browse/search interactions contain a
mixture of both with the ratio varying as the interaction proceeds. These observations
motivate the integration of browsing and search facilities so that applications can be built

which exhibit both types of information access.

By exploiting the concept of marking the data items as a means of creating browsable

subsets the integration of search by marking search “hits” i1s demonstrated.

3.1.3 Development of a Core Function Set

The selection of a core set of browsing and searching primitives which operate on the data

held in the structures developed above is described.

At the browsing end of the continuum there is an emphasis on extracting the basic, simple
browsing functions. Syntactic (location) and semantic (content) navigation are both

considered and their requirements distilled.

For search the emphasis is on determining what variations on the information retrieval
theme are needed for the consumer domain. This results in facilities for inexact

specifications and partial matches being included.

As mentioned above, marking plays a critical r6le in this work. Both from the author/user
perspective where it is a valuable and necessary function, but also from the perspective of

its use as the means to integrate browsing and search facilities.
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3.1.4 Implementation and Evaluation

The second thread of the thesis describes the construction of an implementation of this
architecture and its evaluation. These two activities have formed a refinement loop where
the model has been adjusted in accordance with the results of the evaluation of early
prototypes of the architecture.

The implementation of the browser runs on the CD-i platform and on Sun workstations and
has been constructed as a library of ‘C’ functions. The constraints of targeting the work at
consumer multimedia helps to ground the research in a real-world environment leading to

immediately applicable results.

The browser has been evaluated by the construction of new applications demonstrating
features of the work documented in this thesis. An example of how the Generic Browser
functions could be used to re-implement existing browsing applications adds further
confirmation that the generality goals have been met. The use of the prototype applications
to refine the Generic Browser specification is documented. The description of these
processes serves two purposes: firstly it demonstrates how prototypes were used to refine
the specification of the Generic Browser and secondly that the Browser meets its

objectives.

The successful implementation and testing of the generic software described herein would
make the task of developing a tool for authoring information-rich multimedia applications
realistic, though for such a tool, further studies of the authoring process would be required.
This tool could become the MacroMedia Director of information-based application

development and a core function set is an important first step.

3.2 Scope

At this point in this thesis it is necessary to define the scope of the work to be addressed.
An outline of the areas to be studied will be presented and th