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Preface

This book i a vext for introductory courses on digital multmedia. There is at
present a diversity of approaches to such courses, ranging from the purely technical,
with an emphasis on inderlying system technoelogies oxr muitmedia programming, to
those aimed primarily at maltimediz centent producton. [Increasingly, courses with a
stranpg practical orientation are being offered within computing and IT departments,
to students coming from very mixed backgrounds who are alming at a career in
muitimedia. The bock will be of use to sindeats on all of these fypes of course.
For muliimwdiz producers, we describe the way media are represented and processed
digitally and the consequences that follow. For software engineers, we describe what
mmltimedia producers do with the data and why they want to do It. Ultbnately, these
are two sides of the same coin, end &n understanding of both sides will be of valoe to
anyone seeking ta work professionally in multimedia,

m order 1o focus tlghtly on these concernd, and to keep the gize of the book
within reasonahle boumds, we have only dealt lightly with some topics. Wa have not
described pliimedia design imethodologies or multimedia producton menagement:
vne of the things we do when we're not writing books is explore — i our own
wirk and with students — the potential of digital ngliimedia for new forms of
expression that are enabled by digital computers and networks. It is clear that
thiz potentsl hag harely begun to he propecly understood or expleited. To claim
to offcr design methods for mmltimedia at such an early stage in its evolutlon
would be arrogant. Instead, in our final chapter, we invite readers to explore the
problems and possibilities through a wide variety of multimedia projects, which are
intended to provide some lnsight into the forms and proceszes of rmltimedia through
practical experience.
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Concerns about human computer Interaction am] ethical isswes can be found
throughout the book, hut we have not presented a formal or thorough treatment
of either; not, since this is an introcluctory text, have we gone into the utmost detail
about systemn issues, althowgh our description of technology is rigorous and accurate.
All of thege topics can be pursned in depth in more specialized books, 10 which we
include references.

In order to fully appreciate the problems and porential of multimedla, if is essential
to have a good understanding of the characteristics of the media that are being
comhined. Armed with such an understanding, much of what happens when media
are brought together becomes clear. In our descriptions of graphics, text and time-
hased media, we do mot lose sight of our vltimate subject of mnltimedia, and have
emphasized the relevant aspects, while eliding some toplcs that would normally be
central to the stady of these individual media as subjects in their own right.

To write about multimedia production without making reference to the specific
software tools that are used in the ilustry would be artificial and lend an air of
unreality to our descriptlons. Accordingly, we describe particular applications when
we need to explain how images, video, and 50 on, are produced and manipudated,
We have chosen to use only packages that are widely used in the real world, and that
students might be expected to encounter after graduation, if not before. Access to the
programs described in the text, or their squivalent, will he a considerable advantage
to atudents. A complementary volume, entitled Digital Media Toals, which deals with
a selection of the relevant programs in more detadl, 1s in preparation as this hoek 1s
Foing 10 press.

Our treatment of multipedia is somewhat biased towards the World Wide Web. We
have feamred the Web, rather than more advanced forms of distribured multimedia,
hecause students are likely to hive ready access to the Web jtself and to togls For
producing Web content; becauwse the emphagis on textual representations and markup
languages makes it easy to see and explain what is going on; and because of the ready
avallahility of standard: and other documentation. Addidonally, although we are
reluctant to make predictlons about the future, it is clear thar the haterner i3 Poing to
become a majar dlstribution mediom for multdmedia content, as shown, for example,
by the speed with which leading software mamufacturers are adding Webs Fratures to
their page layout, graphics and muldmedia apphcations, and developing new tools
specifically for Webh page development. Many graduates of multimedia courses will be
hoping to pursue careers in this area.

Towards the end of the book, readers will find an afverword by Professor Brent
MacGregor, head of the School of Visual Communication at Edinburgh College of Art.
This short essay considers what may, or may not, he the fubure of multimediz, and
folkowing cn from the final chapter, effecdvely throws down the gawntlet 1o all those
who will be working in multimedia in the future.
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We make some azsumptions ahout our reafders’ prior knowledge. They should have
experience of using a modern graphical user interface to an operadng system such as
the MacO8s or Windows, and should have used the World Wide Weh and seen other
forms of multimedla. We do not assume any mathematical or computer science
knowledge, except in specifically Bagred passages (seebelow), but some programming
experience will be valuable in understanding Chapter 14,

Presentation

Some aspects of the presentation redquire coMmmnsnt.

£ Some passages are bypeset like this one, in a soadler font, preceded by a = symbol
These passages are ‘asices” — they contaln matenal that s somewhat tangential oo the
main presentaton and may be omitted without great loss.

:) Ciher passages are typeser like asldes bot in preceded by this 2 symbol. These contain
material &t a higher technlcal Ievel than the swrrounding passages. They might be found
difficalt by reaclers with {ittle wechnical and mathematical background, bat should be
Muminating to those with such knowledge.

The Web Site

Teaching about muldmedia by writng is rather like teaching swimming on dry
land. An extensive Web site, with examples of those media that caonot be
appreciated by reading alone, expands the lmited illustration of material which
is poseible in a printed bock. Additional supporting material, inclading Unks o
other Web sites demonstrating mmltimedia, are available from the site, together
with product reviews, and hints on schatlons for exercises. The URL for the site is
http: /v . wiley. com/digital_multimedia,
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Introduction

It was a dark and stormy night.

A storvieller might use these porrentous words to capiure your
attention and draw yon into a tale. A novelist might use the same
words to begin the first page of a beok. A radio play hased on the
same story could open with a crash of thnnder and the hewling of
the wind. A Klm of the book could open on a scene of darkness,
suddenly illuminated by a flash of Hghtming that reveals troes bent
aver in the gale.

The dark and ztormy night can be represented in different media,
cach of which tells the story through different means, appealing to
different senses. One of the key insights in computing 15 that all
these media cam, be represented digitefly, as a structured collection
of blis, and can then be manipulated by proprams on a computer,
stored on disks and other storage devices, and transmitted over
networks. Theije shaved digital repregentation meang thet different
mediz can be combined into what is loosely called xreitimedia,

The combination of different media i not somerthing new, On
the contrary, established forms miy mediz rontnely. A TV news
bulletin, for example, might include sound and moving pictures
— both live and recorded — stll images, such as photagraphs of
politicians, graphic illustradons, such as a histogram showing the
trend in unemployment, and text, in the form of subtitles, cap-
tlonz, quotations, and credits, which will nsually be accompanicd
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by suitable annunclatory music. A contemporary live theatrical
performance may Incorporate two- or three-dimensional artwork
and design (sets, backdrops, costumes), sound, which may be a
mixture of speech and live music, perhaps with tape recordings
and synthesized sounds, profected stll and moving images, and
soarrethmes text in the Formt of surtithes (written text displayed above
the stage, which are often used for translation, especially in opera).

The integration of media is natural — we perceive the world through
all the senges we have at once; the separation of media is artificial,
and may often seem unsadsfactary.

Consider film, for example. From the earliest days of cinema,
in the absence of any method of recording and playving sound in
synchronizadon with picture, separate live sourds were produced
at the same time ag the Fhm was shown: not just the live piano
accompaniment that you may And in contemporary art-hottse
cinema showings of silent classics, but dialogue, singing, and sound
effects, produced by actors, singers, and noisemakers in the theatre,
often hidden behind the screen. 5o great was the flm-going public's
desire to hear sound naturally Integrated with moving picnures that
in 1927 when Al Jolson spoke his phrase, "Wait a minuate, walt a
mirute. Yeu ain't eard nothing yet,' in The fazz Strger, audiences
stood up and cheered. It is hardly surprising, then, that once the
technical obstacles to representing media digitally (which we will
consider in Chapter 2) were overcome, the next step shoudd be to
combine separare media, In fact, the separation of digital media into
distinet data types — different “sorts of things' to which different
aperations can be applied — can be seen 4% A (emporary exigendy
demanded by an immature technology.

Applications of Multimedia

What is It, then, If not the combination of media, that distinguishes
digital multimedla from previous forms of combined media? It is
the fact that the bits that represent text, sound, pictures, and 5o on
can be treated a=z data hy computer programs. The full petential
of this Fact has not yet been Ffully explored, but one facet of It
immedlately distinguishes digital multimedia from its pi edecessors.
A program ¢an control the order in which varbous components
are presented and combined, amd can do so in response to npat
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from a computer user. In other words, digital mualtimedia can be
irteractfve, in a way that, for example, 2 TV news bulletn is not,
and that goes far bevond the simple control afforded by a VCR.

The digital multimedia version of the 2tory we began this book with
could apen with a picture depicting a dark and stormy night. By
clicking on an icon on the screen, the uger conld cause the scene o
play as a video dlip, or &3 sound effects, according t¢ their choice.
Perhaps by clicking on different areas of the scene, detalls could be
revealed, or a new scene could be Introduced — a different one for
earh part of the first scene, allowing the tangled tale of betrayal and
redeinption that began on that dark stormy night to unfoid in more
than one way, teld through the eyes of different characters. Users
whose hearing was poar could choose ta have a transcription of any
dialogee displayed for them, while nsers with impaired vision could
have a descripdon of what was happening ‘read’ to them by their
computer. Tifferent interface opteons might be offered for users
with different rastes and needs, If the story had attracted critical
attention, {t might be possthle to bring up learned commentaries
ofl particular aspects, or a history of its telling in different media.
There might be an opportunity for the user to take an active role,
change the story, add noew elemeats or recombine the existing ones.

Suppose, though, that this 13 not just a story — that some crime
was committed on a real dark and atormy night, and that somebody
had subsequently been arrested and charged with an offence. By
collating evidence from witnesses, and Facts about the locadon,
the events af the night could be reconstructed and presented, like
our s5tory, as a mixture of animation, graphics, sound and vides,
with texbial annotations. Members of the juey could then examine
the event trom different angles, verify that it was possible 1o see
something at a certain distance, perhaps factor out the parts of
the recomstraction based on a certain witness's evidence, or Ty ont
various lypotheses suggested by the lawyers in the case, Forensic
nmitimedia of this sort is already being used in conrts in the United
Skates.

Digital ol timedia may be used for many things besides stories and
forensic reconsauctions. The most prominent and economicalby
slgnificant uses of mulilmedia at present ave in the fields of
entertaipment and education. At one extreme, the combinaton
of sound, animation, video and texe with Interactivity is cornmonly
tound both in adventure pames, such as Starship Titanic and action
games, such as Qoo and its bloody offspring. At the oppostts
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exirerne are the multimedia reference works, such as the Cinemamio

cinema encyclopedia, or the digital versions of the Enovelopedia
Britaninica

Multimedia is also belng used sdweatlonally in schools, and for
extra-cwrricular and pre-school learning, where nultimedia teaching
aterials can be used to present information in more direct ways
than traditional books and lessons. For example, film clips and
original recordings of radio broadcasts can be integrated with a
textual account of events leading up to the Second World War
in a modern history lesson.  Virtual science experiments can he
constnucted using multimedia techniques, to allow pupils to work
with simulatiohs of equipinent that is not available to them. in both
these cases, interactive features allow pupdls to work at their own
pace, or to pursue specialized aspects of a project according to their
pardcular interests, Multimedia teaching materials can be bought in
as complere CO-ROM titles, or they can he made by teachers in their
own schools. Children themaelves can also make multimedia, in the
form of project reports, cr as an end in liself, as an elechronic clags
book or newsletter.

The distinxtion between education and entertainment is not a clear
ohe; several succesiul multimedls CO-ROMs use elements of games
for an educational puypose. For example, The Logical fourney of
the Zoombinis develops children's problem-solving skills throngh a
geries of puzzles, organized in the form of a game. This approach wo
learning seems to be popular For very voang children, with a range
of titles available for teaching literary and basic mathemarics. These
are aimved bath at schools amd at parents, For use in the home. {As
a aide-effect, the use of such materials afso tearhes computer skills
from an =arly age.)

In contrast to the entertalnment and education secvors, where most
multimedla s professionally produced and marketed, mwch of the
material used in business is produced for a specific company, often
in-house. In a conthuatlon of the use of mnidmedia in formal
education, mubtimedia materials are used for training. As with the
virtual science experiments in schools. multimedia can be used to
produce interactive simulations of equipment and procedures, in
cases where it would be expensive or hazardous touse the real thing
for training. Multimedia iz also used in sales presentations and
promotions — for example, computers on sake in shorooins often
run multimedia presentations describing their capabilities, and Web
pages aften function as sales beochnres.
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Some profesziens and businesa areas lend themselves especially
well to mnltimedia. Graphic designers produce interactive presen-
tattons of their work as a supplement to, of even as 4 substitite
for, 2 conventicnal portolic. The electronic portfolio can be
inexpengively duplicated on CD-ROM and sent to potential clients,
or posted on a Web site as a virmal exhibition. In the shrink-
wrapped software business, paper mamuals have been gradually
giving way to electronic doownentation for some years. The move
from hard copy to digital formoats has provided an opportunity
to angment the text and dlagrams of conventional mammals with
animations, videa clips, and sound. Many programs now come with
a multimedia product tour, demonstrating their best featares, amd
interactive tutorials, which guide novice users through simple tasks.

One area in which computadon plays a more actye part is
visualization, m which graphics and animation are used as a means
of presenting complex data.  Bapal examples of visualizations
include pie-charts and bar-charts belng generated from spreadsheet
data: their graphical form summarizes the data in a way that
makes recognition of (remxls and compazisons between magnitades
possible at & glance. More complex data thag the sort normally kept:
in spreadsheets demands more complex visnalizations to provide
the same degres of comprehensibility. Three-dimensional and time-
varving presentations, making use of false colour to carry cxiTa
information, are ofien favoured. Such elaborate viswalizations
are freguently generated from simulations of complex dynamic
systems: for example, a program thar sipmlates atmospheric
dynamics may gencrate a time-lapse movie of the gestation of a
traplcal storm; a program simulating an organic chemical reacton
may generate g three-dimensiona! model of the structure of the
molecules involved, showing the changes they undergo. As these
exarnpies show, visualization is widely used by sciendsts; it is also
used in business, where the systems helng acked or simunlated are
financial, and the cutput is corTespondingly more abstract.

The established entertainment industry, while still delivering an
essentially linear and non-interactive product, now makes extensive
use of digital muldmedia technology in the production of everything
from biockbuster movies to gardening programmes on TV, The
use of conmections with digitally dellvered material, such as links
berween programming and supporting Web sites, or accompanying
CD-ROMs for mainsiream movies, is rapidly expanding. At the
same time, a rapidly increasing number of festivals, conferences and
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other international events are providing showcases for *new media”
at all levels from the artistic avant gacde to the purely commercial.

Delivery of Multimedia

The applications we have mentioned so far are afl basically con-
cerned with pregenting materlal, using a combination of media,
in an interactve way. Some means of delivery is required, o get
thic material from Its producer to lts consumers. It is useful to
distinguish between online and offline delivery.

Onkine delivery uses a network o zened information from cne
computer, often a server machinge providing centralized storage of
bullky data, to another, usually a personal computer on somebody's
degk. The network In question may be a local area network serving
a single organization, but more often it will be the Internet. In
particular, the World Wide Web has established liself as a popular
means of delivering muktimedia online.

= The World Wide Web has achieved such supremacy a5 a means of
accesslng data over the Internet that in popular perception the Web
ard the net are sometimes s*en as synonymous. This is not the case,
as we will explain In Chapter 2, and in more detail in Chapter 15.

Where multimedla is delivered offline, some removable storage
medinm mwst be used. The widespread deployment of CD-ROM
drives in personal computers in the mid-19%4s5 was, 1o some extent,
responsibie for the surge in tnterest in moldmedia at that dme.
This is because, for the first time, it made available a form of
storage with adequate capacity (around 650 Mbytes, compared
to the 1.44 Mbytes of floppy disks) to accorumodate the large
files characteristic of multimedia data, while still being relatvely
inexpensive to duplicate. The data transfer rate of early CD-ROM
drives was too slow to support plavback of video and sound, bur
more recent models hive intreased the speed, o the point where
muttimedia can be played directly from a CD-ROM, although smooth
playback of fullscveen video frotn CDROM is still impossible
withowut addidonal hardware suppoct.

While cnline delivery 15 widely seen as the future for oltismedia,
the low bandwidth available for most domestic connections o the
Internet means that, especially for Jarge and elaborate work, offline



Historlcal Context i

delivery on CR-ROM remains popular. There i an increasing trend
towarels a combinaticn of offline and online delivery, with CD-
ROMs being used to bold 2 fixed collection of data, augmented with
links to Web sites, where updates and supporting information ace
available (sometimes for & supplementary fee),

In 1995, an industry consordum announced the speciflication for a
successor b CO-ROM, using the same size and shape platters, calbed
DVD. Originally, thls stood for Digital Video Disk, since the format
was Intended as a replacement for VHS cagseites as a distribution
medivn tor video, as analogue msthods of storing video began (o
be replaced by digital methods. 1t was immediately understood that
DVD could be used equally well for any digital data, just as the
audio Compact Disc had been adapted as the CD-ROM. Accordingly,
the narme was changed, somewhat desperately, to Digital Versatile
Dlsk, thus keeping the abbreviadon DVD. BVD offers a much higher
storage capacity (up to 17 Ghytes on a double-sided disk), with
similar transfer rates to modern {12x and higher) CD-ROM drives.
Despite constderable media enthuslasm for DVD, it has not been
taken up as rapidly as orviginaily predicted, but during 1999, an
increasing number of personal computers were heing shipped with
DVD drives fitted. Since these drives can also read CD-ROMs, it
seems Hkely that they will become standard peripherals, and that
™D will be used to deliver nmitimedia, especially high quality
vigdeo.

Omling delivery, kowever, offers possibllitdes which are not available
offline. [n particular, it enables the delivery of {almost) live multime-
dia content, which in turn meakes possible novel applications such
as video conferencing and broadcast multdraedia. Generally, when
nudtimedia is delivered cnline, the delivery need not be passive, in
1he way that it iz from CD-ROM: things can happen at the delivering
ond; for example, a database query can be exerated.

Historical Context

Comparcd with established forms such as flm or the novel,
multdmedia iz still in its earliest days. The CD-ROM specification
was published in 1985, with drives appearing on desktop machines
from about 1989; rthe World Wide Web hecame publicly available
outside CERN at the start of 1992, in the form of a lnebased
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browser giving access to a handful of servers; by Jannwary 1007,
when the HTML 3.2 specification was adopted as a World Wide Web
Congorlum Becomamendacion, audio juxd video were only supported
in Weh pages through the use of proprietary extensions, We have
become 50 accustomed to the high speed of technological change (n
compuating that nnaltmexdia is already s¢en as an established feature
of the computing landscape. Buf, on the timescale of culmuoral
change, it $as barely arrived.

The history of film and anlmaiion, for example, demnonstraces that it
takes time — wmuch longer than digital nlrimedia has existed — For
comventions about content and consumption to become established.
The very frst films exhibited to the public, by the Lumiére brothers
at the Grand Café on the Boulevard des Capucines, in Paris in 895,
showed such subjects as workers going home from a factory, and
a train arriving at a station. To be able to reproduce movement
was encugh, without the Farrago of plot, character, or message
we normally assoclate with Alms. The early trick fitms of Georges
Mélies were shvawn as part of his magic show, in the same way as the
magic lantern projections he vsed to create illusions. In a similar
veln, Winsor McCay's Gertie the Dinosaur, one of the frst short
anlmations made in America (in 1909), was used as an integral part
of his vaudeville act. While Gerte did tricks, McCay steod in front
of the screen on stage and talked ta her, telling her what to do, amxd
srolding her when she got it wrong!, n response to which Gertle
started to cry; finally MceCay appeared to walk into the frame and
ride off on the dincsaur's back.

At the same time, films, including narrative and animation. were
already being shown, particularly jn Europe, as entertainments in
thelr own right, purely to be watched on a screen. The diversity
of early ways of using fllm shows that there was originally no
Consensus about 2 ‘right’ way to present a flm. Later on, amything
other than a clnema screening would be seen as eccentric. Even
hilms that atemnpted to use rhe medium in original ways would
mainly do so within the cinema context, and a film shown in other
ways, for example prajected onto the floor of a galkery, would be
re-deflned — for example, as an ‘installation’.

Another notable feature of early cinema is the way in which
established forms were translated into the new medium  in
particular, the newsreels shown argurdd the time of the First World
War were based on the same principles as a newspaper, even 1o the
extent of including an anlmated cartoon corresponding to a codnic
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strip. Characters were transported from the comie strips to fim,
and the animators who brought them to life were often (but not
always) lhe artists who had drawn the strips. Perhaps mors 1o
the point, one of the most seccesful sadics producing uewsreels
and animations was the Interpational Film Service, owned by Lhe
newspaper proprietor Willlam Randolph Hearst — who also cwned
the syndicaton rights to many popular comic sirips of the period.

Remember that the time we are now describing wes twenty years
after the invention of cinerna, vet we still find film locking to earlier
media for its forms and content. Tn i similar way, nultimedia sl
atlopts the formar of eartier media; the most obviows example is the
multimedia encyclopedia, which has the same forms — a series of
shart articles, accessible throwgh one or more indexes ~— as its paper
equivalent, and is ofter: published by the same organizatton. Other
reference works also follow the form of reference books, sometlmes,
a5 in the case of some of Dorling-Kindersley's CD-ROMs, following
the distinctive house style of their oripinais. Electranic software
mamals tarely depart far froin the organizaton of hard-copy
mamials, merely adding better searching facilities and sometimes
some aoimation,

Cne of the things that was needed before fllm conld acquire its
distinct character as a medivwm was an appreciation of the way the
mavie carmera and film could be used to create new surts of images.
by framing, movement, editing and special effects. In multlmedia,
part of what is presently missing is a real understanding of how
we can take advantage of the Fact that digital muitimedia is dara,
to Integrate the presentation of multimedla with computation. Far
the moment, we are largely coafined to controlling the presentadon
interactvely, and to moving the data acToss networks.

Multimedia Production

The making of endtimedia requires software not only for the prepa-
ration of indwidual medis elements, but for their integration into a
finished prodiuction. Programis that allow a designer to gssemble
different medla elements in space and dme, and add interactive
behawviour to them, are wsually called aithoring svstems. These must
interpret vser actons and commands in non-trivial ways in ooder to
translate the mode of working that is oatural to a designer, who
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will usually feel most comfortalde with direct mentpulation of the
elements on a virtual pasteboard or its equivalent, into the data and
cofutrol structures of the finished piece of work

Multimedia authoring systems take many forms, though: if we are
currently unsure aboui the form of multimedia, we are equally
uncertain ahout the best means of producing it Again taking flm
for comparison, we find a well-defined set of jobs, from dipecror to
clapper operator, and established procedures for coordinaring the
stages of production that are inolved in the making of a Gnished
film. No equlvalemt division of labowr or provedures have yet
been established for prultimedia. Some awthoving systems, swch as
Director, atternpt to privide tools for the production of all types
of medla element as well as for thelr integration, almost as if a
single person could de the whole job, working on different parts
at the same tirme. Onher tools, such as Photoshop, ondy work with
one rype, suggesting a division of Tabouwr along the lines of the
different media, bur requiring separate mechanlsms and a separate
prodduction stage for Integration.

Just as the forms of multimedia are JTargely derbved from the
forms of other media, so attempts to Impose order on the process
of making mmltimedia are largely based on procedures from
other media. Storvboards, for example, are sometimes advocated
as 2 means of making and communicatdng muldmediz designs.
Storyboards are used in large animation studios, and by music video
and advertdgerment producers, to plan the construction of & piece of
work, and to corumnicate its structure among the team producing
It. {In the Indusertes where storyboards are widely used, they are
algo a means of selling ideas to fnancial backers} A storyvboard
is simply a sequence of stll pictures, showing the composition of
shots at key points in the producton. Rather like a blueprint,
it records a plan of the work, which can be used 1o organize its
subsequent development. {ne of the things that makes storyboards
effective is the way they can be read linearly like a comle strip. As
we will see in later chapters, and as you probably know From your
own experience of Web pages and CD-ROMs, multimedia is often
arranged nonlinearly, with the possibility of taking branches, so
that the elements may be displayed in different orders. When non-
linearity is added to a storyhoard, by annolating it with arrows,
Far example, the clarlty with which #f commuricates structhure,
and thuas its raison d'étre, is lost. Conversely, starting out with
the fundamentally linear format of a storyboard when planning
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multimedia will inevitably prejudice the designer jn favour of linear
strucrures.

o A parallel can be drawn with the use of Rowcharts for program
design. The conventions of ‘classical’ flowcharts can only repre-
sent conditiongl and aneonditiong branches. A flowchart design
therefore sﬁggests an implementation in terms of jumps, nol in
terms of the highser level control structures supported by modern

programming languages. The 'struchured programming’ movement
of the 19703 discarded flowcharts, in favour of worldng direclly with

programning language constructs that express control shsiractions,
It might be hoped that multimedia suthoring tools might themselves
ftake on a design rile, in a similar fashion.

A teling symptom of the immatwiry of digital mmltimedia is
the ahsence of satisfartory terminolegy. What do you call a
mixture of media wnder software control? Where the display and
prezentation of the media slements s the sole purpose, as in a
Web page or an encyclopedia on CD-ROM, e will usually refer toa
suttimedin production. Where the display of the nmitimedia is more
Intimately bourd up with computation, we will refer to 3 mulfimeadia
applicaticin. A simiple example of a mmidmedia production might be
a Weh page comtaining a chronological listing of forthcoming film
festivals, with some attached images and video clips. A mmldmedia
application using the same data could provide an interface {which
might still be a Wehk page) to a database containing the festivals’
details and related material, so that a user could search for festivals
in a partcular geographical areg, or those that accepted matertal
on video tape, and s¢ on, The distinction between the two is hot
4 sharp one. A certain amourt of computaton might be done to
conirol the presentation of a pultimedia productlon, so there is a
continuum from productions thal simpiy present material in a fed
way, through increasingly complex interactivity, to applicetions that
generate muldmedia dynaniically.

There Temains another question, We know that we read text, Jook
af images, watch video and listen {o sound, but what do we do
0 a multimedia production? Al of these, perhaps, as well as
{interacting with it. There is no satisfactory term either for the act

11

Terminology



12

Inirodncton

or for the person who performs it. For the latter, we reluctantly
fall back on the over-worked and vague term user. The usage at
least has the virtue that it draws attention o the actve rile thak,
potentially anyway, a user adopts with relation to most multimedia
productons. Although mwch influental critical work has focwsed
on the active réle of the reader in creating readings of texts, this
actlvity ig of a cerebral amd largely unconscious type. In comtrast,
the user of multimedls is actlve In a literal sense, ustng inpout devices
such as the mouse and keyboard to control what goes on — within
the limbrs allowed by the multimedia producer.

It can be useful to distnguish between rmultimedia and multiple
media. The distincton is best understood from the point of view
of the user. [t is commonplace that we perceive different media
In different ways: we just referred te reading text, locking at
pictures, listening to scand, and 50 on. Cognitive scientists call
these different sorts of perception modalities. A multiple media
productlon requires us to switch between madalities, for example,
by reading some text, then looking at a picture, and so on. Many
early ‘multimedia’ CD-ROM presentations were like this, True
multimedla requires us to combine modalitles (as we do in real life
— think of the experience of walking through a shopping mall, for
examplel, or even develop new ones, to cope with the combinarion
of medlz. A famslliar sxample s the pop video, where the music and
moving images are (usnally) presented as a composite — arguably
often to the detriment of one or the other considered in ispdation —
with, for example, visual actlon illusirating lyrics, and scenes being
cut In timee to the beat of the music.

While modalities provide a useful way of thinking about mulvimedia
from a cognitive point of view, we prefer to adopt a definition more
In keeping with the technical emphasis of this book, and consider
digital multimedia to be

any cormbination of two or more media, represented
in a digital form, suffictently well integrated to be
presented via a single interface, or mandpulated by a
single computer program.

This definition is broader than some that have been proposed. It is
quite common to require atr least one of the media to be a time-
based one, such as sound or video. It s certainly brue that, at
present, the additnon of time introdoces significant new technical
difficulties, which may be considered sufficlently challenging to
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make a gualitative difference between such dynamic maltimedia
and purely stadc priltmedia, involving only text and imnapes.
However, we consider these difficulties to be transient effects of
the current state of the underlying digltal technologles, and prefer
to use the more goneral definition just gven.

Interactivity

"You can mistake endless cholee for Freedom™
Bruce Springsteen, speaking on BBC2, December 1008

He was talking abont something mere momentows than moltimedia
praductlons, of course, but his words are curionsly appropriate ro
the way In which interactivity has been applied 0 rudtimedia.

Interactivity ls frequently portraved as the feature that distin-
guishes digital muldmedia from other forms of combined media,
such a5 welevision. It is often claimed that it puts the user in contrel
— by tmplication, in a way that has not previousiy been possihle:
"Interactivity empowers the end wsers of your project by letdng
them control the content and How of information.™ While there =
Is some truth in this, it should be recognized that the amount of  Tay Vaughan [Vau98).
control offered is strictly limited within parameters established hy
the multimedia prodocer. This must be the case in apy sitwation
where Interactlon takes place with a finite system responding
according to a program.  Only choices that are coded into the
program: are allowed. However, providing choices In a computer
program i much easier than providing choices via a hardware
device — such as thronugh the conmtrols of a VCR — so it s possible in
a multimedia production bo allos the user to comirol events at many
points. Where a sequence of choices can be made In spccession,
the possibilites expand combinatorially: if, for example, there
are four cholces at each of five stages of a4 production, although
culy twenty branches must be programmed, there is a total of
4% = 1024 poseible sequences which can be followed: that s,
1024 possible ways of experiencing the production. Such a range
of possible experience might well be mistaken for freedonm, but
ultimate control over “the content and fiow of information” remains
with the producer not the user, and even a significantly Increased
range of choices will not necessarlly enhance a production. In
certain rages — ey, the provision of access to idormadon in
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facilities swch as Web slte railway dmetables — a single, [ast,
opiimized rowte to the required information Is all that is needed.
And no amount of interactivity can compensate for poor or dull
content, or bad organlzation of the work — one of the worst cases
of this is when, through a series of selections on buttons, etc., one
navigates through a site 10 ik that the desired page is an empty
space labelled “nnder constructon™.

The character of interactlon can be appreciated by considering how
it operates in the popular game Myst. The player is presented
with a series of irnages, depicting scenes in an imaginary workd.
Sometlmes, if vou click on an object, something happens — doors
open, machines operate, and so on, When the cursor is placed
near the edge of the screen, it changes shape and a mouse click
causes tle scene to change, as if you had walked out of the frame
into the adjoining space; in this way yvou can, for example, walk
round a building. Apart from that, there are no controls, such as
buttons, so the game demands a process of exploration before you
can find out how to make anything happen. Adverdsing copy and
reviews of the game placed great emphasis on the idea that you
have w explore a fantastc world. [n fact, though, all that your
choices and explorarlons enahle you to do 18 to complete a few litrle
puzzles, obraining fragments of a story along the way, untl you
reach the end. You don't hane: any choice over this — if you can't
work: out the combinatlon to open a door, you can't attack it with
a crowhar instead, for example. All you can do is go off and oy a
different puzzle, or give up. However, the extraordinary popularity
of Myst demonsirates how interactivity, when embedded in a rich
erviromment with high-quality graphics and evocative sound, can
dramatically increase the attractiveness of a production. It is hard
to believe that the puzzles presented on their own, or the flimsy
piece of fantasy Action upon which the game is budle, would draw
the same audience.

= “Inceractivicy’ is really a mispomer — although we wifl conbioe to
use the rerm in deference o its wide axrency. When the computer's
rdle is to present chodces and respond to them, it catoot be said to
be keeping up its end of an interaction, while at ¢he same time it
reduces the wser's options for contelbuting to the inercouzse o a
Few mouse pestures, The application of arbificlal intelligence can
improve the level of discourse, bug (with all due respect to Alan
Turing) true interaction = only possible where another person is
invalved. Even then, if the interaction is mediated by a program,
the form it can take may be severely limited. [n maoy cootemporany
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networked games, for example, the only way you can interact with
your fellow plavers is apparently by trylng to kil them

Lince mteractivity i a novel comributon that computers make
to multimedia, there is & strong tendency for all oomltmedia
productions to be Interactive. It is worth remembering, though, that
‘ernidless choice’ may nor only be iappropriate or recandant in the
ways described above — it {8 not necessarlly what everybody always
wants. In some cases an audience may be quite content to let a story
unfold jusr the way the writer or director intended it to, without the
distraction of commentaries, out-takes, or supplementary material.
In many of these cazes, it wonld probably be better to read a book
or e {0 the pictores — digital multdmedia is not appropriate for
everything, There will also he Hmes when prodacers do net wish
to offer interactivity to the user. An increasing munber of artists
are creating work I the form of dipital onldmedia, but in many
cases they choose to retadn control of what 1s shown, and do not
alliw their audience 1o nteract with the work, Such productions
can be Innovatve, angd cven seek to push the boundarles of what
can he zchieved in the digital domatn, without being interactive or
departing from an essentiglly linear form of presentatlon,?

13

Flgure 1.1
A wyplcal dialogue box

3

Perhaps in the fufare some digital
multimediz productons may provide
a litwsyr scpeertience that ia
nevertheless umpredictable, because
the development at each viewing
could ke conealled by computation.
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4

By default, Bryce's lngarface tkes
mver the whele sereen, ohscuring the
deskton entirely and hiding the menu
bar the way some games do. This i n
direct contravenioa 1o at 1least the
MacOS user interface guidelines — ir's
actaally quite diffiowt to do oo 3 Mac
= bat It doexn't prevent the program
from being wsable, ot least in masy
users’ opinion.

The means by which chwices con be presented to users can vary
enormoiisly. At one extreme there is the stylized set of user
interface elements — menus, dialogue boxes, outined buttons, and
0 on — and corventions wsed by most operatng systems and
mainstream applications; at the other extreme, interaction with
same sorts of game is esgendally freedorm, with any part of the
screen Hable 1o cause a response at some time. Adoption of the
conventons has the advinitage of predictability: users will generally
know what to do when confronted with a dialogue box, such as
the one shown in Figure 1.1, containing text eniry areas, pop-up
menos and buttons — Al in the text, make a selection from the
menus, click on the buttons. By following the interface mpidelines
for the pladorm your multimedia preductlon 1s intended for, and
designing your dialogues and other interface elements carefully,
voul can often make it possible for an experienced user of that
platform to work with your production without further instruction.
A disadvantage i5 that users who are not already familiar with
the interface conventlons might Bnd it harder o wse a fally-
fledged conventional interfare than a specially desigmed simpler
one.  Another disadvartage is that everything looks the same;
you might have legitimate reasons for wanting to differentiate the
appearance of your interface from the operating system. Doing this
while at the same timne making it chear how your varioos conirpls
work is a difficult task. The innovative interfaces desigmed by
Kai Krause for products such as KPT and Bryce {see Plate I and
Figure 4,49 in Chapter 4), for example, have sharply divided wsers,
with some halling them as a breakthrough while others criticize
them for being confusing and affected.

The interface elements that have become most familiar o deskrop
computer users were devised im the context of & static graphical
epvironment. With the incorporadon of dme-based medle — video,
animation, sound — new types of operation, swh as starting,
pauwsing, rewinding, and adjusting the volume, become possible,
and s0 new types of control are redquired. Menu commands with
keyhoard shortcuts could be used, but the practice of supplying
playback controls in the form of buttons thar mimic the aperation
of thoge on cassette players and VCRs, and are labelled with the de
facto standard leons used on sweh appllances, is more common.
Volume controls sometimes have the appearamce of sliders or



Sorlal and Ethical Considerations 17

thumb wheels, Since digital video players make it easy to go 1o a
specific point or scrub through a movie, using mouse movements,
an addidomal control is often supplied in the form of a sirip,
representing the inovie, with a marker that can be pulled through
it; thisz marker moves during normat playback to show how mmch
of the movie has been plaved (sec Figure 1.2). The requirements
of incorporating time-bhased media have thus gven rise (o rew
interface conventions. As always, these conventiohs can he inored,
and a free-form or individualistic interface substituted where that is
felt vo be justified by the nature of & particdlar production. [t should
be borne in mind, however, that accepted {nterface designs are the
tried amd tested products of expert designers, and the attempt to

creste a radical or superior interface shondd not be undertaken Too Fgure 1.2

lightly. Contrals For playing video

Social and Ethical Considerations

It is 2 commonplace among technologlzls that technology iczelf [s
nettral and without moral vatoe, elther good or bad. I is only
the uses to which people choese to put technology that need to be
subjected to moral scrutiny. While this assertion is Hterally true —
because ethics by defmition applies only to the thoughts and actions
of zentieut beinps — it is often the cage that, in a specific zocial,
pofitical and ecomomic context, the introduction of new technology
presents apportunities for behaviour that were hot there before. in
such cases, certain ethical problems camsed by that behavicur can
convenigntly bre described as atising from partioular technological
innovatons,

Access to Multimedia: Consumption

In the rase of multimedia, the 1ssue springing most directly from
the nature of the techholopy itself i3 that of accexs, To begin with,
access 1o multimedia depends on access to appropriate hardware
and on possesaion of the necessary skills to pse & medern compurer
system. In developed countries, access to hardware is largely a
fonction of wealth., Although personal computers have beccine a
consumer commodity, they remain among the more expensive of
such items: a personal computer equipped to haondle multimedia
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costs substantially more than a standard VCR or a games console,
for example. In less developed countries, computers remain
rare, and the infrasiructure to support modern cxnputer systems
— reliable power supplies, ubiquitous telecommunications — IS
abzent. In gome countties large mumbers of people are still denied
the opportunity to acquire basic literacy — this, too, is often & side-
effect of poverty. It is sobering for the multimedia developer to
remember that substantlal nwmbers of peophle around the world live
without even those basic domesHe farilides and appliances which
members of the moee privileged societies take for granted — in
conditions where lsswes such ag access o clean water are of vital
importance, and access o coinputing not even in question. Any talk
pf the global nature of the Internet. or of multimedia distrihution,
should be tempered by this knowledge.

Even amwng the wealthiest countries, local conditions can affect the
ease with which certaln kinds of rultimedla can be accessed. In
most parts of the United States, for ¢zample, a single charge covers
the eost of all kocal telephone calls, effectively making imalividual
calis free. It is thus quite feasible to leave a personal computer
permanently connected to the Internet over a lelephone line. In
the United Klngdom, kocal telephone calls are charged for by the
second, s0 most people with dial-op [neermet conmectlons iy to
minimize the time they are online. Somebody (n Britain is mwch
less likely to download huge video RAles, or tune in te a live Web
audlo broadeast, than thelr counterpart In the US. The Internet is
a global phenoanencn in principle, but in practice it wears different
faces in different places, and {n many places it has no face at all.

There are other factors which can prevent access to ubtioedia.
As we stated earlier, the ability to use a compuker system is a
prerequisite — and this in itself presupposes basic literacy. These
skills are by no means universal, #ven in developed countries. There
is conflicng evidence about how computer skills are distributed
among age groups. Certamly, yomg people in most developed
countries are now routinely exposed to computers in schools, and
often at home, if only through games. But the skills they acqere
may be superficial, and the quality of computer education varles as
much between schools as any other subject does. The highest levels
of computer skills are uswally acquired throwgh work, o a failure
to master computer technology may be an increasingly significant
effect of tong-term wnemployment. And, of course, not all forms
of employment expaose people 1o computers, so disparities of skill
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are found between occupations, which may, in time, reintoree other
social distinctions — e.g. between office and manual workers. People
who are 100 0ld to have been exposed to computers in schools and
who have not used comnputers a5 part of their work may find even
a user-friendly graphical interface perplexdng, =0, even if they can
afford the hardware to access multlmedia, they may not feel able to
take advantage of it

Finally, phyzical disahilities or learning difficultes may interfere
with a persan’s abllity to use computers or experience rdtimedia
content. This iz pardoularly poignant as computers can be of
great value in ameliorating some of these difficulties. A range
of problems, from arthrids to motor neurone discase, may make
it difficult or impossible for somecne to operate a comventonal
kevboard, mouge and other input devices. Blindness and visual
impairment raise specific concerns. Yoice synthesizers and Braille
keyboards and outpur devices can make it possthle for bind people
to use computers effectiviely (again assuming sufficlent wealth or
social provision makes such devices available), bur most multimedia
has a marked graphic bias, relying on bnages not just to convey
informatiom, but for navigaton and interacton. This is evident
on the World Wide Web, where many Web pages use image maps
for nenvdpatdion; the habit of uging small images as navigation icons
tor merely to provide text labels in a more interesting font than
the defaults) means that some Web pages are umusable without
images.” Peaple who are dyslexle, on the other hand, typically find
graphic images and lcons more readily intelligible than text, and
will be assisied by pood design of these elements.  Although it
is well known that many people have difficulry in disunguishing
between certain colours, and most books on design offer advice
on how to chooge colour combinaticns to minfmize the problems
ariging from this, tew designers appear to apply thizs advice when it
conflicts with their aesthetc intent. The range of difficultiss which
may be experienced by potential users iz very wide, and embraces
all media slements, with correspondingly far-reaching implications
for the conscientionus multimedia designer.

The World Wide Web Consortum has dene an exemplary joh in
addressing the problem of access for the disabled (we will describe
the details in Chapter 13), but there is Hitie evidence at present that
mamy Web site designers are taking adventage of the facilides to
make their Web papes more accessible te everyone. [t iz hol within
the scope of this book, or cur own fields of expertise, to do justee

5 .
If you doa't Believe this, Ly uming
off image loadng In wour Web

browser.
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to this aspect of access and to provide solurlons, but we siress that
this is am area which requires the most careful attention

Provision of computers in public libraries, schools, commumity
cemires and Interniet cafés, inexpensive set-top boxes and network
computers, popular education programmes, and accessibility ini-
tiatives can all broaden access to the Internet and other forms
of multimedia. But it showld be understond that access is
not, and prohably never will he, wniversal, especially guiside the
indusirialized nations. As long as the bulk of multimedia 1s directed
to entertaionent, this denial of access cannot be considered o
seriols — ane can, after all, live without Riven or Cinemania,
Nevertheless, if access to mudtimedia is porocayed as the norm
in a society, to he without that access becomes a marginaizirg:
influence. When advertdsements routinely feature URLs, and yon
have no {internet conmnection, what message are the advertisements
corveying o you? If multhmedia does indeed beconwe the primary
channel for Information dissemination, as some pundits envisage,
being denied access to muldmedia will mean being denied access
to information. On a mundane level, when Information about
entitlement to sockal security benefits, refuvbishment grants or
medicatl ald is readilty available from the home to those with an
internet connection, in the form of a slickly packaged ipteractive
multlmedia presentation, but requires a tTip 1o a crowded and
depressing government office to pick up a leaflet for those without,
it is easy to see how the shift of Information provislon to hew
media can deepen existing economic divisions. In extreme cases,
simple access to information saves lives, as with health education
programmes. Access to information is empowering, and a deliberate
denlal of access to mformadon has always been one of the most
powerful weapons used by governments an the rich ang] prawerful
te exercise control and protect their interests. These issues have
a social and political reality, amd are hoe simply a matter for
peripheral academic debate by multimedia students and producers.
The work you make, if it ks releaged to the world at barge or to a part
of 11, will affect other pecple's lives.

Access to Multimedia: Production
Anvbody with access to the Imternet ¢an bave their own Webr site

— and anybody withouwt can't. People who cannat use the Internet
for any of the reasons given in the preceding section are not only
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denied access to the informmation it contains, they ave also denied a
platform for expression or advertisement. However, in the parts of
the world and segments of society where Internet access is readily
available, what computing pepple wonld call wrlte access is almost
a5 widespread as read access. An Internet Service Provider rthat did
not offer several megabytes of free Web space to its customers s
unlikely te survive for long. The avallabllity of inexpensive tools
for constructing Web sites (and the possibility of constructing sites
by hand {n a simple text editor), plus the relatvely small effort
needed to acquire enough knowledge to use theze tonls, means that
anybody who feels they have samething to say to the world can say
it on the World wlde Web. Relatively affordable compaters, together
with very low cost access to the intermet and cheap CD-RCM
technology, 15 bringing about a widespread revolution in access (o
the means of preduction and dlsiribution of digital material.

In contrast, access to the means of production and distribuotion of
traditional inedia is tightly restricted. Probably the moat accessihle
madium is the printed book. It is possible for an autbor to write,
priat, and distribwe their own books, but the costs involved are
considerable, and the likely returns, in the absence of any marketing
machinery, are slim.  Such persomal production is reserved for
the independentiy wealthy, Most books are published threugh
publishers, who are able to take advantage of their size ro spread
producton costs, and to market and distribute thelr books more
cffecdwely. But publishers can only stay in business by making
money, %0 they can only publizh books that they think are going
to sell. This means thar bock proposals are submitted to editorial
scrutiny and refereving — with the result that established authcrs
have a better chance of being published than newcomers, and
uncohventipnal subject matter or stvles ot writing (that only appeal
to a minority of readers are unlikely to appear in print at all There
are small independent publishers — especially in the United States,
where there i3 a fradidon of indepandent and underground pressas
-— who may pick up marginal work, but, like independent anthers,
their limited resources madke it hard for them to achieve wide
distributipn. Contrast this with the Web, which offers a polentially
Cnormous audience to anybody.

The sitvation in other traditional media i5 similar to that for
books. Mass distribution of printed images takes place largely
through magoszines, newspapers and books, and is subject to the
same editorial conteol as e diatriboden of printed text.  Many
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illugtrators and photographers also sell their work o greetings
cards, calendar, or postcard manufacthurers, or provide Images
for brochures or corporate publications. Here, the influence of
marketing pressures and corporate values will clearty limit the type
of work that can be nsed. Fine artists wishing to exhibit their work
are often faced with even higher barriers. Most exhibitions take
place in private galleries which survive by takdng large commissions
on the sale of work, and can thersfore not afford to take risks:
public galleries, suwch as the National Gallery or the Museum of
Modern Ari, If they exhibit worck by living artists at all, normally
only present the work of estahilshed artsts. Even If an unkmown or
vnfashionabke artist can manage to get their work exhibited, it will
only reach the few people who are able ta he physically present
in the exhibition space. Whereas printed images can be turned
into digital Form and disseminated through the Internet or on CD-
ROMz, the very nature of paintings and other art works owang that
digital dissemination ran only be done at the cost of a substantiat
degradation of quality, and with a loss of the presence that ey well
be the essence of the work However. fine artists. with their trained
hablts of exploring media, may be in the best position to take
advantage of new opportunities that digital media and multimedia
offer.

Most reconded mmgic is distributed by a few labels, owned by
hige multinational corporations, whose sales dwarf those of the
independent labels. Because of the imvestment that a record label
must make to sign, record and promore a band, companies {ry
to ensure thav they only make records thar will sell, hence the
notoriows difficulty faced by new musicians trving to hreak in (o twe
buginess. Again, contrast this with the ease with which anybody’s
songs can be placed on the Internet for downloading.

The enormous cost of making even a ‘low budget' fillm means that
access tn the medivm of film ts even more tightly restricted than
the other forms we have considered. Among the established media,
onby televislon can begin to provide any sort of broad access. The
relatvely low cost of video equipment compared to film, and the
absenre of any specialized processing requirements, means that
video can be produced on a very restricted budget — although
not to broadcast guality. Transmission, however, is controlled, as
much as in any other medium, if not more, and oppormnities for
public access to broadeasting are Umited to a few derisory slots on
a minority channel in the UK, or one cable channel among fifty or
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s in New York, for example. We will see in Chaprers 10 and 15 thal
emerging network aud digital video technologles mean that anyone
with & video camera, 4 contemporary deskiop compater and a Web
site can broadcast thelr own video over the Internet.

In disrussing access lo ymiltimedia productdos, we have concen-
trated on the World Wide Weh. This is because methods of off-
line delivery do not offer the same possibilities. Since a CD-ROM
ks a physleal chlect, it muat be manufactured and disoibuted.
Additonally, a significant smount of content is needed to fill a
CD-ROM. Production and distribution of CO-ROMs therefore rmors
closely resemhbles that of andio CDy ar videotapes than the onique
forms of online delivery. Nevertheless, the relatively cheap cost of
CD writers and the very low cost of the €0 media itself, has meant
that to some extent a new form of self-publishing has cpened up
for those people with sufficlent funds and motivadon, It is now
possihie for artists of all kinds to distrilmte high gaality pordelios
or catelopies of their work themselves, or for musicians to make
their own cheap CDs.

While the description we have just given 13 incomplete and sim-
pified, it should convey the Facl that access to raditional media
is highly exclusive in comparison with access to the World Wide
Web — which has the bonus of supporting interactive multimedia.
It is hard to imagine & publlsher izsuing a book dlrected only al
pedesirians, which lists gardens that are open to the public and can
bre vigited an foot or by public transport, bt ooe mao is preparing a
charming Web slte on that subjert as a personal Millennfum project.
Unfortunately for proponents of demecratic access to multimedia,
putting up a Web site is not the end of the story. People also have
to visit it
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Control of Multimedia

in theory, all Web sites have equal claim on our attention, but, in
practice, some £xert a stronger appeal than others, Recent evidence
suggests that the metaphor of "Web surfing' — following links at
hazard in the hope of coming across something usefol or interesting
— is no longer an acourate way of describing people’s behaviour (i
it cver wask Most people have a limited number of sites that they
visit habltually, and only a small mymber of sites, compared with
the vast mumber that exist, atTact more than a few visitors. Many
of the most popular sites on the World Wide Web are the home
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gites of Internet Service Providers, which hypically previde a nows
service, little articles about teclmology or lifestyles, boroscopes,
advertisements, and, increasingly, online shopplog. In Fact, these
Web portads, as they are called, are online Sunday supplements,
echoing the sarly development of film, with its impersonation of
newspapers. This Sunday supplement model of a Weh site is now
also provided by sites sucb as AltaVista and Excite, which originally
functened purely as search ¢ngines.® The main competition to Web
portals ave online stoves, that is, digical mail-order catalogues. They
may be more conventenl for home shoppers, but the form of the
online catalogues closely mimdcs their off-line orlginals, and very
little extra functionality is offered heyond bagic gearch [aciliies.

kn additon 1o impordng establiehed forms, the World Wide Wweh
is also Importing content from established media. n 1999,
Apple launched QuickTime TV, providing sireamed video over the
Intermet. Like a conventonal cable or satellite service, QuickTime TV
is organized as a collection of channels. The current collection of
chanmels Includes ABC MNews, Fox Sports, Warner Brothers, VH-1,
Rolling Stone, WGBH, and the BRC World Service. There is Litte
evidence of public sicess provision here.

It is hardly surprising that companies should follow established
advertising and merketing patterns when confronted with a new
medivm, or that Web conrent providers should mwm to existing
conventional sources for mews and entertainment. The notion
that the comparative ease with which anybody can put up a Web
site provides an cpportunity 0 wrest control of the means of
distribution. of ideas away from the old establishment does not
hear much serutiny, amd is not supported by the evidence, The
pattern of domination by identifiable large companles, corporations
and institutbions has, by and large, been wansferred intact to the
Internct. However, in addidon to this prediciahle transference
to the mew media, the internet has enabled the beginnings of
something more interesting: the opportunity to create new kinds of
relatlonship between consumers and producers of multimedia. As
well as rhe one-to-many relationship of conventional hroadcasting,
publiration and marketing, which the Web portals echo, we are
seeing a new development of few-tofew relationships, between
small groups of individuals with specialized interests, who in reality
may he physically very isolated from one another. The siructure of
the Internet and the low production cost of Web pages provide a
support for such relationships which 13 denied by the politics and
econoniics of the estabhshed media.
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The Control of Content

“Then we mmst 2peak to our poets and compel them to impreas upoist thelr poems only the image of
the good, or not to make poctry in our clty. [..] He that cannot obey must not be allowed to ply his
trade in our city. For we would not have our Guardiaos reared among images of evil, and [ ..} gather
many impressions from, all that surrounds them, taking them all In until at lagl a great mass of evi

gathers in thelr inmost souls, and they know it not.*

Some issues do not go away or become resolved in a hurry: more
than 2308 years have passed since Plato wrote The Republic, and yet
very similar concerns about the protection of Enpressignable yoong
people are frequently expressed today. It is precisely the enduring
nature of ethical preblemis — which deal with fundamental issues
of how homan belogs can and should conduct themselves — and
the great difffrulty in finding satisfactory and practcal solations,
that has fuglled the continuaton of hoth academic and reat-world
debates on these suljects.

Human history vo date has shown that any sufficiently complex
society has sopght to exert some control over what people may
read, see, hear, or do, whether this {5 done by explicit policing
or by economic or other, less tangible, means. in the twenticth
century this control has usually been Justdfied as a henevolent
protective measure, and may well he hroadly supported by the
electorate. It is interesting that the same type of juvtification has
been uzed by polidcal systams which were radically opposed Lo one
another — each supposedly protecting their own populatioh from
the potentially harmful infloences of the other, for example in the
idealogical combat known as the Cold War.

The rapid growth of the Internet, which offers an unprecedented
dissemination of possibly unacceptahie or unsuitable material, has
given a new lmpetus to debates abour censorship.  However, the
cthical 1ssues surrovnding censorship are complicated, and a very
long history of discusston has produced no endneing conclusion or
consensus abomt them. The novelty of the contemporary situation
lies in the international reach of the Internet, and ity availablility
within pecople's homes. Multimedia has not yet managed to raise any
new Issues of content — and it seemns improbable that people will
have anything to express in this medium which has nor aleeady been
expressed many times before in other forms. The new dimension

Flata, The Republic, Book I
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i3 entirely one of access and distrlbution. Because the World
Wide Web Is currently the most effecdve means of distributing
multimedia, anybxly whao is imvolved in multdmedia producton may
fivid themselves drawn inte the censorship debate, even though they
may be poorly equipped to resolve the difficult erhical problems
which have evaded & solution for centuries, and which have only
been made more complicated by the very wide reach of the Internet.
If you have a serious interest in this debate you will peed to do
4 substantial amount of further reading in ethics generally, and
rensorship issues In particular, to develop a well-rounded and
informed view of the simatdon. If you prefer to concentrate your
efforts elsewhere — as most people working in traditional media
have chozen to do — you would be prudent to avoid being drawn
in unnecessarily, but you will need to be aware of how the debate is
forussed, and of the nature of the main issues.

Within a single modern state, mechanisms penerally exist for
controlling publication. exhibition, performance and so on, which
are congistenmt with the palitical conditions of that state. The
pharality of political and social systems that exist in the world
meaus that it is unrealistic o expect a single model of censorship
— whether that means no censorship, vigid centralized controd, zell-
regulation. or any other set of mechanisms — to be acceprable
everywhere. And vet, Internet conteni is available everywhere’
and the way the network is organized makes it difficult 1o assign
responsibility fer the dissemination of content, even in cases where
it is degired to do 5o,

A society’s history, its state of development, political system,
and religious institutions and beliefs are arpong the Factors that
determine precisely what sorts of media or multimedia content
are cohsidered objectionable within that sockety, Some groups
of socletles may have a broadly similar history and culture,
deriving from certain shared ronts, which will mean that their basic
Cconcerns are concentrated within the same areas. But even im
these cages there is often disagreement about the precige limits of
acceptability. For example, the kevel of female semi-nudity rhat has
been commonplace on beackes in the south of Framce for many
vears has been, during the same period, considered indecent on
the other side of the English Channel {where it is stlll daring, at
the leagt), while at the same time complete rmdity of both sexes ix
acceptable at bathing places in Scandinavia. Where there is greater
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cultural diversity, there iz a cortesponding diversity of opindon
about decendy.

in any sociery thers iz often a substantial separation between what
is acceptable in a poriraval of life — ie. in media — and what
is acceptable in realiry. In some societes, much greater leniency
is extended towards representations of behavlour than to the real
thing, but In others there i a much <loser correspondence of the
Testrictions which govern media on the one hand and actus] hamayg
behavigur on the other. In gome thers are very stringent restraints
on speciflc medla, for example on image making. These different
sets of standards will be further sub-divided along lines of contens:
a society may sanction representatlons of violence while punlshing
thoge who getually de violence on others, and at the same time
censor images of the sexual activity which in practice that society
condones. A quick look at the films of the Unlted States In the
19308 will bear this cut. At this pericd cvenr happily married
couples had to be shown ax sieeplng in separate beds, and naver
apparently enjoyed any indmacy beyvond a kiss and a cuddie, hut
at the same time gangster films and thrillers portrayed scenes of
violence and murder which were ilegal and generally condemned in
reality. When the complexity of the standards for censorship within
a single sociery is multiplied by the number of socedes within the
wiorld, and then by the cultural and religious groups within thosc
sovieties, the result is a set of principles, beliefs and practices which
are very diverse indeed.

There is no alternative to accepting this dlversity, so how ran
it he accommodated in the comtext of the Imternet amd other
mudern commupdcation systems? To simply permit everything
is not ax:cqmmudanun — restrictions, even when we may not
personally approve of them, are part of the diversity, Just as it
would be unacceptable to impose one society's set of restrictons
on evervbody clse, 50 is it unacceptable to impose one socety's
fraedoms gn everybody eise. (We are not talking here about matters
which fall within the scope of ‘Human Rights’, which is a separate
area of ethics in which an intermational cotsensus has nosy more
or less been established through, for example, the United Nations
Declaration of Human Rights. )

The Platform for Internel Conteni Selection (PICSH 1s an attempi
te provide a mechanism that supports & diversity of attitades
towards content and censorship. The difference between PICS and
conventional mechanizms, $uch as the banning of hooks or the
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seiziwe of video tapes and magazines, is that it restricts reception,
not distributlon.

C An estabtished pattern for the cenzorship of Glms, as practised
in the United Eingdom and other cooniries with siamitar systems,
tries to combine restrictions upon reception with some control
of distribution. In extrems cases censors can refuse certification,
effectively preventing the showing of chat film in most vemues, or
they may réequire scenes o be edited out before a certificate can be
awarded. These measures affert distribution, but by labelling each
film which *passes’ with a certificate that defines what age group
may legally be admitted to view thar film, the censors also artempt
to control reception — although in practice in the UK, for instance,
this iz not pat into effect very nigarously. A significant flaw in this
system, which has been addressed by certaln videa tape dismmibutors,
is that no indicacion is glven of the nahmre of the content which
was deemed gnsuitebde. This makes it very difficult For amone
to exerclse their own controd over what they are exposed (o at the
movies, unlesg they have aoress (o information about the Alm's level
uf violence, ur whatever, from other sources.

Acknowledging the virtuai impossibility of preventing material that
is unacceptable 10 somebody somewhere appeaing on the World
Wide Web, PICS aims to allow the user themselves o prevent
unacceptable material reaching them. The underlyving idea is simple:
labels arve associated with each Web page, to provide a ranng of
its content that can be used to assess its desirability. Undesirable
material is rejected by screening software that iz either incorporated
In 8 Web browser, or implemented at a lower level w intervene
in all network traffic carrying Web pages. All that PICS stipulates
is a standard format for content labeling; it says nothing about
what the labels should contain, nor how software should deal with,
them. MICS thus allows for arbitrary criteria 1o be used for assessing
content, and arbitrary strategies for dealing with it.

PICS may sound like a laudably Rexible, value-independent, means
of blocking the reception of certain sorts of material, but it achieves
this by deferring the difficult decisions. Who does determine: the
criteria for biocking, who ensures that software can apply the
criteria, and who attaches the necessary labels to Web pages? In
theory, PICS would allow pages to be labelled with, say, a green
rating, so that pages that advocated environmentally damaging
practices and pollcles cauld be filtered cut. For this to work, filtering
software would have 1o be made aware of the existence of the green
label, 50 that it could be configured to use it as a fltering criterion.
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A FICS service dexcription is a document that specifiea the format of
aome rating service's labels. Filtering software can download service
descriptions 5o that they can allow usets to specify controls hased
om the lahels they deseribe,

Most fltering is performed by Web browsers which, by default,
omly understand the labelling syatem of the Recreational Sofrware
Advisory Council (RSAC) This system is restricted to a crude
set of measures of violence, sex, nudity, and lanpuage. Other
rating systems can be used if appropriate service descriptions are
available, but there is no guarantee that any sites will be labelled
in accordance with them, whereas RSAC ratings are widely used.
It practice, therefore, instead of the fexible, muid-dimensional
content screening that PICS promises, we find the crude and
culturally specific RSAC system.

The PICS architecmure allows labels to be attached either by the
page’s author, or by some third party vetting organization. Where
third pardes do the labelling, a mechanism is available for assoelat-
ing labels with URLs withmut attaching them to the pape itself, and
for enabilng the label to he inspected, to determine whether to aliow
arcess to the page. The green label could only he applied f roncern
about green issues was 0 widespread that Web aouthors felt an
cbligation to include green ratings, or if an ecological organization
was able to set up 2 ratings burean and vet Weh pages. (There
are more Web pages than people ot this planel.) Howewver, if
there is no third party who shares your concerns, and you do aot
necessarily tmust Weh authors tw label their pages, you have no
mearis of preventing material you do not want to see from reaching
you, excepl by complete avoldance of anything vou think mey be
unacceptable, Even if a third party service description does crbody
some criceria you wish o apply to content, vou bave to trust the
lakelling service. There is ne regulation of such servicos, so there
is room for abuse. There have been allegalions that some Labelling
bureawx have blocked access to pages critical of their own policies,
{or example.

PICS labels could be used for 2 mumber of purposes other than
those for which they were imtended.  For cxample, it would be
trivial to write a Web searching program which sought oot web
Papes with certain types of coatent, simply by looking at the PICS
labels,  ronbeally, the mechsnism intemded to restrict access o
vertain materigl is itsell the ineans by which that material may be
most casily locatad.
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A New Medium

Dnring the very brief history of digital nmltimedia to date, designers
have consistently looked back to older forms for Inspiration,
adapting established ideas to the digital realm. This has its good
side — the fundamental principles of fine rypography, or the
conventions of film editing provide a firm foundation for their
digital connterparts — but it means that, as yet, new purely digital
forms have hatdly begun v smerge.

Nowhere 18 this more evident than on the World Wide Web. When
the first browsers became available for personal computers, all
Web pages looked the same. Dominated by text in Times Roman,
with rudimentary layout and a few images, these pages were
distinguished from printed papers only by the presence of Links
other pages that looked just the same. Information content was all.
Now, several years later, the Web can support elaborate layout, ty-
pography, animation, video, sound, and interactvity. Yet behind the
different sarts of bells arxd whistles that these new elements permit,
there Is an sssental uniformity to Web sites. They are slectronic
brochures, shopping catalogues, and Sunday suppleroents, whose
muitlmedia elements are seen as embelllshments whose primary
purpose is to attract attention. and gain kits. During the heyday
of the mulumedia CD-ROM, the same kind of formal limitadon
orcwred: it was an electronic presentation, reference book, or
again, a brochure.

These limitations have come to define a Web site; the boundaries
of the form have become the boundaries of the comcept. The
technofogy we will describe In the remainder of this book is not
contained by those boundaries.

Consider an Internet application that is far removed from an
electronic brochure, the SETI®home project, which is based at
the Umiversity of California at Berkeley. 3ET] stands for the
Search for ExtraTerrestrial ntelligence. One way of searching for
exiraterresirial intelligence is to look for radio signals concentrated
in a narrow wavelength band. Otbiting radio telescopes thak
continually scan the sky generate enormous quantities of data about
the radio signals that are reaching the Earth. Processing their caw
data to search for signals with characteristics thac might indicate
an intelligent ovigin requires correspondingly enormogs amosns
of computer power. Searchers for exsraterrestridd intelligence are
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not generousiy funded, so research groups cannot command the
necessary amount of time on supercomputers.  Bot nowadays,
supercomputers are not needad, if a sofficient number of less
powerful compters can be made to cooperate o1 the compy tation

The Internet connects a huge number of computers, most of which

are not doing anything useful most of the time. Cuite a lot of the

time, many computers are displaying fiving toasters, goldfsh, and

space-filling curves, aliegedly to prevent their monitor phospors

burning cut during pericds of inactivity. The SETI@home project

makes use of that time to logk for intelligent signals from outer

space. Ingtead of minning a conventicnal screen saver, participants

are running epectal software that downleads a small portion of the

radio telescope data and, at rimes when the screen saver would

normally kick in {le. when the user has gone to a meeting, or is

baving a long phone call), the program dees some data analysis.® g

When it has fintshed with its current data set, it sends the results 1t shows a maphic display of 1ty
of the analyais back to the project’s headguarters, and gets some 2 ﬁf“' s you sl get your screen
IMore.

Bere is 3 project that cxposes the true nature of the Imternet: it
is a colleeron of connectod comgriters. This is what the restricted
concepts of "Web site’, and ‘mmultimedia CB-ROM' omit. Naturally,
they depend on the processing power of computers to dispiay
medda and handle interactivity, but in doing so, they reduce the
computer to & flexible media plaver, and deny its power to perform
computatlon. To develop mmltimedia forms that accommeodats
and exploit that power will require a leap of imagipation and
understanding, comparable to the leap of maginetion thal took
coniputer graphics and placed it at the centre of the vser mterface.
Until that happens, the promige of digilal muitmedia is atil
mfulfilled.

Further Information

Some of the issue: raised in this chapter are taken up from a
differeit perspective by Brent MacGregor in his Afterword.

If you ere interested in the cultural thecry of nmltmedia, [Rary7)
iz g good starting point. For analyses of established media, consult
[Wil74] {televison) or [Kawd2] (film); [McCSE] considers the impact
of new technology on craftamanship, and [Lig95] lonks at digital
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Exercises

Imirodoction

images. [RM96] is a short inroducton 1o the mechanics of PICS.
[EF39] and [App93a] both provide a menagement-oriented view of
multimedia that complements our technlcal reatment.  [Fau9s)
gives a concise introduction to interface design.

1. 1g the idea of making a film of this book an abswrd one?

2. The late Kingsley Amis reportedly once asserted that he would
riever read another book unless it began A shet rang out!. How
wortld this opening he realized in

(a} A radio play;

{ A stage play;

{c) A film;

{d) An animation;

(e} A single created image;
{fH A photograph;

{g) A coamice sirip;

{hi A song;

(i) A symphony?

If you have access te sultable faclties, produce a rough
version of each of your answers.

3. A commonly used means of mubtimedia delivery is the infor-
ruttion kiosk, a compurer system with limited functionality
provided for the public to learn about, for example, the
exhibits In a musenm, or tourist Facilides in a city. Disouss
whether informarion kiosks are a gualltatively different form
of delivery from those described In this chapter.

4. Choose a Web site and a multimedia CD-ROM available to
vou. For each of them, identify ar least five (and preferably
ten) ways In which you think 1t could be improved. State the
criteria you use to judge them hy.

5. Loak closely at the user imerface of any application of your
chojce, and identdfy ten features of that interface which you



Exercises

personally do oot ke, Explain the reasons for your cheoices,
and suggest possihle improvements.

. Choose a straightforward subject, such as a guide to guest
accommodation in yeur neighbourhood. Design a simple one-
page layout of graphical materlal and text, which oprimizes
intelligibiliry and access to information for potental users of
alt levels of akility.

. We stated on page 13 that ‘uitimate conteol over “the content
and flow of information™ remaing with the producer not
the user'. [gnoring feasibility, discuss whether it would be
degirable for tree control to be transferred to the user.

. If you are working within a group of people, have each
member of the group devise their own set of six filtering
labeis, which they would choose Lo apply to a Web site of
their making for the guidance of users, and then compare and
discuss results. IF you are in a position to do so, extend this
exercize (@ include other proups in ather colntries.

. A cormnitted vegetarian couple wish to prevent their children
from heing exposed to images of meat on the World Wide Weh,
What difficlties wonld they face in using FICS ratings for this
purpose’?
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Enabling
Technologies

The production and consumption of digital multimedia as we know
it depends on the ability of digital computers to perform operationsg
at high-speed. In order to benefit from this ability, media data muast
be in digital form. That is, the rich variety of sensory inputs that
make up images, text, moving plotures, and sound, must be reduced
to patterns of binary diglts lnslde a computer. Once this remarkable
transformation has been effected, programs can be used te change,
combine, stere and display media of all types. Furthermore, the
same data can be mansmitted over networks, to be distributed
anywhere in the world, or conveyed to remwte destinations on
removahte storage such as CD-EOMs or DVDs.

Although a digital sepresentation of data is fundamental, general
purpose computers are nid the only devices that can manipulate
digital data. Digital video can be played fromm DVD hy special
players, digital TV only requires a simple ser-top box. and digital
audin can be played fram CD by any CD player. At present, only a
programmable computer can add full interactivity w muadtimedia,
but it seems almost Inevitable that, as the techoology matres,
consumer devices that function as multmedia players will be
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brought to marker 1t is to be expected that such devices will be
significantly cheaper than persomal comprters, gnd that they may
bring about the transformation of digital mmultimedia into a tTue
form of mass communication.

Digital Representations

Computers are built out of devices that can orldy be in one of two
states. Physlcally, this mesns that certain points in the devices'
clecults are only stable at one of two well-defined oltages. In more
absiract terms, we can say that these devices store and operate on
bits, nnity of data that can only have one of two values. We might
call these valaes OV and 3.5V, or on and off, true and falze, vin
and yang, but conventonally we denote them by 0 and 1. Eits are
usually grouped into larger units such as bytes, which consist of an
ordered sequence of eight bits, or words, whose length depends on
the particwlar model of computer, but iz aften four hytes, that 1s,
thirly two bits. Adopting the convention that a bit is either 0 or 1
supgesty an interpretatjon of these larger groups: they can be read
as mumbers to base 2, whose digits are the compopent bits. Thus,
the byvte containing the eight bits 0, 1, 1, 0, 0, 0, 0, and 1 can be
reac as the hingry number 01100001, which 15 97 in decimal. Not
only can we interpret bytes and words in this way, we can also buiid
electronic devices that perform the basic arithunetlc opevations of
additlon, subiraction, and (with a hit more effort) multiplication
and division, and produce an answer in the same format. Hence
the unce popular hotion rthat computers are st giant hlph-speed
calcudating machines.

There is, however, nothing intringically mymerlcal about bits and
bytes. It is only the way that we choose te Interpret them, and the
operations that we uadld into oor compaaters, that make these hits
and bytes Into numbers. We can choose to interpret patterns of hita
in differenl ways, and this iz how the data belonging to different
media can be represented digitally. The pattern (1100001 might
denote a particular shade of grey acemrring in an image, if we wrote
software and buit display hardware to interpret itin that way.

It is easiest Lo see what is going on if we describe the interpretation
of bit patterns in terms of the interpretation of numbers, since we
know how mambers and bit patterns can be associated, and numbers
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Same comoputers use a different
addressable vmdt, bur the principle is
the same.
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are easler o write down, and have familiar properties. Thus, we
represent characters of wext by associating a unique number with
each letter, digit or other sigh we meed, in the manner of 2 code.
The widely uged ASCI character set, for example, is an agsociation
between characters and numbers; it assigns the value 97 {Le. the hit
pattern G1160001) to the lower case letter a, 98 to b, and so on,
for 56 different printable characters. For this association to mean
anything, we must arrange that hardware — such as kevboards
and printers — and software behave In a way that is consistent
with 1t, For example, when you press the key labelled A on vour
keyboard without holding down the shift key, the nmumber 97 (or
rather a sequence of electrical pulses that can be interpreted as the
corresponding pateern of bits) Is sent to your computer,

As we will see in later chapters, a $imilar association can be made
hetween nimbers and quanrities such as the brighiness of an
Imtage at a polne, or the instantaneous amplinede of a sound wave,
Although the associaton is essentially arbitrary, there will rormally
e gome strwcture o the way mumbers ave assigned 1o the quantites
Lhey represent: e.g. numbers denoting high brightmess have greater
values than those denoting low brightness. Such properties tend to
fall out naturally from the nature of the quantities represented.

=% Ada Angusta, Countess of Lovelace, appears to bave understoed the
nature of digital representations in 1844, when she wrote:

"lBabbage's Analytical Enginel can arrange and comhine
its nurnerical quantities exacidy as if they were ketters
or any other general symbols: i Fact it might bring out
its resulr Io algebratcal notation were provisions rde
accordingly.” {Our italics.]

Bits are arvanged into bytes, and in the memory of a computer,
bytes are arvanged in a linear sequence so that each byte! can
be identified by Its positdon in the sequence, which we usually
call 1ts address. Addresses behave Hke numbers, so they can be
represented by bit patterns and stored and manipulaced like other
quantities. This makes it possible to organize collecdons of bytes
into data structures. For example. a black an] white Image is often
represented by the values corresponding to the brightness at each
point on a fine rectangular prid. We can store these values in a
seqquence of bytes, and then use the address of the ficst byte 10
access the image data; a simple computation allows us to work
out the address of the byte corresponding to any grid point, and



IMgital Reprasentations

access the stored value. I we need g sequence of such images,
representing successive frames in an animation, say, we can stare
with each iImage the address of the next and previous ones, so that
we can 2asily traverse the sequence in ejther Jdirection.

The most impertant interpretation of bit patterns in a computer is
ouly incidentallty related to multimedia: bit patterns can represent
instructlons that caise the processor 10 carTy out operations on
values stored in memory. Again, this interpretation relies on the
fact that the hardware is constructed so that the intended effect
Is achieved when the instructon is presented to the processor.
Because instructions are Lit patternz, sequences of ingtructions
— programs — can be stored in memory and executed. This is
the defining characteristic of a computer: it is a stared program
machine. This I8 what makes it possilde for the same machine
to be used for many diverse tasks, from the computation of tax
allowances to the precise editing of video footage.

To retterate 8 point we made in Chapter 1: the common representa-
ton as collectiens of bits means that data belonging to all media can
ke maniputated by programs, both individually and in combination.
At present, there are established ways of representing text, images,
sound, video and animation in hits; we can be fully confident
that any media developed in the future will alze be representable
digicaliy.

Muitlmedia data sometimes originates jn digital form, as it does
when images are made using a painting program, but it is frequenrly
oecessary (o convert frem some analogue representation to a Jdigital
one, for example, by scanning an image.

A banal illsrratdon of the differences between analopue and
digitel representatons is provided by contermporary time-pieces.
Flgure 2.1 shows the face of an analogue wristwateh and the display
of a dlgital alarm clock.  The minute hand of the watch moves
steadily, and can pofnt anywhere on the rlm; it 1= not constralned o
poaint oaly at the roarks iodicating exact minutes. Thizs alarm clock
can only display whele numbers of minutes, and its displayved valne
oply changes once every sixty seconds. The digital representation
is more cenvenient than the analogue one for precise computation:
for example, if we want to know how long it iz until haif past twelve,
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Figure 2.1
Analcgue and digical
representations

Flgure 2.2
An analogue signal
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we need only subltact the displayed thne from 12:30, whereas For
the analogue watch we must estimate the difference based on the
angular differenwce between the current position of the hour hand,
and a position half way berween twelve and one (or else read the
watch, and convert the time to 1ts digital form o our heads). This
particular analogue representaton is more detailed: the alarm clock
cannot show how far between 747 and 748 it is, whereas this
can Le estimated (o an arbitrary level of precision) from a close
examination of the position of the watch's minuee hand.

= 1f you are feeling contrary, you will polnt out that the watch's hands
de oot really meowe confitieously — there are gears and stepping
mators and things inside the watch that make it acmally move in
a serles of small jerks. (Mowadays, new walches are almost all
digival Inside, ardd s0, even where the display is analogue, the hads
can only move in discrete steps, as &8 evident if you watch the
seconwd hand. Even older, spring-powered, mechanisms do pot maove
truly continuously, though, because of the Onite size of the moving
parts.) Thete 3 no such thing as contnuwous physical movement,
if only because of the quantum oehme of elecirons and phaorons
the infimitesimally 3mail is a mathematical abstraction.  However,
a5 in the case of the watch, a contmuous {amalogel model of
behaviour is often more tractable than a digital one, and provides a
more acourate description of what is going on than amy manage:te
dlscrete (digital) model conld de.

In multimedia, we encounter values that change contirmously In
several ways, For example, the amplitude of a sound wave varies
continnousty over time, as does the amplitade of an electrical signsd
produced by a microphone in response to a sound wave. The
brightmess of any point on a black and white photograph could in
princlple have any value, though in pracece this will be restricted by
the physical constraints of the process of photography. As you see,
we may be measuring different quantities, and they may be varying
either over time or over space (or pechaps, as In the cagse of moving
pictires, both). For this general discussion, we will follow tradition,
and refer to the value we are measuring, whatever it may be, ax a
signal, not vswatly distinguishing between time-varving and space-
varying signals.

You will observe that, when we have a continnously varying slgnal,
surh as the one shown in Figure 2.2, both the value we measure, and
the intervals at which we can measure it, can vary infinitesimalky.
contrast, if we were to convert it to g digital slgnal, we would have to
rastrict both of these to a set of discrete values. That is, digitization
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— which is what we catl the process of converting a signal [romn
analogur to digital form — consists of two steps: sampling, when
we measure the sipgnal’s value at discrete intervalg, and quarntizeation,
when we restrict the value to a fixed set of levels. Sampling and
cquantization can be carried out in either order; Figure 2.3 shows
& gignal being first sampled and then quantized. These processes
are normelly carried out by special hardware devices, generically
referred to as analogue to digital cormverters (AT, whose internal
workings we will not examine. We will only consider the {(almost
invariable} case where the interval between successive samples is
fixed; the number of samples in a fixed amount of time or space ks
lmown as the sampling rate. Similarly, we will generally assume chat
the levels to which a signal is quantized — the quantization levels —
are equally spaced, although, in this case, otber grangements are
sometimes usedd

Ome of the great advantages thar digital representations have ovep
analogur ones stems froin the fact that only certain signal valaes
— thoze at the geantization levels — are valid, [f a signal is
ransmitted over a wire or stored on some physiral medinm zuch
as magoetic tape, inevitably sonw random neise s introduoced,
efther becatise of interference Brom steay magnetic fields, or simply
because of the unavoidable fluctuations in thermal epergy of the
ransmission medium. This noise will cause the signal value 1o be
changed. If the gipnal is an analogue one, these changes will be
more or less undetectable — any analoguee vahie 18 fepitlmate, and
so a signal polluted by noise cannot he distinguished from a clean
one. If the signal is a digital one, though, sny minor floctuations
caused by noise wili usually transform a legal value into an illegal
ape, between quatitization levels. It is then a simple matter to
restore the orlginal signal by quantizing again. Only if the noise
i sufficiently bad to alter the signal to a different level will an error
iu the (ransmission occor. Even then, hecanse digital signals can be
described numerically, schemes to detect and correct errors po the
hasgis of avithtnetic propertdes of gioups of bits can be devised and
implemented. Digital sigizals are therefore pmich mpre robust then
analogue orwes, and do not suffer degradation when they are copied,
or transmitted gver noisy media,

Howevet, looking at Fipure 2.3, it is evident that some infermation
has been lost durlng the digitlzation process. How can we claim
that the digitized result is in any sense an accurate representation
of the original analogue zlgnal? The only mesningfiul measure of
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Figure 2.3
Sarnpling and quantization



Figure 2.4

Sample and hold reconstruction

5y

Figure 2.5
Under-sampling

Sier

Enabling Techmologles

accuracy must be how closely the original can be reconstmaceed. in
Gider b recOnstruct an analogue signal from a set of samples, what
we need 1o de, infarmally speaking, is decide what to put in the gaps
between the samples. We can dercribe the reconsirucdon process
precisely in mathematical terms., and that description provides an
exace specificarion of the theovetically best way Lo generate the
required slgnal, in practice, simpler methods that can easily be
implenrentes] n fast hardware are used.

One possibility is to ‘sample and hold: that is, the value of a
sample is used for the entire extent between it and the following
sarmple.  As Figure 2.4 shunws, this produces a signal with abrupt
transitions, which is not really a very good approximatlon to the
original. However, when such a signal is passed to an outpar device,
such as a CRT display or a loudspeaker, for display or plavbaclk, the
lags and imperfections inherent in the physicat device will cause
these discontinmities to be smoothed out, and the result actwally
approximates the theoretical gphimum quite well. (However, in the
future, improvements i the technology for the playback of scund
and picture will demand matching improvements in the signal.)

Clearly, though, if the original sainples were too far apart, amy
reconstruction iy going 00 ke inadeguate, because there muny be
details in the analogue signal thar, as it were, slipped between
samples. Figore 2.5 shows an example: the values of the consecutive
samples taken at 5 and 5. i are idendcal, and there cannot passibly
be any way of inferring from them the presence of the spike in
hetween those twa points — the signal could as easily bave dipped
down or stayed at the same level. The effects of such under-
sampting om the way in which the reconstructed signal will be
perceived depend on whar the slgnal represents — sound, image,
and 80 on — and whether it is Hme-varying or space-varying. We
will describe specific instances later. Suffice it to say, for now, that
they are manifested as distortens and artefacts which are always
unclesirgble.

It is easy enough to gee that if the sampling rate is too low
some detail will be lost in the sampling. 1t is less easy to see
whether there Is ever any rate at which we can be sure samples
are close =nough together vo allow the sigmal to he accurately
reconstrurted, and IF there 1s, how close is close enough. To get
a better understanding of these matters, we need to consider an
alternative way of representing a signal. Later, this will also help us
1o understand some related aspects of sound and image processing.
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You are probably Familiar with the idea chat 8 musical note
played on an insmument consists of waveforras of several differemt
frequencies added together. There is the fundarnenital, which is the
pitch associated with the note, but depending on the Instrument,
ditferent mimbers of harmonics, or overtones, are also present, and
these give the note its distinctive timbre. The fandamental and each
barmomic are pure tones — gine waves of a single frequency. Any
perlodic waveform can be decomposed into a collection of different
frequency components, €ach a pure sine wave, in & similar way;
in fact, witb a little mathematical gymnastcs, assuming you don't
mind infinlte frequencies, any waveform can be decompesed into
its frequency components. We are using the word ‘frequency’ in a
peneralized sense, to go with our geperallzed concept of a signal.
Normally, we think of frequency only n the context of Hme-varving
signials, such as sound, radio, or light waves, when it t5 the number
of times a perlodic signal repeats during a unit of dme. When we
consider signals that vary periodically in space, such as the one
shown [n Figure 2.4, it makes equal sense to cungider its frequency
as the qumber of times it repeats over a unit of distance, and we
shall often do =0. Henre, in general discussions, frequencies, ke
signals, may be efther temporal or spatial.”

Figure 2.7 shows one of the classic examples of how pure sine
waves at different frequencies combine to produce more complex
waveforms. Starting with a pure sime wave of frequency f, we
successively add compoments to it with frequencles of 3F, 5f,
7f, and soc on, whose amplitides are one third, coe fifth, one
seventh,. .. the amplitade of the original signal. As yon can sce, as
we add move ‘hartnonics’, the sipnt bepins to look oore and more
Like a scmare weve; the more frequensy comporents we add, the
better the approximaton,

Although it may not have the same immediate perspicuity, we
oonald vse the frequencies and amplitudes of its components to
represent cur signal. The coliecrlon of freqnencles and amplitudes
is the signal's representaticn i the frequency domain® It can be
computed using 2 mathematdcal operation known as the Fouwrier
Tramsform,  The resuls of applying the Fourier Trapsform to a
signal can be displayed, like the original signal itself, in the form
of a graph, where the horizonial axis represents frequencies and
the vertical axiz amplitode. A typical signai’s frequency spectram,
as this representadon is called, will consist of & set of spikes at
different frequencies, corresponding to the different components.

4

Figure 2.6
A perindk; fluctation of
hrightness

2

You will probably realize that a
spatially varying slgnal may vary in
two dimensions, oot just one, We will
censider this complication in

Chapter 5, but it can aafely be lgmored
For now,

3

Strictly speaking, we also need to
kniny the phase of the components,
siee it 5e soraetimes Aecessary b
diapiace them relatre to each cther,
bt we will ignore this complicaton,
i,



Figure 2.7
Freguency components of a
SQUATE WAWVE
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Figure 2.8 shows our square wave in the frequency domain. You
will notice that it includes negative frequencies. There is ho need to
worTy about this: negative frequencies are a notaticnal convenience
that allow us to deal with phase shifrs; where none s present,
as here, the representation will be symmetrical, with the negative
frequencies matching positive ones. There is also a spike at a
frequency of zero, whirh is called the DC comporent, from the
long-standing use of frequency domain representatons in elecirical
engineering. You can think of it as the average valoe of the signal.

The square wave example demonstrates a phenomenon that can
be shown to be generaily trwe: Righer frequency compenents are
associated with abrupt transitions. As we add higher frequencles,
the leading and falling edges of the waveform become more nearly
vertical, Looking at this from the other end, as we omit high
frequency componemts, such abrupt changes get smoothed oul.
Hence, operations such as sharpening or smoothing an image can be
described and implemented in terms of ffers that remgve certain
frequencies — thik is of fundamental importance in the processing
of graphics, as we will see in Chapter 5.

£ The jmerse Fourler Transform, as its name suppests, performs the
apposite operation (o the Fourler Transform, taking a signal from
the Trequency domain to the tdme domain.

Returning to the question of whether there is a sampling rare that
guarantees accurate reconstruction of a signal, we can now give a
precise answer. The Sampling Theorem states that, if the highest
frequency component of a signal is at fj, the signal can be properly
reconsiructed if it has been sampled at a frequency greater than
2 fi. This limiting value is known as the Nyquist rate.

> Some authors, especially in the field of audbko, use “Nyquist rare”
to denote the highest frequency component that cah be accurately
reproduced. That is, if a sigmel is sampled at f;, their Nyqulst
rate i8 §; /2. The Fact that the term is used with both meanlngs Is
urfortunate, but any ambiguity is usoally easily resolved by context.
We will always use the term in the sense defined In the maln eyt

The proof of the Sampling Theorem is technlcal, but the essence of
the nnderiying effect can be illustrated simply. Suppoese we have a
circular disk, with a single radial line marked on it, which is spinning
in a clockwise direction at a rate of #® ratations per second, and
suppose that we ‘sample' this rotation as a movie camera would,
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by taking snapshots of the disk at equal dme intervals. Figure 2.9
shows the snapshota we would obtain by sampling 4n times a
aecond. Looking at this sequence {ignoring, for now, the dashed
boxes) it 15 clear that the disk is rotating clockwise, and you can
imayine that if these images were successive frames of a fifmn, we
would see the disk rotating in its praper direction when the filim was
projected, Considered as a perlodic signal, the rotating disk has a
frequency of n and we have sampled at 4n, comfoctably above the
Wyquist rate, Conslder now what happensa if we sample at a rate
of 4n/3; the samples we vbtain are the ones identified by dashed
boxes. Locking at the sequence comprising only those samples, it
appears froln the successive positons of the line more as if the disk
is rotating anti-clackwise at a rate of ny/3. (The phenomenon may be
tamiliar to you from Westernl movies, in which stageceach wheels
frequently appear to rotate backwards, becauwse the rate at which
the film frames were shot 15 less than the Nyquist rate relative o the
artal rotational speed of the wheels.) Note that we muast go beyond
the Nyquist rate: i we gample cur disk at a vate of exactly ?n, we
zet samples in which the line alternates between the 12 o'clock and
& o'clock positions, so that it is impossible 1o determine whether
the disk is rotating clockwise or anti-Clockwize.

:) The Sampling Theorem only holds true if the signal 15 reconstructed
from its samples in a particular way — techmically, it is necessary
to perfurm the operation in the tine domain in such a way that it
is egquivadent t0 muitiplylog the sampled signal by a perfect pulse
function in the frequency domain, that iz, 8 function whoze value iz
1 berween a specific peir of Fregaency values, and & everywhere else,
By manipulating Fourier Transforms and their inversas, it is possible
to arttve at a definition of a funcdon chat must e applied o the
samples in the time domain to achieve this effect. Unformunacely,
this function has mon-zerc valoes at pofots arbitrarily far from
the origin. It is cherefore impossible vo realize the recomstructon
operation in this way. In reality, we can oRly approximaite 1L, with
funcilons that are finltely wide. The practical effect iz thar it is
necessary [0 sanple at a rate selll higher thao the Myvguist mate to
achicve perfect reconstruction

in general, if we undersample a signal — sample It at less than
the Nyquist rate — some frequency components in lhe original
will get transformed into other frequencies when the signal is
reconstrocted, just as owr rotating disk's frequerwy was trans-
tormed when we undersampled it. This phenomenon is known as
dliasing, and is perceived in different ways in different media, With
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Flgure 2.9

sampling and undersampling



Flgure 2.10
256, 128, ..., 2 grey levels
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soumd, it is heard as distortion; in images, it is usually seen in rthe
form of jagped edpes, or, where the image contains fine repeating
detalls, Moiré patterns (see Plate 2% In moving pictures, temporal
wndersampling leads to jerkiness of motion, as well as phenomena
similar to the retrograde disk juse described.

The effects of an insufficient number of quantization levels are
generally easier to grasp intuitlvely than those of inadecuate
samplng rates. IF we can only represent a limited mwamber of
different values, we will be unable to make fine distinctions among
those that fall hetween. in fmages, it is as if we were forced to make
do with onby a few different colowrs, and so had to use, say, crimson
for every shade of red we needed. The difference between scarlet
and carmine would be lost, and any boundaries between areas of
those colours would be elided. The effect on black and white images
can he seen clearly ih Figure 2.10 which shows a gradient swatch
using 256, 128, 64, 32, 16, 8, 4, and 2 different grey levels. The
original gracient varies linearly from pure whive 1o pure black, and
YOu Can sae how, as we reduce the mamber of different greys, values
band together as they are quantzed increasingly coarsely. In a less
regular image, the effect manifests icself as posterization, more
formally known as brightness contouring, where coloured areas
coalegce, somewhat ke a cheaply prined poster.

The mumbers of grey levels in our example were not chosen at
random. The most common reason for limiting the number of
quantzation levels (n any type of signal) is to reduce the amount
of memory oocupied by the digitized data by resiricting the number
of birs used to hold each sample vadue. Here we have used 8, 7, 6,
5, 4, 3, and 2 hirg, and Anally a single bit. As you can see, although
the offect is visible with 128 greys, it only becomes intrusive when
the number of levels falls to 32, after which deterioration is rapid.

when sound is quantized to too few amplimde levels, the result
Is perreived as a form of distortion, sometimes referred to as
quantization roise, becauge Lts worst manifestarlon 1s a coarse hiss.
It alsa leads o the loss of quiet passages, and a general fuzziness
in sound {rather like a mobile phone in an area of low signal
strength). Quantization noise is clearly discernilfde when sound s
sampled to B bits (256 levels), but not {except in the opinion of
some audiophiles) at the 16 hits (65536 levels) nsed for asdie CDs,

= if you bave ever used a drum machine or sequencer for making
music, you will bave met another form of quantization: these
devices quantize notes In Time, so that they fall on exact beats, A
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pocr drummet can be brought inko a tght rhythm by quantizing to
shreenth motes, For example. However, iF you guantize o eighth
notes, any funky syncopated chythms will be lost — there are too
few guantization levels. (On the other hand, if your drummmet is
really egreglous, and you quantize to sixteenth notes when they are
playing in straight eights, you may let in some of their mistakes.}
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I representing media digitally s conceptually so simple, and
if digitizaton is so well understood mathematically, why is it
that digital multimedla is auch a relatlvely new development in
computing? What we have so far falled to address is the resource
requirements. As subsequent chapters will show, sound, video and
most images require large amounts of disk space and memory.
Time-based media also have to be captured and played back in
real time, 50 the very large quautities of data to be handled imply
& requirement for fast processors and data buses capable of high
speed transfers. Accessing media datz over a network demands
high bandwidth. 1t iz omly recently that fast enough compaters
with suffictert memory and large hiph-speed disks have become
available. At the time of writing, in 1999, domestic network
connectlons are still not fast enouph to support multimedia at
amything but the minimum acceptable quality. As new access
technologies boost mernet bandwidth, a Further explosion in the
uz=e of mnltimedia is widely anticipated.

When we look at the hardware requirements of muldmedia, there
are two distinet cases to conslder: requirements for multimedia
consimpiion and requirements for production. Realisdeally, in
the case of consumption, it is more sensible to consider the
capabilites of rypleal domestc systems, and the Imitatons which
those impese, than some putative set of requiremems for ideat
plavback.

A seties of specifications produced by a consordum of PC manu-
lacturers has defined the miuaitimedia PC (MPC). The latest of these
defines the Level 3 MPC as having a 75MHz Pentium processor,* with
8 Mbytes of Rab, running Windows 3.11 (or a binary compatible
%), with at least 500Mbytes of hard disk, a 4:x CD-ROM drive, CD
quality audio output, and the capabiilty to play quacter-frame video
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0Or a kesser processor, provided
addidonal hardware support for video
playback is provided.
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In fact, the kyhel ‘ovujdmedia PC' can
be attached m a machine satisfring
the Level 2 or even Leva] 1
speciiicatons — they will have a
CD-RCM drive and a scomd card.
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at full frame rate in 15-bit colour. This probably scunds like a
bit of a joke, but ywu shoudd be aware that at keast some owners
of machines sadsfying the MPC specification probably believe that
their hardware is capable of ‘doing multdmedia’.> More reatlstically,
A 'revision C° iMac, moning MacOS 8 on 2 333MHz PowerPC 750
processor, with 32 Miwres of RAM, 6 Ghytes hard disk, a 24=
CD-ROM drive, a built-in V3 modem, built-in srereo speakers, a
powerful graphics accelerator card and a multiple scan monitor
capable of 24-bit colour (or an equivalent Windows 98 PC system
based on a Pentium I or II processor] represents the sort of
herdware available to digital multimedia consumers at the end of
the 1905. Even these relatlvely powerful machines cannot play
hack full-frame, full-motion vides at VHS quality without additional
hardware.

While one can be confident that the best available desktop conswmer
machines will soon be capable of flawless video playback, at the
same time a new class of less powerful devices is coming into wse.
Hand-held “‘personal digital assistants’ (FDAs} are evolving from
simple digital address books into capable computational systems.
Thelr small size makes it difficnlt w0 achieve the same performance
as desktop machines, and imposes limitations on the amount of
starage that can be accommodated and the size of the display. The
communlcadon facilitles of these devices are often based opn the
cellular telephone network, which provides less bandwidth than the
fixed network, It may seent foolish to even consider using MDAs
for multimedia, yet it seems inevitable chat they will increasingly
be used for lnterner access, inchading Web browsing. This presents
a challenge 10 Web dezsigners to produce pages that are accegsible
both to powerful desktop machines and to PDAs. At the sysiem
level, it means that multimedia architectures must be scaleable,
allowing different versions of a production 10 he made available
transparenily to devices with different capabilities. We will retwrn
to thiz question in Chapter 15.

Although the hardware requirements for high quality maltimedia
praduction are more demanding than those for its consumption,
a great deal of multimedia is produced on high-end PCs running
Windows NT and on Macintosh computers. These systems are often
auwgmented with special-pupose praphics: acceleration hardware
and input devices for video and audlo. For exampie, at rhe fime the
iMac described earlier was a typical conswmer machine, a G3 Power
Marintosh with a 450 MHz verslon of the same processor fitted
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with 1 Mbyie of high-speed cache memory, 128 or 256 Mbytes of
main memory, and a built-in 128-bit graphics accelerator board with
16Mbytes of video memory, would be typical of the better deskiop
machires used for multlmedia production. This would probably be
fitied with additionad high-speed disks, a video capiure card, and
other specialized peripherals, s described helow. More medest
equipment can alzo be used to produce multimedia — many Web
pages are produced on ordinary desktop PCs — buk the range of
material that can be created and manipuiated on such machines
is limited. At the opposite exdreme, high-powered workstadons,
surh as those produced by SGI are also used, especially for
computationadly intensive tasks, such as rendering 3-D animation
and video effects, but their uge is more common in the film and
teipvision industries. The incorporaton of speclal-purpose arTay
processing instrucdons intoe both Pentium end PowerPC processors
(MMX and AliVec, respectively) is blurring the distinetion between
high-end personal computers and workstatons.

Raw procesging power, high-2peed dara bises, large niain mems)-
rles, and powerful graphics hoards are a necessity for producing
multlmedia content; fast high-caparity secondary storage is aqually
necessary. We have alveady noted that sound, video amxd images
require Jarge amwounts of storage, During their preparation, they
often require sobstantially more storage than the finished product
will nead. For example, images may he composed in layers (sea
Chapter o), and ‘flattened’, v combining the separate layers, for
delivery. Each layer occuples ronghly the same amount of space
as the final image, and designers often wuse up to a hmindred
lavers. High quality suwdin and, above all, video sowurce material
CATl OCCUpyY a very large amount of storage indeed. The degree of
compression required for final delivery, eapecially of videa or over
a network, usually entails a loss of quality that cannot be tolerated
during production, 50 Jess compressed, and therefore wuach larger,
fites will he in use throughout the production proceszs, with high
compression only being applied at the final stage.

Manufacturers are regularly increasing the capacity of hard disks,
angd several can be used topether if necessary. The speed of data
transfer to and from large disks 1s a more serjous limiting factor,
particularly for digital video, where transfer raves in excess of
5 Mhytes per second — preferabiy well in excess, up to 30 Mbytes
per second — are desirable during capture. The IDE and 5CSI-1
disk drives normally fitted 1o desktop machines cannhot cope with

47



48

Emabling Technologies

sach rates. However, newer revisions of the 5CSI standard provide
much higher data rates: fast and wide SCSI-2 supporis 44 Mbytes
per second, while Ultra SCSI-2 can support 80 Mbytes per second;
development of the SCSI interface standard is continuing, with a
specification of a 160 Mbytes per second version aleeady drafted (in
1999). An alternative standard for connecting mass storage devices
is FireWire, or IEEE 1354 as it is more formally known, which oot
only provides wransfer rates up to 50 Mbytes per second, but is also
used as the standard Interface for connecting consumer electronic
devices, especially DV carmeras (see Chapter 100 and digital stills
CAITHLAS (O COTputers.

> For video capture it i% essential that the data transfer to disk be
maintained at a congtant rate, or fremes may be lost. This is only
feasible if the free areas on the disk are conotiguous. i a disk
becomes fragmented, w0 thay free areas are scartered aver its surface
in small pieces, the data (ransfer will be intermittently intermupted,
ak the disk seeks t0 a new positlon. 1t is Important, therefore, that
disks to be used For video capture be periodically de-fregmented,
using a disk opdmizing utility, or simpdy completely erased before
A clip 18 captured, i€ this is feasible.

When peripherals are connected via one of the fagt SCSI or FireWire
buses, the limiting factor becomes the speed at which data can
be moved off or onto the disks. With cwrreny disk speeds, a
single, modestly priced, high-capacity disk connected via FireWire
cr Fast SCSI 2 to a dedicated computer will provide adequate
performance for ondtimedia production. IE, however, it is desired to
share data between workstations, using a central server and a local
area network, higher performance will be required. Fibre channel
or Gigabit Etheenet can provide the transfer speeds.  Relatively
expensive high-speed disks can be used for storage, bt a popular
alternative is a RAID array. RAID stands For Redundant Array of
Inexpensive-Bisks, and a RAID array is inleed put vogether out of
cheaper, relatively slow, disks: improved performance 1s achieved
by reading and writing from and (o them: in paralied,

More precisely, BAIY specifies eight different levels, which offer
different degrees of performance and fault-tolerance. The emphasis
of most of these levels is on the latter, which explains the
‘Redundant’ 1n the expansion of RAID. However, the lowest level,
Lewvel 0 RAID, specifies a *data striping’ technique, whereby a data
block being written to the array is split into segments which are
wrllien to separate disks. The write operations can be overlapped,
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g0 thet data can be written to the drive buffer faster than it can
be physically franaferred to any single drive In the array. Read
aperations can be similarly overlapped. The azray looks like a single
high-capacity fast drive. RAID O offers no protecdon against disk
fallure — if one disk falls, the whole array fails. Higher RAID
levels are designed to protect aguinst failures, by incorporating
redundancy, with more or less sophlstication, into the data storage
scheme. Level | 15 the least sophlstcated: It mirrors disks, which,
instead of improving performance, decreases it. Higher levels nse
more sephisticated schemes, but a popular aption is to combine
Raly levels 0 and 1, thereby galning the performance of data
sriping and the protectton of disk mirroring.

= Marketng literature sometiries nses the termo AV disk’, which 1s
supposed o indicate disks that are particularly swdtable for use
with aodio and video, Originally, this indicated that the disk
did not perform perledic recalibradon to compensate for thermal
expansion. Such calibration operations interfere with data transfers,
and shace vigeo and audie require transfer at & consistent sustalhed
rate, disks that performed these operations wowld be wnstdtable
for wse with multimedia data. Some modern disks do ot perform
recalibration in the saoe way, and the temn AV may be Ioosely
used simply to indicate ‘fest’ — bt almost all modern disks are, in
thernselves, fast enough anyway, except for use in servers.

In addition to large fast disks, multimedia productlon reguires
other, more specialized, peripherals. A graphics tablet with a
pressure-sensitive pen is necessary for all kinds of graphical work
{fwith the poszsible exception of some image correction tasks) —
vou cannot properly draw or paint with a mouse. A large (often
201 inch) high-resolition meonitar capabie of accurately reproducing
millions of colours 18 alsg desirable (elthough it should always be
remembered that the end user will probahly have a smaller, and
possibly iowar quality, display). It is cormmon practice to arcach
two monitors o & computer for preparing images, one to dlgplay
the image, the other, which may be smaller, to hold the pilethera
of tool bars and paiettes that make up the uscr interface of most
graphics programs. Bigh resolutioh scanners are coounordy wsed
for capturing images from photographs and printed media. Diglial
cameras are also becoming popular, since they allow photographs
to be downloaded directly to dizk, without the expense, time, or
speciallar lzboratories required to process film.  Howoever, onby
the most expensive digital cameras offer anyrhing like the picture
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quality of conventional 35mm SLR cameras. A videg camera and
sound recording equipment are also needed for recording these
media. Nowadays, this equipment may itself he digital and produce
digital output that can be sent directly to the computer, dver
a FireWire connection, for example. Videc and audic capture
from conventional analogue equipment requires analogue to digital
converters and compression hardware, which will be described in
Chapters 10 and 12. The amount and quality of additional studio
equipment — micraphones, mixers, iripods and heads, lighting, and
50 on — required will depend on how ambitlows and professional a
multimedia producer is. Gererally, the expectations of domestic
canswners are high. 50 for productions intepded for the domestic
market, production valies must be correspondingly high.

We have emphasized that data of all media types are represented
digitally az collections of bits, and can therefore be maniputated
by prograins on a computer. The things that you mighe naturafly
want to do to the hits that represent an image are not the same,
though, as the things that you might naturally want o do 1o the
blts that represent a piece of text or an audio clip. Different
applicatlons have therefore been developed for the different media
types: image editing, painting and drawing programs for graphics;
editors and layout programs for text; capture, edidng and post-
production software for video; special packages for motion graphics
and animation; vecording, editing, and effects programs for sound,
and music synthesizers and sequencers, 10 name just some.

The essence of multimedia 1s the combination of the different media
elements that can be produced by these programs. One way of
carrying out this combination would be by writing a program, but,
while this provides the maxiomun fexibillty, it requires advanced
programming skills (which are not always found in conjunction with
the necessary skills for effective presentation of multimedsa), while
heing repetitive and erroc-prone.  Authoring systems® bave been
devised to eavry out the task within an organizatonal framework
that permits the autormation of much of the work thai would
otherwise require programming. Authoring systerns may be hased
on a layout model with a markup language, or on a timeline, as we
wil! describe in derail in Chapter 13. Some prograzuming, ar Jeast n



Software

a scripting language, ts wsoally stili required, if interactivity is to be
pravided.

‘the upshet of all this ix that the making of 4 mnldmedia producten
can mvolve a host of software tools and skills, some of them
special to multimedia, others belonging to existing disciplines, A
full mastery of any nne of the teols reqmired may teks years 1o
acquire — Photoshop ping can be a cavesr in itseif, for example
— and sach demands a different kind of talent. 1t is a rare artist
wh can both write good programs and create high quality images,
or direct videos, for example — s0 professional quality maltisnedia
production will peneraily requlre a team. Which iz not to say that
one pargon working alone cannot praoduce multimedia, just that, in
most cases, the result is unlikely to be of professional quadity. This
mnight be perfectly acceptable in some contexts: personal Web papes
probably cught to look amateur, In a sense; scientific visualization
15 not judged by the same criteria as science fantasy creations;
diagrams are Judged differently from works of art, and corporate
presentations have their own aesthedc. At the low end of the
nudtimedia software market there are packages intended to make
multimedia production, especially Web page design, accessible tg
non-specializts.  Such packages hide techmical detaills, such a=
HTML tags and JavaScript code, and usually provide “wizards'
or ‘assistants’ that guide the production process. Collections of
clip ar1, basic anlmadons and other prefabricated media elaments
are available, so simple mmltimedia producHons can be produced
quickly with the minimum of effort. They all come cut lecking much
the same, of course.

An essential part of our definition of multimedia is the condidon
that the combined media be sufficlently well integrated to be
presented via a unified interface, and manipulated by a single
computer program. This s in complete contrast to the situation
we have jnst deacribed with respert 10 multimedia production, with
its muaidtde of different sofoware tools and tealn input. The keyv
tot Intepration is a framework that can accommodate a omliplicity
of media amd present them to the user. Three distinct approaches
can be disdnguished talthough, as we will see, clements of these
approaches can be, and are, combingd).

The World Wide Web epitomizes one approach: definc a format {in
this case, a markup language, BTML or XML) that can aceornmodake
different media, and view it uging a dedicated browser. Here, all
multimedia productions are collections of Web pages, which are
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basically text, but usually contain embedded graphlcs and other
media elements. Any Web page can be displayed by a sufficlently
up-to-date Web browser,

The second approach is o define an architecture, comprising
a format that can contain different medla types, together with
an APT (Application Programming Interface) that provides a rich
set of fonctions to manlpulate data in that formar. The prime
example here is QuickTime. A CuickTime movie can coptatn vigded,
soamd, anirmétion, images, virtual reality panoramas, and interactive
elements, all synchronized and coordinated. The OQuickTime AP
provides functions for playing and interarting with movies, as well
as for editing them.  Any program can use the APl 1o provide
multdmedia functonality; QuickTime movies can be played by the
OQuickTime player that is distributed with QuickTime, in the same
way that a Weh page can be displaved im a browser, but they can also
be emdedded ih word processor documents, or within gatmes, or
any special-purpose program thet needs to manipulate muoltimedia
as well as performing soime other tasks. Ome can imagine adding
code which interprets HTML to any program, of course, but since
OulckTime is implemented at the system bevel and is available 1o any
program, the effort required to add QuickTime support is minimai
in COmparisod.

The third approach is quite the apposite to the previous one: deliver
the multimedia production in a ‘stand alone’ form, that needs no
additional software to be wsed. Director provides a wetl-known
example of this approach: movies may be saved in the form of a
‘projector’, which can be delivered on a CD-ROM, for example, and
will play on any user's machine (of the right architecture) without
their needing Directar itgelf, or any hrowser or other movie-playing
program.

Figure 2.11 swmmarizes these three approaches, and identifes
some of the many applications that are available for each part of
the multimedia producton process. Although we have shown the
process as one of productiom followed by immediate congumptican,
you should realize that in between these stages a multimedia
production inay be fransmitted over a network, stored in a database,
or written to an offline delivery medium. Comversely, although
our examples show authoring systems that are vsed 10 Colmbrine
medla pricr to delivery, the combination may ocour ‘on the fly' in
response to uger input, Finally, it should he borne in mind that these
three approaches are not necessarily separate or incompatitle.
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Multimedia production and
delivery
QuickTine is frequently vsed purely as a video format with
synchronized sound, for example, and so OuickTime movies can
oftent be found embedded in Web pages or in Direcion movles.
Similarly, Director movies can be saved in a form called Shockwanve,
and erbedded in Web pages 1o be delivered aver the [oternet and
played inside a browser. In order to accommodate thexe forms of
embedded madia, Web brosvsers most be extended with plug-ins, as
we will describe in Chapter 13.
Networks

Modern computer systems rarely operate {n isclation. Local area
netwerks, uzually employing some Form of Ethernet technology, are
used to connect compitters within a small organization, or within
a single site belonging to & large one. Local area networks are
connected together by routers, bridges and switches to form inter-
nets. The Internet is a global network of networks, communicaging
vig a standard set of proiocels loosely referred to collectively as
TCFAP. Mazi of theze networks are aperated by commercial Internet
Service Providers (I5Psi who lease access o other organizatons via
dedicated lines and routers, and to individaals via the telephone or
cable TV netwarks. The growth of the Internet since the removal
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of restrictions on its commwercial vge in 1991 has been more than
adequately described and commented cn elsewhere. Although, as
we pointed out in Chapter 1, its ubiquity can be exaggersated, in
developed countries the Internet ls rapidly achleving the stams
of a public data network, analogous to the public commimication
netwark of the telephone system.

tletworks, and the termet ih particular, offer valuable cpportinl-
ties for distmibuting multimedia, but they also present formidable
technical difficulties. En the case of the Inmternet, an additional
factor t0 be cansidered Is the presence of a largely technologically
unsophisticated community of users, who have high expectations
of 1echmical quality based on their experience of television, videos,
photography and peint media. Where multimedia content dellvered
over the Internet attempis to compete with traditional media, as
it is begitming to in news or sports coverage, it must provide
some addltional velue {usually n the form of Interactdvity) to
compensate for inferior picture and sound quality. This situaton
will, however, change as new, high-speed, access technologies come
into widespread use.

For the presenit, most domestic Internet access is provided over
a "“dial-up connectdon’, with a modemn and the t=lephone system
providing a temporary conpecton between & usel's coputet and
an ISFs network The mavimmom bendwidth available through
a modem is 56 kbits per second (kbps)’ Many new compuiers
are fittesd with modems that conform 1o the V9¢ standard, which
should provide this speed for data Alowing 'downstream' from the
telephone exchange to the modem, with a maximum of 33.6 kbps
in the opposite direction, althougb Factors such as noise and the
distance hetween the muulem and the telepbone exchange make if
rare for these figures to be achleved In practice. Speeds between
34 ¥bps and 48 kbps downsiream are more realistic. Mamy older
modems are still in use, providing speeds down to 14.4 kbps. For
multimedia delivery it is normal to assume that it is unreasonable
to expect to be able to use anything slower than 14.4 kbps, although
it is considerate to provide some altermative to images, sound and
video — usually a text substitate — for users with slow connections.

There is good reasom to suppose that 56 kbps (s the absolute max-
Imnm barsdwidth achievable using analogue connections between
the modem and the exchange.® Various new technologies avoid this
analogue compection to make direct use of the digical telephone
syetem's potentially higher bandwidth, ISDN (ntegrated Services
Digital Network) s hased on the principle of combining mudtiple
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digital ‘chaniiels’, each of which supporis 64 kpbs. Its ‘basic rate’
cam ase two digital coonections simultanecasly o carry data at up
to IZ8 kbps.? Although 1SDN was & promjsing technclogy when
it was inmtroduced in the mid-1980s, non-technical factors have
prevernted its widespread deployment, and other technologies have
sipce caupht vp with or overtaken it. Currently, ADST (Asymmetric
Digital Subscriber Line) appeara 1o he the icadlng new method for
accesy over existing copper telephone wires (albeit with differsm
switching egulpment). Tt provides speeds of up to G6.I Mbps in
the downstream direction, and wp o 640 kbps upsmeam (hence
"assymmettic’) [t ADSL is being installed in homes in some areas
of the United States in 1900, and Buropean telecommunicanons
carriers, chading British Telecom, have announced thelr intention
toc make ADSL -available in 2000. Another way of avolding che
restriction of the analogwe connection between the home and the
telephone excharge 18 10 nse the cable televirlon network instead of
the telephone networl, in areas where cable TV 18 availabie. Cable
modems can transfer datz at rates froem 500 khps to 10 Mbps:
devices capable of 30 Mbps will be available by 2000. Cable modems
have an additional advantage of being permanently connected.

Commmercial Internet users, especially those operafing thelr own
Web servers (fes below), usually prefer to lease dedicated lines
to provide a fized cormection 1o I15Fs. T1 and T3 lines provide
1.544 Mbps and 44.736 Mbps, respectvely. TI and T3 lines are
also used by small local I5P2 to connect to the larger I15Fs who are
directly comnected 1o the Internet backbone.

&> Although ‘primary rate’ ISON, which utilizes up to 10 chahnely (o
Europel or 23 {elsewherg) ls available, it I8 rost often wsed for
trangferting fles directly between, for examiple, a graphbic design
studio and @ pre-press burean, rather than for Internet access.

Table 2.1 shvows the typical thimes taken 1o ransfer diferent media
elements over various types of connection, assuming the maxiraum
speed is attained. Although the comparison is striking, it only tells
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part of the story. The connection between the aser and their ISP is
ot always the factor that limits the speed of data ransfer over the
Ineerrwet, The capacity of the connections between 15Ps' networks,
and the computing power of the machines from which daia is being
downtoaded may be just as important. I is quite commwon bo fixd
that a fle download is not even using all the available speed of
a Vo0 opxlem. However, anecdotal evidence suggests that both
cable modems and ADSL can provide qualitative improvements in
download speeds from powerful servers. For example, downloading
the 25 Mbyte CuickTime movie of the railer for Srar Wars: The
Phamtam Menace from Apphe’s QuikckTime gite is typically reported
ta take less than three minutes using cable or ADSL — nowhere near
the theoretical speed, but considerably better than any conventional
modem. However, it i qulie easy to see that the advantages of
faster access between the user and the 15P can only be maintained if
the conmrections between 15Ps are wpgradded proportionally as more
users acquire faster access, amd if data can he delivered by the
machines at the far end of the connection at the same rate at which
it can be transferred. Since data bus speeds are still considerahly
higher than network speeds, the Latter condition is easily met for
a single connection, but as the rumber of internet nsers increages,
popular sites will need to service many requesis ai once.

Local area networks provide much Faster data transfer than the
Internet.  The most common technology for small ceganizatlons'
LANS ts 10 base T Ethernet, which provides 10 Mbps; increasingly,
thiz is being superseded by 100 base T, at 100 Mhps, axl, during
1999, the first Gigabii Fthernet equipment began to appear. This
bardwidth mast be shared between ali the transfers taking place
at any time, so the effective bandwidih between Ywo computers
on a LAN will he Jower; It is still sufficlently high for multmedia
applications that are presently infeasible over the internet. I
particular, video conferencing and other video applications, which
can only be implemented on the internet at very low quality, are
possihle uzing a high-speed LAN.

Clients and Servers

Online distribution of multimedia over LANs or the Internet is
almost always based on the client/server model of distribured
computation. In this model, programs called servers lisien’
on & communication channel for reguests from other programs,
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called clienis, which are generally running on a different machine
elsewhere on the network. Whenever a server receives a request, it
sends & regponge, which provides some service or data to the client.
The requests and responses conform to a protecsl, a set of rules
poverning thelr formal and the actions to be taken by a server or
client when 1L rereives a Tecquest or Tesponse.

The most popular foym of online multimedia delivery 1s the World
Wide Weh, whose implementation is an sxample of the client/server
madel. Web servers and clients communicate with each ather using
the FyperText Transfer Pratocol, usually abbreviated to HTTP. HTTP
Is a very sfmple protocol, designed for the fasr transmission of
hypertext information, which is usually in the form of domments
marked up using the HyperText Markup Langnage, HTML, which
will be described in Chapter 8. However, the informaton in the
Waorid Wide Web ls more properly described as hypermedia, and
may inchide graphics, sound, video, MIDI angd other sorts of data,
and even programs.

HTT? provides comnmmicaton beowern Web servers and their
clients. A client first contacts a server, and then (usaally) sends a
requeat for a Web page. The identity of the sarver and the locatlon of
the file containing the Web page's data are normally exiracted from
a URL, the familiar ‘Web address, such as hitp: /Aoow.wilay. comn/
compbooks /chapman/index . htwl, where ww.wiley.com 15 the
namme of a machine running a Web server, and compbooks/chapman/
ingdex.html ldentifiez a file in that machine™ file system. The
server responds by sending the contents of the designated file, if Lt
exists, wrapped up in the form of an HTTP response with some exira
information, such as the type of the data {HTML tesct, GIF praphics,
gound, etc) it is sending. This type information is specitied in a
forrpat which will be described in the next section.

world Wide Web lients are usually browsers. such as Netscape
MNavigater or Internet Explorer, which altow us Lo access Web papes
interactively. Despite the foregoing description, Web browsers are
usually mult-protocet clients, which can commuontcate using other
protocoly, too Nearly all browsers alicw you to download files using
the: File Transfer Protocal (FTF), for example, although the interlace
10 that protocol is inteprated transparently into the Web browsing
interface used for HTTP. Modern browsers also support real-time
data ytreaming for audio and video using several special provocols
for this purpose.
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Web servers often run on dedicated powerful machines, wsnaiky
urder Unix, 10 enahle them o cope with heavy traffic. A commeon
arrangement is for ISPs to provide Web space on one or more of
their machines running a server for the benelit of their customers;
small companies and individuals wishing to put up personal Web
pages can use the I5F's faclllties. Larger companies maintain their
owl sites anxl servers. K is perfectly possible 1o Tun a2 Web server
on a desktop machine, provided only a reagonalle number of hits
are expected — Watford football club’s site uses a server running
on an iMac, for example. The machine running the server must be
permanently connected to the Internet, thongh, which will usuoally
entail leasing a line, so it is not a viabie option for most people.

The more powerfol gsexvers often augment thelr hasic Web page
serving funcdion with interfaces to other programs running on
the same meachine., Thiz allows them to generate Web pages
dynamically, incorporating, for example, Informatlon retrieved from
a database, and to perform computations based on Information
supplied through a form on a Web page. The Commuon Gatewsy
Imterface {(CGD is a de facto standard for swch interfaces, hut
other proprietary mechanisms, such as Microseft's Active Server
Pages, and Apple's WebObjects, are Increagingly preferved, Yargely
because of efficiency and their dghter integration with database
management sysiems.

Many kocal area networks are hased on the samw TCP/P protocols
that are used on the Intermet, and often they use the same high
level protocols, so that, for example, multimedia data can he gerved
over a LAN using HTTP. A LAN crganized in this way is often called
an fritranet, 1t allows Eamiliar Internet clients, [n particudar, Web
browsers, to be used with the private network to access information
within the orgapization, but at higher speeds than these that can
be attained over the public Internet. Alternatively, proprietary
protocols may be uged for multimedia applications operating over
a LAN. These may provide services that are not available via the
Internet, and may be more suitable for private use by a single
organization.

The trangmisslon of disparate types of media data across nemworks
connecting heterogenepus computer systéms calls for some way
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of tdentifying the sort of data contained in a file or data stream.
ndividuai cperating systems have their own methods of identifying
the type of 4 file. Most commenly, the exiension of a file's name
distinguishes the type: a file whose name ends - JPG ot a Windinws
syatern is assumed to contain a JPEG image, one whose name ends
in MY, a QuickTime mcwie, and so on. There is nothing standard
about the mapping from content type to extension, though — Unix
systems may use different extensions From Windows — and not all
systems use extensions for this purpose. The MacOS has its own
way of storing file type and creator codes with files, and not &ll
media data is stored in a file. Some other means of Mentifying the
content types is required in a nefworked emvironment.

MIME {Muldpurpose Internet Mail Extension) {s an extensicon to the
internet mail protocols that supports the Inclusion of data other
than plain ASCH texl in mail messages. Scme of its features have
been adopted by HTTP, where they provide a simple and canvenient
way of specifying the type of data inchaded in a server’s response
to & client’s request fier & respurce. It particular, an HTTP response
includes & MIME content tyvpe header, which 1akes the forme

Content-type: [pe/suitipe

where Hhype provides a broad Indication of the sort of data, such
as text, image, or sound, and subbpe specifies the precise format,
such as HTML, GIF, or ATFF. For axample, HTML pages have the MIME
content tvpe text/html, while GIF images have type image/aif.

The available types are text, image, audic, and video, which have
the ohvipus meanings; model for 3D mexdel data, such ag VREML;
meszage, whirh indicates an email measage, and application,
which means binary dat, including executable programs, that
must be processed in some way: for example, PostScript would
n=ually have the MME type application/postscript, gince it
must be passed to a PostScripl interpreter. (Canceivably, you might
send PostScript with type text/plain, if you wanted the client
t6 view the PostScript code itself instead of rendering il The
range of subtypes is extensive (Done more 56 than the subtypes of
application) and supports most multimedia file formats, although
soine use ‘experimental’ subtypes, identified by the prefix x-, which,
while ot Included in the list of supported MIME bypes maintalned
by the nternet Assigned Numbers Authority (JANA), are widely
suppoited oy Web browsers. For example, the MIME content type
video/x-msvideo ls recopnived by Internet Explorer and Netscape

g
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MIME alzo allows for arbiteary
experimental bypes, which ust begin
with the characters x-, and fot a

mu| tipart type, which has been used
experitwotally with HITP for form
data, bl is more aften tged for mail
mvirguages with attachmemts,
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Mavigator as identifying AVI movies, althrmgh this format is not
among the video subtypes registered with IANA. QuickTime movies,
on the other hardd, have MIME content type video/quicktine: since
CuickTime is registered with IANA, the subtype does ot have to
begin with x-.

We will decribe how MIME types are used by Web servers and
browsers in more detail in Chapter 3.

The International Organization for Standardization (150112 offers
this degcription of standards:

“Standards are documented agreements containing
technlcat specifications or ather precige criteria to be
used consistently as mles, guidelines, or definitions
of characteristics, 1o ensure rthat materials, products,
processes and services are fit for their purpose,”

Since standards are agreernents, we can assume that things that
conform to the same standards ace Interchangesble. For example,
an Important set of 50 standards is concerned with screw threads.
Any manufacturer's standard screws can be ftted in place of
any other manufacturer's standard screws, which means that
equipment that is assembled using standard screws is not tied o
ane screw manufacturer. i a market ecopomy, this is supposed
10 lead to healthy competition. In practical terms, it means thag
the bankruptcy of one screw manufachurer does not imoply that
everything built with their screws becomes itreparable. However,
only some standards bave any legal stats, so conforming wo a
stardard is not something that anybody can usually be compelled
to dio. Nor does conforming to a standard necessarily wean doing
something the hest way; it Just means doing something the standard
way.

in multimedia, standards define interfaces, Me formats, markup
languages, network proiocols, and so on, in precise. ard usually
formal, termsg. The réle of these standards is broadly analogous to
that of the starxlards for screw threads. IF we have a standard Ale
format for image data, for example, then we can incorporate fmages
into a multimedia praduction without having o worry about which
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program was nsed 1o prepare them originally. Similarly, standards
for all the other media types enable multmedia authoring systems
to be constructed independently of the applicatinns used to prepere
the Individual media elements. The aiternative wouid be for each
manufscturer of multimedia software to produce a system that
could only use its own formats. Whereas this may be aftractive
10 zome manufacturers, such closed systems are unacceptahle In
a world where several different hardware and software piatforms
are in use, communicating with each other over networks, open
systems that can accommodate data from any platform or source
are needed, L3

Standardz are of pardoular imporiance in networking, preclzely
betase & modern network shonld be capable of connectng differ-
ent makes of computer running differem operating systems. It {3
ouly by conforming to standards for protocols and for electrical
conpectlons agread tq by all the manufacturers that this can be
pasaible. Because modert networks cross national boundaries, and
carry data all over the world, international atendacds are essential.
In general, international standards are increasingly seen as being
important because they facilitate global wade,

Three organizations are iInmvolved in maldng international standards
that are relevant to multimedia; [30, the Intermational Electrotechni-
cal Comimisslon TEC), and the ITU mternaticnal Telecommunleation
Undont. IS0 takes responsibliity for forrmlating standards in ail
techmical flelds except electrical and electronic engineering, which
are the responsibility of the IEC. Infermation technology defies care-
gorlzatlon, and is dealt with by a joint ISD/IEC technical committes,
B0 works through the natonal standards bodies of 1ts member
comtrles — ANSI (the American Narional Standards nstltute) in the
Lnired States, BSI (the British Standards Institution) in the Linited
Eingdom, DIM (Dentaches Institut fiir Normnng) In Germany, and
s on — who administer the committees that formmlate standards,
with ISO itself largely operating as a coordipating agency. 1he
IFC gperates in a similar way with the relevant natlonal bodies
reapongible for electrotechiica] standacds.

Whereas 130 amd the [EC are non-governmentzl agencies — commer-
cial compantes, in fact, albeit of a rather special nature — the ITU ks
an agency of the United Nations.' [t bas a more regulatory function
than the other two internatlonal standards hodies. For example, it is
the ITU that allocates frequencies to radio services; these allocations
must be followed to prevent imerference, so they have a mandatory

Li1h
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status according to mternational treaty. ITU standards covering
video frmats and telecommunicadon are those most relevant w
multimedia.

Although there ts broad agreement on the desirability of standards,
the precess of agreeing standards through these official bodies is
a fraught and often a long deawn out one.  Since standands will
only be observed if there is a consensns among the concermed
parties, a great deal of politics and compromize may be invohved
in the production of a stamlard. The major standards bodies
require extenigive consultative procedures to be followed, deslgwed
te engure that a standard hag the hroadest possible support, before
& draft dorument can be endorsed as a full standard. These
procedures wirk well for such things as screw threads, where a
standard may be expected to remaln relevant for very many years
after it has been created, bt in the rapidly changing emvironment of
computers, networks, and muldmedia, standards are often obsolere
before they have passed through all the necessary stages and
national and international committess, Furthermore, nternational
standards bodles derive some of their income from the sale of
standards, asd are therefore reluctant to make their doquments
freely avamilable. This causes some resentment in the computng
community, which has become used W free documentaticn ¢n the
World Wide Web — and the high prices charged for some standards
put them out of the reach of small software companies. As a resule,
semi-formal standards and ad hor arrangements play a greater rdle
in these areas than they do im more walitional Relds of engineering,

Internet stasmxdards are a paradigm of this semi-formal saxdard-
jzation, Simce the Mternet is, by definition, an open network
architecrare, it relles on standard protocois to enable different
networks to be intercommected. The ternet grew oul of Arpanet
asd NSFNET, which had somme degree of central administration;
the TCP/F provocols could be imposed in the early days of
internetworking and were inherited as the basis of the Internet.
Responsibility for the further development of protocds ad for
administering informadion required for the protocols to operate
now resides with the imtermet Architecture Board (LABF amd its
subsidlaries, incluading the Internet Engineering Task Force (ETH),
which deals with technical development, aned the Internet Assigned
Numbers Authority (EAMA), which registers MIME hypes, language
codes, amed so on. These bodies have no formal sranding outside
the Internet community, and no sEtutery powers.!'® Similarly, the
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organization responsibie for defining World Wide Web standards,
the World Wide Web Consortdum (W3C), has no official siams bt irs
Recommmendatdons are treated as standards. As you would expect,
these bodies make uge of the Internei as a means of disserninating
standards, both after they have besn adopied, and during the
siandardization process, thereby providing an opportunity for a
wide sudlence to cormment on drafts and proposals.

The advantage of such am ad o approach to standards is
that it accommnodates rapid change, The disadvantage is that
mamifacturers feel less compunction {n ignoring, adapting, or
extending standards. There is a fine line between such behavicur
ancd lepgitimate experimentation gimed at advancing a standard. This
is illnztrated by the history of HTML, where the two main competing
browser companies, Netscape and Microsofi, each implemented
their awn extengionz to HTML 2.0, leading o Incompatibilities,
but ulthnately most of the extensions were incorporated into later
versions of the HITML standard.

Somwetmes, standards are established without the mterventon of
standards bodies of any sort. One company's prodhact may come o
domipate the market ic such an extent that it hecomes a standard
{n all bur name. The PostScript page descripton language and the
CickTine nmltimedia architecture are examples. In both cases,
their perceived technical superiority, possibly reinforced by the
marketing nrascle of Adobe and Apple, respectvely, has caused
most rivals o be abandoned, lsaving them as standards by default,
In some cases, a de facto standard of thia sort may be more widely
used than a competing official siandard. For example, at the tdme of
writing, the W3C iz developing a standard for vector grapbics on the
Web, S¥G, but, while this has not been tmplemeanted, Macromedia's
Flash format is supported by the major browsers, and is in wide use
as the "standard’ Web vector format.

Further Information

Sampling snd quantization are described in most books cn image
processing or sound, e.g. (Bax94] and [PohS5). Hardware and
software develop at such a rate that it is usually best to consult
trade journals amkl magazines for the latest developments. We
refmurn to the ropic of mnitimedia and nerworks in Chapter 15. [150]
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gives 150°s perspective on standards, while [Bra96] describes the
IETF's standardization procedure for the Internet.

. ldentify three phenomens in the natural world that exhibic

cogttinuous change.

. The gecorsd hand on the watch in Figure 2.1 appears o be

broken in one place. Explaln why 1t looks like this. (Hint: The
picture was made by scanning an actaal wristwatch,) What
can you deduce about the way the second hand moves?

. Is the sampling rate of 44.1 kHz used for andlo CDs adequate

to reproduce musical sounds accurately? Justify your answer.

. Suppoese a piece of film depicting a moving stagecoach is shot

at 24 frames per second, and that the wheels are rotatdng at
such a speed that, when the Him is projected at 24 frames per
secoixl the wheels appear to mave backwards. What would
you expect to see f the same film is projected at {a} 12 frames
per second; (b} 30 frames per second; {c} 60 frames per
second?

. Digltal representations of sounds and mages are sometinmes

accused of being ‘limited’ {e_g. by the number of quantzation
Jevels or the sampling ratel, and consequently not to be “true’
representadens. Are analogue representatlons also llmited?
Explain your answer and give examples.

Prove {at least to your own satisfacdon) that, if we double the
number of bits used to hold a quantized value, then we square
the number of quantization levels,

. Draw up a list of the hardware and software you would

recommend for equipping:

(a) A small company speciallzing In Web page design.

it} A commmnicy college or Further Education college 1abw-
ratory for intreductory courses on mmbtmedia.

(ch A public Hbrary's IT Facility for communiny multdmedia
ACCESS.
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If possible, talk to peaple working In the relevant sectors
to¢ gei an idea of realistc budgets, and v to fit your
recommendations wiihin them.

. Which of the Following types of media producdon are likely
to be succesful om & Web site, given corrent techoelogy, and
which may cause problems?

ia) A live sports broadcast, i} sound only, and i} sound and
video,

(2} The persomal home page of a stamp callecting enthusi-
asl.

{¢] Avideo clip from a pop promo.

{d) An art gallery's catalogue of its current exhibition, with
text and still images.

(e] An interactve computer pante with high quality graph-
ics.

if) A display of up-to-the-mipute share prices for distribu-
tiom to market traders.

() A hi-fi live broadcast of a classical music concert.

Explain each of your anzwers. For thoze productions that
vou do not consider likely wo be succesful, what high-end
equipment or presently envisaged technological advances
wonld ke needed to meke them feasthle?

. The IS0 standard IS0 216 defines a collecdon of atandard
paper sizes, including the A sizes, AQ, Al, AZ, aaxd so on,
of which A4 is the moat poputar for office use. Paper made o
this standard is used almesi evorywhere in the world exceprin
the Unired Statey. What preblems does this exception canse
for hardware and software manutarmirers end users? What
Factors prevent the adoption of IS0 standard paper sizes in
the ited States?

65



Introduction to
Computer
Graphics

We use the ierm graphics In a broad sense to refer to the software
and hardware technologies used im a computer system to create,
modify and display still images stored in a digital form.

Graphics bn this sense s of fondamental importance in moltimedia,
not only because it allows us to generate and display still pictures,
but alse because it underlies the display of moving pictures and
text. Graphics should not, therefore, be considered as just one of
the medla that make up what we crall multimedia, in the sense thet
sound iz, for example. Ratber, it i the enabling techayology for all
the visual elements of nmltimedia. To uwnderstand how it fulfils
that rile, we need to examine how it works in lsolation first. in
other words. we need 0 consider the production and display of 56l
images.

Digital images may originaie In a number of different ways. They
might already exdst in some non-digital mediim, and be diginzed
by a scanner, or they mighi be captured from the external world
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in digital form by a digital camera or video frame grabber. Cther
images might be created on a computer system, by an artist,
designer or llustrator vsing a graphics package, or they might be
bulll up by a programmer using a graphics language. Extensive
collections of digital images are available on CD-ROM and on
commercizl and amatenr Web sites.  Finally, images might be
generated by a computer program operating on some data, mapping
it to a simple visual representation such as a pie-chart of a more
elaborate visualization, such as a similated picture of the wave
structure af electrons in a solid.

There iz a long history ol images being made and used as
art, entertalment, information, mspiration, devotion, titillation,
educatlon, amusement, decoraticn and conmmmication. [ a way,
thiz makes still images the easlest of media: we can draw on
centuries of experience when creating images, and, at least within a
specific oaltural context, we can reasonably expect our andience 10
understand an extenslve range of culural and visual conventions,
such as perspective or caricature. This very familiarity can also
make images diffialt o deal with in a digital syesterm, because 1t
raises expoctations of what can be achieved, which the Hmitatlons
of the systems svailable 1o us often frustrate,

Although some painting programs can simulate the effects of real
art materials to a remarkable extent, and high quality scanners
vant capbure much of the detafl and subtlety of an criginal, in the
fimal mudimedia production your images will almost certainky be
dizplaved on a low rezolution monitor which cannot match even
the guality of reproduction provided by photographic methods in
plossy mapazines. Worse, the avallable range of colours may he
limited, and will be reproduced differently on different systems. It
is necessary 1o understand these limitations, 50 that you can take
appropriate steps to ensure that your artwork locks as goed as It
can do within them.,

Graphic elements of muldmedia productions will usizally be de-
livered vn CD-ROM, DVD or over a network, often the Interoet.
However, digital Images are also widely used for print media. It
may be necessary to adapt such images for ose in muldmedia or,
contrariwise, to allow for the printdng on paper of images originally
made for display on a monitor. To do this effectively, tt 18 hecessary
re take account of the different chawacteristics of displays and
pristers, particularly in respect of colour, a topie we will examine
in detail in Chapter 6.
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There g no dowhr that, ultimarely, display technology will improve
to a point where much higher image quality is achievable. It will
always remain the case, though, that an irpage wirks — comveys
its meaning, evokes Its responge — differently when it I in a digitad
form than it does when it is reproduced in print, or framed and bung
on a wall. A notable Feature of the World Wide Web's shift from a
text-based medivan to a heavily graphical mediwn has heen the way
traditional graphic designers falled to appreclate this difference,
and tried to transplant established idioms from print-based design
oit t¢ the Web, Often the results were cumbersonte and unreadable
pages that took many minetes to downboad, looked terrible on
most ordinary monitors, and served only to obstruct users orying
to find information. Latterly, the Web has begun to develop its puwn
visual vorabulary, which takes account of its limitations asnd rakes
advantage of its particalar capabilities.

The use of icons as components of graphical user interfaces
provides one example of the way in which images can be put
to mew use in a compater system. Another example is the way
in which visual representatlons of data can be generated amd
displayed to help make large quanndties of Informaton more readily
comprehensible, as we mentioned in Chapter 1. Sawh visualizations
depend oo computers te perform the necessary caloulabions to
generate the image from the data; they are therefore designed with
the limitations of display techoology in mind.

Vector Graphics and Bitmapped Graphics

The display of images is ultimately controlled by some program: a
dedicated picture-displaying application, an image editor, or 4 Web
browser, for example. Monitors display pictures as a rectangular
array of pixels — small, usually square, dots of colowr, which
merge optically when viewed at a suitable distance to produce
the impression of rontinugus toenes. To display an image on the
monitor, the program must set each pixel to an appropriate codowr
or shade of prey, in order that the pattern of pixels on the screen
produces the desired image. The kow level operations reguired to
ger pixel values ave uswally performed by a graphics Iibrary, which
commumnicates with the display hardware, and provides a higher
level interface to the application program.
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A graphice applicadon program must somelow keep an internal
model of the image t¢ be displayed. The process of generating a
partern of pixels from a model is called rendering. The graphic
model will usuaally take the form of an explicic data stracture that
haolds a descripdon of the image, but it may be implicit in the
sequence of calls to the graphics Hbrary which are made as the
program executes. Where picture data must be perststent (i.e. must
live on after the execution of the program, 3o that the Image can be
displayved again at a later tme, possibly by a different program},
a similar mode]l must e kept in a Gle. The sequence of events
for displaying an tmage then beging with a program reading an
image Ale, from which it constructs an internal data strucoare
corresponding to the image description in the file; the program then
renders the image [or display by calling functions from a graphlcs
Hhrary, sapplying arguments derfved from its Image model.

T Where images are being penerated as visualizations of data, snother
level of modelling may be present.  For example, if a propram is
generating weather maps from satellite data, then it must have &
rocde] of the visual elements of the map — isobars, weather fromts,
the undertying geographical feammes — byt it mnst also maintain a
sathematleal model of the state of the atmosphere, bassd on the
data, from which the map model is generated,

It 15 usual to distinguish between two different approaches to
graphical modelling: Wirnapped graphics and vecter graphics.

In hitmapped graphics, the Image is moedeiled by an array of pixel
values, Where it is necessary vo emphasize the distinction between
these stored vadaes and the physical dots on a display screen we will
call them logical piels, and the latter physical pixels. In the shimplest
case, the logical pixels correspond one-to-one to e physical pixels:
the model 1s a map of the displayed image. More generally, the
mode] may be stored at 4 different, resohation from the displayed
image, &0 that some scaling has to be applied to the iogical pisels
before the image is displayed; the model may also describe a larger
image than that to be displayed, so some clipping will have to be
applied to extract the desired part for display. Scaling and clipping
are the only computadons that need to be pertormed to display a
bitmupped image.

in vector graphics, the image is stored as a mathematical deseripdon
of a collection of individual ines, curves and shapes making up the
image. Displaying & vector image requires 500 computation o be
performed in order to interpret the model and generate an array



Figure 3.1
A simple picture
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of pixels to be displayed. For example, the model will represent
a line by storing its end-points. When the model is rendered for
display, the co-ordinates of all the pixels bying on the stralght line
hetween those ernl-points must be computed so the pixels can be set
1o the appropriate colour. For persistent storage in a disk fle, such
a model 1s often impiemented ag a program in a graphics language,
far example, PostScript or PDF.

= Neither of the terms “vector graphics' or 'bitmapped graphics' is
etitively accurate. A mwore accurate term for what we are calling
vector graphlcs would be ‘object-orlented graphics’, were it not
for the potentlal confuslon cansed by the meaning of the term
‘object-oriented” in the field of programming languages. Bitmapped
graphics does nof use Mimapz {except for purely momochrome
irnages) it uses pixel maps, or phongps for short, but the term
‘pixmapped graphlcs’ has never acquired any widespread currency.
You will sometimes see the name ‘graphics’ reserved for vector
graphics, and “images’ used (0 mean bltmapped (mages, but this
usage can canse confusion with the colloguial meaning of thess
wards. Throuwghoui this book, we will stick to the terms inroduced
in the preceding paragraphs, and hope you will not be misked.

There are profound differerces between vector and bilmapped
graphics. J¢ should be evident that they will make different demands
on Your compaiter system: a bitmapped image must record the value
of every pixel, but & vector description can be much more compact,
For example, conslder an extremely gimple picture consistng of a
magenta square inside a green one, {(See Figure 1.1, although it lacks
the calour.) The complete picture 1s 45mm square; if it was stored
with 72 logical pixels per inch (meaning that it could be displayed
on a 72dpi mondtor at its natural size wirhout scaling}, then it woild
be 128 pixels square, so its bitmap would consist of 128° = 163584
pixels, [f we agsume that the intended destination ls a consumer-
level monitor capable of displaying 256 colwrs at a time, then
we need 8 bits 1o distinguish the possible colours {see Chapter &),
which means that each pixel occupies one byte, and the entice image
occnpies 16 kilobyvies of memory. The same plcture, on the other
hard, could be stored (n the form of a description of its component
rectanghes and their colours. One possible format would be a shorc
program in the PostScript page description language, such as the
following, which occupies a total of just 78 bytes:

010 setrgbcolor
00 128 128 rectfil)
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10 1 serrgbcalor
32 32 64 64 rectfill

The first line sets the ‘paint’ colowr o green, the second draws the
outer squarc and fills it with that paint; the serond pair of lines
sirmilarly construct the inner, magema, square. Whereas displaying
the hitmapped image anly requires the pixels to be copied onto the
monitor, displaying the PostScript version requires some software,
in this case a PostScript interpreter, to tranglate it into a displayable
lorm. This not only slows down the display of the picture, i€ also
relles on & PostScript (nterpreter being available on the computer
where the image is to be displayed.

The zizes of bitmaps and vectors are affected by the comient of
Images in differenit ways. The memory cequirament tor any 43mm
square, 255 colour bitmapped image at a resolution of 72 pixels per
inch is 15 kbytes, no matter bow complicated tha Image may be.
in a bitmapped image we always store the value of every logical
pixel, 30 the zize of the image and the resolnton at which it is
stored are the only facters determining the amount of memory
accupled.’ in a vector representation, we store a description of all
the objects making up the image; the more complex the pichare, the
more chjects there will be, and the larger the description that wilk
be required, but slnce we do not actually store the plyels, the size is
independent of any rezolution

At least as importamt as the technjcal differences hetween the two
different types of graphics are the differences in what yon can gasily
do to your Images using each approach. Although mgny image
editing programs now allow you to combine vector and bitmapped
graphics, radidonatly a distinction has been made between painting
programs, which operate on bitmaps, and drawing programs, which
work with vertor representarions. Even though the distinction is
less clear-cuc than it used o be, it is sdll the case that parkages
such as Hlustrator or Freehand are primarlly intended for cTeating
and edidng vector graphics, and only provide Emited facilities
for dealing with bitmaps, while packages such as Photoshop and
Paimrer, while providing extensive support for bitap manipulaticn,
either offer little support for vector graphics, or provide a poorly
integrated drawing sub-system.

Figures 3.2 and 3.2 show two flowers; the fivet is a vector dyawing
ol a pappy, made in Opstrator, the other i a bitmapped image,
scanned from a painting of an iris, executed in gouache. (Plates
3 and 4 show the same two flowers in colowr) The bitmap
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ilnless we apply compression to it —

see Chapter 3.

Figure 3.2
A vecior poppy
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Figure 3.3
A bitmapped iris

Figure 3.4
Trandforming a vecnr image

Hgure 3.5
Applying effects to a bitmap
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captures the textures of the oviginal picture and provides a good
reproducton of the condnnons topes and translucemt quality of
the paint. The vector drawing has a quite different characeer,
with clearly delineated shapes, made ant of a collection of smooth
curves, flled in with Hat coloar.

= These examples have been deliberately chosen to emphasize the
differences between the two types of fmage. A good illustrator
working with & professiomal drawing packsge can prodoce much
e subtle effects, but vector images are always based on the same
elements of flled shapes.

Figures 34 and 3.5 demonstrace the difference between the two
formats in another way. With the vector representation, It IS easy 10
select the individual shapes — petals, stemt, stamens — and move,
rotate or otherwise transform them indepersdently. Each element
of the picture retains its idenvity and can be edited as an object
because the position and attributes of each object are stored im
the image model. To achibeve a similar effect with the bitmapped
image would require a painstaking peocess of masking out the
required pixels and then re-touching the gap where the petal had
been removed, gince this image is Just an array of pixels, with no
underlying model to indicate which belong to the stem, and which
to the petals. As a resulr, editing of parts of the image must be
performed by selecting areas, elther by painstakingty drawtng round
them or semi-automatically (and somewhat unreliably) by searching
for tonal discontinuities or areas of similar colowr. On the other
hand, applying a spectal effect, such as distortion or blurring. to the
hitmapped image is simple, whereas producing the same distortion
on the vector image coudd only be done by first transforming it to a
bimmapped format, since such effects wansform each pixel, possibly
using the value of its neighbours, bux independently of whether they
belong to the same object.

Ancther major differenice between vector and bittnapped graphlcs is
the way they behave when scaled or re-sized. H a bitmapped image
is to be displayed at greater tham its natural size, each logical pivel
must be mapped to more thap one physical plxel on the final output
device. This can be achieved either by mwltiplying up the logical
pixels, effectively increasing thelr size (for example, to double the
linear dimensions, each pixel value in the model should be used ko
set a block of four pixels on the display), or by interpolating new
pixels in hetween the stored ones. In either case, the effect will
usually be 4 readily perceptible Inss of quality. Since a vector image
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consists of a description of the component shapes nf the picture,
not the velues of pixels, scaling can be performed easily as a simapla
mathematical aperadion, before the pixel values are calculated. As
a result, curves, for example, will remain smeoth, ng matter how
much a vector image is blown up, whereas they will become Jagged
or biurred if a bitmapped image is scaled up. Figures 3.6 and 3.7
iliusirate this effect, being details of the two Aower images scaled up
by a factor of 8. The outlines of the poppy rernzin smooth, whereas
the irts has become coarse, and the blocks of the orlginal pixele ara
clearly visible, especially along the edge of the petal.

= Related problems arize when bitmapped images are displiyved on
devices with different resolutions, since efther they will ke the
wrong slze, or they will exhibit the sanme loss of quality as ooours
when they are scaled. This 1= naore of a problem when images are
being prepared for printing than it is with roultimedia, sioce io the
latter case we kmow that our fmages are poing to be displayed on a
monilor. Monitar resohitlons do vary: whereas standard Macltosh
displays bave a resolution of 72 dpd, PC monitors usuwally use a
resglution of 96 dpi, while muiltiple scan displays may prowvide a
resglution of as much as 115 dpl at their higher settings. As a
result, images prepared using such a display at a high resahition
will appear larper on an ordinery PC or Maclatosh, (Users of mualtple
scan displays will be Familiar with the way in which all their desicop
icons change size when they change rhe resclution) This iz psually
considered acveptable, but should he borne in mind by designers.

The terms ‘diawing program’ and ‘painting program’ introduoced
earlier express the difference between the visual characteristics of
vector and bitmapped graphics. A drawing program lets you build
up a vector mage ont of ndividual cwrves, lines and shapes, so
the result usually has much of the character of a pen and Ink
llnstration, an alr-brushed painting, or a techoical diagram; shapes
are defined by outlines, and colour is applied to the regiona defined
by those shapes. A ‘painting program allows you to make a wide
range of different marks, and apply colowr to arbitrary areas of
the image; midlern painting programs do a pretty good job at
simularing the sppearance of natural media such as chareoal, pastel,
watercolour of oil paint apd the inreraction of those media with
rextured and ahsorbent supports, such as coarse watercolour pager
OF Canyas.

Drawing and painting programs use different sets of tools to
perform the operations that are most appropriate to vector graphics
and bitmapped imawes, respectively. Drawing programs have
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Flgure 3.6
Scaling a vector image

Figure 3.7
Scaling a bitmap
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tols for constructing shapes such as rectangles and ellipses, and
for drawing lines and curves, selecdng objects, and moving and
transforming them by scallng, rotadon, reflection and skewing.
Painting programs have a quite different set of tools, including
brushes for making marks in a variety of styles, colour correction
and retouching tocls and Mlters for altering nages, and selection
tools for plcking out areas and groups of pixels.

Painting programs generally offer more expressive possibilites,
but at the expense of high memory requirements and scalability
proflems. For many applications, such as the display of data for
scientific or business purposes, technical illustration, and some
sarts of graphic degign, the expressiveness of painting programs
and hitmapped graphics is umnecessary, or even positively unde-
girable, and vector graphics produced by drawing programs will be
preferred.

Memory requirements, the wvisnal characteristics of the image
produced, and the possibilities for wransformations and efects
might influence your decision as to which format to work with,
Another important factor is the source of your imape.  Scanped
images, screen shots, photographs from a dlgital camera, and
captured video frames are all inherently bitmaps, because of the
way the hardware from which they criginate works. Accordingly, for
the manipulation and re-touching of photographs and for most pre-
press work, painting programs are the ondy possible choice. Chayts,
diagrams, and other data vispalizatlons gemerated by a program
from daia usually, but not invariably, use vector graphics. Artwork
made on a computer can be in either form, with the artdst's personal
preferences, together with the factors mentioned above, and the
availability of suitable software, determining the choice,

Combining Vectors and Bitmaps

The different qualities of vector and bitmapped graphics, deriving
from the fundamentally different image representations each em-
ploys, make them suitable for differertt tasks. 1t is nol uncemmon
to find tasks requiring a combination of these qualities that call for
images containing elements of both rypes. For example, a graphic
designer might wish to use a scanned image as a background ovey
which drawn {vector) shapes are arranged. There are several ways
in which this can be achieved.
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The first 15 to transform vectors into bitmaps, or vice versa.
Hence, our desigher might prepare their drawn elements in a
vector praphics progam, ton the drawing into a bitmap, and
compoasite that with the scanned background in a bitmapped image
rmanipulation program. It is relatively easy to torn a vector graphic
intoc & bitnapped image. The process of mterpreting the vector
description, known as rasterizing, can be accomplished using the
same algorithms that are used to display the Image on a monitor.
The rasterlzed image loses all its vector properties, though — it
raases to be resolution-independent, so a rescluton must be choserl
when the rasterization takes place, and the individual shapes can
nn longer be selected and transformed, they just become areas of
pixels. However, as a result they can be treated to the full range of
bitmapped effects.

Going in the opposlte directlon, from pixels to vectors, 18 more
problematical. 1t requires software to identify the bounderies
of shapes within the image, then to approxmate that boundary
using the avallablc sorts of curves and lines, and to colowr them
in appropriately. When the original boage features subtle tonal
praduations, and soft cutlines, the process is not likely to be very
succexslul. Figure 3.8 shows the reguli of an attempt to vegtorize
the hitmapped flower image from Flgure 3.3, (1 was done with
Flash,? ) The resulting vector image is made out of many small corves
and shapes, which means that it is neither a8 compact nor as easy
to edit as an image made wsing vector graphics from the start. {In
fact, the Hle containing this particular vector image is blgger than
the bimapped version at screen resalution it was traced from.)
Resizing, rotation, and other transformations that can be performed
natmrally and simply on vectors can be applied wo the vectorized
nmage,

O Vectortzation can be used In other ways than simply 4s a means
of changing the rcpresentation of an Image. It can be used in a
conteolled fashion o generate a starting point for o oew vector
inage. Figure 3.9 shaws the result of apphving Iusteator's autotrace
tool to the iris painting. This toql mereby teaces the outline of
a shape, produclng the path shown here. While this is barely
recogmizable as a verston of the origioal, it could now be worked on
ingide Mhastrator a5 part of a new cemposition based on the organic
shape of the Hower,

The aatotrace tool will find different shapes depending on where jt

is applied. Figure 3.1{ shows the paths produced by delibevateiy
choostng pares of the mage o produce a collection of ourves that
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Figure 3.8
A vectorized blimap

2

And o be fair v Flash, we could heve
adjusterd sore pRCAMETS T MAKE A
better job of i, at the expence of
creating a phetwre made out of an
ETHIHALS MImheT of Hny veoors.

Figura 3.9
An autotraced Htmap



Figure 3,10
A more flnaly autotraced blmap
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Similar rechmology 1= used in Painter
to allowr vector strokes tobe wsed ina
bitmapped imege wdivor, with all dw
natural media from that program's
blomapped workd availeble to them,
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make a berter approximation 1o the ins. Again, these could be used
a6 the basis of a new drawing, retaindng the shapes but exploiting
the capebilities of the vertor rools.

Most drawing programs allow you o import hitmaps withowt
vectorizing thema A bitmap imported in this way is treated as an
indivisildle object; it can be moved, and some transformattons may
be applied w ir (although they might affect the quality of the mage).
However, it cannot be broken into its component shapes, the way a
vectorized image or any shape drawn in vector form can be, and
certain filter effects that rely on beihg able 1o change individual
strokes cannat be applied toit. Commaonidy, drawing programs allow
pointers to hitmapped images to be imported instead of making a
copy of the image itself. This means that the hitmap can he edited
in a painting program, after it has been incorporated into a vector
Image, arx] the changes will be seen in the vector image.

Sometimes it is not actually necessary 10 incorporake bitmaps into
vector graphdcs: all that is wanted is for the vectors to heve the
appearance of hitmapped images. Until quite recently this could
only be achieved by rasterizing and retouching in an image editor.
Nowadays, scme diawing programs — MeraCreations’ Expression
and version 84 of Dustrator, for examiple — allow brush strokes’
ta be appiied to the lines and curves making up vecror shapes, 5o
that they appear to have been made with namral medis, such as
wakercolour or pencil; calligraphic effects, such as a variation in the
thickness of a line depending on its direction, can also be achieved.?
This application of a natural media appearance o vector sirokes is
quite distinct from using a painting tool to draw a smooth curve,
for exaenple. lu the latter case, the pixels on the path following the
brush’s movement are celoured o simulate the effect of a painted
or drawn line; in the forrmey case, the path is stored in the usual
vector form, as the defining parameters of a collection of curves,
and the associated appearance is added to it when it is displayved.
The path retaing all the desirable qualities of vector graphics: it can
be transformed, altered, and displayed at any resolution, but It does
not have the uniform appearance normally associated with vector
graphics. Perhaps most interestingly, the himsh stroke applied to
a path can be changed. 50 the appearance of the marks can he
altered withmit re-drawing the path. As far as the appearance of
the resulting artwork is concerned, these effects biur the distincdon
between drawing and palnting programs, but internally the strokes
are still being applied algorithmically to paths stored in vector form.
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‘The arrangememt of artwork on fgyvers is an organizational device
that is common to both vertor and bitmapped images. Since the
introduction of the concept of layers in Photoshap 3, it has become
one of the most significant ways in which digital technology has
affected how artlats, designers and Hlusirators work. As we will see
in Chapters 10, 11 and 14, the intwitive appxead of the Laver metaphor
has led o its adoption in other media, {O0.

A layer iz often llkened to a digital version of a sheet of clear acetate
material, like an overhead projector iransparency. You can draw or
paimt on parts of the layer, leaving some of it transparent. An image
can be constructed by stacking Layers on top of 2ach other; where a
layer {8 ranaparent, the layer helow 1t shows through. This may not
sound very exciting — you can always draw things on top of other
things — but a layer allows you o collect together part of an image
and treat it as a unit.

An immediate consequence of this ability is that it provides a way of
distinguishing chiects in a hitmapped image. Normally, as we have
shown, if you make a pictude of a flower as a bitmapped image,
there is no discrete object corresponding to each petal, just areas of
pixels, By placing each petal on a different layer, though, they can
be roved or raodified Individually, much as the individuat shapes
maldng up a vector image can be. One specific way in wbich artists
take advantage of the separation that layers allow is by using one
layer as g background against which objects on other layers are
superimposed. These ohjects can then be moved abont over the
background, untl a satisfyving arrangement is found. If they were
not on separate Layers, whenever ait object wag moved, it would be
necessary to tauch in the background where it had been. In a similar
way, the use of layers makes it easy to apply effects to parts of an
image, since effects can be applied to individval layers. Thus, for
example, a background layer might be bhurred so that elements on
layers placed cver it will staud out.

Layers facilltate a graphic style resembling collage.  You will
probably recognize the Layered Look in much graphic design that
wis produced in the 1990s.

77

Lavers



4

I Photoshop you actually change the
apectty, which is one mitus the
OarEparency.
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A different way of using layers iz as digital tracing paper. For
example, rather than iry to vectorize an image like owr Iris, you
might prefer to impoet it into a drawing program in its bitmapped
form, and then create a new layer on top of it, en which you could
draw with the vector tocds, using the imported Image as a guide.
{Drawing programs usually allow you to dim layers so that yop can
more easily see what you are doing on another layer.) Once that task
haz been achieved, the puide layer can be deleted withour affecting
any other layer.

Yet another way of using lavers is for experimentation. Layers
can be reordered without affecting their contents, so that different
stacking arrangemems can be tried out. Layvers can be duplicated,
and the duplicates altered separately; any layer can be made
Lrvigthbe, so different versions of a layer can be displayed in e,
to see which is better. When a pleture s finished, it is normal to
delete any invisible layers, and merge all the remaining ones down
to a single kayer, since this uses less space.

We have tikened layers to transparent sheets of acetate, but, as
data structures inside a computer are nod subject to the physical
limitations of materials, they can hehave in ways that acetate
cannot. In particular, the degree of transparency can he varled.*
By using lavers that are ondy partially ansparent, backgrounds
can be dimmed. The precise way tn which separate Tayers are
combined nray also be modified. The normal behaviour of layers
is for the areas that are not ransparent to cover any layers beneath.
Sometimes, it may be preferable for these aveas to be blended with
lower layers instead, or dlssolved into thems. Transparency may be
made conditional on the brightness of one or other of the layers, so
that blending takes place below a threshold valpe, but above that
value the superposed layer conceals what is helow it.

Figure 3.11 is a simple Hlustration of combining layers. The starting
point is the twe photographs shown ai the top, ofe an Alpine
hillside in winter, the other a piece of woodland. These were
scannhed, corrected for tonal balance, and cropped to the same size.
The light areas of the woodland scene were selected amx] filled with
pure white. This modified image was then pasted as 4 new layer
aver the background of the hillside. The hillside i5 unaffecred,
being on a separate layer. At the hottom, we show these wo layers
combined, with diferent threshold values being used o control
the laver blending. On the left, the lower level shows through,
producing a slightly disturbing incoherent scene; this was achieved
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by using a low white threshold and a high black cne for the hlending
on the upper layer. On the right, by ralsing the black threshold foi
the background [ayer to qudte a high value, the dark bulk of the hill
on the right hand side of the picture has been affectively obscured,
and the trees appear to be part of the swne scene as the slders —
we have manufactured a nesw lTandscape.

layer oonmipositing of this sort can only be performed o bitmapped
images, because it is done by computing the value of each pixel

Figure 3.11
Producing artificial
compositions with layers
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individually. When it is necessary to combine the layers of a vector
fllustradon, 1t must be converted nto a bitroap by importing it into
a palnting program, where its layers can be composited with all
the flexibility available. For this to be possible, it is Important that
the layers be preserd when the image is imported — only certain
combinations of programs can do this correctly.

= The layer metaphor has found sach Favour as a way of organjzing
images that it has been extended to incorporate effects as well as
Image elements. Photoshop's acliustnent kyers are described as
being a layer through which you can look at the image through
a mediun that applles some effect, such as a tonal adustment.
In practice, thds makes them a tool for applying effects without
changing the pbiels on tmage lavers. They thus provide a safe means
of experimentation.

in order 1o preserve Images and exchange them hetween programs,
it mnst be possible to store image data in a file. There is consider-
ahle scope for encoding the data in different ways, compressiag it,
and adding supplementary informarion to it. Consequently, a large
number of different graphics file formats has been developed.® As is
the case with programrsing languoges, most of these are anly used
by a mited circle of enttmsiasts, for some specialized applications,
or on partcular platforms. There remaing a significant number
of different formats in wide use, with differing characteristics that
make them suitable for differemt types of image.

For bitmapped images, one of the main differences among file
formats is the way in which they compress image data. Bitmapped
images can contain a Targe mumber of pivels, so they require large
files, often occupying several megabytes per image at medivm 1o
high resolitions. In order to reduce the storage amd bandwidth
requirements of such images, dala compression technigques are
oftenn appHed to them. We will describe image compression in
more detail in Chapter 5, but you need o be aware at this stage
of e disdnetion between Inssless and fossy compression. Lossless
compression algorithms have the property that it is always passible
to reconstruct the original data exactly from its compressed version;
lossy algortthms discard some data - in the case of images, data
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representing visually insipnificant details — in order to achieve
greater oounpiession.

We alsp defer a full descripton of colour to a later chapter
{Chapter &) but note that one way of reducing the size of a
bimmapped image is 1o restrict the number of different coiours that
it can comain. If an image vges at mogt 256 different colours, each
pixel only regotres 5 single byte, whereas if it {s to be allowed the
full range of mililons of colours which mest monitors are capable
of displaying, three bytes per pixel are needed.

The advent of the World Wide Web bas had sometiing of a
stendardizing influence; although it does not speclly any particular
graphics fite formats, the necessity for cross-platform compacbilivy
has led wo the adoption of certain formats a3 ad hoo standacds.

The first of these is &IF, originally developed hy CompuServe
as a common format for exchanging bionapped images between
different platforms. GIF files use a Jossless compression technlgue,
and are restricted to 256 colours. Ome of this format's most useful
fcatures is that one colour can be designated as transparent, so
that, if the GIf image is displayed against a colourad background or
ancther image, the background will show thrangh the transparent
areqs. Thia, in effect, allows you to produce Images chat are not rect-
angular, GIFs are mast sutable for simple images, such as cartoon-
style drawings and synthetic images produced on computers. They
are legs succesful with scapned and phetographic images, which
may have wide colowir ranges and tonal variatHons.

For these images, JPEG is preferred. Stricty speaking, JPEG la a
compression technique® and Images that have been compressed
using it may be ztored in any of several fle formatzs — the JPEG
standard does not specify any. Colloguially, though, the name
‘IPEG file' is vsed to refer to what are correctly called JFIF — JPEG
File Interchange Format — fles. To complicate matters farther,
the more recently developed SPEF format s actaily the officially
endorsed fle format for JPEG images, but as we remarked, JPEG
data can ke embedded in other Kes, including TIFF and EPS, which
we will gay more ahout shortly.

The third, and newest, fle format that is widely supported on the
Web is PNG” which was devised to supersede GIFs. The trouble
with GIF la that the compresslon algorithm it employs is covered by
a patent owred by Unisys, who require a licence fee to be paid for
any program that implements GIF compression or decompression.

1]

Really sirictly speaking, JPEG 1s the
Juint Photographic Experts Group,
wher develnped the oompression
rechhigue, and after whom it iy
named.

Proncunced ‘plie’.
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PN, on the other hamd, uses a different lossless technicuie that
is 1ot erkumbered in this way, and can therefore be mplemented
Treely by atvibody. Additionadly, PNG is not restricted to 256 colours
ard It offers a more sophisticated form of transpacency than does
GIF. The PNG format was developed under the aegis of the W3C,
and it5 specification, published in 1996, has the stamus of a WiC
Recommendatlon. Support for PNG has been slow to develop, but it
is kely to be supported by all the major Weh browsers and graphics
programs by the end of 1999,

Cneside the Wiorld Wide Weh, ather commonly epcountered bitmap
graphics file formats include TIFF, BMP, and TiA (often called
Targa). TIFF (Tag lmage File Format) i5 an elaborate extensible file
format that can store full codowr bitmaps using several different
compresslon schemes, Including JPEG. It is supported by most
painting programs on all platforms, although net all programs are
equal in the comprehengiveness of their support, 50 that TIFF fles
cregted by one program cannot always be read by another. TIFF
18 natively supported by Windows, ag 13 BMP. Indeed, BMF 1s more
praperty called the Microsoft Windows Bitmap format. As such,
It is pladerm-depessdent, but the near wbiquity of the Windows
platforms means that 1t 18 widely understood by programs on other
systems. Unlike most other bitmmapped formats, BMP ondy supporis
a gimple form of lossless compression, and BMP files are yseally
stoved uncompressed. TGA files have achieved wide currency,
because the formst was one of the earliest to support more than 256
colours on PCs. It was designed te accompany a proprletary range
of video capture boards, but has become more widely supporeed by
programs on most platforms, although its use is probably declining.

All of the formats mentoned so far store bitmapped images.
The situation with respect to vector graphics is slightly different.
Yector graphics is dominated by PostScript. Posticript, developed
by Adobe Systems in the mid-1980s, could be described as a
programming language with built-in graphics capahilities that allow
it to speclfy the appearance of pages in the form of a program
describing how to place graphic elements — paths, shapes, and Alls
— an the page. Procedures can be defined, so that an application
that generates PostScript (it is not the sort of programming language
that anyone would want to write by hand) can create a set of
operations suited to its own needs and view of page Layout.

=3 Olustrator, for example, when writing PostSadps output, prepends
a set of definitions which define procedures corresponding to
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its drawing primltees, in terms of PostScript's own, lower-level,
primitives.

PostScript 1s intended as a page layout language, which makes It
unsuitahle for storing single images in isolaticn, rather then as
components of 4 page. EPS (encapsolated PoatSerlpt) applies certain
cohventions to the use of PostScript to ensure that the images in an
EF: file are self-contained so that they can be incorporated in other
documents. in partienlar, an EPS flie mnst contaln a bounding bax
coinment, describing the dimensions of the image. EFS 1s one of
the inost widely-used vecter graphics formats, ot a ful]l PostScript
interpreter is reguired to display EPS images,

in February 1999, the W3C izsued a first working draft specification
of a Scaleable Vecotar Graphics format, SVG, which is defingd 1o XML
{see Chapter 8), the new extensthle markup language for the Weh.
In essence, though, S¥G is a derivative of PostScript that uses the
same imaging model but a fixed repertolre of operatons and is thus
fasicT to implement, amd is more compact for Tansmission over
networks.® At the same time, the SWF format, criginally developed
tar vector animations uslng Macromedia's Flash {see Chapter 11) but
now an open standard, 18 in wide use for vector images. Althongh
SWF does not have the sanction of the W3C, it has been supported,
elther via a plug-lh or directly, In the major Web browsers for
some years,” which giyes It ad hoc status as a standard. SWF s a
highly compact format, and can be rendered very quickly. Although,
because of it orlging, SWF is mostly nsed for animations, its vse for
atill images 15 increasing, and may yet pre-amm SVG.

EPS, SWF, and 5V(z are not just vector formats, although their vector
capabilities are their essential feature. 1t {5 possible to incorporate
bitmaps into these files, too, a2 self-contalned objects. This sort of
file format that accommodates both vector and bitmapped graphics,
and ysually text, too, is sometimes called a graphics metafile.
Other graphics metafile formats inclnde Marintosh PICT files and
Micrasoft's Windows Metafiles (WMFE). Purely vector-based formats
are in fact quite rare amdd, tor the most part, assoclated with
computer-ajided desipn packages: AwtoCAD DXF is a complex file
format widely uszed for the exchanpe of vector data, for example.
Veclor-based formats are also widely used for threc-diinensional
meodels, which we will look at ln Chaprer 4.

As well as the general purpose formats we have descrlbed, certain
proprietary formata associated with popular programs are also
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writing, has not beet Implensented at
all.



10
Some of these are only supported by
version 4.0 or hgher,

Introduction (o Computer Graphics

widlely used. In particular, Photoshop and Musirator files are
commonly used as interchange formats for himapped and vector
graphics, respectively, in the pre-press and publishing industries.
Ome notewnrthy feaniee of these formarts is that they preserve any
layers that might have been used in making the image. Exporting,
say, 2 Phovoshop image to a PICT file will *Ratten’ It, combining all
the tayers [nto one. This is undesicabbe if it is intended to make
further changes to the image.

Evidently, with 30 many different file formats in use, comversions
between formats are often reguired. These vary in complexdty from
a simple re-ordering of bytes to the sort of vectorization operation
descritred in the previous section. In this context, mention should be
made of QuickTime. Although OuickTime is most often considered
1 be a digital video format (amd we will describe It further in
Chapter 10) it 13 better described as a multimedia architecire,
which provides a framework and a set of software components for
storing and manipulating various digital media formats, of which
video is only one — still images are another, QualckTime has ts own
Image format, which generally containg JFEG compressed image
data, but more impertantly, It provides a collection of import and
export components, that allow any program that uses QuickTime
1o work with files in many formats, including JFIE, FNG, GIF, TGA,
PICT, TIFF, Photoshop and SWF (hut not EPS).1?

Further Information

The topics introduwced in this chapter will be taken up in more depth
in Chapters 4 to . The references given at the end of those chapters
should be consuited for further details. JMy96] describes mamy
graphics file formats; [Ade®Oh] is the definitive description of the

PostScript language.
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Exercises

1. Describe three significant differences between vector and
bitmapped graphics.

2. For each of the following kinds of image, which would he more
suitable, bitmapped images ot vector grapbics?
{a) Clrcuit diagrams,
{h) Architectural drawings.
(r) Botanical drawings.
td) Pie charts.
(e) Fingerprints.
{(fy A map of the world.
(g) Brain scans,
{b} Mustratons for a children's alphabet ook
i) A reproduction of the Mona Lisa.
{j} A simple cartoon character, such as Mickey Mouse.
3. Since GIF fles are most sultable for the same sort of images

as vector graphics, why wodd you use them it preference to
EPS or some other vector format?

4. What file format would you choose to present
{a} A photograph of vourself,

{h) A comic strip cartoon drawing.

{c} The floor plan of a museum.

for each of the following purposes:

{(a) Tworporation ln a Web page.
by Incorporation b a CO-ROM multdmedia encyclopedia,

() Transfer to another pladorm.
Justify your chaice in each case.

3. Do you think the lavered look’ in graphic desien is a result of
the Introduction of layers in graphirs programs, a response
to the conditions of contemporary life, a reflection of recent
ldeas in philosophy, or some other cause or combination of
causesy
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Vector graphics provide an elegant way of comstrocdng digital
images whose representation is compact, scaleable, resciution-
independent, and easy to edit. The compacimess of vector grapb-
ics makes themn parteularly ateractive for networked multimedia,
where the indiscriminate use of bitmapped images can bead to
excessive download times, because of the large slzes of the image
files. A common complaint amongst domestic Internet users is that
the increasing rend towards graphically rich Web sites means that
papges take too long to download, Equally, Weh designers who are
aware of this complaint feel inhibited about using Images freely.
Yector images can be a fraction of the size of hitmaps, but the
abszence of any standard format for vector graphics on the Web beft
little oppertunity for nsing them. As the official SVG and de facto
SWF standards are adopted, this will change.

Althongh vector graphics has been ecllpsed In recent years by
bimmapped representatens for two-dimensional images, for three-
dimensional work — that ts, Images that are constructed as pro-
jecdons of a 3-D model — wector techniques are mandatory, since
the wse of models made out of the three-dimenslonal equivalent
of pixels {voxels) is impractical on all bt the oost powerful
equipment.
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In vector graphics, images are buwil$ up using shapes hat can easily
be degscribed mathematically. We expect many readers will he
tamillar with at least the mdiments of coordinate geometry, the ficld
of mathemartics underlving the representaton of shapes {n vector
praphicg. For the benefit of those who may not be used to thinking
about shapes and outlines in terms of ceordinares and equations,
we will begin with a very brief review of the hasic concepts.
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Coordinates and Vectors

Since an image is stored as a rectasygular array of pixels, a natural
way of identifying any single pixel is by giving its column and row
mimber In that rectangular array. If we number the columns from
left to right, and the rows frorn the bottom of the image o the top,
both starting at Zevo, then any pixel 18 uniquely identifled by the
pair {x, v}, called its coordinates, where x is the column number
and v the row, In Figure 4.1, the pixel labelled A is ar (3, 7), while B
iz at (¥, 3). The point labelied O is at the origin (0, 0).

The coordinates of pixels In an image must be integer values
between zeto and the horizontal (for x coordinates) or vertical (for
3] dimensions of the image. For the purposes of modeiling shapes
in a device-independent way, we need o generalize to a coordinate
systemn where coordinatey can bave any real vaive, That is, instead
of identifying a finite pixel on a grid, coerdinates identty infinitely
small geomeltrical points, 5o that there are infimitely many of them
batween, for example, (0,0} and (1,0). Additionally, the vatues
are oot restricted o any finite maximam. We also allow negative
coordinates: points with negative x coordinates le to the left of
the origin, while those with negative » coordinates e below it
Thevertical fme running through the orlging which conslsts of all the
points with an x ceordinate of zero, is called the y-axis, while the
horizontal line through the origin is the x-axis. We can lakel the x-
and v-axes with the x and o ceerdinates of equally spaced points
1o produce the famillar graph awes, as shown in Figure 4.2, from
whirh coordinates can easily be read off. Vector drawing programs
usually allow yem to display axes (usually called ralers} along the
edges of your drawinp.
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Figure 4.3
A vecior
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> Although drawing programs fand PostScript) usually Foblow math-
ematical corvention by using a coordinate system where » values
increase upwards, lower level graphics paclages, such as OuickDraw
or the Java Abatract Windowing Toolkit, often use the opposite
convention, with ¥ values increasing downwards. This zame
convention is employed in some graphics file formats, o0, It
corresponds more closely to the way pixelz are drawn onito physical
output devices. You generally should not bave to concern yourseit
with the coordinate system used by the gorpuf device. 1 your
drawing program prikluces PogstScript output, then the FostScript
interpreter will convert from its coordinate system to that of
whichever devite your drawing is rendered ou.

This conversion is an example of a coordinote ransformaiion,
wheteby coordithates in one syatern tthe zxer spice) are transfonmed
nte a different one {the devicr space). Coordinate transformations
are inevitable if we are 16 produce device-independent praphics
sinee, i geperal, we canpot know the coordinare space of the oarpat
devive. Another emmple of a coordinave itransformarion ocours
when an image i= rendered in a4 window on a display. Since we
canmot know when the image is prepared whereabouts on the screen
the window wili he positioned, there is no possible way of using
absolite screen coordinates to specify the objects in the drawing.
Instead, the drawing is prepared in the user coordinate space, and
transformed to the device sprace when it is displayed.

Pairs of ccordinares cam be used not only to define points, bur
also to define displacements. For example, 1o get from A o 8 in
Figure 4.1 we must move 4 units 1o the right, and 4 units down,
oF, putting it another way, —4 unlts up. So we can specify the
displacement from A to B by the pair (4.-4). In general, for any
pair of points Py = {xy,7)) and Py = {x2, ¥z}, the displacement
from Py 1o P: is {xz — x3, 2 = ¥1 ). which we write as P - Py {see
Figure 4.3). When 3 pair of values is used te specify a displacement
In this way, we call it a two-dimensional vector. NMote that a vector
hag a directlon: Py — Py §s not the same ag Py, — P3, since moving From
Py t0 P; is different from moving in the opposite direction from P
to Py

= The term vector graphics was orlginally used to refer o the
produoction. of images on output devices where the position of the
electron beem of a catbode ray tube was controlled directly by
setting its (x, ¥) coordinates, rather than scanning the sowven in
a raster pattern. By changing the coordinate vahies, the beam wasg
made to trace out vectors, hence the name. This vpe of graphics
device only lends itself to the drawing of simple shapes, which is
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why the name Is retained for the shape-based graphics sysiems we
are describing herc.

A coordinate system lets us identify points in space. The power
of coordinate geometry comes from using letters o represent
‘mkmown' valees and using equatons in those values to specify
relationships between coordinates that ¢haracterize geoametrical
shapes. For example, If (x, ) i2 any polnt on a straight line that
passez through the crigin at an angle of 45° from south-west to
north-east, then it must be the case that x = ¥, as you can show
psing simple geometry. We can use the methods of coordinate
geometry to derlve eguations for arbimrary straight lines, circles,
elhpses, and 50 on. Using such equations we can represent shapes
slmply by storing the appropriate constants that appear In the
cquations, since it is these which distmguish between different
gshapes belonging to the same class,

:) Practical considerations might lead us 1o vse a slightly Iesy obvious
representation.  For example, the equetion of a straight line is
usually written a8 v = x + ¢, where the constants w1 and ¢ are
the slope and intercept, respectively. However, since we can only
uge foite segments of lines, it is necessary to siore the endpolnts.
‘The vatues of m and ¢ can be deduced from these, A bit of
sitnple algebraic manlpulation, which mamy readers will bave done
at school, demonsmrates that, If the Hoe pasaes throwgh {(x,%)
andl (a2, 32} mt 15 egual to O — il — x)) and c iy egqual to
(X233 — 2 ¥/ {x2—x ). Henee, the cordinates of the endpoints are
envugh oo their swn to apecfy both the extent af the line and the
con&tants io it eguation,

Io 4 similar way, the values acmally stored for other shapes are
not necessarily those that a simple mathematical analysis woald
suggest.

When it becomes necesgary to render a vector drawing, the stored
values are used, in conjuncon with the general form ol the
deseription of each class of object, to set the values of pixels to
form an image of the object described. For example, If a ne has
endpoints (0,1} and {12,31), we could compute the ¥ coordinate
corresponding to each integer value as x was stepped from 0
to 12. Remember that a pixel's coordinates are always integers
(while numbers), and we cannot set the value of just part of a
pixel. The pixel lmage can, therafore, only ever approximate the
ideal mathemalical ohbject which the vector model describes. For
example, the line just described has equatlon 3+ = 5x/2 + 1, so
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Figure 4.4
Approximating % straight Hne
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for any odd integer value of x, 3 must be rounded up {or down
— a5 long as It is done consistently) to get its corresponding
Integral value. The coocdinates of pixels along the line would he
(0,1),(1,43,(2,6),(3,9).... To get a contnunug Line, we set blocks
of pixels, but the height of the blocks alternates between 2 and 3
plxels, g0 that the jdeal straight line is approximared by an uneven
staircase, as shown In Figure 4.4. This is inevitable, since the
outpat devices we are using are based on a grid of discrete pixels.
If the resglution of the gutput device is Tow, {i.e. the pixels are
relatively large) the jaggedness of lines, and other effacts dpe to the
same canse, can become offensive. This phenomenon is collogquially
knowm as staircazing’ or, more colourfully, ‘the jagpies’.

The process of rendering a vector object to produce an image made
up of pixels can usefully be considered as a form of sampling
aned reconstructon.  The absiract lime that we would like to
draw i3 a continuous signal — the x and ¥ coordinates can vary
infinitesimally — which has to be approximated by a sequence of
pixel values at fixed finite intervals. Seen in this light, jaggies are
a form of allasing cawsed by andersampling.  This is consistent
with the common-sense ohservation that as the resoluton of the
output device irkreases — that is, we sample at a higher rate — the
indhviduoal pixels gee smalker, sa thar the jagged effect becomes less
naticeable,

You will recall from Chapter 2 that it is necessary to sample at a
rate preater than twice the highest Brequency in a signal in order to
reconstruct it accurately, and that high frequencies are associated
with abrupt changes. K an image coniains a sharp hard-edged
boundary, tts brightmess or colour will change directly from one
value 1o another crossing the boundary withont any intermediare
gradation The representation In the (spatialy frequency dofnain
of such a discontinnity in the spatial domain will include infAindtaly
high frequencies. Consequently, no sampling rate will be adequate
te ensure perfect reconstrction. In other words, japples are
always possible, ne matter how high the resolution that is used for
rendering & vector shape.

In any case, practical anx] financial considerations impose a limit gn
the avaitable resolutton. In particular, vector graphics that are vsed
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in multimedia presentations will usually be rendered on 5 monitor
with a resolution between ¥2 and 120 dots per inch, and allasing
will be reardily visible. To reduce fts impact a technique known as
anti-aliasing is often employed.

Lonking back at Figuere 4.4, you will see that the stalrcase effect isa
result of the pronounced contrast between black and white pixels.
We ran soften the effect by using intermediate grey values for some
pixels. in terms of the freguency domain representation, we are
removing the spurions high frequencies, and replacing them with
lower frequencles. We canhot simply tone down the black pixels to
produce o grey line instead of a black one; we want to try 1o usc a
range of greys to somehow convey (G the ey and brais of semeone
logking at the digplaved line the appearance of a smoothness that
cannot actually be achieved by the fmite pixels.

H we did not have to be concerned abont the orlentation of the pixel
grid, at best we could produce & smooth line one pixel wide, a6
shownt in Fimre 4.5, Our original attempt at rendering the line on
the basis of 1ts defining equaticn had the effect of setdng 1o black
ihgse pixels whose intarsecton with this one pixe] wide rectanygle
was at least half the area of the pixel. And-allasing is achieved
by colouring each pixel in a shade of grey whose brighmess s
proportional to the area of the intersection, as shown in Figure 4.6.
The nuuther of pixels Lhat are no longer white i greater than before,
tut If we taie the grey pixels and multply the area of each one by
the value used 1o colour it, the tetal amount of greyness, as 1t wore,
is the zame as that prodoced by only using a single black level to
colour the original collecdon of pixels. At this magnification, the
pesult looks Fairly incoherenn, although it should be apparent that
the jaggedness has been subdued somewhat. At normal viewing
vesolutions, anti-aliazing can significantly reduce aliazing effecrs,
albelt at the expense of a certatn Fuzziness.

When using & drawing program vou are restricled to the shapes if
provides, which are generally shapes with a simple mathematical
represertaton that can be stored compactly and rendered effi-
clepty. Usually the repertoive of shapes is restricted to rectangles
and squares (possibly with rounded corners), eilipses and circles,

|

Figure 4.5
Antl-alasud line

Shapes



Fgure 4.7
A polyline

Yector Graphics

giraight lines, polygons, and a class of smooth curves, called
Bézier curves, although spitals and stars are sometimes supplied
too. Shapes built up out of these elemwents can be fitled with
colour, patternis or gradients. Because the program works with
a description of the shape, not a map of 1ts pixels, 11 is easy to
move, Tidate, scale and skew shapes. [t may sound a5 though vector
programs are very limited in their graphic capabilltes, but they
can be used to achieve complex and subte efects, especially once
vou wnderstand how to work with Bézier curves. Vector drawing
programs omst be approached i a different way from a freehand
drawing mediom, though.

A good way of appreciating the potential and mitations of vector
graphics is by looking at the capabilities offered by a typical drawing
program. We will use Hswator as at example; vou will fing
the same concepts and Facilitles in any other professional drawing
package. [Nusiraior generaies Posticript, so the description of
Hlusirator's facilities provides an Indirect account of bow graphical
objects are constructed by PostScript programs. Generally, the way
in which a drawing package allows you to work with shapes is a
reflection of the way o which thoge shapes are represented inside
the program or in Post5cript code. For example, you draw a line
by selecting a pen ool and clicking the mouse 6 pressure-sensitive
pen at each end of the line: internally, a line is represented by the
coardinates of its end-points; PositScript's Tineto operator takes
the coordinates of a polnt apd draws a lne to 1t from the current
point, established by 1is moveto operator.

A sequence of connected lines, such as the one shown in Figure 4.7
is sometimes considered as a single object, called a pofvline. Closed
polylines, whose Arst and last polnts coimcide, form regular or
irregular polygons, and can be used to draw rectangles, for example.

Alternatively, a rectangle whose sides are parallel to the axes can
be drawn by selecting the rectangle tool, holding down the mouse
button where you want ane corner, and dragging to the opposite
corner; a rectangle can obvicusly be completely described by the
coordinates of its opposite comers. In Dustrator, rectangles can
alsn be drawn with the centred rectangle tool With this, you begin
ar the point where you wam the centre to he, and chen drag out
one corner. It should be clear that 1t is possible for the program
¢ compate the ceordinates of opposite corners froin those of the
centre ard one corner, and vice versa.
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Ellipses can he drawn hy selecting the appropriate tool and dragging
from onc point on the perimeter to the opposite point. A palr
of points is sufficient to determine the shape and position of the
ellipze, and their coordinates can be transformed inte one of many
comvenient representations of the object.

Squares ahd circles are special cases of rectangles and ellipses,
respectively, and sa do not need any special reprasentation ol thelir
own. It Iz helpful when drawing to he able to ask the program to
restrict rectangles and cllipses 1o squarcs and circles. I Mustraror
this is done by holding down the shift key while using the rectangle
or ellipse tool,

Lines, polylines, rectangles and ellipses are sufficient for drawing
many s$orts of technical diagrams {particalarly when your lines can
be dacorated with arrowheads, as they can be in all professional
drawing programs). Less constrained drawing and illustratiom
reiires more versadle shapes, which are supplied by Bézier curves.

Bézier curves are a class of curve that, as we will shardy demon-
sirate, bhave several propetties that make them especally usetul for
graphics. A Bézier curve is completely specified by just four points:
its two endpoints, end two more points, called direction pointes,
which do not usually lie on the curve itself. The endpoints and
direction points are collectively referred to a3 control poirits, The
name ‘direction poinis' Indicates the purpose of these poinls: they
show the direction in which the curve sets off fToin each endpoint,
This is shown In Figure 4.8: P and Py are the endpoints of the curve,
P arxd P53 are Its directlon points, and you can see that the curve
16 accurately described by saying that it begins at Fy, setting off
towards Po, curving cqund so that i arrives at Py from the directon
uf Py.

The length of the lines from each endpoint to itz direction point
determine how wide a sweep the curve makes. You can think of
the lengths of these Imes as representing the speed with which the
curve 2ets off towards the direction poink: the fagter it goes, the
further out it will curve,

This characterization of the curve js the basis for the way Bézier
mrves are dravwn interactively. After selecting the appropriats Lool
rnsually a pen), you click at the firsr endpoint, and then drag out

o3
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Flgure 4.8
A Bézier curve

towards the first comtrol polnt, as if you were pulling the curve

towards it. You will usually see a direction ling showing you how

far you have pulled. In most applications, for reasons that will be

explained in the next section, the direction line usually exvends away

direction from the endpoint both in the direction you drag and symmetrically

lines Lo the oppesite directon. Onee you have the first one right, you click

\. at the point where you want the curve to end, and drag away from

the direction point {see Figure 4.9). You will see the curve being

formed a5 you move the cursor. If you do not like the result when

— you have finished, you can subsequently select any of the control

end points polnts and drag it around 1o change the shape and extent of your
Curve.

Figure 4.9 ) £5 1t is perhaps not immediately obvious that a turve related to four
Drawing 2 curve with the pen points in the mannet Just described is umsque, or even that it always
tood in lustrator exists, Since this is Dot a book about the mathematics of Bézier
curves, you will have 1 take it on trast thar It is and does, or consalt
ofie of the references at the end of the chapter. However, it ey belp
to cantemplate the following construction For bullding curves from
a palr of endpoints Py and P and a pair of direction points P and
P
/ e P Begin by finding the mid-points of the lines between Py and Py, P
~ and Py, and Py and Py. Call these Pz, P2y and Puy, respectively, and
e S P, construrt the ltives between Pz and 3 and hetween Poy and Py,
[ (see Flgure 4.10). Next, find the mid-paints Pypy and Pray of thess
new lines, joln themr togethet {Figute 4.11)amd find the mid-point of
Figure 4.10 this Last line. This final mid-point, O Lies on the curve. (Figure 4.12.)

Constructing a Bériar curva,
step | 0 lies an the curve, because we assert that this construction I3 how
our curve 15 ta be bult. We proceed by taldng the two sets of four
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poiots Py, Py, Fgs and G, and G, Paaq, Py and Py, and asserting
that the carves built ualng them as oontral points will be the left
and right halves of our complete curve, We therefore apply the same
technique of fndlog mid-points and =0 on to produce two points on
the porons of the ouorve to the left and right of . This in turn
leaves uz with new gets of control polnts from which to comstruct
the portions of the curnve Iying (0 each side of the new points we
have found.

IF we were mathematiclans, we would go on bisecting our curve
fopeyver, untll the curve segments became infinitesimally small. T
you actuatly v this construction on paper, of write a program
0 perforrn 1t for wou, you will Bnd that the scgments wvery
rapidly becorne indistinguishable from stralght Unes and vour curve
becooes 28 smooth a8 your drawing medium or display will allosy,
Figure 4.13 shows how the Ieft half of the curve produced by
the constructon fits between its vontrol points the samte way the
complete curve fits between Py, Po, Py and Py

However much bisecting we do, the constructdon lines that pass
through the endooints fy and Py are part of the Unes berween Fy
and P and between Py and Py This remains the case, even it we
wiTe to g0 oh bisectog to infinity, 8o that, {1 the Umit, these lines
would be the tangents to the curves at P, aod Py, Which is to say
that the curve Ieaves F;, beading towards P;, and approaches Fy
from the direction of Fy, as originally described. Furthermore, the
further away P. is froin Py the further away will be the midpoiot,
and, eventuaily, the curve points we construct, so that the lengeh of
the tapgents controls how widely the corve sweeps roamd.

Matbematiciatia will And the preceding acooumt a hit glin, and may
feel more comfortable with an altermative description of Bézier
THVES,

The curves used in st diewing programs ace, strictly spedldng,
Bézler cubic curves, a forme of cubic with certain desirable proper-
ties. They are wsually defined by the paramatric equations;

Aty = et B o x

WL Bald + B l? + oyt + W
where the endpoint P, = (x|, 5 ). The other control poiots zre theo

given by

Bo= lxpond = (% +e3on o3
Be = (a0} - ek (O + B3 3 oy + B003)
Pyo= xel = (ke byrac o HE+ay)

The orve defined by these four comtrol podnts §8 the path traced out
by x{t) and 37t} as ¢ varles froin O 1o 1. We invite ¥ou to show that
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Figure 4.7 F
Canstructing a B&zier curve,
sbep 2
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Figure 4.13
The left half of the currve



Figure 4.14
Pﬁ!FIfP-l-l-FS

Figure 4.15
Pl: PirPStPE

Paths

Figure 4.16
Fllph P-l-l-p.i

Vector Graphirs

the lines A P and P3P, are the tangent vectors 1o the curve at its
endpaints.

There is an interesting physical interpretation of this parametric
formulation of the Bézier curve: if ¢+ denotes thoe, them xit)
15 a function showing bow x, which cowld depote horizontal
displacement, vanies over tine, while »{t) describes how vertical
displacement varles with time. The two equadions together thus
describe a two-dimensional rajectory, traced by a point over time
from & = Dto f = 1. The Bézler curve can be extended into three
dimensions. [n that case, the equations might describe the trajectory
of, for exarmple, a camera chrough a three-dimensional space. As we
will zee in Chapter 11, such Irajectaries are commonty used [n three
dimensicnal computer-generated animation.

You can construct a Bézier curve using any set of four comtrol
points, but the result is oot necessarily going v be usehud or lovely.,
tlor is Lt always obvious, unfll you have acquired some experience
using these curves, exactly what the curve built from any four
control points i going w look kke. Figures 4,14 0 418 show
the curves produced from the same set of points as were used in
Figure 4.8, but in different orders.

A single Bézier ourve on 5 own is rarely something you want in
a drawing. Except in stylized applications for which rectangles,
ellipses and straight lines serve adeguately, we need (o he able to
draw a varlety of irregular curves and shapes, such as those making
up the petals and stamens of the poppy in Figure 3.2 on page 71.
in principle, because the pirels on monitors and printers are finite
in slze, any shape, no matter how curvaceous, can be approximated
az well by a collection of straight lines as by any other method.
However, in practice, to produce acceptable approximations
curved shapes, we need to use a lot of very short Hnes. We thus
lose much of the advantzpe of vector praphics, inasmwch as our
descriptions of shapes become large, unwieldy and difficult to work
with and edit interactively:

What makes Bézier curves usefal is the #ase with which they can
be combilned to make more elaborate curves andd irregular shapes.
Remember that a Bézler curve with control points Py, Pp, P and Py
approaches its endpeint P from the direction of Py, If we construct
a second curve with control polnts Py, 5, Fs and Pr (so that it is
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joined to the original curve at Pa), it will ser off from #; in the
divection of P5. Provided we ensure that Py, Fs and P are [n a
siraight line, with P, on the opposite side of Py 10 Py, the carve
segments will both be travelling in the same direction tirough P;, 50
there will be a smooth joitt between then, as sbown in Figure 4,10,
The join in Figure 4.20 is smoother atill, because we have made sure
that the length of the direction lincs is the same on each side of Fy.
If yoa think of the ine as a trajectory through space, this ensures
that it passes through the shared endpolnt at a constant velociry,
whereas, if we only mgke sure the three points are in a stvaight line,
the direction 1s constant, but the speed changes.

The grnpothness of joins when control points line up and directlon
lines are the same length is the reason behind tbe display of
direction lines in drawing propramns. When you drag towards an
entdpolnt, as we saw earlier, direction Hnes are displayed both 1o
arxl from it. In other words, you are shown two dirgction paints:
one belonging la the curve you are Just finishing, the other which
couid belong to a new curve which joins smoaothly on to the end
of it. Thus, you can rapidly build up compound carves using &
sequence of drapping movements at the polnts where you want
Bézier segrments to join.

= This praperty of continiity ts not shared by other sorts of curve
which might seem to be candidates for the job of curve-draming
primitive, You cannet geperally make arcs of circles, parabolas or
ellipses join smoorhly,

Sometimes you will want your curve to change directon instead
of contimuing smoothly. To do so, you simply need to arrange
that the directen lincs of adjaceit segmeonts are not incd up (see
Figure 4.21). In a drawing program. sone expedient is required o
break out of the defyult behavicur of smocthly jolning curves. In
linstrator, for example, you hold dows the option for ait) key after
creating the direction Hnes at a point; yon are then able to drag the
direction point for the new curve semment roumd 1o where you want
it, to make &n abrupt corner. By mixing clicking and dragging, it is
possible to combine curves and straight lines in arbltracy ways.

Some addidonal terminology is used to talk about joined curves
and lnes. A collection of Hnes and corves is called & path, i a
path joins up on itzelf, it 15 said 1o be closed, otherwise 1t is open
Flgare 4.23 shows a closed path; Figure 4.22 shows an open ane.
Upen paths have endpoints, closed paths do not. Each individual
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Flgure 4.19
Joining two Bézier curves

Figure 4.20
A smoother join
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Figurs 4,22
An open path

Fgure 4.23
A chosed path
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line or curve is called a segmenr of the path; the points where
sepments join {the original endpoints of the segments) are called
the path’s anchor pofnts. Note that any collection of cwrves and lines
mzy be considered as & path, they do not all have to be conmected.

The ugual way to consbruct a path §s by constructing the individual
segments with the pen tool, which provides great control and
PECINITS YU 10 constract very accurate curves. However, if you wish
o create artwork with a hand-drasm look, you can use Dustator's
pencil tool. With this tool selected, you can just drag with the mouse
O pressure-sensitive pen, as if you were drawing frechand with a
pencil or pen. You are not doing s0; Bézier curve segments and
stralght lines are being created te approximate the path your cursor
follows. Once the path is complete, you can select it amxl see anchor
points that you can adjust in the usual way. The faithfulness of the
approximation can be confrolled by a tolerance setting. A higher
tolerance leads to a more efficient path, with fewer anchor paints,
which may, however, smooth ot some of the smaller movemenis
yoi made with the pencil tocd.

A path, strictly speaking, i5 an absiract mathematical entiny: jwst
as points are infinitesimally swmell, so a path |3 Infinivesimally thin,
Although we have talked about drawing curves, and shown you
pictures of paths, you cannot really see a path. You can, however,
use it as a specification of something vou car see. You can do this
in rwo different ways, Elther you apply a stroke to the path. making
it visible as if you had wraced it with ink or some other medium, or
vou treat the path as the outline of a shape, and fif it, as If with
ink or paint. Or both. Since computer graphics is not bounded by
the physical limitations of real art materials, you can stroke or fl}
paths with more elaborate things than flat colour, such as panterns
or gradients.

% Practically, you hive to be able 1o see your path while you are
drawing it, of course, 5o Mustrator shows you the path as a thin
stroke. Ooce it 15 complete, each path segment is stroked or filled
straight away, 20 Yoz tan see what you are doing.

Consider first applying a stroke to a path. Like physiral strokes on
paper, the strokes applied by a drawing program have haracteris-
tirs, such as welght and colour, which determine their appearance.
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These characterigtics can be sei and changed by the user of a
drawing program. The weight is usualty set by specifying the
width of strokes numerically, in whatever units are comvenient.
Specificatlon of colours s more complex, and is described in
Chapter &,

™ Az we noted in Chapter 3, some {rawing programs can apply sirokes
that simulate natural media, such as charcoal or painted brush-
strokes.

1t is customary for drawing programs to support dashed strokes as
well as solid ones. 1deally, the length of dashes and of the gaps
between them can be specified. Again, this is usually done by the
user sntering numerical values in appropriate units.

A more subde feamre of strokes1s the shape of thelr ends — the fine
cap. If a sivoke has any apprecable thickswess, cutting it off square at
the ends with a but cap may prodoce an undesivabile and ugly effect.
It may be preferable to use a round cap, where the line is finished
off with a filled-in semicircle bailt across its end. A third opton is to
use a projecting oap, with the steeke continned beyand the endpoint
of the path by half rhe width. =0 that the weight of the stroke
relative to the pathis the same in all directions. These three line cap
options are provided by PostSeript, and are consecuently supported
by drawing progranis like Nlustrater that produce PostScript output.
Combining different line caps with dash patterns provides 2 Tange
of effects, as shown in Flgure 4.24,

Joins at cormer poimts also need comsideration, becagse wide lines
can oy meet cleanly if they do so at 90°; when they meet at any
ather angle an wnsightly gap or cverlap will result. Thils can be
temoved In several ways. The three styies of line join provided by
PostScript are a miifre — as in a picture frame, the ourside edges of
the lines are exterded o meet at a poiot; rowd — a circular arc is
used o produce a rounded corner; and bevel — the segments are
tinished off square where they join, and the resuling novch is filled
in with & wiangle to produce a flat ended joint. If mirred joins ars
used on Segments that meet ak 4 very narrow angle, long projecting
spikes will resualt. To aveld this, a lmit can be specified, and if the
ratln of the splke’s length to the siroke width exceeds it, mitres will
be replaced by bevels. Figure 4.25 Nlustrates the different joining
styles,

As well as applying a stroke 1o a path, you can use it as an outline
and Al it. Astuta readers will ohserve that you cam omly fill a closed
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Dashed effects
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figure 4.25
Joining sivles
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Figure 426

A complex paih...

Flgure 427
+.Miled
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path. but mosy drawing programs algo allow you o Al ann open path
— the Alfing operation implicitly closes the path with a straight Hne
between 1ts endpolnts.

The simplest BY is a single colowr, asd this is often all thar is
required. When a Bl {or, indeed, a stroke) Is applied it campletely
ohscures anyvthing underneath it. There is oo mixing of overlaid
colours, as you would expect If you were ysing watercolour paints,
for exmnple. This means that, among other possibilides, you can
nse a shape filled with the background colour ta knock out areas of
abjects underneath 1t.

More interesting and sometimes more attractve effects cam be
prostuced by using gradient fills and patterns.

Flate 5 shows two examples of gradient fills. This type of M is
characterized by a gradual transition between celours or tones. in
the slmplest cage — a linear gradieny — the colours at each end of a
region are specified, and a smooth blend of intermedlate colours
igs generated in between, Mustrator provides controls o let you
specify intermediate colours, adjust the mid-point of the gradient
{where the two colowrs being blended are of equal intensity) and
the line along which the gradient varies. An alternative form of
blending, also shown in Plate 5, has the colour varving outwards
from a centre point 1o the cutside of the A). This is called a radiar
gravlient. The mwore sophisticated gradients used in the Mate &
were created uging Mustratar's pradient mesh toel, which allows
the designer or artist 1o set up a two-dimensional mesh of points,
and specify the colowrs at each mesh point the colours are hlended
in the spaces batween the mesh points. The shape of the mesh can
be adjusted dynamically until the desired effect (s achieved.

Gradient fills are very widely used in artwork created in vector
drawing programs, and coniribute to the characteristic air-brushed
look of much of the graphic design that is produced vsing these
Programs.

Partern filte, as the name suggests, allow you to use a repeating
pattern to [l in an area, as shown in Plate 7. Patterns are bujly ouk
of elements called tiles. A tile is just a smal} piece of ariwork, made
uging the facllities provided by your drawing program (possibly
including the facility to import bitmaps as objects). The name
embodies the analogy normally employed for describing hos an
area is filled with a pattern. Imagine that the artwork is rendered
ontd A rectangwlar ceramic tile, such a5 you might use in your
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bathroom. Coples of the tlle are arranged in rows aodd colismns
parallel to the x- and y-axes, butied together as {f by a skilled
tiler. The resulting pattern iz clipped to the area heing filled.
Constructing tiles that join seamlessly reguires a certain amoumnt
of skdli — in graphics &% in bathroom deslgn.  Tiles may be
uged 1w produce geometrically paiterned areas, such as might he
appropriate for drawing textiles or wallpaper (or bathrooms), but
they can also be designed so that they produce texmured effects.
Fartarn fills are often used as backgrounds.

Some drawing programs allow you (0 uge patierns to stroke paths,
producing a textured cuiline, for example, This is more difficule
than wsing patterns as fills, because one manwrally wants the tiles
10 be arranged perpendicular to the path, ot horlzontally. This in
turn makes 1t difficult 1o ger tileg to go rownd corners, so that a
partern intended for tiling a path: must include special corner tiles,

I you want to fill a path, vou need to know which areas are inside
it. For simple shapes, thls ix a trivial question, bur a path may be
arhitrarily complex, crossing itself several times. Figure 4.26 shows
@ single path Which areas are inside it, and which caiside? There is
no absolute answer; several different interpretations of the concept
of ingidemnezs have equal valtdity. Figure 4.27 shows Dustrator's
answeT, which 15 based on the non-zers winding riumber rule, which
may be expressed as an algorithm as follows: To determing whether
a point is inaide a path, draw a {conceptually Infindte) ine from the
point in any direcdon. Start by setting the winding mumber 10 zoTo.
Follow the constructed Iine, and every time the path crosses it from
left to right, add one to the winding number; every tline the path
crosses from right to left, subtract one from the winding number.
After all crossings have been counied, if the winding number iz
zerD, the point is putside the path, otherwise it is inside. Note that
thls algorithm depends on the path's having a direction, which will
depend on the order in whichk anchor points swere added 1o it
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The chjects that make up a vector lmage are stored jn the form of
a few values that are sufficlent to describe them accurarely: a line
by its endpoints, a rectangle by its corners, and so on. The actual
pixel values that make up the image need ot e computed untdl it 1s



Figure 4.32
+or refiected.,.

Vector Graphics

displayed. It is asy to manipulate objects by changing these stored
values. For example, if a line runs parallel 1o the x-axis from (4, 2)
1o (10, 2), all we need do to raove it up by 5 units is add 5 o the -
coordinates of its endpoénts, giving {4, 7) and (14, 7), the endpoints
of a line running parallel to the x-axis, but higher up. To use a
term we inteoduced earlier in this chaprer, we have transformed the
image by ediring the mode! that 13 stored in the computer.

Onty certain transformations can be natwrally produced In this way.
The most important ave franslaion — a linear movement of the
ohject — scaling, rotation about a point, reflection about a line, and
shearing — a distordon of the angles of the axes of an object. These
transformations are illustrated in Figures 4.28 to 4.33. Any modern
drawing program will allow you 1o perform these ransformations
hy direce mandpulation of ohjects on the screen. For example, you
wotlld translate an object simply by dragging it to its new position.

= Brlefly, the operations on the model which achieve these transfor-
mations are as follows., Any translation tan be dome by addiog
a displacement to each of the x and v coordinates stored In the
model of the object. That iz, to move an object A, (o the right and
Ay upwards, change each stored point [x, ¥} t0 12 + Ay, ¥ + Ay ).
Megative As move in the opposite directon. Scaling s peformed
by muldplying coordinates by appropriate valoes. Different Factors
may be used 1o scale in the x and ¥ directions: 1o infrease leogths
in the x direction by a factor of 5, and in the » direction by s,.
{x,¥) must be changed o (5yx, 5, ¥). (Values of 5 less than one
cause the object 1o shrink] Thus, 1o double the size of an object,
itg stored coordinates must be mulbplied by twa, However, this has
the effect of simultaneously displacing the object. (For example, if
aunlt square has Lis cormers at £1,2) and (2, 1), multiplying by two
maves them to (2.4) and (4,2), which are the comers of a square
whiose side 15 of length 2, but 1t is now in the wrong place.) To scale
an chject It place, the mudtiplication omst be Followed by a saitable,
easily computed, displacement to restore it to its original position.

Rotatioh about the onigin and reflection about an axis are simple
to arhleve. To rotate a point {(x,%) aroumd the origin in a
cockwise dicection by an angle 8, you iransform it t the point
(x 058 - vEn &, x sind + ¥ 0os 1 {which you ran prove by =imple
trigonometry if you wishl, To reffect it 1o the x-mis, simply
move it to [x,—¥); in the »-nds w {—x. ). Applying these
operations to all the points of an chject will weansform the entire
ohjert. The more general operations of rotation abour an arhlmary
point and ceBectlon in an arbitrary lIne require more complex, but
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conceptitadly simple, transformations. The details are Jefr as an
CXBrcine,

Finally, when an object is sheared, it is az if we took the x-mds and
skewed it upwards, through an angle @, say, and skewed the -
iz through an angle B {see Figure 4.34). You can show that the
transformation <an be achieved by moving (x, ) to (X +¥an §, v+
x tAnLo}.

Other, less structhured, ransformations can be achieved by moving
(La., changing the coordinates of) the anchor points and contral
points of paths. This wodd normally be dope by interactive
manlpulation in a deawing program. Anchor points and conirol
paoints may aleo be added and deleted from paths, so that & designer
ur arlist can fine-tune the shape of ohjects.

Some commonly required effects which fall between the highly
stroctured transformations aodd the free manipuladon of control
polnts are provided as fiters in Dnswrator and similar programs.
(The term ‘filter’ ia caken from photography, where optical Bliers
are used 1o produce similar #fecta} An object is selected, and
a4 fAlter operation is chosen from a memu of those available. The
chosen effect 18 then applied 1o the setected object. Filters available
{n NMustrator inclnde roughening, which produces a rough edge
to an cbject by moving the anchor poinis of its path in a Jagged
pattern, scribbling, which moves the anchor points in a randoin
{ashion, and rounding corners, which converts cormer potnis into
smdath curves, Most Hlters ave parameterized in values such as the
raximtin distance an anchor point may be moved. The parsmeters
can be et by the user via controls such as sliders.

The important thing 1o wnderstand about ail these transformations
is that they are achieved simply by altering the coordinates of the
defining points of objects, altering the stored model using nothing
but arithmetical operations which can be performed efficiently.
Although every pixel of the ohject must be transformed in the final
displaved image, only the relatively few points that are needed
to define the object within the model need to be re-<computed
treforchand. All the pixels will appear in the desired place when the
changed model is rendered on the basis of these changed values.
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Figura 4.35
Axas in three dimensions
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Pictures on a screen are always two-dimensional, bur that doesn't
mean that the models from which they are generated need to
be restricted to fat two-dirnensional shapes. Models of three-
dimenslonal ohjects correspond mnre clogely to the way we perceive
space. They enablr uk to generaie two-dimensional pictures as per-
spective projections — or perhaps other sorts of projection — onto
a plane, as if we were able to photograpb the model. Soametimes, this
may be easier than constructng the two-dimensional image from
geratch, parfoularly if we can begin with a numerical description
of an object's dimensions, as we might if we were designing some
mechanical component, for example, cr constructing a visualization
on the bazts of a simulation. A three-dimenstonal model allows us to
generate many different Images of the same obyjects. For example,
if we havwe & mxxlel of a house, we can produce a view of it from
the fromt, from the back, from each side, from cloge up, far away,
overhead, and so on, all using the same model. if we wera working in
only two ditnensions, each of these imapes wild have 1o be drawn
separately. Working in three dimensions really beging to open up
new creative postibilities when we start to generate a sequence of
images ags we move models and cameras n space, as we will see in
Chapter 11.

3-D graphics, as we ¢all vector graphics based on three-dimensional
motels, is a complicated subject. though, requiring tools that are
hard to master, and shoadd be left to specialists most of the time.
Here, we can only outline the main features of 3-I¢ technotogy, in
order 1o provide an appreciation of the difficalties it presents ancd
the opportupities it has to offer,

In absiract mathematical terms, gencralizing coordinate geometry
from two dimensions to three 1 straightforward. The x- and y-
axes of a two-dimensional coordinate systemn are perpendicular to
each other. If you imagine drawing a set of axes on a flal sheet of
paper and plnning 1t to a vertical wall, you can see that we can place
a third mds perpendicular to the other two, coming out of the paper
horizontally. Just as we can use x- and v <oordinates o defipe
a point's horizontal and vertlcal distance along the wall from the
OTigin, we can use & z-coordinate, measured along our third axis,
to define its distance from the wall. The three coordinates twegether
define a point in 4 three-dimensional space {see Figare 4.35).
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The primitive geometrical shapes of 2-D graphics are replaced by
3D cbiects: instead of a circle, we have a sphere, instead of a
square, a cube, and so on. By an obvions extenslon, a thres-
dimenzional vector defines a displacement In the same way the two-
cimensional vectors we used garlier did. This allows us to dexcribe
translations of objects in three-dimencicnal space. We certainly
have a bagis for 3-D vector graphics.

Even at this stage, it is apparent that three dimenslons may be more
than une and a balf Hmes as complicated as two. Consider rotabon.
in two dimensions we rotate about a point; in thres, we must rotare
about a line. Rorarious about an arbltrary iine can be built out of
rotatons about the axes, bt that still leaves three distinct rotations
1o consider, as shown in Fipure 4.36, which introduces the names
used fur each of them,

=% When we introduced a third dimenslon, we stated that the z-mdis
prints out of the imaginary wall of the x-— plane. Why should it Rot
puint into it? There is oo regson, The coordinace system we have
adupted is no more than a convention. It is koown 85 a Haht-Rarded
coordinate system, a name that Fignre 4.37 should explain, A left-
handed system 13 equally valid, and is sompetimes used o computer
graphlcs. Howewer, the right-banded system is more widely used,
especially by mathematiclans, and we will employ It exclusively,
We have also adopted the convention that the vertical axis is labellad
W, as it was before, but some systems use the x- and 3-pes ta
delioe 8 horizontal growmd plare, with the 2-axis adding beight to it
in that case, the nanies of the three rotgtions are assiponed differenthy
to the three variables, althoueh they retajn the same spatial meaning
— roll 15 always a moverent avand the frontto-back axis, and so
OTL

The added complexity of graphics employing the third dimengion
goes mwich forther than an extta couple of rotations. Instead
of defining shapes by paths, we meg define chiects by surfaces,
which reguire ntore complicated mathematics and are mnch harder
for most people to visuallze. The fact that we can only work
with two-dimensional reprezeniations while building models malics
visualizadon generally difficulr. This problem is forther exacerbated
by the fact that only very powerful workstations can provide real-
e rendering of 3-D models, so it 1s neyally necessary to work with
cruder gpproximations during the design process.

Unce a collection of objects has been modelled, they are arranged
in space, usually interactively, Cften, a complete scene wili be
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Rotations In three dimenslons

Figure 4,37
Right-handed coordinate system
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Mafve rendering algorithms have a
nasty habit af including in the piohws
things that are behind the camera or
on the hidden side of obyjecrs.
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constructed from a few objects that are spedally modelled and
others taken fromm a library, either developed in earller projects
of bought in as the 3-D equivalent of clip art. {Indeed, some 3-D
applications intemded for consumer or corporate use allow you 1o
do little more than arrange ready-built models In space.)

As well as the spatial relatonships between separate ohjects, we
may also wish to consikler the relationships between objects that
form parts of a larger object. Most complex objects have a
hierarchical structure. They carn be described as a collection of sub-
objects, each of which might be a collection of sub-sub-objects, and
50 on, until we reach the smallest component ohjects, which can be
mdelled in a simple way. For example, 2 bicycle consists of a frame,
two wheels, a saddle, handlebars and front Fork. Each wheelis a e
around a rlm, with spokes and a huh. We conld moded the hub as a
cylinder, without decomposing it further. Hierarchical modelling is
a well-established way of coping with complexity in many fields. [n
3-D it hecomes of particular Importance when objects are animated,
because we can then take advantage of the reladonships between
conponents 1o deduce how the olyject must e as a whole.

Rendering is no longer a relatively simple matter of generating
pixels from a mathermatical description. [ 3-0, we have a
mathematical model of objects in space, but we need a flat picture.
Assuming that we want to use conventional Renaissanre perspective
to project the 3-D model onto a plane surface, we will need to
consider the viewpoint, or the position of an Imaginary camera, and
ensure that the rendered picture corresponds 1o what the camera
sees,! while exhibiting the scaling with distance ehat we expect from
PerTspective.

We also need to consider lighting — the positon of light sources,
and the intensity and type of lhumination they cast, whether jtis a
diffuse glow or a concentrated beam, for example. The interaction
of the light with the surface of objects, and perhaps — in the case of
an underwater scene or a smoke-filled room — with the atmosphere
must also be modelled and rendered. IF we wamt to achieve any
sort of reallsm, our models st include not just the geometrical
features of objects, but also their surface characteristics — oot jlst
the colours, but also the teximre — so that the surface's appearance
can be rexclered convincingly in different positions and under
different Hghting conditions. Although 3-D systems are reasonably
good at using lighting models derlved from the underlying physics,
they are not perfect, and designers somefimes have to resort 1o
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physiral impossibilities, such as negative spotlights, for absorbing
umwanted Light.

These added complications mesan that the theory of 3-Db graphics
is a great deal more elaborare than that of 2-D graphics. It also
means that 3-D software is more complex and difficult to use,
Finadly, it means that renderting 3-D moddels can be an extremely
computationally expensive process, that often requires additional
hardware {often in the form of 3-Ir accelerator PCI cards) to achieve
acceptable performance on desktop machines.

Broadly speaking, theres are thre: general approaches to modelling
objects, which are often used in ronjuncton. The simplest
approach, which goes by the name of constrictive sebid geomerry,
uges a few pristdtive geomercic sollds, sweh as the cube, oylinder,
sphere and myramid, as elements from: which to ronstroet more
complex abjects. These elements can be distorred, by squashing
or gtretching, to produce varlations on the gtmple forms. They can
dlse be combined, using cperations usually descyribed in terms of
the set theoretical operators union, mtersecton, and difference.

These operations only do anything to two objects that are placed in
such a way that they share some of the space that they ocoupy —
normally a physical impossibllity, but no problem for a computer
model. Their union is a new ohject made ont of the space secupied
by Lhe bwo topether., Figure 4.38 shows the object formed from
the union of a horizoutal cylinder and a vertical elllpscid.? The
intersection of two objects is the space that the two have in common;
Figure 4.39 shows what happens when the same cylinder and
¢llipscid are intersected: the shape that is produced is otherwise
difficult to describe. Finally, the difference of rwo objects s the
space coclipled by the first but not the second. This operation is
useful for knocking holes out of solid objects, as Figure 4.40 shows.

Congtructve solld geomeiry Is ezpecially useful for modelling man-
mads objects and architechural features, which are often built out
of the same elementary solids. 1t is often found in computer-
aided desipn systems. It ¢an take you a long way with modelling
camshafts, trivmphal arches and toy steam tralns. However, 03 a
glance around your immediate environment will show, many objects
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Figure 4.39
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Where Tast rendering i required, as in
3-D yames, the polymons are often
restricted to triangles, which makae
renvering more efficient. [t also
guaraniees rhat the pohygobs are Aag

Figura 4.40
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1m the real world are not made out of geometric solids combined by
sel operations; these need a different approach.

Free form modelling uses a representathon of an ohject's boundary
surface as the basis of its model. This approach is a 3-D
generalization of the use of paths to enclose shapes in two
dimensions. Instead of building paths cat of lines and mrves, we
must buiid surfaces out of flar polygons or curved patches. Surfaces
constructed as a mesh of polygons can be remdered relatively
efficiently, making this a popular representation.? However, they
suffer from the drawhack that, like ztraight line segments used to
approximate a curve, polygons camnot fit together smoothly when
they are used to approsdmate curved surfaces. This is more serious
than It may sound, becakse it affects the way light is reflected off
the surface, If reflections are broken up, any irregularites will be
readily apparent.

= It is possible 1o generalize Bézier curves to three-dimensional
surfaces in order to produce curves patches that can be fieed
together smoothly. A mubic Bézier swrface palch requires sixteen
conimol polnts, instead of the comesponding ourve™s four, Just as we
tould Joln curves togethey smoothly by ensuning that they meet at
an anchor point and the conmected control points are in a straight
line, 5¢ we can join patches by ensuring that they meet 21 5 common
edge curve and that the connected conirol points lie in the same
plane. This is ¢asy to say, ban Bézier patches are hard to work
with in interactive 3-0 applications, lasgely because moving a single
contrel point can affect che peometry of the whole patch in a way
that may be hard o predict. A more tractable kind of parch is baged
on surfaces called son-ratonal B-spiines or NUREs, which, by uslng
a more coroplicated construction, ensure that the effect of moving
conirol polnts is locallzed. In effect, this makes it possible 1o souwdpl
a smooth surface by pulling and pushing Iv inio the desired shape.
NITRBz are largely confined to high-emd systems.

The generallty and lack of structure of boundary represencations
can make it hard 10 get started with a model. To overcome this
problem, most 3-D programs provide a means of generating objects
with a certain regular stracture or symmetry Brom 2-D shapes. The
resulhing objects can then either be used directly, or their surface
mesh can be altered to produce a less constrained ohject.

The basgic idea is to treat a two-dimensional shape as a cross sectjon,
and to deflne a volume by sweeping the cross section along a path,
T simplest path ls a straight line. A shape creates an ohject
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with a uniform cross secton as it travels along a straight Line. For
example, a circdle creates a cylinder In thds way. This process is
known as extragion, since the objects it produces resembie those
that can be made by industrial processes in which plastic or metal
is forced through an opening Extruded text 1z an application of
this techniquie that bas been so widely used in prodlucing corpovate
fogos ag to have become a cliché. To preduce more elaborate
ohjects, a ourved path can be nsed, and the size of the cross section
can be altered as it moves along 1t If the path is a copnventlonal
Bézier path, arganlc shapes can be generated. If It is a clrcle,
the resulting ohjects exhibit radial symmetry. If a switable shape
is chosen, circular path: can be weed o penerate many types
of drinking vessel and vaze, as well as meachanical compoanents.
Becanse of the resemblance of the resulting objects to Taditional
turned artefacts, this special case 12 often called lathing. Flgore 4.41
ghows some simple ohjects constructed hy extrusion and lathing.?

The third sppracch to modelling 1s procedural modelling. Here,
instead of using models thar can be described by equations, and
storing enly the constants that define & particular instance, we oge
vhiacts that are described by an algorithm or precedure. Thus,
returning to two dimensions for a moment, instead of defining a
cirele by the equation %2 + %2 = #2, we could define it by some
procedure such as ‘draw a curve that maintaing a constant distance
+ from the origin'. I this case, the procedural representatdon
=z not very helpful — the equaden tellz you how to implement
the procedure -- but for naturally ocowrring objects with a more
coriplex, less mathematically tractable, simuciure, algerithms may
provide a description where equations cannot.

The best known procedural modelling techpiques are based on
fracrals. These are often described as shapes that exhibit the same
structure at all levels of detail. Figoure 4.42 shows a famous example
of such a shape, and its construction, We start with the shape at the
tog, consisting of four equal line segments, arranged as a stradght
line with a bump in the middle. We then replace each segment by a
scaled down copy of the entire shape, as shown on the second line.
We continue in the same way, replacing each of the segtnents of each
of the zcaled down coples with a capy of the original shape scaied
down further, and 50 on. The bortom two lnes show later stages
in the procedure. You can imagine that, if we were able to continue
in this way to infinity, we weuld end up with a crinkly corve, with
# bulge in the middle and two legser coinkly bulges wo each side. 1f
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Figure 4.41
Lathed and exiruded nhjects
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Toe flowers are slightly extruded From
a drawing you cah find in Chaprer 135,
‘This i= enonpgh to make them inte
objects thad can be posidoned in three
dimensions.
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Figur= 4,42
Constructing a well-known
fractal curve
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Figurs: 4.43
A fractal snowflake
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Figura 4.44
Consitructing a fracial
mountainside

Flgura 4.45
3-D random fractsl comstruction
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vou were then to magnify amy part of the curve and look at 1t you
wonld see a crinkly corve, with a bulge In the middle and two kesser
crinkly tmlges to each side, which, If you were to magnify any part
of it...

The appearance of certain natural features, such as coastlines,
mountaing and the edges of clouds, approximates this property:
their small scale strachare 1s the same as their large scale siructure,
Figure 4.43 shows that three of the curves we just constructed can
be put together to make a snowflake. Fractals can be extended to
three-dinmmnsional structures that exhibit the same sort of similanity
at different grales. Whereas this particular sort of shracture cannot
be described by eguatons, it is, as we have just demonsirated, easily
described by a recurgive algorithm.

Where fractal algorithms are used to mode]l natural phepoinsena,
tn element of randomness is uspally lneroduced. For example,
a very simple fractal might be made by splitting a line into two
parts, moving the centre point a certain distance, and then applying
the constocton recursively to the two habves. If the distarce
moved is not a constant proportion of the length of the segment
but a random distance, the resulting shape will stll display a
recognizable similarity at different scales, without being exactly
internally replicated. Figure 4.44 shows a curve being constructed in
the manrer just described; 1t conkd be sald to resemble a mountain
slope. in three dimensions, a similar construction can be applied
to construct terraings out of internally sub-divided triangular areas.
By joining the mld-points of the three sides of a triangle, it can be
divided into four smaller triangles. The mid-points can be ranlonly
displaced perpendicularly to the plane of the original triangle, as
indlcared in Figure 4.45, and then the constructon can be applied to
each of the small triangles. This process can be applied to arbloary
polygons, and repeated Indefinitely to produce arbitrarily fine detail
with the irregular appearance of natural terrain, ag exhibited by the
landscape in Figure 4.46.

7Y Note that the structures used in this sort of modelling are pot,
strictly matbematically speaking, fractalz. A mathernatician's fractal
ghows the same stracture at @lf scales, right on to infinity. Fractals
are zaid fo be self-simidar. In computer graphics, we cannot do
this, nor do we waot to: we can’t show any detail smaller tham a
gsingle pixel, and in any case, 10 model natural feanures we must
introduce a rardom element. The candomized structores commanly
used In modelling are a finlve approximation to a class of structures
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lnowm as ramndom fracials, which have the property that at any scale
the components have the same-statistical distribution as the whole
suucture, This property i2 a random equivalent of the property of
true fractals that at any scale the componenis are identical to the
whaole, To ensure such sratistdcal zeff-similzriny, constreints omast
be plaved on the random factors introduged at eack stage of the
construcion of these chyjects.

Two other procedural modelling techniques deserve a brief men-
tion. Metakalls are sometimes uged 1o model soft objects. Metaballs
are just spheres, but their interactdon iz maodelled vsing the same
sort of mathematics as physicists wse to model the slectric Helds
around charged spheres. When hwo metaballs are placed close
together, the fields coalesce into a composite field with & smooth
boundary {see Figure 4.47). In 3-TI; graphics, thiz boundary 13 nsed
a5 the surface of a composite shape. Complex objects can be built
by sticking metaballs vogether. The resulting shapes have a soft,
organic quality that is difficult to achieve nsing other methads of
modelling, The process of constructing ohjects from metaballs
somewhat resembles modelling using clay, so tocls based on this
apptoach can have a more Intudtive feel than more traditonal
geometry-based, systems. The fields around other shapes besides
spheres can be modelled in a similar way, to allow a wider range
of soft objects to be constructed easily. These models count
as procedural ones because the disposition of the surfaces s
compated algorithmically from the positons of the balls; there i
no need to shape the actusl surface, in the way polygon mezhes
nmst be shaped by the designer.

None of the wechniques we have described so far is particularly
suitable for modelling phenomena such as rein, fountaing, fre-
works, of grass, consisting of a large nmmber of seml-ndependent
elements, with some shared properties. Often, the elements are
mmoving, and the laws of motion impose certain patterss on them,
as in the ¢ase of a fountam. To model such things by placing
individual drops of water, blades of grass, sparks, and so on. calls
for a dedication to detail, and an amount of time, that many 3-D
graphic artists lack. Particle systems allow festures made out of
many particles to be specified in terms of a few parameters, from
which the positions of the individual particles can be computed
algorithrmcally. Particle systemns were first used for film spedal
effects™ but are now avallable, at varying levels of sophistication,
in desktop 3-17 systemes.
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Figure 446
Fractal terrain
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Coalescing flelds around
metahalls

5

Therir Frat ceposted uge wak in
creating the "Genesis effect” in Star
Trek I The Wrarth of Kham
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Rendering

5

Research work 19 being dooe fmo
generating 3-D bolographic
projectiots diverthy from maodels, bur
it £ull bas a long way to go
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The modelling technique used In particle systems beads on to
the wWihnate procedural modelling systems physics.  Established
mevdelling rechnlques are primarlly based on the desired appearance
of the objects. K, instead, we hase our models on the physical char-
acteristics of nbjects — their mass and its Jdistribution, elastcity,
optlcal propertes, and so on — the appearance can be deduced
wsing physical laws. Such physical models could be wremendoushy
powerful, since a single description of an object would suffice ta
dietermine its appearance in any position or envircment. Combined
with the laws of moton, physical models coudd be uged to describe
moving ohjects, and 30 to geperate animatior, Unfortunately,
although physicists feel able to construct modeis of the evoluton
of the entre unlverse, modelling such things as the way clothing
drapes over a figure is beyond current theories. A great deal of
research has been carried out in recemt years, particularly into
modelling textlles, and ¢ 13 heginning to bear Froit, but It requires
intensive computation and its use is stll confined to research
laborateries and high-budget film produection

3-D madels only exist inside computers, all we can see is two-
dimenstonal images generated from themn® This i5 the case both
when we wish to produce a final image from a model, and when
we are working on a model in a 3-D application. Im both cases,
a rendering operation is needed; in the latter case, this mst be
done rapidly encugh to provide visual feedback. As we will shortly
see, rendering high quality mmages is time consuming, so 1t Is
usually necessary to compromise on quality while a model is being
built, Because of the complexity of rendering, and Its computational
demands, It is common for 1t to be handled by a specialized module,
usually referred to as a rendering engine. [t may be the case
that a rendering #ngine is optimized for muldprocessing, so that
rendering can be spesded up by using a collection of processors
operating in paraliel.

Almost all contemporary 3-I¢ graphics aspires to the sort of
realism associated with photographs. That Is, it uses Renalssance
perspective comventions {distant ohjects are smaller than near onesk
amd attempts to represent the effects of light on differeny surfaces
in a way thar is consistent with the laws of optics. The mathematics
of perspectve projection has been understond for a long tme, so it
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15 relatively easy for a rendering engine to work out which points an
an image plane correspond to each of the nedes of a 3-0 model,
By joining these points to show the edges of obyjects and of the
polygons making np surfaces, 1tis possible to produce a wire frame
image of a model, as shown in Figure 4.48. Wire frames are often
used as preview images in modelling programs. They can alsn be
useful in compuier-aided destgn systeimns, since they contain encugh
infermation to provide answers fo questions such az "Does the door
provide adequate clearance for the planc when it 15 fully open?’ For
most purposes, thovgh, they are not acceptable.

Wire frames’ most noticeable feature is the absence of any surfaces.
Thi= has the chvious disadvantage that ne surface detall can be
shown, and the less obvious disadvantage that they de not contain
encugh information o enable us to determine objects’ orientations
unambiguonsly — in Figure 4.48, can you determine the form and
orientatlon of every object, and which of their vertices is nearest to
viu? (Look at Flate 8 10 check your aoxwers.) In ooder to show the
surfaces of ohjects, it is necessary to determine which of them are
vigikle. The far sides of objects are considered hidden in perspective
views”, as are surfaces, or parts of surfaces, with other objects in
front of them. Determining which surfaces arc visible, starting only
frorn a8 model hased on the coordinates of corners of objects, is nor 3
trivial tasi, bur it is ome thar has received attenton almost from the
bepinning of computer graphics. There are several tried and tested
dlgorithms for performing pldden suvface removal Once this hay
been dome, the next task is to determine how to render the visible
surfaces.

One answer is to colour them arbitrarily, ensuring that no two
adjacent taces are the same colour. This approach makes no
pretence at photographic realism, hut ensures that the shapes of
chjects are clearly visible. An alternative is to asxign a calour o
cach object, and render its entire surface in that colour. This is more
consistent with pur expectations about surfaces, but leaves some
visual ambiguity. To resoive this ambiguity, and to begin to produce
images that resemble photopraphs, we must take account of the
way light ftnteracts with surfaces. This mwans that our medels mist
include gufficient infarmation about lights and surface properties.
n most 3-0 modelling programs, surface characteristios can be
associated with an cbject by sctting the valucs of some paraineters,
including its colour and reflectivity. {(Some systems allow the
designer to pairt on the surface of models in order to specify
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Figure 4.48
Wire frame rendering of objects
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One cauld envizage a cubikl projection
ity which this was ol the case,
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The mndels of fThmuination are Joosehy
derived from ihe physics, but also
incorporate henristics almed at
produocing an acceptable result and
not an optical sloudation.
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thedr surface characteristics indirectly.) Lights can be created and
positloned In the same way as other obyjects; the designer merely
selects a type of light — spotlight or peint source {such as the sumh,
for example — and specifies its position and intensity. [t is up o
the rendering engine to produce an Image that ks consistent with the
lights and materials that have been used in the model.

Different algorithms — usually called shnding algorithms — are
employed for this task, each Incorporating different models of how
light interacts with surfaces and each using different appraxdma-
tions to allorw rendering to be performed with reasonable efficiency.
Rendering engines uswally allow you to choose the most appropriate
shading algorithm for the needs of a pardoular model. There §s
wsarally a trade-off berween the final quality of the image — or at
least, of its treatment of light — and the amount of computation
required.

The simplest way of shading an object whose surface i made out
of polygons 1z o caloulate a coloyr value for each polygon, based
on the light siriking it and iis own optical properties, and use that
value to colonr the whole polygon. Adjacent polygons will often
have different colours — they may be at a different angle o the
light source, for example — and, as we mentioned earlier, this
witl make the discontinuities between polygons readily visible, To
disguise this effect, and ro produce a more convincing rendering of
the polygons, more sophisticated algorithms interpolate the colour
acroas each polygon, on the basis of colour values calculated at the
vertices. One such interpolation scherme is Gouraud sheadimg, named
after 15 inventor. An alternative, which does the Interpolaticn
differently, is Phong shading. Phong's approach works better
when the Muwination model belng nsed takes acoount of specular
reflection — the Hght thai bounces off the surface of shinmy (or
partially shiny) clyjects. The resufting highlights are rendered by
Fhong shading in a quite convincing way.

The shading algorithms mentioned so far only deal with each object
in isolation, but in ceality, the appearance of an object may be
affected by the presence of others. As an exireme example, the
appearance of a glass full of water will depend on what ls behind
it, while that of a mirror will depend on the objects Lt reflects.
Generally, light may bounce off several objects before reaching the
eye, and he influenced by their colour and surface. Ray fracing 1a
a shading alportithm thar attempts o take account of this. it works
by tracing the path of a ray of light back from each pixel in the the
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rendered Image to alight source. On the wiry, the ray may bounce off
several sarfaces, and the ray tracer will take account of their effect,
uging a model of lumtnation and information about the materials
of the obiacts In the scene, 1o compute the colour and intengity of
the atardng pixel Pate 8 shows two renderings of Figure 4.48 by
a ray tracer, and iflustrates the qualities of different suxvfaces that
can be applied to the objects. The ray Tacing computation {8 quite
complex, and it musi be repeated for every pixel in the rendered
Image — very possibly millions of pixels. Until recently, therefore,
ray tracing was confined to hiph-performance workstatjions, but
the extracrdinary advance in the speed of personal computers has
made ii feasible to use ray tracing in desktop 3-Ir systems. It is
now the preferred shading algorithm for 'photo-reallstic' graphics.
It can produce excellent results, particularly in scenes inclhuding
ransparent Or Semi-trans parent ohjects,

An alternative approach to the ioteractions between objects is
radicsiry, which attempts to model the complex reflactions that
ocour hetween surfaces that are close together. This provides a
more accurate representation of scattered and ambient light, and is
especially vseful for faterior scenes. Radiosity is mwre accurately
based on the physics of light than other shading algorithms. It
also differs from them in computing the lighting on a model
Independently of any rendeved view of it; esgsentally, it adds the
compubed light values to the model. This ineans that the fnal
rendering of an image can be done very efficlently, although the
Initial computaticn of lighting values {5 slow.

These ghading algorithms depend on Informatlon about the mats-
rlal of which an object is composed. Where the surface contalns
a great deal of detail, it may oot be feasible vo specify this
Informsatdon precisely enotgh for every small feature ta be rendered
accurately. A popular way of adding sarface details to 3-D models
i5 teddure mapping, A image, typically a patterIl representing scine
particular sort of surface's appearance, such as fur, bark, sand,
markle, and 3o on, 13 mathematically wrapped over the surface of
the obiect. That is, matlematical irensformarions are applied to
the pixels of the rendered object, bazed on thoge of the image,
to produce the appesrance of an object with the Image wrapped
around it. To see the effert Gf thie, Imapine carting a picture out
of a magazine, wrapping 1t round a physical olyject, and sticking it
down, This will work quite well for boxes, producing a box whose
surface has the appearance of the picture, but 1t will work muoch less
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well for spherical or irregular shaped objects. IF you can further
Imagne thar the picture was printed on a very thin sheet of rubber,
you can see that it would be possible to glue it to these shapes, but
that it would become distorted in the process. Texture mapping
is simndlar to ghuing rubber pictures to objects, and may inroduce
the same sort of distortion, bat It can also provide a comnendent
means of applying detail to a surface. Related operations inclode
bump mapping, where, instead of using the pichire to form the
surface appearance, we use It to apply bumpiness or roughness,
and fransparrency mapping and reflection mapping, which modify
the correspording optcal characteristics on the hasis of a two-
dimensional map in the same way.

= It is by po means nnoommon for a rendered image 1 e inported
mto an image manipulation program, such as Photoshop, for further
processing of the sort we will deseribe in Chaprer 5.

of 3-D Graphics

The complexity of modelling and rendering arbitrary 3-D objects,
and the difficulty of mastering general-purpose 3-D tools, sirongly
suggest that, where possible, specialized tools dedlcated to a
specifc type of model should be used. With a specialized modelling
program, a designer can use higher level abgtractions thar belong to
a particular domain without having to provide peneral modelling
tools for any and all nypes of object. For example, in a fAigure-
modelling program you would build a body out of arms and legs,
and so on, instead of trying w0 consouct it as a pelygon mesh.
The rendering engine can use algorithms that are optimized for
the characteristic models produced within the limits set by the
madeller. A further potential advantage i3 that manipalating ohjects
that correspond to things in the world, instead of manipulating
their geametrical components, is betver fitted to the ways of seeing
that artists amd designers are experlenced with. (Traditdonal 3-D
systems, on the other hand, are generally more suited 1w the ways
of seelng of engineers amd scientists, who may find them easfer
and more Familiar than the specialized applications we will describe
next.}

Two preminent examples of such tools {both from MetaCreations)
are Bryce, for landscapes, and Ppser, for human and animal figures.
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In1 Bryce, modelling terrain is a basic activity, not, for example, one
way of using polygon mesh ohjects. A terrain object reprasents
the shape of a landscape; it is constructed from a greyzcale image,
whose hrighmess represents the helght of the 3-D terrain model
Figure 449 shows Bryce's terrain editor, with a preview of a terrain,
and the image (a fractal ivnage, in this case) fom which it is being
gensrated. Terrains can be based on an imported tmage, or one
painted by hand; they can be generated antomatically using fractals,
or built from US Geologleal Sorvey satellite data; they can be eroded,
as if by rain, and given features such as ridges or canyons. Elaborate
facilitics are provided for creating textures and materials to apply
ta terrains, to simulate the appearance of nanaral or fantastic
phenomena.

To compilement its terrain modelling, Bryce provides facllities For
modelling sky and atimosphere. Clouds, fog, haze, the sun, moon
and stars, evern rainbows can be added to the sky. All thess features
can be customized to a fine degree.

Bryce uses ray tracing, optimized for landscape models, to render
its final output. Although Bryce is by no means a trivial program, it
alloavs a desipner withorit the specialized skills required by general
3-D appllcations to produce landscapes, such as the one shown in
Plate 14, with relatve ease,

nz

Figure 4.49
Bryce's terraln editor
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Poser is dedicated to posing figures in a realistic way. Figures are
a digital sguivalent of the traditions manikins, or wobden joimted
maxdels usad by artists as a subsdtute for live models. The limbs
of maniking can be positioned to imitate kifelike poses, which can
be drawn by an artdst, In a sindlar way, the limbz and other body
parts of a Poser figure can he placed in a pose, and then rendered
to produce an image of a figore. Just as the joints of a well-made
manilin only move in ways that real people’s |oints can mowe, 30
Poser figures are suhject to constraints that force their pases to be
physically realizable: the hand oh a figure of a person cannot turn
360° on their wrist, for example. Recent releases of Poser provide
extensive comtrol over facial expressions as well as poses.

Paser has a bbrary of figures, including variations of male and
fermsle hamman figures, ad seme animals (althoogh these are not
as Mully realized as the bomen Agures). Most aspects of their
physiology can be costomized, and they can be given clothes, which
can also be customized; textures and other maps can be appdied
to people and clothes, either to create realistic skin and vextiles,
or 1o produce Eantastic effects, such as wansparent peopde. Poser
treats Agures ag figures, not s 3-D models of the kind we described
earfier. Tt thus provides an intuitive way cf producing 3-I} medeils
representing people and animals. Because of our particularly
intimate wnderstanding of figures, and the notarkous diMculry of
produring convincing representations of them, this 1s an especially
suitable domain for a specialized modelling approach.  Whether
results sich as those shown in Plate 9 have any warth 1s a matter
of opinion. {There exist more powerful figure modelling programs,
which are uged by flm efects units to proaduce more lifellke results.)

> Poser provides a good example of the need for ingenious compnrter
programs to be supplemnented by buman sidlls. [n order to produce
convincing resudts, whether in posing Agures or In <rearing new
omes, it £ pecessary 10 understand how people are put together
and o they move. This sort of understanding can only come
from lenygthy soudy, a5 practised (n ieaditional Ufe drawing classes.
Although the computer night maks [t unneceszary 0 know how to
harstle charcaal or palnt, it does not affect the need for the real skills
of seeing and understanding that rraditlonal art educatlon seeks to
develap.

Poser and Bryce ran be used together. For example, a [figure
made in Poser can he imported into Bryce to be placed in a
landscape. Both applications can also export models in formats
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that can subgequently be imported into a general purpose modelling
application. Models constrscted in both Poser and Bryce can be
animated — see Chapter 11.

= Another of MetaCreations' programs js speclalized in a different
way, Canemaz 15 dedicated ro a2 single way of consiructing models:
Image-assisted modelllng. The stacting polat for a mode] §s a
photograph (or several photographs), and the model is constmicted
by ‘pirming’ the nodes of a wire frame 10 corresponding polnts on
the phorograph. The photographic image is then mapped oo to the
surface of the resulting solid, so, in effect, the original picture is
extended oto the thingd dimengion. Clearly, in order to produce an
scomate model, pictures of at least two sides of the object Tmse
e used in conjuncton with each other. The pinning operztion
works best on ohjects, such as bulldings and domestic appllances,
which are Fundamentalty slmple geometric solds, Hence, although
Canamz 15 not dedicated 1o a specific area, in the way that Bryce
and Poser are, This method of modelling s best avited for certain
applications, such as producing architectural madels,

Further Information

Arnimation of vector graphics, including 3-I, is described in Chap-
ter 11. [FvDFH96] corntaings a comprebensive wechnical account of
mast aspects of vector graphics; [WwW92] provides details of ray
racing apd radiosity. [Vin92] and [O'R98] are more accessible
introductions te 3-D graphics.

Exercises

1. True ot false: anti-allasing never afferts the appearapce of
vertical and horizontal lines?

3. (For mathematiclans.) For maty purposes, it is convenient to
kmow the bounding box of a vector graphics oblect, that is, the
smallest rectangle that entirely encloges the ghject,

{a) Show that the hounding bax ¢n its own is an adeguate
representation for an ellipse.

{b) Can a Bézier curve be represented by a hounding box?
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3. What happens if two Bézier curves with conirol points £y, P,

Fy and Py, and Py, P, Pe and Pr are jolned at Py 8o that M,
Pq and P; are in a straight line but P and P are on the same
side of Py7

. Gradient fills are not directly provided in PostScript and

other low-level graphics languages. Describe how you would
implement linear and radial gradients using the other vector
graphics primitives described in this chapeer.

(@) The algorithm for computing the winding number of a
point pelative w a path does not tell you what to do if
the line you construct coinrides with.part of the path or
towches it tamgentially. How wonld you cope with these
possibilities?

{b) An alternative to the non-zero winding number rule that
is sometimes used instead is the edd-ven rule, which is
comapuited in a stmilar way by constructing a e from
a point and counting crossings, only this dme you just
count the rumber of titnes the path crosses the Line. If
it is even, the point is outside the path, if i is odd, it is
inslde. Droes this yide always give the same result as the
noarzero winding number rule? If not, when will they
disagree?

. The difference operation in constructive solid geometry is not

cornmmatative, that is, if we subirace shape A from shape B the
result is different from what we get by subtracting shape B
from shape A. Figure 4.40 shows the effect of subiracting the
cylingler from the ellipsoid. Sketch the ohject that would be
obtained by subtracting the ellipsoid from the cylinder.

. Under what circumstances would you not use ray tracing to

render a 3-D scene?

. Suggest two types of speclalized 3-D graphics; besides land-

scapes andl figures, for which it would be sensible 10 use
special-purpose tools instead of general 3-0t graphics pack-
ages,  Cutline the main featwres you would expect in the
correspoading tools — what abstract components would
they suppert, and how might they take advantage of char-
acteristics of your problem domains (0 optimize rendering
performance?



Bitmapped
Images

Conceptually, bitmapped images are much simpler than wector
graphics. There is no need for any marthematical modelling of
shapes, we merely record the valure of every pixel in the image. This
tneans that when the image is ereated, a value has to be asslpned
to every pixel, but many images are created from external sources,
such as scanmers or dightal cameras, which operate in a bitmapped
fashion anyway. For creating original digiral images, programa such
a5 Painter allow visual artists 10 nse familiar technigues (at least
metaphorically) to palnt images. Ad we painted ot earlier, the main
cost for this simplicity is in the size of image files. There is, though,
one area where bitmaps are less simple than vecters, and that is
resolition. We tolched on this in Chapter 3, but now we shall ook
al it int more detail.

The concept of resolution is a simple one, but the different ways in
which the word is used can be confuesing. Resoludon is a measure
of how finely a device approximates confinuous images uaing tnlte

Resolution
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pixels. It is ths closely related 1o sampling, and some of the 1deas
about sampling rates introduced in Chapter 2 are relevant to the
way resobution affects the appearance of images.

There are two commnron ways of specifying resolution. For printers
and scanners, the resolution is usually stated as the number of dots
per untt length. Usvally, in English-speaking countries, it is specified
anachronistically in units of dots per inch {dpil. At the tme of
writing, desktop printers typically have a resoluton of 600 dpd,
while Imagesetters (as used for book production) bave a resolution
of abour 1200 1o 2700 dpi; Aatbed scanners’ resolution.ranges from
300 dpl at the most basic kevel 1o 3600 dpi; Tansparency scanners
and drum scanners used for high quality work have even higher
resolations.

In videq, resolution is normally specified by giving the slze of a
Frame, measured in pixels — its pixe! dimensions. For example, a
PAL frame is 768 by 576 pbeels; an NTSC frame is 640 by 480!
Obviously, if you know the physical dimensions of your TV set or
video monitor, you can translate cesolutions specified in this form
into dotz per inch. For video it makes more sense to specify image
resolution in the form of the pixel dimensions, because the same
pixe] prid is vsed to display the picare on any monitor simng the
same video standard) irrespective of its gize, Similar conslderations
apply to digital cameras, whose resolation is also specified in terms
of the pixel dimensions of the Image.

Knowing the plxel dimensjons, you kmow how much detadl Is
contained in the image; the number of dots per inch on the curput
device tells you how big thar same image will be, and bow easy it
will be to see the individual plxels.

Compauter monltors are bagsed on the same technology as video
monitors, sg i i commrm w see their resoletion specified as an
image size, such ag 640 by 480 {for example, VIGA), or 1024 by 768.
However, mondior resolution is sometlmes quoted in does per inch,
because of the tendency in computer systems to keep this value
foced and to inerease the pilxel dimenslons of the displayed image
when a larger display is wsed. Thus, a i4 inch monitor provides a
640 by 480 display at voughly 72 dpi; a 17 inch monitor will provide
832 by 624 pixels at the same munber of dots per inch.

& There is an extra complication with colour printers. As we will see in
Chapter &, in otder 10 produce a full range of colours using just four
of six inks, colour printers arvange dots in groups, using a patcecn of
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different coloured inks within each group to produce the requited
colour by optical mixing. Henre, the slze of the coloured pixel is
greaver tham the size of an individnal dot of k. The resolution of
a printer taking accoumt of this way of mipdng colowrs §2 quoted in
Mnes per inch {or other unit of length), Falkaving «:tablished printng
practice.? The mmmber of lines per inch will be a3 moch as five dmes
lower than the number of dots per inch — the exect ratio depends
on hewy the dots are arranged, which will vary between printers, and
may ke adjustable by the apersior. Yoo should realige that, although
a colonr printer may have a resphution of 12{4) dots per inch, this
does pot mean that you need (o use such a high resohition for your
intages. A line resohutlom of 137 per och 1s conmmonly used for
printing magazines: the colour plates In this book are printed at a
resaluton of 150 Yines per inch.

Now consider bimapped images. An image is an array of pixel
values, 50 it necessarily has pixel dimensions. Unlike an Input or
output device, it has no phpsical dimensions. In the absence of
any Purther information, the physical size of an huage when it is
displayed will depend on the reselution of the device it is to be
displayed on. For example, the square In Figure 3.1 on page 7D
i 128 pixels wide. When displayed at 72 dpd, as it will be on a
Macinioah monitor, for example, it will be 45mm square. Displayed
without scaling cni a higher reselution monitor at 115 dpi, it will
omly be a little over 28mm square, Prioted on a 600 dpi printer, it
will be about 5mm square. (Many readers will probably have had the
experience of seeing an imnage appear o screen at a sensible size,
only to he printed the sizé of a pastage stamp.] In general, we have:

phvzical dimension = pixel dimension/ device resolution

where the device resolution is measured in pixels per unit length.
(T the device resclution is specified in pixels per inch, the physical
dimension will be in Inches, and 30 a1z}

Images have a ngtural size, thougi: the gize of an aviginal before
it is scanned, or the size of canvas used to create an Image in
& painting program. We often wish the lmage to bée digplayed at
i3 natarad size, and not shrink or expan<d with the reschation of
the ouiput device. In order o allow this, most tmage formats
record a reschation with the image data. This resolution is usvally
quoted in undts of pivels per inch {ppi), to distinguish it from the
resolution of physical devices. The stored resolution will usaally be
that of the device from which the image originated. For sxample,
if the Image is scanned at 600 dpi, the stored image resofition
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will be 600 ppl Since the pixels in the image were generared
at vhis resolution, the physical dimensions of the image can be
calculated from the pixel dimensions and the Image resohition. 1
is then a simple matter for software that displays the image to
ensire that it appears at 1ts natural slze, by scaling Lt by a facvor
of device resolutionf image resolution. For example, if a photograph
measwred 6 inches by 4 inches, and it was scanned at 600dpi,
its hitmap woukd be 3600 by 2400 pivels in size, Displayed in
a simple-minded fashlon on a 72dpi monitor, the Image would
appear 30 inches by 32.3 inches (and, preswmably, require scrotl
bars). To make !t appear at the degired size, it must he sealed by
F2/600 = (.12, which, as you can easily verify, reduces it 1o its
original size,

If an image’s regolution is bower than that of the device oo which it
is to be displayed, it must be scaled up, a process which will require
the interpolation of pixels. This can never be done without loss of
huage quality, so you should ey to ensure that amy images you use
in your multimedia productions have an image resolution at least as
high as the monitors on which you expect your work to be viewed.

If, on the other ham], the image's resolution is higher than that
of the cutput device, pixels must he discarded when the image
is scaled down for display at its natural size. This process I3
called downzampling. Here we come t© an apparent paradox.
The subjective quallty of a high resolution image that has been
downsampled for display at a low resolution will ofven be betver
than that of an Image whose resolutlon is equal to the display
resolution. For example, when a 600 dpi scan is displayed on screen
at 72 «pi, it will often look better than a 72 dpd scan, even though
there are no more phiels in the displayed image. This is because the
ecanner samples discrete points; ar lower resolutions these points
are more widely spaced than at high resolutions, so some image
detail is missed. The high resolution scan contains information that
is absent in the low resohaticn one, and this information can be
nsed when the Image is downsampled for display. For example,
the colour of a pixel might be determined as the average of the
values in a corresponding block, instead of the single point value
that is available In the low resolution scan. This can result in
smocther colour pradients and less jagged lines for some Images.
The techirique of sampling images (or any other signal) at a higher
resolubion than that at which it iz uitdmately displayved is called
oversampiing.
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The apparentdy superior quality of oversampled images will only
be obtained i the software performing the downsampling does
20 in a sufficdlently sophisticated way to make use of the extra
information available in the high-resohation image. Web browsers
are notoriously poor at down-sampling, and usually produce a result
no better than that which woould be obtained by starting froin a los-
regoluion original. For thet reason, Images Intended for the World
Wide Web showld be downsampled in advance using a progran such
a5 Phatoshop,

We will describe resampling in more detadl later in this chapter,
when we consider applying geometricel transformations to bic-

mapped lmages.

Informatlon once discarded can nover be regained. The coachasion
would seem to be that one should always keep high resclution hit-
mapped images, downsamprling only when it is necessary for display
PUrposes or ty prepare a version of the image for display software
that does not downsamples well.  However, the disadvantage of
high resoludon images soon becomes clear. High resolution limages
contain more pixels and thus ocoupy more disk space and take
longer to transfer over nerworks. The sive of an image increases
as the sguare of the resolutdon, so, despite the poasible gains in
quality that might come lrom oging high rezolutdons, in practice
we more often need to use the lowest rezoluion we can gel away
with This itmst be at least as good as an average monitor iF the
displayed qguoality ts to be acceptable. Even at rezolutiony ag low as
72 or 96 ppl, mage fles can beconie unmanageable, especlally over
neiworks. To reduce thely size withoont unacceptable logs of quality
we mnst use technigues of data compression.

Image Compression

Consider again Fipure 3.1. We stated on page 70 that its bitmap
representation required 16 Klobytes. This estimate was bazsed on
the assumpticn that the hnape was stored as an array, with ong byte
per pixel. In order to display the image or manipulate i, it would
bave to be represerited in this form, but when we only wish to record
the values of its pixels, for storage or mansmission over a network,
we Can use a moch more compact data representation. Instead of
storing the value of each pivel explicitly, we could instead store
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4 value, followed by a coumt to indicate 2 number of consecutve
pixels of that value. For example, the Arst row consists of 128 pixels,
all of the same colour, 50 instead of using 128 bytes to store that
row, we could use Just pwo, me to store the valwe corresponding 1o
that colour, another to record the pumber of coourrences. Ikdeead, If
there was oo edvantage to be gaived from preserving the identity of
individual rows, we could go further, since the firgt 4128 pixels of
this particular mage are all the same colour. These are followed by
a run of 64 pixels of another colour, which again can be stored using
a count and a colour value in two bytes, Instead of as 54 separase
byvtes all of the same valope.

This simple technique of replacing a run of consecutive pixels of
the same colour by a single copy of the colowr value and a count of
the number of pixels in the run is called run-length encnding (RLE).
In common with other methods of compression, it requires some
computation In order o achleve a saving in space. Another feature
it shares with other methods of compression 1s that its effectiveness
deperdis on the image that is belng compressed. In this example,
a large saving in storage can be achieved, becanse the Image is
exiremely simple andd consists of large areas of the same colour,
which give rise to long runs of identical pixel valwes. I, instead,
the image had consisted of alternating pixels of the two colours,
applying RLE int a naive fashion would have led to an increase in the
storage requirement, since each 'mn’ would have had a lengrh of
one, which would have to be recorded in additdon o the pixel value.
More realistically, images with continuously blended tones will not
give rise to runs that can be efficiently encoded, whereas images
with areas of flat enlour will,

It is a general property of any compression scheme that there will
be some data for which the ‘compressed” version is actuwally larger
than the uncompressed, This must be so: if we had an algorithm
that could always achieve some compression, no matter what tnput
data it was given, it would be possible to apply it toits owa cuatput to
achleve extra compresskon, and then to the pew cutput, and 50 on.
arbitrarily many times, so that any dara coeld be compressed down
to a single byte (assuming we do not deal with smaller units of data).
Even thomgh this is clearly absurd, from dme to time people claim
to have developed sech an algorithm, and have even been granted
Patents.

Run-ength enroding has an important property: it Is always
possible to deconpress rur-length encoded data aod retrieve an
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deromprezzed data decompressed data

compressed dara recompressed data

original data

3

Figure 5.2
Lozsy comprasskon

exact capy of the original data as it was before compression. If
we take the 16 kilobyte arrey representing Fignee 3.1 and apply
RIE compressiem to i, we will be able to apply an cbvious
decompression algorithm to the result to get back the original
arpay. RLE is an example of a lngsless compression technique, since
no Information is lost during a compression/decompression cycle
isee Figure 5.1} In contrast, lessy compression techoigoes work
by discarding some lnformation during the compression pProcess.
Once discarded, informatfon can never be retrieved, $0 when data
that has been logsily compressed 18 decompressed, the result 1s
only an approxmation to the original dsta (see Figure 5.2). Lossy
compression is well suited to dar, such as images and soundd,
that ariginates in analogie form, sibce, as we saw ih Chapter 2,
its digital representation is an approximation anyway. Clever
design of compression algorithms can easuxe that ondy data that
15 insignificant to perception of the Image or sound is discarded,
50 that substaniial savings in storage can be achieved with linde
or no perceived lpss In guality. However, because Information
is lost during every compression/decompression cycle, if data is
repegtedry compressed, decompressed and then compressed again,
its gquality will progressively deteriorate.

A full description of the mechanirs of compression lies beyend the

scope of this bool; we will just introduce the main algorithms you
are likely to encounter.

Lossless Compression

RLE iz the simplest logsless compression algorithm to understand,
bt it is far from the most effective. The more sophlsticated
lossiess algorithms you are likely to encounter 811 into fwo clagses.
Algorithins of the first class work by re-encoding data so that the
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most frequent values occupy the fewest bits. For example, if an
image 1ses 206 codonrs, each pixel woild normally occupy eight
hits (see Chapter 6). if, however, we could assign codes of different
lengths to the colours, s0 that the code For the most comuron colour
was only a single bit long, two-bit codes were used for the ned mosy
frequent colours, andd s0 om, a saving in space would be achieved
for most images. This approach to encoding, using variaBe-fength
codes, dates back to the earliest work on data compression and
information theory, carried out in the late 19405, The best known
algorithm belonging to this class is Huffman coding.?

Although Buffiman coding and its derivadves are stll wsed as part
of other, mare complex, compression techniques, since the late
19705 variablelength coding schemes have been superseded to a
large extent by dictionary-based compresslon schemes. Dictionary-
hased compression works by consimucting a table, or dictionary, into
which are entered sirings of bytes (not vecessarily corresponding 1o
characters} that are encountered in the fnput data; all ocorrences
of a siring are then replaced by a pointer into the dictionary. The
process Ls similar ro the tokendzation of names carnied out by the
lexircal analyser of a compiler using a symbol table. I[n contrasy
to variable-length coding schemes. dictiopary-based schemes use
fixed-length codes, but these point to varlahle-length strings in the
dictiorary. The effectiveness of this type of compression depends
on choosing the sirings to enter in the dicdonary so that a saving
of space is produced by replacing them by their codes. ldeally, the
dictionary entrles should be long strings that ooour frequently.

Twn technigues for constructing dicticharfes amnd using them for
comprassion were described in papers published in 1977 and 1978
by two researchers called Abraham Lempel and Jacob Ziv, thus the
techniques are usually called 1777 and 1778.% A variation of 1778,
devised by another researcher, Terry Welch, and therefore known
as LZW compression, 1s one of the most widely used compressicn
methods, being the basis of the Unix compress uttlity and of GIF
Alez. The difference hetween LZ77 and LZ78 lles in the way in which
the dictionary is construocted, while LZW is really just an improved
implementaticn for LZ77. LZW compression has one drawback: as
we mentioned in Chapter 3, it is patented by Unigys, who charge a
licence fee for its use. As a result of this, the compression metiwdd
used in PN files is based on the legally unencumbered L2277, as are
geveral widely used general-purpose compression programs., such
as PKZIP.
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Loasless compresssion can be applled to any sort of data; ir is
the onhy sort of compression that can be applied 0 certain Sorts,
such as bhinary executable programs, spreadsheet data, or text,
since corrupton of even one bit of such data may invalidate il
Image dala, though, can tolerate a certain amount of data loss, so
lossy compression can be used effectively for images. The most
Imporiant lossy image compression technigue is JPEG compression.
JPEG stands for the Jolnt Photographis Experts Gronp,® which draws
artertion to a significant featre of JPEG compression: it is best
suited to photographs and similar images which are characterised
by fine delail and contbmous fones — the same characteristics as
bitmapped inages exhibit in general.

I Chapier 2, we considered the brightness or colour values of an
image as a signal, which conld be decompoged into its constituent
frequencles. One way of envisaping this is to forget that the pixel
valites stored n an image dencte colours, but merely consider them
ad the values of zome varlable z; sach pixel glves a z value at its
x and v cocrdinates, o the image defines o three-dimensional
shape. (See Fiygare 5.3, which shows a detail from the vis imape,
rendered 25 a 3-D stnface, using its brighimess values to control the
height.) Such a shape can be considered as a complex 3-D waveform.
We alst explained that any waveforia can be trangformed into the
frequency domain using the Fourier Transform operatdon. Finally,
we pointed out that the high freqoency components are agsociabed
with abrupt changes in Intensity. An additional Fact, based on
extensive experimental evidence, s that people do not perceive the
effect of hiph freguencies very accurately, especially not In colour
TNages.

Up untl now, we have considered the frequency domain repre-
sentation only as a way of thinking about the properties of a
shgmal. JPEG compression works by actoslly trensforming an image
into its frequency components. This is done, not by computing
the Fourler Transform, but using a related operation called the
Discrete Cosine Transform (DT Although the [CT is defined
differently from the Fourler Transform, and has some differsnt
praperties, it too analyses & signal into its frequency components.
In computaricnal terms, it takes an array of pixels and produoces an
array of coefficlents, representing the amplitude of the frequency
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components in the image. Since we start with a wo~-dimenslonal
image, whose intensity can vary In both the x and ¥ directions, we
end up with a two-dimensional array of coefficients, corresponding
1 spatial frequencies in these two directons. This array will be the
same slze as the image's array of pixels,

Applying aDCT operation to an Image of any slze is computationally
expensive, so it is only with the widespread availability of powerful
processors that it has been practical to perform this sort of
compression — and, more importantly, decompression — without
the aid of dedicated hardware. Even now, it remains impractical to
apply DCT to an entire Image at once. Thetead, images are divided
into 8 x B pixel squares, each of which iz transformed separately.

=) The DCT of an N x N pisel image [#4,.0 < 1 < N.0 < v < N] is an
array of coefficients [DCT,,,0 = v < ¥,0 = v < N] given by

OCT e =
ARCaCo THIS T23 ey cosl EERRE eog( 2700 )
whete
I orower=0
Culy = { 1 nrrh:wise

On Its own, this doesn't tell youo mach about why the DCT
coefficients are in fact the coefficients of the frequency compooents
of the image, but it does indicate something abouar the complexdty
of computing the DCT. For a start, it shows that the amay of DCT
cpefficients is the same size as the orginal armay of picels. Ot
alzn ghows that the compuetatdon must take the form of a nesred
dowbde loop, iterating over the two dimensions of the amay, so
the compusadional time for each coefficient is proportional to the
image size in pixeds, and the entlre DCT comnputation s proportlonal
1¢ the square of the slze, While this is not Intractable, it does
grivw fairly rapilly as the image's size ipcreases, aped bitmapped
images measuring theusands of pixels In each direction are oo
uncommon. Applying the DCT to small blocks instead of the entire
image reduaces the computational time by a sigoificant factor.
Since the two cosine terms are independent of the value of py;,
they can be precomputed and stored in an arvay to avobd repeated
computations. This provides an additional optimlzadon when the
DCT computation is applled repeatedly (o separate blocks of an
image.

Transforming an image into the [reguency domain does not, In
lrself, perform any compression, It does, however, change the data
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into a form which can be compressed in 2 way that minimizes the
perceptible effect of digcarding information, because the frequency
components are now explicltly separated. This allows information
about the high frequencies, which do not contribute mnch to the
perceived quality of the Image, to be discarded. This 13 done by
distinguishing fewer different possibie values for higher frequency
components. I, for exampie, the value produced by the DCT for
earh frequency could range from O to 255, the lowest frequency
coefficients mright be allowed to have any ntegsr valne within this
range: slightly higher frequencies might only be allowed to take
ot valnes divisible by 4, while the highest frequencies might only
be allowed to have the valae O or 128. Putdng this another way,
the different frequencies are gquantized to diferent numbers of
levels, with fewer levels being used for high frequencies. In JPEG
compression, the mumber of quangzation levels to be used for each
frequency coefficient can be specified separately in a quantizatbon
matrix, containing & value for each coefficient.

This guantization process reduces the space needed to store the
image In two ways. First, afier quantization, many compcnents
will end up with zero coefficients. Second, fewer bits are needed to
store the non-zerp cgefictents. To take advantage of the redundancy
which has thus been generated in the data representation, two
loesless compression methods are applied to the array of quantized
coefficients. Zeroes are run-length encoded; Hoffman coding is
applied 1o the remaining values. In order to maximize the length
6f the runs of zeroes, the coefficients are processed in what is
called the zig-zag sequence, as shown in Figure 5.4. This is effective
because the frequencles increage as we move away from the top
left comer of the arvgy in both directons. In other words, the
percepidbie information in the image {s concentrated, in the tog left
part of the array, and the Likelilood is that the bottom right part will
be full of zerpes. The zig-zag sequence is thns lkely 1o encounter
latig rans of zeroes, which would be broken up If the array were
traversed more conventionally by rows or columns.

Decompressing JPEG data is dome by reversing the compression
process. The runs are expanded apd the Huffman encoded
coefficients are decompressed and then an Jnverse Discrete Cosine
Transform i1s applied to take the data back from the frequency
domain into the spatial domain, where the valies can once again
be treated as pivels n an ymage. The inverse DCT is defined very
sirnitarly te the DCT itself; the compuiadon of the inverse transform
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requires the same atntnt of time as that of the forward transform,
50 JFEG compresglon and decompression take roughly the same
time.® Note that there is Do “Inverse quantization’ step. The
information that wae lost during quantization i pone forever, which
iz why the decotnpressed image only approximares the original,
Generally, though, the approximation is a geod one.

Ome highly useful feature of JFEG compression Ls that it is possible
to control the degree of compression, and thus the guality of the
compressed image, by altering the valies in the quantization matrix.
Programs that implement [FEG compresslon allow vou to choose
a quality setting, so that you can choose a suitable compromise
between inage quality and compression. You should be aware that,
even at the highest quality settings, JPEG compression is still lossy
in the literal sense that the decompressed image will not be an exact
bit-For-bit duplicate of the original. [t will often, however, he visually
indistinguishahle, but that is notr what we mean by 'lossless’,

= The JPEG standard does define a lossless mode, but this uses a
complesely different ajgorithm from the DCT-baged method used
by lessy JPEG. Losskess JPEG compression bas never been popular.
It ha= beert superseded by a oew standard JPEGALS, but this, too,
ghows littde sign of heing widely adopted.

Yet another JPEG standard is also under construction: JFEG2000
aims (o be the image compression standard for the new ceptury {(or
ar Jeast che first tep years of 1), The 1305 call for contribugions 10
the JPEG2080 effort describes its aims as Fallows:

“[...T to coeate 3 pew image coding system for different
types of still images {bi-level, grav-level, color) with
different cheracteristics (natural images, scientifc, med-
ical, remote sensing imagery, text, remwberad graphics,
etc) allowing different imaging models {client/server,
real-time transission, image library archival, Jimited
buffer and bandwidih resources, etc.] preferably within
A unified system.”

JPEG compression is highly effective when applied o the sort
of images for which it I3 designed: photographic and scanped
images with contimaous tones. Such images can be compressed
to as Htle ag 5% of their original size without apparent loss
of qualiry. Logsless compresslon techniques are nothing like as
effecive on sweh images. Still higher bevels of comprezsion can
be obtained by using a lower quality setting, i.e. by usihg coarser
quantization that discards more information. When this 13 done,
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the boundaries of the 8 x 8 squares to which the DCT is applied
tepd to become visible, because the discontimuities between, them
mean that different fraquency components are discarded in each
gruare. At low compression levels (ie, high goality settings) this
does not maiter, since encugh information iy retzsiped for (he
common features of adjacent squares to produce appropriately
dimilar results, but as more and more tiformadon is discarded, the
common Features becomes lost and the boundaries show up.

Such unwanted features in a compregsed mage are called com-
pression artefacts. Other artefacts arlse when an image containing
sharp edges 13 compressed by JPEG. Here, the smoothing that 1s
the essence of J[PEG compression is to blame, sharp edges come
cut burred. This is rarely @ problem with the pbotographically
nriginated material for which JPEG is intended, but can be a problem
if images created on a computer are compressed. In particular, iF
text, especially small text, orors as part of an lmage, JPEG s likely
to blur the edges, often making the text unreadable. For hmages
with manmy sharp edges. JPEG should be avoided. Instead, images
shouid be saved In a format such as PNG, which uses lossless LE77
Ccompression.

Image Manipulation

A bitmapped image explicitly stores a value for every pixel, 50 we
can, if we wish, alter the value of any pixel or group of pixels to
change the image. The sheer number of pixels in most images
means that editing twm individually is both dme-consuming and
confusing — how is one to judge the effect on the sppearance of
the wheie image of particular changes to certain phiels? Or which
pixels mmst be aliered, and how, In order to sharpen the fuzzy edges
in an out-of-focus photopraph? In crder for image editing 1o be
convenient, it is necessary that operations be provided at a higher
level than that of altering a single pixel. Many useful operations can
be deserihed by analogy with pre-existing rechnigues for altering
phctographic images, in particular, the use of flters and masks.

Before we describe how images can be manipufated, we onghr first
to examine why one might wish to manipulate thein. There are two
broad reasons: one 18 1o correct deficiencies in en image, caused
by poor aquipment or techhigque wused in its creation or digitization,
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the other is to create Images that are difficuit or impassible to make
naturally. An example of the former type is the removal of ‘red-
eye’, the red glow apparently emanating from the eyes of a person
whoge porimait has been token face-on with a camera using a flash
set to0 cloge 10 the lens.” Conswner-orlented image manipulation
programs often provide commands that encapsulate a sequence of
manipulations to perform commwn tasks, such as red-eye removal,
with a single key stroke. The manipulations performed for the
second reason generally fall into the category of special effects,
such as creating a glow around an object. bmage manipulation
programs, such ag Photoshop, generally supply a set of buikt-in
filters and effects, and a kit of tools for making selecrions and bow-
level adjustments. Photoshep uses an open architecture that allows
third parties to produce plug-ing which provide additonal effects
ard ool — the development of Photoshop plug-Ins has hecome an
industry In 115 own right, and mapy other programs cap now wse
them.

Many of the manipulations commonly performed on bitmapped
images are concerned purely with preparing digital images for priog,
an] are therefore not relevant to multimedla. An operation that
is typlcal of multimedla work, on the other hand, is the changing
of an image’s resolution or size {which, as we saw previcasly, are
essentially equivalent operations). Yery often, images which are
required for display on a monitor originare at higher resolurions
and must he down-sampled; an image's size may need adjusting to
At a layoun, such as a Web page.

= Photoshop 1s, without donbt, the leating application for Lnage
manipulation, being a de facte industry stadard, and we will
wse it as oo example. There are other progsnres, though, n
partjoalar a powerful paclage lmown ax The Gimp, which has
similar capabilites and a similar set of tools o Photoshop's,
1z distributed under an open software lkence For Unix systems.
Both of these programs incdude many feahwes concerned with
preparing images Tor print, which are not relevant to maoltimedia.
Recensily, a owmber of packages, such a5 Adobe's ImageReady and
Macromedia's Flreworks, which are dedicated to preparaticas of
Images for che World Wide Web huve appeared: thege omit prime-
arjented Features, replacing them with others more approptiate 1o
work oo the Web, such as faciliies For slicing an image invo smailer
pheces (0 acceteraie downloading, or adding botspots to create an
"image map' (see Chapter 13).
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Selections, Masks and Alpha Channels

As we have repeatedly siressed, a bittnapped image is not stored as
a collecticn of separate objects, it is just an array of pixels. Even if
we can look at the picture and 2¢e a square or a clicle, say, we Canhot
select that shape when we are editing the image with a program,
the way we could If It were a vector image, because the shape's
identity is not part of the Information that 15 explicitly available
to the program, it s something our eyes and brain have identified.
Some cther means must be employed to select parts of an image
when it is being manipulated by a Ivre computer program.

Ironically, perhaps, the tools thar are wsed 1o make selecdons from
bitmapped images are more or less the same tools that are wsed
to draw shapes In vector graphics. Most selections are made by
drawing around an area, mich as a traditional paste-up artist wonld
cut out & shape from & printed Image using a scalpel. The simplest
selection tools are the rectanpular and elliptical marguee tools,
which let you select an area by dragging out a rectangle or elllpse,
just as yvour would draw these shapes in a drawing program. It
is importent to reglize that you are ot drawing, though, you are
defining an area within the image.

More often than not, the area you wish to select will not he a
neal rectangle or ellipse. To accommodate frrepular shapes, thinly
disguised verslons of the other standard deswing topls may be
used: the lagso tool is a less powerful version of Nustrator's pencil
tool, whichi can be used to draw freehand carves arcund an ares
tc be selected: the polygon lasso is Hke a pen tood used to draw
polytines, rather than ourves; a fullv-fledged Bézier drawing pen
is also availsble. These kools allow selections to be outlined with
conziderabie precizion and Aexibility, although thelr use can be
faborions. To eage the task of making selections, two tools are
availahle that make use of pixel values to help define the selected
area. These gre the magle wand and the magnetic lasso.

The magic wand 18 used to select areas on the basls of their soloor.
With this tool selected, ciicking on the image canses all pixels
acjacent to the mrsor which are similar in coour 1o the pixel under
the cursor to be selected. Figure 5.5 shows an example of the magic
wand szelecting a highly irregular shape, The tolerance, that is,
the amount by which & colour may differ bui stll be considered
sufficiently sitnilar 10 Include In the selection, may be specified, The

Figure 5.5
Selecting with the magic wand
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magnetic 1asse works on a different principle. Like the other lasso
toods, it is dragged arourd the area to be selected, but instead of
simply following the outline drawn by the user, it adjusts itself so
that the outline snaps Lo edges within a specified distance of the
cursor. Any sufficiently large change in contrast is considered to
be an edge. Both the distance within which edges are detected, and
the degree of contrast varjation thar is considered 1o constitute an
edge may be specifted. Where an image has well-defined edges,
for example, both of these can be set to g high vahe, 50 that
drawing roughly ronmnd an cbhject will cause it to be selected as the
outline snaps to the high contrast edges. Where the edges are bess
well defined, it will be necessary to allow a lower contrast level 1o
indicate an edge, and consequently the cutline will have to be drawn
with mrre Care, using a nardwer detection width.

These semi-automatic selection tools can be somewhat erratic, and
cannot generally cope with such demanding tasks as selecting bair
or delicate foliage, 1t is often necessary o make a preliminay
selection with one of these rools, and then refine it. The outline of a
selecdon is essentially a vector path. and adjustments are made by
maving, adding or deleting control points.

Once a selection has been made, usihe amy of the Lools just
described, any changes you make to the wmage, such as appiying
filters, are resiricted to the pixels within the selected area. Another
way of describing this Is to say that the selection defines a mask —
the area that is not selected, which is protected from: any changes.
iage manipulation programs alln you 10 Stere Obe of moTe masks
with an image, 50 that a selection can be remembered and used for
more than one aperation — an ordinary selection is ephemeral, and
is lost as snon as a different one is made.

The technique of masking off parts of an image has long besn used
by artists and photographers, who wse physical masks and stenclls
to keep out light or paint. A cardboard stencil, for example, eiiher
completely allows paint through or completely stops it We comd
store a digital mask with similar “all or nothing' behaviour by using
a single bit for £ach pixel in the image, setting It to one for all the
masked out pixels, and to zero for those in the selection. Thus, the
magk i5 ftself an array of pixels, and we can think of it as being
another image. If just ane bit L wsed for each pixel, this image will
be purely monochroroatic. By analogy with photographic masks, the
white parts of the image are considered transparent, the black ones
Gpacue.
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Digital masks have propecties which are difficult to realize with
phystcal media. By using mwre than ome bit, 30 that the mask
becomes a greyscale image, we can specify different degrees of
transparency. For reasons which will be elaborated on in Chaprer 6,
a greyscale mask of this sort is often called an alpha channel . Any
painting, filtering or other modifications made to pivels covered
by semi-trapsparent areas of the mask will be applied in a degree
proporilonal to the value stored in the alpha ehannel. It is common
touse eight bits for each pixel of a mask, allowing for 256 different

ransparency yvaues.

To return to the analogy of a stencil, an alpha channel is like a
stencil mads cut of a material that can allow varying amounts of
paint o pass through it, depending on the fransparency value at
each potnt. One use for such a stencll would be to produce a
soft edge arcund a cut out shape. In 2 similar way, the odge of a
selection can be Teathered’, which rmeans that the hard transition
froom black to white 1o the alpha channe] ig replaced by a gradient,
passing through Intermediate grey values, which correspond (o
partial masking. Any offects that are applied will fade over this
transitional zone, instead of stopping abruptly at the boundary.
A less drastic way of exploiting alpha channels is to apply anti-
aligsing to the edge of a mask, reducing the jagged effect that may
otherwise oocur. Although ant-aliasing resembles feathering over
A VETY DarTow region, the intention is quite different: feathering is
supposed to be visibie, causing effects to fade out, whereas anti-
aliazing is intended o unobwousively conceal the |agged edgea of
the selection,

Normally, if an image {5 pasted into another, it ohscures everything
wnderneath it, by overwriting the pixels. However, if the pasted
image has an alpha channel, its ransparency values are used to mix
togather the two images, so that the original will shewe through in
the transparent areas of the mask. The value of a piiel p in the
resulting composited image s computed a5 p = apy + {1 — olpe,
where ¢y and gz are the values of pixels in the two original images,
and « iz normalized to lie between 0 and 1.8 Some familiar effects
can be achieved by constructing a mask by hand, For example, if
we use a gradient as the mask, we can make ote image fade into
another. Plate 11 shows an example: the mask shown in Figure 5.6 is
used to combine a colour and a black and white version of the same
photograph, proaducing a celoured ‘magic corridor’ down the middle
of the composite image. Another example is shown in Plate 12.
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Figure 5.6
Alpha channel for Plate 11

B
That 15, if the o value ik stored i
B-bits we divdde It iy 255,
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Here, a mask hag heen created by saving n magic wand selection
frorn the photograph of the Eiffel tower. This mask has then heen
artached to the map of Paris and used to combine it with the French

flag,

Pixel Point Processing

Image processing is performed by computng a new value for each
pixel in an image. The simplest methods compute a pixel's new
vadue sodely on the basis of it obd value, withouat regard to any other
pixel. So for a pixel with value p, we compute anew value p' = Fip),
where f Is some funcdon, which we will call the sapping fmction.
Such functions perform pixel point processing. A simple, if only
rarely wseiul, example of pixel polnt processing is the constrmcton
of a negative from a grevscale image. Here, fip) = W - p, where W
iz the pixel value representing whire.

The most sophisticated pixel point processing is concerned with
colour corvection and alreration. We will not describe this fully umtil
Chapter §. Here, we will only consider the brightmess and contrast
alterations that are the typical applications of pixel point processing
to greyscale images. Colour processing is an extension — although
o a trivial ene — of these greyscale adpsments. Once again, we
will use Fhotoshop's tools w provide a concrete example, but any
image editing software will offer the same funcdons, with roeghly
thwe same interface.

The cradest adjustments are made with the brighiness and contrast
sliders, which work like the corresponding conmrals on a meonitor
of television set. Rrightness adjusts the value of each pixel up or
down uniformdy, so increasing the brightness makes every pixel
lighter, decreasing it makes every pixel darker. Contrast is a linde
more subtle: it adjusts the ramge of vahies, either enhancing or
reducing the difference between the Hghtest and darkest areas of
the image. Increasing contrast makes the light areas very light and
the dark areas very dark, decreasing it moves all vadues wowards
an intermediate grey. In terms of mapping functions, both of
these adjustments procduce a lipear relationship that woukd be
tepregented as a stralght line on a graph: adjusting the brightness
changes the intercept between the kine and the y-axis; adjpsting the
contrast alters the gradient of the line.
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More control over the shape of the mapping function Is provided
by the levels dialogne, which allows you to move the endpoinis of 2
linear mapping fonction inkdividually, thereby setting the white and
klack levels in the image. Graphically, these adjustnents stretch or
shrink the mapping functlion horizontally and vertically, To help
with choosing suitable levels. a display called the image hisrogram
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Figure 5.7
Level adjustments



140

Figure 5.8
The sffect of diffarent curvas on

& single image
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is uged. This Is & histogram showing the disiribation of pixel vabues:
the horlzontal axis represents the possible values (from 0 ko 255 in
an 8-bit greyscale image}, the bars show the number of pixels ser
to each valwe, Figure 5.7 shows two examples of images and their
histograms. The histograms are displayed in the levels dialogue,
with two sets of sliders below them, as shown. The upper set
controls the renge of input values, The shider at the left comtrols
the pixe] value that will be mapped to black, 5o, in graphical terms,
it moves the intercept of the mapping function's line along the x-
axis. The slider at the right controls the pixel value that is mapped
to white, 50 it moves the top end of the line along the horizontal
line corresponding to the maximum plxel value, The lower slider
controls affect the output vahies in a simdilar way, ie. they determine
the pixel values that will be used for black and white, 50 they move
the endpoints of the line up and down, In order to spread tie range
of tonal values evenly actoss the image, the input sliders are moved
so that they line up with the lowest and highest values that have a
noarzere munber of pixels shown in the histogram, Moving beyond
these points will compress or expand the dyrzumic range artificially.

%o far, all the adjusiments have maintained a straight-lHe rela-
tionship between old end new pixel vahoes, The thind slider that
youlL can sce on the upper levels control in Figure 5.7 allows yon
to produce a more flexible correspondence bebween original and
modified pixel values, by adjusting a third peint, corresponding to
the mid-tones in the image. IF an image's brightness 1s concentrated
in & particular range, you can move the mid-point slider under the
correaponding point on the histogram, so that the brightess values
are adjusted to put this range in the centre of the available scale
of values. Figure 5.7 shows the effect that level adjustments can
achieve in bringing out detail that has besn lost i an under-exposed
photograph. The top image was shot at dusk, with too short am
exposure; the levels dialogue below it shows the posidons of the
sliders that were used to produce the lower image. The changed
image bistogram can he seen in the lower kevels dlalopue box.

All of the brighimess and contrast adJustment facillties described 5o
far can be considered as making specialized alwerations o the graph
of the mapping fusction § o achieve particular commonly required
adjustments to the values of individual plxels. in Photoshop, it is
pogsible to take detailed control of this graph in the curves dialogue,
where it can be reshaped by dragging control points, or completely
redrawn with a pencil tood. The almost complete freedom o map
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grey levels to new values that this provides permits some strange
elfects, but it also makes it easy to apply subtle corrections to
incorrectly exposed photographs, or to compensate for Improperly
calibrated scanners.

Before any adjustiments are rmade, the corve i3 2 straight line
with slope equal ro one: the ontput and input are identical, f is
an Ildendty functfon. Arbitrary reshepig of the curve will cause
artificial highlights and shadows. Flgore 5.8 shows a single imape
with four different curves applied to It, to bring out quite different
features., More resirained changes are used to perform tonal
adjustments with mmach more conirol than the simple contrast and
brightness sliders provide, For example, an 5-shaped cutve sucl as
the one fllusirated in Flgore 5.% tg often used to increase the contrast
of an image: the mid-point is fixed and the shadows are darkened
by pulling down the quarter-point, while the highlights are Eghtened
by pulling up the three-guarter-point. The gentie curvatre means
that, while the overall conmwast is increased, the total tenal range is
maintained and there are no abrupt changes in brightness.

:} The adjustments we have just described compute a pixel’s new value
a% a function of its okd value. We can look at compositing as another
form of pixel polnt processing, where a phiel's value 1s computed as
a functlon of the values of twa cormesponding plxels in the mages
or layers being combined. That 16, when we merge pixels p, and
P in two zepamate imeges, we compute o result pixel with value
¥ = p; 8 pfy, where & is some operator. The different hlending
modes that are provided by iinage processing programs correspond
to different chotces of &, Generally, nor-linear operators are needed
to perform useful merging operations. In particular, it is common
to use a threshold fonctiom, of the form p" =p I g > £, p" = 112,
otherwise, where the threshald value r corresponds (o the opacity
setring for the layer.
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Figure 5.5
The S-curve for enhancing
contrast

Pixel Group Processing

A secondd ¢lass of processing transformations works by computing
each pixel's new value as & functon not just of irs old value,
but also of the values of neighbouring pixelzs. Functions of this
sort perform pixel group precessing, which produces qualitatively
different effects from the pirel point processing operations we
deseribed in the preceding secticn. In terms of the concepts we
introduced in Chapter 2, these operatons remove of attenuate
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certaln spatial frequencies in an image. Such filfering operations
can be implamented as operations that combine the valwe of & pixel
with those of its neighbours, because the relative values of a pixel
and Its neighbowrs ihcorporave some information about the way
tha brightness or colour is changing in the region of that pixel. A
suitably defined operation that combines pixel values alters these
telationshlps, modifying the frequency make-up of the image. The
mathematics behind this sort of processing is compticated, but the
outcome is a family of operations with a simple structure,

It nums ok that, Lnstead of transforiing our ivsage to the frequency
domain {for example, nsing a DCT) and performing o filtering
operation by selecting a range of frequency components, we can
perform the Altering in rhe spatial domain — that is, on the original
image data — by computing a weighted average of the pixels and its
nwighboars. The weights applied to each pixel value determine the
particular fltering operation, and thus the effect that is prodoced
on the image’s appearance. A particular flter can be specified in the
form of a two-dimensional array of those weights. For example, if
we were to apply a filter by taking the value of a pixel and all sight
of its mmediate neighbours, dividing them each by nine and adding
them together to obtain the new value for the pixel, we could write
the filter in the forme

Vo e 149
119 1/ 1/9
119 1/9 1/%

The array of weights is called a convolition mask and the set of
plxels usad in the computation is called the comvoltion kameal (be-
cause the equivalent of the multiplication operation that performs
filtering in the frequency dhrnain is an operation in the spatial
domain called convolutdon).

Generally, if a pixel has coordinaves {(x. ), so that it has neighhours
at(x—Lyp+ 1), (x,»+1h. (x, ¥ 1), (x +1,y - 1), and we apply
a filter with a corvolution mask in the form:

a b ¢
d e f
g h i

the value #* computed for the new pixel at {x, ¥) is
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x

P APx-lpel + Bl + CPxily+]
tdpc-1y +eéPxy + Sy

+ GPx~1,3-1 + BPxy-1 +iPrar1

where gy, is the value of the pixel at {x, ), and so on. The process
15 Mlustrated graphically in Figure 5.10.

Convolution is a cosmputatonally intensive process. As the formula
just given shows, with a 3 x 3 convolutton kemnel, computing a
new valie for each pirel requires nine mmltdplications and eight
addidons. For a modestly sized image of 480 x 320 pixels, the votal
oumber -of - operations will therefore be 1382400 mulilplications
and 1225800 additions, i.e. over two and a half million operaticns.
Convolunion masks hesd not he only three pixels square — although
they are usuaily square, with an odd number of pixels on each
side —- and the larger the mask, axl henre the kernel, the more
corputation ls requived ®

This is all very well, but what are the visible effects of apartlal
fitrering? Congider again the simple convolution mesk comprising
nine values agual to 1/9. If ali nine pixels being convolved have the
same value, let us say 117, then the Alter has no effect: 117/9x 9=
117. That is, over regions of constant colour or brighmess, this
filter leaves pixels alone. Howevar, suppose it is applied at a region
mclading a sharp vertical edge. The convolution kernel might have
the following valises:

i1y 117 27
117 117 27
117 117 Z7

them the hew valoe computed for the centre pixel will be 105.
Moving further into the lighter region, to an area that looks like
this:

117 27 27
117 27 27
117 27 27

gives & new pixel value of 57. So the hard edge from 117 to 27
has heen replaced by a more gradual transiton via the intermediate
vajues 105 and 57, The effect is seen as a blurring. One way of
thinking about what has happened is to imagine that the edges have
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Flgure 5.10
Pixed group processing with a
canvalubon mask

3

Applying certiain Altérs, pacticudarly
Gaussian blae (desoribed beliov ta a
large image Ale 13 often wsed o
prowvide ‘eal wordd” benchmarking
dars fox desw computers,
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Figure 5.11
The Gaussian belf curve

i0

The socalled radias is really the
stanwdard deviariot of twe noymal
disributon corresponding to the bell
CUrvE.
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heen softened by rubbing together the colour values of the pixels,
in the same way as you blur edges in a pastel drawing by rubbing
them with your finger. An alternative view, based on the concepis
of signal processing, is that this operation produres a smoothing
effect ¢ the spatial waveform of the image, by filtering ont high
frequencles. (Engineers would refer to the operation as a fow pass
fitrer.)

Blurying is often used in retouching scans, It is useful for nitigating
the effects of digital artefacts, such as the jageed edges produced by
undersampling, Moiré patterns, and the blockiness resulting from
excessive JPEG compression

Although the convolution mask we have just described 1s a classical
blur filter, it produces a noticeably umnatural effect, because of the
limited region over which it operates, and the all or nothing effect
consed by the uniform coefficients. At the same time, the arount
of blhurring 1s small and fived. A more generally useful altermadve
is Gaussian blur, where the coefficients fall off gradoally from the
centre of the mask, following the Gaussian “bell curve’ shown in
Figure 5.11, to produce a blurring that similar to those found n
nature. The extent of the Bur — that is, the width of the bell
cutve, and hence the number of pixels incleded bn the comalution
calenlation — can be controlled. Photoshop's dialogue allows the
user to specify a ‘radius' valwe, in pixels, for the filter. A radius
of 0.1 pixels produces a very subtbe affect; values berween 1.2 and
0.8 pixels are good For removing aliasing artefacts. Higher values
are used to produce a deliberate effect. A comnm application of
thiz sort s che production of drop-shadows: an ohject is selected,
copled onto its own layer, filled with black and displaced slightly
1o proddece the shadow, A Gamssian biur with a radius between 4
and i2 pixels applied to the shadow softens its edges (0 preduce
a more realistic effect. A radius of 104 pixels or mare blurs the
entire Image into incoherence; one of 250 pixels (the maxirmum) just
averages all the pixels in the area the filver is applied to. Note that
the radius specifled is not in fact the Hmit of the blurring effect, but
a parameter that specifies the shape of the beli curve — the blurring
extends well beyond the radius, but itz effecy is more coneentrated
within it, with roughly 70% of the contribution to the value of the
centre pixel coming From pixels within the rading 10

Figure 5.12 shows a typical application of Gausslan blur: a scanned
watercolour painting has had a small blur, followed by a slight
sharpening (gee below), applied to remove scanning artefacts. The
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result is an image that closely resembles the origina, with the
filters themselves indiscernible — the blurriness you see j8 the
chararteristic spreading of thin watercelour and has nothing ro do
with the fifters. in comrast, the bhur in Figure 5.13, with a radius
of 29 pixels, transforms the image mio something quite different,
These pictures, and the remaining illustrations of filters in this
section, are reproduced in colour in Plate 14, where the effects can
be better appreciated.

{ber typez of biur are directlonal, and can be uged to indicate
motion. The final example in Plate 14, also shown in Figure 5.14,
shows radial bhar with the zoom: option, which gives an effect that
right auggest headlong Aight towards the focal point of the zoo0m.

Blurring 13 a surprizsingly usefal effect when applied ro digitzed
imapes — you might expect blur to be an undesirable fepture
of an image, but it conceals their characteristic imperfections; m
the case of Gaussisn Rlur, it does this in a visuadly natural way.
Sometimes, thowgh, we want to do the oppostte, and ephanee detatl
by sharpening the edges in an image. A convolution mask that is
often used for this prurpose is:

-1 -1 -1
-1 89 -1
-1 -1 -1

This mask flters out low frequency components, Ieaving the higher
frequencies that are assoclated with discontinuitles. Like the simple
Glurring filter that remmoved high frequencies, this cne wili have no
effect over regions where the pixels all have the same value. [n inore
intufdve terms, by subtracting the vaes of adjacent pixels, while
mmltiphying the ceniral value by a large coefficient, it eliminates amy
value that is common o the central pixel and fis surroundings, so
that it isolates detalls From their context.

If we apply this mask to a convolution Kernel where there is a
pradusl discontinwvity, such as

117 51 27
Inf 51 27
117 51 27

assuming that this occurs in a context where ali the pixels to the
left have the value 117 and those 1o the right 27, the new values
computed faor the three pixels on the central row will be 317, - 75
and —43; since we carmot Allow negative pixel values, the last two
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Figure 5.12
A scanned image, correctad by
filtering

Flgure 5.13
A large amount of Gaussian blur

Flgure 5.14
Zpoming radial blur
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Figure 5.15
Unsharp masking

Figure 5.16
Enhancing sdies by unsharp
masking

Figuru 5.17
Unsharp masking applied after
axtrene Gaussian biur
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will be set to 0 (ie. black). The gradual transition will have been
replaced by a hard line, while the regions of consrant vahue to either
side will he jeft alone. A Mter such as thiz will therefore enhance
cetail.

As you might guess from the example above, sharpening with a
conmvoletion mask produces harsh edges; it is more appropriate for
anwalysing an image than for enhancing detail In a realistic way. For
this task, It is more usval v use an tmshory masking operation
This is easlest to maderstand in terms of filtering operations: a
blurring operation filters out high frequencles, so if we could take
4 blurred image away froan its original, we would be beft with ondy
the frequencies that had been removed by the bhurring — the aes
that correspond to sharp edges. This Isn't quite what we wsually
want 10 do: we would prefer 10 accentuate the edges, but retain the
other parts of the image as well. Unsharp masking™! is therefore
perfarmed by consiructing a copy of the orlginal image, applving
a Gaussian blur to it, and then subiracting the pixel values in
this blurred mask from the corresponding values in the original
multiplied by a suitable scaling factor. As you can easlly verify,
nsing a scale factor of 2 leaves areas of constant value alone. [n the
reglon of a discontinoity, though, an enhancernent occurs. This s
shown graphically [n Figure 5.15. The top curve shows the possible
change of pixel values across an edge, fromn a region of low inkensity
on the lefr, to one of higher intensity on the right. (We have
shown a contimeous change, 0 hring out what is happening, but
#my real image will be made froan discrete piels, of course) The
middle curve ilustrates the effect of applying a Gaussian bhor: the
transitdon is softened, with a gentler slope that extends further inro
the areas of constant value. Ar the bottom, we show (not 1o scale)
the result of subtracting this curve from fwice the original. The
slope of the wansition is steeper, and overshoots at the limits of the
original edge, so visually, the contrast is increased. The net result
is an enhancement of the edge, a3 illustrated in Figare 5.16, where
an exaggerated amount of unsharp masking has been applied to the -
original image.

The amownt of blur applied (o the mask can be controfled, since it
it just a Gaussian blor, and this affects the extent of sharpening,
It is comumon also 1o allow the user to specify a threshold; where
the differemce between the original pixel and the mask is less than
the threshold value, no sharpening 1s performed. This prevents the
operation from enhancing noise by sharpening the visible artefacts



Image Manipulation

it produces. (Notice how in Figure 5.16, the grain of the watercalour
paper has been emphasized.)

Although sharpening operations enhance featires of an Image, it
should be understood that they add no information to it On the
contrary, information is actually lost, although, if the sharpening
is succesful, the lost information will be irrelevant or distreting.
It's more intuitively obvioua that Information is lost by hlurring
an image.) It should also be understood that although, in a sense,
bhurring andd sharpening aré opposites, they are not e overses.
That fs, if you take an Dmege, blur # and then sharpen it, or
sharpen it and then blur it, you will not end up with the image you
started with. The mformaticn that is lost when these operations
are applied cannot be regtored, although it is interesting o see
features re-pmerging in Flgure 5.17 when Figure 5.13 is treated with
a1 unsharp mask. This demomstrates how much information is
actnally preserved even under ntense blurring.

Bharing and sharpening are central o the established scientific
and milltary applicatlony of image processing, but now that image
manipulation scitware is also used for more creaiive purposes,
some rather different effects are calied for as well. Photoshop
provides a bewildering varlety of filters, and third party plug-ins
add many more. Many of them are based on the type of plxel group
processing we have described, with convoluton masks chosen to
prodduce effects that cesemble different photographic processes or,
with more or less suceess, the appearance of real art materials.
These filters usually work by picking cut edges or areas of the same
colour, and modifying thems; they are nat too far removed from the
more conventional blur and sharpen cperations. Flgure 5.18 shows
the ‘glowing edpes’ filter's effect on the seascape painting.

> I yru have access to Photoshop, vou shonld investigate the Custom
filter (oo the Other sub-meos of the FiTter menn). This eliows you
to ponstruct your own coovolution mask, by entering coeffictents
inta a 5 » 5 matrly. The results are Instructive and somellmes
Surprizing.

Ancther group of filters is based on & different principle, that of
moving selected pixels within an image. These produce various
sorts of distortion. Figure 5.19 shows the seascape image modified
by & square-wave pattern, while Figure 5.20 shows the twirl filter
applied to its sharpened version from Figure 5.15, producing an
entirely new Image. As this exampie indicates, filters may be
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Figure 5.8
Glowing edges

Figure 5.19
DMstortion with a squars wave

Figure 5.20
Twired image
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comhined. Tt is not wnnpical for designers with a taste for digital
effects to combine many different flters in order to generare
imagery that could not easily be made any other way.

Geomeirical Transformations

Scaling, translation, reflection, votation and shearing are collectively
referred to as geometrical transfornumions. As we sow In Chaprer 4,
theze transformatons Can be be applied to vector shapes in a very
natural way, by simply moving the defining points according to
geomeiry and then rendering the ransformed model. Applying
geometrical transformations 10 bltmapped images ig less straight-
Torward, since we have w0 transform every pixel, and this will often
require the image to be resampled.

Nevertheless, tha basic approach is a valid one; for each pixel in
the image, apply the transformation using the same equatons as
we pave inn Chapter 4 to obtain a new position in which to place that
pixel In the transformed image, This suggests an algorithon which
scans the orlginal image and computes new positions for each of
its pixels. An alternative, which will often be more successful is to
compaite the transformed image, by finding, for each pixel, a pixel in
the original image. 5o instead of mapping the original’s coordinate
space to that of the transformed imape, we compute the inverse
mapping. The advantage of proceeding i this direction is that we
compute all the pixel valies we need and »o more. However, both
mappings rm into problemns because of the finite size of pixels.

For example, suppose we wish to scale up an image by a factor
£, (For simplicity, we will assume we want o use the same factor
In both the vertcal and horizonta)l directons) Thinking about
the scaling operatioh on vector shapes, and choosing the inverse
mapping, we might suppose that all that is required is to set the
pixel at coordinates (x', ¥') in the enlarged image to the value at
{x,¥) = {x'f5,5' /5] [n the original. n general, though, x"f5 and
1 ¢ will not be mtegers and hence will pot identify a pixel. Looking
at this operation in the cpposite direction, we might instead think
about taking the valwe of the pixel at coordinates (x, ) In our
original arx]l mapping it 10 (x'.»') = [5x, 53} in the enlargement.
Again, though, unless £ is an Integer, this new value will sometimes
fall between pixels. Even if s is an integer only some of the pixeis
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in the new image will receive values. For example, if £ = 2, only
the sven mumbered pixels in even numbered rows of the image
correspond to amy pixel in the original under this mapping, leaving
three quarters of the pixels in the enlarged image undefined. This
emphasizes that, in constucting a scaled-up image we must use
some interpolation method to compute valies for some pixels.

However, it is not just in scaling up that interpolation is required.
Whensever we appy a geometrical transformation to an Image, It can
send values into the gaps between pixels. Consider, for example,
something as simple as moving a selected area of an image stored
at 72 ppi one fifth of an inch to the right. Even scallng an image
down can regult In the same phenomenon unless the scale factor
is 4 whole nomber. It should be clear from cur dismgsion earller
in this chapter that changing the resointion of an image leads to
simjlar problems.

A useful way of thinking about what is going on is to imagine that
we are reconstructing a continvous image, so that we can find the
required values in between the pixels of our sampled image, and
then resampling it. Thus, the general probxlem is the same as the one
we intreduced when we discussed digitization in Chapter 2: how to
reconstruct & gipnal from its samples. In practice, of course, we
combine the reconstrecton and resampling into 4 single operation,
hecause we can only work with dlscrete representations.

We knuow that, for general images which may contaln arblirarly high
frequencies bacause of sharp edges, the reconsiruction cannet be
done perfectly. We alsa know froin sampling theory that the best
possible reconstruction is ot feasible. Al we can hope to do is
approximate the recopsteiction to an acceptable degree of accuracy
by using some method of nrerpolation to deduce the intervening
values on the basiz of the stored pbeels. Several interpolation
schemes are commonly employved; Photoshop provides three, for
exaimple, which we will describe next. As is usual in computing, the
more elaborate and computationslly expensive the algorithm used,
the better the approxddmation thai resulbis.

Suppose that we are applying $ome geometrical oansformatlon, and
we calculare that the pixel ar the point (x°, ') in the resulting image
should have the same value as some point (x, ¥} in the ocigigal, hut
x and 3 are not Integers. We wish to sample the original image
at {x, ), ar the same resolution at which it is stored, se we can
imagine drawmg a pixel — call it the targec pixel — cenired at
fx, 3] which will he the sample we need. As Figure 5.21 shows, in
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Fixel Interpolation
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Flgure 5.22
Nearest neighbour interpolation

Flgure 5.23
Bi-linsar mterpolation

Figure 5.24
Bi-cubic Interpolation

Biunepped bmages

general this pixel may overlap four pixels im the original image. [n
the diagram, X marks the centre of the target pixel, which is shown
dashed; Py, Pz, P3, and Py are the surrcamding pixels, whose centres
are marked by the smeall black squares.

The simplest Interpolation scheme i3 10 use the nearest melohtbour,
i.2. we use the value of the pixel whose centre is nearest to (x, ¥}, in
this case P3. In general — moost obviously in the case of upsampling
or eplarging an image — the same pixel will be chosen as the
nearest peighbour of several target pixels whose centres, althowgh
different, are cose together enough to fall within the same pixel.
Az a result, the transformed image will show all the symptoms of
undersampling, with visible blocks of pixels and Jagged edges. An
image enlarged using nearest neighbour interpolation will, in Fact,
look as If Lts original pixels had been blown up with a magnifying
glass.

A better result is cbtaied by using bi-linear fmerpolation, which
uses the valpes of all four adjacent pixels. They are comblned in
proporton to the area of their intersection with the targey pixel.
Thus, in Figure 5.21, the value of Py will be multiplied by the area
encloged by the dashed lines and the solld intersecting lines in the
north-west guadrant. and added to the values of the other three
pixels, multiplied by the corresponding areas.

=2 [[ a and b are the fractional parts of x and ¥, respectivety, then
some simple mathematics shows that the value of the pixel at
{27, ") in the pesult, whose target pixet is centred at (x, )1 will
be equal to

(I =a)l-bipy +all-bip: + {1 —albp; + abpy
where g, is the value of the pixel Py, for 1 < < 4.

This simple area calculation js implicitly based on the asgumption
that the values change linearty n both directions (hence *bi-inearty”)
across the region of the four pixels. An alernative way of arriving
at the same value is to imagine computing the valies vertically
above and befow {x, ¥) by combining the values of the two pairs of
pixels in proportion t0 their horizontal distances from x, ael then
comhining those values In proportion to their vertical distances
foon ). in practice, the values are unlikely o vary in such a
simple way, sc that the bi-linearly [nterpolared values will exhibit
discontdmultes. To obtain a better result, bi-ubi- mterpolation can
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be used ingtead, Here, the interpolation 1s baged on cubic splines, /2 12

that 15, the intermediate values are asswmed to lie along a Bézier We will not Ty o indmidate you with
curve connecting the stoved pivels, instead of a straight line. These Lﬁfﬂm far bl-cabic

are used for the same reascn they are used for drewing curves: they

join together stpoothly. As a result, the resampled image (3 smooth

as well,

Bi-cubic interpoiation does take Ionger than the ather two methods
but reladvely «ficlent algorithms have becn developed and modern
machines are sufficiently Fast for this not 1o be a problem on single
imapgea. The only drawback of this interpolaiton method is that it
can cause blurring of sharp edges.

Figures 5.22 to 5.24 ghow the same Image enlarged using nearest
neighhour, bi-linear, and hi-tubic interpolation.,

Further Information

[Bax94] iz a yood introduction to image mamipulaton. [NGSG]
describes many compresslon algorithms, including JPEG. |FvDFHOG]
includes a detziled account of re-sampling.

Exercises

1. Suppose you wani 1o change the size of a bimapped image,
and its resolutton. Will it make any difference which order
vou perform these operations In?

2. Om page 126 we suggest representing the first 4128 pixels of
the image in Figure 3.1 by a single count and value palr. Why
ig this not, in general, a sensible way to encode images? What
would be 5 better way?

3. Ouwr argument that no alporithm can achieve compression for
all inpuis rests on commen sense. Produce a more formal
proof, by congidering the number of different inputs that can
be stored in a file of ¥ bytes.

4. We lied to you about Plate 4: the original painting was ronde Figure 5.25
on black paper {see Figure 5.25). In order 1o make it easier The origlnal iris scan
ko reproduce, we replaced that background with the bloe
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10.

11.

12.

13.

14,

Blmapped Inages

gradient you g2 in the colour plate. Describe as many ways
a5 you can in which we might have done this.

. Drescribe how you would comvert a photograph into a vignette,

awch ag the one shown in Mare 13, by adding an oval border
that fades to white, In the fashion of late niheteenth cennry
portrait phetagraphers. How would vwou put an ormnamental
frame around ic?

Explain why it is necessary to use an alpba channel for antf-
aliased masks.

. Compare and contrast the wse of alpha channels and layer

transparency for compositing.

. Describe how the input-cutput curve of an Image should

be changed to produce the same effect as moving (a) the
brightness, and (b the contrast sliders. How would these
adjusiments affect the hisiogram of an Image?

. Describe the shape of the ¢urve yon would wse ' correct an

image with too much contrast. Why would It be berter than
simply lowering the contrast with the contrast slider?

If asked to 'sharpen up' a scanned image, most experts would
first apply a slight Gaussian blur before using the sharpen or
unsharp mask filter. Why?

Mation bhar is the smearing effect produced when a moving
ohject is photographed using an Insufficiently fast shutter
speed, It is sometines deliberately added to images to convey
an impression of speed. Devise a convolution mask for a
motion blur flter. How would you allow a user 1o alter the
amount of motion blur? What other properties of the blurring
should be alterable?

Why are the screen shois published In hetorlal artickes in
computing magazines often hard to read?

Explain carefully why pixel interpolation may be required if &
rotatiod is applied to a bitmapped lmage.

An alternative to using bi-linear or bi-cubic pixel interpolation
when downsampling an Image is to apply a low-pass filer
(blur] first, and then use the nearest neighbour, Explain why
this works.



Colour

Both vector graphics and bitmapped images can use colour. For
mest people, colour is such a commonplace experience that it
1s somehow surprising to discover that it is actually a rather
complex phenomenon, In both its objective and subjective aspects.
Representing colour in digltal images and reproducing it aconrately
on cutput devices are consequentily not at all straightforward.

Ferhaps the most importani thing to realize about colour 15 thai
you dom't always need it.  The exstence of hlack and white
vhotograpby and film demenstrates that people are perfectly well
ahle to recognize and understand an image in the absence of colour
— varigtions In brightness are quite adegquate. [deed, comparing
the inminous elegance of a Fred Astaire Alm from the 19308
with the garish Techmicolor of a 1950s MGM musical 15 encugh
to demonstrate that the additon of colomr is ot necessarily an
improvement — a fact well undersieod hy advertising agencies and
the makers of nmsic videos. Pragmatically, there are advantages to
using images without colonr. As we will see shartly, black and white
hitmapped image files can be much smaller than coloured ones.
Furthermore, black and white images are largely immune 1o the
variaticns In eolonr reproduction of different monitors. You shounkd
not forget that some people do hot have colour monitors, or prefar
to 1zse them in monochrome mede, and that a few people cannot seg
in colour ar all, while many mere cannor abways distinguish between
vertgin calours, By working in black and white lor, more accurately,
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Colour

shades of grey) you avoid producing images that may not be seen
properly for these reasons.

But people have come to expect colowr, and colour can add a
great deal to an image, if it is used effectively. Sometimes colour
is vial to the purpose for which an image is being wsed: for
example, the colours In a clothing catabogue will influence people's
buying decisions, and must be accurate o avoid disappointment
and complaints,

The effective use of colour is not something thar can be sunmarized
in a few males. The experience of artists and designers working
In traditional medla can be put (o good use, and in large-scale
multimedia production it is wise 10 ensure that there are artistically
trained specialists available, and to leave colour decisions to them.
As in most of the other areas we will describe, certaln consiralnts
assoclated with the digital nature of the irnages we can use In
cur multimedia productlons will modify how we approach colour,
so artistic sensibility must be augmented with some technlcal
knowledge,

Colour and Science

1

In theary, an SPD oughl to be a
contdmuons function, but it is
sansfactorily approximared by using
samples ay wavelengths separated by
a guitable interval, for example 10nm,
ghving an 5PD conslsiing of 31
CMPTNERLE,

Calour is 2 subjectve sensation produced in the brain. In order
to reproduce colouwr electronically, or wanipulate it digitally, we
need a model of colour which relares that subjective sensaton to
measurable and reproducible physical phenwomena. This terns out
10 be a surprisingly difficult task to accomplish successfully.

Since light is a form of elecromagnetic radiation, we can measurs
its wavelength — the wavelength of vigible light lies roughly be-
tween 4000m and 700nm — and its inensity. We can combine these
FIERSUCEIIETLLS b0 & spectral power distribution {5PD), a description
of how the intensity of light from some particular source varles with
wavelength. Figure 6.1 shows the SPD of oypical daylight. (Notice
that it extends beyond the visible spectrum). In effect, an SPD is
consmucted by splitting Hght Inko its component wavelengehs, much
a5 a prism splits a beam of light into a spectrum when we repeat
Isaar Hewton's optcs experiments in school, and measuring the
Intensity of each component.! Subjective experiments show that an
SPD corresponds closely v what we mean by ‘coloar’, in the sense
that chservers can successfully macch Hghi with a particular SPD to
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4 gpecific colour. However, SPDs are too cumberzome to work with
when we are specifying colours for use In computer graphics, 50 we
need 1o adopt a different approach.

You may have becn told at some point in your education that the
human eye contains two different sorts of receptor cells:  rods,
which provide night-vision and cannot disiinguish colour, and
cones, which in urn come {n three different sorts, which respond
to different wavelengths of tight, The fact that our perception of
colour derives from the eye's response 1o three different groups
of wavelengths leads to the theory — called the tristimidiis theory
— that any colour can be specified by just three values, giving the
weights of each of three components.

The tristinmakis theory of colour is often summmarized {inaccarately)
by saying that each type of cone responds to one of red, green
or blue dght. It follows that the sensatdon of any colour can he
produced by mixing 1ogether suirable amounts of red, green and
biue light. We call red, green and blue the additive primary colours.?
Putting that another way, we can define a pardcular colour by
giving the proportons of red, green and biue light that it contains,
It follows that we can construct television screens and computer
monltors usiog pixels each made uwp of three dots of different
types of phosphor, emittng red, green and biue lght, and exciting
them using three slectron beams, one for each colour. To produce
any desired colowr we just have to adjnst the intensity of each
electron beamm, and hence the intensity of the light emitted by the
corresponding phosphors. Cpdcal miving of the light emitted by
the three component dots of any pixel will make it look like a single
pinel of the desired colour,

Since we can construct inondiors like that, the simplified trigtirmules
theary 18 evidently more or less rvight, and pmich of the time we
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Flgure 6.1
The spactral pawer distribution
of daylight

2
These are 1ot the acnist's primary
oolours, which will e described Later.



156

RGB Colour

3

The primary Blue i3 actuadly bener
described ax ‘Blue-violer', and the red
i3 an orangey shade,

Fgure 6.2
The RGE colour gamut

Colour

can proceed on the bagis of it However, it ix a simplified theory,
and some subtle problems can arise If we igoore the more complex
namre of cofomr. Fortunately, the worst of these are connected with
printing, and do not often ooccor in oltmedia work. Reproducing
colour on a computer moniter, as we more often need to do, 1= more
straightforward.

The idea that colours can be constructed ont of red, green and hlue
Light leads to the RGE cofour model, in which a colour is represented
by three values, giving the proportions of eed (R), green (G) and blwe
(B} light* which must be combined to make up light of the desired
colowr, The first queston that arises is ‘What do we mean by red,
green and blue?’. The answer cught to be that thege are the names
of three colours correspending to three standard primary SPDs,
and in the television ard video industries several such standards
do axist. In computing, howevey, there 15 no universally accepted
standard, although monitors are increasingly belng built to use
the primaries specified for High Definition TV (HDTV} by the [TV
In ity Recormunendation TTUFR BT.709, and a standard version of
RLB colour derived from this recommendation has been proposed.
However, there is no real standard for red, green and blue on
computer displays, and the colours produced in response to the
any partdeular BGB value can vary wildly berween monitors.

Iz is algo important 1o be aware that it is sot possible to represent
amry visible colour as a combimation of red, green and blue compo-
nents, however defined. Flgure 6.2 shows 3 pictorial representation
of the relationship between the colours that can be represented in
that way — the zocalled RGE codottr gamy — and all the visible
colours. The fin-shaped area is a spatial representation of alf the
possible colours. (For an explanaton of exactly what §s being
potted see the detailed comments below.) Shades of green lie
towards the tip, with reds at the bottom right and blues at the
bottom left. The triangular area of the RGE colour garmut is entirely
enclosed within the fin, shewing that there are some colours that
cannot be produced by adding red, green and biue. It should be
noted, though, that red, green and blue primaries do produce the
largest gaymt possible from simple addition of three primaries.
Putting that another way, if you were to draw the largest triangle you
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could fir inside the area of all pogsible colourg, its vertices would
corregpond to colours you would calt red, biue and green.

= Exactly what is being plotted in Figure .27 For a full explanation,
you wiil have to consult the refepences given al the #nd of this
chapter, but a rough outlizwe 15 as follows. The dagram derives from
work done umder the auspices of the Commission Peternationale
de FEclaivage {CIE in 1831, b experiments in which pecple werg
asked to mix quantitdes of red, green and bloe lights to produce a
colour that matched a displaved sample, It was found that it was
pecessary to add negative amounts of pritnaries (by adding them
to the displayed sample instead of the attempted match) in order
1o match sore colours. This iz now understood ta be bacause the
responses of the three type of cone cell are not simphy nsed as colour
stimnli, the way the voltages on the three electron guns of a monitar
are, but are combined in 2 more complex way. The CIE defined a set
af three primsarles, kmown simply as X, ¥V and £, whose spectral
distributions matched the inferred speciral response of the eye of
their “standard observer, and codld thus be used to produce amy
visible colour purely by addition. The ¥ component is essentally
the brightness (more properly called furmingnce in this cootext), IF

we Pt

X ¥ z
ey TRl b s Ll

X

vou should be able 1o zee that any colour can be fully specified by
ite x, » and ¥ vales, since X aml 2 cap be recovered from the
equations. (Mote that £ i redundant.) Since ¥ is the luminance, x
and » rogether specify the colour, independentiy of its brightoess,
It is x andd w that label the axes in Figure 6.2, (This diagram 1= called
the CIE chromaticity dicgram, because it plots colour informatior,
indeprendent of brightoness.) The curved arez is obtained by plotting
the value of an 570 comprising a single wavelengih g2 its value
varies from 400nm to 700nm. The area is closed by a stralght lne
joining the extreme Iow and bigh frequencies — the 'line of purples’,
which corresponds to these colours which do not have a single
identifiable weavelength a3 their dominant spectral component, The
RGB gamut s cantained inside a telangle with red, green and blus
{25 defined by the CIF) at its vertices.

Unfortunately, the primarles X, ¥V and £, caonot be realized hy
physical Hght sources.

In practice, the majority of colours perceived in the world do
fall within the RGR gamut, &0 the RGE model provides a gsetul,
simple and effictent way of representing colours. A colour can
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F|
Thiz iz a simphficaticn — see below,

Colour Depth

Colowr

be represented by three valwes. We can write this representation
in the form (», g, b}, where ¥, g and b are the amounts of red,
green and biue light making up the colour. By ‘amount’, we mean
the proportion of pure (‘satwrated’) light of that primary. For ex-
ample, if we express the propoctions as percentages, {1005, 0%, (%}
Tepresents pure saturated primary red, and {5006, 0%, 0%) a darker
red, while {100%,50%, 10{%} represemts a rather violent shade of
mauve. Since black Ls an ahsence of Kght, its RGB codour value is
(0%, (%, %) White light is produced by mixing equal proportions of
saturaved Light of all three primaries, 50 white's RGB colour value is
(1009, 100%, 1040, We emphasize that the three values represent
the amounts of light of the three primary colours which must be
miixed to produce light of the specified colour. Do not confuse this
addithve mixing of colonrs with paint mixing, which is a subtractive
mixing process, since paint absorbs light! Computer monitors
emit light, 50 any consideration of how colours are produced
must be based on an additive model, Scanners work by detecting
tight reflected from the scanned doament, so they too work with
aclditive colours.

The three numbers r, g and & are not absolute values ln any
sense, it is only their relative values that matter, 50 we can choose
any convenient range, privided it allows us to distinguish enough
different values. Like many lmportant questions abaut colonr, "How
many it enough? can only be answered subjectively. Different
culiures have different ideas about when two codonrs are different,
and pecple differ In their ability to distinguish berween different
colonrs, but few, if amy, Can distinguisb more than the nearty
16.8 millbon distinet combinations provided by wsing 256 different
values for each of the red, green and blue component values.

OFf course, 256 i5 a very convenlent number o use In a digital
Tepresentation, since a single 8-hit byte can hold exactly that marry
different values, usually considered as numbers in the range 0
te 255. Thwusg, an RGE colour can be represented in three hytes,
aor 24 bits. The number of bits used w hold a colour vahie is
often referred to as the colour depri: when three bytes are used,
the colour depth is 24. We often also vefer to 24 bit colour, as a
shorthand for colour with a 24 bit colour depth. I 24 hits, cur
mauve shade would be stored as (255, 127,255, black is (0.0,0),
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as always, and white is {255, 255,255}, (Remember that the values
STart at zero).

You may well suppaose that 24 iz not the only poszsible colour depth,
and this iz mdeed the case. Ome other possibility, lezs common
than it used to be, is 1-hit (hi-level) colowr. A single bit allows us to
distinguish two different colontes, Usually these will be considered
black and white, although the actual colours displayed will depend
on the gutput device — orange and black monitors enjoyed a vogue
for a while on ergonomic grounds, for example. A colour depth
of 4 bits allows 16 different colours, which is clearly inadeguare
for displaving anything but the most simple of colour images; 16
different grey levels, on the other hamd, can produce respectable
greyscals images. Since greys are represented by RGE colpur values
(v, 4, b), with+ = g = b, a single value is sufficient to speclfy a grey
level, the other two RGPE components are redundant.

The & hit colour depth, where a single byte is used to hold a colour
vahae, providing 256 colours, 12 in widespread use, both in mognitors
for domesde personal computers and on the World Wide Weh.
affords several points of particular interest, and we will return to it
shortly. Some computer systems use 16 bits to hold colour values,
i6 iz not divisible by 3, so when RGE values are siored in a 16 bir
format, either one bit is left unused, or different numbers of hits
are assigred o the three components. Typically, red and blue each
use 5 hits, and green is allocated 6 bits, alipwing twice as many
different green values to be distingwished. This allocation of bits
iz besed on the pbeervation that the human eye i more zensilive
1o green light than to the other two primaries. (The cone cells in
the eye are especially insensitive to blue, to compensate for the
hiph ievels of blue In daylight. The high sensitiviry to green is
presumably an evolutonary responee to the preponderance of green
int the emviranment in which human beings evolved.)

Although, 24 bits are sufficient to represent more colours than
the eve can disdnguish, higher colour depths, such as 30, 36 or
oven 4% bits are increasingly being used, espedally by scanners.
Support for 48 bit colour 15 Included in the specification of the FNG
fle format. These very large colour depths serve two purposes.
Firstly, the addibdonal informaton held tn the extra bils makes it
possible o pse more accarate approximatlons when the image is
reduced to a lower colour depth for display (just as imapes stored at
high resolation will look better when displayed on a low resochation
monitor than iImages storcd at the monitor resolution). Secondly, it
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The relatimhip betwesn the yaleage
applisd to an ¢lectyon beam and the
imensity of the light smitted by a
phocpbhor when It sirkes it s
norrlinear, a5 15 the response of the
eye o the imensity of light which
enters it, 0 the valoe & oot simply
used as a voltage, but the bardware is
built b compensare saomewlar For
these non-inearites.

Coloar

is possible o make exiremely fine distinctons berween folowrs, 5o
that efferts such as chroma-key (see Chapter 109 can be applied very
accurately.

The common cololr depths are soretimes distinguished by the
terms wullions of cofours (24 bit), thousands of colowrs (16 bit) and
256 colours (8 bity, for obvious reasons (aithough 16 bits allows
65,536 values, 30 tens of thousends of colowrs would be a mote
accurate descriptton). The names frue comar and b colour are
sometimes used for 24 and 16 bit colour, respectvely, but they are
aften vged more loosely by marketing people. We will avoid these
terms.

Colowr depth i1s a crucial facror (n determining the size of a
bitmapped image: each logical pivel vequires 24 bits for 24 bit
colour, but only 8 for 8 bit, and just a single bit for 1 bit colour.
Henre, if it possible to reduce the cotour depth of an image from
24 bits to 8, the image file size will decrease by a factor of three
lignoring any fixed-size housekeeping information that is held in
additlon te the inage data). Returning to an eartier point, an image
made up of 256 different shades of grey — more than most people
can distinguish — will be one third the size of the same image in
millions of colours. Using an arbitravily chosen set of 256 colows,
on the other hand, is unlikely to produee an acceptable resuls. if the
colour depth must be reduced, and grey-scale is not desired, then
an alternative strategy must be employed.

So far, we have Implicitly assumed that the stored R, G and B values
are used directly to conirol the intensity of the menitor’s three
electron beams, thus determining the colour that is displayed. Often
this is just what is done, especially in the case of 24 hit colowr.®
This arrangement is called direcr colour. There 1s, however, an
alternative, which is very widely used on low-end compuier systems
and the World Wide Web, known as indexed colour.

The screen of any colour mondtor is capable of displaying the
millions of colours that can be represented by 24-bit colour vahies,
bt it may well be the case that the video RAM (¥RAM) provided in
the monitor is pot sufficient 0o hold a foll-screen lmage at 3 byles
per pixel. (Table 6.1 shows the amount of VRAM needed to support
each colour depth at a selection of common screen sizes.) Another
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YRAM {(Mbytes) Screen Resolution  Max Colour Depth

1 §40 = 480 16
832 x 624 14
1024 x 768 3
1152 »« 870 8
Z 640 > 480 24
632 » 624 24
124 = 768 14
1152 = 870 16
4 540 = 480 24
832 = 624 24
1024 = 768 24
1152 x 870 24
1280 x 1024 16
) 540 = 480 24
832 = 624 24
1024 = 7648 24
1152 = 370 24
1280 = 1024 24

constraint on colour depth i3 that an irmage file in 24-bit colour may
be considered ton large for the available disk space, or it may be
feltf to take 00 lopg 1o ransiolt gver a network, If, for any of these
Teasons, we are constrained to nse only one byte for each pixel,
we can use at most 256 different colours in any one image. Using
a gtandard zet of 256 colours for all the images we might need,
b.e. attempting to use S-bit direct colour, is unacceptably restrictive,
indexed colour provides a means of associating a palerze of 256
specific colours with each image. For example, if we wished to
produce a pastiche of Picasso's ‘blue period’ paintings, we could
use 2 palette holding shades of blue and obtaln & reasonable resur,
If we had had touse only the bives from a set of 256 colours spread
evenly over the spectrum, all of the snhtlety and possibly much of
the content would be lost,

Orie way of thinking about indexed colour 15 as a digital equivalent
of painting by nuntbers. in a painting by numbers kit, areas op
the painting are Jabelled with small numbers, which identdfy pots
of paint of a particular colour. When we uze indexed colour, pixels
store 3 gmall novmbrer that identifies a 24-bit colcur from the paletts
associated with the Image. Just as earh painting by mmnbers outfit
includes only thoge paings thar are needed to colour in one plcture,
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50 the palette includes only the 24-hit RGE valunes for the colours
used in the image. When the image is displayed, the graphics system
lpoks up the colowr feom the palette corresponding to each single-
byte value stored at each pixel, and wses the value it finds as the
colour of that pixel

Experienced programmers will Immediately recognize the strategy:
it is an example of the folk axiom that all problems can be solved
by adding a level of Indirection. Hence, instead of trying to use
eight bits 10 hold an RGE valie, we use it to hedd an index into a
table, with 256 entries, each of which holds a Full 24-bit RGB colour
value. For example, if a particular pixel was to be displayed as
the colour whose Z4-bit RGE value was (255, 127,255), instead of
storing that value in the image, we could store an index identfying
the table location in which it was stored. Supposing (255, 127, 255)
was held in the 18th entry of the table, the pivel woutd hold the
offset 17 {zee Figure 6.3} Such an indexed tablke of colour values
is called a Colpur Logkup Table (CLUT) or, more simply, a palette,
You may find it helpful to consider the CLUT as carrying out a
mapping from logical colours, stored for logical pixels, to phyvsical
colours, displayed by physical pixels. The looking up operation that
performs this mapping is usually carried out by the moniter's video
hardware; all the displaying program needs to do is load the correct
palette. (Even If the display hardware supports 24-hit direct colour,
indexed colour may sometimes be used 1o reduce the size of Image
files; in that case, the CLUT lookup may be done by sofrware.) i no
palette iz supplied, a default system palette will be used (the system
paletres on the major platforms are different).

It may help you to understand what is going on when indexed colour
is being wsed if you consider what happens if a program displays
two images in different windows at the same dme, and those images
use different paleties. Unlegs the program has been desipned 1o
operate in an unusual way, the colour palette associated with the
ackive window will be loaded. Say this palette is mastly made up of
shades of blue, and the 5th entry is a pale sky-blue. Then every pixel
with a value of 4 (palette offsets start at 0) will be coloured that pate
sky-hlue — inclwding pixeis in the other image, if its window 5 still
visible. This other image may be made up of shades of brown, with
the 5th element of its palette a reddish-brown; mevertheless, while
the hlue Image's window 1s actlve, the pixels thar should be reddish-
brown will be pale skytlue, since, although the palette is associated
with the image, it is applied to the entire screen. Hence, if the brown
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image becomes active, the pale sky-blues in the frst window will
turn reddish-rown. A logical colowr value does not identify a colour
abzolutely, only relative to a palette, You will apprectate that there
is a problem if two images are to be displayved in the same window,
as they must be if they both oceur on the same Web page. 1t will he
necessary to use a single paletve to display both. This may require
the number of colours in each individual ifage to be restricted o
an everl smalier number, nnlezs the colour make-up of both images
iz the same.

if indexed colour is to be used an image file needs to store the
palette along with the actual image data, but the image data itself
carl be smaller by a factor of three, since it only needs eight bits
per pixel. For any reasonably sized image, there will be & net saving
of space. This saving may be mcreased if the file formar allows
palentes with fewer than 256 entries to be stored with images that
hawe Fewer colours, and uses the minlmuom number of bits requlred
to index the palette for cach colour value.

OF the file formats mendored in Chapter 3, PNG, BMP, TGA and
TIFF allow the use of a colour palette; GIF requdres it as it only
supports 8-bit indexed colour images; an 361 image file may have
a pulette associated with it in a separate fGle.  JFIF and SPIFF
filez do not support indexed colour: JFEG images stored In 24-
bit colour mmst be reduced to §-bit if necessary at the time they
are displayed. PostScript and its derivatives, suck ax EPS and
PDF, provide sophisticated suppert for indexed colour, although
its use s osally confined to bitmapped images embedded in
the PostScript, since its use with vector shapes, where the colour
specification is a small part of the image model, is less compelling.

For created images, a paletee of 256 colours will often be tolerabile
and, since you have control over the colours yon use, you can
work within the restriction, though subile variations will be lost.
However, with phetographic or scanned material, or images that
already exlst i 24-hit colour, It will be necesgary to cut down
the mumber of colours when you prepare a version that uses 8-bit
indexcd colours. What can be done with the areas of the imape
thet shouid be displayed in some colour which is not in the reduced
palette?

Chviously, the missing colour st be replaced by one of those
that is In the palette. There are two popular ways of doing this.
The first is to replace the colour value of each mdividual pivel with
the CLUT index of the nearest colour. This can have undesirable
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You may sometimes see the term
‘dichering” used incorrectly juat to
miegn redieing fhe okt of colours.,
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effects: not only may the colours be distorted, but detafl may he
last when two simillar colours are replaced by the same one, and
banding and other vigihle artefacts may appear where gradations
of colour are replaced by sharp boundaries. (These effects are
collectively knowrl as posterization, posterization is sometimes used
delberately as an effect, for example, to simulate cheaply printed
late 19605 underground posters.)

=3 What do we mean hy ‘nearest’ rolour? 4 simpleminded view is
that the colur pearest bo some value (r, g, k) is the gne with RGR
value (r'.g'. ') such that \Jir' —7)2 + (g’ - #)2 + (& — b)2 (the
Exdidean distance between the two colour values) is mindmized,
This computation does nct take account of the non-Hnearity of our
perceptons of colowr differences, 50 some cofrection should be
applied to the given formuda, although computer graphics programs
often Fail to de s0.

When posterization is unacceptable, the replacement of colours
mmissing from the palerte can be done another way. Areas of a single
colonr are replaced by a pattern of dots of several different colours,
in such a way that optical mixing in the eye produces the effect of
a oodowr which is not really present. For example, say our image
includes an area of pale pink, hut the paletie that we must use does
not inclwle that colour, We can artempH to simedate it by colouring
somye of the pirels within that area red and some white, This process
1s called dithering.® 1t is done by grouping together pixels in the area
10 be coloured, and applying colour 1o individual pixels within «ach
grosip in a sultable pattern. The process Is am extension of the use of
half-toning, used to print grevscale images on presses that can only
produce dots of pure black or white. At bow resolutions, dithering
may produce poor results, so it 1s betver sulted to high resclution
work.

Figure 6.4 shows fve disdort ways of distributing black and white
among a 2x2 block of pixels. If the pixels were small enough amud the
image was viewed from a sufficient distance, these patterns wonld
be interpreted as five different shades of grey (incuding black and
whiite) — see Figure 6.5, where we have exaggerated the size of the
pirels to show how the half-tones are bult up. In general, a block
of n x 1 pixels can shmulate n? + i different grey levels, 50 you can
see that &3 the size of the block over which we dither |5 increased,
20 is the oumber of grey leveis, but at the expense of resolution.

If each pixel can be one of 256 different colowrs, instead of
Jjust black or white, then the corresponding patterns can simulate
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millions of colours. However, these sinmlated colours are, in effect,
heing applied w pixels four times the area of those armally on
the s¢reen, hence the effective rescluton of the image Is being
halved, resultng In a loss of detadl. While this s nsually acceptable
for primting, where resolutions in excess of 00dpi are common,
it iz often intruglve when images ave being displayed on 7zdpl
moniiors. Cther artefacts may &s0 be generated when the patterns
are superimposed; these can be minimized by clever choice of dot
patterns for the penerated celours, although this has the effect of
cutting down the noother of different colours that can be simualated.

This leaves the guesdon of which colowrs shouid be used 1n a
palette. ldealiy, you will fill the palette with the most important
colours in your image. Often, thesa will be the most common, in
which case it i easy for a program Hke Photoshop bto construct
the palette smtomatically by examining the criginat 24-bit version
when it converts it to indexed colowr, Sometimes, though, the
uze of colovr will be more complex, and it may be necessary to
construct the paletre by hand {or, more likely, edit an automatically
constructed palette} to ensure that all the vital coloury are present,

You cannot guarantes that every program that displays your image
will necessarily nse your palette — some may just fall back on the
defamlt systenm palette, with dismaying results. If you have reasan
to belleve that that is a possibility, It is uswally better to comvert
t0 a aystem palette yourself when preparing the image, and make
ATy adjustments you can to retrieve some quality instead of letting
the system da its own celour copversion. Unfortunately, the system
palettes for the mator platforms are different. A restricted set of
216 colours, wsually referred to as the Web-safe palette, is the only
palette you can rely on to be reproduced by Web browsers o any
systern wsing 8-bit colour, and if yvou must know which colours are
poing to be displayed on any plarform the Web-safe paletie is your
hest optioit

Plate 15 summarlzes this secton. The left-hand column shows, at
the tap, a 24-bit coldur Image, with, below it, the same image using
a custom palette of its 256 most common colours; the palette 1s
shown at the bottom. There is litie discernible difference between
the two images. The top picture I the middie colnmn shows
the same image again, this Hme vsing the Web-safe palette, with
dithering apphed. Again, and perhaps surprisingly, there is Lttle
discernible differerce, but, i vou look tlogely, you can see that
the dithering hat introduced some slight pixelation. Below this, 1s
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the same image, using the same palette, but withowt dithering, now
badly posterized; the Web-safe palette is shown below. In the Anal
column, the top lmage Is a grevecale version, showing how much
detail is retained despite the absence of colour. The lower image
L8 indexed calour dgain, this time using the palette shown beloa it,
which was constructed from the most conmmon colours In the image
that is reproduced as Plate 17.

Other Colour Models

CMYK

AA
Y
&

Figure 6.6
Complementary colours

7

The ¥ that stands For yellow 18 not 1
be confused with the ¥ that sands Tor
uminznce dsewhere in this chapter.

The RGE colour model 13 the mage [mportant means of representing
colours weed in images for multimedia, because it corresponds to
the way in which colour is produced on computer mwooitors, ami it
is also how colour is detected by scanners. Several other colour
models are in wse, and you should know something about them
because you may be required to work with Images that have already
been prepared for some other medium, especially print, or to use
software which 15 based on a different view of colour from RGB,

You have probably seen at some {ime the experiment, originally
devised by Thomas Young in 1801, illustrated in Mate 16. Beams
of the three additive prirnaries red, green aod blue are shone onto a
white surface, which reflects all of the Hght falling on It, 50 that they
overiap. Where cnly one colour lands, we see that colour; where all
three overlap, we see white, as we watlld expect from the previous
section. Where two colours overlap, we see a new colowr formed by
the mixing of the two additlve primaries. These new colours are a
pale shade of blue, usually called cyaes, a slightly blaeigh red, called
magenta, and a shade of yellow (see Figure 6.6). Each of these three
is formed by adding two of the additive pritnaries. Since all three
addjtive primaries combine to form white light, we could equally
say that cyan, for example, which is the mixture of bloe and green,
is produced by sublracting the remaining primary, red, from white
light.

We can express thls effect pseudo-algebraically. Writing R, & and &
for red, green anxd blwe, C, M and ¥ for cyan, magenta and yellow,”
and W for white, and using + to mean additive mixing of light,
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and — to mean suhiracton of light, we have

C = G+B = W-R
M = R+8 W—G
Y = R+&G = W-B

In each equation, the colour cn the left is called the complemmentary
colour of the one at the extreme right; for example, magents is the
complementary colour of green.

The relevance of this experiment 1s two-fold. Firstly, it is the basis
tor & theory of colour aesthetics which has had a great influence on
the use of colour in art and design. Secondly, the idea of foroing
colowurs by subtractiom of light instead of addition provides a colour
model appropriate o ink and paint, since these are substinces
which owe their coloured appearance to the way they absorb Hght.

An important point to grasp is that the light that is reflected
from a coloured surface i$ not changed in colowr by the process
of reflection. For exampie, when yom hold a glozsy photograph
under a bright white light, the Hght that bounces off it will produce
white reflecions that interfere with the colour of the photograph
itself. The dyes on a surface sach as paper 4o oot mpply oolowr Lo
hght reflected off the surface, but to light that penetrates through
(hem and gets reflectad or scattered back from beneath it. During
the light's journey through the particles of dye, ink or paint, the
pigments shsarb light at some frequencies. The Hght that emerges
this appears to be coloured. When paints are mixed or dyes are
averlaid, the combination absorbs all the frequencies absorbed by
the individual components. When, for example, we talk of ‘cyan
ink’, we mean ink that, when it is applled to white paper and
lluminated by white light will absorb the red component, allowing
the green and blue, which combing o produce the cyan colour, to
he reflected back (see Figure 6.71. If we apply a layer of such an ink
Lo white paper, and then add a layer of magenta, the magenta ink
will absorb incident preen light, $a the combination of the cyan and
magenta mks produces 5 blue colour {the additive primary blue,
that is), a3 shown In Fgure 6.8. Similariy, combining eyan and
vellow inks produces green, while magenta combined with yellpw
plves red. A combination of ail fhree colours will absoch ail incident
light, producing black. Mixtures containing different proportons
of cyan, magenta and yellow Ink will absorb red, green and biug
light in corresponding proportions, thas (n theory) producing the
game range of coloors as the addition of red, green and blue
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Flgure 5.9
The CMYK coloaur gamut
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primary lights, Cyan, magenta and yellow are called the subtractive
primaries for this reason. These subtractive primaries are the
primary colours which the ardst working in conventional media
must use.

In practice, ir 18 not possible 10 manfacture inks which absorb
only light of precisely the complementary colour. Inevitably, scme
wwanted coloars are absorbed at the same Hme.  As 3 pegulf,
the garmit of colowrs that can be primted using cvan, magenta and
yellow is not the same as the RGE gamut. Furthermore, combining
actual inks of all three colours does not produce a very good blark.
On top of thig, applving three different inks is not very good for
your paper and leads to longer diying dmes, For these reasons,
in magazine and book printing, the three subiractive primaries are
avgmented with black. The four colours cyvan, magenta, yellow
and black, when used in printing, are called process colours, and
identified by their initials CMYE. Figure 6.9 shows the CMYK colour
gamut and compares it with the BGB gamnt displayved earlier. You
will see that the CMYK gsunut is smaller than RGB, but is not a strict
subset — there are CMYK colours that fall gutside the RGB gamnt,
and vice versa. You will alzo see that, because of the different codour
mixing method and the presence of the black, the gamut is mot
triamgular.

For printing, an understanding of the subiractive CMYK mndel of
colowr, and also of the properties of inks and papers is vital 1o
high quality colour reproduction. For muldmedia, CMYK is of bess
direct relevance. If It should happen that you wish wsers of your
roaltinvedia production 1o be able to print copies of the images it
containg, in colour, then you showld ensuye that they only contain
colours within the CMYK gammt, otherwise there will be colour
shifts on the printed version. If you are Incorporating images that
have previously been used in some print medium, you may find they
are stored in a format in which colours are specified as O, M, ¥ and
K values, instead of R, & arvl B. When the images are converied
to a sultable e formar for multimedia, it may be necessary also
i copvert the CMYK colour values into RGB. (Programs such as
Photoshop can do this,) Having done s, you may be able 1o apply
some colour transformations ko improve the appearance by taking
advantage of the larger RGB gamst,

Finally, if you come frown a printing or painting background, or
any pre-digital art and design discipline except photography, film
or viden, you may find it mere nawral to specify colours using
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CMYK, since the subtractive mixing of CMYE colours is more like
the mbdng of thks and paints — the primaries are the same, for
eXample. You shouid also rcalize that painting programs which
simulate natural media will sirmulate the subtractive colour mixing
that comes from overlaying different coloured paint. Plate 17 shows
the effect of painting with thin layers of yellow, magenta and cyan
using the simulated paints of Painter. The red, greei, and bhae, and
the other colours are all formed by overlaying thin layers of these
primariaes with a simnlated airbrush; the mixing is subractive,

= Many pecple’s rhinking about primary colowrs ks confused by the
habit school teachers have of telling children that the prinoary
coloums are red, yvellow and blue, referring to the cheerful poster-
paint primaries familiar from the dassroom, not the artiss' primary
pigments, which are given different names by difterent manufac-
furers, but whose appestance corresponds well 16 the subiracdve
primaries magenta, yellow and cyvan. The confusion stems from the
breadth with which we apply the names of different hues: mixving
any yeliow with any blue will produce sornething we wounld call
greery, for examaple, Of the colours available in the sort of paints
commonty found in junior schogls, red, yeliow and bhue pravide the
Cosest approvboations to the primarles. Thy can be mixed togive 2
mange of colours, ut pof the full rangs obitainsbie when true primary
Ppigmenis are available, (furples are especlally disappointing.)

Breaking a colour down inte its component primaries makes sense
from a theoreteal polnt of view, and reflects the way menitors,
scenners and colour printers work, but as a way of descrlbing
colour, it does not correspond to the way in which we experience
cotours in the world. Looking at a pale (cvan) blue, you probably
don't reiate it to a mixbure of green and Blue-violet light, but rather
to other blues, according to how neatly pure bne it ts, or how much
of a greendish or purple-ish hlue it appears, and to how light or dark
it is.

In more formal terms, we can consider g colour's hure, its saturarion,
and its Brighimess. I physicists’s terms, hue s the partcular
wavalength at which most of the energy of the light is concentrated
{the dorningrr wivelengithy; if you like, hue s the pure colour of
light. Inn less scientific terms, we usnally identify huea by names.
Famously, 1saac Newton identified seven hues in the spectrum, the
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Figure 5,10
A colour wheel
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familiar red, orange, green, blue, mdigo and vialet of the rainbow,
Newton bad his own mystical reasons for wanting seven oolours in
the rainbow and it is more normal to distinguish just four: red,
yellow, green and blue, and define hue informally as the extent o
which a colour ressmbles one, or a mixtre of two, of thege.

A pure hue can be move or bess 'diluted’ by mivdng it with white:
the dominant huwe (wavelength) remains the same, but the presence
of other lmes makes the colour paler. A colour’s gaturation is a
measure of 1ts puricy. Samarated colours are pure hges; as white is
mixed in, the saturation decreases. A colonr's appearance will he
madified by the intensity of the light: less light makes it appear
darker, The brightness of a colowr ts a measure of how light or dark
it is.

> The eguation of bue with the measursble quantity dominant
wavelength 15 appealing, but mot qulte as simple az one would
hope. Some hues carmal be identified with a gingle wavelength.
Most people would constder purple to b+ a hue, but the SPD for
purple has peaks at both shart and Jong wavelengths {red and blue).
We know, though, from the discussion of subtractive midng, that
we could consider purple 10 be made by subtracting light at the
dominant wavelength of a shade of green from white light. tn ocer
words, the hue purple is assoclated with a dominant wavelength,
but the dominance takes the form of a negative peak. This notion
15, perhaps, no more congrucis than the idea thar a hole is where
an electron jsn't.

In terms of paint, a hwe §5 a pure colour. Adding white decreases its
saturation, producing a tine. Adding hlack decreases its brighmess,
producing a tone.

Since the early nineteenth century, painters and other visual artists
who like to systematize their thinking about colowrs have organized
themt nto a ‘cofour wheel: the different hues are organized in a
circle, with the subtractive primaries «qually spaced armusd the
perimeter, and the additive primaries in between them 5o that each
primary is opposite its complement {s¢e Figare 6,10} In art terms, 1t
is the subtractive primaries which are usually referred to as primary
colours. Their complements are called secondary colours, and the
colours produced by mixing primaries and secondaries are tertiary
eolours. (The tertlary colours are sometimes added o the colour
wheel in between the primaries and secondaries.)

This cofour wheel can be extended to produce an alternative colour
madel. First, the distinct primary, secomndary and tertiary baes can
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be augmented o produce a centinunm extending all the way round
a circle. Any hne can be specified as an angle around the circle,
usualily measured counter-clockwise, relative to red at 07, Saturation
can be added to the mode! by putting white at the centre of the
circle, and then showing a gradaton of fints from the saturated
hues on the perimeter 1o the pure white at the centre. To add
brightmess to thiz model, we need a third dimenston. Imagine the
colour disk just described as being on top of a cylinder, made up of
similar slices whose brightniess decreases as we move downwards,
s that, instead of white at the centre we have Increasingly dark
prevs, urttll at the bareom, there 15 black. On each slice, the colonrs
will be correspondingly toned down. (See plare 18, which shows
three such stices,) A particular calour can be fdentlfled by its hue H
{hosy far roumd the circle from red 11 1), 1ts sararadon 5 (bosw near
the ceniral axis) and its brightness valoe V' (how Far up the cylinder
it 1s), hence this form of colonr deseription 13 called the HSV model.

P As we move towards the ends of the HSV cylinder, the varlability in
sataradion will be smaller, At the botiom, there is less lght, s less
scope for adding white, while at the rop, there is more light, and
less scope for adding black. Accordingly, & better model is actaally
pravided by a double cone, rather than a cylinder, which narrows
towards g single hlack point at the hottom, and a single whitc palnt
at the top. The colour model based on this geometry 1= called HLS,
which stands for hue, sanoeation, and Yighmess.

Yim may sometimes see references to the HSE model. This is

Identical to the H5Y model just described, using the B to stamd for
brightneas instead of the less obwious V for valoe.

ndustrial designers use a different approach ta colowur specification,
based on swetches of standard colours that can he reproduced
accurately. The Pantone system is widely used for this purpose,
and has been adapted for incorporetion into computer graphics
applications.

Altheough the BSY model superficially resembles ome of the ways in
which painters think about colour, it should be remembered that
the arrangement of bues arcund the circle 1s really no more than a
visual mhernonic for colgur harmony — it is otherwise arbitrary and
has no physical basis.

All colour medels provide a way of specifying a colour as a ser
of numbers, and of visualizing their relationships in a three-
dimensional space. This way of describing colour 13 independent
of the many subjectve factors which normeally play a part in

171



172 Colour

owr perception of colowr. For computer programs, a numericai,
objective, colour speclfication is necessary. For people, it is less
so, and most people find the mumerical spectfication of colours
non-intuitive.  Within graphics programs, though, it 13 normal ko
choose colours interactively using a colowr picker dialogue. These
may be based on any of the colowr models we have discussed,
and allow you to choose colours by manipulating controls that
affect the values of the components, while seelng a sample of the
resulting codour displayed. Figare 6.11 shows the RGB and HSV
celour pickers provided by the Macintosh system software, In the
HSV coloar picker, a slider is used to conirol the V value, while the
carresponding slices through the cylinder are displayed alongside,
and a colour is selected by clicking on a point in the dlsk. The RGE
picker simply uses sliders to conirol the theee components.

Figure &.11 also shows the witty ‘crayon picker’, which can be used
to choose a colour from the system palette. More conventional
palette pickers just present swatches of the availabibe colours.

Colour Spaces Based on Colour Differences

For some purposes 1t is wseful v separate the brighiness infor-
mation of an image from its coloar. Historically, an important
motdvation for dolng this was to produce a means of branswmichng
colour television signals that would be compatible wich older black
amd white receivers. By separatmg brightness and colour, it is
possible w0 transmit a picture jn such a way that the colour
information is undetected by a black and white receiver, which
can trear the hrightness as a mopochrome sigoal. Once a means
of separating colour and brightness had been devised, it became
possible t0 process the two signals separately in other ways. in
particular, it i$ comunon practice in analdgue hroadcastng o uge
less bandwidth ro ransmit the colour than the brightness, since the
eye is less sensitve t¢ colour than to hrighiness. There is evidence
1o suggest that the human visual apparatus processes brightness
anl colour separately, too, so this form of representation also holds
soame physiclogical inverest.

The basis of the RGE representation of colour is that light can
always be hroken down inte three components. What we consider
as brightness — the extent to which a pixel appears to be lighter or
darker — is clearly related to the values of the red, green and blue
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components of the colour, since these tell us how much light of
each primary is being emitted, 1t would be tempting to suppose
that the hrighmess could be modelied simply as (B + G + B)/3,
but this formula s net quite adequate, because It takes no account
of the eye’s differing sensttivity to the different primaries. Green
conttibites far rore to the percedved brightness of a colour than
red, and blue contributes hardly at all. Hence to produce a
measure of brighinezs From an RGE value, we must weight the three
components separately, There are several different formmlag th use
for performing this cormmputadon; that vecomurended for modern
cathode ray tubes, 23 used in most computar monitors and TV sets
i

¥ = (L2125R + 071540 + 007218

The quandty ¥ defined bere is called Timinance.

You should be shle to see that red, green and blue values can
be reconsoucted rom hminance and any two of the primaries.
it iz notmid, though, for technical reasons, to use some variant
of a representatdon cconsisting of ¥ together with two colour
differance values, usuzlly 8 - ¥ and B - ¥. We say ‘some variant'
because different applications require that the three components
be manipulated in different ways. For analogue television, & non-
linearly scaled version of ¥, properly denoted ¥, is used togather
with a pair of welghted colour difference values, denored U and
V. Cut of carelessness, the term YUV coloiir is olfen uwsed to refer
to any colour space consisting of a hrighmess component together
with two colour difference componenis. Digital television uses a
vartant called ¥' gz, which 15 like YUV but uses different weights
for the colour difference computation.
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Fgure 6.11
Cokpar pickers

Device-independent Colour Spaces

RGE and CMYK are the most corpmonty used colouwr modeiz, but
they are both devivefependent: different monitors provide different
red, green and blue primavies; different sorts of ink and paper
prodluce different cyan, magenta, yellosy and even black. Glven an
RGE value such as (255,127,255), you don't know exactly what
colour is going 0 be produced on any pardcular monitor, and you
have ne guarantee that it will be the same on any two monitors, or
even on the same monitor at different times.
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Flgure 6.12
Red, green and blue channels of
Plate 17

Coloar

Az we mentioned in the technical note on page 157, the Commilssion
Internatiortaie de I'Edairage (CIE) has carried out work 1o produce
an ohjective, device-independent defdtion of colours. 1ts basle
medel, the CIE X¥YZ colowr space, uses three components X, ¥ and
Z to approvimate the three stimwli to which the colour-sensitve
paris of our eyes respond. This madel 13 device-Independent, but as
well as being awkward tc work with and impossible o reallze with
physical light soverces, Bt sulfers (as do the RGB, CMYK, HSY and
most other colour medels) from not being perceptually wniform. A
percepiually uniform model would be one in which the same change
in one of the values produced the same change in appearance, no
matter what the original value was. Tf, for example, RGE was a
perceptually uniform model then changing the E component from
1 to 11 would produce the same inkrease in perceived redness as
changing it from 101 to 111. However, it doesn’'t. This means that
computations of the distance between two colours based on their
RGE values do not reflect what we consider the degree of difference
between them, which in twrn makes fnding a closest colonr match
when reducing an image 1o a restricted pabette difficalt.

= You will be famiifar with perceptual nomuniformiey If you have
evet owned a cheap mxdio amplifier: very small movernents of the
volurme sontrol at Jow levely make the sound much Joader or quieter,
while much larger movements af the top end make Yitle discernible
difference to haw lox] the sound seems.

For many years, the CIE tried ro prodoce a colour model that wag
perceptually uniform, but never quite succeeded. Two models,
refined from the original XYZ model to be much more nearly
perceptually uniform were produrced in 1976. These are the L*a*b*
and L*w*v* models (often written simply Lab and Luv, or CIELAB and
CIELLTY).

iIn both models, the LY component (5 4 uniform luminance and
the other two components are colow differences. In L*a*h*, they
specify colour in a way that combines subtractively, as in CMYK.
‘Lab colour’ is widely used in the pre-press indusiry as a standard
specification of colour difference valwes for printing. L™u*v* is a
similar model, but the colour dilference values work additively, as
in RGE, 50 L*u*v* provides a device-inklepernlent maddel of colour
suitable for monitors and scanners.

These models do pot carmespond w any easily understandable way
of thinking about colour, so you are unlikely to nse them divecily.
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However, they d¢ provide & basls for the device-independent
treatment of colour, and are used as a reference point for systems
that try to guarantee that the colours we specify in our linages will
look as nearly az possible the same on whatever output device is

being nged.

Channels and Colour Correction

Earlier, we imnplied that in a 24-bit RGE colour Unape, 2 single 24-
bit value 18 stored for each pixel. While this is the way colours are
stored in some file formats, there is another possikilin: for each
pixel, three separate §-hlt values, cne for each of red, green and
blue, are stored. That is, in terms of data structures, instead of
storing an image in a single arvay of 24-bit values, we store jt in
three arrays, each consisting of single bytea. Thils representaticn
has some computatonal advantages, smce 3-byle gquantides are
awkward to maipadate on ot machines. [t also provides a
useful way of organizing colour images canceptually, Iirespective
of whether the physical storage Iayout 15 actoalty of this form.

Each of the three arrays can itself be considered as an image, When
we consider sach colour separately, it only makes sense to consider
these as greyscale images. Each of the thres greyscale images
making up the colour Image 13 called a channef, 50 we speak; of the
red channel, or the green or blue channel. Figure 6.12 shows the
three channels of the imspge in Plate 17,

Each channel can be manipulated separately: since it is an image,
the manipulations can be done nsing the usual imapge editing rools
provided by Photoshop and similar programs. In partloatar, levels
and curves can e used to alter the brightmess and conirast of each
channe! independently. When the altered chammels are recombined,
the colour balance of the composite image will have changed.
Colour correction operations performed in this way are frequently
raquired to compensate for the deficiencies of scanners and other
input devires. Plate 19 shows an example: the scanned photagraph
on the left has a marked coleur cast; in the middle image, this
has been corrected; the image on the right shows how colour
adjustment can be taken further to produce an artifically colonred
image.
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The previous paragraph may make adjusting the levels of each
channel sound like a simple operation. In practice, although some
colour adjustments are siraightforward - maimlzing the contrase
in all three channels, for example — producing a desired result
can be very hme-consuming, calling for considerable experience
and fine judgement. Some image man|pulabon programs come
equipped with ‘wizards' or “assistants’, software modules with some
degree of artificial intelligence, to help in some common Eituations
calling for colour correction.

Sometimes, though, a slmpler approach is adequate. Just as the
brighmess and contrast controls encapsulate a class of tonal adjust-
meqits, 5o the colour balance and hue ard saturarion adjustments
provide 3 less refined interface to the adjustment of levels in
the three colour channels. Colour balance provides three sliders,
one for each of the pairs of complements cyan and red, magenta
and green, and yellow and blue, which allow you to adjust the
relative proportions of each palr. The adjustment can be applled
to shadows, midtones, or highlights separately. The hue and
saturatlon ad|ustment performs a similar cperation, by allowing
you to vary each of the H, 5, and V components of colours within
specified ranges: reds, greens, blues, and 50 on. This provides
a more intultive way of adjusting the colours if you are used to
working with HSY specifications.

A different way of making colour changes which, like the two seis
of controls just described, works across all the channels at once,
is to replace a specified colour wherever it appears with a different
o, This is like doing a search and replace operatlon on a text file
using an editor, except that the target and replacement are colours
not text strings. Photoshop's version of this operation is somewhat
more sophistcated: you can 5et a tolerance valbwe, which canses
pixels within a certaln percentage of the target value to be altered,
and use H, §, and ¥ sHders to specify a change to those components
of pixels that match the target, instead of Just specifying an exact
replacement colour. n effect, this comunand creates a mask, in a
simdlar mannher 1o the magle wand described in Chapter 5 and then
makes cplour adjustments to selected areas of the mage.

Althcugh we are only discussing RGB colour, images stored in any
colour space can be separated into channels. in particular, the
channels of a CMYK image correspond to the colour separations
needed by commercial printing processes, while the channels of
a ¥ CpCr image corregpond to the components of a video signal.
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furthermare, the idea that a preyscale image can be considered to
be ome charmel of a composite image 15 extended in the concept of
alpha channel, which we introduced in Chapter 5. Although alpha
channels behave compietely differently from the colour channels
that make up the displayed image, their common representation
has some useful consequences.

One of the moat common applications of this duality is in Inserting
pecple into a separately photographed sceme, often one where 1t
is Impossible for them to be in reality. This can be dohe by
photographing the person against a blue background {ensuring that
none of their clathing is blug). All of the image data for the person
will b in the red and green channels; the blue charmel will be an
image of the area not ocoupled by the person. An alpha channel
constructed as a copy of the blue channel (an operation alt in to
any seftware that manipulates image channels) will therefore mask
out the background, 1solating the fignre. It is then a simple matter
to copy the figure, nsing the mask to define it as the selection, and
paste it into, for example, an nnderwgter scene. This blue soreen
technigue 15 commonly wsed in video and film-makdug, as well as In
constructing fake images,

Gther sorts of colour image processing can be implemented by
applying scme greyscale processing to each of the channels sepa-
rately. An important examnple is JPEG compression, which, although
it is moar commmonly applled to colour lmages, ix dafined in
the standard to operate on 8-bit quantites, so that each channel
ia compressed individualiy. Cme advantage of this is that the
compression algerithm is unaffected by the colonr space used
tor the image, it just tekes whatever chamnels are there and
compresses them, This offers the freedom to choose a colour
space, and apply pre-proceszing to the channels. Lt is common for
JPEG compressors to ranaform an image Into Y 'CpCe, and then
downsample the colowr difference components, since the eve is iess
sensitive to colour variation than to brightness variations. This
samw "chroma downsampling' step is applied to video signmals, hoth
for compression and transmigsion, as we will see in Chapter 10,
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Colour adjustment i messy, and getting it wrong can cause
irreparable damage to an image. It would he much hetter to get
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things right first dme, bur the varying colour characteristics of
different monjtors and scanners make this difficult. Some recent
developments in software are aimed at compensadng for these
differences. They are based on the use of profiles, deserihing how
devices detect and reproduce colour.

We don't need much information to give a reasonable description of
the cobr properties of iy particular monitor. We need o know
exactly which golours the red, green and blue phosphors emit (the
R, G and B chromaticities). These can be measured using a sultable
scientific insthuneent, and then expressed in terms of one of the
CIE device-independent coloue spaces. We also need to know the
maxirmum saturition each component is capable of, i.e. we need to
know what happens when each electron beam 15 full on. We can
deduce this if we can characterize the makeup and intensity of
white, since this tells us what the (24-bit) RGB value (255, 255,255}
corresponds to. Again, the value of white — the monitw’s white
point -~ can be specified in A device-independent colour space.

= You will sometimes see white polnt specified as a color fempera-
fare, In degrees absolute. This form of specification Is based on the
observaton that the spectral makewp of light emitted by a perfect
tadiator la sovalled Black body') depends oaly on its temperature,
g0 a black body tempersture provides a concise description of
an 5PD. Most colour monitors for computers use a white point
designed vo correspond to a colowr ternperature of 9300°K. This
Is far higher than daylight {around 7500°K), or a convendonal
televigion monitor (around 650d°K), in order 1o generate the high
light intensity reguired for a device that will normally be viewed
under office lighting conditkens. (Televisions are designed on the
asgumplion that they will be watched in dimly lit rooms. ) The “white'
light emitted bw a monltor when all its three colours are at full
Intensity Is actually quite bue.
Computer monitors are oot actually bleck bodies, and so their
SPDs deviate Froon the shape of e black body radiation, which
means that colour temperamure i only an approximation of the
charactaristic af the white point, which is better specified using CIE
colour vahwes.

Finally, the most compiex element in the monitor's behaviour is the
relationsiip between the RGE values presented wo Lt by the graphlcs
controfler, and the intensity of the light emitied in response. This
rebationghipy 18 not a simple Llinear one: the intensity of lght emitted
in response to an inpur of 300 is not ten times that produced by an
input of i0, which in e 13 wot ten fdmes that produced by an input
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of 1. Physical devices do not work as conveniently as that. However,
the response can be captured {0 $orme extent nging a single momber,
veferred to as the display's ¥ (often written cut as ganimia.

3 Why y? Becanse the transfer characteristic of a display — the
relationship hetween the light intensity emitted by the scteen (1) and
the voltage applied to the electron gun (V) is ufren modelled by the
transfer functon f = V¥, where ¥ is a constant. Unforminately, this
model is not entirely accurate, and ome of the sources of variebility
between monitors Hes in the use of incorrect values for y which
attempt t0 compensate for vrrors io the formule. Another iz the
fuet that some display controlers attermpt to compensate fur the
non-lpearity by adjusting values according to an inverse transfer
functon betore they are applied to the slectron mums, while others
do not,

Armed with device-mdependent valzes for red, green and hlue, the
white point and y, it i2 pozaible o translate ary RGE colonr value
inta an absolute, device-independeant, colour value in a CIE colour
space that exactly describes the colour produced by the monitor in
responge to that RGE value, This is the principle behind the practice
of coloir numagerient.

Flgore 6.13(a) shows & typical situation calling for colour manape-
ment: an image is prepared nsing 2ome input device, which might
e a mmenitor used as the display by a graphics editor, or a scanner.
In either case, the image will be gtored in a Hle, using RGE values
which reflect the way the input device maps colonra to colour values
-- its colour profile, We say that the image is stored using the input
device’s colour apace, Later, the game image may be digplayed on a
different monitor. Now the RGE values stored in the image file are
mapped by the outpiit device, which probably has a different profile
from the inpat device, The colours, stored i the colour space of
the inpat device are interpreted as if they were in the colour space
of the output device. In other words, they come out wrong.

Une way of correcting thix is shown in Figure 6.13(b). Information
from the igput device’s profile (5 embedded in the image Hle.
EPS, TIFF, JFIF and PNG filex are able to accommeodate such
information, in varying degrees of detail. Ar the least, the B, &
and B chromaticities, white point and y can be included in the file,
Software on the machine being used to display the image can, In
principle, uss this information to map the RGE values it finds in the
image file to colonr values In a device-ndependent coleur spacce.
Ther, using the device profile of the output monltor, map those
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Fgure 6.13
Colour management
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values to the colour space of the cutput device, so that the colowrs
are displayed exactly as they were gn the input device. In practice,

it i5 eore Likely that the twaa p

rofiles would he combined amd used

to map from the input device colour space to the cutput device
colour space directly. 1t is, of course, possible, thet some of the
colours in the Input device colour space are not avaitable in the
output device colour space, so codour management can onky actually
guarantee that the colours will be displaved exactly as they were
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Intended within the capabilifies of the outpur device. If soffware
uses colour management consistently, the approxirmetions made to
accommodare a restricted colowr gamut will be the same, and the
vutput's calour will be predictable. ¥ the display software has not
been written to take advantage of device profiles, the display will be
0o better than it would be without celmir management.

An alternative way of using colour management saftware is to
madify the colours displayved on a monitor using the profile of
a chosen ocutput device, In this way, colour can be accurately
previewed., This mode of workdng is especially useful in pre-press
work, where actually producing printed output may be expenaive or
tme-consurning,

To obtal really accurate colour repreductdon across a range of
devices, device profiles need to provide more information than
simply the RGB chromaticitles, white point and a single figure for
¥. In practice, for example, the ys for the three different colours
are not necessarlly the same, As already stated, the acmal ransfer
characteristics are hot really correctly represented by y; a mere
accurate representation s needed. If, as well as display on a
monttor, we also wished to be able to manage colour reproduction
am primnters, where it is necessary to take acccunt of a host of issues,
incinding the C, M, ¥ and K chromaticldes of the Inks, spreading
characteristics of the mk, and absorbency and reflectiveness of the
paper, even more information would be required — and different
Information atfll for printing to film, or video.

Since the original impetus for colour management software came
from the pre-press and printing induatvies, colour management
has already been developed to accommodare these requirenyents.
The [mtervationd! Colouy Consortivm (TCC) has defirveed a standard
device profile, which supports extremely elaborate deacripiions
of the colowr characterlsiics of a wide range of devices., ICC
device profiles are used by colour management software such as
Apple's ColorSynec, and the Kedak Precision Coler Management
Svstem, to provide colour management setvices, ColoTSyne provides
colour management at 4 system software level, making it easy
for individual applications to incorporate oxtremely sophisticated
colour management services, Manufactorers of scanners, menitors
and printers routinely produce ICC profiles of thelr devices. TIFF
and EPS files can acoommeodate complets 1CC profiles.
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i

{x 30 its praponants claim. Other
experts bebieve the chosen values are
nat the best. Photoshop 5.0 used
sRGE as its defmut colour space; iz
Teapotse to sars” reactioms, this
default was almost immediately
changed in the 501 update.

Coloar

= Colour menagement ig not much use unless accurate peofiles are
wvailable, Unfortunately, no two devices are exactly identical. In the
case of monitors, the sitwation Is even worse, since tubes age and
their colour characteristics change over rime. Although a generkc
profile produced by the manufacturer for one lne of monlmrs is
belpful, 1o take Tull adveantage of colour nanagenent it is necessary
to calibrate individual devices, at relatively frequent imtervalz (ooce
a month is often advised). Somse high eond momdtors are able (o
calibrate themselves automatically. For others, it is necessary to
use 4 special measuring device in conjunction with software chat
displays a sequence of colour values and, om the basis of the
measured putput of the screen, generates an accurate profile,

You may wotider wity the profile data is embedded in the fle. Why
l# it not used at the input end w0 map the colour values to a device-
Independent form, which can then he mapped to the gutput calour
space when the image is displayed? The work is split between
the two ends and no extra data has o be aided to the filke (see
Figure £.13(c)). The reason is that most exdistng software does not
wirk with device-independent colour valwes, so it condd not display
the Images at all. If it ignores a device profije, things are no worge
than they would have been if it was not there.

Clearly, though, it would be desirable to nse a device-ndependent
colour space for stored colour valwes. The sRGB {standard RGB)
colour model attempts to provide such 4 space. A% you Ccanl gUess,
it is based on the RGE model, and specifies standard values for
the R, G and B chromaticiiies, white point, and y. The standard
values have heen chosen to be typical of the valoes found on most
monitors.® As a result, if the display sofrware is not aware of the
$RGR colour space and simply displays the bmage without any colour
transformadon, it should sdll look reasonable. Use of sRGE colour
is especially snitahle for graphics on the World Wide Weh, hecause
there most images are only ever destined to be displayed on a
tertninal. A standard colowr space hased om RGB 1s of no help in
maintaining consistency of colours for printing.

Having read this section, you may well ask "Why bother?’ It may
not seem like the end of the world if the colours in your Image
are a bit off when it is displayed on somebody else's monitor.
Conslder, for example, the use of Web pages as online shopping
catalogues. For many products, the colout is important. (To take
an extreme exampile, think about buying paint over the Internet.)
Ome of the fartors driving the development of colour management
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and its incarporation into Web hrowsers is the deslre to facilirate
orline shopping. As well as the development of the sRGR colonr
space, this hax led to the development of hrowser plug-ins providing
full colowr management Facilities based on ColorSynic. I online
shopping seems crassly commerclal, consider instead the use of the
Werld Wlde Web and CD-ROMSs by art gallerles to deliver catalogues.
Here again the best possible colfour peproduction is vital it the
catalopues are to serve thelr function properly.

Further Information

{IMF34] surveys meny aspects of colour; [Got98] considers colonr
in digital media froin a designer's point of view. [Poy9t] inclades
technical material on coloar, especially in the comtext of video,
{FvDFH96] also has a somewhat technieal deacriprion of celonr
spaces and the physics of colour. [SACM] is the decument that
defines the sRGB colour space.

Exercises

I. Comment on the advisability of using translhicent tangerine

ek ; I 5
coloured plastics in the surround of a computer monitor. &

2. 1f you consider the three components of an RGE colonr to he
cartesian coordinates tn a 3-dimensional space, and normalize
themn to lie hetween (¢ and 1, you can visualize RGE colour AT
space as a unit cube, as shown in Figure 6.14. What colours -
corTespond to the eight corners of this cube? What does
the straight line runntng from the origin to (1,1, 1) shown
in the figure represent? Comment cn the usefinlness of this
representation a2 a means of vispalizing colour. g

Bl

3. Why do RGB colour values (v, g, b}, with+ = g = b represent Flgure £.14
shades of grey? The RGB colour <pace

4. Why do yom think we chose to show the CIE chromaticity
diagram In black and white as Figure 6.2, tnstead of providing
a cotaur plate showing the actual colours?
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5. If a CLUT has 256 entries {50 pixels only need a single bvte),

each 3 bytes wide, how large must an Image be before using
indexed cobour provides a net saving of space?

. For which of the following images wonld the wee of Indeved

calour be sadsfactory?

{a) A reproduction of your national fag.

b} A photograph of the surface of Mars.

] A photograph of yourself on the beach

{di A stll from a black and white Fred Astaire movie.

In which cases is the systern palette likely to be acceptable
withour dithering?

. Glve an example of an Image whose most important colour is

not one of its most commonly ocourring cHours. Whent might
this canse a problem?

. If you gave a child a palndhox contalning red, green and blue

paints only, will they be able to mix an adequate range of
colours to paint the ceiling of the Sistine chapel?

Which colour space should be used for storing images arxd
why'?

1. Suppose you had an Image with o mwch red in ik, per-

ii.

haps because of poor lighting. Explain what adjustments
you woedd make to itz red channel to compensate. What
uwndesirable side-effect would your adjustment have, and what
would you do about it?

Superman’s uniform is blue, with a yellow § on the chest, and
ared cape. How would you make an Image of Superman fiyving,
without recourse 1o his superpowers?
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Toxt has a dual nature: it {s a visual representation of language, and
a graphic element inits own cight. Text in digital form mast also be
a representatlon of language; that is, we need to relate bit patterns
stored in a computer’s memory of ransmitted over a network to
the symbols of a written langaage. When we consider the display
of stored text, itz visual aspect becomes relevant. We then hecome
concerned with such issues as the precise shape of characters, their
spacing and the layout of lines, paragraphs and larger divisions of
text on the screen or page. These issues of display are raditionally
the concern of the art of ppegraphy. Much of the accumulated
typographical practice of the last several cenmiries can he adapted
1o the display of the textual elements of multinedia.

In this chapter, we conslder how the fundamencal antts of written
languages — characters — car be represented in a digital form,
and how the digital representation of characters can he nrned
into a visual representation for display. We will show how digitai
tont techsology makes it possible to approximate the typegraphical
richness of printed text in the textual compotents of multimedia.
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1
From the short story Jeeves and the
frrpreendinng Dooen by PG Wodebouse,

Characters and Fools

In keeping with text's dual nature, it I8 convenient to distinguish
between the lexical coment of a plece of text and its appearance.
By <ontent we mean the characters that make up the words and
other unlts, such as pubctuation or mathematical symbols. (AT fhis
stage we are not consldering ‘content’ in the sense of the meaning
or message contained in the text) The appearance of the text
comprises its viswal amributes, such as the precise shape of the
characters, thelr sfze, and the way the content ts arranged on the
page or screen. For exampile, the content of the following two
sentences! is identical, their appearance is not:

The Right Hon was a tubby 1ittle chap who looked as if
he had been powred inte his clothes and had forgotten
to say “When!'

The Right Hon was a tubbry little chap whe looked as if e had
heen powred into his clothes and had forgotten to say "When!

We all readily understand that the first symbol in efach version
of this sentence is a capital T, even though ome is several times
as large as the other, has some addidonal strokes, and is darker.
To express their fundamental identity, we distinguish between
an abstract character and §ts praphic representations, of which
there |8 a potentially infinite poapber. Here, we have two graphlc
representations of the same abstract characker.

As a slight over-simplification, we could say that the content is
the part of a text that carries its meaning ot semantics, while fhe
appearance is a surface atiribute that may affect how easy the
text is to read, or how pleasant it is 1o look at, but does not
substantally atrer jts meaning. In the example just given, the fived-
width, typewriter-like font of the first verslon cleaply differs from
the more formal book font used for most of the second, but this
and the gratvitous initial dropped cap and use of diffevent fones
do not alter the joke. Mote, however, that the italicization of the
word ‘poured’ in the second version, althmigh we wotld normally
consider it an aspect of the appearance like the use of the sans serif
font foe "Right Hon', implies an emphasis on the word that is missing
in the plain version (and also im the originat story). Hence, the
distnction between appearance and content is 1ot quite as dear-cut
as one rmight think. Meverthelegs, it is a useful distinction, beciuse
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ir permity a separation of concerns hetween these two gualities that
text possesses,

Abstract characters are grovped inte alphabets. Each partcular
alphsbet forms the basls of the written form of a certain language or
group of languages. We conzider any set of distinct symbols to be an
alphabet.? This includes the set of symbals used in an idecgraphic
writng syatem, such as those used for Chinese and [apanese, whers
each character represents a whele word or concept, &5 well as the
phonetic letters of Western-sryle alphabets, and the intermediate
syliabic alphabets, such as Korean Hangul. In contrast to colloguial
usage, we include puncrustion marks, mumerals, and mathematical
symhols in an alphabet, atd reat upper- and Inwer-Case versions of
the zame letter as different symbols. Thus, for our purposes, the
English alphabet includes the letters A, B, C....Z, and a, b, ¢....Z2,
but also punctuatlon marks, such as cemma and exclamation mark,
the digits 0, 1,.. ., 9, and common symbols such as + and =.

To represenl text digieally, it s necessary to define a mapping
between (abstract) characters in some alphabet and values thai
can he stored in a computer system.  The only valwes that we
cah stote are bil patterna. As we explained in Chapter 2, these
can be interpreted as imegers o base 2, so the problem becomes
ane of mapping characters to integers. As an abstract problem,
this is wivial axy mapping will de, provided lt associates each
character of interest with exactly one oumtber. Such an asscriation
ix called, with little respect tor mathematical usage, a character set;
its domain {the alphabet for which the mapping is defined) 1s called
the character repertoire For each character in the repertoire, the
characler set defines a code value In its range, whick is sometimes
called the st of code poirits The character repertoire for a character
set imtersled for written English text would include the twenty-six
letters of the alphabet in both upper- and lower-case forms, as well
as the ten digits and the usual collection of punctuation marks. The
character repertpire for a character set imtended for Russian would
inrlude the letters of the Cyrillic alphabet. Both of these character
sets could nse the zame set of colde points; provided it was nat
necessary to use hoth character sets simultaneonsky {for example, in
a bilinguat document) a character in the English alphabet could hawve
the samde code yalue as one in the Cyrillic alphabet. The character
repertoire for a character set intended for the Japanese Kanmji
alphabet must contain at least the 1945 ideograms for commaon
use and 166 for names sancticned by the Japanese Ministry of
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We do not define "symbol’. In the
abstract, an alphatest cen be any set ar
all, bat in practcal terms, the anly
symbols of intervat will be those used
for writing down some language,
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Education, and could contaln over 6000 characvers; consequently,
it requires far owore distinet code points than an English or Cyrillic
character set.

The mere axistence of a cheracter set is adequate to support
operations such as editing and searching of fext, since it allows
us to store characters as their code values, and to compare two
characters for equality by comparing the corresponding integers; it
only requires some means of input and output. In simiple terms,
this means that it is necessary to arrange that when a key is pressed
on a keyboard, or the equivalent operation is performed on some
other input device, a command ls transmitted 1o the compurter,
causing the hit pattern corresponding te the character for that key
1o be passed o the program cwirently receiving input. Conversely,
when a value is transmitted to a monitor or other gittput device, 3
representation of the corresponding character should appear.

There are advantages to using a character set with some stwcoure
to it, instead of a completely arbitrary assignment of aumbers
to ahstract characters. in partioudar, it is wseful to wse integers
within a comparatively small range that can easily be manipulaved
by a computer. It cam be belpful, too, if the code values for
consecutive letters are consecutive munhers, since this simplifies
Some operations on rext, such as sorting.

The most important consideratlon cowmcerning character sets is
standardizaton. Transferring text between different makes of com-
puter, interfacing peripheral devices from different manufacturers,
and commnicafdng over networks are everyday activides, and
contimal translation between different marmfacturers’ cheracter
codes would not he accepiable, 50 a siandard characver code is
required. The following descripdon of charscter rode standards
is necessarily somewhat dry, but an uwnderstanding of them is
necessary if you are to avoid the pitfalls of Incompatbility and the
resulting corruption of texts.

Unfortunately, standardizavion is never a straightforward business,
and the sitwation with respect to character codes remains somewhat
unsatisfartory.

ASCH {American Staadard Code for mformarion hiterchamge? has
been the dominant character set since the 1970s. B uses 7 bits
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to store each code value, o there is a Lotal of 128 code pointa.
The character repertoire of ASCH only comprises 95 characters,
however. The vahies O to 31 and 127 are assigned to control
characrers, such as form-feed, carriage return and defere, which
have traditionally been used to control the operation of output
devices. The control characters are a legacy from ASCITs origins
in early teletype character sets. Many of them no longer have
any useful meaning, and are often appropriated by application
programs for their own purposes. Table 7.1 shows the ASCO
character 6et. (The character with code value 32 is a space.}

American English is one of the fow languages in the world for which
ASCH provides an adequate character repertoire. Aftempts by the
atandardization bodles to provide better support for a wider range
of languages hegan when ASCH was adopted as an 150 standard
{180 646) in 1972, 150 646 incorporates several national variants on
the version of ASCH used in the United States, to accommodale, for
axample, some accented letters and nationa! currency symbols.

A standard with variants 15 ne real solurdon to the problem of
accommoedating different lomgouages. 1If a flle prepared in one
coumiry is sent to anwother and read on a computer set up to uBe
5 different nadonal variant of IS0 546, some of the characters will
be displayed incorrectly. For example, a hagh character i#} fyped in
the Uniled States wonld be displayed as a pounds sign (£) in the UK
{and vice versa) if the British user's computer used the UK variant
of 150 846. (More likely, the hash would display correctly, but the
Briton would be unahie to type a pound sign, because it is more
convenient to use US ASCE (IS0 £45-105) anyway, to prevent soch

problems.)

7 The problem of mational variants of IS0 546 is particalarhy acute
for programmers. Many propramming Tanguages, pacticularly rhose
whoze gyntax has been influenced by that of C, make use ab seme
of the characters o the ASCH repertoire which are rarely necded tor
text ag delimiters and operators. For example, the curly brackets
{ amd } are often used to delimit compound statements, fopcrion
bodies, and other syortactical units; the verticel bar | is used
as a component of several opevator symbols; the backslash Y is
widely nsed as an escape character within strings.  Unfortunakely,
these otherwizse rarely-used symbeods are precisely those whose code
vahes correspond to difterent characters {n varlants of 150 646 used
outside the US; usually they are used for letters not foupd in English.
Bjarme Stroustrup gives an exaniple of the grief thig can cause, The
followe ng program;

Y
44
36
38
40
42
44
dh
48
30
a2
34
36
i
fal
62
hid
i1
GE
s
2
rd
TG
4
g
#2
B
85
Bk
a0
9
™
Bt
b
FELL
L2
L4
LOG
10H
11ik
L
114
11&
115
120
122
124
126
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Tabls 7.1
The printable ASCH characters

33
43
¥
39
4l

ur

1113
103
JLE
107
104
111
13
1I%
17
114
121
123
125
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See B Stroustrup, The Design ond
Evelution of G, Addison-Wesley,
1904, pape 152

d

Unuler M5-BOS and Windmvy, hese
varianis are called code pages

Characters and Fonts

int main(int arge, char* argv[])

i
if (argc <= 1 || *argw[l] == "%0') ratumn O;
printf{"Halle, %s\n", arge[1]};

H

would appear on a terminal using the Danish variant of 150 646 as

int main{int argec, chart argvd A)

E
if (arge < 1 89 *arguilh == *30*) return O;
printF{"HeT 1o, %s@n", argvEld):

a

A better solupion than nadonal variants of the 7bit IS0 646
character et lies in the provision of a character set with more code
points, such that tha ASCH character repertoire is mapped to the
valwes {-127, thus assuring compatibility, and additlonal syviadbols
reguiresd sutside the US or for specialized purposes are mapped o
ather values. Doubling the set of code points was easy: the seven
bits of an ASCHO character are invariably stored in an B-bit byte.
It was originally envisaged that the vemalning bit would be used
as a parity bit for error detection. As data transmission becamse
more reliable, axl superior ermmor checking wag built in to higher
level protocols, this parity hit fell invo disuse, effectively becoming
available as the high order bit of an 8-bit character.

As ig customary, the different manufacturers each developed their
own-incompatible 8-bit extensions 1o ASCIL These all shared some
general featres: the lower half (code points 0-127) was identical
to ASCH; the upper half {code polnts 128-235) held accented letters
and extra pancivation and mathematical symbols. Since a set of 256
values is Insufficient 10 accommodate all the characters required
for every alphahet in use, each 8-bit character eode had different
variants; for example, one for Western European languages, another
for languages written using the Cyrtllic sevipt, and so on. 4

Drespite these comunonalities, the character repertoires and the code
values assigned by the different manufacturers’ character sets are
different. For example, the character £ (e with an acute accent)
has code value 142 in the Macintosh Standard Roman character set,
whereas It has the code value 233 in the corresponding Windows
character set, in which 142 is not assigned as the vahie for any
character; 233 in Macintosh Standard Boman, on the other hamx,
iz £ Because the repertoires of the character sets are different, it (s
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not even always possible 1o perform & translation between thetn, so
transfer of text between platforms {3 problematical,

Clearly, standardization of 8hit character sets was required. During
the 1980z the multl-part standard ISO 8858 was prodnced. This
defines a collection of 8-hit character sets, each designed to accom-
modate the needs of a group of languages (nsually prographically
related). The first part of the standard, IS0 BB5%1 is usually
referred to as SO Latinl, and covers most Western Furopean
languages. Like all the 130 8859 character sets, the lower half of
ISO Latinl 1s identical to ASCH (Le. ISO G646-US); the code points
128-159 arc mestly umused, although a few are used for varicus
diacritical marks; Table 7.2 shows the 96 additional code values
provided for accented lecters and symbols. {The charactar with code
walur 160 is 3 ‘non-breaking’ space.)

T The Windows Eoman character set is sometimes claimed to be the
same as 150 Latinl, but it uses some of the code points between
128 and 159 for characters which are not present in TS0 38539-1%

repertoire.

Other parts of IS0 8859 are desigred for use with Eastern European
languages, including Czech, Slovak and Croadan (IS0 88592 or
Latin2), for languages that use the Cyrillic alphabet (IS0 8859-5),
for modern Greek (15C 8859-7], Hebrew (50 8859%-8), and others —
there is a total of ten parts to 150 8859, with more projected, notably
an IS0 Latint, which Includes the Enro curtency symmbol

ISC 8850 has several shortcomings. In practical terms, the worst
of these is the continued use of mamafacturers’ proprietary non-
standard character sets. These are firmly entrenched ih use and
entangled with thelr cotresponding operating systems and other
soitware. Experience shows that, in time, standards are adopted
it they can he seen to provide benefits, but there are fundamental
problems with B-bit characier sets, which make it seem likely
that [50 8859 will not achieve universal adoption, but that newer
standards will render it obsclete. The main problem iz zimply
that 256 1s pot enongh code points — nol enough 10 represent
ideographically based alphabets, and not enough to enable us o
work with several languages at a time (unleza they all happen to use
the same variant of 150 58549),

1640
162
164
166
168
170
172
174
176
178
1B
1R2
154
186
1R&
1
192
184
184
}98
200}
202
20
206
208
210
*12
214
216
218
220
iy
224
226
23R
230
232
234
*48
23%
*40
b
244
£46
244
*30
252
254
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Tahte 7.2
The top part of the 150 Latin
characriar set

iBl
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145
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169
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173
I75
177
174
L&
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145
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1"
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145
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201
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L
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e
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Unicode and 150 10646

Figure 7.1
The four-dimensional structure
af 150 10646

Some decuments use the name Hear
wrifcaron insteard,

The only possible soluton is to use more than one byte for
each code value. A 16-bit character ser has 65,536 code points;
puthng it another way, it can accommodate 256 variants of an 8-
bit chararter set simultaneously. Similarly, a 24bit chavacter get
can accommodate 256 16-bit character sets, and a 32-bit character
set can accommoedate 258 of those, The 150 {in conjunction with
the IEC) set out 10 develop a 32-hit character set, designated
IS0 10646, struchured along the lines of the previous two sentences:
a collecdon of 232 characters can be arranged as a hypercube (a 4-
dimensional cube} consistng of 256 groups, each of which consists
of 256 planes of 256 rows, each comprising 256 characters {which
might be the character repertoire of an 8hit character set). The
intention was 0 structure the immense character repertoire allowed
by a 32-hit character set with alphabets distributed among the
planes in a lingulstically sensible way, so that the resulting character
set would have a clear logical structure. Fach character can be
jdentified by specifying its group g, itz plane p, and a row r and
column ¢ (see Figure 7.1). Each of g, p, v aned ¢ 1s an 8-bit quantity,
which can fit in one byte; four bytes thus identify a unique character,
20, Inverting our viewpolnt, the code vahie for any character is the
32-bit value which specifies its position. within the hypercube.

To make the structure of the characeer set evident, we usuafly
write code points as quadmiples (g, p.v.c). By extension, such a
quadruple also identifies a subser of the character set nsing a % tn
denote all valwes in the range 0-255. Thus (0,0,0, %) 13 the subseat
with all but the lowest-order byte zero. In SO 10646 this subset is
identical to 50 Latinl.

At the game Hye as the 150 was developing this elegant framework
for its character set, an industry comsortim was working oo a 16-
bit character set, known as Umlcode. As we noted above, a 16
bit character get has 65,536 code points. This Is not sufAclent
to accoammedate all the characters required for Chinese, Japanese
and Korean scripts in discrete positions. These three janguages
and thelr writing systems share a common ancestry. 30 there
are thousands of idendcal kleographs in thelr scripts. The Und-
code committee adopted a process they called CJK conselidation®
wherehy characters used in writing Chinese, Japanese and Korean
are given the same code value if they Fook the same, irrespective of
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which language they belong to, and whether or not they mean the
same thing in the different languages. There is clearly a cultural bias
Involved here, since the same process is not applied to, for example,
upper-case A and the Greek capital aipha, which are identical in
appearance but have separate Unicode code values. The pragmatic
justification 1s that, with Chinese, Japanese and Koreas, thousands
of characters are involved, whereas with the Boropesn and Cyrillic
languages, there are relatively few. Furthermore, consolidation
of those languages wolld interfere with compatility with exiating
standards.

Unicode provides code values for all the characters used to write
contemporary ‘majer’ langnages, as well as the classical forms of
some languages. The alphabets available include Latn, Gireei,
Cyrillic, Armenian, Hebrew, Arabic, Devanagari, Bengali, Gurmnkhi,
Gujarati, Orlya, Tamil Telugu, Kannada, Malayalam, Thai, Lao,
Georgian, and Tibetan, as well az the Chiness, Japatese and
Korean Idecgramse and the Japanese and Korean phonetic and
syllabic scripts. 1t also includes puncmation meorks, techmical
ard matheinatical symbols, arrows, and the miscellarwous symbols
usuaily refecred to a5 dingbats {pointlng hands, starz, and 20 on). In
addition to the accented letters included in many of the alphabets,
separate diacritical marks, such as accents and tildes, are available
and a mechanism is provided for bullding composite characters by
combining these marks with other symbals. (This not only provides
an alternatdve way of making accented letters, it al2o allows for 1he
habit mathematiclans have of making np new symbaols hy decorating
old ones.} Codde values for nearfy 39,000 symbols are prowided,
leaving some code points nnused. Others are reserved for the UTF-
16 expansion method (descrbed briefly later ong, while a set of
6,400 code points 1s reserved for private use, allowing organizatdons
and individuals to define codes for their own use. Even though these
codes are not part of the Unicoda standard, it 15 guaranteed that
they will never be assigned 1o any character by the standard, so
their use will never conflict with any standard character, although i
might cooflict with other individuals'.

Unbcode 18 restricted to characters used in text. [t specifically
does not attempt to provide symbols for music notaton or other
symbaolic writing systems that do not represent langnage.

Unicode and [50 10646 were bronght inta line in 1991 when the ISO
agreed that the plane (0,0, *, *x), known as tha Basic Multilingua!
Plane {(BMP), should be identical to Unicode. IS0 10646 thus utilizes

193



104

Characters and Fonis

CJK consolidaton. even though its 32-blt code space does not
require it. The overwhelming advaniage of this arrangement s that
the two standards are compatible {and the respective committees
have pledged that they will remain so). To understamd how it is
poskible ko take advantage of this compatibility, we must introduce
the comcept of & character set encoding.

An encoding is another layer of mapping, which transforms a code
valwe ot a sequence of bytes for storage and transmission. When
each code value occuples exactly one byre, It might seem thar the
only sensibie encoding 18 an identity mapping: =ach code value is
stored or sent a3 itsell in a single byte. Even in this case, thowgh, a
more complex encoding ey be required. Because 7-hit ASCH was
the dominant character code for such a long time, there are network
protocols that assummwe that all characver data is ASCH, and remove
or mangle the top bit of any §-bhit byte. To per round this limitation,
it may be necessary to encede 8-blt characters as sequences of 7-bit
characters. One encoding used for this purpose is called Quoted-
Printable (QP). This works quite simply: any chararter with a code
in the range 128-255 is encoded as a sequence of three bytes: the
first iz always the ASCH code for = the remaining twa are the codes
for the hexadecimal digits of the code value. For exampde, &, has
value 233 in IS0 Ladnl, which is E9 in hexadecimal, 5o it is encoded
in QP as the ASCI siring =E£9. Most characters with codes bess than
128 are beft abone, An Importane exception is = itgelf, which has
be encoded, otherwise §t would appear to be the first byte of the
encoded version of soroe other chatacter. Hence, = appears as =30.

To interpret a sequence of bytes correctly we need to know which
encoding and which character set is being employed. Many sysiems
rely oh convention, or stipulate (or quietly assume} thar all text
is encodded in IS0 Latinl. A more flexible approach is to uee an
additional feature of the MIME content type specifications which
we introduced in Chaprer 2. Following the type and subiype, a
character set specificatbon of the form ; charset = character set
may appear. A set of ‘officlal’ chararter set names 1s maintained by
1ANA. For exampe, the type of a Web page comnposed in 130 Latml
is

text/htmt; charsetr = IS)-8859-1

This informadon should be included in HTTP response headers
and MIME-encoded email messages. [t can alse be specified using
approprlate tags in a mark-up language, as explained in Chapter 8.
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For 150 10§46 the obvicus encoding scheme, kmown as 1ICS-d,
employs four bytes to hold each code value,  Any velue on the
BMP will have the top two Dytes set to zerd; since most valoes
that are currenily defined are on the BMP, and since economic
realiry suggestz that for the foreseeable future most characters
uscd in computer systems and transmitted over networks will be
on the EMP, the UCS-4 encoding wastes space. IS0 10646 therefora
supports an alternative encoding, UCS-2, which does the obvicus
thing and drops the top two bytes. UCS-2 is identicel to Unicode.

Unicode encodings go further. There are three TS Transformation
Formats {UTFs) which can be applled ro Unicode cede values. UTF-B
takes the reasoning we just applied to 32-hit values a step further.
ASCII code values are likely to be inore comimen in most text than
any other valuey, Accordingly, [TTF-2 encodes UCS-2 values so that
if their high-order byte is zero and the low-order byte is less than
128, the value is encoded as the single low-grder byte. That is, ASCH
characters are sent as themselves. Otherwise, the two bytes of the
UCS-Z value are encoded using up to six bytes, with the highest hir
of each byte et to 1 to indicate it is part of an enceded string and
et an ASCEH character. Text encoded with UTF-8 is thus a string
of 8bit bytes, and is therefore vulperable ta mangling by protecols
that can only handle ASCIL UTF-7 la an alternative encoding which
uses a technique similar to that described for OPF to rn Unicodse
characters tnto stresms of pure ASCIL text, which can be trensmitted
safely.

The 1TF-16 encoding has a different emphasis.  Thiz encoding
allows pairs of 16-bit values to be combined into a single 32-hit
value, thus extending the repertoire of Unicode hevond the BMPE.
Only values in a limited range can be comhined this way, with the
result that UTF-16 only provides access to an additional 15 planes
of the full [$0 10646 characier set. These comprise nearly a million
characters under UTF-16, which zeems to be sufficient for presemt
PUTROSES,

To summarize: [SC 10546 is a 32-bit character code, arranged in
256 groups, each of which consists of 256 planes accommodating
65,536 characters each. The UCS5-4 encoding uidlizes four bytes to
hold the full 32-bit code value for any charactey; the UCS-2 encoding
utllizes just two wtes, to hold 16-bit valoes for characters on the
(3,0, %, %) plane. VCS-2 is identical to Unicode. 150 Latind js the
cight bir eode eqoivalent to the (0,0,0, %) row of 150 10646, and
ASCIF is a subset of ISC Latinl. UTF-8 allows any [SC 10648 or
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Figure 7.2

Glyphs Tor lowar case g
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Unicode value 10 be encoded at a sequence of B-bit byres, such
that ASCH values are left unchanged in a singhe bryte. UTF-16 is
an extension mechanism which provides Unlcode with access to an
extra, 15 planes af the Full 150 10646 character set

The markup languages HTML and XML, described in Chapters 8
and 13, and the Java programming language use Unicode as their
character set. Omee it also becomes adopted as the native character
set of the major operating systems, the task of wransferring text that
uses characters beyond the [S-Anglophone ASCH repertolre should
be substantially eased.

Te display a plece of text, each stored character value mwust
be mapped 10 a visual representation of the character’s shape.
Such a representation is called a ghph As Figure 7.2 shows, a
single character can be represented by a multivede of different
ghphs. Many small details can be changed withont destroying the
fundamental ldentty of the ahstract character being represented,
We can recognize all the glyphs in Figure 7.2 as lower-case better q.
[o addition to the variations in shape which that figure illustrates,
glyphs can vary In size, from Rny subscripts to baner headlines
over an inch tall. If we are to be able to use glyphs systematically, it
i& MecessAry o UMpose SMOe organization on them.

Glyphs are arranged into collections called forrirs. The name has been
taken from traditional printing. In the letterpress {or 'cold metal’}
technique a page i3 assembled out of individual pieces of hype, each
one of which is & 1metal block, with a mirror image of a letter or other
symbol in relief on one end. These blocks are clamped in a frame
rogether with spacers, and pages are printed by inkjog the faces of
the type and pressing the paper against them. In this context, a font
Iz & collection af pleces of rype — actual metal ohjecta. Usually, the
typesetter works from a cabinet in which the tpe is arcanged in
drawers holding multipie Instances of each letver shape at each size
that is required. Al the shapes in a particular font will have been
made from masters produced by a rvpe desigmer so that they share
certain visual characteristics, and combine well with each other ta
make a harmonlous and readable page.



Fonts

Letterpress hag been largely superseded, first by mechanical hot
metal technologies, such as Monotype and Linotype machiues, and
now by digital typeseting. The concept of a fant bas been retained
through thege technwlogical changes, although its realization hag
evolved, fivst into a et of moulds into which hot lead is poured o
make letters for typesetting machines, and then into a computer
file thai holds a description of the graphic forms of the giyphs. The
idea that a font cormbines a set of ghyphs that are visually related
and designed to work together has not changed. In fact, many
of the fonts available for use on computers today are versions of
traditional typesetters' fonts, some of which are bazed on originel
designs from the 15th century.

Text originates as & streamn of character codes. To born it into
& form that can be digplayed, these must be reglaced by ghyphs
chosen from one or more fonts. Once this replacement has heen
performed, the content of the text (the character codes) becomes
logt and can only be retrieved with difficulty. Essentiafly, the text
turps inte graphics, which carmot easily be searched or edited. (A
person can sl read the text, of course — in Fact, they can't read
it in any other form — but a program cannot manipwlate it in any
way.) What {5 more, since a stvesm of character codes is much more
compact than an image represencing the same text, replacement
of character codes by glyphs also increases the size of the text.
The graphical representation of text is inefficient because it takes
no advantage of the repetitive nature of text: the same character
will typically occur many dmes, so If glyphs are aubstituted, many
copies of the same glyph will be used, and each will be muach larger
than the corresponding character code.

£7» There {5 an exception to our observation thatr text origlnates as a
stream of character cofdes. IE a page of prinked text 18 scanned
the result is a hitmapped image of the page. If you want to get
hold of the characters from a scanned text you need o uae special
opttcal characier recogrition (OCR) software, which uses pattern
recognition techmiques to analyse the shapes within the hitmapped
Image and deduce the characters they represent. OCR i3 3 mature
technolagy, bur 100X acourate recognition s rarely echieved,
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Exacily what i meant by “stored on
the aystem” 15 syaiem-dependent: on a
Ma0S syptem, foc exarmpls, fones
must be placed Ie the Fants
sub-fedder of the Systen Folder
funless & font managerent atiliny 1s
heing vsedk on & system nring X11
under Unix, Fonts mmast be in some
divectory inchided on the user's
FOWTPATH.

7

Althongh several mechamisms for
dovnloeding fonis have been
proposed, none has bean adopted as a
standard at the ime of writing,
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Because of these considerations, it is normal to keep text in some
character-based form, and only to use glyphs when it is actually
displayed or incorperated into a graphic image. The simplest case
is that of monosiyled text: text that is displayed in a single font.
in thar ¢ase, a text fike need only contain the characters of the et
itzelf: it iz the famillar ‘plain ASCI' (or perhaps plain 150 8850) file.
When such a file is displayed, the character codes are used to select
ghyphs from a font, either a defaulr system font, or a single font
salacted by the wser from within the program heing used w display
the text.

Monostyled text is rarely adequate for mulimedia production,
where a richer typographic experience iz uswally required. The
principle of selecting ghvphs using character codes remains the
same, but additional information is needed to control the selection
of fonts. We will descrilye varions forms this information mey take
in Chaprer 8. Ar this point, we st consider the question: Where
might fonts be Fouxl?

There are only two possibilities. Glyphs mwst be taken either from
fonts stored on the systemf being used to display the text, or from
fonts embedded In the tex Rle. In the latter case, the fonts must
originally have heen stored on the system used 1o prepare the text,
and therein lies the maost important advantage of this approach:
multimedia designers can use forits of their own choosing, confident
that they will e available when they are needed, because they are
embedded in the same e as the text. If they are not, then only the
fonis on the user's system will he available, and there is no reason 1o
suppase that the user's selection will be the same as the deslgner's,
ga there is & possibility that some font required by the text will
not be available. The probability of this occurring increases if the
designer chooses esoterlc fonts — as desigmers sometimes will.

Why then might you prefer not to #mbed fonts in your text files?
One potent reason ig that not all et file formats allow you to do so.
in particular, HTML presently has no facility for embedding fonts,”
although, in conjuayction with C55 stylesheets, it does alliw you (o
specify the fonts you wish to be used to display texiual elements
of Web pages. The otber reagon for preferring to rely on fonts on
the user's system is that fonts are fairly bulky ohjects: the foms
used for this book, for example, vary in size between about 32 amxd
50 kilabytes each. It is quite easy to A yourself using half a dozen
fonts on a page, so including the forts with the text can lead o
bloated files and consequently 1o exvended download times.
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If a fonr is not available, varicus more or less nundesirahle conse-
guences can result. In the extreme, the result might be a system
crash. More likely, text in the miesing font will not he displayed,
of it will be displayed in some other font that has been substituted.
The last case ix the least serious, and the most commen, buat it is
far from ideal. As we will see it the next section, every font has
its own distinctive chiaracter, so suhatibuting another in its place
can seriously impair a carefully thought cut design. Furthermore,
the widths of the glvphs in the substituted Font will probably be
different from those in the intended Font, 20 that the posideing of
individual glyphs on the page will be incorrect. Depending on how
the layout of text for display iz done, this might result in rapged
margins where straight opes were intended, uneven gaps between
words, or gaps within worda. Any of these defects will have a
detrimental effect on the appearance of your text, and may make
it hard to read.
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Classification and Choice of Fonts

There are thousands of fonts available, each with its own special
personality. Some broad characterlstics are used to help classify
them.

A major distnetion is that hetween monospaced (0T [ixed-width)
and proportional fonts. In a monospaced font, every character
occupies the same amount of space horizontally, regardless of
lts shape. This mears that some latters have more white space
around them than others. For example, the nmtow shape of a
Ievwet-case 1 must be surrounded with white to make it the same
width as a lower-cage m. In contrast, in a propordenal font, the
space vach letter oocupies depends on the width of the letter shape.
Paradaxdcalty, this produces a more even appearance, which s
gencrally felt to be easier to read in most contexts. In addidon, it
allowes ou to fit more words on te a line. Text in a mohospaced
fonr locks as if it was produced on a typewriter or a teletype
machite, It can somethmes be used eifectively for heatings, Tt
is especially suitshie for npesetiting computer propram Jistings. it
i5 also useful for conveying a low-tech' appearance, for example
In correspondence where you wish (0 com=y a slighty informal
fmpression. Text in a proportonal font has the appearance of a
traditional book, and is uswally preferred for setting lengthy rexts,
it is generally felt to be more readahle, since Ietters appear to be

Moncspaced Fopt: Lucida
Typewritar

Each letter cccupies the
same amount of
horizontal space, 50
that the text looks as
if it was typed on =
typewriter.

Figura 7.3
A monospaced font



Proportional Font: Lucida
Bright

Each letter ocoupies an
amnnt of horizontal space
propordenal to the width of
the giyph, 50 that the text
looks as if it was printed m a
hook.

Figure 7.4
A proportional font

serifl

Figura 7.5
Sarifs

Sans Serif Font: Lucida 5ans
The letters of a sans serif {or
sansevif) font lack the tiny
strokes known as sernifs, hence
the name. They have a pialn,
perhaps utilitarian,
appearance.

Figura 7.6
A sans serlf font
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tightly bound together into wards. Figares 7.3 and 7.4 illustrate the
difference between monospaced and proportional fonts.

Probably the most widely used menaspaced font 1s Courier, which
was originally designed for [BM typewtiters, amd has achieved wide
currency because it is one of the fonts shipped as standard with all
PostSoript printers. Many proportional fonts are in common use.
Ag you can ho doubt discern, the font wsed for the main sext in this
book, Lucida Bright, is proportionatly spaced. Most of the classical
book fonts, such as Times, Baskerville, Bembo, and Garamond are
aled propartional, as are many newer Fonts, such as Helvetica,

Anpther very broad dlstinctlon js berween gerifed and sang serif
(sometimes sanserif} fonts. Serdfs are the littbe strokes added o the
erds of charecter shapes (see Figure 7.5). These strokes are present
in serifed fonts, but cmitted in sans serif fonts, which consequently
have a plalner book. Serifs originate in marks produced by chisels
on Roman stone inscriptions, s¢ serifed fonts are sometimes called
Roman fonts. Figure 7.6 shows some text m Lucida Sans, a sans
serif version of the Luclda Bejghe font.

Sams serlf fonts are a compéaratively new development, oh a
typographical time scale, and have ondy gradualky gained acceptance
for general use — in some typographical catalogues they are sHll
identified by the alternative nane of grotesques. In the ninereenth
ceniry, sans serif fonts were indeed rather grotesque, being crude
destgns used mostly for advertising amd posters. Only in the
twenltieth century bave they become acceptd for use in books, with
the development of more elegant and refined designs. The best
kmown sans serif Ffont is probably Heivetica, which again i one of
the standard PostScript Fonts, Other sans serif fonts you may meet
include Unfvers and Arial {the latter popularized by Microsoft]. Gill
Sans, another very popilar sans serif font, was based on rhe Fome
nsed for the slprs on the London Undergronnd, which had helped
1o generate inferest in sans serif nype.

There 13 conteadictory evidence as to whether serifed or sans serif
fonts are more readable — spacing probably makes more difference.
However, serifs are very small features, and therefore difficult ro
rerder accnrately at bow resclutions, which can mean that text in a
serifed font is hard to read on a computer screen, simply because
the letters are not being accurately reproduced. Sans serif fonts are
widely uzed for such features as window titles and menu entries on

these grounds.
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Spacing and serifs are Independent properties: sans serif and
serifed fonts can equally well be either monnspaced or proportional.

A third classificarion of fonts is based on broad categories of shape.
In particular, we disdngwish between fonts with an igwight shape,
and those with an italic shape, Upright fonts, as the name tmplies,
have characters whose vertical strokies {stems) are indeed vercical.
Italic fouts imitate a certaln gtyle of handwriting, and have letters
that are slanted to the right. Additionally, the letter shapes in an
italic font sre formed differently from those in an apeight font, o
tiwat they share some of the characteristcs of itallc handwriting.
When digital fonts first appeared, ‘italic' fonts were sometimes
produced simply by applying a shear ransformation o an upright
font. The effect ia rather different, since the calligraphic featores of
true italic fonts are missing. Such fonts are now used in their cwn
right, not as substitutes for italics, They are said to have 5 slanted
shape. The difference is flustrated In Flgures 7.7 and 7.8, which
show italic and slanted versions of the upright font used for the
main texl of this book,

Most italic fonts are variations on or designed as companions to
upright fonts. For example, Times Italic is an jtalic version of
Times Roman. There are, however, some fonts with an Italic ghape
which are designed on their own; these are usually intended to
have the character of hendwriting, and to be used where something
mnore human than a conventional typeface is desired. Among the
best known calllgraphic fonts are several versioms of Chancery,
including Zapf Chancery. Specialist fonts based on samples of real
handwriting are also availzhie. Figures 7.9 and 7.10 are examples of
a relatively formal callipraphic font and a handwriting font.

= (Ume type of font that doesn't quite fit our classifications {s the smafl
caps Font, in which small versions of the upper case letters are used
as lower case letters. This variation 15 sometimes considered 1o be 8
shape, although rthe sense = somewhat different from that in which
italc is considered & shape. Small caps fonts are most useful for
trademarks and so on, which are aprmally weltten entirely in upper
cage: Full size upper case words stand oot awkwardly in ordinary
text, but amall caps are less intrasive.

Digital technelogy has made some shapes widely availahte thar
previously could not be easily produced. In particelar, outline
fouts, which have hollow letters, and fents with drop shadows, as
fllustrated in Figure 7.11, can he easily constructed using graphics
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frallc Forw: Lucida Bright Iraile
The letters of an ftalic font
slape to the right, and are
formed as if they were made
with an tafic pen nib. falics
are comventiomally usad for
emphacls, and foridertifyving
forelgn worde and expressions.

Figure 7.7
An italic font

Slanted Font: Lucida Eright
Obfigue

The leiters of a slanted fone
share the rightward slope aof
iralic fonts, bt Iack their
calligraplic quality. Slanred
fomts are sometimes used
when a suitable italic font is
not available, but may be
preferred o ttalics when 5
mpre iodern look is wanted,

Figure 7.8
A slanted font

Calligraphic Font: Lucida
Calligraphy

Calfigraphic fonts usually
resemble vound Aand ov
‘vopperplate’ Randwriting,
unfike italic fonts.

Figura 7.9
A calligraphic font
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Houncawriding Font:
Lucida Hardwrillng
Hoandwriting fonty are
based ovvsamples of real
Ppeople’shandwriting, s
they are often quite
Ldiogyncratic.

Figure 7.10
A handwriting font

3‘#&“ a

Flgura T.11
A font wlth drop shadows
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effects. Such fonts should be viewed as gimmicks and used
judiclousiy, if at all.

Soanie fomtz appear somewhal squashed horizontaily, compared
with the normal proportions of most fonts. They are referved
to as conderised fonts, and are intended for applications, such as
marginal motes or narTow newspaper cofumns, where it is desirable
to be able to fit text in as tightly as possible. in contrast, some fonts,
deseribed as extersded are stretched out horizontally, making them
more suitable for headings, and other isolated text elements.

Finally, fonts can be classified according ro their weigh?, that is,
the thickness of the strokes making up the letters. Thicker strokes
make text look darker and more solid. Conventionally, we call
fonts with a heavy weight (thick strokes) boldface or simply bold
Like italics, bold fonts are uswally versions of other fonts with a
lighter weight. As 2 result, boldness is ot an absolute property:
& bold version of a font whose normal weight is particolarhy light
may be lighter than the normal version of a heavy font, whosa
own bold version will be even heavier. Some fonts may exist in
zeveral verslons, exhibidng varying degrees of boldmess. Under
these circumatances, individual styles are described by terms such
as witra-bold, ser-bold, lght and uitra-tight.

Conventional typesetting wisdom has It that boldface ts intragive,
and should be reserved for headings and similar nses. Because
of the limitations of computer displays, It 1s_sometimes advisable
to use boldface more widely than would be appropriate in text
intended for paper. For example, conventiomally you never use
botdface for emphasis, always italics. However, itallc text, because
of its slant, often renders hadly at Jonw resolstions, making it hard to
read. Under these circumstances, the use of bold text for emphasis
may be justified. Bold fonts are alzo used quite widely for window
titles and menw items, because they show up well.

) Word processors offten treat underlining as & styling option similar
to italicization and embaldening, so you might think vhatr there
would be underlined versions of fonts, too. Underlined fonts are ex-
tremely rare, though: underlining is #romed in typographic circles,
whete it i3 considered to be a poor substitute for Ltaliclzatkon, anly
suitable For typewritess which lack itallcs. Like most comyventional
typographical wisdom, the undesirability of underlining iz no longer
unquestioned.  Since mare fexible effects can be produced by
combining ordinary fonrs with lines of various thickoesses, this
questioning has oot led 1o an puthreal of underlined Fonts.
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Because 1t makes sense 1o talk about an itallc version or a hold
version of an upright font, fonts can be grouped into families.®
Lisually, an opright serifed font 16 considered to ba the normal form,
which {3 angmented by versions in different weights, perhaps an
italic form or & sans serif form. Varjatlons are often combined to
produce additional versiens, such as bold italics, or slanted sans
serif. For example, the Lucida Bright family congists of Hwenty
fonrs:® Lucida Bright is the upright serifed font you are reading
now; it s also available in bold, italic, and bold italic. Lucida Sans
is the sans setif version, which comes in the same four vergions, as
do Lucida Typewriter, a fived width Lucida font, and Lucda Fax, a
varlani form designed to be especially readable ar low resohition.
Three calligraphic fonts and a slaoted font complete the family.
All twenty fonts share a gimilar feel so Lhat they can be combined
without any obtrasive visual discontinuites. In contrast, when fonts
from different families are combined, their differences can he very
nalleeable, as Figure 7.12 shows. Traditionally, such discontinuities
have been carefuly avoided, but in recent years designers have
raken advanrage of the ease with which deskiop publishing zofrware
allows them to combine fonts to explore new combinatons that defy
the established conventions.

In the days of letlerpress and bot metal nypeselilng, o produce
text at different sizes requdred differeni sets of type, which would
qualify as separate fonts, Only a limited oumber of different sizes
could easily be made available. With digltal fonls, arhitrary scaling
can be applied to glyphs, so that fonts can be printed at any size.
Purists maintain that simple scallng is not adequate, and that letrer
shapes should be designed to look thelr best at one partcular
size, and should only be used at that size. Contemporary tont
technology, however, tends o the idea that a font should exist at
only one slze and should be scaled to produce any other size that
iz needed. Speciat information contained in the font is used wo help
matntain a pleasing appearance at all sizes, a3 we will describe in a
later section.

Az well as the objective Factors of spacing, serifs, shape, weight and
gize that can be used to classify nvpe, there is a more subjective
clasxifBcation based on the sory of johs for which a font iz most
suitabie. The basic distinrtion is between text forts and dispiay
forns. The terminnlogy is slighidy silly, since all fonis are wsed
for text. The distncdon is between fonts suitable for condnuous
text, such a8 the body of 4 book or article, and those suitable for
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A font family corresponds clusely 1o
what is traditionally called a Dpofce.
A fone is o particalar siyle of sorme
typeface. [n pre-digital typography
each different size would he
considerad a separate font, but
nowadayy wo uspally consldet that
the same font can be rendered au
different slzes.

]
Autually, there are 25, the additional
ones are for mathematics,

Lucida Bright goes well
with Lucida Bright italic,
and bald italic, but not
nearty s0 well with Palatino.

Figurs 712
Mixing fonts from differant
Ramblles



A Display Fonsi:
Rodemi Highlight

Biaplay lenis are
desigrued for alswel
pleces ol texi, snch an
headlines. Ther are
el inlended for wes
in lengily passages.

Figure 7.13
A display font

10

Altbough you prchably seon's Le
surpriasd ro Jearn that it 15 abso
sometimes called ‘post-modern’ or
{what else?} ‘deconstroctivigr’,
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short pieces of isolated rext, such as headings, slgns or advertlsing
slogarts oft posters.

> Sometimes, a finer distinction is drawn within the dass of display
Fonts. Decorathe fonts are those for which appearance is the
primary design congideration.  They often incorporate ormaments
andd other features that make them quite upsultable for extended
use, Headline fonts, as the name implies, are designed for use in
headlines and other situations where it ts important 1o attract the
reader’s attemtion. This leaves a categery to which the nanve display
fonts is often attached, consisting of fonts intended especially for
use at large sizes, with other features designed to take advantage of
the peszibiliies offered by large characters; [or example the serifs
might he especially fine.

Text fonts must be unobkrusive, 5o that they do not intrude on the
veader and Interfere with the primary message of the wxt. They
must atzo be easy to reard, so that they do not canse farigue when
they are read for hours at a time. To some extent, whether or not a
font is intrusive depends on whether it is farmiliar; at the same time,
the criteria for selectiteg text fonts have not changed over the years.
The combination of these factors means that text fonts tend to he
conservative. Invariably they are upright, more ofien serifed than
nut, and of a mediwm weight,

Display fonts are another matter. Here, the intention Ls ta gey arross
a short message. Garlsh design that would be offensive in a text
font becomes eye-catching; inmovaton attracts attention. There is
a far greater diversity of design among display fonts than among
text fonts (Figure 7.13 shows just one example), and whereas the
same text fonts continue o be used year after year, dlsplay fonts
are subject to Fashion.

> Digital font technology has made the mechanics of producing oew
fonts muxch simpler than it was when type had w be created out
of metal. It has also made possible some effects that could not
previously he pbasically achieved. Consequently, retent yeary have
%eery an acceleration in the rate of innovatlon in font design, and the
inroduction of aggressively vnconventional display Fonis, Dpinion
Is predictably divided over the virtues of ‘gnimge typograpbhy’, as
this new design movement is sometimes called.'” In sope cirdes
it is condemned as upreadabhle and ugly, while In cthers it is
consldered 1o he the most exciting development In type design since
the invention of the printing press. The ease with which grunge
typefaces have been absorbed into mainstream advertising suggests
that they might not be especially revolutiomary after all.
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Conventionad ideas about font ugage are based onh centories of
experience of making books, pamphlets, posters, packaging, road
signg, shop fronts and other familtar forms of printed matter. While
much of this experience can be applied to the textpal components
of miltimedia, some aspects of the new media demand a fresh
approach., Generally, display fonts can be wsed on a computer
monitor in onich the same way as they can on paper, $0 where
text 1s combined with images, fonts can be used as they would
be on 3 poster; attention-grabhing headings can effectively use the
game display fonts as you might find in a book. Contiouous text is
more problematcal: the low resolition of most monitors car lead
to distortion of letter shapes, making fonts that work well on paper
hard to read, especially at amall sizes. The obvious solutlon is to use
fonts at larger sizes than is customary in books, ang this is often
done: text for electrondc display is often set as much as 60% larger
than text in ordinary books. An alternatlve is to look for a font that
has been: designed vo be readable at low resclation; Monaco and
Arial are examples of such fonrs, Sans serif fonts terd to survive
better at low resolutions, which makes them maore suitghle for this
purpose.

The way the text in oultimedia productiong is arranged gives rise
o some less technical questions concerning fonts. Long continuons
passages covering many pages are cumbersome and dring to read
on a screen, and do not integrate well with other media, 1t is
common, therefore, 1o find muiltimedia text elements constructed as
amall pleces that £t onto one or two screen-tulls. These pieces will
often resemble, in form and style, the short explanatory placards
attached to mmzeum displays and zoo exhibits. This sort of text
partakes of the character of both comtimucuns text for which we
would nge a text font — It hag 4 non-teivial extent and content — and
the shorter texts normally set in a display font — it 15 snecnet and
usually has a message to get across. A restrained display font will
often work well in this situaton, as will some quite nhconvendonal
solutiong, such as a text font in a large bold version, or colourad
text on a contrasing background.

Text for maltimedia is often prepared using the same tools as are
used in ‘desktop publishing’ (DTP). It !s lmporiant to remember
that the ourput from conventional DTV programs is intended for
printing on paper. We reiterate that texd that will look excellent
whten printed on paper may well be imreadable when vlewed on a
computer monitor. It 18 necessary to adapt the way yen use these
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tools, bearing in mind the actual medium for which your outpur is
destined, or to ase tools thar have support for cutput o alterparve
medla.

One final consideration which s unique to digical text is that, in
many cases, the multimedia designer has no control over the fonts
that will be nsed when text is finally displayed. As we explained
previously, it may be necessary for completety different fomts 1o
be substituted on different computer systems; In some cases, the
software used for display may let users override the origina forts
with those of their own choosing. Consequently, unbess you know
that peither of these cirqumnstances will arise, there is no peint in
carefully explolting the features of a particular font to achieve some
special effect — the effect may never be seen by anyone except yo1L

Mast of the preceding descriptton of fonts has concentrated on
letters, implicitly in the Latin alphabet. However, as the disopssion
of character sets in the previous section indicated, we use far more
characters tham these letters, and just as we need characrer sets
to provide code values for @ large character repertoire, 50 we need
fonts to provide ghyphs for them. In fact, you can think of a font as a
mapping from abstract characters to glyphs, in much the same way
as a character set is a mapping from abstract characters to code
points. Like a charactet set, a font is only defined for a specific
character repertoire. Most fonts' reperfolres consist of the letters
from some alphabel, together with addidonal symbols, such as
punciation toarks. You might be forgiven for hoping that fonts
would be souctured around one of the character set stamdards,
such as [SO Eatinl, but this is not usually the case. 1t is generally
possible to access the individual glyphs In a font using a nungerical
index, but, although the printable ASCH characters are usually in
their expected positions, other symbols may well be in positions
quite different from that corresponding to their code vatues in any
ISC character sef,

The way in which glyphs are grouped into fonts owes more 1o
prinfing tradition than 1o the influence of character code standards,
with the alphabet belng the focus of dezign. Even then, some
fonts may not inchude lower cage betters, if the designer intended
the font ooly 1o be used for headlines, for example. Specialized
non-alphabetic symbaols, such as mathematical symbols are usually
grouped Into their own fonis, known as symbol fonts or pi fonts.
Some fonts consist entirely of graphic Umages: yon may encounter
fonts of arrows, or fonts of pointing hands, for example, Some
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images are considered to be symbols and are included in character
sots — fonts comtaiming these symibols are called dingkbot forts
— but athers are put together by font designers for special
applications, and do not fit Into any character set framework.

= A partloularky inveresting example is available a5 we wrilte {in mid-
1958) the mpending adoption of a single aurency, the Ewo, by
most of the member sttes of the European 1Tnion has led to the
design of a pew curency symbol to designate it. This symbol (which
looks a bit like €) iz nol present in any fonts predating the Euro.
Some foot vendors have responded by producog fonts consisting
of nothing bur Eura symbols, in different sryles. Instead of choosing
the Fura symbol from your text font, you use the Buro font and
chnose whichever version most closely matches the siyle of the
surToamding font.

As aresuit of all this, another leve] of encoding 14 required in order
to map &tored character codes in some character set to glypbs.
Addidonally, some mechanism may be needed to combine separate
fomts, for example, an alphabetic font and a symbaol font, to provide
glyphs for all the characters used in a document — a problem which
will become acute as the wider range of characters provided by
Unicesde comes mto wider use. Fortunately, the mechani=ms for
accessing ghyphs are usually handled transparenthy by text layout
soltware,

Tvpography has its own specialized vocabutary, some of which it s
nccessary to understand if you are to find your way around among
fonts and thelr descriptions.

Murh of the deszcription of a font's characteristics consists of
ineasurements. These are usually glven in vnits of points (gt In
digital typogeaphy, one point is 1/72 of an inch, which makes
Ipt equal to just under (0.352Bmm. A point is thus a very small
unit, suitable for measuring the dimensicns of such small chjects
as typeset characters. For slightly larper guantitles, such as the
distance between lines of text, we often use a pica (po) which is
equal to I2pt for 1/6in or 4.2333mm).

T2 Unlike other upits of measurement, such as the metre or the
foot, the point does not bave an internatlonally agreed stancdard
magnitude, The value of exactly 1/72in is 3 comparatively recent
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innovatlon, pisteered by PostScript. In English-speaking coantries,
the printer*s point iz [/72.27in, amnd some software, such az TgX, still
uzes this value by defaalt. In France, the Didod point, which is abowat
7% larger than the printer's point, is preferred.

A font's size is quoted in points, as in “12pt Times Roman' or *10pt
Lixida Séms’. The value specified is technically the font’s body size.
In the days of letter press, the body size was the heighe of the
individual pleces of metal type, each of which were the same size
50 that they could be fitted together. Hence, the body size was the
smallest height that could accommodate every symibol in the font.
This remains the case: the size s not necessarily equat to the helght
of any character in the font (although parentheses are often as tall
as the body size), it 3 the height between the top of the highest
character and the bottom of the lowest.

= This i= often the case, bur the hody height §s actually an arbitrary
distance, dhogen o previde a suitable vertical space for the letters
to sit in when they are sot in lines. A font with a particularly
open character might have a body size somewhat larger than is
necessary Just to accommadate alfl its characiers, s0 that there is
always soine extrp space aroaurdl them when text iz set in that font
on conventional baselines.

in normal text, characters are arranged so that they all sit on the
same horizontal line, just as, when we write on lined paper, we
enayre that all our letters are on the lines. This line is called the
baseling. An important font dimension 1s the height between the
bageline anxd the top of a lower-case letter x. This valwe is the Fone's
x-height; the bodies of most lower-case letters fit in between the
baseline and the x-height. Some letrers, such as h, have strokes thar
rlse abave the x-helght; these are called ascenders. Similarly, letters
such as y extend below the baseline; the extending strokes are called
descenders. These terms are fllustrated In Figure 7.14. Sometimes,
the size of the largest ascender {the distamce between the x-twight
and the top of the body) is calied the ascent, and the corresponding
descending dimension is called the descent of the fonr.

Ascenders are not the orly things that extend above the x-
height capital letiers do 5o as well In many fonts, though, the
capitals do not extend to the full helght of ascenders, s0 we need
another quandty, the cap height, also shown in Figure 714, W
characterize the verfical extent of capitats. (in English text, the
difference between cap beight and ascent is most obvious when Hhe
combination ‘Th* occurs at the beginning of a sentence.)
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ascandar

cap hekght

body
3lze

X-helght

/7 N

batelirne descender

The ratio of the x-helght to the body size 1s one of the most
important visual characteristics of a font. Since the bulk of the ext
lies between the baseline and the x-height, & font with a relatively
high x-height will look kHgger than a font with & lower x-height at the
same stze. if you lock back at Fygure 7.12, you will be able 1o see
that cnie of the tbhinge that prevents the text In Garamond merging
happilly with that In Locida Bright ts that the latter font has a much
higher x-hetght. This feanire is common to the entire Lucida Family,
50 the Lucida Italit mixes easily with the upright Lucida Bright.

> ¥ you look clasely at Figure 7.14 yma will see that the curved tops of
the h and p actually extend thiough the x-height. This phenomenon,
i= called overshood, and helps make the letters Jook more apiform in
glze. The exrent of the overshaot 1s another factor that characterizes
the ook of a fonl.

The x-height of a font is used as a unit Of weasorement, vsually
written ex. It has the vseful property of not being an abgolute vnit,
like a polnt, bnt a relatlve one; t changes with the font's gize, and is
different for different fonts, but always stands in the same rejation
to the height of lower-cage letters, s¢ it provides a convenient way of
eXpressing vertical measurements that should change in proportion
to this quantty. A similar wmit of hortzontal distamce is the em.
Traditionally, lem is the width of a capltal letter M. In many fonts,
M is as wide as the body size, s0 the meaning of 1em has miprated
over the years, and is now often taken as a unit of length equal 1o
the font size;!! for a 10pt font, 1em is equal to 10pe, For a 12pt font
it is equal vo I2pt, and so on. Long dashes — like these — used for
parenthetic phrases are 1em long, =q they are calied am-dashes. You
will sometimes see another relative unit, the en, which is the widrh
of a capital N, and usually defined as 0.5em. An en-dash 1 len long;
en-gdashes are nsed for page or date ranges, such as 1908-96,1¢
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11
The em unit is defined like this in 55
tpee Chapter 8), for example.

12

There are no fived rales sbout dash
usage. Some publishers stipilace the
use of en-dashes For all purposes. You
should never use a hyphen instead of
a dash, though.
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omoe you start o keok closely at foois,

you may Bnd you start to Jevedop
very strong feelings abvurt them. You
have been warned.

Juit side
kearing

Fgure 7.15
Side baarings
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Kerning
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ther feamres which characterize the look of & font include the
size and shape of serifs, and the ratlo of the thickness of thick and
thin strokes. For example, so-called modern foms {actually based
on designs about 200 years old) are characterized by high contrast
between the thick and thin strokes, and serifs without brackers
(the curves that join the serif w irs stem). Fans of these fonts!?
believe these features produce a brilliant, sophisticated appearance
on the page, while thelr detractars fiuxd them affecred and illegible,
compared to the od-siyle fonts with thelr more uniferm aodid
appearance, or the cleaner lines of twenteth cenhary sans serif
fonts. The implications for display at low resolution showld by now
be clear.

The features of individual letters are not all we need to consider in a
font. We also have 1o look at how letters are combined. As we stated
earlier, most text fonts are proportionally spaced, with each letter
oocupying as much hovizontal space as it peeds . A5 Figure 7.15
shows, each ketter has a bounding box, which is the smallest box that
can encloze it. Mormally, a slight gap is left between the bounding
boxes of adjacent characters. In other words, when drawing a glyph
immediarely following another one, it is drawn relative to a ghyph
origin, which lies outside of the bounding box, usually to its left,
by a distance known as the character’s left side bearing, ag showm in
Figure 7.15 (where we have considerahly exaggerated the magnitude
of the side bearing].

Sometimes, when two particular letters arve placed next to each
ather, the total amount of space between them looks too great
or oo small. Typographers normally ad|ust the spacing to make
it look more uniform. (Once again, you will notice the apparent
contradiction that it is necessary to Introduce non-uniformity o
achieve the subjecHve appearance of uniformiry.; This process of
adjustment is called kerning, and js illustrared In Figure 7.16. {Look
closely, kerning is subtle,) The kerning peirs for a font are defined
by its deslgner. Carefully produced fonts may have bundreds of
kerning pairs, each with its own spacing. The information abot
which pairs of characters are 1o he kerned, and by how much, is
stored as part of the font.

The measurements which describe the size of idividual characers
and the spacing between them are coliectively known as form
metrics. Programs that perform typesetting need access o font
meiric information, in order to determine where to place each ghyph
as they huild up Unes, paragraphs and pages. The organization of
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this information depends on the font format, computer 2ystem and
typesetting software being used.

» Two operations related to kerming are leffer spacing and mocking.
Letter spacing 1s the process of changing the space hetween ail
lerters io a font, stretching or squeezing the tewt, This may be done
either to change the appearance of the font, or t fit an awloward line
of text on to a page. (The latter operation is severely frowned on in
the best pypesetting drcles.} Trocking is a sysrematic application
of lerfer spacing depending on the font slze: large letters need
proportonally less space between them 1o look vight.

{Certain character combinations just will not look right, no matter
how vou space them. Printers traditonally replace cocurrences of
such troublesome sequences by single composite characters, known
as ligatures. (0 English text, commonty wsed ligatures include ff, £, fi
and . Thers is no standard 3¢t of kgatures, and somwe fonts provide
more of them than others. Monospaced fonts do not nsually provide
any. Figure 7.17 shows why we need ligatures, and the improvement
achieved by using them. Ligatures are stored as extra characters in
the font.

High quality text layout software will automatically deal with kern-
ing and ligamires, maldng the appropriate spacing correctiong and
character subsitutions when it encountera the codes for characters
that require such reatment. Word processors and Web browsers
cannot generaily do this.
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without: fine fluffy souftlés
with:  fine fluffy soufflés

Figure 7.17
Eigatures

Digital Font Technology

Glyphs are just small images, which can be stored ln a font psing
either bitmaps or vector graphics. This leads to two different sorts
of fonts, birmapped Forts and outline fonts, based on these two
graphics technologies. Glyphs in bitmapped fonts exhibit the same
characteristics as bltmapped images, while outline plyphs share
the characteristics of vector graphics. Since character shapes are
usually built out of slmple curves and strokes, ' and lack any subtle
texture, there is little advantage in using bitmapped fonts on the
grouends of expressiveness. The main advantage of bitmapped fonts
is that glyphs can be rendered on-screen simply and rapidly, esing a
bit copying operation. This advantape is being ercded by the wider
gvailabillty of efficient praphics hardware and faster processors, but
bitrnapped fonts remain wldely avallable,

14

Indesd, there is a long tradidon of
using mathemadcal constructions o
define glyphs, A receot example of
this approach o font design 13 the
METAFONT sysiem, described tn
Dongid E. Rnuath, The METAFONT
Eook, Addisot-Wesley, 1956
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This is mo diffavens Brom the sibation
in the days hefore digital fonix were
availabe when, as we remarked
earller, each s1ze of a typelace In a

particular style was a separate font.
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The Tris:Type Formet was originally
devized by Apple, but is more widely
used on Windows than on MacOs,
where, hecause of the popularivy of
Adobie software, Type L fovty are
MOST Common
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The considerable disadvantage of bitmapped fonts is that, like any
other bitmapped image, they cannot be scaled gracefully. The
need for scaling arises n wo different contexts: when a font is
required at a different size from that at which it was prepared,
arsd when it is regnired ar a different resolation, The latter case 15
unlikely to arise with multimedia productions designed for display
on screen, since the hitmapped fonts installed on computer systems
are usually designed for use at screen resolution, bat it presents
gerious probikems if text must also be printed on a high resolution
printer. The Arst case — scaling bitrapped fonts to produce type at
a different size — always presents a problem. The irregularities that
result from scaling a bitmap are especially intrusive with character
shapes, owing to the amownt of fne detail in their design. When
bitmapped fonts are used, it is novmal to provide versions of each
font at several different sizes. Characters will then look as good as
is possitde at those sizes, but not at any others, so the designer is
forced to yse only the standard sizes. !5

Each platform has its own native bitmapped font format, usually
optimized in sorme way to work efficiently with the system software
routines responsible For text display. In contrast, outline fonts
are usually stored In a crossplatfom format. The two most
widely used formats are Adohe Type I (often simply referred to as
Postseripe fonis, although there are other types of PostScrpt fonts)
and TrueType.l®

Cutline fonts can be scaled arbitrarily, and the same fomt can
be uged for digplay at low regolutlon and Fpr printing at high
resolutdon, provided that the display scftware can interpret the
outline shapes. The utility Adobe Type Manager (ATM} performs
this functlon at the system level For Type 1 fonts; rendering of
TrueType fonts is balt into both the Windows arsl MacOS operating
systems, hence cutline fonts of both types can be used by any
application program. Becauge of the supremacy of text preparation
software directed towards print-hased media, outline fonts are more
wiklely used than bitmaps for elaboravely formatted rext.

Outline fonts im either of the popular formats Caz contain wp to 256
ghyphs. The glyphs in a Type 1 fomt are simply small programs,
written In a restricted subset of PostSceipt. The resiricdens are
intended 1o make it possible for the ghyphs to be rendered effclentiy
on screen by programs such as ATM, at suffident quality to be
acceptable at screen resolution. TrueType is an alternative format,
based on quadratic curves instead of the cubic Bézier curves used
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by PostScript. A character outline In & TrueType font 1s stored as
a series of points which define the lines and curves making up its
shape. A newiy developed format, OpenType unifies Type 1 and
TrueType fonts, by providing a file format that allows either sort of
outlinie ta be stored.'”

= You might alsc meet Adobe Type 3 fonts, although these are
becoming rare — they date from a period when some aspecty of
the Type | specification were kept secret, and people wishiog to
develop thelr own PostScript fonts were obliged to use the Inferior
Tvpe 3 format. There iz also a Type 0 format, in which the ¢lements
of the fomt ape not character ghyphs, buat other fonts. The Type O
{orroar is intended for storing composite fonts, each built cur of
several Type 1 Fonts. 18 main appitcation is in providing fonis with
& large character repertolte, such as might b required for use in
corunction wirk: Unicode.

As well as descriptions of the ghyph shapes, Type 1 aml TrueType
fonts both inclede extrainformation that can be used by a rendering
propram te lmprove the appearance of text at low resclutons. This
information concerns rather subtie features, which tend to lose thedr
subtlety when only a few phiels can be wsed for each stroke. in
Type 1 fonits, it takes the form of declarative Aints, which provide
the values of parameters that can be used to direct ghyph rendering
at low resciutons. For example, some hint information is intended
to cause overshoots to be suppressed. As we stated on page 2009,
overshoots normally help improve the regoular appearance of a font.
However, at low resoludons, when the amount of overshoot is
rounded to the mearsst pixel, the effect will be exaggerated and
text will appesr 1o be more irregular than it would if all lower-case
letters were exactly az high as the x-helght. The point at which
overshoot suppressicn is ofective depends on the design of the
font, %o it cannot be applied without infermaton from the font
degigner. The Type 1 hints sllow this information to he supplied.
Other hints similarly suppreas variations In stem width, which whiie
assthetically pleaging st high resolutions, merely look uneven ag low
resoludons. Another example of the use of hints concerns bold
fonts. It is quite conceivable that the rounding effect of rendering at
low resclution will canse the strokes of & normal font to thicken to
guch an extent that it becomes indigtinguishable from the boldface
versionl of the same font. A hint allows rendering softwvare to
add additional width to boldface {onts to ensuve that they always
appesar bold. TrueType fonts achieve the same sort of improvements
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OpenType was developed by Adobe
ard Microsnft in 1997-8. OpenType
fonis bepan appearing In 1598,
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Figure 7.18
Anti-allased text
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using a more procedural approach, allowing the font designer o
write fnstrrctions that specify how Features of a character showld be
mapped o peints on a pixel grid at any resolotion

= Although the use of hints and instructlons lmgwoves the appearance
of Fonts at small slzes as well ar af Tow resolutions, it only <aeses
minot changes of shape to compensate for the small mumber
of pixels availpble. Traditional rypograpbers spmetimes produce
separate designs of the same font at different sizes, which 1s said
te produce a more pleasing appearance than shmply scaling one
design to At. Such niceties are rarely encountered with digital fonts,
altheragh the Computer Modern foors, desigmed to accompamy the
TEX typesetting systetn, were produced in thiz way.

As with other sorts of vector graphics, the appearance of outline
fonts can sometimes be improved by anti-aliasing — softening a
hard, and incvitably jagged, edge between those pixels that are on
and off by usging a pattern of grey pixels over a wider area, The
smoothing effect rhereby achieved Is illustrated In Figure 7.18: the
upper letter A is pot anti-aliased, the lower cne is. AS this figure
shoows, anti-aliasing i5 very effective with large cheracters; it also
works well ar medlum resolutions, sich as that of a laser printer. At
low resclutions, small type (below about 12pt), although noticeably
smoother, alsc beging to look blurred, which may leave it barder
to read than it would be if keft jagged. s0 anti-aliasing shoukd be
applied to fonts judiciousky.

Multiple Master Fonts

Before digital typopraphy, cach font provided a typeface n one siyle
at one slze. With mast digital formats, each font provides a typeface
in one style, and each slze is generated from it by scaling, with
the help of hints. Multiple Master fonts are a new development,
hased on Adobhe Type I fonts, wherein each font provides an entire
typeface, from which any style may be generated at any size.

Multiple Master fonts are conceptually Fairly simph:. Several char-
acterigtics of a fong famity can be considered as values along a line.
For example, the weight of a particolar font lies somewhere barween
ultra-hold and ultra-light {ar least, relative to ¢ther members of the
same Family with different weights). A Muldple Master typeface
comprises Type 1 fonts for each of the exiremities of such a line,
or dezign axic, as it is called. Fonts lving berween the exiremities
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can be constructed, as mstances of the Muoltiple Master typeface,
by interpolaton: the weipht of glyphs far a medium weight font
might lie half-way hetwseen the nltra-bold and ultralight glyphs.
Potentally, an infinite number of fonts, differing finely in their
weight, can be generated from the two extremities of the weight
design axis.1?

A single design xxds is not always very excidng, but desigo axes
can be combined. The Multiple Master formal allows the ends of
up to four axes to be stored in the same typeface file. Although
the format is liberal enough to allow any characteristics (o be
varied along degign axes, four specific ones are reglstered as part
of the specification. They are weight, width (e.g. from condensed
to extended), optical size, and serif style. The optical size axiy
is particnlarly lateresting, since {t parmits features zuch as the
propordons of letters, their weight and spacing to vary with the
point size. This allows a closer approximation to the traditional
practice of moditying character shapes to sult the size of type
than is provided by Type 1 hints and TrueType instructions (which
are primarily concerned with nraintaining the guality of rendering).
Figure 7.19 shows how three desipn axes can be combined into a
{ont design space. By labelilng each axis with values from 0 1o 1,
any point within the cube defined by the axes can be identified by
three coocdingies. The point comresponds to a font insrance; the
coordinates express the proportions of the characterlstics of each
design axis relative 1o its end-points that are present in the instance,

A Multlple Master typelace 1s larger than a single Type 1 iont, since
it must inrlnde a set of glyphs for each end of each design axis.
However, it can be used to generate an entire fom family — indeed,
a Family comprising matwy more individual font instances than you
wild normally fmd in a font family provided as a collection of
inclividual Forts,

Multiple Master typefaces can alse be uxed to provide & partial
answer to the prohiem of font substitutdon. There are two problems
with emmbedding fonts when you wish to distrilnite a docement. The
first, purely practical, is that incorporating fonts inte a document
may sertously Increase its size. Mot aoly does this make the
document mare difficulr to distribute, but the reciplent may nol
wish (0 accwmulate large numbers of Tonts, or maitiple copies of
the same font on their systems. The second problem is that Fonds
are subject to copyright, and it may not be legal to distribute fhem
freely in a forrn that allows the recipient to usce them for any
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Althoagh rs we are working with
finfte digital vahnes, the actual nunyber
of variations is resiriched.
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Figure 7.19
Mukiple Mastar dasign axes

Characters and Fonls

Ultra-Hght
Extended
Large
11
o1, Ultra-brevid
Extended
Large
1.1.1
Ultra-light ltra-bald
Em“;::i s Extended
oo |3 Uiera-hghe  [Smal
* Condensed | 1-1-%
g Large Uttra-bedd
5 0.0,1 Condensed
E Large
g ';.f 1.0.1
Ultra-light bé\d‘ Ultra-hald
Condensed Jesign axis ) wlght Condensed
Small Small
0,00 1.0,0

purpose other than to view a pardoular docurnent. Ensuring that a
distriboted font can only be used For a single purpose is not always
feasible. However, If fones are not distributed with the document,
font substitution will prebably occur, destroving the documents
carefully designed appearance. Designers wishing to use fones other
than the small number of rather dull fonts that can be found on
most computer systems are left in a quandary: to distribute or not?

Wwith Multiple Masters a new solution becomes posslble. Instead of
distributing the font, inchade a sufficient description of it to enable
an instance of & Multiple Masrer typeface to be constructed that
approximates its appearance and matches its spacing. That way, If
a font must be substituted, the deleterious effact on the document's
appearance la minlmized. This form of font substitution is
supported by the Portable Document Format (POF), the Acrobat
Reader sofoware thar displays PDE files will instantiate Ffones If
necessary. A pair of general-purpose Multiple Master oypefaces (one
serifed, the other sans serif) is distributed with Acrobar Reader,
s0 1t is always possible for some approximation to the intended
font to be produwced. Other Multiple Master typefaces can be
obtained, which have distinctive characteristics like a conventional
fout Camily.
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Further Information

The lavout of text 15 described in Chapter 8.

Appendix B of {GOI5] is a good account of character sets and related
issues; [AppS3b] incudes some nteresting information abour the
diversity of writing systemns used arcund the world.

[Bla92] is a history of fonts in the 20th centtury; [C1194] and [HFS7)
oomcentrare on recent Faces. [AdofS0a) is the specification of the

Type 1 font Format, and [Ado97] iz Adohe's guide to Multiple Master
fonts,

. In Chapter 3, we described how a graphics applicalion
program keeps track of a model of an image, which it renders
to make it visible. Discuss the exient to which & sequence of
character codes can be considered a model of text, which has
to be rendered as glyphs.

2. Naive comunentators sometimes claim that wsing Unicode or
ISO 10646 is wasteful of spare, when documents can be
adequately represented in ASCH. Explain why this is not sc.

3. Although Unicode can represent pearly & million different
characters, kevboards cannot have that many keys. Discuss
ways in which keyboards can be made w0 accommodate the
full range of characters.

4. Lock at 2 newspaper. Compare and contrast the way fonts are
used in news stories and in advertisementa.

3. Find out which fonts are avallable on your computer, and
primt samples of each. Which would vou consider to be
sultable for display purposes and which for text?

6. Which of the fonts avallable on your syztem would yon use
for ecach of the following jobs?

{a} The opening credits of a science fiction movie.

(b} Your curricitiumn vitae.

Exercises
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(r) The body copy of a community newsletter.
(d) A wedding invitation.
{e) The List of ingredlents on the back of a jar of Jam.

Explain each of your cholces.

. [5 there a meaningful distinction to be made between fotits

that are readable and those that are legibde? I 50, what is it?

Fonts designed te be used on low-resolution devices usually
have a relatively high x-height. Why?

. Design a font for Scrabble tiles. You only need the upper-

case letters. You will have te ensure that your letter forms
fit harmoniously and legibly imto the square tile (and don't
forget the little mumber for the legter's value). I you dom't
have access ta font deslgn software, such as Fontographer or
Metafont, vou should design the character shapes on squared
paper in sufficient detail to be mapped to plxels; otherwisa,
use the sofrware avallable to you to generate a font in a
suitable format and use it to typeset some sample words.
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In Chapter 7, we considered the storage and dispiay of individual
characters. When characters are combined into words, sentences
and extended passages of text, we nead to think abont how they
dhould he arranged on the screen. How are paragraphs to be broken
inte lines? How are headings, lists and other textoal structures 1o
be identifled and lald ont? How are different fonts to be used?

As weil ax heing a vital component of omttlmedia, text can play
an addidonal role by specifying the somucre of a mmldmedia
production.  Layour commands and visual characterisdcs can all
b specified using a text-baged markup pngtiage. In later chapters
we will zhow how Hnks to other documenis, the location of images
and videa chps, interaction with wsers, and synchronization of timme-
based media can alzce be apecified rextually in a4 markup language.
The best known such language is HTML, which we will introduce in
this chaptar, topether with the newer and more powerful XML,

Cur primary focus is on markup and the way it s expressed in
languages, not on the tools, such as word processors and desktop
publishing packages, that present users with an environment for
preparing text.  Multimedia authoring systemis usuaily include
aimilar Facilltes for preparing text. It is, however, common practice
to nse a dedicated system to prepare text which is then imported
Into the anthoring environment, already formatted. In elther case,
the formaiting operations available are equivalent to what can be
cxpressed using the languages described later in this chapter.
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Text in Graphics

i
But you must use catline fonts.

The maximum fexibility In the layout of text cam be obtained
by treanng text as graphics and manipulating it with a graphics
program. Text can then be placed at will, possibly using layers
to overlay it, and reated with effects and transformations. The
integration of text and graphics occurs naturally, so this approach
1o text is ideally suited to graphic design incorporating text, such
as posters, packaging, company logos and betterbeads, Weh pages,
book; jackets, and CD covers. As always, thers is a choice between
vector and bit-mapped graphics, which determines how the text can
he manipiated.

If text items are ireated as objects in a vector gpraphics program,
they can be arranged on the page arbitrarlly, and all the effects that
can be applied to other graphical objects can be applied to them.!
Words and letters can be scaled, rotated, reflected and sheared.
They can be stroked with colours, gradients, or even patterns. The
leading drawing programs provide extra facilities for laying out text,
which take account of its sequential nature. Tools allow you to Bl
areas with text, arranged either horizontally or vertically. (Vertical
text is intended for languages that are normal written that way, but
can be applied to horizontal lenguages For a speciad effect.) The text
Aows satomatically to stay within the area, with line breaks being
created automadeally as required. Text can also be placed along a
patik.

Figure 4.1 shows some typical ways of treating text i a wector
graphics program. The deslgn down the left was made by setting
the name Shakespeare vertically, using a mid-grey 1o coloaur the
text, taking a copy and reflecting It about the vertical axis. The
mirrored copy was then [illed with a lighter shade of grey and
displared slightly vertically and horizontally. Glendower's speech
iz set on a Bézier path, while Hotspur's reply is centred within an
oval. Again, slightly different shades have been used to distingunish
the components. The atributon has been rtated; all the elements
were scaled to At their spaces. The text remains editable: spelling
mistakes can be corrected — you can even use a spellimg checker
— and the fonts and type size can be changed. The shapes into
which the text has fiowed, and the paths along which It is placed can
he changed using the normal vector editing tocls, and the text will
maove to aecommadate the changes. By treating text as bitmapped
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graphics, quite different results cam be obtained. Omce text has
been converted into pixels, it becomes  gsusceptble to all the re-
touching and fitering that painting programs provide. (However,
unless the text 13 set in a large font, many effects either do not
show up, or obliterats it entirely.) Text can be warped and distorted,
embossed and bevelied, set it bumnlng metal, or weathered and
distressed. Figure 8.2 provides some examples. Different elements
af the design have been blurred and sharpened; the line 'This is
the worst' has been copled ento several layers, displaced relative
to each other to produce a 3-D effect, which iz enhanced by the
streaking that has been painted on. The rext "5S¢ long as we can
say’ 1s not placed on a path, as it would be in Hlustrator, it has
been distorted using Fhotoshop's polar cocordimates filrer. This text
has been incorporeted into a bitmapped image and can no longer
be edited as text, but must be retouched like any other part of
the image. Using the terminolgy from Chapter 7, text in & vector
graphics program refaing its lexical content, whereas in a bltmapped
image 1t is reduced entirely to appearance.

Evidently, hoth approaches to text it graphics have their used, and
they can be profitably combined. For most purpases, vector-based
text iz more manageable; it has been common practice for designers
o prepace text in ustrator, then import It into Photoshop, where
It 15 rasterized so that bitnapped effects can be applied. With
the release of Phaotoshop 5.0, vector-based text was incorporated
directly into FPhotoshop.Text on its own layer can be edited, as
it can in {listrator, gthough the full range of vector effects 1s
not available. The text must still be rasterized before bitmapped
effects can be used. The distinction between the two approaches
to graphics and text remains: programs are increasingly combining
the twe, but the underlying representations remain distinct.

Graphics programs offer complete control over the appearance and
placement of text, but this is not always what is required. Cuite
the contrary, in fact. If you are preparing some conventonal bext,
such as a letter or an article, you want t¢ be able 1o just type the
words, ikl have a program do as much of the layout as possible
for yvou. For this, we have to tarn to a different class of programs,
and consider some new guestons, in partioalar, how do we exercise
comtrol over layaut without having to place everything explicitly?
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Flgure 8.2
Bitmapped vext
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in the days before deskrop publishing and word-processors, au-
thors' mamascripts were usually produced on 2 typewriter. Con-
sequently, they could not be laid out in exactly the same form
as the final published book or paper. The author, the publisher's
copy editor and possibly a book designer would annotate the
manuscript, using a variety of different coloured pens amd a
vocabulary of special symbols, to indicare how the text should be
formatted by the typesefter when It was printed. This process of
annotation was called raerking up and the instructions themselves
were often referved 10 a5 markup. With the trangition to computer-
based methods of publication, the function of markup has been
transferted o the Instructlons inserted {often by the author) into
the vtext file that now corresponds o the manuscript. The form
of these instructions 1s determined by the program being used to
prepare the manuscript.

A distincten is often drawn between WYSWYE formatting systems,
and fag-based systems. WYSIWYG stands for “What you see is what
you pet’, a phrase which succinctly captures the essence of such
SYEIETNS: as you type, text appears on the screen laid out jast
as it will be when printed or displayed. Font ard] size changes,
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mdentation, tabulation, and other layout features are controlled by
menus, command keys or toolbar icons, and their effect is seen
immediately. The markup, zlthough present, is invizikle; only its
effect van be seen, giving the Musion that the formatting commands
do not insert markup, but actually perform the formatting before
VOUT veTY €yes, as it were, In conirast, with a tag-based sysrem,
the document ls normally prepared using a plain text editor; the
text 1s interspersed with the markup, which takes the form of
special layout commands, often known as tags. Taga are lexically
distinguished from the texr proper, by being enclosed in angle
brackets of beginning with a backslash character, for example.?
Taps do the same job as the commands in a WYSIWYG syatem,
but their effect 13 not necessarily immediately visible. A separate
processing phase is usually required, during which the formatrting
described by the tags 1s applied to the text, which is converted into
a form that can be displayed or printed, sucl as PostSeript. Word
processors such as M5 Word are invaciably WYSIWYG, as are most
commercial page layout tools, such as Quark Express and Adobe
inDeslgn. Tagtaged layont has, untll receatly, been largely confined
to the academir and technical sectors, where tools such as troff
and KBIEN have been in use since Jong before the phrase ‘desktop
publizhing’ was colned. in recent years, the popularity of HTML has
brought tag-based text formatting o a wider andience,

Although the experience of preparing text using these two different
types of syatem is very different, calling for different skills and
appealing to different perscnalities, a moment's reflection will show
you that their differemsces are mostly superficial and concern the
interface much more than the way In which lavout is actually
controlled. Underneath any WYSIWYG system 15 a tag-based text
formatter, although the tags are more often binary control codes
than readable text tags, and are inaccesslble to the nser of the
WYSIWYG editor. The rash of WYSIWYG HTML editors and the re-
targeting of ]:iage layout packages 0 produce HTML demonsicate
that tbere is no real incompatibility between using tags to controd
layour and using a WYSIWYG approach to document preparation.

we will concentrate on layout nsing textual tags, partdy because it
is easier to see what 18 going on, and partly becanse, after years in
the sbade of layouat based on hidden control codes, It has acquired
a new imporiance because of the World Wide web., An advantage
of using textual markup, instead of binary codes or some data
structure, i% that plain rext can be read on any computer system and
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can be transmitted unscathed cver a network. This 1s pardoularty
important for the Internet, with its beterogeneous architeriures.
Here, HTML has brought tagging into wide use, XML, and a clurch of
languages developed from it, promise to extend the pse of this sorr
of markup into other arcas of multimedia.

The difference between tag-based and WYSIWYG layout is merely
a cmsmetic difference between interfaces. A more profound
distinction 1s that between wvisual markup ad structural markup.
o visual markup, tags or commands are used to specify aspects
of the appearance ofF the wext, such as fonts and type sizes. In
structural markup, tags ldentfy logical elements of a document,
such a8 headings, tists or tables, and the visual appearance of each
type of slement is specified separately.

The disfinction can be illustrated using BIEX, an example from a
previous generation of tag-based markup languages, with which
elther approach can be used. For example, snppose we were 115ihg
iiEX to prepare a document which wag divided into sections, each of
which had a sectlon heading, If we were takdnp a visual approach, we
might decide that each section heading should be centred and set
in large boldface type. This <a be accomplished using comunands
guch as the following for each section:

“hegin{centar}

Y Fontfami 1y[h1h}Y fontseries{b}\ Fontshapa{n}
WFontsize{ld}{16} \select font Engroduction
wend{centar}

whose meaning showld be Fairly evident: BIEX tags begin with a
backslash, and some of them take arguments enclosed in curly
brackets. Here, “begin{center]l and ‘wendf{center} defloe thwe
extent of an ‘environment’ within which text is centred. The next,
more enlgmatic, commandys seleck the font: h1h ldensifies the Lucida
Bright family,* b its boldface series and n its normal shape; next
we stipulate a zize of ldpt on a 16pt baseline, and finally select
the font. A cut-and-paste edrior. or one that supported keystroke
macros, would make it relatively easy to ensure that every section
was lald out in the same way.

However, if we were to adopt the structural approach to our
markup, we would simply tag each zection heading as a secdon
heading:

YsectionheadingfIntroduction}
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FElsewhere, probably in a separate file, koown as a documenr
snie, containing definidons for all the structural elements of a
particular type of document, we would provide a definiden of the
‘sectionheading command that specifed the layout we wished
to apply. For example, if we stll wanted each secton heading
to be centred and set in large holdface type, we could define
\sectianheading lke this:

\newcomand {hsectionheading} [114
ywhegin{centar}
SbfseriesylLarge #1
Yendfcanter}
F

Agaln, the meaning should not be too cbeoure: \newcommand de-
fines a new command, whose name appears next in carly brackets.
The [1] indicates that the command will take one argument, in
this case the text of the secton heading. The commands between
the next pair of corly brackets form the body of the definiton;
they are substtted in place of “sectionheading whenever It is
used, The \bfseries command chooses a holdface version of the
cwrrent font end sLarge switches 0 & larger polnt gize. (These
two commands are themselves abstractlons of the primidve font
selection commands we used previcusly. Both of them change
the font characteristcs relatve 1o the exdy fent of the document,
which would be set globally elsewhere) Within the body, #1
will be replaced by the argament when the command is used, 5o
\sectionhaading{Introduction} will lead 1o #1 heing replaced
hy Introduction. The net effect will be o centre the heading in
large boldface type, as it was previously.

Stuctural! markup has distioct advantages over visual marlotmp.
Perhaps most obviously, It allows 13 to change the appearance of 2
document globally by changing the defintrions of markup tags fust
omee. If, for example, we wanted to use 4 mare imaginative layout
for our section headings — right-alipned in uppercase holdface
italics, say — we wonld only have to change the definition of
vsectionheading — for example, to:

S newcommand{cectionheading} [1]{
“Woegin{flushright}
YWofserieshitshapetlargs Suppercase{#1}
hend {Flushright}
1
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and every section would be re-formatted in the new style. Cobsis-
tency Ls ensured. In contrast, if we had marked up each section
heading individually, we would have had to And and change the
markup of each one,

The ease with which structural markup allows layout to be changed
offers more than a licence to experiment with different typograph-
iral efferts at whim. A more substanrial advantege is the easy
localization of donuments which It permits. Centred layouts, for
example, which are fairly standard in the Unired States, are much
less popular in Europe. Changing the layout of a document such
as a software manual to make It ook more agreeable 10 customers
in different pasts of the world can b achleved by redefining the
heading commands, while leaving the marked up text of the manual
alone. Similarly, while an asthor 1s working on a manuscript, 1t
mmight be desirable to preview it using a simple layount, perhaps
double-spaced. By using a different set of definitions for the tags,
the same markup can be used to produce a final verslon, Yaid out In
a more professional way.

Even hetter, a sufficiently powerful system based on struchural
markup wenld allew you to redefine the effect of your markup tags
for different cutput media. For example, i yoty wished to produce
a version of your document ta be ‘read’ to hlind people by a speech
synithesizer, you might credefing a section heading 5o that the words
of the heading were read with increased emphasis.? More generally,
since the structural tags themselves do not specify any form of
processing, they can he used as the hasls for presentation of the
document In any medium, including media not invented when the
document was writhen

A related advantage of structural markuyn is that It permits a
separation of concerns, and a division of labour, between the
appearance of a dotument and its struchure, The writer need only
concentrate on identifying the logical divisions within the document
while he or she is writing. The question of what typographical
features should be used to identify those divisions in a perspicuous
and pleasing way can be dealt with separately, ideally by a specialist
book designer.? if visual markuy is used, the processes of writing
and tayout become intertwined, and contrd over appearance 1s jeft
to the whim of the author.

:) Programimers will recognize that visual markup s an abstraction
mechanism, similar 1 the use of functions and classes In program-
ming. The separation of appearance from markup resembles the
separatian of a class's interface from its impletoentation.
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The final advantage of souchiral markop is that tags ldentifying the
stractural elements make It easy for a computer program o analyse
the structure of the document, Although people can identify the
structural elements from their appearance, this depends on inowl-
edge and understanding, thinga which it is notoricusly dificuit to
incorporate into computer programs. Programs are exiremely good
at searching text for sirings with a specific form, such as BIgX
commands, though. This makes it easy bo write programs to exivact
tables of contents or other tagged pieces of Information. As a simple
example, the Alpha editor is able to constract a pop-up menu of
all the secton headings and sub-headings in a ®IgK document —
provided they are marked up using the s saction and ysubsection
commands, and not an ad koo sequence of vigual markup — 20
1hat, when a section name 18 saleceed from the menu, the inserton
point is moved to the start of thet section. In 2 more complex
environment, stractural tags make it possible to display an cutline
of a docament, at varying levels of detail, or to allow readers to
search for sirings only when they are used in a particular way, as
part of 4 beading or a figure caption, for example.

We must emphasize that, although we have used BIX in our
exsmples, and will contivue to use tag-based markup in the
remainder of this chapter, structural markup can be gpplied using
modern WYSIWYG word-processors and page layout programs, The
mechanisms aog their names vary, but macros, stylesheets, and
master pages all offer the possibility of separating the appearance
of a document from its strogture,

n the preceding section we gave examples of both structural and
visnal markup using BEX. if you are familiar with BIEX, you
will know that It was desigoed specifically as a sructaral markup
system buiit on top of the low-level formatting fedtures provided
hy the powerfnl typesetting system TgX. Despite this, in BX we
could choose visual formattng, hecanse the same language is wsed
fur markup of the text and for defining new commands. To perform
the latter funcdon it must provide factlities for visval formarting,
ahd there i% nithing to stop you using these visnal facilities to mark
LP FOUr text,

There is much to be sald for providing computer users with the
choice between different wayz of working, bur many of the benefits
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of soructural markup can only be obtained if it is used consistenty
amd exclusively, and the anly way to guarantee this happening is
by compietely separating markup from viswal lavout. The easiest
way to enforce this separation is via a language that provides
nothing but facilicies for structural markup. This philosophy finds
Its purest embodiment in SGML (The Standard Generalized Markap
Language).

SGML 1s arguably nos-nemmed, since, properly speaking, It is pot a
markup language, but 3 markup metalanguage. Thart is, it is a
language for deflning markup languages; it allows you 1o define
your own tags, each of which is vsed to mark a particodar sort
of docionent element, such as a paragraph, section beading, or
list. [ SGML, defining a tag consists of giving It a name and
some atiributes, apd specifying some restrictions on the context
in which the tag may be used and nothing more. This is in contrast
to WX and similar systems, where the ondy way to define a new
tag is a5 a command, whose definltion specifies the layout to be
applied when it is used, so that a BIEX documnent class defines the
structure and the appearance of a class of documents. The SGML
equivalent, known as a Docurnent Type Deffnition (DTD} defines anly
the srrucmare. In other words, 2 DTD describes all the documents of
a particular type, [In terms of the tags thar may be used w mark
them up. A document marked up with SGML tags from a DTD thus
contaihs a description of its own strucnare. Any program that needs
te ynderstand the domument's stwcture can dedoce it by reading

the tags.

= IF you are familiar with prograouning fanguage definitians, you may
find it helpful to consider a DTD a5 being ke an attribuie grammar
defining a oass of documents, in a similar way to that in which a
grammar defines the syntex of a class of programs — and rherebyy
defines a Jangoage.

We are used to thinking of a document as a physical object,
and of its content as what appears on the paper, but S5GML's
notion of a document goes beyond the lUmitations of physlcal
media, tn epcompass more of the potential of computer-based
storage. A document may include elements which are not tended
to be displayed, boet which degcribe lts contents n some way.
For example, a document may inclwde a tag which indicares the
language in which jes text comtent is wriiten. This information
is largely redundant for display — ir will 20on become evident
to the reader — but might be valuable to a docwment Tetreval
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syaten, allowing it to select only documents in a language that
could be understood by the person doing the retrieving. The SGML
tag woudd distunguish the language information from the other
clements of the domument. SGML can thua be used not just for
fraditional text markup, but for marking up any $ort of data as a
self-describing document. Bemember, thowgh, that in order for this
to be possible, & DTD defiring the class of documentis in guegtion
must be avaflable: In the example just cited, the language tag can
only he included o documents based on a DTT which includes it.

From a souctural markop perspective, displaying is only one of the
things that might he done to a document, but frem our muldmedia
perapective, it is the most nataral, so we must consider mechanisms
for contrefling the layout of a structurally marked-up document.
SGML provides no such mechanism, becanse of its determination
to separate the description of a document's stucture from Its
appearance. But, precisely because of this, it permits the use of any
mechanism based on structural information. Several approaches are
possible,

If a DTD describes a sufficiently large class of dociments, it
may make sense to comstruct display software specifically for that
clagy of documents, and to hardwire the layout rules into the
software, That way, every document will be Taid out consistently
by a particular display prograan. A varfation on this approach is
te build facibtes imtto the display program allowing its user to
control some aspects of the layout. This is the approach adopted
by the first generations of Web browsers?® (and remaina the default
in more recent cnes). Most of the formarting of headers, lisis,

tzbles and other elements is controlled by the browser, but some

detalls, specifically fonts, type sizes and colowrs, may be controlled,
by preferences set by the user. This is quite a radical departure
from madittens] poblshing, since it gives the reader control over
some aspects of the appearance of the document.

The alternative {3 to provide a separate specification of che layout,
parallel to and complementing the DTD. Such a'layout specification
is usually called a styleshect. For each tag defined in the DTD, a
stylesheet provides arule describing the way in which elements with
that tag should be laid out. There may be more than one styiesheet
for a particular DTD, providing a different appearvance to the same
soucture, as, for example, one correzponding to typographical
styles favoured ih the US, and another corresponding to those in
Western Europe. Stylesheets are wrltten using a stwiasheet anguage,
whirch 15 deslymed For the purpese.
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Ideally, the use of stylesheets in conjunction with SGML leads w
scenarlos such as the following. A vechmical publisher devises a
DTD for books, defining tags for each element that might ocour in a
technical book, such as chapters, sectlons, paragraphs, quotations,
tables, computer program listings, footmotes, and so on, hopefully
exhapedvely. Aunthors mark up their manusoripts with the tags
defined in this DTD. For each book, or series, a hook designer
constructs a stylesheet, which has the effect of laving oat the ook
in a style appropriate ko its contents and intended markes, caking
account of any buwdget consoaints and bouse style rules which
might affect the layout.

This ideal scenario is not always achieved, however, not least
because desktop publshing software has accustomed authors to
having control over the appearance of thelr work. In practice,
SGML has been used in the publishing industry mainly as an
archiving format for ¢lectronic versions of printed material, since
its mdependence Frot any formetting mechanism or technology
means that the markup will in principle remain valid forever and
can be used as the basis for publiration at any Hme in the fomre,
using whatever technology has becomne available. Furthermore,
the markup can be used for indexing and document retrieval,
thereby making the archived material reasdily accesslble. However,
SGML never remgtely approached the stamus of a universal markup
language, despite being enshrined in an international standard.”

One reason for this was the lack of any percelved need for
structural martmp. ‘This perception changed with the increased
use of heterogeneous computer networks, such as Arpanct and
subsequently the nterpst. Sihce one can make no assumptions
about what hardware or software might be on the other emd of
a nerwork conmecton, visual merkup that is tied to one plece
of software or depends on certain hardware facilities for cotrect
display cannet be relled upon o be intelligible or effecdve. Since
structural markup can be interpreted on any platform in a loghcally
conzistent — if not necessarily visually consistent — manner, it
is ideally suited for the markup of documents which are to be
ransmitted over networks.

= At 0ne time, the only type of text that could be reliably ransmitved
over wile area oetworks and be gnaranteed to be readable on amy
computer was plain ASCI, & situation that Jed to many important
documents, such &z lnternet RFCs, being stored ot archives with bo
mote formatiing than couid have been achieved an a typewTiter
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When the World Wide Web was being designed, therefore, the
structizral approach was adopted for the markup of Web pages.
SOML was nsed as the basis of the Hypertext Markup Lahgiicge
(HTML) devised for this purpose. Tmiike SGML, HTML is only &
markup language: it provides a set of tags sultable for marking
up Weh pages, but does not provide any way of defining new tags.
In fact, HIML is defined by an SGML DTD,? which descrtbes the
stmcture of the class of doctuments known as Web pages. Like
SGML it is concerned solely with idendfying the structural elements
of a page, and not with their appearance.

Criginally, the Warld Wide Web was [ntended as 4 means of dissem-
ination of scientlfic research, so the DTD for Web pages contained
tags corresponding to the main elernents of a scientific paper: a
title, headings thar ¢an be nested several levels deep to introduce
sections, subzections, subsubsections and 20 on, and lsts of varicus
types such as epumerstions and bullet points. Additionally, HTML
provides some typographical control, by allowing yon to mark text
as Ttadicized or bold, although it does not allow you o apecify
particular fomts;? HTML also provides generic styling tags, to mark
text as, for example, emphasized or strong, without specifying
arivthing about the typographical remxlering of such text — these
tags are Jpore in the spirit of strucnocd] markup than are the explicit
typographical tags. Later revisions of HTML added tables and
interactive forms to its repertolre. As well as these layvout tags,
HTML crucially meludes tags for hypertext linkage and for inchusion
of images and other media elements, as we will desceibe [n later
chapters.

Although they are adequate for marking up the simple, mainly
textual, papers for which they were originally Intended, HTML's
layout tags are by no means sufficient for all the diverse bypes
of matertal that bave found thelr way cnte the World wide Web,
particularly since its commerdalizaton during the middle of the
19905, During that perlod two undesirable responses to HIML'z
defictencies were made by browser manufacturers and Web page
designers. The first response, from the manufacturers, was the
addition of ad hor proprielary extensions (o HTML. Usually such
additions were only supported by ome browser, thas destroyving the
platform-independence of HTML markup, and often they were nol
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in the sphit of struchural markup.'? The second response, from
designers, was to put the available taps to purposes for which
they were never intemied. The most widespread Fform of HTML
abuse — ensoonced i more than one HTML awthoring program
and encouraged by any number of HTML tuwtorials — is the use of
tables for grid-based layout. This trick enables designers o use
established desipn ideas from radidonal media o produce more
interesdng and readable page layouts than the simple sequence of
paragraphs that HTML provides.

Another trick that has been widely adopted is to use graphics
instead of text for parts of a decwment that canrwr be satisfactorily
formatted with HTME. Mathematical equations provide an example:
there are no facilides In HTML for typesetting mathematics, so the
only satisfactory way to incorporate equations and formulae into
& Web page Is to typeset them using some system, such as BigX,
that can handle them, and then ransform the typeset result into
a GIF imnage that s pasted into tiwe Web page. The saoe approach
kas been used by designers who are deeply concerived about the
appearance of their pages to make sure thar text is set In exactly
the font they envisaged, and laid out just as they wished ir 1o be.

Even §f you believe that designers should live with HTML hnyout
when they are working on the Weh, there are many cases where
the information they have to present simply does not fit in to an
HTML document. Consider, for example, a restaurant wishing to
post its menn gn a Web page. What tags should be used for each
of the dishes on offer? Probably, using 4 kevel 2 or 3 Ieader wonld
produce apprapriate formatting, but dishes from a mena are not
headings, any more than blocks of text laid out on a grid are entries
in a table, or mathematical equations are ilustradons. IF stnactaral
markup does not descrlbe the structure of a document, but rather
another goucture that happens to 100k like what the designer had
inh mind as the visual appearance of the document, then much of
the point of strectural markup ig lost. In pardcalar, autematic
searching amd indexing programs cannot correctly identify the
elements of the document. For example, it would be hard o write
a4 program to search for restaurants that served chocolate mpusse
unless it was possible o distinguish occurrences of the phrase
‘thocolare mousse’ that announced 1ts presence gh a menu from
all others, such as headings in on-line recipe collections or studies
on nutrition.
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Since HTML's tags are not sufficient for the class of Web pages as
it has evolved, new tags are required. Any attempr to add tags to
HTMI. to accomumnodate absolutely any sort document that someone
might ove day want to make inte a Web page is doomed to failure,
and would leave HTML bipated and unmanegeable. A much better
soludon is to provide Weh designers with a facility for defining their
own tags. This is where we came im: 3GML has just that Facility.
SGML is not, however, entirely snitable for nze over the Internet;
certain of its feamres make parsing it too diffimit to be done
efficiently encugh te provide the required response times. Work
on adapting SGML to the Internet led 1o the definition of & subset,
known as XML (eXtensible Markup Language), which provides all the
Impertant facilities of SGML without the overhead imposed by fuil
SGML. in pardoular, XML allows Webr designers to define their own
DTDx For any type of document. Web pages are thus freed from the
limitations of HTML's definition of a doowment.

XML 1.0 was adopted as a WIC Recommendation early In 1998,
Becanse of its complexity compared with HTML, it is unlikely that
XML will be used directly t0 meark up individual Web pages by
may designers. [t is more likely that XML will be used indirectly:
experts will produce XML DTD: that define new markup lanpuages
for specific tasks. Although this will lead to & proliferation
of special-purpose languages, they will &ll share some syntacdc
leatures, such as the form of tags, and will sl be bHased on the
underlying technology of X, o thar it will not be necessary
to add interpreters for each new language to every browser. 5o
lang a8 it can jnterpret XML DTDs, a browser can interpret pages
marked up in any language defined by one. XML can thus functdon
as af infrastructare supporting a wide variety of mechanisms for
organiziog text and mudtbnedis content. There is no reason for it 1o
be regtricted to the World Wide Web in this réle; XML can functon
equally well with other delivery media.

The process of defining new languages as M. DTDs began before
XML 1.0 was even adopted as a Recommendatdon. Among the
DTDy produced are SMIL (Smchronized Multimedia Integravion
Language), PGML (Precision Graphics Markuy Languagei il MatfML
iMath Moarkuap Longuage) snd XFOL (eXtengible Forms Descriprion
Languagel'® A somewhat different application of XML is as a
concrete syntax for RIDF fResource Description Framework), which
is intended to provide a standard tor metadata — data abour =
docnment, such as its mguage, or labels describing its content for
the benefit of filtering services.
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Now superseded by SVG, also defined
by an XML DTT.

1z

HTML is defited by an SEME TITP, not
an XML one, sinwe It uses some of the
fearares af SGML which were dropped
in the XML subset. Work is procesding
o ém XML DTD for HTML, which will
bring it nto e with these other
markup langmages.
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Although we have introduced the idea of struchural markup i the
context of text layout, the ideas behind it may be applied to other
media and to their integradon inte multimedia. We will show in
later chapters how XML is used in some of the languages just fisted
to manipulate richer media than pure text. HTML, too, has features
for combining other media with test, and these will be Introduced
wheg we come to constder multimedia proper.

Text Layout Using HTML and CSS

O madn interest in describing HTML is to introduce you to
the syntax of markup in languages of che SGML Ffamily, and o
illusirate structural markogp.  Similardy, wicth €55 we intend to
show how stylesheets can provide sophisticated layout controd ko
camplement the markup, We sssume that most readers will have
some knowledge of HTML, but will not necessarily he acquatnted
with CS5. Those readers needing additional detailed informadion
should consult the supgestions for further reading at the end of
this chapter.

HTML i3 a language that has evolved — not always in an entirely
controlled manner — and its design goals have changed over the
yvears. As a result it displays inconsistencies, especially between
its current steuctural markup ethos and lefr-over visual markup
features from an earlier phase of its evolution Thus, whereas some
tags are kittle more than hooks on which to hang stylesheet-based
formatting, others provide direct control aver typograpity. Because
of the need for browsers to be able to display old Web pages,
HTML must provide backwards compatibility with its older vergions,
g0 this mixture of features will persist. Looking at this sitwation
in a posldve light, HTML will continue to support a plurality of
approaches 1o markup.

= The features of HTML described in this book correspond to the
HTML 4.0 specification, adopted 38 a W'C Recommendation in
December 1997, Some of them are mot zupported by earkier
versions of HTML. Shmilarly, we inedude sorme features Brom the 552
Recommendation of May 1998 which are not presemt in C551.

Although we have referred to Web pages belng displayed by a
Web hrowser, such as Netscape Navigator of Internet Explorer,
the structural markup of HTML can also be interpreted by other
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programs, such as a text-to-speech converter. In the following
pages, we will adopt the name wsor agent, nsed tn the HTML
specification, to mean any program that interprets HTML moarkup.
A uger agent, auch as a conventional Weh browser, that formats
HTML documents and displays them on a monitor, is an example
of a visual usar agent; a text-to-spesch converter 1= an example of 4
non-visual vser agent.
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Elements, Tags, Attributes and Rules

HTML markup divides a dorument into elements, corresponding to
its logical divisions, such as sections and paragraphs. in general,
elements may contain other elemenis: & section typically contains
several paragrapha, for example, and this containment 13 reflected
in the markup. Each element is introduced by a start rag and ends
with an end tag; between these two tags is the element’s content,
which, as we just observed, may include other elements with their
owh start and end tags. Elements nmmst be properly nested, that
i#, if an element starks inside another, it must end inside it too.
This means that each element torms part of the content of a unigue
parert element that immedlately encloses if.

Every type of element available in HTML has a name. s start tag
consiatz of the namw enclosed in angle brackets, as, for example,
<P, which is the start tag of the P element, used for paragraphs.
The end tag 12 similar, except that the element's name is preceded
by a slash: the end tag for paragraphs 13 </P=. 50 every paragraph
in an HIML document has the forme:H

<P
CaHTent of e paragraph eleinent
/P>

All pther alements have the same form — start tag, content, end tag
— but with thefr own identfying tags. The case in which an element
name is written in 4 tag is ignored: <P> and <p> are hoth the same
tag and begin a P element. The caze {n an end tag may be different
from that in the start tag ir is paired with

Somme other lexical detadls have to be considered. Prior to the
HTML 4.0 specification, IS0 8859-1 was the designated character
set for HTML. In HTML 4.9, the character set is IS0 106456: no
encoding is specified, you are allowed to choose your own, provided
you specify it with the appropriate MIME type, and the HTML

13
But see page 228,
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specification defines ‘encoding’ liberally, to encompass subsetting.
Hence, wost HTML docurmeats: continue to be written in the
ISO BE59-1 subset of Unicode. As true Unicode support begins to
be provided by user agents, this situation should change.

An inevitable problem arises If tags are written in the sane
character set as the text proper: we must ledcally distinguish
tags from text, using some special characters (in HTML the angle
brackets that surrcund the element name: in a tag) so we need
some mechanism for representing those special characters when
they appear in the text as themselves. in HTML, a < symbol can be
represented by the character entity reference &1t; {the terminating
semi-colon is part of the entity reference). This now leaves us with
the prohlem of representing an & g0 85 not t0 cause confusion.
Agaln, & character entity reference is used; this time it i3 Samp;.
Strictly speaking, there should be no trouble using > symbols in
text — there is abways sufficient context o determine whether or
not it iz part of a tag — but some uger agenta do get confused hy
them, sa it is advisable to use &gt; except ar the snd of a tag.

&> Az you may have guessed, character entity references provide a
general mechandism for inserting characiers thal are hard to iype
or are not available in the chosen characrer encoding. References
are avallable for all the characiers in the top half of 150 8859
1, a8 well a= for mathematical symbols and Greek letters, and for
laypart characrers, such  a= an em-dash. Some examples are given
in Table 8.1; for the fall list, consult section 24 of the HIML 4.0
specificatlon. There are many Unlcode characters without character
eniity references.  For these you capn use a mumwric character
reference, which speciPes a character usihg jis [SO 10646 character
code, A chapacter with code 2 |s written as &#D;, =0, for example,
E#60; 35 an alternative ta &1t;, (f yom are more comfortable with
base 16 numbers, you can write your numeric entity references in
hexadecimal, pulting an x after the # Lo indicate you are doing =o,
Another alternative to &1t; is &#x3c.')

Whitespace consists of apace, tab and formfeed characters, amnd
line breaks, which may be of the form used on any of the major
platforms: carrlage rerarn, linefeed or bothe  in text, whitespace
separates words in the usual way, Visual uger agents will format
the texy in accordance with the conventions of the writing system
being used; in English this will usually mean that mns of spaces
are replaced by a single space. {In PRE elements, described fater,
whitespace 1s left exactly as it is typed.) Whitespace immediateky
following a start tag or preceding an end tag is ignored, 50 that the
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following two examples will be displayed identically.

<P

Shall I compare thee to a swemer's day?

< P

<Pa5hall I compare thee to a simmer's day?e/P-

An HTML document may be annocated with camnents. These are
introduced by the character sequence <! -- and terminated by - -».
Ecr example,

<l— This saction was rewviszed on
21st September 1998
-

Az the example shows, comments may oecupy more than one line.,
Comments are not displayed with the rest of an HTML document.
They are intended for information akout the document, for the
penefit of its anthor or anyore who needs to read the marked up
source. However, as we will see later, comments have also been
appropriated for the purpese of malntalning compatibility between
current and older vergions of HTML, by providing a mechanism for
hiding content that older browsers cannot deal with.

£ As if the syntax for comments was not odd ewugh alvesdy, HTML
gllows vou to leave space between the -- ang the closing » (but oot
betyeen the opening <1 and its -~} A% a result, HTML comments
are very difficult to parse correctly, and most browsers don't really
try. Hence, it i3 very unwise to inchude strings of hyphens within
an HTML. comment, and you caonot rely on commenty nesting
correctly.

I HTML you are allowed 1o omit end tags where the context makes
it clear that they should he there. For example, most documents will
conslst of a serles of paragrapha, which should be of the forme

P>

content of the first paragraph
ofPx
<P>

coniet of the second raragraph
< P
<P»

contert of tHe third paregraph
/P
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The otdssion of end ags is an
example of marrioe risimizadion, a
featnre of SGML that has been carried
over Into HTML bat is not presend in
MML. This is orwe of the reasims that
HTHL cannat easily be defined by an
XML I'FD.
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and 50 on. Even a computer program can tell that if you are starting
a new paragraph, the previous one must have ended, 50 the </P=
tags can be left our:

<P

vortent of the first paragraph
<P

conitent of the secend paragraph
<P

comient of he third paragraph

Any good book on HTML will tell you which emd tags can be omitte
and when There is no particular merit in doing so, unbess you
actually type all the tags yourself instead of using an intelligent
edltor or HTML authoring application. In our examnples we will show
all end tags.1®

Thete is one case in which end tags must e omitted, and that §s
the case of empty elemenss, These elements have po content. An
example 13 the HR element, which produces a horizontal rule {line).
There 1s oo sensible content that can be supplied to such an element
— 1t jusk iz a horizontal mile — 30 there is nodhing for an and tag to
do and you must leave it gut.

Although it does not have any content, a horlzontal rule element
has some properties, Including ite width and colour. in HTML!®
such praperties are called attributes. The atiribates associated with
a particular eiement are specified as part of lts definition in the DTD.
Values for each atiribute may be assigned within the start rag of an
slement. For example, to set the length of a rule to one half of the
width of the displaved page and its width 1o 12pt, we wonld use the

following tag:
«HR size = "12" width = "50%">

The case of attribute mames 18 ignored; we use lower case o
emphagize the distinction from element names. Values are assigned
as shown using an = sign. Any munber of assignoents may ooour
inside the tag, separated by spaces. Aftribute vahies are written
enclosed in either single or double quotes. (f you need a domible
quote inside an artrlbure value enclosed in them, use the character
entity reference &quox;.) The weatment of Boolean attributes
{which may take the value true or false} is singular: there are no
Boodean constants, al a Boolean attribute is set to true by assigning
Lt8 owm hame to it as in:
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«HR size = "12" width = "30%" noshade = "noshade”>

(The noshade attribute, when true, canases the rule to be displayed
as a sofid block, and not as the psendn-3D groove that is normally
used.} The notation for serdng Booleans is clumsy, 20 a contracted
form 1s allowed, where the mere presence of the astribute is
sufficient to set it to true. The previous example wonld more
normally be written:

<HR size = "12" width = "50%" noshade-

Booleans are set to false hy oniittdng them from the iag, as in the
first 12p+ rule example?

HTML experts niight cringe at the preceding examples, because
all the atiributes to HR that we have used are deprecated in
HIML 4.0. Actually, most of the attributes of simple text elements
are deprecated, hecause they control some aspect of appearance.
This can mow he controlled smach better wsing stylesheets. Tn
principle, zince stylesheet information 12 separate from markup,
any stylesheet language can he used with HTML. in practce, most
Web brisvsers only sopport Cascading Shde Sheets (C35), a simple
stylesheet language which works well with HTML, and can be easily
inastercd.

Let's return to parvagraphs to demonstrate how a stylesheet can
be used to conirol layour. For pow, do not worty about how the
stylesheet and HTML documeent are combined.

A parapraph element 15 a Iogical divigion of the text of a document,
in the ahsence of any stylesheet, a nser agent iz Free ta express
thiz divisicn in whatever way it chooses. in English text, several
diferenl conventions are employed for laying cut paragraphs. The
visually simplest relies only on the insertion of addidonal vertical
space behween paragraphs; commenly this visual cue is sugmented
or replaced by applying an i(ndentation Lo the first Jine of sach
paragraph. Most, if not all, visual user agents use the simpilest
conventlon by default. Suppose we want to use the more elabarate
Form, with indentation

{88 allows 15 to specify various visual properties of each docnment
glement. One of these properties Lz, huckily for our example, the
indentation of the first iine. We specify thet the first line of each
paragraph should be indented by 4pe swith a CS5 rule like this:
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Ueny agents communly recegnize the
values e and falsa, althouph
these are not part of the HTML 1.0
stamdard.
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18
H you have ever written an Awk; script,
this syntax should lock: Eamiliay

P{
text-indent: 4pc:
i

The rule has two parts: a selector (here P) which Indicates which
elements the rule applies to, and some declarations (here there is
only onel which previde values for some viseal properties. Hepe
the declaration specifies a text-indent (the name of the property
coatroliing the amount of indentation applied to the Frst line) of
dpc. The declaration part of a rele is enclosed in curly brackets, as
you can see.®

Whenever the rule just glven is in force, every paragraph will
be displayed with ite first line indented by any user agent that
implements C35 snylesheets (and is configured to do s0). Suppose
now that we did ot wish to apply this indentatlon to every
paragraph. Many mamals of style suggest that the first paragraph
of a secHer should not be indented, for example, In order to be
more selective about which paragraphs a rule applles to, we need
some way of distinguishing between different classes of paragraph,
such as those that are Indented and those that are mol. The
HTML atiribute class can be used for this purpose. This atiribute
iz a property of virmally every HTML element; its valwe is a
distingulshing name that |dentifie; a subset of that element. For
example, we might wse a class noindent for paragraphs we wished
to he displayed with no irdentation.

In a C5S rale, a selector can consist of an element namwe Followed
by a dot and a clags name. To specify that paragraphs of class
noindent should not he indented, we would add the following rule
to the previous one;

P.noindent
text-imdent: Opc:
1

As you would probably expect, when there is a general rule for some
element, like our first example, and a more specific rule for some
class of that element, like our second example, the more specific
rule is applied to elements of thar class, and the general rule Is only
applied o elements belonging to no class, or to some class For which
no specific rule Is avatlable. If, for example, we has some paragraphs
of class unindent, they would be displayed with a dpe ficst line
indent, since the only rule that applies to them is the general one
with selecter P
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HTML ix & language thet has avelved --- not always In an entindy cordrolied
manner — &nd its design goals have chenged over the ygars, As a rasult k
displays inconsistanchs, expecally between s curremt structural markup
sthas and keft-over vizual markup featuras from an sarar phese of its
ewnlutimn.

HTML is & {anguage thk has evolvad — net slways in an entlrely
comtrollked manviar — ard ks dagign goals have changed over the wears. As
A rasylt K dlplaye inconsistances, aspecially batwaan EX curmant stroctural
markup ethos and beft-over wisual rarkup fiatures oo an asdler phase of
Ies mwouthan.

HTHL = & language that hag evolved -— mot always L an entirely sontrolled
rannar -— and its design goals hove changed over the years, As
result it dizplays incordstancme, azpacially batvwaan e cunrent
structyral markug athos and eft=ovar viEual markup fastures from an
garfler phase of its evplertion.

Rules can be nsed to centrol a range of properties; even a simple
rule with only & couple of declarations can produce effects that
are niot usually available in HTML. For example, the following rule
causes paragraphs 1o be displayved with a hanging indent.

F.hang {
text-indent: -40pt;
margin-left: 4pc;
3

The effect of these three rules iz shown o Figure 3.3, which
shows the display of the HTML in Figure 8.4 by a user agent that
urlerstands stylesheets,

Fipure &4 also illustratey seme features of HTML that have not heen
described yet. The very first Yine is a document bvpe declaration,
which identifies the DTD defining the version of HTML being used.
The enlgmatic form of the DTD specificaton shonld just be treated
as red tape; the declaration is noi actually needed by corrent
browsers, but it can he nsed by vertfication programs ta check the
legitimacy of the HIML marimp. MNext comes the start tag for the
HTML clement. This is the root of the entire docamnent stucture;
all the elements of the doounment preper are contained within it.
There are coly two document. elemests that can come immedlately
inside the HTML element; HEAD followed by BODY. The head of the
document contains nformation about the document, which ts not
displayed within it; the body containz the real fext.

There are thres elémenta contalized in the head of the document in
Figure 8.4. The firat META element ghould alzo be treated as red tape:
it specifies that the character set is 150 8858-1, This is the defaunlt
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Figure 8.3
Browser dlsplay of paragraphs
whh differsnt indents
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<!{DOCTYPE HTML PUBLIC “-/A3C//DTD HMML 4.0
Transi tional /A EN"-

“HTHL>
<HEMY:

<META R TPt v=" Cmpsn T —Type "
comtant="raxt  hinl ; charset=120-E459-1">
<TITLE»Paragraphs </TITLE>

<STYLE Lypee="LexctfC35">

<|l—- /% Hide content Frow o1d brimsers */f
L !

text-indent: dpc;

1

P.nmindent {

rext-indant: Opc;

H

F.hang |

rext-indent: -AOpt;

margin-Tefe: 4pc;

H

F* and hiding content from old browsers */ --»
«/STYLE=»

SHEAD:-

B>
<P class="neindent™>
HTAL s & language that has svelved
—~— not always in a0 enticely concrolled somner --- and
its dasign goals have chanped over the years. A5 a
result it displays dinconsiztencies, sspecially betwesn
itz current structural sarkup sthos and laft-cvar
wisual markup features from an earlisr phase of its
avolwtion.
=P
<P class="uminknt™>
HTML 4% a Tanguage ...
<P
<P ¢lass="hang">
HML 1z a language ....
<P
«/BODY>
Figure 54 o /HTHL>
HTML source for FAgure £3
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nsually applied, bat it is good practice to specify the character set
explicitly in this way. If yon do so, the META clement should be the
first thing in the HEAD {for reasons that ars hopefully obvions)1?
The TITLE element contains a short titie, which is often displayved
th the tide bar of the browser's window. It is not displayed within
the window, becanse it is not part of the text contained in the body.

The next element In the HEAD is a STYLE, which is where the
stylesheet rules governing the layout of this page are to be found.
(This is not the only place they can be, we will see an alternative
later.) The start tag has an attribute type whose value is the MIME
type of the stylesheet. For C55 rules, this is always text/css, The
next line is a trick we will see more than once, The usual reacrion
of a2 Web browser to tags it does not understand is to ignore them
completely: the tags are skipped, s¢ the content would be dizplayed
as If it were text. This 15 sensible behaviour mach of the time, but
quite inappropriate for stylesheets. The syntax of C55 allows an
entire set of ruleg o be enciosed in an SGMLATML comment, which
has the effect of hiding [t from browsers that do not recognise Lhe
<5TYLE> tag. The remarks on the sanw lines as the HTML commont
tags are (S5 comments, which indicate what is poing on. 2"

The body of the domment contains the paragraphs themselves, with
their class attrlbutes. The style in the head is applled to them to
produce the desired display.

To smntmarize: texl in the body of an HTML document is marked
up with tags that delineate the document elements corresporxding
to the logical divisions of the texd. Stylesheet rideg, which may be
put ih a STYLE element in the document’s bead, controf the layot of
these elements; the selector of each rule deiermines which elements
it applies bo, and the corvesponding declarations set properties that
control the appearance on screen. The class attribute 15 used o
distinpulsh betwveen Gifferent subsets of an element type, so that
tiner contrel can be exerted over thelr layout.

We are now in a position to describe the HTML tags that can be used
to mark up text, and the C5% properties that can be used (o control
its layont. Although we are describing these pardcular languages,
you shanld appreciate that the underlying principles of markup and
layout apply to any systein of text preparation

Please note that the account we are about to glve is not exhanstive.
Some addittensl detgils will be provided later — in pactionlar, we
will look at [ecilides for incorporating other media besides ext
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I yout chosen character set does mot
provide ASCT as & subset your have
got problemn,
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HIWL editoos and suthering programs
often ingert these commenis
atomadcalkly.
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in later chapters — but we are not attempting to give a definltive
reference guide to or tutorial on HTML and C55. For that, consult
the specifications or suggestions for further reading at the end of
the chapter.

HTML Elements and Attributes

21

Two cther apecial4anpose 15815 are
alzi available, buat both are
deprecaied

The HTML 4.G specification defines 91 elememts, of which 10
are deprecated, meaning that they may be removed from future
revislons of HTML, since there are now preferred ways of achieving
the same effect. Only a few of these elements are concerned purely
wirth text layout. Those that are can conveniently he divided into
biock-level and iniine elements. Block-level elements are those, such
as paragraphs, that are normally formarted as discrete blocks; i.e.
their start axl end are marked hy line breaks. Inline elements do
nt cause such breaks; they are rum in to the sumounding text.

The most frequently wsed hlock-fevel textuai element is the para-
graph (Pl element, which we have looked at already. Other block-
level elements concerned purely with text Jayout inchude level 1
1o level 6 headers, with element names H1, H2...H6; ER, which
causes a line break; and HR, the horizontal rule element which
we saw previonsly. The BLOCKQMTE element is used for long
quotations, which are noymally displayed as indented paragraphs.
MNote, though, that using BLOCKOQUOTE as & way of producing an
indented paragraph is an example of the sort of sinwcwral markup
abuse that should be avoided: markup is not Intended to control
layout. This being so, you will appreciate that the PRE ¢lement,
which is used for ‘pre-formatied’ rext and canses its content (o be
displayed exactly as it is lakd cut, is something of an anomaly, yet it
is useful for cases where the ather availahie elements do not serve,
and elaborate stylesheet formatting is nat worthwhile.

The omdy elaborate structhures that HIML supports as hlock-level
elements are lists and tables. Tables are relatively complex con-
sirwctions {as they inevitably must be to accommodate the range of
iayouis commonly used for tabulation); since their use is sormenwliat
specialized we omit any detailed description. Lists, in contrast, are
quite simmple. HTML provides three types:2! ordered lists, in the
form of OL eiements, unordered lists, UL elements, and definition
lists, DL elements. OL and UL elements both contain a sequence of
lizt itemns {LI elements), which are Laid ont appropriately, usually
as separate blocks with hanging indentation. The difference is that
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« first (tem, but ot numberad 1;

& Second em, but not numbered 2;

» the thirg ibem containg a list, this time a numbered ane:
1. first numbarad sub-tterm;
Z. second numbered sub-tem;
% third numbersd sub-Hem;

& fourth item, but ot numbeared 4;

DHE

the Arst cardinal rumber:
TWO

the second cardinal number;
THREE

the third carginal nuimbar

il
<L T>First item, but not auvnbered 1;
<LI>sacomnd item, but noc mambered 2;

<LI>the third item contains a 1ist, this time a numbered opne;

E.i N
<LI=first numbered sub-ites;
<LI=second subarad sub-1ves;
<LI=third numbared zub-ites;
<
<. I=Tourth item, hut not numbered 4;
< flL>

A
{IT+OME «DD=the First cardipal numbear;
AT=TW) <PDxche second cardinal number;
<DT=THREE Diethe third cardinal fober
=Dl

user agents will mumber the ltems in an ordered list; the {tems In
an upordered list are marked by some suitable character, often a
buller. The items of a DL element are somewhat different, In that
eact: eongists of two elements: a term D7) and a definition (DD,
The intended use of a DL 1, as Ity name suggests, to sef lists of
definidons: typically each Item consists of a term belng defined,
which will often be exdented, followed by its definitlon, Flgures 8.5
and 8.6 show the use of lists. Note that a list item element can

contain a list, giving nested Hara.
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Flgure 8.5
Browser display of HTML Nsts

Figuru 8.6
HTML source for Figure 8.5
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The most abstract block-level element is DIV, which simply iden-
tifies a division within a decument that is 1o be treated as a vmit.
Usually, a division is to be formatted in some special way. The
class attribute Is wsed to kdendfy types of division, and a stylesheet
can be used to apply formatting to everything that falks within any
divislon belonging to that class. We will see sotoe examples in the
following sections. Even in the absence of a stylesheet, clagses of
divisions can be used (o express the organizational structure of a
dorument.

> Ahbough we emphasize the use of the class astribure and
stylesheets for formatting, HTML provides mest vextual elemenvs
with attribates that provide some primidve layout cotittol.  For
evample, the paragraph element has an attribute align, which
may (ake the valyes left, center, right of justify, causing the
paragraph to be left-allgned (ragged rightl, centred, right-aligned
ragged beft) or justified (fitved fush to botb margins by adjusting
the inter-word spacingk. The aTipn attribute may also be used with
HR slements and alk l=vels of heading. When it §s used with DIV, it
causes Al the block-level elements contatned within the division to

be aligned according. to jts argainent. For exdmple,

<PIV align="center"»

<P> first paragraph </P>

<P> secord paragraph </P-

<P align="Teft"> third paragraph </P>

<P> fourth parograph <ff»

</DIV>

would cause al but the thivd parageaph to be cernred. The thirt
paragraph would be lefr-aligned, becauss explicit alipament of an
element within a division overrides that of the DIV, Although
arylesheets provide supertor formatting. facilities, it may be peces-
gary to use attributes such a5 align 3o that user agents that do pot
supporet stylesheets can produce an approximation 1o the intended
layout.

Inline elements are weed to specify formatting of phrases within a
block-level element. As such, they might be seen as being in conflict
with the intention of structural mark-up. It 15, however, possible to
identify certain phrases as having special significance that should be
expressed in their appearance without compromising the principle
of separafing structure from appearance. Fxamples of elements
that work in this way are EM, for emphasis, and STROMG For sirong
emphasis. Often the content of these elements will be displayed
by a visual user agent as ltalirized and bedd text, respectively, but
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they need not be. In contrast, the I and B elements explicitly specily
jtalic and bold vext. Thesa elements are incompatible with sbciural
markup and should be avolded. (Especially since & stylesheat can be
used to change their effect.)

There s an inline equivalent to DIV a SPAN element identifies a
sequence of inline text that should be treated in some spectal way.
i conjunction with the class attribute, SPAN can be used to apply
arblirary formatting to text, as we will see.

In this section we have considered textal elements that can appear
in the body element of an HTML document, but there is one
element that can replace the body, and that is the FRAMESET.
Framesets are interesting because they provide a type of layout
that, while derlving from traditional practice, exploita the unique
characteriztics of screen displays. A frameset divides a page up
into & collecton of individual frames, arranged in a rectangular
gri. To that extent, it is just an analogue of the grid often
used in magazine layout. Howover, HTML frames can be updated
independently (in ways which will be described later), which cpens
up new passibilities.  Typically, some frames are kepl constant,
dlsplaying headlines, advertlsements, navigational information or
copyrights and atributions, for example, while others are used to
display changing content. This general form of layout has become
sometbing of a cliche on commercial Web sites, but at least it is a
cliché based on the form oi’ the medium, and not one ransplanted
from: some other mediam.

The FRAMESET alement hag among its atteibutes rows and columns,
which allow you to specify the arrangement of the grid. Several
possihilities cxist, including using absolute sizes, but the easiest
option is tn specify the width of the columns and the height of the
rows a8 percentages of the size of the whole page. For exampie,

<FRAMESET cows="808, 20%" ool s="204 B0%":

specifies a grid of four frames, arranged i two rows and two
colomns, with the first row oucupying 80% of the height of the
pape, and the first column 20% of ite width. As the example
demonstrates, the values of both the rows and cols attributes arce
sitings describing the size of each row and column; the number
of rows and columng is jmpliclt, commas are used to separate the
individual parts of each attributa valye. If either rows or cols is
onttted, its value defaults to " 100%™,
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Flgure 8.7
Browser display of a simple
fraumeasoet

22
See Chapter 9 if you have managed to
avold kncwing what a URL Ix.
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A FRAMESET element can only contain FRAME clements or other
framesets. Each frame is (perhaps unexpectedly) an empty element;
it wses an attribute named src (‘source’) to specify ancther HTML
file, whose contents will be displayed within the frame. The valae
of the src atibute is a URL?? The FRAME elements are fitted intn
the frames specified by their parent frameset in left-to-right, top-to-
bottom arder, as shown in Figure 8.7, which was produced by rhe
HTML in Figure 8.8, These figures also show how the scrolling
artribure can be used 1o add scrollbars to individual frames. (Note
alzo In Figure 8.8 that the document type fer a docwment using
frameas is different from that which we saw previously} Nested
framesets can be used to produce more complicated frame layours,

= Framesets must be used judiciously. There is ample anecdotal
avidence 1o suggest that many users find them confusing, precisely
becanse the elements of a page become Independent of each other,
which undermines the metaphor of a printed page that is generally
used 1o make sense of Web browesing.

All the elements we have described can possess a class atibute,
which permits subsetting. Additionally, each may have an 1d
attribute, which is used 10 specify a vnique ldendfier for a particular
occrrence of the element. For example,

<P id="paral®>

Iz the start tag of a paragraph identified as paral. This identifier can
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<|DCTYPE HTML PUBLIC “-//W3C//DTD HTML 4.0 Framasat//EN'>
<HTHL=-

<HEAD:

<TITLE-Frames Example</TITLE>

<fHEAD>

<FRAMESET rowse"80%, 20%" colge"200, B0%">
<FRAME, sro="framel.html"s

<FRAME sro="frameZ .hyml" serolling="no"»>
<FRAME srex"fFramed.html">

«FRAME srow"framed. htm1" screlling="no"s
</ FRAMESET >

</ HTHL=

be used in various ways, one of which is in a CSS selector, where it
muat be prefived by a # symbol instead of a dot. For example,

Plparal { formatting be appby to this paragragh only

it iz now time to see how C55 can be uged to transform the sparse
text markup provided In HTML into an expressive and tlextble
formatting systerm. Agaln, you should note that the principles of
layout - the valnes that can be changed and the ways they can be
combined, for example — apply tO many text preparation systems,
Master pages in a DTP system such as FrameMaker, document styles
in BIEX, and even macros in a word-processor perform a very similar
function to that of stylesheets and are applied to the text of a
docmmnent via its markmp in a similar way. In oirn, these formatting
operations closely resemble the tazke that have heen performed in
setting tvpe by hand for bundreds of years.

It should be emphasized that C3% Is a language for visual for-
matting, 0 it can only be meaningfully interpreted by visual user
agents. Non-visual user agents have their own stylesheet languages.

{55 allows you to comrol the typegraphy of your document, by
choosing fonts anmd setting the type size. Five properties control the
four characterlstics described In Chapter 7. Several of them disnlay
some ingenuity in coping with the lnevirable uncertainty ahout the
capabilities of user agents aod the availability of fonts. This is most
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Figure 8.8
HTML source for Flgure 8.7
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evident in the font-fami 1y property: its vahie may be a list of font
names (separated by commast in decreasing order of preference.
For example:

P.elegant { Tont-famiby: "The 3ans", Verdana,
Helvetica, sans-serif }

says, in effect, that we would ideally like rext in paragraphs of
class elegant to be set In a racher recherche font called ‘Fhe
Sang’. {Note that we must surround the name by double quotes
in the €55 declaration because it contains a spare.) Should that
font not be available, we will settle for Verdana, failing which
Helvetica will do. IF even Helvetica is not possible, any sans serif
font should be used. O fallhack choices are based on pragmatic
considerations: Verdana is similar to the prefarred font, amd is
distributed with Internet Explorer, so there is a goed chance that
it will be available. Next we iry for a sans serif. which, although
not as good a match, s almost certain to be on any wser's system,
Finally, we have used a generic font family, in the expectation that
a vser agent will substitute an appeopriate font that Falls into that
family. CS$5 provides five such generic families: serif, sans-serif,
nonospace, cursive and fantasy. The first four correspond to
font styles introduced In Chapter 7; the Fantasy family is a catch-all
for display fonts, experimental fonts and general eccentricity. The
actual font selecred when a generic font must be nsed will depend
on the configuration of the browser. There is no actual guarantee
that it will Fall into the class identified by the name: the standard
set of fonts Included on a Mac0OS system does nat inchude any font
that would qualify as a fantasy, for example, so something more
dowr-to-earth would have ta be used.

> The naming of fours s pot standardized, so vou noust be careful 1o
inclinde in a list of font family names all the psendonyms by which
your chosen font is kmown. For example, Times New Eoman is often
Klentifled simply ag Times or Times-Roman. If yon wanted o be
as sure as possible thet this font would be used you would have (o
inchxde all three names at the beginning of your font family Yist.

The search for a Fon is carried out for each character — remember
that HTML uses 150 10646 as its character set. Where a docwment
contains rext in several languages, or mixes mathematical symbols
with text, the glyphs for different characters will be found In
different fonts. The list of fonts in a declaration for the font-
family property can be used to group together a set of fonts that
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should be nsed to provide glyphz for all the characters that might
accllr in a dooument.

‘The two properties font-style and font-variant are used to
select different fomt shapes. The font-style property can have
the values normal, italic, or eblique, normal betng upright,
and obYique what we have termed ‘slanted'. The value of font-
variant may be normal or small-caps — OS5 considers small-
caps a variant form rather than & different style, in theory aliowing
for smal-aps italic fonts, and 50 on. The effect of declarations
for these properties is to select an appropriate member of the font
tamlly chozen on the basis of the value of font-family. A slanted
font is conslidered to be an appropriagte choice for the fomt style
italic if no ceal italic font s avatlable,

The font-weight property hag to deal with the fact that the terms
used for font weights only make sense within a font family; as
we remerked in Chapter 7, the bold version of some typeface
may well be lighter than the medium versiom of ancther. For
simple sitmations, 55 lets you use the valuoes nermat? and bold
for this property, with the expected etfect. However, many fonl
famllies provide more than twe different weights, bwt with ne
mmiversal naming convention to distinguish between them. instead
of imposing a single naming schere, C35 uses numbers Lo ldentfy
differont weights. You can set font-weight to any of the nine
values 104, 204), ..., 900, which represent an ordered sequence of
loniz, such that, as the font-weight value Increasas (mimerically),
the font's weight will not decrease, ang may increase. Thus, if
there are nine different weights (TrueType fonts always have nine
different welghts), each value will select 2 different one, bot if the
font has fewer, some values will be mapped to the same welght of
formt. Finelly, you can use the values bolder and lighter. This
requlres a slight digresgion on the subject of inheritance.,

The formatting described by a CS5 rule's declaration is applied to
any documeni eiement that matches the role’s seleclor. As you
knosw, wach element has & parent slement. Aoy properties that are
not explicitly changed by a nile for an eloment are left with the
values they had In the parent — the properties’ values are inherited.
This 15 almost certainly what you would expect. It introdwces the
possibility of sperifying property values not in absolute terms, but
retative to the inbertted values. Vatues for font-weight of bolder
and Tigbter are tha Arst example of this that we have seen, Their
effect is to set 1k font weight to the next Jarger or smaller oomerical
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value that corresponds to a different font from the inherited one, 1f
such a font exists. (You canmoe, For example, make a font any bolder
than 9.

A sbimilar option is available for the font-size property. This may
take on the values smaller or larger, which cause a relarve size
change. Font sizes can alco be specified as a percentage of the
parent element™s font size, or as a multiple of the em or ex of
the inherived font. Sizes can also be spectfied independently of
the parent font. Here the range of values can be chosen from xx-
small, x-small, small, medium, large, x-large and xx-large;
it is suggested thae these valwes correspond to sizes forming a
geomeltric progression, with a ratio of 1.5. The absolute values will
be determined by the choice of size for medium, which will be the
‘matural’ size of the font, as detesnined by the user agent. Thers
is ne guarantes that all uger agents will preduce the same set of
sizes, even for the same Font. Sizes can also be specified as absolute
lengths, in any unit, although points will uswally be preferred.

Normally, when we select a type size, we also specily the line
spacing — the vertical distance between baselines. in C55, the
Tine-height property is used for this purpose. The default value,
nomial, allows the user agent to select a ‘reasonable’ size. This
is invariably too small: most wser agents following the advice in
the (55 speclfication) choose a valwe between 1.0 and 1.2 times
the font size. This follews convention for printed matter. This
conventon is partly dictated by economic considerarions: if the
linez are closer together, it is possible to fit more words on a
page. This consideration is irrelevant for screen display, where the
more open appearance lent to text by more whilely spaced lines can
compensate for the physical strain most people experience when
reading from a screen. A line height of abour 1.5 tmes the font
stze 13 more suitable. This can be set with any of the following
deciarations, which illustrate some of the different values available
for this property.

Tine-hefght: 150%;
1ine-height: 1.5;
Tine-height: 1.5em;

Line heights may he expressed as a percentage, a ratio or in vnits
of ems, all of which are relative to the font In use in the current
element, Heights may also be specified as absolute values in any
units.
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all of the font properdes may he combined in a shorthand
declaradon for the font property. Its valie is a list comprising the
values for the five font properties; the indhvidual property values
are geparated hy spaces, leaving enongh context to identify a list of
tent styles separated by commas.** A value for 1ine-height can be
combined with the font-size, separating the two with a slash. This
tlosely follows printers’ conventions: 12pt/14pt is the way a printer
apecifies 5 12pt font on 14pt baselines. A typical font declaration
would Iook like:

P { font: {talic bold 14pt/21pt
"Tha Sans", Vardana, Helvetica, sans-serif

}

Where no anribute is supplied for a font preperty (such as font-
variant here} the defaplt is used. This is usually the value Inherlted
trom the parent element.

—> The value for font can also be une of the nanes caption, icon,
menu, messagabox, smallcaption and statusbar, which refer
to the fomt, in all ity aspects, used by the host system to label
compotents of its standard user mterface: messagekox is the font
used it system dizlogue booes, for example. These fonts can be
used i€ you wish to harmonize the appearance of your document
with that of the host systent's deakton.

One of the importam differences between printing and displaying
textis that printing In colour is an expensive process, but displaying
in colour is free — although you cannol fuarantee that everyone
has a colonr mondtor, Therefore, using coloured text and text on
colowred backgrounds i% an option which should be considered and
is oftens to be preferred to imitating ink on paper by using black
iext on a white background. This 1s becauss the white areas of a
screen are actually emitting light, which is usually quite bright and.
as we ngted in Chapter €& has a very high colonr temperatore; jt
can therefore be quite a strain to ook at for long — it is as if the
monitor was shining a bright light in your eyes. Furthermore, the
high contrast between black text and a white background can result
in an optizal ifusion, whareby the type appears thinner, as if the
background had spread over it. The same effect occurs in reverse
if white text is placed on a black background. A combination of

pale grev text on a dark grey hackground {5 surpitsingly effectve:
the dark backpround reduces the strain caused by the light, and the

lessened comrast reduces or eliminares the apparent distortion <*
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weight, sire, family is a sale chojce
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The mass protent over the
Communications Decency Ack, when
any Weh pages’ backgrounds were
awitched to black, improved the
appearance of the Web overnight.
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In some ctroumstances, the use of coloured type can serve ather
ends. For example, if you are making a multisedia production
for small children or primary school teachers, the use of primary
colours for the text may make it appear more cheerful and inviting.
Red on black may prodwce a more sinister effect, suitable for a
digital Fanzine for a Goth band, perhaps. Many style guides will
tell you to be restralned in your nge of codour, especially bright
colours and harsh contrasts, and your own experience probably
tells you that over use of coloured text can be inidally irritating and
ultimately boring. But & timid and conservative approach to colour
iz horing too.

Thea two CS5 properties backgrownd-color and color conirod the
colour of the background and the text, respectively, Their values
specify coloure In the sRGE colour space (see Chapter 6), although
user agents are given congicerable latitwde in how Faithfully they
approximate sRGE colours. Several formats are provided for codour
specifications. The most intuitive takes the form rgb{r%, g%,
k%), where r, g and b are the percentages of red, green and
btue In the desired colour. Instead of percentages, yot may use
numbers in the range 0-255 If you prefer. The most commonly
nsed form of colour specification ig the least readable; the three
components are expressed in hexadecimal (hase 16), and combined
inte a single, six-digit oxumber, preceded by a #. The following
specifications all describe the same shade of meuve: rgb(B0%,
40%, B0%), rgh(204, 102, 204) and #CCOBECC

> IF, as in this example, each of the component values consists of
a pair of repeated digits, the specification can be abbreviated to a
three digit forn, with ¢ach being given just once, ag in #C6C. IF the
digits are takets only from the set O, 3, 6, 9, € and ¥, the resulting
codour will pecessarily belong to the 216 coloars of the "Web-safe’
palette,
You can alse nse names for some colours, but the only ones
sanctioned by the standard are the sivteen belonging ro the VGA
colour paledte, 30 this option is of limited use.

Applving coloar, fonts and line spacing to different docurent
elements, such as the body text, headers, emphasized passages and
general DTVs and SPANS goes a long way to producing attracdve and
expressive text for use in multimedia. C35 — and DTP packapes
— provide control over several more aspects of a dooument's
appearance. We will briefty describe some of the more useful of
these, leaving the details 1o the references given at the end of this

chapter.
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Lines of text may be aligned in four different ways. In left-aligned
tor ‘ranged left') text, the left margin is stralght and words are added
to each Hoe unt} there is not encugh room left for another. Ar that
point a new line is started, Since lines will not all be the same length,
this results in & ragged right margin. Right-aligned text is the same
in principle, but the right margin ie kept stradght by ineerting extra
space at the left of each line, 50 that it is the left margin that iooks
ragped. fustified text keeps both margine stratght by inserting extra
space between words, while centred text allows both margins to be
ragged. arranging lines symmetrically beween them. In all cases,
words might be hyphenared 1o prevent excessively uneven lines in
aligned or centred text or mter-word spacing that is too wide in
justified rexrt.

In printed books, justified text is the rule, although left-alignment
has wmany advocates, incinding respected hook dezimers; 1t has
been enjoying one of its periodic upsurges In popularity during
the 19805, Fully justified text has a neat and orderly appearance,
whereas ragged rigbt is less formai, some say more restiess, How-
ever, aven 1f you wish to present a formal appearance, justlficarion
is best avelded for text to be displayed on a monitor. Becouse of
the iow resoluton of montors, text 15 wsually set in relatively Jarge
gizes, which means that tewer words can be HAited on to a line of
reasonable length; this In torn provides fewer gaps between which
to distribute the extra space needed for justification, with the result
Lhat the ext may acgulve large or uneven gaps, rivers of white, and
other wndesirable artefacts that interfere with readability. Right
alignment smd centing are nsually reserved for headings and
similar displayed material, although occassionally satting entire
paragraphs in one of these modes can be joliy.

Control over alighment In CSS is provided by the text-align
property, which takes values 1eft, right, center or justify. For
examptle, tg set the hody text of 3 document ragged righs (i.e. left-
aligned), except for paragraphs of class display, which should be
ventred, the following rales could e nsed,

BODHY { text-align: Jeft 1
P.dlaplay { text-align: center 1

Text Layout for omldmedia has inore in comnon with magazine
and adverrising fayout than with mainstream heok desipn. Rather
than bving 0 construct a layout for extended reading of dowing
rext, the nuldmedia designer is concerned with arranging text on a
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screen, 3o thar each screenful stands on its own and commwnicates
1i5 message or makes its impact as efectively as possible. An
established approach e such layour g w place individual blocks
of text on a grid. Designers have been using HTML. tables as grids,
pusitioning each block in a table cell, bat CS$5 provides direct comtorol
over the positioning of document elements, a Facillty comparable to
the conirol offered by page layomu programs swh as PageMaker.
To wnderstam] positiomng in €55 you need o know abour C58's
mdel of rext rendering, which is typical of the models employed
by layoutr programe, although less saphisticated than, for example,
that of TEX.

The model is fundamentally simple. although the fine detail (which
we will plags over} pets quite involved In places. You will recall
that HTML document elements can be classified as either block-
level ar indine. The layour algorithm reflects this classification. Fach
element is notionally placed into a box. Text that is oot contained
in any nline element s placed lnko an anomymous box.  These
anonymous boxes and those containing inline elemwnts are placed
next to each other horizontally, and then this line of boxes is, as
it were, folded up to fir inko the available width. The alignment
specified for the parent clement 1s used to comtrot the distribution
of space hetween the boxes. In this folding process, some boxes
may be gplit bebween adjacent lines; for exampie, an EM element may
need to be broken acress lines. When the inline elements and vext
contained in a block-leve] element have heen arranged as described,
they are placed In a box corresponding to the whole block. The
baxes for blocks are placed vertically, one below another®® For
displays, there is no notion of ‘available helght” — windows scroll —
so ne Further adjustment or selection of page breaks 1s necessary.

In the absence of awy farther stylesheet information, this layout
algorithm produces the familiar gequence of uniformly spaced
blocks of text, all fitted into lines of the same widih, C55 lets yon
exert some conkral wer the disposiden of text, o produwce more
Interesting and effective layouts.

= Lists are treated slightly differently, since we usually want to
display the label or marker for each list element cutside the
black conraining the element itsell, The modificanon 1o the basic
algorithm i= simple. A somewhat moce complicated algodthos is
used to lay out tables, alihough in all cases, Tayout 1= performed by
arranging boxes next 1o each other horizontally and vertically. Full
details can be Fourd in the €55 specification.
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Laft floatad dant Wil move The main bext Bows past the
10 B St o the page, floaters (which you ct Mentify Right mu
wiHI e s Body Sows Dy thelr fonts), accommodating feat will

bbby pest & Haeif o the space n helween
Hiem, untl » paragraph belgaging to the dass "dear” s TIOYE 1O ﬂ‘w
entounkered.
right of the
page.

AL which noint, e inyout rexumes below
the floated mabertsl, b this.

Each box can be surrcunded by a border, which is separated from
the hox's contents by some padding: beyond the border, margings
can be used to separate the box from its neilghbours, or from the
edges of its enclosing box. Each hox's width and height can be speci-
fied explicitly, subject 1o certain congiraints. Colour and backgouned
can he specifled separately for each box. These properties permit
such effects as shaded and cutlined boxes, narrowed columns anc
superimposed or overlapping elements (oslny negative marging.
Borders, margine anwd padding are controlled by a plethora of C55
properties, which provide comtrol over each of them on each of the
fomr sides of the box.

It iz gisu possible t make hoxes float vo the left or right margin,
while text Aows arcund them. This facility is most often used for
embedding images into paragraphs of text, bat it can also be nsed,
In conjuncrion with margin setrings, ro Aobr text past text, &4 shown
in Fgure 89, produced from Flgure 8.10. The fleat property
can take the valoes Teft or mighi, with the expected effect. A
complementary property clear ig used to control the placement of
text that might be fowing past a floated box. i takes values left,
right, both or none, indicating which sides of the bhox may nat be
adjacent to a floatng box. Potting it another way, a vaine of 1eft
for clear forces a bex 1o go helow the hottom of any left-floadng
element, and 50 on.

The uidmate in layour control comesz from using absolute posi-
tioning of elements. If an element is formatted according to a
rike that sets the property position 1o absoclute, then you can
asslpn lengths o the properties top and Teft, thus determining
the position of the top left hand corner of the box. In conjunction
with width and heioht these properties allow you to place boxes
arhitrarily on the screen. This, of course, allows vou to place boxes
on top of each ather, which raises the gquestion of their stacking
order. The z-order property can he used o control this: its value
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Figura 8.10
HTML and S5 source for
Figurae 8.9

<ML

<HEAIL-

<TITLE~Box weffects</TITLE~

<STYLE TYPE~"text/cas™>

P leftfloater {
margtn-lefr: O
float: lefr;
wideh: 30%;
font: dtalic:

}

P.rightfloater |
wargin-right; &
float: right;
width; 30%;
font: bold x-large sans-serif;

}

P.clear |
clear: both;
width: 50%;

}

</STYLE>

< HEAL

=00

<P clazs="laFefloatar”>

LeFt Floated text will sove ...
<P classe"RightFloatar™s

Right floated text will mmwe ...
<P Class=boxed»

The main text flows ...

<P Class="claar">

At which point, ...

<BODY>

</HTML>

iz a number; elements with higher z-order values are placed in
front of those with lower values, Use of the absolate posttioning
properties allows you to lay our text with the same degree of control
over its positioning as you coubd achleve using 2 graphics program,
as described in the first section of this chaptrer, but without having
to comvert to a graphics format, and without losing the text conrent
or bks markup.

The calculations and measurements needed for absoluke positioning
can he tedinis, so most designers will prefer to use software that en-
ables them to mandipulate text boxes meractively on their soreens,
and generates the markup and stdesheet automatically. Such
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proprams essentially provide the layout capabilities of conventicnal
page layour packages.

Fignre &.11, produced from Figure 8.12 is a simple demonstration
of abscute positioning.

Several words of cantion is in order. Yon should never forget that
user agents may ignore {or fail to corvectly interpret) stylesheers. 28
It can be quite diffienle to ensure thar a document that is laid out
using absochite positioning remains comprehensible when it 1s laid
cut using a user wgent's default interpretation of the steuctural
markup alore. The effect of pesitionng directives interacts with
font sizes, which may be overridden by user preferences. You
ghould also remember that your documents may be rendered by
a non-visual user agent, perhaps for the beneflt of pecple with
impaired vision. Here gpain yon should avoid producing decuments
whose comprehensibility deponds on thelr layout.

In our examples, we have shown stylesheets embedded In HTML
docurnente.  Where a stylesheet is to be applied to more than
one document, duplcaring it in every one is wasteful and leads to
maintenance problems. Under these cirenmstances, a stylesheet is
usually stored in its own file, and incorporated into every HTML
docurnent that needs it, by way of 8 LINK element, which for this
murpoge, hag the form:

AINK href=" stylesheet’s URL"
rel="stylesheet” type="text/css">

{We will describe LINK elements move fully in Chapter §.)
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Figura 8.11
Ahsolutely positioned text
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Abeolute positening 18 also one of the
areas where fourth generation Web
browsers are most buggy.



Figure B.12
HTML and (55 sourca for

Figure B.F1

<HTHL>
«HEAD>
<TITLExAbsolutely Positioming</TITLE~
<STYLE TYPE="taar/css™>
Hl1 {
position: absolute;
top: O%;
TafFr: 25%
}
HL.over {
top: X
Tefr; 30%;
z-index: 2;
color: #0O0000;
font: normal bold J6pt palatine, times, serff;

}
Hl.under {
r-indax: 1;
color: #808080;
forrt: nmorwa] ftalic S4pt palating, times, serif;
}
P {
border-color: red;
border-width: thin
}
P.ql {
position: abzotute;
witth: 1*Spr;
height: awon;
Taft: 1l0pt;
top: 120pt
}
P.srcl o
positfon: abaolute;
lefr: 140pr;
tap: 250pt
}

Our intention in presenting this description of C55 is to illustrate
the sort of rontrol over text layout that s avatlable to deszigners,
by examining in some detall one particulardy accessiblke means of
achieving it. We have by no means described all it features, and
have simplified some of those we have discussed. Two features in
particular that are worthy of note in passing are convext-sensitive
selectors and media opes. The HArst of these allows you to stipulate
that a declaration should only be applied to elements that ooour
within another specified element type. For example, you might
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F.g2 §
position: absolute;
width: 125pt;
height: auwta;
Taft: 320pt;
top: 1I0pt;
b
P.erc2 |
positian: absolute;
lefe: 450pt;
top: 250pt;
1
By {

cohor: FAAAAMAA
background: #FFFFCC;
1
</ STYLE>
</HEAD>
<BO0Y -
<Hl CLASS="aver =Shakaspaars o /H1>
«Hl CLASS"under™=W11711am</Hlx
=P CLASS"“CI]-"?
¥eep thy foot ...
/P>
<F CLASSw"srcl™'s
Fing Lear, Act IV
<f/Ps
of CLARS"g2">
He thinks ...
<f P
<P CLASS="srcd™s>
Julius Casgar, AcT 1
<f P
</ BOY»
«/HTML>

wish to apply & speclal sort of formattiog to EM elements that
occur within other EM elements, or within paragraphs helonging
Lo the class special, say. Media 1ypes allow you to specify thar
certadn pacts of a stylesheet apply only when the doorment is being
randered to certaln media. Thus, you can specify different fonte for
printing on paper and for displaying on screen, for example.

£ You may be wondering why Cascading Style Sheets.  Stylesheets
mary be provided by document designers, but they may also be
provided by the user; user agent: must necessarily provide a
default stylesheet. The term ‘casceding’ refers to the way in
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Figura 8.12
HTML and TS5 source for
Figura 8.11 (continued)
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whith styiesheels from these sourves are combined. Basically,
designers’ stylesheets supplement or overtide the users”, which in
turm suppienent or overvide the user agent's. A user's stylesheet
may, however, desighate cerfain roles as brypertant, in which case
they overmide amy conflicting rules in the designer's stylesheet. A
user with poor eyesight might, for example, use an fmportant rwle
to ensure that text is always sef in a large size. However, designers’
rules com also he important, and in that case, cverride any users’
niles. This i6 a factlity that should be used with discretlon — it is,
at the least, bopolite to ingist on imposing vour vision ob all users,
even though you are a sensitive artist, when you don't keow what

special needs they might have.

Portable Documents

We have argued Lo favour of structural markop, but we oast now
concede that there are occasions when it is oot adequate, The
reasons for this can be found in two inherent limitations of the
model of mackup and display derfved from SGML.

The first of these is the delegation to the user agent of the task of
combining markup with shylesheets. What this means is that the
deslgner cannot be sure what is going to happen when his or her
marked up Xt is eventuzlly displayed. Users might cverride parts
of a stylegsheet with Lmportant nules of thelr own; a wser agent might
Ignore stylesheet Informaton, or make a poor joh of interpretng it;
resizing a window may cause a user agent 10 reflow rext, completaly
changing the layout of a page. Without knowing which user agent is
being employed and how 1t 1s configured, you cannot know what the
displayed text wilt finally look like. IF you have heen convinced by
the arguments in favour of structural markup, you will retort that
that is precisely the point. [f, however, you have seen a carefully
devised layout turned into an unrecognizable travesty by a Weh
browser that cannot interpret the stylesheet that describes it, you
may infer that the point of structural markup is not enticely one in
its faveur.

The second Umitarlen of structural markup concerns the fmer
points of Tayout, [t is widely accepted among wypographers thay
what distdngnishes really fine layout is not the marks but the spaces.
The adjustment of inter-word spacing on a justified live to produce
a visually uniform appearance is an operation that depends on an
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appreciation of how the shapes of the adjacent characters affects
their apparent spacing. A clearly visible example s the need to add
exira space when the font changes from a slanted or 1tallc shape
10 an upright shape, wnless punctation immediarely follows the
italics., Compare lhiz good example with this bad example. Motice
how, 11 the latter, the ascender of the d seeme to lean over too far
towards the following wond. Failure to make this fafic oorrection
looks pardculariy bad at low resplution on screen; Weh browsers do
not make it, and sometimes the result is slmost illegible as the inter-
word space disappears undar the overbang of an Italic letter. Other
similar niceties that form part of the raditonal typesetter's craft
inchude cormect hyphenation, the choice of the ratio of the inter-
word spacing to the line length, and the spacing after punciuation.
Atthough we have comne a long way from word processors that could
only usze monogpaced forez, performed justification by ingerting
fxed-width spaces, and hyphenated ‘Godd’, only the most classy
document preparation and page layour packapes provide a level
of comtrol over these details approaching that of the best hand
typesetting, and in most cases, some user intervention in the form
of visual markop is requiired to prodoce the best results. This
markup cennot be applied to structural elements hecause it is
determinad by the way Llives are made up, which is a featare that
structural markup ahstracts away. Therefore, if you use sauctaral
markaup, youl rapst entrust these fine details of Tayout to user agents.
Contemporary (fourth generation) Web browsers make a very poor
effort at thix task, In principle, muach better results com be achteved
automatically, .but in practice even such sophlsticated spacing and
hyphenation algorithms as those employed by Tgh cannot match the
results that can be produced by hand.

Often in multimedia pooduaction, these considerations will he
irrclevant.  Low resolution displays preclude the most elegant
spacing, and it will often be possible to design text components
in such a way that thelr precize Iayount 13 not important, Soinetimes,
though, only the best will do, or & particular layout may be an
integral component of the way informeation ls being presented. What
can ke done then?

Achieving the desired appearance is mot the problemn, provided one
is prepared t0 live with visual markup and the consequent loss of
Aexibility and abstraction. Distributing the resulting document is
not 3¢ easy. To confine curselves to pure text for Lhe moment,
let us suppose that we have prepared a docnment using BTgK, and
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hand-tweaked 1t to perfection. I we wamt to send It to you, what
can we do? We could send you the marked-up source. This will
be no wse 1@ you ar all unless you have up-to-dare versions of
TEX and BIE, and all the macro packages we might have used,
installed on vour computer. Even if you do, we canngt rely an your
having the fonts we have uwsed, unless we resirict ourselves 1o a
very limited cholce; we cannor sensd you oir Fonies, because that is
probably illegal. We have the same problems If, Instead of sending
the source, we send the device-independant output produced by
T, since vou sl need a TEX back-end driver 1o process it feven
though you will no longer need all the BEX packagesl. We can
tranglase this gutput intg PoseScript and hope that you can interpret
that This is a popular option, bur refains some difffouldes. Chief
among these 15 the necessity for you 1o have a PostScript interpreter
of some sort avallable. PostScript printers remaln more expenglve
than other types, and although free software inverpreters, such as
GhostScript, are avallable, which can also render PostScript to the
screen, they are slow and clumsy. We stll have our uswat problem
with fonts: elther we must hope that you share our taste in fonts,
or must embed fonts in the PostSeript, thereby increasing its size
considerably. In desperation, we might convert the output to GIF
or some other widely used hitmapped graphics format, but, apart
from the mevitably subgtantial size of the resnidng graphics files,
this would require us to choose a resohition, which might not be
appropriate.

Although we have used BTEX as our example here, nuch the same
situation prevails with any other page layout programc either the
author has to hope that the reader possesses the same software
and fonts, or the document must be disteibuted as PostScript or
some other graphics format. Multimedia awthoring packages such
a8 Director do not provide a solation 1o this dilemna, since their
own built-in text handling facilittes are no more sophisticaved thap a
typical word-processor and do not offer the high-quality fypesetting
we need. Only by importing the output from a high-end page layout
program as graphics can we incorporare property laid cut text in a
Director movie.

What js needed is an portable format for typesat text, and preferahly
one that can accomupodate other elements of muoltimedia two.
Adobe’s Portable Document Format (PDF) i3 ap attempt to provide
exactly that. FDF can be thought of as a simplified PostScript, with
which it shares its imaging model. That is, PDF allows shapes to
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be described in vector terms, and supports the precise placement
of characters from outline fonts. This means thet a FDF file can
accurately reprezend the effect of any markup that has been applied,
s0 that the document will be displayed exactly as 1t was intended o
he.

PDF alzo provides a soiation 10 the problem of fonts. The preferred
way of dealing with the fonts in a document is to ambed in the
PDF file not the font itself but a description of it, consisting of its
name, character widths and sufficlent other font metric information
to characterize the font's general appearance. If the named font
is present when the PDF document is displayed, it will be used;
if it is not, then the font metrles will be used to construet an
Instance of a Multiple Master font with the sane character widths
(50 that layout is not distuwrbed) and similar font characteristics,
a0 that the appearance of the page — the density of the print
and ite lightness or darknmess — closely approximates the Fect
that would be produced by the specified font. I this is not
constdered acceptahie, Type 1 fonts can hie physically embedded in
PD¥. iSymibal and dingbat Fontg, in fzct, nust he embedded, because
Font substtation only works for text fonts.)

Although it was originally desigoed a3 & text and graphics format, in
later releases, PDF acquired facllities for hypertext Iinks, inclosion
of spund and video, and integraticn with the World wWlde Weh. 1t can
now he seen as a platform-independent mmltmedia format, hased
on visual layout.

But, ke any other ‘portable’ format, PDF {3 only any uge to someons
with & program that can display it. Adobe overcame this problem
by the sublimely slmple atrategy of producing such a program —
Acrobat Reader — for all major platforms and giving it away free??
They #so puhlished the specification of PDF so0 that anyone can
write 2 FDF interpreter. The Acrobat Reader package includes the
two basic Multiple Master fonts {serif and sans serif) so that the font
aubstitition mechaniam s alza agsured to work.

All of which {8 all very well, but how is PDF to be generated? There
are two mechanisms., On MacDS and Windows systems, whers
printing s performed as a systemeclevel function, the PDFWriter
progremm, can he used as if it was a printer driver: IF it is selected
for prindng In the same way as any real printer, any program
thal produces printed output can produce FDF simply by sending
it to PDFWriter, using the same command as wauld be nsed for
printng.™® Where this mechanlsm is not appropriate, and on Unix
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We have lost count of the number of
coples of Acrobat Reader we have
recelved cn CDHROMS and as part of
the dizmibvion of arther progrars.
You prabakbly bave, tao,

el

There are acme Wmitalions o bow
FDFWriter hendles embedded Imagas,
I partirular, EFS 12 wstally condered
At Low resohuton
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Somewhat rcamically, it is n pre-press
that POF has been most
enttusiastically recefved, being easier
o handle thas PastScript.
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syEtems, an alternative means of generating PDF is provided in the
form of Acrobwat Distiller, a program that takes PostScript as its
Input and generates equivalent PDF. Since almost any high quality
layout program can produce PostScript, this mechanism Is almost
as general as using PDFWriter. I video, links, or sound are required,
they must be added in a PDF editing programn; Acrobat Exchange is
provided for this purpose. Needless to say, PDFWriter and Acrobat
Dristiller amw] Exchange are not given away [ree.

PD¥F has had mixed fortunes. 1 has become a favoured format for
digtributing machive-readable manuals and other docursentation,
bur it has not achieved the status of a universal portable format
to which it asplres. Factors contributing to this Ik of acceptance
inclade the bulkiness of PDF files, relative to plain cext or HTML,
the unattractiveress of the interface to early versions of Acrohat
Reader, amd the limited multdmedia support provided by Acrohat Ex-
change. Possibly, though, the need for FDF is not widely perceived:
within a particular cormmunity, de facto interchange formats already
exist; BIEY within the acadlemic technical community, MS Word In
the business community, PostScript in printing and pre-press,2? and
50 on. HTML, despite its shortcomings, perhaps already has some
claim to be a universal portable document formar, Web browsers
heing even more ubiguitous than Acrobat Reader. It has the further
advantage that it <an be generated with any test editor. P
many purposes, now that C8S offers the potential for contrel over
formatting, HTML is acceptable. It possesses thwe advantages of
stmacharal markup which we have previously extolled, and is easlly
distributable, heing the native language of the World Wide Web.

Further Information

[wi193] describes the principles of wraditional book degign; [Sa203],
[Got98] and [Car97?] consider, from different viewpoints, the iImpact
of digital technology on those principles. [GO29} inclwdes an
annorated version of the XML specification [XML). [TDT96] is
a short introdwtion to SGML from the writer's point of view.
iGra9s] and [Gra97]| are good descriptions of HTML and <58,
respectively; |[HTMa] aned [CSS] are the corresponding standards.
[Ado93] describes the format of PDF docwmernts.



. What advantages would be gailned from re-defining HTML
using an XML DT instesd of an SGML DTD? What would be
the dlsadvantages?

2. By default, EM ¢lements are usually displayed in italics. As we

stated in the previons chapter, for display on screen, it may
be prefershle to use boldface for emphasis. Write a CSS rule
to specify this appearance for EM elements.

3. How would you specify that an entire HTML document should

ke digplayed with one and a half timez the normai Jeading?

. Write a CS% rale 1o set level 1 headings as ‘call outs’, that is,
the heading text shonfd he typeset in the margin with its top
on & leval with the top of the first paragraph of the following
text. (You will need to specify a wide margin.)

5. For papes that use CSS extensively, it would be polite to

display some text that could only be sepn by hrowsers that
conld not interpret gtylesheets, explaining that the layout was
being {gnored by the browser. There is no simple way of
discovering whether a user agent supports stylesheets. Devise

a owans of embedding such a message ln a page, using only
HTML and C55.

Construct a CS5 stvlesheet In swhich all the block-level and
inline HTML elements described in this chapter are distin-
guished purely by their colour. Choose a colotr gohome that
iz visually appealing, and ensures that people with defective
colour vision can still distinguish the different elemnents.

. Construct a simple example of a document that has a different
meaning depending on whether or not a user agent correctly
interprets styleshects.

. Find & Web page that uses visual layout tags and atributes.
{You will have t0 view the HTML source to discover this.) Take
a topy of the page, remove the visual layout and replace it
with a TS5 stylesheet that produces an identical layout on a
suitably equipped browser.

Exercises
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9. Rewrite your T55 stylesheet from the previous exercise to
change every aspect of the page's layout without altering the
HTML tags.

10. Could FDF be used as an alternative (o HTML for Web page
layout?



Hypertext

In Chapiers 7 and & we described the character of digital text, one
of the most important components of mltimedia. As well a2 the
simple text described there, muldmedia productons often make
heavy use of Mpertext. Hypertert is text augmented with lnks
— pointers to other pieces of text, possibly elsewhere in tha same
dooment, orf in another document, perhaps stored at a differemt
location. A navigational metaphor 18 uspally emploved to describe
how these links work: the place a nk occurs 18 called its source,
the place it pointe to is its destination. A user follows® a link from
itz zource to its degdnation: when a representation of the source Ls
selected, usually by clicking with a monse, the part of the dorument
containing the destdnation is displayed, as if the user had jumped
fomn the source to the destinaton, much as ooe follows a cross-
reference In an Instrucdon mannal. Hypertext thus allows us to
store a coliection of vexts and browse ammong them

Bucange the uger™s interaction with bypertext is more complex than
that with text, we st consider more than just appearance when
we look at the interface to hypertext. As well as the question of
how a link is o be displayed, we must consider whether and how
to store a record of Hnks that have been followed, so as to permit
hackiracking, and we must consider what additional navigational
facilivies should he provided, For most peopie, the most familiar
example of hypertext is the Woeeld Wide Web, and the navigational
facilides provided by the populer Web browsers (lnstrate the sort



270

Hypertext

of facilitles that are reguired if users are to be able 1o hrowse a
collection of hypertext doruments comfortably.

You will almost certainly be aware, though, that the World Wide
Web iz not just made up of hypertext. Web pages can hayve
lages, sounds, video, amd animation embedded in them, and
scripts associated with them o perform interactton with the user.
This mevwork of media elements connected By links iz an example
of kvpermedia, of which bypertext is a speclal case, restricved
to the single medium of text. In describing hypertext in this
chapter we will be laying the groumdwork for a description of
hypermedia in Chapter 13. Despite the added technical complexiry
of dealing with a multitude of media types, th generalizatdon from
hypertext 10 hypermedia is conceptually a simple one, so we can
safely begin our technical discussion by considering mpertext. The
development of the two is inseparable, 50, as we wish to hegin by
reviewing this development, we will start by considering hypertext
amd hypermedia together.

A Short History of Hypertext and Hypermedia

I
¥. Bush, "As We Mey Think", Atlann
Morthly, July 1945,

Although popular perceptions of hypermedia Focus on the World
Wide Web, the concept has a leig history. Its origie is generaliy
traced 10 an article! written in 1945 by Vannevar Bush, in which he
described a machine for browsing and anpatadng a large collection
of douments. The Memex, as Bush's device was known, included
a mechanism for creating links between documents, allowing
doruments related o the one currenidly being read 1o he reirieved, in
much the same way as Weh pages related o the cwrrent o can be
accessed by following a link. The Memex was a mechanical device,
hased on photosensors and microdots, and it is hardly surprising
that it was pever budlt — digital computer technology provides a
much more suitable mechanism for linked data reirieval.

Bush's contention was that association of ideas was fundarpental 1o
the way people think, and that document storage systems should
work in a way that reflects these associadons, hence the need
for links. This interest in matching rettdevat to a hypothesized
way of thinking persisted in the earliest work on computer-
based hypertext: one of the Arst working bypertext systems was
developed under the aegis of an institwbon with the prandioge
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title of the Avgmented Human [ntellect Research Center.? Another
feature of early writlnyr and research on hypertext is the assumption
that limks would be added dynamically by different users of the
system, 50 that the linked structure wounld develop over time on the
hazig ot Interactions between a community of users. There remains
a considerable overlap hetween hypermedia systems and computer-
supporied collaborative working.

Among several experhmental systems developed in the late 19%650s
and early 19705, Ted Melson's Xapadu project deserves mention,
because it was ntended to be a global system, storing the entire
world's literature, In this sense, it foreshadowed modern dis-
tributed hypermedia systoms, unlike the smaller scale, but more
practical, systems that were developed in the years that followed.
it was io conoection with Xapadu that the word ‘hypertext' was
devised.

A number of experbmental gystems were developed throughout
the 19705 and early 19805, As experience with hypertext grew,
some of these systems began t0 he used in earnest, pacticwlarly 1o
informatbon ldosks and similar applications. At this stage, much
attention was paid to human interface issues, and to developing
medels of hypertext systems.  Purther work oo these lines was
renderved largely ierelevant by the arrival of Hypercard In 1987,

Hypercard, developed by Apple, was for several years distributed
free with every Macintosh computer. The consegueit sudden mass
distribution of a bypertext system allowed Hypercard to establlsh
1ezelf as the paradigm of such a system — for a while, Hypercard
‘stacks’ become synonymous with hypertext — irrespective of any
Haws In its nterfare and model of hypertext. Most, if oot 21 of
the features to be found n Hypercard were derlved from earlier
systems, partiodarly Xerox's NoteCards; its importance lies not in
innowarion, but in popularization. Among those features were a
card-based metaphor for organizing lirked material, support for
a variety of mecdia, and the provision of a scriptng langnage that
alows actions to be associated with events and controls on a card.
This language, HyperTalk, is sufficiently powerful to have allowed
users 10 develop sophisticated appHcations In HyperCard — Mvst is
a HyperCard stack, for example.?

HyperCard hrought hypermedia out of the laboratories and ioto the
world; the World Wide Web made it into a cultural phenomenoc,
Untike earlier systems, which nsed proprietary formate and were
largely dozed and self-suflicient, the Weh vses publicly available
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The last versbon of HyperCard was
miarketed as an applicaion
developrment tool, pot 8 yperiext
SYEtem.



272

Hypertext

techpology — anyone can create a Web page with a text editor, and
plug-ing el helper applications allow browsers to handle arbitrary
media types. This technology Is, In fact, fairly crwde, and Lt took
over five years for the World Wide Web o evolve from a simple
distributed hypertext system to a full hypermedia systermn with
interactvity. The ubiquity of the World Wide Web means that its
continuing evolution is likely to define the nature of hypermedia
for some Hme to come.

The Nature of Hypertext

4

A browser may be an independent
program that reads bypernaa
docoments as dara, of 11 may be
ineagraied with the docwment jrself,
1o produce ‘standalone” hypertext.

Actually, wpermedia, as vee have

Jakob: Mielsem, from Wsabilivy
conaldeTaricn In Introducdng
hypertext’ in Avpermedia/Hyperiext,
ed. Heather Brown, Chapman and Hall
{1991

Text hecomes hyperiext with the addition of links which connect
separate locardons within a collection of hypertext documents. Links
are actlve: using some simple gesture, usually a mouse click, a user
can follow a lnk o read the hypertext it points v, To make this
happen, a piece of software, called a browser is required * Usually,
when you follow a link, the browser remembers where you camne
from, so that you can backtrack if you need to. The World Wide
Web is an examph of a (distributed} hypertext® system, and a Web
browser is a particular sort of browser.

Browsers tend to encourage people to read hypertext in a non-linear
fashlor: mstead of starting at the heghnning ard reading steadiby,
you might break off to follow a link. which in turn might lead you
to another link that you can follow. and 50 on. At Some point, you
might go back to resume reading where you left off originally, or
vou may find it more fruitful to go on pursuing links.

It 1s & common miscopception that such non-linear browsing is the
distinctive inmovation of hypertext. The following quotation is an
exireme expression of this view:

“All traditlonal vext, whether in printed form or in
computer files, is sequential. This means that theve is
a single linear sequence defining the order in which the
text is to be read. First, you read page one. Then you
read page two. Then you read page three. Amd you don't
have o be much of a mathematiclan to generalize the
Farmula to determine what page to read next.™®

Leaving aside the mathematical invalidity of the proposed gener-
alization, a glance at any magazine will show jugt how nHetaken
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is the notion of a single linear sequence for reading printed text.
What we find is a collection of articles that can he resd in any
crder, broken up by pages of advertisements, to be skipped over or
glanced at berween paragraphs; a contents page contains peinters
0 each article. Many magazines feature ‘sidebarg’, with information
tangential to the main text of the ardcle; pleture caprichs interrupt
the Hoear flow of text; and articles may be split {‘continmed om
page 52'), with their continuation many pages further on and parts
of several other articles iIntervening.

Other forms of printed matter alse display non-linearity. An
encyclopedia is made up of short articles, which are often cross-
referenced, so that having read one yon may be led on to another,
Croas-referencing 15 alsc common in manuals for software and in
oll serts of vechmical reference magerial. The tiresome scholarly
spparatus of footnotes and hibliographic referonces comprises a
sort of system of links, amd mmch academic research consists
in following those links. PEven novels, which vsually have a
Iinear structure are often read non-linearly: a reader might fnd it
necessary b g0 back to an earlier chapter ("Was Piotr Ivan's brother-
in-law or his Faithful servam?) or even to go to the end to find
ok who mmrdered the Colonel; it may be necessary to stop reading
the novel amd resort to a dictonary (o find cut what “tergiversate'
means. Somse novels explicidy use non-linear atructares: Vladlmir
Nabokov's Pale Fire, and Flann ('Brien's The Tkird Policernum, for
exanple, both include extensive notes, arranged in the same way as
academic endnotes and footmotes, which must, therefore, be read
out of the linsar sequence of the text, but nevertheless play a major
role in telling the story.”

It would not be going too far to say that, taken over all the
varieties of reading, non-lintarity iz the norm when it comes to
reading text. What 1s novel and dlstinetive about computer-hased
hypertext is the immediacy with which links can be followed, which
creates a qualitatively different experience. Contrast walting six
weeks for a2 copy of a conference paper you have crdered on inter-
library loan becanse you saw a reference to it in a journal with
clickinig on a link in 8 Web page and being shown the text of the
5ame paper, as stored on a compurer somewhere on the other
gide of the world, within a few seconds (on a day when Internet
traffic is flowing briskly). Although text on paper does not have
a unigue linear sequence for reading, it does have a unique linear
physical sequence, o following cross-references, even within a
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Tt might be argued that the nctes n
The Third Policeman ectually tell part
of the story of the same aothor's The
Daikay Archhe, tharehy providing an
exgmnple of inter-decunvamt Hokage,
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Figure 2.1
Simpie uni-directional lmkx

Hypertext

single text, requires the reader to fip forwards amd haclkwards
between pages, wsing page nuwnbers 1o identify the destinations of
cross-Teferences. Even though computer memory is also arranged
linearly and addressed sequentally, layers of abstracton Impoged
by software on top of this arrangement, together with tha speed of
operation of modern computers and nerworks, makes this linearity
ransparent, so that hypertext systems can provide the illusion that
links connect together disparate pieces of text into a network (you
might even call it a weh) that you can travel on,

Hypertext raises some new issues of storage and display. How are
links to be embedded in a document? How are their destnations
to he identifled? How are they to be distnguished typographically
from the surrounding text? To appreciate the answers to those
estons, we need a clear understanding of what a link is, and what
sort of thing links connect,

The simplest case is exemplified by the World Wide Web. If we
confine ourselves for the moment to pages consisting purely of
text, these are self-contained passapes, which may be of any length,
but usually fit on a few screens. Their only connection with other
pages is through links {even though a link may be labelled ‘next’
or ‘previous’, such sequential conrections between pages must be
explicit). Within a page, though, the nonnal saquendal structure of
text is exhibited: you can sensibly read a page from beginning to
erdd (although vou don't have to), and elements such as headings
and paragraphs are wsed to stracture the content of the page. The
HTML source of a Web page is often held [n a file, but some pages
are generated dynarmically, 50 you cannot always identify pages with
Ales, or Indeed, with any persistent stored representation
Hypertexi systems are generally consiructed ont of self-contained
elements, analogous to Web pages, that hold textual content. [n
general, these elements are called nodes. Some systems impose
resirictions on their size and format — many early hypertext
systems were bulle on the analogy of 3 by 5 index cards, for exampie
— whereas others allaw arhitrarily large or complex nodes.

In peneral, hypertext lnks are connections between nodes, but since
a node has content ard structure, links seed not simply associate
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two entire nodes — nsually the sonrce of a link is embedded
somewhere within the node's content. To renarn to the World Wide
Web, when a page is displayed, the presence of a link is indicated
by highlighred text somewhere on the page, and not, for example,
by a pop-up menu of links from thar page. Furthermore, a link may
point elther to another page, or to a different point on the same
page, or to & specific point on ancdher pape. Hence, Web links
shonld be considered as reladng specific locations within pages,
and, generally, links connect parts of nodes (see Figure 9.1

In HTML, each link connecis a single point in one page with a
point {often implicitly the start) in anpother, and can be followed
from its sowrce in the flrst page to 1ts destination iz the other. We
vall Inks of this type simple uni-directdong! Hnks. XML and other
more ¢laborate hypertext systens provide a more general notion
of linking, allowing the erds of & link to be regions within a page
(regional finks), lnoks that can be followed in elther direction (-
directiongl imis), and Hnks that have more than just two ends (muits
Kk}, Figure 5.2 lluserates these generalized forms of link,

Adobe’s Portahle Document Formar (PDF) supports hypertext link-
age. PDF lnk: are unj-directional, but not gquite simpie, since a
restricted form of regional fink is provided: each end of a link 1=
a rectangular area oo a single page. Since Acrchat Disdller and
PDFWriter make it possible to convert just about any text decurment
to PDF, and Inks can then be added using Acrobat Exchange, this
means that hypertesxd links can be added to 2oy document, however
it was originally prepared.

=) Tn FOF, Hnks are considered to be annotetions, that is, they are
not part of the page's contents proper. This i= reflected in
the way links are implemented. A PDF dooument comiprises a
hlerarchically organized collection of objects. (o a FDF file, the
abjects are stored in & bextcal form, vsing keywords to identify their
type and atributes) A docwment object conslsts of an outTine
abject and a pages object, which ix orgamized a3 a tree of page
chjects. Within cach page, separate objects are used to hold the
imageable content and the anmorations. Link shjects. containing the
coordinates, in a gevice-independent coordinate space, of the suurce
rectangle (on the parent page), a specfication of the destination, and
sorne information describing how links appear when the dooument

ars

Figura 9.2
Regional, bi directional and
multl-links

Links in PDF
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Figure 9.3
Adding a Enk to a PDOF documant

8

The pop-up merw Lbdled Type in the
Actfon pane will be explained in
Chapter 14

Rypertext

is displayed, are stored within the anpotations object. IF the
destination 15 within the same document as i source, ft may
be specified in the Ttnk object &% a page sequence mumber and
the destinasion rectangle, together with additional information
specifying the size at which the destination is 1o be displayed after
the link is followed. If it i= in another fle, 2 separate destination
ohject is used, which boldz this infermation together with the name
of the file containing the destination. A pointer to this destination
abject I5 then stored in the link. (This indirect form may also be
used for links within a document; the special treatment of these
tnternal links is provided for effidency reasoms, amnd to maimain
compatibility with FDF version 1. which only supported links
within a single domment, and only allowed the destination to be
specifed directly within the Hnk object.}

Links meéry be displaved by Acrobat Reader in a variety of styles.
The default representation consists of a rectangle outlining the
reglon that is the source of the link. When a user clicks within this
rectangle it is highlighted — by default, colours within the region
are inverted — and then the viewer displays the page containing
the destination region. The actual desrination, always a rectangular
region, is highlighted. When the iink is created, the magnification to
he used when the destinadon is displayed can be specified, which
makes it pogsible to zown In te the destination region as the link is
followed.

Adding Hnks in Acrobat Exchange is 2 two-stage process. First,
you select the fink teol and use it to drag out the source region
of your link. By defanlt, this reglon is an arbitrary rectangle; by
holding down a mdifier key, you can constrain it to be the vightest
possible rectangle that can enctose rext rhat vou select wirb the tool.
Thus, sources an appear to he words in the text, if that seems
appropriate. Once the source region has been selected, a dialogue
box appears in which you can select the display styles for the source
isee Figure 9.38%). In the second stage, you use the navigational
controlz of the program to move to the page containing the link's
desired destinatbon; if necessary, you can open a different fle at
this stage. If your destination is a specific region on this page, you
can use a selectlon ool ta draw its outline; orherwise, the top of
the page is used ag the destinatior. Once the destination has been
selected, clicking on the button labelled Set Link causes the link
to he stored.



The links that can be embedded in a Web page ¢composed in HTML
are stmple and wni-direcdonal. What distinguishes thein from links
in earller hypertext systems is the use of Undform Resource Locators
{URLs) to identify destnations.

D A TURL vniformly locates a resmumrce, but the concept of ‘resource’
thus located is quite hard to pin down.” In practce, 4 resource is
anything that can be accegsed by one of the higher level Internet
protacols such as HTTR, FTP, or SMTP. Dften, but by no means
always, A resgarce is a file, or some data, but the way in which
you can access that data s comstrained hy the pratocol you use,
For example, a mailto resource identlfles a ueer's pallbox, bat only
allows you to accegs the mallibxox by sending a message to it. An frp
resource identifies g file, and might even be caed to identify a naer's
mailbox of systemns where mailboaes ave stored ay fles, but an fep
respurce can be fetched over the petwork from its remote location.
A resmirce iz thus semething like an abstract data type, identifying
sorme data and providing a set of operations that can he performed
on i

T The HTML 4.0 specification stipulates the use of Uniform Resourcs
Identifiers (URR4), rather than URLs. URIs are s superset of URLs,
which aleo include Unpiform Rescurce Names (UBNs)., URNy are
intended to provide a location-independent way of refemring to &
network resmirce, unlike TURLs which pin 8 resource down to a
specific incation for all dme. In practice, Web pages invariably nse
LRLs, 50 we will stick 1o the mote fandHar rerm and concept.

The URL syntax provides a general mechanism for specifying the
information required to access a resource over a networl. For Web
pages, three preces of information are required: the protecol 1o use
when transferring the data, which is always HTTY, a domain name
identifying a network host running a server using that protocol,
and a path descylbing the whereabouts on the host of the papge
or a script that can be run to generate it dynamically. The basic
syntax will he famllar every Webh page URL begins with the preflx
http://, identifying tbe HTTF protocol. Next comes the domain
name, a sequence of sub-names separated by dos,'? for example
www . i Tay, oo, uk, which asuaily identifies a machine within an
organlzation, within a sector within a ronntry. {In the US§, the
vountry is usually implicit, axd the top-level domain is the sector
-~ gommercial, educational, government, etc.) There may be mote
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The specifications are not
mmambiguousty helpful here; “4
repource can be anyrhing that has
identity [...] The cegource is the
conceptual mapping to an entdty or
set oF entities, not necesearily the
emlity which correxpands g thet
mapping at any particulat instance in
fme." {JETF RFC 23596 Uniform
Resource fdentiflers (LR deneric
Symtax). * [Rlescurce: A network data
object ar service that can be identjfied
by & URL.. " {IETF RFC 2053 Hypories!
Transfer Protocel - HTTFPA 1.1,

10
Oecasionally, the anmerical IP address
s uged heve (see Chaprer 153
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Compare thiz with the OF encoding
degcribed In Chapier 7.
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intermediate domaing in a domain name than we have shown in this
example: universities, for example, typically assign sub-domains
to departments, a5 in www.cs.uct.ac.uk, a Weh server in the
computer sclence (CS) departament of University College Londen, an
academic ingitution in the Unlred Kingdom.

After the domain npame in a URL comes the path, giving the
location of the page on the host identified by the preceding domain
name. A path looks very much ltke a Uhix pathname: it consists
of a /f, followed by an arbitrary number of segments separabed
by / characters. These segments identify compoments within
some hierarchical naming scheme. In practice, they will usually
he the names of directories in a hierarchical directory tree, but
this does not mean that the path part of a URL is the same as
the pathname of a file on the host — not even after the minor
cosmetic transformations necessary for operating systems that use
a chararter pther than / o separate pathname components. For
security and other reasons, URL paths are wsnally resobved relative
1 some directory other than the root of the entite directory ree.
However, there 18 no reason for the path to refer to directories at
all; it might be some access path within a document database, for

example.

= in advertisements and other published material, Yoo will frequently
pee the URLs of Web pages given with the kading htip: /7 amitbed,
and some Web browsers allow you 19 oadt the protoool when typing
iikls, making intelligent guesses oo the bazis of the rest. Although
such u=age in these conbexts is Fanctioned in the relevam standards,
within an HTMIL docosment, youl it always ose a complete URL, or
a partial URL of the form, and with the meaning, described helow.

The only characters that can be wsed in a URL belomg to the
ASCH character set, becanse it is important that URL data can be
transmitted safely over networks, and only ASCH characters can
be considered safe for this purpose — and not even all ASCH
characters. Certain characters that may get corrupted, removed or
misimterpreted must be represented by escape sequences, consist-
ing of a % character fpllowed by the two hexadecimal diglts of the
character's ASCHI code. 1! tn particular, spaces must be written in a
LRL as ¥20.

A TRL as described so far identifies 3 Weh page in one of three
ways. I all cases, the domedn pame identifies the host running an
HITP server. The path might be 4 complete specificadon of the lo-
cation of a Me containing HTML, as in hrep: //mew.wiley . co. uk/
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compbooks/chapman/index . htm] qr, if it ends in a / charac-
ter, the specification of the location of a directory. As a spe-
cial case, if the path consists only of a /, it may be omitted:
http: / /o wiley. co.uk/ and http://ws.wiley.co.uk both
identify the root directory of the UX mirror of John Wiley and Sons'
Web site. Where a path identfies a directory, the configuration of
the Weh server determines what the URL specifies. Often, it is a fla
within that directory with a standard name, such as 1ndex . htmi.

The third way In which a URL identifies a Web page i via a
program that generates the content. dynamically. Again, the precise
mrechanism depenkds on the server's configuration, bat usually such
programs mgt regide in g specific divectory, often called cgi-bin,
or must have a special extension, such as .acgi. The ocomrrence
of tha letters CGl in both of these conventions ifdicates that a
mechanlsm known as the Common Gateway Interface 1s heing
invoked. This mecharisin provides a means for a server to pass
informatian to and raceive it from other programs, known as CGT
sCTipTs. TG soripts are commonly used 1o provide an interfacc — or
gateway —between the Weh server and databases or other facilities.
Several mechanisms are provided to pags parameters to CGI scripts,
Inchiding appending a query siring to the end of the URL used to
lnvoke the script. The query siring is separated from the path by a
?, as In hittp: /AAnk . yahoo .co uk/bin/query_uk?penacavon.l?

=* Although the Common Gateway Interface was intended to provide a
standard for interarton hetween a Web server and other resources,
many Web sérver programs and database systems provide their
nwn methods for performing the sane fanction, These proprietary
sohiticns are often more efficient than CGI scripts, and bave been
widely adopted in commerclal Web sites.

We have described a hypertext network as consisdng of nodes
connected by links, but the nodes {le. pages) of the World Wide
Welz are grouped imtc Wehb sites, each comprising a relatively small
nunrther of pages, usually held on the same machins, maintained
by the same prgandzation or individual, and dealing with related
topics. Within a sire, links pointing to other pages an the same site
are commeon. Fartial URLs provide a convenlent shorthand for such
focal links.

Informally, a partlal URL is a VRL with szome of itz leading
components (the proiocnl, domain name, or initial segments of
the path) inissing. When a partlal URL Ig uzed to retrieve g
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resource, the missing components are filled in from the base URL
of the document in which the partial URL occurs. This base
URL is usually the URL that was used to retrieve the document,
although sometimes it might be specified expliclily {see below).
The way in which base and partial URLs are combined is very
similar to the way in which a current directory and a relative
path are combined in hierarchical file systems, particularly Undx.
For example, if the relative URL video index. htm1 ocours within
the document retrieved via the URL http://www.wiley. co._vk/
compbooks/chapman/index.htm1 it will be equivalent 1o the
full URL http: ffwew wiley . co.uk/compbooks /chapman/vi deo/
index.htn] Within the same document, /catalog/ 1s equivalent
to Witp: /v wi ey, co.uk/catalog/. The special segments .
and .. are used to denode the current 'directory’ (component in
the hierarchy described by the URL path) and its immediate parent.
80, agaln within the same domment, the relative URL . . fgrahan/
index. html 1s the same as http:/ /wew .wi 12y . co. uk/compbooks/
grakam/index.html. Generally, if a relative URL begins with a /,
the correspoaling complete URL is consiructed by removing the
pathname from the hase URL and replacing it with the relative URL.
Otherwise, just the last segment of the pathname is replaced, with
. amd . . being interpreted as described.'?

™ A Hrile thooght will show yom that, if relalive URLs are resohved
using the URL of the document in which they ooour as the hase
URL, it i possible to move an entire hierarchy of Web pages to a
new location withaut imvalidating any of its internal linke, This is
usually semething you want (0 ke able 16 do, but ocrasionally you
may peed the base URL to be Independeny of the Incation of the
docurment containing relatlve URLs. Supposs, for example, thar you
bave consimucted a table of contenvs for some Web site. Yoo will
want to use relative URLs, because all your links point to pages
on the same server. If, however, you wish to be ahle 1o duplicate
the table of contsnts (but nor The sive lizelf) on several gites, you
will not want to use each copy's own location as tbe base URL for
these relative URLs; instead, you will abways want to use a URL
that points (o the gite you are indexing. To achieve this, yvou cm
explicitly set the hase URL in a documwnt ueing the HTML BASE
element. This is an empty element, with one aterlhute href, whose
value is a URL to be used a5 a base for resolving relative URLs
inside the document. The BASE element can only appear within a
document's HEAD, Exge 1RLs specified in this way take precedence
aver the document's own URL Hence, if a document included the
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element <BASE href="http: s/ www. wiley.co. uk/conpbooks”>,
then, oo matter where the doccment itself was  stored,
the relative URL chapman/index.htm] would be resolved as
http: /e . wiley. co.uk/compbooks,/ chapman/index. html.

Ooe more refirerpent of TRLy is needed before they can be used
tc implement simple unidirectdonal links as we have described
them, We emphagized that links conmect parts of nodes, bat a
URL specifies a complete page. To 1dentify a location within a page
-~ 3 particalar heading, or the beginning of a specific paragraph,
lor example — the URL needs to be extended with & fragrent
identiffier, consisting of a # character followed by a sequence of
ASCH characters. The fragment identifier furetons roughly like
a label in assembly langnage programs. it can be attached to a
particular location within a document (we will gee how shortly)y and
then used asz the destination for a “jump’. A fragment identifier iz
not really part of a URL: 1t is not used by HTTP requests, but s
stripped off by the user agent making the request, which retaing it.
When the requested document is returned, the user agent will find
the location designated by the fragment ilentifier, and display the
documient with that part ol 1t in the window,

Wre have glossed over some of the fine detail of HTTF URLs — if
you need e koow everything about URLs consult the specifications
— but the description Just gliven ghouatd soffice to ghow that
URLs provide the information required to access a Web page from
amywbere on the Internet. The HTTP protocol provides a means of
retrieving a Web page, given 1ts URL, and therefore the combination
af [RLs and HTTP can be used io implement hypertext links in the
World Wide Web provided we have a megns of embedding URLs
as links in HTML documents. This is provided by the A (anchor)
element, which can be used as both the source and destination of
a link, deperkling on which of the atiributes href, name and id are
provided.

The href atribute is used when an anchor 15 to serve as the source
of a Unk. Its valoe is a URL, which may be shsohite, if the link
points 0 a document elsewhere on the World wide Web, or relatve,
if it points o a document within the same hierarchy. The URL
may have g fragment identifier appended 16 designate a specific
locaton within the destingtion document, of it may consist solely
of a fragment identifier, for Yinks within the zame doomnen:, The
anchor elernent hag content, which is displayed by user agents in
some spectal way to indicatc that it 1s serving as the source of a

281



282

Hypertext

hypertexy Iink. For example, popular browsers by default show the
content of anchor elements in blue and undertined; when a link's
desdnadon has been visited, a different colour {often green) is nsed
to digplay the visited Hnk whenever the dociunent containing the
soutce is displayed again within a designated period of dme.

= A (55 stylesheet can provide rales for fonmatting A elememts, fust
like any other ejement. To cope with the desire to change the
appearance of a Unk when it |5 visited, C5S provides special psesdo-
classes 11ink, visiced and active that can be applied to A selectors.
They identify subsets of the dats of anchor elements, just as a
clags name does, but whether an mchor belongs to the subser
depends on its condition In the browser, not on any akribave
values. To distinguish psewdo-classes from ordinary classes, they
are separated from the element name in selectors by a colom inscead
of a dot.

The following males stipulate that Hnks shoald be set in hoddface
until they have been visited, when they revert to the normal text
font. While the user clicks on the link, it will appear extra large.

Artink {

font: bold;
¥
Asvisited {

font: normal;
]
Aractive {

font: xx-large;
}

Psewlo-classes, althongh they are oply used for Hnks in 552
prowvide a more geperal mechanism that can potentally be applied
0 other HTML elements.

Despite the sbegance of this way of controlling the appearance of
links, it shoubd be used Judiciously, if at all. Users rely on their
chossn browssr's defawlt for the appearapce of links In order o
recognize them. Interfering with this recognition can detract from
the nsability of your Weh pages.

An anchor element with a nase artyibute s presently the most
comEncn way of araching 4 nane to a location within a dotaare,
The value of the name can be any string that would be legal
HTML. although when the name is used as a fragment kdentifier
any characters other than the subset of ASCH that is kegal iIn a
URL must be escaped. Although an anchor attribute that is being



«Hlslinks and URLs</H]=

<H2 {d="Timks">Links</H2>
Hyperrext t{nks are impTesented in HTML using the
&1t ASgt: element and A hrefa"durls"sRLs< A,
<P
fare, #tc.]
<fP
<A Naues"ur1s = <H2 > URLE « /H2> </ A
An Tntroduction to the use oFf URLs in HTML can be found in
<A hrefa
Phitp: /e, w . org/ TRAREC-him] 40 nerofintro html#h-2.1.1">
the HTMLA.9 speciFloation i .
They =re the basis of <& href="#¥links">links</ A=

in Web pages.
<P=

[axc, atc.]
=fP=

used as the destination for hypertext links in this way has content,
thi= i3 not psually displayed in any special way by user agents. An
alternative 1o anchors with names s provided in HTML 4.00 any
element may have an id (identifier) atribute; this may be used for
several purposes, among them the specification of link destinations,
by using the identifter as a fragment 1dendfier. The use of idantiflers
instead of anchor names for this purpose has the advantiage that
any document element — for example, a header — can be used as
the destination of a link, withont the necessity of enclosing it in
a dupany anckor, The dissdvantage is that older browsers do oot
recognize 1dentifiers.

There 13 nothing to stop you using the same gochor as both the
source of a link, and & potental destination of other links, by
providing it with an href attribute and 4 name or ideutifier, Within
4 dorament, ach pame or identfier onst be unique, for obvions
reasons.  Although it would appear to be possible to disdiguish
between identifiers and names with the same value, this is not done,
and it iz not peromtied for a name and an identifier tobe the same.'4
The behaviour of a user agent i the fare of name ctashes is oot
defined.

Flgure 9.4 shows examples of links within a document, using both
named anchors and a header with ap identifier; a Iink o a section
of a separate document 18 also shown.
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Colloqulally, we say that when a user clicks on a highlighted anchor
element in a Web page, the bhrowser 'goes to' the page that is
the destination of the link; by extension, we talk ahout ‘visiting’
Web sltes and pages. This metaphor of visiting has achieved
almost universal currency, desplte the fact that, Lnh reality, the
opposite takes plare: we do not visit Web pages, they come to
s, Clicking on a link that references a separzte documeat causes
the resource identifted by vhe URL that is the value of the href
attribute of the anchor to be retrieved via HTTP. Assuming that the
resource 1s a Web page” the browser interprets the HTML and any
aspoclated stylesheet and displays the page. If a fragment 1dentifier
s appended 1o the URL, the browser will ind the corresponding
anchor {assuming it 13 there) and scroll the display o 1t. Usually, the
tiewly retrieved page replaces any page being currently displayed by
the browser, herce the idea of “going to' the new page. Sometimes,
though, the browser may open a new window.

An interesting question arises if the link occurs within a frame being
displayed &s part of a frameset. Should the new page replace just
that frame, or the entire frameset, or should it replace some other
frame in the frameset? Any of these may he apprapriate. Consider,
for example, the typical frame layout shown in Figure 9.5, with a
navigational menu in a small frame on the left, and the remainder
of the window accupled by a page devoted to one of the topics on
the menu. The menw will consist of links to the specific pages; since
the intenton of this style of layout Ls to ease navigation through
the gite by having the meny available all or most of the timee, it
1s obvious that clicking on a link in the menu frame should cause
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the retrieved page 1o be displaved in the main frame. If a page
displayed in the maln frame contains a link to another part of the
same site, though, when it is foltowed, the new page should replace
the old one. Finally, if 2 page containg a link (o some other gite, the
navigational menn will become irrelevant when the link is followed,
50 the new page should be displayed in the whole window.

HTML provides control over the placement of retrieved pages within
a frameset by allowing yon to name frames, using the name attrithite
of the FRAME element, and specify the frame in which o display the
destinarion of a link, using the target atiribute of the A element.
The value of this atvibute may be the name of a frame, in which
case, when the link is followed, the destnaton page is displayed
in the corresponding frame. Alternatively, the target may be one
of four special names, _self {the retrfeved page fs dlsplayed in the
frame conraining the link), _blank {the retrieved page is displayad
in B new windgw], _top (the rerrleved page is dizplayed in the
entre wirdow, removing any frameset structure), or _parent (the
retrieved page is displayed in the frameset containing the frame
containing the Hnk; this i3 the different from _top in the case of
nested framesets). If no target is specified, _self is assumed. in
a frameset layout such as that of Figure 9.5, the main frame would
have a nanyve such as mainframe, which would be used as the target
for links in the pavigation meo, Links within the site specify no
1arget, so their destinations are displayed in the same frame as thetr
sources, typically the main frame. Links which point beyvong the site
wonld have a target of _top, 50 that this frame strauctare would be
effaced when a user Jeaves the sine,

=% HTML anchors provide a floxlble and general linking mechanism, but
this very penerality may be its wealkmess. There is nothing (o suggest
why a link has been established; In other words, simple A clements
do not captuare any of the semantics of Unking, Thus, a wser ¢an have
nc: way of kmowing what aort of relationship Hive link expresses, ancd
henge whether it 5 worth following, and programs cannot provide
automatic navigational hint: besed on, for exsanple, similarides
between a link and thosc previously follawed. The rel (relationsbip)
and rev (revarse relationship) attributes are en atrempt o Capture
more of lnks' semantics. Thelr value 15 a fink e, which i3 a
string designatng a type of reladonship thar may be expressed,
through linkage. For exmnple, an ocourrence of a techngcal word in a
ducument may be linked to an entry in a glossary, the rel attribute
o the soatrce anchor for this Tnk could have the value glossary,
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as could the rev atiribute of the destinaron anclor ak the entry for
that word in the glossary:

+vs by means of a

<A href=",, /termms. honl#url” ret="glossary™»URL
<A ...

and

ADT=cl name="url" rev="glossary" >URLx A=
<D0=dind form Rescource Locator ...

A related Issue concerna relationships: between entire dorumenis,
swch a5 one doroment being & transiation of another Iato a
different languige, that are min expressed gaturally by bypertext
links berween aiwchors within doouments. The LTHK slement is
provided to express such relationships. LINKs can only appear In
4 document's HEAD; they have an href attribote, whose value is
a URL identifying the linked doomnent, and may bave rel or rev
attributes, serving the same function a8 they do with anchors. Since
thery are in the document's bead, Link clements are oot dHsplaved by
browsers — (n fact, they have no content. 1t Ls anvisaged that they
might he used to consirect speclal purpose menus or faolbars to
apsist with navigatlon among a set of related documents.

A collection of standard Link rypes ts defined 1o designate common
relationships betwsen doouments, such as Hext, Prev, and Start,
which can be used 1o coomect together a sequence of documents, oF
Chapter, Section, Subsection, and Contents which can be nsad
1o organige a coflection of dommments in the form of a conventional
book. Wi have previpnsly seen the use of a LINK element, with
a rey vahee of Styleshest to cOnDect a document 1o an extemal
stylesheet deAnition. In addition to the standard relationships, Web
page autbors are free 1o iovent thelr own, although these are of less
use i betping progroms and users understand the strocture of a
callection of documents.

Unfortanarely, capturing the semantcs of linkage seems to bave
kel appeat to Web authors and browssr vendors: rev and rel have
o been widely adopted, and with the exception of the speclal case
of stybesheats, moat browsers ignore <LINK= tags. The functionality
of thege HTML features has been incorporated v XML's linking
facilickes, described in the next section. where they will hopefully
fare better.



Links 287

XPointer and XLink

XML allows you to cdefine your own document elemwents, amd
Following the precedent of HTML, It is natural 1o want to include
lnking elements among them. It would be simple to stipulate
that attribures whose value is 2 URL (or URD shouid be treated as
hypertext limke, bat this would mmean that XML was restricted to
the same class of simple urd-directional links as HTML provides.
This was felt to be inadegwate, 50 a more general mechanism has
been proposed. Tt consists of wo parts: XPointer extends HTML 3
fragment idenrsifier, and XLink generalizes its anchors. At the
time of writing, these proposals have ot been adopted as W3C
Recommendations, so the following descripilon should be treated
as an outline of a possible way of implementing the mora general
forms of link jdemtifled earlier in this chapter.

Adding a fragment identifier vo a URL used as the value of the href
attribute of an HTML anchor allows you to link to a specific named
anchor or element with an identifier in a document. ¥ there is no
guch element, yon cannot create a link. XPointer defines a syntax
that cnables you to describe the destnation of a Hnk in terms of its
poziton within the dorument. This means, among other things, that
vou can create inks to arhitrary podats in documents whose source
you do not have access to. in addition, XPoinier provides a way of
defining a regipn within a document, so that Lt supports regional
hypertext links.

As we pointed ont in Chapter 8, every eiement of an HTML
dacument has a unigwe parert element. The same applies o XML
domument elements. As a consequence, the structure of a dociiment
can be represented o the form of a tree, with each element being a
child of its parent. Any element can be identified by its position
in the tree, relative o the oot or a named node, such as ‘the
second paragraph after the third level two beader”, or ‘the third
child of the second element after the element with fd “orinoon”
that bas the same parent’. Xpointer is a means of expressing such
positions ina way that can asily be processed hy software, XPointer
expressions — themzelves known as XPointers — are appended
to URLs in the same way as fragment idendfters are. {Recall that
fragment identifiers are stripped off from a URL before the resource
iz retrieved, so altering the syntax of what may follow the URL
proper does not interfere with protocols that Interpretr URLS.}
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An XPpinter i2 a sequence of terms, separated by dods. You can
think of it as a set of instructons giving you directons ta follow in
the order specified to reach the intended poim in the dotument. The
first term usually refers 1o a fixed Yocatlon, such as an element with
an §d, and subsequent terms tell you how to get from there tx where
vou are going, by chonging, for example, the third child or the fourth
paragraph.  Every term consists of a keyword followed by some
brackets, nsually contalping argoments. The terms rootd) and
id(rname) are used to establish the starting points for XPplnters.
The first form refers to the outermost element of a document — the
HTHL element of an HTML page, for example; the secon refers to an
element with an id auribure whose value 1s mame, 1% any legiimarte
XML name. Thig Jatter form §s sbmilar to the use of fragment
identifiers in HTML, for the specially common case of HTML anchor
rodes with nane atttibates, a term of the form htm1 Crame) can
be used. Thus, the XPolnter id{orinoce) idendfies the slement
(which should be wnique) whose id atiribute's valee is orinoco,
while heml{robermoray} ldentifies an element with start tag <A
name="tobermoray">.

Once a starting point has been established, relatve motion can
be specified by terms using the keywords child, descendant,
ancestor, precedipng, Tollowing, psibling, or FsibYing, The
intent of most of these should be evident: if £ i5 an element, a
child is any element that is immediately contained in E {ie., E is
its parent), while & descendant §s any «lement within the content of
£; corversely, an ancestor is any element within whose content E
appears. Elemenis are considered to precede E if their start tags
appear before it, and w follow it if their end tags appear after
it. The siblings of E are those elements with the same parent:
psibling selects slblings that precede E, fsikling those that
follow it. Fignre 9.5 iflustrates these relationships in terms of the
tree sincture of a document.

These keywords take between one and four argaments. The first is a
mmber, allowing a partlcular element to be ldentified by counting.
For examnple, the term child{3) identifies the third child of a node.
The second argument, If It is present, i3 an element type name,
and restrictz the counting to elements of that bype: child{3, )
ldentifies the third child thai is a P element. The special value
#a]ement can be uzed to mean ‘any element™ child(3, #elenent)
is thus the same as child(3). The remaining two aATgUmMents are an
attrdbute nase and valwe, and restrict matters Further 1o elements
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with the specified atribute having the given valuer child{3,
P, Tlang, de) identifies the third paragraph child whose lang
attribute has the vale “de",

Although this description has been slightly simplified, it should
suffice to show you that the examples cited at the beginning of
this secdon can easily be expressed as XPolmers: ‘the sccond
paragraph after the third level two header” is root().child(3,
H2).following{P,2) {assuming HTML element names) and ‘the
third child of the second element after the element withid *oriuoco™
that has the zame parent’ 1s id{or{noca). fsibling{2) . child{3).
{vou have to read them backwards to get the English version, but
vavlgation in the tree is specifled from jeft to vight.)

5o far, XPointers have enabled us to specify single elements in a
document. Another keyword, span, allows them to specify reglons
that span more than one elemsent. Tt takes two XPointers as
arguments, with the effect of identifying the region extendlpg from
the element identified by the first through that identfied by the
second., For example id{orinoco).span{child{3), child{6}3
identifies tha third through sizth child elements of the elemext
identified ax “orinoco”.

Finally, XPointers include a crude facility for idendfying posi-
tlons Ly text content. a term of the form string(m, string)
identifies the w™ occurrence of the string siring. For example,
root{).string(3. "Fish") points 1o the third ocourrence of the
string “fish" tn a document. {Additional embellishments, which will
1ot he described here, allow you to refine siring terms to point to,
for example, the three characrers fcllowing a string, and so on)

XPainters extend the power of links by providing a flexible means of
locating elements within domnments. XLink extends their power in
a different direction, by generalizing the notion of what a link is. Tt
does this in a way that may be familiar from mathematics. A link is
a conmection or association between twa locations. In the ahsiract,
we can consjder the ordeyed pajr comprising the ink's source and
destinadon e ke the lnk — nothing exira {8 really required. 1F
we want bi-directional lnks, we only need to forget the ordering
of the palr, 50 neither location 1z distinguiched as either gource or
destination], but they refoain connected. Once you haye got this far,
allowing as many locadons as you want to be part of a link is a
relatively small next step — in the abstract world. In practice, it
raises some thoroy implementation issues.
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XLink provides two sorts of link: simpde and exterded. Simple Hnks
are almost the same as HTML links and will hot be described here.
Extencled links correspond vo the generalization described in the
previous paragraph. Syntactically, an extended link element needs
to sperify several locators (URLs or XPointersy since an slemens
canmot have more tham one atiribute with the same name (such
as href}, XLink proposss separate element tvpes to denote the
presence of an extended link and the locations being linked, the
latter appearing in the content of the former. If we assume that
a DID defines element types exlink and locator (eaving aside
the question of how these are to be ldentified as link and locator
elements), an extended link might look like this:!”

wax]ink=
<lacator Tink = ™. _ /ftexctoml™ />
<lacater Tink = "../fgraphics.xml"/»
<locator Tink = ".. /video_xml" />
<lgcator Jink = .. fanisatton.ml™/ >
<locatar Tnk = "../sound.xonl" />
<fexTinks

This 13 all very well — an extended Hnk is a collection of timked
resources, as required — but where should elements such as ex1ink
appear? In one of the Hnked documents? In all of them? I a
separate fle? The XLink specification 1s rather vagne on the matter.
[t peovides for the possibility that a link might be inline or out-
of-Tine. Technically, an nline Hnk is one that inclodes ivself as
one of the linked objects; practcally, this means that it appears in
one of the documents being linked. An out-of-dine link does not,
50 typically cut-of-line inks will be stored in separate linking files,
devoted to the links connecting a group of docuunents, This begs the
question of how cut-of-line Hnks are to be located by user agents.

For the common case where several documents can be considerad
as a group, with a collection of owt-of-line links connecting parts
of them in different ways, the links can be stored in an axtended
Iink group element, and a specialized locator called an extersded Tink
document element can be placed in each of the doruments in the
group to point to the links.

The idea of extended Hnks 13 not new, but previously its imple-
mentation has been confined t0 hypectext systems on a analler
scale than the World Wide Web., K remains t be seen whether
succesful iImplementations can be constructed for the Web, and
whether sxtended links will be comsidered a worthwhile extension
by Web users.
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Navigation and Structure in Hypertext

The possibility of discrientation — being Tlost m hyperspace’ as
the ctiché happily puts it -- has been antielpated since the earfegt
experiments with hypertext. The division of text Into nodes
leads to fragmentation and a disruption of the context supplied
by conventonal Hnear structures; the multple branching paths
provided by links, while offering ample opportunity to browse
endiezsly, can resemble a maze 0 a user searching for one specific
piece of information.

Much early thinking about this problem concenirated on the

provision of graphical views'® of the link structure between a 13

collection of nodes. This approach has many problems — for  Often confusingly called rowsers’ in
any non-trivial collection of nodes and links the diagram itself ¢ lteranire of the tme.
becomes & confusing tangle. It is difficult t¢ provide sncugh

information abmi a node’s content for ugers to determine whether

it is Interesting, or remind them whether they have visited it before

-— aticl, despite varicus ingenicus embellistimrents, such as the use

of ‘fish-eve' views, showing nodes cloge to the cnrment ore in moee

detail than those forther away, these graphical navigation alds have

been largely abandoned in favour of navigation based on browsing

history, indexing and searching.

Often, browsing in hypertext entafls following side-tracks from a
linear sequence and then returaing te pursue it further. Providing
a 'go back' command i1s & natural way of supporting this made
of reading. To do so requires the browser 1o maintam a stack of
recently visited nodes, so it is straightforward to extend the facilivy
by making this stack visibie to the user in the form of a history
list, and allowing users to jump directdy to any node on the list,
golng back an arbitrary number of steps. A simple ‘po back’ facility
provides a farm of backiracking whereby a path is followed through
the hypertext until it is no Jonger Fruidul, and then the user backs
up to a point where there was a differsnt choice of link to follow
and tries another path. In an alternative wey of working, direct
transfers to nodes on the history list allow a collection of recentiy
vigited podes te be treated az a cluster, with arblirary jlunps being
made between them. in effect, the history Ust provides an ad hor
set of dynamlcally constricted links.

Higtoey lists are slways of limited size, Even if they were not,
a complete history of your browsing activity will soon become
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as confusing to find youwr way aroend as the hypertext netwark
itself. it is more useful to summarlze this activity over a period
of tixmee in the form of a collecton of pointers W previowsly visited
interesting nodes. Om the World Wide Web, pointers are URLs,
and, since these are just texy strings, maintaining a ecollection
of bookmarks, as URLs of interesting sites are usually called!? i
gimple. Typically, Web browsers allow you o bookmark a page
when you visit it, recording its URL together with the page tithe
{this ran be replaced by a mnemonic name subsequently, if the
title is not sufficiently meaningfuly; bookmarks can be organized
into a hlerarchy and sorted. A menu of hookmarks is provided by
the browser, whirh shows their names; selecting a bookmark: From
this menw causes the browser to retrieve the corresponding page.
Instead of following tralls of links, users can constuck a collection
of bookmarks that enables them to go directly to their chosen sites.
This way of working is extremely common: you will potice that it
entails rejecting the browsing approach to finding informsation in
favour of direct access to a relatively samll number of famillar sives.

Browsing s hased on Jooking for information by its assoclations.
An alternative, and often more natural procedure, is to look for
information on the basis of its content. This approach is closer o
information retrieval and database querying; it can serve as a way of
finding a starting point for browsing as well as being an alternative
o it In a small hypertext network, stored on a single computer,
1t makes sense te search through the whole network for a keyword
or phrase by applying a conventional text searching algorithm to
each of the stored nodes. For larger networks, and especially for
digtributed networks such as the World Wide Web, this approach is
not practcal Instead, we would Hke to construct an index {which
<an be kept oo a single Web site), consisting of keywords together
with URLs of nodes that they describe, and search that. Such
an index could also be opganized into categories using a suitable
classification scheme, so that 1t can serve as a subject index, rather
like & library's classified catabopue.

Many small Indexes have been constructed simply by users pub-
lishing their bookmarks, sometmes supplying a simple CGIL script
to search through them. Where these form a coherent set of
pages on a single topic, for example MPEG video, the result can
be a useful access point for specialized browsing on that opic.
Wider coverage is amailable from commerclal Index sites, such as
Yahoo! and AlmVista. Here, huge numbers of 1/RLa have been
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collected, classified, and provided with a powerful search engine
that supporis the full range of Boolean query operations normally
found in mformation retrieval systers.

There are two broad approaches to constractng indey sites: manial
and sutomatic. Using the mavnal approach, sites are classifled on
the basis of pecple’s evaluaten of their content. A URL for a Web
site i normally added o the index in responsze to a request from
its author, who supgezts an iniflal position in the cassification —
usuajly & hWerarchy of toplcs — and supplies a hrief descripdon of
the contents. The site is then visited, and the classification is refined
if necessary. The description is Rept along with the URL, <o 1t is
possible to And a site either by navigating through the ciassifleation
hierarchy, or by searching through the descriptions for keywords.

= The search facility heips to compsnsate for the Umjrations of
hierarchical classifications, which are well known to mformaticn
scientinty end will be familiar if you have ever used a hisrarchical
library cetalogue: & site connot be in more them one place in the
hierarchy®® even though there is often sood reason o classify it
in more than ope way., For example, should a Web site devored w
the use of MPEG-2 video for broadcast television be cJassified nnder
television, which may be a sub-category of entertaicment, or under
digital video, a3 sub-category of muoltimedia within the computing
category? Fvidentiy, & great deal depends on the struchore of the
hierarchy. Most classifications used by Web index sites are heavily
slanted towards compoting, communications and physical sciences,
reflecting the origins of the World Wide Web. For example, Yahoo! s
top-level categories inchude one devored entirely to computers and
Internet, while apother iz devoted to everything corcerning business
and economy.?! Such imbalances may be alleviated by replacing the
simple hierarchicel classification by one of the more sophistcared
achernes developed by informalion scientists, or by changing the
stucture of the dassification as tbe content of the materizl being
indexed changes. Whereas lhraries’ classlficadon schemes terd to
ossity, because of thelr relationship to the physical books and thelr
shelving, a Web index, which exists and deals with objects that exist
only oh compuoters, Ccan e changed mnch Taore easlly.

While the manual approach to constructing indexes hag the consid-
erable advantage that hnman intelligence is applied to classifying
and #liering the entries, it 13 lahour-intensive — te be done
properly, it requires somebody o actually go and visit each Weh
slte submitted for indexing — which makes it difficult for the
indexes to keep up with the rapid pace of chanpe of the World
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Wide Web. Automatically constructed indexes avold this problem.
They are buallt by programs varlously known as robots, spiders
or Web crawlers, which simply follow links, collecting URLs and
keywords from the pages they encounter. The keywords from
a page are then used as the basis for Uz cassification, and for
searching. The swccess of this approach depends on the robot's
sucress in exiracting meaningful keywords, on the heuristics used
to clagsify sites on the basis of keywords, and on the effickancy and
sophistication of the search engine used to gquery the database of
keywords and URLs.

AltaVista j2 the oldest and prohably sedll the larpest of the auto-
matrally constructed indexes. Acmally, construction is not entirely
automatic: for a Web site to be inchuded, the URL of it3 root page
must be explicitlhy submdtted to Alta Vista. Subsequently, the Alta
Vista spider?? will retrieve that page and, by following links, all
the otlwer pages on the site. 1t then indexes all the text on those
pages. A highly effictent search engine rnning on some very

powerful computers is nsed to process querles against the database
of indexed words. When a user submits a query comtaining any of

the words found on a page, the first few lines of that page, together
with its URL, are displayed among the query results.

This brute force approach to indexing can produce some ldiosyn-
cratic results, as you will probably know if you have ever used
AltaVista, The spider cannot in any sense understand paniral
language, or differentiate between different uses of a word in
different contexts, so. for example a search for ‘the bhwes' will
findd Web pages devared to Blrmingham City Football Club and the
St. Louls Blues NHL hockey teamt as well those dealing with blues
music.?? [t is also possible, though, that the acmal text of a pape
may not chide the words one would normally zse to describe 1ts
subject: that may be implicit in the content, or the mithgr may
have used a synomym. (For example, the paragraph preceding this
one does not use the word ‘robot’, ordy ‘spider’.) Furtbermore, the
opening lnes of (ext from a Web page do not always provide a
very helpful indication of its content. The current state of the art
in natural language understanding by software dees not provide a
practicat way of improving matters. Instead, the problem has to be
approached from the other end by providing a means of adding a
description that can be easily processed by a silmple program to a
Web page.



Navigation and Strmctore in Hypertext

HTML uses the META element for this purpose. META is & general
mechaniam for speclfylng metadata — data about data; in this
case, data about a page, as against data that is part of the
content of a page. A description for the benefit of Indexing
gaftware 1s jusat one ngeful example of metadata. {PICS ratings are
another.) META is an empty element that can only appear in the
head of an HTML document., Twe ataibutes, name and content,
are uged to allow it to specify arbitrary metadata as a pair of
values, the name serving to ideniify the type of information, the
content providing the corresponding velue. This scheme avoids a
proliferation of slements and leaves the maxirnmm flexdbility for
choosing properties to use 1o describe a document.

=) The Inevitable drawhack that accompanies this flexibility is that
metadata lacks apy structure. The proposed Resowrce Description
Farmat (RDFHs intended to address this drawback, by incorporating
ideas from comventional darebase modelling and object-oriented
technology to provide an architeciure for metadata that retatns the
flexibility of the simple META eleiment approack, but allows metadata
12 be organized more Formally.

AltaVista suggest the use of two named properties o assist their
spider: description and keywerds, whose intent is clear from the
chosen names. The description, if present, Is used instead of the
firat Unes of the page when the results of a query are displayed. The
keywords provide additicnal index terms, which may not = present
in the text itgelf. Thus, if & Web page was devoted to the life and
times of the blues singer Robert Johnson, it could usefully include
the following:

<META name="description”
contant«="The 1ife and times of the
blues singer Robert Johnson™»
META namea"keywords” content="blues, music,
king of tha Delta Blums™s

:} Instead of the nawe artrfbute, a META elenent may include an hhtp-
equiv atmibute, which causes the corresponding content valee ta
be mcorporated 1oto HTTP responses as a header. For exapiple, FICS
data can be incorporated fote an HTML dooument n=ing 2 META Lag
with its hitp-equiv atribute set vo FICS-tabel. This produces
a Pics-Label header in an HTTP response for that page, with the
value of the META element’s content attribute as data. This way,
metadats can be retrieved using an HTTP HEAD reguest, so the page
{tself does not have to be downloaded.

285



256

Hypertext

> Sites that provide an index o the World Wide Web are naturally
popular, since they provide a starting point for browsing as well
as direct access o specific (nformavion one may be looking For.
By adding additional services, such as a news feed and on-dine
shopping, 1o the basic Indexing funcilons, sltes such as Yahoo! and
AltaVista are evolving Into portols ways in to the tanghe of the rest
of the Web that, for some users, may remaove the need for browsing
entirely. As a result, they are among the few Web sites that are
guaranteed 1o be visited many nmes, and bence they are atiractive
to pidvertisers. They are becoming seen as an answer 10 the question
that has vexed busginess since the commercialization of the World
Wide Web: how can you actually make money oul of 117

If, as we suggested at the beginning of this section, disortentation in
hypertext Ls due, at least partly, to the loss of contextual struchire
that results from the fragmentatlon of text inte nodes, then one
soludon mmst lie in the development of new contextual structures
appropriate to hypertext. In this conmectlon, the concept of a home
node has been used in many hypertext gystems. For a Web slie,
it denotes the first page that is normally retrieved from that sive;
generally, it denotes a similar entry point to a collection of Unked
docurnents.  Most nodes in the coflection have a link back to the
home node, 50 that Lt 1s always possible to return to a known point
in the network.

Very often, a Web site or hypertext document collection has a
hierarchical stucture, usually with cross-links, The major divi-
sions of the hierarchy provide an organizational and navigational
framework, Within such an organization, the home node can be
geen as the root of a mee of nodes; It will contain links to the
roots of the sub-trees containing mxles helowging to the major
subrdihvisions of the slte. These in turn may contain links to
nndes at a lower level in the hlerarchy. A frame-baged display,
such as we saw earlier in this chapter, can be vsed to provide
navigatlon within a hlerarchy: a navigational frame containing
links to the roots of all the major sub-trees and the home node
can he contlnpously displayed so thet, at any dme, a user can
move between divisions. b a more sophisticated varlation, the
navigatlonal frame can change sc that, as well as the top-ievel
links, it always contalns links to important nodes within the sub-
tree currently being explored. In the absence of frames, each node
messt explicitly contain links to the major divisions (again, a form
of organization that shoold be familiar). This is less satisfactory,
because of the duplication of link information and the consequent
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probleins of maintaining consistency when changes are made ro the
structure of the hypertext network.

Hierarchical structares do net always make sense, and sometimes
a simple seqaential structhure is preferable, Here, every node needs
a Unk to the previous and next one fn the sequence, and possibly
a link to the start of the sequence, Often a hybrid strecture with
sequential and hievarchical components will #it the materisl beat,

On a scale larger than a single Web slte or document collection,
few structures have been developed. The ndex sites previously
described serve, in some ways, as higher level home nodes, buit i
1s not clear how navigational assistance, analogous 10 navigation
frames, can be provided on this seale. Some gd hoe strochares that
make it easier to find one's way around & collectiou of Weh sites
have been developed, most notably, the ‘Web ring', where a sct of
site maintainers agree to add links to their sites 50 that they form a
clrcular gequence: once you have arrived at one of them, you will be
led around the whole ring.

The swructures just described possess hitle of the richness of
long-established textual strategies used by writers o organdce
their material. The complexity and fledbiilty of language offers
possibilities that an essentlally crude system of nodes and Lnks
cannct approach. Despite the claims that have heen made for
hypertext's non-inearley freeing readers from the lmitations of
conventional text, in the end, hypertextual sbuctures are far more
restricted. The nsefulness of hypertext (and hypermedia) hes in the
way it allows us to add connections, not remove Llinear restrictions,

Further Information

Although it i dated, [ConB7] remains a useful survey of hypertext
issues and eariy systems. [BLFMSR} contains the formal definition
of a URL; the HTML references given in Chaprer 8 describe how they
are used. We will describe the mechanisms underlying World Wide
Web links in Chapter 15, The spectfications for XPointer and XLink
can he waced from [XMLL
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Exercises

. Show bow you can slmulare hi-directional Huks and mule-
links with simple uni-directional links. What advantages are
there in using the more general forms of Hnk instead of
simulating them b this way?

. In FDF, the source and destination of a link are arbitrary
rectanglar areas that may contain some text. Why cannot
HTML use the same muvdel for anchors?

. Reglonal links allow for the possibility of links whose sources
overlap. How would you cope with the probdems this causes?

L [0 a frame-based Web site, why might a target other than _top
be used for links which point beyond the site?

. According to Figure 9.6, a node’s parent both precedes and
follows it. Explaln how this can be 8o,

. Assumning HTML tags and attributes, write down XPointers for
the following:

(@ The third level 1 header in a document.

ib) The second paragraph after the anchor with neae
Refearences

ic) The third anchor element in the fourth paragraph
following the second level 2 header.

id; The first span element n the same paragraph as the
anchor with name References.

. Suggest a way of displaying the strmcnre of a Weh slie that
would provide assistance with navigation, assuming the site
has (a) 10, (b 100 and () 100 pages.

8. Devise a clagsification scheme for Web pages that avolds

the shortcomings of hlerarchical schemes Identified in this
chapter.

. Glve examples showlng how metadata could be used o assist
search engines in avoiding (3) false negatves and (b} false
poslves.



Exercises

) The Enciclopedia Britannloa ard several pood dictionaries are
now avallable online, zo, In principie, every reym used in any
Weh page conid be Jinked to its definition In one of these
reference works. Would this he (a) practical and (b} useful?
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All cvrrent methods of displaying moving pictures, whether they are
cn Alm ar video, broadcast 1o a televislon, or stored on 4 computer
system oF digital storage medium, depend on the phenomenon
knewn as persistence of vision — a lag in the eye's response o
visual stimuli which results in ‘after-images’ — for their effect.
Becange of persistence of vision, if a sequence of giill images is
presented to our eves at a sufficlently high rate, above what is called
the fision frequency, we experience a continaius visual sepsation
rather than perceiving the individual images. If consecutive images
only differ hy a small amount, any changes from cpe 1 the next
will be perceived as mevement of elemsents within the Images. The
fusion frequency depends on the brightmess of the Image relative
to the viewing emviromonent, but is around 40 Umages per second.
Below this frequency, a flickering effect will be perceived, which
becomes more pronounced as the rate at which sccessive Images
are presented is decreased until, eventually, all illusion of motion is
lost and we see the sexuence of still images for what it really is.

=0 Cootemporary Nm Is shor at a rate of 24 Frames per second, bur fiim
pojectors are equipped with a device chat intermapts the projection,
effectively displaying each frame twice, Eo that the prapected frame
tate Ig 48, In countries that use the NTSC system for television
and video, frames are displayed at a rate of roughhy 30 per second,
but again the rate at which che picture is refreshed is effectively
doubled, because each frame is broken int two nterlaced halves.
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known as flelds, which are displayed one after the cther {see below).
The PAL andl SECAM systems work in a similar manmer, at a rate
of 50 fields (25 frames) per second. When we ame displaying
images on a computer mWmitor, we can choose the rate at which
they are displayed. The relatively high reftesh rate of the monftor

avoids flicker, so dipital display does not require interlaced ficids, |

but images muat still be displayed rapidly epough to produce the
ilhizion of moHon. A rate of 12-15 fremes per second I8 just about
sufMcient, although hgher rates are 1o he preferred.

There are two different ways of generating mxving pictures o a
digital form for inclasion in a woddmedia production. We can
uze a video ramera to capture a sequence of frames recording
artual metion as it is ocourting in the real world, or we can
create each frame indjvidoally, either within the computer or by
capturing single Images one at a time. We use the word vides
for the first option, and amimarien for the =econd. Since both
video and animation are forms of meving plcturez they share some
features, but there are also technical differences between them.
For live-actiom video it is necessary both to record lmages Cast
enoiigh to achteve a convincing representation of real-dme motlon,
and to interface to equipment that conforms to requirements and
standards which were defined for broadcast television — even
though, wher we come {0 play back the video oo a computer, these
reguirements and standards are largely irvelevant. To make matters
worse, there are several different standards in use in different parcs
of the world.

Ax we wiil see, video places conzlderable sirainz on the current
Frocessing, storage and data transmission capabiitdes of computer
systems. Video is aizo much in demand from consumers, whose
expectadens are typically based on thelr experience of broadcast
television; it is probably the area of mmultimediz which is presently
most subject to techmical change, Typically, videc targetted at
consumer equipment will be played back at reduced frame rates,
noasibly even with jittering from: dropped frames, in windows amch
smaller than the amalleat domestic televigion set, and it will often
exhibit visible rompression artefacts. Int order to accommodate the
limitations of low-end PCs, conslderable compromises over qualiry
must be made. Viden should therefore be nsed judiciously in omi-
timedia producdons intended for low-end pladforms. Consumers
who are used to broadcast digita)l TV will not be impressed by what
hias been digparagingly, but not unjustifiably, described as “dancing
postage stamps’. Good video producdon for general conspmption
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Figure 10.1
A sequence of video Frames
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therefore requires both a careful choice of material and a mode of
presentation that does not draw attention o its defects.

Digitizing Video

The one thing that you need to keep constantdy in mind when
considering digital video is its size. A video sequence consists of
a number of frames, each of which ts a single image produced
by digidzing the Hmevarying signal generated by the sensors in
a video camera. We imariably use bitmapped images for video
frames (because thar is what video equipment gererates). The size
of the image produced for each frame of NTSC video, as used in
Nerth America and Japan, is 640 pixels wide by 480 pixels high.
If we uge 24-bit colowr, each frame occupies 640 x 480 = 3 brytes,
which is 900 Kiohytes. One second of uncompressed NTSC video
comprises almost exactly 30 frames, 50 each secomd occupies just
over 26 megabytes, each mimate about 1.6 gigabytes, The higures for
the PAL systems used in Western Europe and Australia are slighey
higher: 768 x 5376 at 25 frames per second gives 31 megabytes per
sevordd or 1,85 gigabytes for each mimaute. Ar these rates, you coubd
not get very much video on to a CD-ROM or DVD; nor coudd you
transmit it over any but the Fastest network — cervaindy mot the
Internat as we know 1t. By using a good sized disk array, you would
be able to store an entire feature film, and the reguired data transfer
rate is within the ceach of the latesy SCSI standards. Storlag video in
such a form is thorefore a feasible aption for film and TV smdios,
but nat (yet] for the domestic constwmer,

Motice that the need for very high rates of data transfer arises
from the facr thar Hege are moving pictures, and we must deliver
them one after ancther, fast enough for them to be perceived a
a representation of condmous motlon. The high volume of each
frame arises from the storage requirements of bitmapped Images.
As we saw in Chapter 5, we can reduce this requirement by applying
some form of compression to our images. It should come as
no surprise, therefore, to learm that we also apply compression
to viden. For eransmission over a relathvely slow network such
as the mmternet, or for playback directhy from CD-ROM, we muase
apply severe compression, as well as using other methods, such
as limiting the frame size, 1o reduce the volume of data. This
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regults in a significant lose of quality, despite the claims that are
sometimes made to the conrary. For capturing video in real-
tine, this compression must be carried out 80 fast that dedicared
hardware is peeded. In the remainder of this discussion, we will
lgnore the possibility of working with uncompressed video, since
this is only feasible on very high-end equipment at the present i,

Digital videa may elther be captured dfrectly from a camera,
or indirectly from a video tape recorder (VTR} or (leaving aside
quastions of legality) from 5 broadeast signal. Current rechnology
offers two sites for performing the digitizadon and compression:
in the computer, or in the camera. ¥ a VTR intervenes, or a
slgnat is broadcast, the nature of the signal 18 not changed by the
recording or breadcasting process — digital VTRs record digital
signads, analegue VTR: record analogue signals.

in tw case of digitization being performed in the computer,
an analogue video signal, conforming o souwe broadceast vided
standard, is fed to the Input of a video capiure card attached to
the computer. Within this card, the analogue signal is converted to
digital form. Usually, the resulting digital data 1 compressed in the
card, before being passed on for storage on disk gr fransmission
over a network, although sometimes 1t may be possible fo perform
the compression using software running on the computer's central
D OCEsso.

The alternatve cpticn 15 o digitize and compress the video signal
uging circudity ingide & camera, The purely digital sigmat (now better
described as & data stream) Is then passed to the computer via a high
speed interface. The IEEE 1394 interface, often called by itz more
colourful code name FreWire, is commonly used for this purpose,
although low quality cameras, typically used for video conferencing,
may 1% 3 USE cormection.

= The expreysion ‘dipital video’ has acquired several different mean-
ings. It is sometimes used in a general sense to refer to the storage
gnd manipulation of video data in a dipital form, but it is also
used more specifically to refer o the technology just described,
which performs digitization in camera. An amerging consumer-level
techoology for digital video in this secomd sense iz hazed on the
0V standard, where DY stands for. .. digital video, as does (or did
originalty] the 17V in DVD. We will nsually use the term in its general
aense context will indicare any occastons on which it is uséd in some
more restrcted sense.
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Dhgitization in the camera has one great advantage over digitization
in the computer. When an analogue signal s transmitted over a
cable, aven over a short distance, It will inevitably be cormapted,
if only to a small extent, by noise. Noise will alsoc creep in
when analogue data (s stored on magnetic tape. Composite video
signals, the type normally used In domestic equipment, are also
subject to distortion cansed by interference between the colour and
brighmess informatlon, especially when stored on VHS tape. We
have all become used to noise and distortion in broadcast television
and VHS video, :md don™t wsually consider it objectionable, but
thegse phenomena can redoce the effectlvemess of compression
They typically produce small random fluctuations in colour, so
that, for examnple, areas that should be composed of a single
coiour, and would compress wall, will bose their coberence and
compress less well. Some video compression techniques are based
o the similarity between adjacent frames.  Again, the random
nature of any signal degradadon will undermine this similarity,
making compression less effective, and the resulting picture less
gatisfactory. if digitizaton is carried out inside the camera, only
digital signals, which, as we pointed out in Chapter 2, are regisfant
to corruption by noige and imterference, are trangmitted down
cables and stored on tape. Compression is applied to a clean signal
at its source and 50 it will ke more effective.

The disadvantage of digitization performed in the ceanera is that the
user has no control over it. The data stream produced by a digital
video camera must conform to an appropriate standard, such as the
DV standard for domestic and semd-professlonal camcorders, which
stipulate the dara rate for the daia stream, and tbus the amount
of compression to be applied. Analogue video capture boards and
their associated software normally offer the user control over the
compression parameters, allowing a trade-off to be made between
picture quality and data rate (amd hence file size).

¥idea caphure boards can usually not only perform digitization and
compression, but alse their Inverse, decompression and digital o
analogue comersion. Devices which compress and decompress
signals are known as compressor/decompressors, invariably con-
tracted to csders, Using a hardware codec, it is possible to capture
video signals, store them on a computer, and then play them back
at full moton to an external Wideo monitor (e, a TV set} attached
to the video card’s outpui. Although playback to the computer
screen is not impossible, inost hardware codecs cannot provide
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full screen full motion video to the monitor. More smportantly
for muiltimedia producers, we carmat know whether our andience
will have any bardware codec avallable, or if 50, which one. So,
we need a sofiware codec: a program that performs the same
function as the dedicated hardware codecs we have degeribed, in
order th engure that the andlence will be ahla to play back the video
on a computer's ordinary monitor. Senerally, software is slower
than dedicated hardware, 50 playing full-screen video at broadcast
frame rates using a software coddec is only possible on the fastest
ol desktop computers, and we have to sacriftce many aspects of
quality in video that is intended for playback in this way. Generally,
compression algovithms that are snitahle for software coders are
different fromn those suitable for bardware implementation, so we
will ofien have 0 recompress captured video material — resulting
in a type of peneratlonat loss of quality — in order to prepare it for
incorporation in a multmedia produscdon.
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Analogue Broadcast Standards

There are three sets of standards tn uge for anslogue broadcast
colour television. The oldest of these is NTSC, named after the
{U35) National Television Systems Cotmitiee, which designed it. It
is used tn North Amertca, Fapan, Taiwan and pacts of the Caribbean
and of Scuth America. In most of Western Europe a standard known
as PAL, which stands for Phase Alternatng Line, referring to the
way the slgnal 1s encoded, is used, but in France SECAM (Séquential
Cowlenr avec Mémoire, a similar referetyce to the signal encoding)
ts preferred. PAL is also used in Australia and New Zealand and in
China, while SECAM iz used extensively in the former Soviet Unicn
and in Eastern Europe. The standards adopted in Africa and Asia
for the most part follow the pattern of Furopean colondal history.
The situatlon in South Amerlea is semewhat confused, with NTSC
ard local variations of PAL being used in different countries there,

The NTAC, PAL and SECAM standards are concerned with technical
details of the way colonr television pictures are encoded az
broadeast signals, but their names are used loosely to refer to other
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characteristics associated with them, in particular the frame rave
#nd the mumber of lines in each frame. To appreciate what these
Agures refer to, it is necessary to understand bow tebevision plctures

are displayed.

Like computer monitors, television sets work on a raster sCanning
principle. Concepruadly, the screen is divided into horizontal lines,
like the lines of text on a page. In 3 CRT {cathode ray tube) set, three
#lectron beams, one for #ach additive primary colour, are emitted
and deflected by a magneic field so that they sweep across the
screen, tracing one line, then moving down to vace the pext, and
s0 on. Thefr intensity is modified according to the iIncoming signal
80 that the phosphor dots emit an appropriate amount of light wiven
electrons hit them. The picnare you see is thus huily wp From top to
bottom as a sequence of horizontal Hnes. (You can see the lnes
if you look closely at a large TY screen.) Omoe again, persisience
of vision comes Into play, 1o make this series of lines appear as a
stngle picture.

Asg we remarked above, the screen must b refreshed about 40 tinves
a second if flickering is to be avoided. Transmitting an entire plcture
that many times a second requires an amount of bandwidth that
was consklered impractical at the time the stawdards were being
developed. Instead, each frame is divided into two flelds, one
congisting of the odd-numbered lines of each frame, the other of the
even lines. These are transmitted one after the other. z0 that each
frame (sdll picrare) is built up by fmteriacing the felds. The Relds
are varionsly known as odd and even, upper and lower, and field 1
and field 2. Origlnadly, the rate at which ftelds were transmirted was
chosen to match the local AC line frequency, 5o In Western Europe, a
field rate of 50 per seconxl, and bence a frame rate of 25 per second,
13 uged for PAL; in North Amertca a fleld rate of 60 per second was
used for black and white transmission, bat when a colowr slgmal
wias added for NTSC, it was found to cause interference with the
sound, so the feld rate was multiplied by a facror of 100041001,
giving 59.94 fields per second. Although the NTSC frame rate is
often quoted as 30 frames per second, it Is actually 29.97.

When video is played back on a computer mondtor, it 1s not generally
interlaced. Instead, the lines of each frame are written o a frame
buffer from top to bottom, In the obvicus way. This is known as
progressive scanring.  Since the whole screen is refreshed from
the frame bulfer at a high rate, flickering does not ocour, and in
fart much lower frame rates can be used than those necessary for
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broadcast. Fields may be combined into frames when an analogue
video slpnal is digidzed, or they may be stored separately and
only combined when the material is played back. Since fields are
actually separated io tioe, combining them in this way can cadge
nndesirabie effects. Iff an object is moving rapidly, it may change
postdon between the two fields. Figure 10.2 shows an extreme
example of & flagh of light on the surface of water. When the Belds
are combined inko a single frame for progressive display, there are
discontimaities, since adjacent lines come from different fields. Even
where the movement iz less rapid, the same effect will ocour in a
less exireme form: the odges of moving chjects will have a comb-
like appearance where they are displaced betwveen fields, as shown
in Figure 10.3, To prevent this affact, It may be necessary 1o ‘de-
Interlace’ by averaging the two fields when constructing a single
frame; this, however, is a relatively poor compromise.  Another
optlon is to discard half the fields — say all the even Helds — and
to imerpolate the missing informaticn for the ficlds that remain, to
give full frames. This alse gives predictably poor pesnlez. On the
other hand, the fact that there are 60 or 50 felds per zecond in
analogue video can semetimes usefully be expiolted by converdng
each field into a single frame, thus giving two seconds of shower baxt
Thid video for each second captured. If the resulting video is either
plaved at full speed (30 or 25 fpa), or at a small slze, the losa of
image gquality resuldng from the interpolation necessary to create
frames From Helds will scarcely be neticeable,

Each broadeast srandard defines a pattern of signals to indicare the
start of each line, and a way of encoding the ptohere tnformaten
itsell within the line. In additicn o the lines we can see on the
picture, some escra lines are trapsmirted in each frame, containing
synchronization and other informaton. An NTSC frame contalns
325 Lnes, of which 480 are picture; PAL and SECAM use 625 lines,
of which 576 are picture. K iz commaon tno qoote the oumber of
lines and the fisld rate together to characterize a partleslar scanning
standard; what we usnally call BTSC, for exampie, is 525/59.94,

T It is possible that vou might need to digitize marerial that was
originally made on flm and bas Been transferred to video tape. This
wonld be the caze if you were making a rmuldimedia Blm guide, for
example. Most film footage s projected at 24 frames per second so
there 15 2 mismatch with all the video standards. In order to Kt 24
film frames into (nearlyd 30 NTSC video frapes, a stiatagem knovwn
a5 J=2 pulldown is omaploved, The first Glm Frame is recorded for
the first three video felds, the second for two, the third Ffor thees

3oz

Figure 10,2
Fields and intertaced frame with
very rapit change

Figure 10.3
Interiacing artefacts
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again, and g0 on. If your are starting with material in this form, it
iz best to remove the 3-2 pulldown after it has been digitived {a
straightforward operation with professional video edidng software)
and revert to the ariginal freme rate of 24 per second. Using PAL,
Alms are simply shown slightly ton fast, 5o # is sufkclenr (o adpast
the frame rare.'

In production and post-production studios, analogue video is rep-
resented in component form: three separate sigmals, representing
luminance and wa odour difference values, are used. As we
explained on page 172, the components are said to represent
picture information in YV colotr. For ransmission, the three
components are comhined intg a gingle composite signal, with Y, U
and ¥ being transmitted on a single carrier.? Each colour difference
component (UF and V) is allocated half as muach bandwidth as the
luminance (¥}, a form of analogue data compression, which js
justified by the empirical ohservation that human eyes are less
sensitive to variations in colour than to variations in brightmess.
Ay we remarked ahove, there iz Inevitably some imterference
between the components, especlally when a compusite signal is
stored on tape, athouwgh for capture direct from a good camera a
composite signal will be perfectly adequare for amything other than
broadcast qualty producrions. A compromise berwesn component
video and composite video separates the luminance from the two
oolour difference (which remain combined into one chrortinance
signal). This repréesentation is employed in high-level congsaumer
and seml-professional video equipment that wses the §-VHS and
Hi-8 tape formats; the term $-vikdeo is used o describe this form
of signal. Despite being a compromise sofution, the significantdy
better quality of the video tapes avallable for recording this signal
means that S-video 1s very widely used for sourcing video footage
for low-cost muldmedia prodwetdon; it Is also frequently used when
‘amatenr* footage is to e shown on television, as in public access
Progranuning.

in practical terms, If you are capturing analogue videg to use in a
mmltimedia production, it is necessary to ensure that your capture
board Is compatible with the sigmals produced by your camera or
VTR. Composite amd S-video inputs and cutputs are Found oo mosi
capture cards, but only more expensive professional equipment can
handle component signals.
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Digital Video Standards

The standards situation for digiral video ix no less complex thap
that for anslogue videc. This iz inevitable, hecause of the need
for backward compatibilivy with existdng equipment — the use of
a digital data siream instead of an analogue signal is orthegonal to
seanning formars and Seld rates, so digital video formats mugt be
capahle of representing both 625/50 and 525/50.94. The emerging
HDTY standards should also be accommaedated. Some attempt has
been made to unify the two ourrent formats, but unfortunately,
different digital standards for consumer use and for professional
e atd trangmission have been adopted.

Like any analogue data, video must be sampled to be comverted
into a digital form. A standard officially entitled Rec. ITU-R BT.601,
but more often referred to as CCIR 6017 defines sampling of
digital vides. Since a video frame is two-dimensional, it must be
sampled in both dirertions, The scan lines provide an obvious
vertical arrangement; CCIR 601 defines a horlzontal sampling
picture format consistng of Y20 laminance samples and two sets
of 360 colowr difference samples per line, irrespective of the
scanning standard. Thus, lgnoring chrominance and interlacing
for & inoment, am NTSC frame sampled according to CCIR 601
will consist of 720x480 pixeis, while a PAL frame will consist of
720576 pinels,

Ohservant readers will find this perplexing, in view of our eatlier
statement that the slzes of PAL and NTSC frames are 768x576
and S40x480 pixels, respectively, so it ls necessary to clarify
the sitnation. PAL and NTSC are analogue standardz. Frames
are divided verdcally into lines, but each line is generated by a
contintons slgnat, it is not really broken into pixels in the way that
a digital image is. The valie for the number of plxels in a lne
is produced by teking the number of image lines and nomldplying
it by the aspact ratio (the ratlo of width to helght} of the frame,
This aspect ratio i$ 4:3 in both PAL and NTSC systems, which gives
the sizes originally quoted. Video capture cards which digitize
ansogue signals tvpically produce frames in the form of bitmaps
with these dimensions. The assumption underlying the calculation
is that plxrls are square. By relaxing thla assumption, CCIR G0 is
able 1o specify a spmpling rate that i$ identical for both systems,
and has desfrable properties such as providing the same number

3
CCIR was the okd name of the

organlzation now known as [F-K,
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of herizontal samples in every line, CCIR 601 pixels, then, are not
square: for 625 lne systems, they are slightly wider than high, for
525 line systems they are slightly higher than wide. Equlpment
displaying video that has been sampled according 1o CCHR 601 must
be set up to use pivels of the appropriate shape.

> We have simplified somewhat, There are actually 858 (NTSC) or 864
{PAL} samyples per Hoe, bt only some of these (the “actlve samples’)
conscitute part of the picture, While digital video editing software
geperally works with 720 pixels per line, one expert on digital
video has made the Following rernerk (with reference o 525/59.94
scanningk

*[...Jtbe debate over the true number of active samples
is the trigger for many hair-pulling cat-Gghts at TV
engineering seminars and comventions, sa i is healthier
to say that the pumber lies somewhers between 704 and
720 Likewise, ondy 480 lines out of the 525 Unes contain
active picture information. Again, the actual number is
somewhere between 480 and 4596.™

Like component analogue video, video sampled acowding to
CCIR 601 conslats of a luminance component and two colour
difference components., The colour space is techokcally Y'CaCg
{see page 172) — you can consider the three components to be
huminance Y, am the differences E-Y and R-Y. We described
earlier how analogue video signals are compressed by allocating
half a& mmuch bandwidth to each colour difference signal as to the
huninance, [ a similar weay, and with the same justification, digial
video is compressed hy taking only half as many samples for each
of the colour difference values as for luminance, A process known
as chromtinance sub-sampling. The arrangement of samples used in
CCIR 601 is called 4:2:7 samnpling; it is illustrated in Figure 10.4. In
each line there are twice as many Y samples as there are samples
of each of B=Y and R-Y. Since, for those pixels whose colr is
sampled, all three values are sampled at the same paint, the sEamples
are said to be co-sited. The resulting dava race For CCIR 601 video is,
using eight hits for each component, 166 Mbits {just over 20 Mbytes)
per second.

Why 4:2:2 and not 2:1:17 Becanse other sampling arrangements are
possible. In particular, some standards for digital video employ
either 4:1:1 sampling, where only every fourth pixel on each line
is sampled [or colour, or 4:24), where the colowr values are sulb-
sampled by a factor of 2 in both the horizontal and wertical
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directions® — a somewhat more complex process than it might
at firast appear, becanse of imterlacing. {The potation 4:2:0 i=
incomsistent; it certainly does not mean that only one of the colour
difterence values 1s sampled.)

Sempling produces a digital representation of a video signal
This must be compressed amwd then formed into a data stream
for iramsmission. Further standards are needed to specify the
compreasion algorithm and the format of the data stream. Two sep-
arate standards are emerging, hoth based on Y'CpCr components,
scanned according to CCTR 601, bt with further chrominance sub-
sampling. Dlgital video equipment intended for consume; and seml-
professional use (such as corporate raining video production) and
for news-gathering is based on tbe BV standard; studio equipment,
digital hroadcast TV and DV are based on MPEG-2. Neither of thege
15 a single standard, although the situation is not entirely chaotc.
The main variations on DV — DVCAM and DVPRD — concern tape
formats, and use the same compression algorithm and data stream
as DV, There are, however, a kigh quality TVPRO, and a professtonal
Digital-5 format, which use 4:>:% samping, unlike DV, which pses
4:1:1. MPEG-2 was designed as a family of standards, organized into
different prefiles and levels. Each profile defines a subset of features
of the MPEG-2 data stream; as we will see in the next section, MPEG-
2 allows some scope for different ways of encoding the digital video
data. Each level defines certain parameters, notably the maximnm
frame size and data rate, and chrominance sub-gsampling. Each
profile may be fmplemented at one or more of the levels, although
rot every combination of level and profile is defined. The most
common combination is Madn Prafile at Main Level (MPEML), which
uses CCIR 601 scanning with 4:2:0 chrominance sub-sampling; 1t
supports a data rate of 15 Megehitz per second and allows for
the mozt elaborate representation of compressed data provided by
MPEG-2, MPEM). is the format used for digital television broadcasts
and for DVD video.

We should emphasize that the standarda outlited in the preceding
paragraph comcern the dara streams produced by eguipment such
as digital video cameras and VIRs. Once the data has entered a
compntet 8 whele new range of pogsibilities is opened vp, Likewise,
viden data that has been digitized by a capture board from an
analogue signal is umlikely to conform to either the DV or MPEG-
2 standards.
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Dhgital video formats are intimately bound up with compression,
80 before we can consider how video may be represented amd

manipulared inside a compurer we must look at compression
techniques that are applied to 1t

Video Compression

We have seen that video data is usually compressed when it Is
digitized. The form of compression applied by digital video cameras
and video capture hoards is usually opdmized for playback through
the same devices. When we want to use a video sequence as part
of a multimedia producdon, we canngd rely om ouwr vsers having
any particular video hardware, so the cnoly safe assumption is
that the video ls golng to be played back using their computer's
processor. Additlonally, we have 1o assimme chat the video data must
he delivered from a hard disk, at best, or from a CD-ROM or DVD,
or even over a network cornrection. We will usually prepare video
material using a software codec, to apply a form of compression
that is more suited to the capabilities of the hardware that is
likeiy be be used by consamers. Typically, therefore, our video
data will need e be compressed twice: Hrst dunng caphare and
then again when it is prepared for distribution. To appreciate the
implications of this, we need be understand the generat features of
the compregsion algorithms employed at both of these stages.

All video compressicn algorithms operate on digitized video con-
sisting of a sequence of bit-mapped images. There are wo ways
in which thiz sequence can be compressed: each individuwal image
can be compressed in 1solation, using the techniques introduced
in Chapter 5, or sub-sequences of frames can be compressed by
only storing the differences between them These two technigques
are usually called spatial compression and lemporal compression,
respectively, although the more accurate terms irg-frame and
inter-frante compressicn are also used, especially in tha context
of MPEG. Naturally, spatial andt temporal compression can be used
together.

Since spatial compressien is really just image compression applied
to a zequence of images, It makez zense to digtinguish between
lossless and lossy methwxls — the distinction, and the wade-cffs
implied, are the same as they are for soll images. Generally,
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lossless methods do not produce sufficiently high compression
ratics to reduce video data to manageable proportlons, except
on synthetically genarated materlal (such as we will consider in
Chapter 11). However, although compressing and recompressing
video usually leads o a deterioration inl image quality, &od should
he avoided if posslble, recompression 1s often unavoldahle, since
the compressors used for capture are not suitable for delvery for
multimedis, Furthermore, for post-producton work, such as the
creation of special effects, or even fairly hasic corrections to the
footage, it is usually necessary to decompress the video so that
chatiges can he made to the individual pivels of each frame. For
this reason, it 15 wise, if you have sufficient disk space, to work
with wmcompressed video during the post-production phase. That
is, onee the footage has been capired and selecied, decompress [t
and use uncompressed data while vou edit and apply effects, only
recompressing the fnished product for delivery.

—* Therc 5 considerable irony In the fact that one of the most londiy
voleed advantages of digital video (and audlo) 15 that it suffers oo
‘wereratlonal lass’, unlike shalogue video, which inevitably degrades
every [lne you copy a tape, a6 you must whepeyer you perform any
editing, and when vou prepare material for distsiboticn, Digital data
can be copied a3 maty times a5 you like, without any loss of guality
— provided all you are doing is meking an exact copy. As soon
a5 you start decompressing and reconopressing between coples,
something very much like generadonat Ioss, only uglier, happens
after all. The irony iz compounded by the fact that considerable
etfort is being expended of devielng methods (0 prevent people
making exact copies, far Fear of widespread piracy of digital video,

The principle underlying temporal compression atgorithms is sim-
pie to giasp. Certain frames in a fsequence are desipnated as
key frames. Often, key frames are speclfied to oceur at regular
intervals — every sixth frame, for example — which can be chosen
when the compressor {3 invoked. Thess key frames are gither left
meompressed, or more lkely, only spatally compressed. Each of
the frames between the key frames 1s replaced by a difference frame,
which records only the diferences hetween the frame originally in
that position and either the most recent key frame or fhe preceding
frame, depending on the sophistcation of the decompressor. For
many sequences, the differences will only affect & small part of
the frame. Consider, for example, a typical 'talking head® shot,
of & person's head and upper hody against a background, such
as vou might ser on a news report. Most of the time, only
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parts of the speaker's face will he moving; the background, and
perhaps the speaker's upper hody, will remaln static, 80 the pixels
corresponding to these elerents will keep the same values From
frame to frame. Therefore, each difference frame will have much
less information in it than a complete frame. This Informadon
cam he stored] io rmach bess space than is required for the complete
frame.

You will notice thar we have described these compression tech-
niques in terms of frames. This is because we are normally poing
to be omwemed with video intended for progressively scanned
plavback on a computer, However, the techniques described can
be equally well applied to fields of interlaced video; while this js
sommewhat more compiex, it is conceptually no different.

Compression amn decompression of a plece of video need not take
the same time. IF they do, the codec is said to be symmetrical,
otherwise 1t 18 agypmmetrical In theory, this asymmetry could be in
either direction, but generally it is taken to mean that compression
takes longer — sometimees much longer — than decompression.
This is acceptabie, except during capture, but since playback must
take place at a reasonably fast frame rate, codecs which take much
longer to decompress video than to compress it are essentally
geless.

> The quality of lossily compressed video can only be judged subjec-
tively — we can measure bow much informatton has been discarded,
nnt Dot whether it matters to the viewer. Consequently, any (erms
used 1o descmibe video quallty are vague at best. Oope of the most
commonly employed terms is "broadeast quativy’, which does not
mean the quality you receive on a TV set, it means good enough v
ke broadcast or used i post-production — a much higher quality,
usually only achieved in a professional snxlio, uging high end
equipment. ‘MNear broadcast qualin’, a favourite teron of marketing
people, means 'not broadceast quaakivy’. "VHS quaalivy” is a vague term,
as YHS tape is available in a very wide range of grades, from the
cheapest commonly used in domestic VOR: 1o topes described as
‘profesaional’ or broadeast’. Generally, though, it is reasomable (o
take "VHS quality’ to mean ‘just about acceptable’.

Motion JPEG and DV

Al present, the most populir approach to compYessing anadogue:
videa during capture 18 to apply JPEG compression (o each frame,
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with ne temporal compression, JPEG compresslon is applled to
the three components of a coleur image separately, and works the
same way irrespective of the colour space used to stere image data.
Analogue video data is usaally stored wsing Y ' CeCx colour, with
chrominatce suk-sampling, as we have seen; JPEG compresslon can
he applied directy to this data, taking advantage of the compression
aiready achieved hy this sub-sampling.

The technigque of compressing video sequences by applying JPEG
compression to each frame is referred o as motion FFEG or MIFEG
compeesslont, atthough you should he aware that, whereas JPEG
s a standard, MJPEG is only a loosely defined way of referring
to this type of video compression. Special-purpose hardware is
usially emplayed, allowing the compley computations required by
the JFEG algorithm fo be carried out fast enough to keep up with
the incoming video signal. Individual hardware marmafacturers have
implemented moton JPEG independently, and in the ahzence of any
standard, implementations differ slightly, especially in the way that
the compressed data is stored. Recently, a consortivim of digital
video companies has agreed a standard formac known as MJPEG-
A, which is supported by OwickTime (see helow), ensuring that
compressed data can be exchanged between systems using different
hardware,

Like stilHmage IPEG, motion JPEG codecs allosy the user to specify a
qualily setting, trading off high compression against image quakity,
Instead of specifying the quality direcdy, video codecs often allow
the specification of a maximum data rate, from which a suitable
quality setting is deduced. This is appropriale, for example, it you
wish your video to be played back from a DV, where the maxinonam
data rate is known in advance,

Data rates of around 3 Mbytes per second, corresponding to a
compression ratio of arcund 7:1 are commonty achleved by low-
to mid-range capture cards. More expensive cards offer higher
data rates {lower compression rallos) and therefore better quality.”
Aowever, for multimedia wee, it 16 Invariably necessary to apply
a high degree of compression to the video data for delivery, so
altheugh the principle of starting with the highest possihle quality
material 15 2 sound one, it may not be worthwhile working with the
best capture boards if the final product is destined {for CD-ROM or
the Internet.

Provided the device on which the compressed video data is stored
s capeble of delivering it at the rate required by the card, MIPEG
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video can be plaved back at full frame size at standard frame rates.
Such *Fall-frame, full-motlon’ playback cannot presently be achieved
withmat the aid of special-purpose hardware.

Although in multdneedia it 13 mose common 10 use MIPEG hardware
0 compress video as it is capiured, sometimes we will want to
go In the opposite direction, amd use software to perform motion
JPEG compresglon so that a video sequence that is already in
digital form can be played back through a hardware codec. MJPEG
compression is also sometimes wsed as an archiving formar for
video, since it provides higher guality than the codecs that are
ne=eded to compress material for delivery. However, gloce JPEG
cHOpression is Jossy, so is MIPEG compresséon. This means that
whenever video is compressed uging MJPEG, some information,
are]l hence picture quality, is immediately lost. Additionally, any
subsequent decompression and recompression will exacerbate this
loss of quality. It is therefore preferable, if at all possible, to archlve
uncompressed video, amnd ony 0 use MJPEG where it is necessary
— at the point of capture.

DY equipment uses a compression algorithm similar v MJPEG,
thowgh it is mot identical. DV is chrominance seb-sampled $o
4:1:1. Like JPEG, DV compression is based on the Discrete Cosine
Transform (see Chapter 5); in addition it performs some temporal
compression, but only between the two helds of each frame. It uses
maotion compensation, wikich will be described under MPEG shortdy,
to help achieve this. Because of the dernands of DV-based VTEs, DV
must maintain & constant data rate of 25 Mbits (3.25 Mbytes) per
second, a compression ratio of 6.6:1 relative to CCIR 601, or, to give
a hetter kdea of how much compression is really heing achieved hy
the algorithm, 5:1 relative to the 4:1:1 sampled data stream. The
gquality is varied dyrscnically to maintain this rate; this means that
frames with relatively litde mwotion will he spatially compressed
less than, amd hence will be of a higher quality than, those with
mere modon, because in the latder case less temporal compression
will be possible. DV data should be of benter quality than MJPEG
compressed analogue video that has been compressed by a capture
hoard to a similar compresslon ratio, because of the ahsence of
nse, which, as we stated earlier, interferes with the effectiverwss

of compression.
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Software Codecs for Multimedia

Amnng the many software codecs that have been developed, four
are presently considered especially suitahie for compressing video
destined for defivery on CD-ROM or (with a Litile patience) over the
mternet. The moat elahorate of these, MPEG-1, will be descrihed in
the next sectior. The other three are called Cinepak, el Indeo, and
Sorernson.

All three are based on a techmque known as vector guantizarion,
which works jn the foliowing manner: each frame is divided up
Into small rectangular hiocks of pixels, the ‘vectors’ Im vector
quantization. The codec uses a collection of constan: vectors,
known as a code book; the code book vectors represent bypical
patterns that might eccur in an image, such as flat areas of colour,
sharp or soft edges, or different textures. Quantization is the
process of allocating sach yector in the bmage to the vector in the
code hook which approximates it moat closely. {1t is a generalization
af scalar quantization, familiar from our description of digitization,
when 3 value irom some contlbuong rapge is approximated by
one of & number of fixed levels.) Vector quantizadon provides
compression,. becauss each vector in the image can be replaced
by an index into the code book. The image can be recongtructed
from these indices amnd the code heck hy a simple process of
putting topether copies of the code book vectors correSponding to
the stored indices. Decompression is thus very efficient, and can
be carried out withont speclal-purpose hardware. Compression,
on the other hand, is a compattationally iotensive process, 5o
these codecs are highly asymmetrical: compressing a frame using
Cinepak, for exampie, typically takes more than 150 times as long
a5 decompressing it.

Cinepak, Intel Indeo and Sorenson all avgment their vector quan-
tization compression with temporal compresgich uzing key frames
and difference frames. The first two use a straightforward differ-
encing scheme, while Sorenson uses & more sophisticated scheme,
including motion compensaton, which is closer to that used in
MPEG compredslon.

Even though the decompression proress is relstively efficient,
Tull-mgtion Full-sereen playback canmaot be achieved on mid-range
processors with these codecs. Therefore, they are uspally ap-
plied to small frames to he played back at reduced frame rates.
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Respectahle (VHS quality) images can be achieved &t quarter-frame
size {(320x240 pixels} and 12 frames per secopnd — certainly not
good enwugh For the discerning viewer, but acceptable for many
purposes. The Sorenson codec {the most efficient of the three} can
compress video with these parameters so that It has a dasa rate of
only 50 kilobytes per second, which 1s well within the capahilities of
a ‘multimedia PC' and can even be dehsvered by a 1 speed CD-ROM
drive. It should he borne In mind, though, that thiz data cate is still
well in excess of that of an ISDN line, let alone a modem, so there 1t
mo chance of using these codecs to achieve real-time playback over
a dial-up Internet connection. They conld he uged in this way over a
I0 base T ethernet, though.)

OF the three, Cinepak has been established the longest, It remains
popular, because of the high compression ratios it can achieve,
e the eficiency with which it plays back compressed material,
which makes it especially suitable for use on older computers.
Imel's Indeo is similar in its general characteristics, hut 1z less
asymmetrical, being roughly 3% faster than Cinepak at compress-
ing. It was originally intended for hardware implementation, but
i5 now available in an efficient software verzion. It is generally
held that Cinepak 1s superior for material with a 1ot of modon,
but ndec is better for more statc material, for which it does
a better job of preserving colours accwrately. Soremson ig the
most recently produced of these three codecs, and 1s widely hyped
as heing superior toc the other two, both in quelity and in the
compression ratkos it can achieve, It is, hinwever, only avallable with
OuickTime 3.0 or higher.®

Although all of the codecs described so far are widely available,
rane of them is anything more than a de facto standard. Several
tnternatlonal standards for compressed digital video are grouped
together under the name MPECG, which stands for Motion Pichure
Experts Group — the resemblance to JPEG s not coincldental.

Earlier in this chaprer, we btiefly described the MPEG-2 format for
hroadcast digital video. For video to be incorporated in multimedia,
the earller MPEG-]1 format is more relevant, being designed far
lower data tates and progressive rendering. An emerging MPEG-
4 standard provides support for integrated muiltimedia, including
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video, at data rates ranging Tom as low as 5 khitg per second
1o around 4 Mbytes per second, It is t0 be expected that rhis
ambitlons standard will have a growing Importance for distributed
mltimedia, tut ar the time of writng, it is not published and no
Implementatione based on it exist, so we will concentrate on MPEG-
I -- in thiz chapter, its video aspects only,

The MPEG-1 standard® doesn't actually define a compression algo-
rithry; it defines 4 dala slream syntax and a decompressor, allowing
manafacturers to develop different compressors, thereby leaving
scope for ‘competitive advantage in the marketplace’. I practice,
the compressor is fairly thoroughly defined implicitly, so we can de-
scribe MPEG-1 compression, which combines temporal compression
based on moton compensatdon with spatal compression kased,
like JPEG, nn quantizatlon and coding of frequency coefficients
produced by o discrete cosine ransformaton of the data.

A naive gpproach to ermporal compression consists of subtracting
the value of each pixel in a frame from the cormesponding pixel in
the previous frame, producing & difference frame. In areas of the
picture where there is ng change hetween frames, the result of this
subtraction will be zero. I change is loralized, difference frames
will contain large mumnbers of zero pixels, and $o they will compress
well — mach better than a key frame. Gften, though, we may be
able to do better, because pictures are composed of objects that
move as & whole: a person might walk aleng o street, a football
might be kicked, or the camers might pan across a landscape with
trees. Figure 10.5 shows a simple example, consisting of an object —
actually the lower body and legs of a gibbon, swinging from a Tope
— moving through fwo consecutlve frames ol a movle. As the dark
shape of the gibbon moves across the screen, it chscures different
parts of rhe vegetation belitnd il Flgare 10.6 shows the areq within
which pixels may have changed. If we conld somehow Identify the
coherept area corresponding to the animal, we would only need to
record its movement together with the changed plxels In the area
shown in Figure 1007, Motiont comprerisation 15 an attempt to do this.

MPEG compressors do not attemept to identfy objects in a scerne.
Instead, they divide each frame Into blocks of 16x16 pivels known
as macrciecks {to distinguish them from the smaller hlocks used
in the DCT phase of compression), and attempt to predict the
whereabouts of the corresponding macroblock in the next frame.
Mo high-powered artificial intelligence 18 wsed In this predictlon:
all possible displacements within a limited range are tried, and the
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Figure 10,9
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best match is chosen? The difference frame is then constructed by
subiracting each macroblock from Its predicted comaterpart, which
should result in fewer nea-zero pixels, and a smaller difference
frame after spatial compresgion. The price to be pald Is that, in
additon 1o the difference frame, we now have (o keep the motion
vectors describing the predicted displacement of macroblocks
between frames.

Temporal compresrion has to start somewhere. MPEG key [rames
are called Fpictures, where | stands for intra. These frames are
purely spatally (Iintra-frame} compressed. Difference feames that
use previous frames are calted P-piciieres, or ‘predictive pictures'. P-
pictires can be based an an earlier Fpicture or P-picture. MPEG goes
Further and allows for frames that are predicted from later Frames:
these are B-picrures. Flgure 10.8 shows why backward prediction can
be useful. In this frame, which precedes those shown In Figure 190.5,
the tree trunk on the right of the plcture is hidden If we wished
to use this frame as an I-picture, the foliowing P-picture wounid have
to record all the pixels of the tree trunk. However, the tuok is
present In the following frame (the lower ome In Figure 10.5), so If
the middle framw: is predicted from the one before itself and rhe
one after, further compression will be achieved. B-pictures can wie
moton compensation from the next I- or Ppictures, or both, hence
their full namwe ‘bi-directionally predictive’ pictures.

A viden cllp can be encoded in compressed form as 3 sequence of
1-, P- and B-pictures. 1t 1s not a requiremsent that this sequence be
regular, bt encoders typically nge a repeating sequence, known
as a Group of Pictures or GOP, which always begins with an 1-
picture. Figure 10.9 shows a typical example.'! The GOP sequence
is [BBFBB; the picture shows two such groups: frames 01 to 00
aod 11 to I6, The arrows indicare the Forward and bi-direcdonal
prediction. For example, the P-picture {4 dependds om the 1-picture
01 ar the start of 118 GOP: the B-pictures 05 and 06 depend on the
preceding P-picture 04 amwd the following Fpicture 11, All three
types of picture are compressed using the MPEG version of JPEG
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compression. Published measurements*? indicate that, typically,
P-pictures compress three times as much as [pictares, and PB-
pictures one and a half dmes as much as P-pictures. However,
reconstructng B-pictures is more complex than reconstructing the
other types, 360 there 15 a trade-0ff to be mads bebween compression
and computatonal complexity when chooging the pattern of a GOP.
An additional facter is that random access to frames corresponding
o B and Ppictures 13 difficnlt, so it is customary to include
I-pictures sufficiently often to allwy random access to several
Frames each second. Popular GOP patterns inchide [BBPRRFER and
IBEPEEPEEPEB. However, as we remarked, the MPEG specification
does not require the sequence of pictures to form a regular pattern,
and sophisticated encoders will adjust the frequency of I-plctures
In responge to the namre of the video stream being compressed.

For the decoder, there is an obviows problem with B-picturss: soms
of the Information required o reconstruct the corresponding frame
i3 contained in an 1- or P-picture that comes later in the saguence.
This problem {5 solved by reordering the sequence. The sequence
of pictures corresponding to the actal order of frames ig said to be
in display order”; it mmst be rearranged Into a suitable ‘bitstream
order’ for transmission. Figore 10.10 shows the bitstream order of
the sequence shown In display order in Figure 10.9. All the arrows
showing prediction now min from right to lefy, Le. every predicted
fraine comes later in the sequerce than the pictures it depends on. !
¥ou will notice that the first GOP is reordered diferentdy from the
gecond; any subsequent proups will extend the pattern established
by the second.

Before any of this compression is done, MPEG video data is chroma
sith-sampied to 4:2:0. I, in addition to this, the frame size is
restricted to 352x240H, video at a frame rate of 30 fps can be
compressed to a data rate of 1.B6 Mbits per second — the data
rate specified for compact disc video. This is the nypdeal format
for MPEG-1 vidao, althaugh jt can e uged with larger frame sizes
and other frame rates, MPEG-1 cannet, however, handte interacing
or HO'TY formats, hence the need for MPEG-2 far braadcasting and
smdio work. For multimedia, however, MPEG-1 §s an excellent
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Figure 10.%
An MPEG sequence In bitseream
arder

1
In [Tad95].

13

For the B-pictures, we have run the
arrown to the relevant P- and
Lpictures togerher, with an
Intermyediate arrowhead, in an attempt
to keep the diagram less cluttered.

14
4:2:0 video of this size 18 sald 1o be In
Soprce Inprt Format (SIEL
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QuickTime

Video

form of compresslon that provides good quality compered to the
seftware codecs described in the previous sectlon.

The preceding description should have made 11 clear that MPEG
compression and decompression are computationally expensive
tasks — and there are further complications which we have glossed
over. Initially, MPEG video, ltke MJPEG, could only be played
back wsing dedicaved hardware. Indeed, the parameters used for
CD video were chosen largely so that MPEG decoders could be
accommodared In VLSI chips at the dme the standard was drawn
up (1893). Advances in processor speed mean that 1t has since
became faasible to play back MPEG at only slightly lower frame rates
arwl sizes using software only — a G3 PowerMac takes 320x240 at
24 [ps in its siride, producing smooth VHS quality plavback. The
associaved data rate of 264 kbytes per gecordd can be delivered by a
2x speed CD-ROM drive. File sizes are hy ao means small, however.,
A 650 Mbyte CD-ROM will ondy hold just over 40 minutes of video
at that rate; an 8.75 Ghyte DVD has roon for owver nine howrs.
(You would only use MPEG-1 on DVD if your video was part of a
muleimedia prodwedon, though, DVDs employ MPEG-2 when they
are Digital Video Disks.}

As preceding sectlons have shown, there is a plethora of digical
videe compression schemes aml data formats in existence: DY,
MPEG-1 and MPEG-2, several varietles of MIPEG, varlous software
compressors, including the ones described earller, proprietary
schemes devised by particular manufacturers of digital video
workstations, not forgetting uncompressed video. Each of these
schemes requires the information to he encoded in a different way;
within each encoding there is scope for defining incompratible file
formats — even some standards, such as the MPEGs, only define
a data stream, not a fle format.  Because of the diversity of
requirements, there is litile hope of belng able to design a universal
videe file format, and the usual paolitical conskderations make jt
unlikely that all the parties involved would agree to i, even if one
could be devised, A more profitable approach to standardizadon is
to base it on an architectural framework, defined at 2 suflcientdy
abstract Ievel to accommmodate @ muoldplicity of concrete video
representations. Several such approaches have been proposed, but
QuickTime has established itgelf as a de facte stanxlard.
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OmickTime was Inroduced by Apple In 1991, and reached a mature
state with the release of version 3.0 in oaid-19981% The objects
that ChrickTime mamipulates are mevies. For the present, you can
congider a movie to be an abztraction of a video sequence, althopugh,
In fact, OuickTime movies can contaln other types of media as well
Although we speak of a movie containtog data, the menvie itself is
really Just & framework for organlzing, accessing and manipulating
the data thatr represent the actuat video frames, which may be stored
separately from the movie itzedf.

Originally, CnickTime's focus was on the temporal aspects of time-
based medla, including video. Every movie has a time base, which
records the rate at which it should be plaved back and fts current
position; hoth are specified relative to a Hme coordinate system
whick allows the time base to be gynchronized to a dock 2o that
movies can be played back at the correct speed on any system. When
a movie is played, if the frames cannot be displayed fast enough
to muaintaln the requived Frame rate, gome are dropped so that the
overall duration of the movie will be correct and synchronlzaton
{for example with an associsted sound track) will be maintained.
The tme coordinate system alsc makes It possible to identify
speciic points in a movie, so that indhvidual Frames can be accessed;
this in turt facilitates vonlinear editing of movies — a topic which
will be described in the next section

The success of OmickTime is largely due to its being a component-
bazed architecture. This means that it Iz possible to plug com-
ponents (small programs cenforming to certaln interface conven-
tions) into the QuickTime structure in order to deal with new
formats and provide new implementations of operations. A set
of standard components is supplied as part of the distoibution.
These lnwdnda a number of compressor components, implementing
Sorenson, Clnepak, and Intel mdeo codecs, as well as several
others developed for specific tasks such as compressing computer-
generated animatlon. Seguience grabber components are pzed to
digitize video. They use lower level components to obtaln any
necessary parameters from the user, and to combmnicate with
digitizing hardware. A standard movie comtroller component is
used to provide a user interface for plaving movies; it is llustrated
in Figmre 10011, where you can see thet the control buttons are
based on those normally found on domestic YCRs, so that their
use is obvicus to most people. There are also components called
transcaders, which ranslate data betwesn formats that pse the same
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In 1999, (uickTiow 40 added
suppeort {tor sreRming, wiich will be
descritved ar the and of this chagber.

Figura 10,11
A standard QuickTirme meovie
vontrolher
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The {yickTime Ble format has alse
been adopted as the file formai for
sworing MPEG-4 data.

iz
Often they are Idemified by the
Xtension .mpl.
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compression ajgorithom, without the need for decompression and
TeCOmpression.

OuickTime does have its own flle format, which prevides a very
flexible way of staring video and other media.!¥ To avoid imposing
this format on evervbody, and to enable application software based
on QuickTime to access other types of file, components have been
added to make it possible to manipulate files In other formats as
if they were pative QuickTime, Formats sapported in this way
inchude MPEG-1 and DY, OMF (a high-end professional format), and
Microzoft's AVI, and its extension OpenDML. As this demonsiTaces,
CmickTime's component architecture makes 1t easily extensible.
Another common example occurs when 3 pew video capture card
it developed, with its own features and idiosynerasies. Provided 1ts
manufacturer writes a (relatively simple} videe digitizer component,
any appllcation program based on QuickTine can caphare and play
back video using the new card, edit thar video, and convert 1t 1o
other formats. Leoking at this fromn the other side, anybody who
devises a new video format or codec does nd have 1o tmplement
all the high lewe] editing operations that are necessary to make 1t
usefu] — CoickTime provides all that, vsing the interface supplied
by the components associated with the bype of data in question.
This abstracton away from specific formats is passed on to emxl
users of video editing and plavback sofoware. For example, when a
video editor wishes to save an edited movie, he or she is presenved
with optons for selecting a compression methxl, If a new codec is
added to their system, it will show up as a new alternadve within
the samme ititerface.

CmickTime 4.0 is available in a fully compatible form on the 32-
bit Windows platforms as well ag Mac(Q$, and QuickTlore 1s also
supported on SG1 workstations for professicnal use. A version of
QuickTime for Java has also been developed. As well as the basgic
functionality implemented in the QuickTime system software, a
plug-in for popudar Web browsers is disimibuted with QuickTime,
which means that QuickTime files can be used as a format for
diztributing video over the World Wide Web.

The only gther formats that von might encounter or consider for
use in multimedia are MPEG and AYL, We have stated that MPEG
does not deflne a file format, but there Is a rather obvious way
of storing an MPEG data stream in a file: just recaord the bytes
in the order they appear In the stream. Files of this form are
becoming quite commeon.!” They can he played back by QuéckTime.
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So can AVI files, although they are the native format for Microsoft's
video for Windows, & system with similar ohjectives to QuickTime.
Recause of the pervaslveness of Windows operatng systemns, AVI
has been widely used, but Video for Windows is generally held
to be techmically inferlor to QuickTime, and has Indeed heen
ghandoned by Microsoft, whose attempts at a successor have heen
overshadowed by the adoption of OuickTime as a de facto cross-
platform stamdard. As we stated earber, GuickTime 3.0 and later
versions can handle AV files directly.

Digital Video Editing and Post-Production

Shooting and recording video oy pravides raw material. Creating
a Hinlshed plece of video — whether it iz a feanire fiim or a small clip
for a Web site — requires additdonal work. Editing is the process of
making a constructed whele from a collection of parts. It comprises
the selectipn, rimming amd organdzation of the raw footage, and
where sound 15 used, 116 combination with the picture. Tramsitions,
such as dissolves, may be applied between shots, but no changes are
made to the foolage itgelf. We contrast this with pest-production,
which 15 conrerned with making changes or adding to the material.
Many of the changes made at this stage are generalizations of
the image manipulaton operations we described in Chapter 5:
oolour and contrast correcticns, blurring or sharpening, and so on
Compositing — the combination or overlaying of elements From
different shots into one composite Sequence — is often carried out
during post-productien; for example, figures may be inserted into
background sceties that were shot separately. Eements may be
animated during pest-production. and animation may be combined
with live action, in the mancer that haz become characteristic of
flm special effects.

People have baen making films for over a hundred yvears, and during
that tirne an elaborate et of comventions abowt how film — and, by
extension, video — is edited have developed. For exmenple, action
sequences in Hollywood films are typically cut ‘oo the acton’; that
iz, cuty are made while something is happening, in order to distract
the viewer's attention from the cut itself. In conteast, dashback
requences are often imroduced by a loog dissolve, typically stardng
from a shot of a person stardng to tell & story about earlier events,
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It is tnreresting to observe that when
Woody Allen, working wirhin the
comnercial milleu, used similar
devicex in Almes such as Susbards and
Wives, they were distnissed by
mainsiream critics as being intrusive
and distracing.
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with the naTation contimung over the first shot of the Aashback.
Here, the transition is used to slgnify the change of time frame,
and is supposed o be evident to the viewer, or this method of
sipgniflcation will not work. Viewers expect film to be edited in
accordance with convendons swch as these; IF it is pot, as in
certain types of avant garde work, then that fact in ieself makes
a statement. Thus, in cootrast to Hollywood directors, some of
the French nouvelle vague directors of the 19605 deliherately used
jump cuts”, ooourTing apparently gratuirously in the middle of a
scene, to draw attenton to the constmcted namre of their films, and
cut straight to flashhacks instead of using digsolves, acknowledging
that filen is only $een in its own Ume, This kind of editing requires
the audience to be move alert — to work harder — If they are
to appreciate what the film-maker i doing {or even follow the
narrative, in some cages). '8 Early film makers, such as Dziga Yertov
and Sergel Elsenstein, experimented with edidng as mwch as with
the process of shooting Bln, and their work 15 still referred to by
students of film today.

All film and video is constructed. A common example is the way
in which a conversation between two people facing each other is
conventionally presented: each person occupies the Held of view
while they speals when the speaker changes, a cut oCours to a
'reverse shot”, with the camera apparently moving Instantaneously
through nearly 180° to face the new speaker — as if the camera were
each person in urn, watching the other speak. You have probahty
seen this 50 often that you barely think abkout it, but, in fact, the two
actors in the scene were prohably not carrying on a conversation in
real time while the dialogue was shot; they may not even have been
filmed speaking their lines on the same day. The corversatlon 13
created in the editing, on the hasis of a convendon that, if you do
stop to think about it, does nov resemble the way amybedy could
gee that conversation ff it really wok place. This is a particularly
blatant example of the artifice involved in constmucting sequences
of moving pichmes, but some artifice is always itvolved — even
the pictare from a live Webxeam is framed in a certaln way. While
moest Hollywood film makers seek to make the constraction of 2
film invizsikle, and cotcentrate on telling a story, other directors,
such as Jean-Lwc Godard, prefer to expose the mechanics of Alm
making, and stll others, such as Eric Rohmer, prefer to minimize
their reliance on convention, and shoot and edit in a more realistic
way, using third person viewpoints and extended shots for dialogue
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acones, with the s recorded live, for example. Put, however a
piece of Alm or video is o be constructed, it will be necessary both
1o shoot Footape and to edl it.

Even if nobody had ever wanted to display vided on a computer,
incorporate it ntp & oultimedia producdon, or broadcast it digi-
tally, videe wonld have heen digittzed, hecause the advanfages of
non-tnear edidng which digitization brings are too compelling to
resist. To gppreciate this, and to understand the metaphors used
by digital edidng systems, you have to consider traditicnal methods
of film and video editing.
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Film and Video Editing

Editdng fiim is a2 physical process. To a flm editor, a ‘out’ 15 not
merely a figurative reference to an edit that produces a dlscontinuity
in the flow of pictures, it 13 a real severing of the film irself, which
divides a strip of fiim inte two clips which may then be spliced
togpether with others to compose a scene. Clips can be trimmed,
cut and spliced, arranged and rearranged, for as long as the fabric
of the film holgds up. The main problem with this basic editng is
keeping track of everything — & good deal of Jabelling and hanglog
strips of fllm from hooks is called for.

Although making straipht cuts in film Is straightforward, creating
other types of transition between clips is much less so, and requires
special equipment. Suppose, for example, you wanted a scene of
someome falling asleep to dissolve into a dream seguence. Such an
effect 15 usually achieved using a device called an oprical printer,
which is a rig that directs the light from a pair of projectors into a
camera.l? Dptical filters and masks can he interposed to control the
amount of light from each projecror reaching the camwera. For our
dizsolve, we would put the end of the falling asleep scene on one
projecer andd the beginming of the dreamn sequence on the other;
initiadly, Alters would be set up sa that all the light from the Frst
projector and none from the second reached the camera. Gradually,
the fillters would be adjusted, so that the tvo heams were mixed,
with the proportion from the second projector increasing as that
from the first decreased. The Tesult woild be a piece of Blm with
the required dissolve effect, this would then be spliced in place of
the corresponding frames of the two ariginal clips.

15

There are different types of optical
printer. 5ome only wee a singhe
projeciar, But expose the Alm in the
camera more than niwe, to achleve th
same effects as the zet-up described
herv.
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Pespite the appatent simplicity of the set-up, exceptionally sophis-
teated effects can be achieved using surch ‘opeicals’, in conjundtion
with techniques such as maite painting or with models2® One
draowhack is that opticals sre usually done by a specialist laboravory,
50 the Alm editor canoot acrually see what the ransithon looks
like until the film has been developed. This leaves little room for
experimentation. It is no ceincidence thak the straight cut forms the
basis of most flms' struchire.

Traditional videv editing, akthough the same as film editing in
principle, 1s quite different in practice. 1t is virtually Impossible o
cut video tape accurately, or splice it together, without destroving
it. The only way to rearrange pictures recorded on video tape was
to copy them onto a new tape in the desired order. [f, for example,
we wanted to cut from an outside view of a house te a scene in
A room inside it, and had first recorded interior scenes and then
added some outside shots to the end of the same tape, we conld
use two tape machines (call them A amd B) to assemble the material
in the reguired order. The owtput sigmal from machine A is fed
ta the Input of machine B, 2o thet B records what A plays. The
original tape is put on machine A and wound Fforward to the point at
which the desired part of the exterior sceps beging, then B is started
and records that scene. Recording i3 stopped while machine A is
rewound to the exact beginning of the interior, which is then copied
onto the tape in machine B, which now holds the required material
in the right order.

A more powerful arrangement is (o use three machines, designated
A, B and €. if you can arrange that your two $Cenes are on separits
tapes, you load one on to each of A and B, and set the in point (Arst
frame) and out point {last frame) of each. A device known as an
edit comroller can now stary machine A at the in point of the first
Scene, copying it en o machine C unitl it reaches its out point, when
machine B is starved at Its ih point, adding the second scene to the
tape on machine C. One virtue of this arrangement is that the cut
can he previgewed, by running machines A and B without actually
recording on C, so it iz possible o experiment with adjusting in
and out poines untit a perfect cut is obtalned, The signals can
be mixed and roodified ekectronically, so this arranpement also
provides a video equivalent of the optical printer, for some standard
operations. A rich variety of transitons can be produced this way,
and, unlike fiim transitdons, they can be reviewad straight away, ancd
parameters such as the speed of a dissolve can be controlled in
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real time. Three marhines algo make insert ediding straightforwand.
Suppose, for example, that part of a scene has had 1o be reshot
after a imst edit of the sceme has been done. The original edit
can be plaved off one machine, imtil the point where the defective
footage occcurs, at which point the signal is teken from the other
machine, and then switched hack afrer the replacement ghot has
been inserted.

Nete thar these operations require that the machines be able
to start and stop i precisely the right place,®l which not only
refuires extremely accurate control mechanisms, but alse some
means of identfying posidons on tapes. Timecode is Used for
this purpose. There are geversl standards in use, but the only
one of any importance i3 SMFTE #mecode. A timecods value
consists of four pairs of digits, separated by colons, such as
01:14:35:06, representing hours, minntes, seconds, amd frames,
so that the complete value identfies a precise frame. A trivially
obvious scheme, you may well think — the tricioy bit is writing
the code pnlo the tape so that its correnl frame can be read by
a machine, Standards for deing so are in place, aml so "frame-
acourate’ posidoning of tape is possible.

™ Timecode behaves differently depending on the frame rate: for
a PAL system, the fnal component {which identifies the frame
number) ranges from 0 v 24, Tor NTSC o ranges from O tw
29, but nat in the obviowns way, because the NTSC frame rate
v 2097, Sinpce there s not an exact umber of NTSC fromes
in a gecond, SMFTE timecode, which must gse exactdy 30, drifts
with respect to the elapsed time. The expedient adopted tn work
round this is called drop freame fimecode, I which frames 00
and {0:0] are canitted at the start of every minute except the
tenth  (It's a Bif like a leap year) So your count jumps from,
say, D0:00:59:29 o 00:0 L0002, but runs sioeothly from (0:09:59:29
through 00:10:00:00 10 00::0:00:01. Whether or not it hanutles drop
frame timecode correctly is coe roeasure of how professional a
digital video editing program Is.

Editing video on two or three machines requires tapes wo be copied
every time o change 15 made, and it iz inevitable that there will
be generational 1oss as noise is intreduced by the copying process.
Fven the hest analogue systems used for commerdal video always
inroduce some loss every time a copy is made. With VHS tape,
just two copying operadons 18 usually sufficient to produce serionus
loss of qualley. A second drawhack s that the final tape has to
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It 13 physically imposaible to start &
tape tRasport nstmotanecusly, sa
some pré-rodl i always reguired as the
machine comes up to speed.
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be constructed Unearly, from beginning to end, in contrast to film,
which can be spliced togerher In any order. This imposes a begs
fexible way of working, which inevirably has impHcadons for rhe
nanure and cuality of video editing.

Digital Video Editing

The unlque visual qualides of film might make the process of
cutting and splicing worthwhile, but video is such a poor medium
that it offers Utile renn for the hardships that must be endured
in a three machine edit suite. Digidzaton has cpened the way w a
different mode of working, that brings video editing closer in kind
1w film editing, but without the physical process. An imperfect,
but useful, analogy of the difference between linear analopue and
non-linear digital video editung 1s the difference between writing
with a typewriter al using a word processor. On a maditional
typewriter, words have to be written in thelr final ocder, with the
potentdal for correctdons limived to what can be achbeved with Tipp-
Ex, wmless an entire sheet is thrown away and retyped — which
might upset subsequent pagination. In the lateer cage, carrections
can be made amywhere, text can he composed in any order, without
regard to pagimaton or layout. The ability o randomly access
and change data, which is Fundamental to the way we build
computers, engenders these capabilitles in text processing software,
and analogous ones In video edlting software,

Begides random access, digital video editing’s other big advantage
is that it is non-destructive. Source clips are never changed. This
means that it ts possible to cut and recut, potentially forever, as the
editor changes his or her mind, Furthermore, in contrast to film,
edited digital video can be plaved back as soon as the hardware
on which it is being edited allows, With top-end equipment, thiz
1s Instantaneously; on deskrop machines, there 1s usually a delay
— sametimes a considerable delay — bt the delays are measured
In mingtes and hours, not the days that it may take for flm o be
processed, Within a few years, at oosgt, even desktop equipment and
software will be providing Ingvant playback of edited digital video.

= Despite these advantages, it has been observed by film and video
editors who have adopted digitel technology that it does nov
save time. Editors tend to be perfectionists, and the oppostunity
to experiment with differeni cuts amd transitions can lead to
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considerable amounts of dme being spent byiog (o achleve the
perfect edit,

Developments in hardware, inchading DV and FireWire and the
increased speed of processors and capacity of hard disks, have led
to & broadening of interest it digital video editdng. Formerly, only
a few professional systems were available, but there i3 now a range
from basic consumer-orlented editors, designed for editing home
videos, up to the state of the art editing suvites used by flm and
television smdios. Adobe Premiers, which ¢ould be described as
a mid-venge video editing application that incorporates some post-
praducton facilides, is the most widely used video application on
desktop platforms, 50 we will use it as a concrete example,? but
all video editing programs work in roughly the same way, using
the same metaphors derived from traditional film and video editing
Pradtices.

Premiere’s interface can be customized to fit different svays of
working, but, tor most peaple, editing takes place In three main
windows. This is a major difference between video editing and
image, praphics, or text editing, where a single document window
suffices; rhe more compizyx, tmebased, nature of video requires
that the user he able to vicw the material in several different ways
gt once, Ad we will see in later chapters, other time-based media and
multimedia applications have the same requirement for mualiiple
vicws,

Premiere’s three main witdows are the project, timeline, and
monitor. The project window is used to collect the raow material for a
project: video snd audio clips, and usnally, still images. Video clips
may be captured within Fremiere from tape or camera, or they may
be imported From disk, having been previously captured, possibly
with some other applicaton. Within the project window, each clip
tay e displayed as an icon, with its name, duration, codec, and
cther informatlon. Related clips can he orgenized intc bins — rather
as files are organized 1n sub-directories — and ordered in whatever
wiy Seemd perspicuos to the user,

The timeline window provides a visoal display of the linear extemnt
of the completed movie, showing the order of its compenent clips.
A simiple example is shown in Figure 10.12. Tine increases from
left to right, and s linearly related to the length of segments of
the tlineline, 3o the movie shown bere beging with ¢14ipl, Followed
by ¢1ip2, which i roughly twice as long, then the short cl1ip3
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Fremiere 5. Earlier releases use a
somewhat differemt interface,
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Figura 1012
A simple composigon on the
tirraline b Premdere

Figure 10.13
A complax Pramiara
composition

concludes it. [o general, timelines may have several video tracks, as
well az awdio tracks. Figure 10.13 shows an example of a complex
composidon with a seund track. The multiple eacks are used for
transitions ] overlays, as we will describe shorthy.

The third window, the monitor, is where you actually see your
picture, (In the other two windows you only see conic or text
representations of clips] In Premiere 5, the monitor is split info
two panes, as shown in Figure 10,14, each with separate playback
controls, including Jog and shutcle, for stepping through a frame at
a time, or scrubbing forwards and backwarids. The left half shows a
source clip; the clip can be trlmmed by scrubbing to the correct
frames in the ¢lip in thizs window and setting in al out points
{as in a conventipnal analogue editing system). The right half of
the monitor window is nsed to display the movie as It hag been
assembled om the timeline, 50 that the effects on the whole movie
of tyimsy and other edits can be previewed.

Each edltor will evelve thelr own method of working with a partic-
wlar program, and Premiere, for example, offers altemative means
for achieving the same ends. One simple, idealized procedure for
editing with Premiere would begin with assemblting ali the clips for
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a project — capturing them where necessary, and importing them
into the project window, where they are arranged for convenient
access.  Next, each cllp is operned in the momitor window, abd
roughly trimumed. Note that trimming does not actually discard any
frames, as it wonld with film, it merely suppresses those before the
in point and after the ont polnt. If necegsary, the in and out points
can be readjusted later; if the out point is subsequently moved 1o
a Jater frame in the clip, or the In point is maved 1o an earlier one,
frames between the old and new polnts will reappear. The initial
rimming cperation will leave the editor with the material that they
helieve showuld appear in the fioad wovie, The next step is to drag
clipg from the project window and drop them onto the tdmeline,
assembling them imto a rough cat, whichk can be previewed, Sill
images can be drapged to the timeline and given a duration; they will
behave as clips with no modon. For movies with sound, the picture
ardl sound Tack can be comthined. Almost always, adjustments
will have to made, particularly §f it is necessary to match up sound
and pteture. Clips may need to be trimmed again, or more drastic
changes may be required, such as the substitution of completely
different materlal when ideas fail to work out.

For some projects, editlop will be complete at this stage, but for
others, the desired transition from one cip to the next cannot be
achieved simply by matting directly. Using other transitions changes
the style, rhythm axd mood of a piece. A dissolve, for exampie, in
which coe cllp fades into another, is less emphatic than a cut, and
tends to convey a sense of gradual change or smecth Hlow from one
thing to another. Mare fanciful cransitions, such as wipea, spins and
Page turns, draw attendon to themselves, and function almost as
decoration. As most transitons can be described relatively easily In
termz of mathematical operations on the twa clips involved, dipital

333

Figure 10.14
Prembers's monitor window



Figure 10,15
Applying transhhons in Prepders

video editung software nsually offers a vast range of possibilities —
Premiere hag /5 ransitions built in (most of them showy gimmicks),
plus a means of deAning vour own — of which the majority will
never be used by a good editor.

Premtere’s approach to adding transitions other than cuts is based
on the three machine method of editing video. Each transiton
always involves exactly two clips, conventionally referred to as its A
and B clipys. These are combined on video track 1, which — uniguely
- can be expanded inte tracks 1A and 1B, with a speclal transttion
track hetween them. The A and B clips are positoned cn tracks
1A amd 1B so that chey overlap in time; a transition is dragged
from the transition paletie cnto the transition wack where A and
B overlap (see Figure 10.15), [ts duration is automatically adjunsted
to fill the region of overlap. Many ransilons are parameterized:
for example, the ‘clock wipe' transition may play clockwise or anti-
clockwize. Paramelers can he et in a dialogue box, browght up by
double-clicking the transiden on the timeline.

There are two important praceical differences between culs and
other transitions. Firsty, in a cut, the two clips are butted; in all
ather transitions, they overlap, and zome part of each comtribwtes
to the resultung picture. For sequences which are not going to be
edited jnst wirth basle cuts it 15 necessary o ensure that when shot
axx] caprured to disk, each clip has sufficient extra frames, beyond
the perjod where it is to play alone, o cover the transidon. Secondly,
hecause image processing is required to construct the rangitional
frames, transitions must be rendered, unlike cuts, which can be
implemented simply by copying. Hence, there will inevitably be
some loss of image quality where dissolves and 50 on are vsed
Instead of stralght cots.
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Digital Video Post-Production

Video editing is primarily concerned with the arrangement of
pletare through time, and its synchronlzatlon with sound. While
frame acouracy may be reguired to set precise in and out peints,
ot to eliminate faulty footage, for example, it i% rarely necessary
while editing to consider whole sequences of footage as individual
frames. In post-productlon procedures, however, the temporal
dimension may assume less Importance, and a movie may be
dealt with a3 & sequence of individual still bmages. Most digital
post-production tasks can be seen as applications of the image
manipulatcn operations we described in Chapter 5 to the images
in such a sequence, Two important classes of post-production
operation thet can be dezcribed In these terms are those concerned
with image correction, and with composiing.

A video sequence may suffer from the same defects as a single
image: for examnple, it may he over- or under-expased or out of
Foeus; it may have a colour cast, or it may display unacceptable
digitization artefarts. Each of these defects has {ts characteristc
remedy: adjust the levels, sharpen, or apply a Gaussian hlur, Post-
producton systems therefore provide the same set of adjustments
as image manipulation programs — some support the use of
Photoshop plug-ins — but allow ther to b applied to sequences
instead of a single lmage.

Most adjustments have parameters, such as the slider positions
for the levels controls. When adjunstments are made 0 sequences,
it eay be appropriate to use the same parameter values for each
image, or It may be preferable for them to change. [f, for example,
a whole, mostly static, sequence has heen shot under incorrect
lighting, the salne correctiom will probably be oeeded for every
frame, so the levels can be set for the first, and the adjugtment
will be applied to as many frames as the user specifies. If, however,
the light fades during & sequence, when it wag intended to remain
constant, Ut will be necessary to increase the brightness gradually o
compenisate. It is possible to apply a suitable correction to each
frame individually, and this may occassionally be necessary, but
often it 13 adequate to specify parameters ar g few key frames and
allosy thelr valaes at intermediate frames to be interpolated. We will
sherw in Chapter 11 how varying parameter velues over time can be
used to achieve certain special effects.
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Just as some of the image manipulatien operations we described
in Chapter 5 corpbined separate imnages or layers into a composite
resudt, 50 some post-production operations comblne separate video
tracks Intc a composite. In Premiere, as we have seen, video
wack 1 is special, inastmach as it can be wsed for transitons. This
glves it a privileged status. All other video tracks can only be
used for superimposing picture over video track 1. As with stll
images, for superimposition to achieve anything useful, some parts
of the superimposed tracks must be transparent. In video, selectng
transparent areas is called keying. Good video ediving and post-
production software will offer several different keyving methods.

The method of blue screening, which we described for single images
in Chapter 6, has long been used in video for Inserting isolated
elements into shots, Tradifional examples of its use include adding
models to live footage, or placing actors in impossible or dangerous
situations. Digital post-production systems support both traditional
blue screening, where the actor or madel is shot in front of a screen
that is a pacticular shade of blwe and then the blue channel Is
temoved, and a more general form of chroma keying, where any
colowr In a scene can be selected and designated as transparent.?®
Chroma keving i5 essentally the same as building an alpha channel
from a selection made using a magic wand wol. An alternative i35
fura keying, where a brighmess threshold is psed to determine
which areas are transparent. Compositing on the basis of Juma
keving closely resembles the layer blepding we demonstrated in
Chapter 3.

As you mighe expect, it I8 possible 1o select a transparent area
explicitly, using selecticn tools to create a mask. I fitm and video, a
mask used for compositing s called a matte. Mattes are frequently
used for removing unwanted elements, such as microphone booms,
from a scene, 2t or for allowing Live footage to be combined with a
still image. A typical example of such a use of mates ocours when
actors are filmed on a seq, contalnlog just a few foreground elements
such as trees and plants. The top of the picture {typically just a plain
backdrop on the get) is matved out, and subsequentily replaced with
a palnting of a landscape, 50 that the foreground scepe appears 1o
be taking place In front of a mountain range, a medieval castle, ar
whatever. Mattes can also be used for split-screen effects.

Another way of creating transparency is 1o use an alpha channel
created In some other application. Thiz is often the most satis-
Eactory method of creating mattes to be used in conjunction with
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atill images, since Photoshop provides much more spphisticated
selecdon tools than Premicte, for example.  Altermatively, an
imported greyscale image can be used a3 a matte,

Since a video clip is 4 sequence of Images, a new possibllity arises
that is not present when single images are beliig composited;
transparency can be made to vary over the course of the sequence
{that iz, to vary over fime when It is played back). This happens
autowistically with chroma and luma keying, as the colour and
brighiness disoibnton changes between frames. I order 1o
produce masking that varies over time, it is necessary {o use a
sequence of magks as the matte. Such a sequence -- often called
a iravelling matre — 15 natarally stored in a separate video track,
when it is called a wack marte. Although, In principle, the content
of any suitable video wack could be used as a travelling matie,
u specially designed sequence of masks will often be pequired in
practice. Track mattes may be created painstakingly by hand, but
are more usually generated from a single still imsage, by applying
sirnple geornetrical wansformations over time to create & varying
sequence of mattes, In a way that we will describe in Chapter 11.
Travelling mattes are often used in title sequences, where they are
especially favoured for pews hulletins,

Alt of the post-production facilities we have described can b found
In Premiere and ather desktap video editing applications, but only
In a relatively crude form. For serious post-production, dedicated
applications such a3 Adcbe After Effects are preferred. Althouph
these donot offer any radically different operatons, they do provide
mch greater cantrol over their application, and implement them
more gecurately. Where an editing program may allow yon to spply
a fitter to a clip, and vary it over time, a post-production program
wili provide a wide range of controls for the Alter’s parameters,
and for the more sophisticated Interpolation between key fremes
that it offers. For example, In Premiere, the parameter values are
Interpolated linearly between key frames, whereas in After Effects,
the Interpolation can also use Bézier curves, which can be specified
using handies and control points, as they can In Dlustrator.

" Apother post-production tesk that is perhaps less important For
rardelnedia production than for comomercial Mo and video is tHillng,
Editing programs” oting facliities are usuatly barely adeguate,
aimply ellowing the superposition of text over video — Premiere did
not provide any means of creating rolling credits untl version 5.0,
Sophisticated title and credit sequences are often best made by
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using graphics applications to create the vexf and graphic elerments,
which are then animated using a post-production tool such as Alter
Effects, in a way that will be described in Chapter 11.

Preparing Video for Multimedia Delivery

Editing and post-production are performed in rowghly the same way
whether the final video is intended for multimedia delivery — off-
line or on-line — or for conventional ransmission or recording on
videe tape. For multimedia, an additional siep of preparing the
materlal for delivery is wsualty required. The reason for this step is
the need to cope with limitations of the final delivery medium and
playback platformns vhat are not wsuadly relevant on the pladform
uged for editing and post-production. {Recall from Chapter 2 thax
mutrimedia producdon uswally takes place on speciatly equipped
top-of-the-range deskiop machines or workstatons, whose perfar-
mance Far exceeds that of consumer mackines.) Compromises must
be made at this stage, which will imvolve choosing what is o be
sacrificed In order o bring the resource requiremenis of video
within the capahbilities of dellvery media and low-end machines,
Different material will permit and suggest different choices.

What might be sacrificed in this way? The possibilities inclwde frame
size, frame rare, colowr depth, and image quallty. Reduring the
size of video frames is wsually a relatively palnless way of reducing
the size and handwidth of videc files. People usually sit close 1o
their monitors, 50 a large picture i5 Dot necessary, ammd monitor
rezolution is wsally better than that of television sets, so a down-
gampled image on a computer screen can appear smoother than
the images we are Familiar with on television jassuming the down-
sampling is done Intelligently). Simdlarly, redweing the frame rate
iz ofeen acceptable: the Hllucion of continwous footon can often be
satisfactorily maintained with frame rates around 12 Fps. Higher
frame rates are needed to eliminake flicker only if the display is
refreshed at the frame rate. This is not the case with computer
monltors, which are refreshed at a much higher rate from VEAM. By
uging quarter frames and reducing the frame rate from 30 fps to 15,
the volume of data is reduced by a factor of eight.

A further factor of three can be obtained by reducing the colowr
depth from the 24 blts usually used for video to eight bits. As we
explained in Chapter 6, thig can be done by limiting the celours
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to those in a standard palette {usually the Web-safe palette), using
irrdexed colour with a custom palette, or by reducing ta 256 shades
of grey. We arpped In Chapter 6 that the last option may be
preferable to using a limited range of colours. Unfortamately, not
all video codecs support the use of preyscals images. Amoang those
that de not are Sorenson, Intel mdea, and H.26327, all of which are
atherwise well suited to multimedia.

If these compromlses are nnacceptable, or — as may easlly be the
case — they do not sufficiently reduce the resource requirernents
of wour viden, it will he necessary to squeeze byles ot with
compression, at the cost of a loas of image quality. We have already
described suitable codecs, and their characteristics. It should be
emphasized that, despite all the clever alporithoos they wse and
despive the claims that are sometlmes made, all codecs introduce
visible artefacts when very high compression ratios are needed. it
may be necessary to apply filters in order to moinimize their effects,
but this will also result in a further loss of picture tnformaton.

As well as taking steps t© minimize the size of videg, it is also
necessary to enaure that It 1s fic to play on any pladorm. QuickTime
movies prepared on a Marcintosh computer must be flattened, for
example, 30 that they do not store any daia in the resource fork
that is unique to MacGs files. Where necessary, movies must he
made polf-contained. That is, where the file format allows pointers
to other files to be used as part of a movie, these pointers must be
replaced by the data they refer to. It may be necessary to produce
different versions of a movie for different pladformas, to compensate
for the different gamma of PC and Mac moniters, for example. 2 For
video that 13 to be delivered over a petwerk It is cominon practice
to produce a range of different versions matched to the speed of
users' network connections. Qm-::kTin:lE allows differetit versions to
be combined into a single movie,

> The processing described in this sectlon is not always necessary
evien for video that is helng Incorporated into g muttimedia oro-
duction. [f the producton i {0 be presented in a klosk ot as part
of an exhibition, where the producer determiines what hardware
15 o be nsed, the video can he deliversd at whatever gualliy the
hardware supports. If a suitable vides card is kinown to be available,
for example, the opder that was vssd Tor captuse can be used for
delivery; if terabytes of storage cap be supplied, uncompressed
viden can be uwed, snd 50 on. Cross-platform issues are ireelovant
In agch sltuatlons.
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WVideo editing programs provide Facilities for performing the nec-
essary preparation for delivery, hut as with post-production tasks,
their facilities are relatively crude, and it is better to use a dedicated
application, such as Media Cleaner Fro. This provides improved
control over seftings for codecs, and integrates compression with
the other tasks we have described for preparation. Suitabie Bleers
can be applied to mitigate the effects of aggressive compression,
and multiple versions can be constrwted at the same tooe, and
integrated. Additonal facilities that are especially useful at this
stage of proxluction inchade a data rate analyzer, and a split-pane
preview window for showing the effects of different sevtings.

Streamed Video and Video Conferencing

It's one thing to play a pre-recorded video clip from a hard disk,
DVD or even a CD-ROM; it's quite another to play video over a
network. By this we mean delivering a video data stream from a
remmte server, to be displayed as it arrives, as against downloading
an entive video clip to disk and playing it from there. Swh sireammed
video resembles broadcast television, in that the source video is
held cn the server, which acts like a TV transmitier sending out
the sipmal, which is played back straight away on a client machine.
Downloading the entlre cllp is as though the TV company sent a
courier round with a videotape whenever you wanted to watch a
programme. Streamed video opens up the possibility of dellvering
live video, bringing one of the modes of conventional broadcasting
to video on computers. It goes beyond conventional broadeast TV in
this area, though, because it is not reatricted to a single transmitter
broadcasting to many conswmers: amy suitably equipped computer
can art both as recelver and Tansmiteer, 50 wSeérs on several
machines can comumunicate visuadly, taking pact in what 5 nsoally
called a video conference.

The fundamental obstacle te streamed video ls bandwidth  As
we showed earlier, even the heavily compressed and dewvn-
sampled quartec-framves of SIF MPEG-1 video require a bamxtwidth of
1.86 Mbiis per second. For now, therefore, decent quality streamed
video is restricted to local area networks and T1 lines, ADSL amd
cable modems; dial-up Internet connections using Y90 modems or
basie rate ISDN (mever mind slower modems) cannot handle the
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required data rate. Even where the bandwidth is awvailable, the
network has to be capable of delivering data with the minimum
of delay, and without undue Yitter — a variation in the deiay that
can canse independently delivered video and audio streams to lose
synichrotization. we will return to this sulsiect in Chapter 3.

£ Ir is likely that a large proportion of the popilation will be restricted
ta losier speed connections For sorge thne to come. To the domestlc
sector, video fs most likely to be streamyed over broadcast digtal
televislon; video conferencing ts unlikely to be an apiion, and the
shape of interactvity over the digival TY petworks will depend on
market forces and polilics at least a5 much as an the (echnological
rapabilities of the delivery medium.
This s not to say that streaming video over slow dial-up Internet
vonnectiona is impossible, just that the quallty s poog,

It may help you to undersiand the namze of what we will sometimes
call frae streamiing by comirasting it with alternative methods of
video delivery you may meet on the World Wide Web. The simplest
method 15 embedded video, where a movie file is transferred from
a server 1o the user's machine, where it is played back from disk
once the entire file has arrived. A refinement of this method 1s
called progressfve downlogd or HTTP streaming. With this mode
of delfvery, the file is stll transferred to the user's disk, but it starts
playing a5 3000 a5 encugh of it has arrived. This will e when the
ttme it will teke for the remainder to he downloaded iy equal to
the duration of the entire movie. This is fllustrated in Figure 10.16.
There iy usually an appreciable delay before playback starts, since
progressively downloaded movies are typleally made with & data
rate that exceeds the bandwidth of the network connection, in order
1o maintain guallty. The movie file ugually remaing on the user's
hard disk — at least in their Web browser's cache — after playback
i ¢ompleterd. Thus, enovgh disk space to store the whole movie
must be available, 50 progressive download cannot be uged for
btuge fifes, such as complete featire films. Also, since an entire
flle is downloaded, thiz method of delivery cannot be used for live
video, nor does it allow your to slkip over parts of the fle without
dowrnloading them.

In contrast, Tue streaming video is never stored on the nser's disk
A small buffer may be used to smooth out jitter, bat effectvely each
frame in the siream 1s played as soon as it arrives over the network.
This means that streams can be openended, 50 tue sireaming
can be used for live viden, and the length of a recorded mowie
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that is streamed is Hmited only by the ammint of storage avajlable
at the server, not hy the viewer's machine. Ramdom access to
specific points in a stream is possible, except for Uve streams, True
streaming is thus suitable for ‘video on demand' applications.?? Iis
drawback is that the network mwist be abie to deliver the data stream
fast enough for playback. Looked at from the other gide, this means
that the movie's data rate, and thus ies quality, is restriceed to what
the network can debver. Even with the hest commections, Internet
streamed video will not provide the plicture quality of broadcast
televigion.

= Why bother, then? The angwer is sometimes summed up in the
slogan, ‘Every Web site a TV station”. Streaming video server
software i5 avallable free, or ffor a small rumber of simultaneous
sireams) at a modest cost,  Anvone with a permanent bteroet
conpection can therefole trmsmmt streamed video coatent; many
15P: provide streaming facilities 1o their ostomers who do ot
ren thelr gwn servers.  [nternet streaming 15 thas much more
accesgible than convendonal TV broadcasting facllivles, and sa It
provides a new comumunication channel for minonity volces and
unconventional video (experimental and undergtound work, is well
a5 the more notorious sort) that is denied accesss o cooventional
channels. &s we will explain In Chapier 15, thowgh, the broadcasting
establishment may not be undarmined to the extent that might seem
poasible. .. or desirable.

Another answer, more often given by cotiveniional broadcasters,
is that streamed video can be interactive. [t is nox entirely clear,
though, what sort of interaction, if any, people want to have with
video, Facilities that have been proposed for broadenst digical
TV appear 1o he resiricted to allwing viewers to select hetween
different camera angles, and to call up ‘instant replays' on demand.
mitial provision of sach fadlities, for example by the satellite TV
company BSkyB, iz being targeted at sports coverage. [t is ot
clear that this sort of interactivity, whet provided over the Internet,
wawld compensate far poor plcture quality.

The two factors of demodtatic access and imteractivity are combived
in video conferencing, which may currently be the most successful
application of streamed video, but is somewhat marginal from our
viewpoint on muliimedia, opening up, as it does, questions beiter
considered in the context of computer-supported collaborative
working.

The two leading architectures for streaming video over the Internet
are Streaming QuwickTime *% and Real Networks' Realvideo . They
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have several features in common. Both are based on opest Mternet
standard protecols, particularlty RTSP, the Beal Time Streaming
Frotocol, which is used to contrel the playback of videg streams,
which are carried over the network using the Real Time Protocol,
RTF. These protocols are described in Chapter 13, ReaiVideno
and Smeaming ChuickTime streams can both be embedded in Web
papes; Streaming CQulckTime streams can also be embedded in
any applicatdon that incorporates ChaickTime. Both acchitectures
provide a means of providing several different versions of a
movie campressed to match the requirements of different rypes of
comnectons — a 28.8 kbpsa version, a4 56 kbps version, a T1 version,
and a cabiz modem version may 8l be provided so that, to the
user, thers only appears to be one movie; the server chooses the
apprapriate one to fit the speed of the user's conpection. Tocls
are available for integrating servers for either format with capture
taeilities, allowlng Hve video to be streamed to the Internet. As
well as rue sireaming, progressive download is supported by both
{hickTime and RealVideo, There is really Little to choose between
the technologles, but, zince RealVideo haz been around for longer,
the production tools and server are more toature, and it is more
likely that users will have the necessary plug-in and player to yiew
it. In Streaming QrickTime's favour is the fact that it is just a variety
of OhrckTime, which can be embedded in any application, not jost
in a Weh browser or its own special-purpose phayer.
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Codecs for Streamed Video and Video Conferencing

Since Streaming OuickTime is essentially just CuickTime delivered
It a speclal way, all of the OuickTime codecs can be gged for
sireaming. However, to obtain sufficient compression 1o stream a
movie over moat network connectlons, thess have to be used on
their lowest guality settings, arxd the movie will generally have to be
scaled down to a small frame size. Betrer results may be obtained
using codecs designed specifically for video conferencing, which are
designed for streaming video at low bit rates.

H.261 named after the ITU-T Recommendation that defines it} was
designed for video conferencing over ISDN. Shice each ISDN data
chatme] has a handwidth of 64 khps, H26T1 was defined to cperate
at data rates that are an exact multple of this rate. Hence, it 15
sometimes referred to as px 64, where, ax p ranges from 1 to 30 (the
maximimo munber of [50N channels), the frame rate and the quality
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of the video stream scale up. An important feature of H.261 1s that
the recommendation speclfles a madmm deday of 150 milliseconds
chue to the codec. This is because a video conference cannot tolerate
langer delays without becomning disjointed — participants require
immediate visual feedback to preserve the illusion of presence.
Ancther singular feature is that the frame size is restricted to one of
fwo values: Common Intermediate Formut (CIF) is 352 % 288 pivels;2®
at lower data rates, a frame size of 176 % 144 pixels — Le. one
quécter that of CIF, hence QCIF — is used. Geperally, if p < 6,
that Is, the avallable handwidth |s less than 384 kbps, QOCIF must
be used. There is a non-stamdard 'sub-QCTE format of 128 = 96 for
very low handwidih applications. Whichever size is used, the video

signal is chroma sub-sampled to 4:2:0.

H361 uges a DCT-hased compression algorithm, with motion
compensation, It can be seen as a precursor of MPEG-1, but it does
rot use anything like B-pichures. Based on the additional experience
gamed from MPEG, a successor 0 H261, H.263 has been developed.
This is very similar to MPEG, bux it goes Further by providing a
means of combining a Ppictare and a B-pictare into a singte PB-
frame. H.263 was targeted at very Tow blt rates indeed: its primary
rarget rate is about 27 kbps — the speed of a V.34 modem - and its
specification is for bit rates less than 64 kbps. It achieves these rates
by using all the compression technimies of MPEG — 4:2:0 chroma
sub-sampling, DCT compression with quantization, run-length and
variable-length encoding of coefficients, and motion compensation
with forward and backward prediction -~ w0 compress a OCIF
picture at frame rates as lbow as 3.5 frames per second. It does
produce recognizable moving pichares at sufficlently low rates
to be vsed for streaming and conferencing over dial-up Internet
cormections, but the gquality is best described as “better than
nothing’.

For sireaming over faster compections, the Sorenson codec is
recommended for Streaming CulckTime, RealVideo uses its own
proprietary codec.

Further Information

[Poyv06] provides an expert descriprion of digieal video technology.
[Oha%3] and [Tho93] describe different aspects of film and video
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editing; partz of [KawdZ] are relevant, too. [Tud95] is a good
short introduction to MPEG compression. [VPSE] 15 an entertaining
account of the use of digital technmiques in highbudget B
production. We will return to the technology underlying streaming
videao in Chapter 15.

1. Under what circumstances will you need a hardware codec
when working with video?

2. Specify the ldeal video componenis of & system for the
following projects:

(a)

L)

{c}

{d)

il

i)

A video interview with a calebrity, to be recorded at thelr
home, and incorporated into a multimedia production
on CD ROM for which you will need to extract hiph
cuality still images as well as the video footage.

A& live video conference to be conducted across the
Internet.

A video recording of the close finish of a 100 metre
sprint, for a multimedla production on the Okympic
games, which will allow the user to determine the winner
for them=elves.

A gurvelllance system In a bank which would provide
visual evidence for a forensic multimedla presentation
in a court of kaw.

Yideo footage of a fast flowing mowmtaln stream, which
15 to be presented as sracothly as posslble in slow
motion, in a small sized window on a web page.
Tirne-tapse footage of the opening of a Aower, For use oo
a Web gite devoted to gardening.

3. Specify a practical system, based only on the eguipment
available to you, for realising the same projects.

4. Suppese you were imvolved in the design of a mmldmedia
software applicatdon for domesrc uge, ntended (o allow users
to creste ‘home’ muldmedia productions such as a vocord
of a child's birthday to send on CD ROM to a grandparent
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Pay attembion b copyright and use
these cHps only for your own work,
Do ot atteropr to publizh of
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on the other side of the world. What agsumptions will you
make about video for this program, and what facilitbes will
you supphy?

» How much storage would be accupied by a 90 minute featare

film stored in each of the following forms?

{ay CCIR E01.

{b) MPaML MPEC-2.
{c) Dv.

i) MPEG-1 in 5IF,

For each format, indicate what applications it is suitable for.

. What effect will each of the following common viden idloms

hiave on a compression scheme that includes temporal com-
pression?

(@ Cuts;

{v} Disgolves;

{c) Hand-held camera work;

{d) Zooms;

(e} Pans.

In which cases does motion compensation help?

. Suppose an MPEG encoder uses the nine frame sequence

[BBPBRFBE as a GOP. Draw a diagram showing tie depen-
dencies between the first eighteen frames of a compressed
clip produced by this encoder. Show how the pictures would
be reordered into bitstream ovder, Explain carefully why the
pattern of 1, F and B pictures in the bitstream order of the Arst
nine frames is different from that of the second nine Frames.

. Capture & short clip3® from TV or a video rape of each of the

following:
ia) A classic black and white fifm noir.

() A contemporary sOap Operd.

{C) A silent comic plece by Chaplin or Keaton.
{d) A serioug documentary.

{e) A musical romedy in Glorlons Techndeolor.



Exercises

Observe how each has been edited fo give It lts particular
character.

Re-edit each clip to plve it the style and feel of one of the
cthers. For example, make a silent comedy clip out of the
documentary, or film aeir dip cut of the musical comedy.

{a) Do this stmply with bagic trapsdtions, f.e. cuts, dissolves,
and wipes.

{by I post-production tools are availabie to you, take this
further, by changing colours, contrast, or the gualty
of sound. For example, rendar the contemporary scap
opera in gralny black and white with crackly sound, or
the re-edited fitm #efr in three-colour Technicolor,

. Auser starts to download a 905 kilobyte movie of 30 seconds
duration, using progiessive download over a connection that
provides an average data rate of 2500 bytes per second. How
long will it be before the movie starts to play? Why might the
wier experience jerky playback?
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Animation

Animnation may be defined as the creation of meving pictures one
frame ar a time; the word is also used o mean the sequences
produced in this way. Throughout the twenteth cenhiry, animation
has been used for entertainment, advertsing, instruction, art and
propaganda on film, and latterly oo video; it is now also widely
empoyed on the Waorld Wide Web and in multmedia presentations.

To see how animation works, consider making a sequence of
drawings or paintngs on paper, in which those elements or
characters intended to change or owwve duning the sequence are
altered or reposlttoned in each drawing. The changes between one
drawing axl the next méy be very subdtle, or much more noticeable.
Once the drawings are complete, the sequenre of drawings is
Photographed in the correct order, using a specially adapred movie
camera that can advance the film a single frame at a time. When
the [ilm is played back, this sequence of still images is perceived
in just the same way as the sequence of frames exposed when live
actiorl has been filmed in real time: persistence of vision causes the
succession of still images o be perceived as a contimious meving
image. I yom wigh ta comvey the ilhgion of fast movemnent or
change, the differences between successive images in the seguence
must be much greater than IF the change is o be gradual, or the
movement slow.

Etymplogically, "aninkate’ teans *ta bring o life', which captures the
essence of the process: when playved back at normal film or video
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speeds, the sdll characters, objects, absiract shapes, or whatever,
that have heen photographed in $equence, appear to come to life.

A8 film 15 profected at 24 frames per second, drawn animation, as
we have just described it, technically requires 24 drawings for each
second of film, that is, 1440 drawings for every minnte — and even
more for animation made on video, In practce, animation that does
not require seamlezzly smooth movement can be shot *on 28", which
means that two frames of each drawing, or whatever, are captured
rather than just one. This gives an effective frame rate of 12 frames
per zecond for film, or 15 for NTSC videa.

If an animation 1z made zalely from drawings or paintings on paper,
every aspect of the image has to be repeated for every single frame
that is shot. In an efort to reduce the epormous amaunt of labour
thiz process involves, a2 well as in a coptinuing search for new
expressive possibilities, many other techniques of animation have
been devised. The most well known and widely uzed — at least until
very recently — has been oel aniruation. In this method of working,
those glements in a scene that might move — Hemer Simpson, for
exarnpie — are drawn on sheets of transparent material known
as ‘cel’, and lald over a background — the Simpaons' living room,
paerhaps — drawn separately. In producing a seguence, only the
meving elements on the ¢el need ta be redrawn for each frame;
the fixed part of the scene need only he made once. Many cels
might be overlaid together, with changes being made to different
ones between different framez to achieve g greater complexity in
the scone. To take the approach further, the background can be
draws oo g long sheet, extending well heyond the hounds of a singte
frame, and moved batween shots behind the cels, to produce an
effect of iravelling through a scene. The concepts and techniques
of tradidonal cel andmation have proved particularly suitable Lor
transfer 1o rhe digital realm {see Figure 11.1%

Largely because of the huge Inflnence of the Walt Disney studios,
where cel animation was refined tw a high degree, with the use of
mnid-plane set-upd that added a sense of three-dimensionality to
the work, cel has dominated the popuolar perception of animation.
It was used ln nearly all the major cartoen series, from Popeye to
the Simprons and beyond, as well az in many foll-length feature
films, starting with Swew White and the Seven Dwarfs in 1937,
Howaever, from the very beginnings of maving pichires in the 1800z,
animation has been successfolly created by emploving a variety of
other means. Many artists do indeed work by drawing each frame
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separately on paper, while others, even more painstaking, have
painted dicectly on to film, or scratched the emadsion of blackened
film stock; others have worked with sand or oll paint on plass,
or chalks oo paper or card, making changes to the ¢reated image
bhetween every shot; still others have manipalated front or back
lit cut-outs under the camera — Terry Gilliam's very strange work
for the Morty Python TV sertes is a well-kmown example of cut-out
andmation. Sometmes animators have lovented & completely mw
way of working for themselves, such as Alexeieff and Parker's pin
screen, in which clogely spaced pins are selectively pushed through
a bnard and lit so that the shadows they cast form an image, which
i5 changed between each shot.

A distinct alternative to all of these essentially two-dimenslonal
forms is three-dimensional, of step-mortion animoation. This encom-
passes several technlques, but all use miniature three-dimengional
sets, Hke stage sets, on which objects are moved carefully between
shots. The objects may include articulated figures, whose limbs
can be repositioned, or solid figures whose parts are replaced,
or substituted, between shots, to produce an effect of gestures,
walking, and s0 on. Figares and other objects made out of a
malleable modelling material, such as Mastlcine, may be used
instead; these can be maniputated between shots, o produce
both natural movemnent, and otherwise impossible changes and
transformations. This latter form of animation — often called chay
animatior — has achieved recent prominence with the work of the
Aardman studios whose output includes the Wallace and Gromit
films.,

Although it may be convenient to conglder the varions techniques of
animaten separately, hybrid forms of animation are often produced
— mixing cel and 3-D, for example. There is also a long radition
of combining animation with lve footage. The most celebrated
example of this is perhaps Who Framed Roger Rabbit? (1088), but
a mixmre of live acton and animation was employed io some of
the earliest films ever made, including Georges Mélids well known
‘trick films', and Max Fleischer's Our of the Inkwell series of the
1820s, which did mmch to popularize animaton as a form of
entertainment, Recently, the eager adoptlon of digital technology
by the Rlm industry has led to a substantially increased use of
animation in conjunction. with live action, particularhy in special
effects movies, suwch as Jurassic Park, that have provided some of
the major box-office hits of the 1990s5.



Capiured Amrnation and Image Sequences - imn

™% [t is perhaps not always reallsed by ap andience thar much of
what they perceive a5 ‘special effecis’ has been achisved by basic
animation technlgues, whether Taditonal, 25 in the 1933 classic
King Kong and mémy other monster movies, or dlgital, as in rthe TV
series Balndon 5, for vxample,

All of the established forma of animation have their counterparts
in the digital realm. Moreover, digital technology affords new
oppornmities for using animation and technigues derived from it
in mew contexts,

Captured Animation and Image Sequences

As we will see, digital technology has bronght new ways of
creating antmation, but computers <an aiso be used effectively in
conjunction with the older methods discugszed ashove, to produce
antmation in & digitel form, suitable for incorporation in multimedia
productons, Currently, preparing animatdos: m this way — using
digital technology together with a video camera and traditional
animation methods — offers omwh richer expressive possililities
to the antmator working in digital medla than the purely computer-
generated methods we will describe later in this chapter.

Instead of recording vour animation on film or videotape, a videao
camera (pither a digital camera or an analogue camera connected
tirongh a video capture card) Is connected directly to a computer,
to capture sach frame of animaton to disk — whether it is drawn
on paper or cel, constoucted on a 3-D set, or made using any
other techndque that does not depend on acmally marking the film.
Instead of storing the entire daia siream arriving from the camera,
as you would if vou were capturing hve video, you only store the
digital vergion of a single frame each time you have get up & shot
correctly. Most digital video editing applicatons provide a facility
for frame grakeng of this sort. Premiere, for example, offers a Stop
Frame compland i its Cagture menu. This causes a recording
window to he displayed, showing the current view through the
cammerd. You can use thizs to check the shot, then press a key to
capare one frame, aither to a sdll Image fle, or (o he appended
0 an AVI or OuickTinw movie sequence. You then change your
drawing, alter the positon of your models, o whatever, and take
another shot. Frames that are unsatisfactery can be deleted; an
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Recll from Chapter 3 it Painrer
provides tocls that simadate natvoal
media, 50 yon can make plotures that
lock {somewhat] as if they were made
with comvermtional art materials.

Animation

opton allows you to see a ghost image of the previowsly caprored
frame, to help with alignment and making the appropriate changes.
When you have capruted a set of frames that forms a sequence, you
can save it as a QuickTime movie or a set oF sequentially muonbered
image fles (see below). The latter option is wseful if you wanr 1o
manipulate lndividual bnages in Photoshop, for example.

For certain types of traditional animation, it is not even mecessary
e use a camera. If you have made a series of drawings or paintings
ON pajper, YouU cah Use a scanher 10 produce a set of Image files from
them. You can also manipulate cut-outs on the bed of a scanner,
alinost as easily as under & camera. A film scanmer will even allow
you o digltize animation made directly onte film stock. You might
be able to use a digital stills camera Instead of a video camera,
provided it aflows you to downboad images directly to disk. In all
of these cages you are abke to work at higher resolution, amd with a
larger colour gamut, than 1s possible with a video camera.

For drawn or palnted animation you can dispense with the exrernal
form and the digidzadon process entirely by using a graphics
program to make your artwork, and save your work as a muovie or
as a sequence of image files.

£ Sequences of image files provide a very flexible representation of an
animation. Individual fles can be opened in a graphics program
0 be altered: single files can be removed from the seguence,
replaced or added. The sequence can then be imporied into a
video editing appdication and converted o an AV of CauckTime
movie. However, managing & collection of Image fikes can become
complicated, especially if you eventoally want to nport them inko
a videp editing program. In order for thiz to be possible without
tying you 10 a particular combination of programs, the Ales' names
mnast conform to some comvention. For examgde, on the Macintosh,
Premiere can only import a sequence of ACT files if they are
all in the same foldey, and all the Mes have a sufflx consisting
of a pericd Followed by the same ramber of digits, for example
Animation. 031, Animation.002, .. Animation.44% {Fallure Lo
provide the necessary leading zeroes will have congequences that
you can probably guess at) Tf you make any changes to the set
of images. you muast take care not o disturk the oumbering, or to
adjust it if necessary.

Fainter provides special support for animators wishing o draw o
paine animations digitally,! In the form of features that resemble
some of the ways in which traditional animators work with a stack
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of drawings, A Fainter frame stack 1s a set of images, all of the
sogme dimensions and colour depth  When you create or open a
frame stack, you are provided with controls for navigadng through
it — advancing or reireating one frame, of going to the beginning or
end of the stack — and playing 1t by having each frame 1n the stack
digplayed In twn. You create an antmated sequence by painting on
each of the frames in the stack. By honing op ortion skinning you
can make vp t© four Frames adjacent to the one you are currentiy
working on visible as ghost images, to help you line up the static
parts of the animation and judee the amount by which you need (o
change the moving elements, This practice 12 modelled on the way
animators sometimes use a light box to help construct a series of
frammes. By working on thin paper (hence the name ‘onion skin’) on
a surface iluminated from belaw, they can lay the sheet they are
working on over the one praceding or following it, which will show
through the top sheet as a ghost image in just the same way.

Plate 20 15 a screenshot of a Painter framestack being worked on,
showing the npavigational controls and the ghost images of the
nearby frames. Note also the thumbnails of these frames,

Because it 2 a computer program, Panter {and similar applicaticns)
can help the animater in ways that are difficolt or impossible
when working with physical media. The most characteristically
computerized factlity is the ahility to record a sequence of oper-
ations a5 & xcripr that can subsequently be played back to apply
the same operations to a new image For example, you could
record everything yvou did while drawing a stetic clement in the
firzt frame of & stack, and then, when you came to work oo the
next frame, simply play back the recording o redraw that element
antomatically, leaving you with just the chapging parts of the
animation to do by hand. You can also use a script to record the
application of & combination of effects, such as adjustments to
brightmess and contrast, or colonr balance, o one jmage, and then
have the seript applied to an entire frame stack to alter every frame
n the sate wWay,

Alverpatively, g framestack may be used w create animation
by progressively altering one single image, shmulating traditlonal
methods of working in paint of sand on glass, etc. Painter is
especlally appropriate for this, glven its extensive and customisakle
range of natural media and brushes. In this case each new frame
starts as a copy of the preceding frame, which is then partly erased
and repalnted to create the andmaticon. (Fainter allows you to add
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I computer graphics circles, s
nieress of palndng on to existing
viden frames = sometmwes called
‘rotoscoping’, but the use of the term
iy inpoorate, as explained balkow.

Andmation

frames on to a framescack one at a time, with an option w0 make
each new frame added a copy of tha last In the stack at that time.)

As well as lerting you save a frame stack as a sequence of Image
files, Painker will let vou save It as a {aickTime or AVI movie. H
will also let vou open 4 movie, transfonmning it into a frame stack
when yon do so. This offers new possibilities, You can, for example,
paint onto or otherwise alter original video material, which is one
way of adding arimation ' live acdon? Another opton is to trace,
frame by frame on a new framestack, selected elements from a
lve action video cllp opened as a separate framestack, (Painter
provides special facilides for doing this). This process, whether
achieved digitally or by older mwans, is what is properly referred
to as rokogcoping, and has long been used to creave animation that
accurately reproduces the forms and natural movenwents of people
and animalg.

> Rotoscoping is named after the rotascape, a device patented by Max
Flelscher (of Betty Boop and original animated Popeye Fame) in 191 5.
Flelschear's device projectsd movie footage, one frame at a time,
onto a lighy table, ghving a back projected seill Image over which the
animator could place a sheet of animarion paper. When the braoimg
of one frame was complete, the flm was advanced ro the oext by
means of 3 hand crank.

[mstead of using & set of stll image files to hold an animation
sequence, Yol can Bometimes use a single "image’ file to hold several
images. While a swrprising munber of filke formats — inchading, bt
not exclusively, formats intended for use with anlmation software
— offer this facility, by far the most common is GIF.

GIF files' ability to store a sequence of images has been used o
provide a cheap and cheerful form of animation for Web pages.
Most Wely browsers will display each image contained in a GIF file
in um when they load the file. If the displaving bappens Fast
enough, the images will be seen as an animation. The GIF8%9a verslon
of the format priwides for some optional data items that control
the hehaviour of an animtated GIF, as these Hles are called. In
particubar, a Aag can be get w0 cause the animation &0 loop, either for
a stipulated number of tmes or indefinitely, and 2 minimum delay
between frames, and hence a frame rate, can be specified. However,
animated GIFs do ot priwide a very reliable way of adding animated
features to Web pages. As with most aspecis of a hrowser's
behaviour, the way in which animated GIFs are displayed can he
changed by users — looping can be wrned off, animation can be
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prevented, and if Image loading 1s disabled, animated GiFs will not
appear at ali — and not all browsers offer a proper implementation,
The main advantage of animated GIFs is that they do not rely on any
plug-in, or the use of scripting (see Chapter 145

Several free or inexpensive udlides are available on the major
platforms for combining a set of imapes into a single animated GIF;
Fairiter can export a frame stack as an antmated GIF, and Premiere
and Flash allow yon to save a movie in this form, teo. Potentially,
therefore, GIF files can be wsed to store any form of antmation.
However, everl when GIF animation is properly implemented and
enabled, it has many shortcomings. You cannat add soumd; you
are restricted to a 236 colour palette; your images are losslessly
compressed, which may conserve their quality, but does not provide
much compression, a sericus censideration that effectively prevents
the usge of this format for any extended animation sequences.
Usually, each frame of an animared GIF is dispiayed by the browser
as it arrives. Network spesds mean that there may be excessive,
and probably reegular, delays batween frames, maldng any frame
rate that may be specified in the file irrelevant. However, if an
aniination iz set to loop, vnce it has played through the first time
it will have been copled into the browser's local cache (unless it is
too Mg), and suhsequent loops will play ar a speed onty limited by
the user's processer and disk (which are completely unknown to
the animator). In general, there ig littde chance of an animated GIF
consistently playing back at a sufficiently high frame rate to give
smocth animation, unless it is small (and even then, not cn older
computers). Uspally, theretore, animated GIFs are not used for real
animation, but for more stylized changing images, often resembling
neon advertising signs. Possibly for this reason, by association of
ideas, Web pape advertising 15 what animated GIFs are most often
used for. It is probabiy fair to say that, because of the ease with
which andmated advertisements can be incorporated into a Web
page by almost anvbody, they have bean uged For soane of the worst
animatjon ever praduced,

For animation of any duration, especially if It is accomtpanied by
sound, the best resuits will be achieved using a video format, and
CickTime has become the standerd. Once you hoe captured
of painted an anlmation seguence arnd saved It as, or converted
it to, OuickTime in the inanner previously described, what you
have iz just an ordinary CuickTime movie, 5o it can be edited,
combingd with other clips, have effects applied, and be prepared
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for inclusion in a mulimeda productlon, Just like any other video
clip. However, animation clips may have some distincdve Features
which affect the way you deal with them. In particular, certain styles
of drawn animation temd to feature simplifted shapes and areas of
flat colour, (This is not invariably the case, the characterisdes of
the images depend on the individual animator’s style Material
of this type may be more amenable to lossless compression than
other types of video. OuickTine's Anfmation codec is designed
to take advantage of the characterisdes of simple cartoon-style
drawn animation, which, as we will see later in this chapter, are
often shared by computer-generated 3-D animation. Compression
is based on run-length encoding (RLE), and, wben the codec is used
at Its highest quality setdng, is lossless. There is also a lossy mode
that can be used o achieve higher compression ratios. Because it
1= based on RLE, this codec can compress areas of Aat colour well,
which is what makes it suitabie for animation in the particular styles
Juzse mentioned. Tt works best on images made in the compurer:
the gignal noise that may be introdwueed by capruring from a video
camera can interfere with Its effectveness.

‘Digital Cel’ and Sprite Animation

{ur earlier description of cel animation may have put you in mind
of layers, as described in Chapter 3. Layers allow you Lo cteate
separate parts of a sdli image — for example, a person and the
hackground of a scene they are walking through — 30 that each
can be altered or moved independently. The frames of an antmated
sequence can be made by combining a backgrouasl Tayer, which
remains statie, with one of more anlmation layers, in which any
changes that take place between frames are made, Thus, 1o create
an antmation, yon begin by creating the background layer in the
image for the first frame. Next, on separate layers, you create the
elements rhat will move; you may want to use additlonal statc
layers in between these moving layers if yon peed to create an
ilusion of depth. Afrer saving the first frame, you begin the next
by pasting the background layer from the first; then, you add the
other layers, incorporating the changes that are needed for your
animation. in this way, you do not need to recreate the static
elements of each frame, not even using a scrlpt.
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Where the motion in an animation is simple, it may oniy b
necessary to reposition or transform the Images on some of the
lavers. To take a simple example, suppose we wish to anlmate the
moverent of a planet across a background of stars. The first frame
could consist of a background layer contalning the star field, and
a foreground layer with an image of cur planet. To create the next
frame, we would copy these two layers, and then, uging the move
tool, displace the planet's image a small amount. By continuing in
this way, we could produce 2 sequence in which the planet moved
across the background. (f we did oot want the planet to move in
a straight lineg, it would be necessary to rotate the image as weil as
displace i, to keep It tangental to the motion path.) Simple moticn
of thiz sort is ripe for automation, and we will see in a later section
how After Fifects can be osed to animate Photoshop layers seml-
autcraatically.

Using layers as the digltal equivalent of cel saves the animator dme,
but, as we have described it, it does not affect the way in which
the completed anlmation i stored: each frame is saved as an image
file, and the sequence will later be ransformed into a CuickTime
mtrvie, an animated GIF, or any other corrventional representation.
Yet there is clearly a preat deal of redundancy in a sequence whose
frames are all bullt cut of the same ser of eleinents. Possibly, when
the sequence comes to be compressed, the redundant information
will be srueezed out, but compressing after the event ig unlikely o
be as successful as storing the sequence in a form that exploits its
redundancy in the first place. In general terms, this would mean
gtering a single copy of all the statie layers and all the objects (hat
ig, the non-oansparent parts) on the other layers, together with a
descrlption of how the moving elements are transformed between
frames,

This form of antmation, based on moving objects, 15 called sprite
anirration, witl the objects being referred to as sprites.  Slightly
more sophisticated motion can be achieved by associating a set
of images, sometimes called faces, with each sprite. This wouold
be suitable to create & 'walk cycle” for 2 humanoid character, for
exaraple ($ee Figure 11.2), By advancing the posiden of the sprite
and cyching through the fares, the character can be made to walk,

CickTime supports sprite tracks, which store an animation in the
torm of & ‘key frame sample’ followed by some ‘override samples'.
The key frame sample contains the images for all the faces of all the
sprites used in this antmation, and valnes for the spatial properties
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Figure 11.2
Sprite faces for a wakk cvcle
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(position, orientation, visibility, and 50 on) of each sprive, as well as
an Indiration of which face 1s to be displayed. The override samples
comntain oo image data, only new values for the properdes of any
sprives that have changed in ary way. They can therefore be very
small. QuickTime sprite racks can be combined with ordinary video
and sound tracks in a movie.

We have described sprite animation as a way of storing an animated
sequence, but It is often used in a different way. Instead of staring
the changes to the properties of the sprites, the changed valwes can
be generaved dynaunicalky by 2 program. Simple motion sequences
that can be described algorithmically can be held in an even more
compact form, therefore, but, more interestingly, the computation
of sprite praperties can be made to depend upon exrernal events,
such as mouse movements arxl other user input. In other words, the
movenent and appearance of animated chiects can be contrelled by
the user. This way of using sprites has been extensively nsed in two-
dimensional computer games., but it can also be used w0 provide
a dynamic form of interaction in other comtexts, for example,
slmulations. We will see something simllar in Chapter 14 when we
consider antmating text on Web pages.

Key Frame Animation

During the 19308 and 19402, the jarge American cartoon producers,
led by Walt Dishey, developed a mass producton approach to
animaton Central to this development was drvision of labour. Just
as Hemry Ford's assembly liwe approach t0 manufaciaring mangr
cars relied on breaking down complex tasks into small repetitive
sub-tasks that could be carried out by relatively unskilled workers,
so0 Disney's approach to manufacturing dwarfs relied on breaking
down the production of a sequence of drawings into sub-tasks,
some of which, at least, could be performed by relatively unskilled
staff. Disney was legs successful at de-skdlling animation than Ford
was at de-skilling manufactore — charscter design, concept art,
storvboards, tests, amd some of the animatlon, always had to be
done by experienced and talented artists. But when it came o the
productdon of the Bnal cels for a flm, the rile of trained animators
wag largely confined ta the creation of key frames.



We have met this expression already, in the context of video
cornpression and alse in connecton with OuickTime sprite tracks.
There, key framws were thoze which were stored in their entitety,
while the frames in between thens were stored as differences ondy.
In animatlon, the meaning has a slightly different twist: key frames
arc typically drawn by a ‘chiefl animator’ 1o provide the pose and
detatied characteristics of charactera® at Lmportant points in the
animation. Usually, key frames ocour at the extremes of a moventent
-~ the begimning and end of a walk, the top and bottom of a
fall, and s0 on — which determine more or less endrely what
happens in between, but they may be used for any peint which
marks a significant change. The intermeddiate frames can then he
drawn almost mechanically by ‘in-betweeners'. Eack chief antmator
could have several inbetweeners working with him* to multiply his
productivity. {n addition, the tedlons task of transferring drawings
to cel and colowring them in wak also delegated to subordinates.)

In-betweening (which is what In-betweeners da) resembles what
mathematicians call interpolatior: the calculation of values of a
fupction lying in between kmown points. Interpolation is something
that coinputer programs are very good at, provided the vaines o
be computed and the relationship between them can be expressed
numerically. Generally, the relationship between twa key frames of
4 hand-drawn animation is too complex to be redoced to numbers
in 8 way that is arnenabls o computer processing, Bat this does not
prevent people trying — because of the potental lahour savings.

Al digital images are represented nnmerically, in & sense, but
the numerical representation of vector imagesz Ix mmch simpler
than: that of bitmapped images, making them more amenable to
numerical interpolation. To be mere preclss, the transformations
that can be applied ta vector shapes — translation, rotaton, scaling,
reflection and shearing — arve arithmetical operations that can be
interpolated. Thus, mwovement thar consists of a combinatioh of
these operations ¢an be generated by a process of rmmericat in-
betweening starting frein a pair of key frames.

Macromedia’s Fask 1s deslgned for producing simple vector anima-
tioms, primarily for display on the World Wide Weh, Although it can
only produce very crude animation, best suited for such ernaments
of contemporary civilization as rotating logos and dancing text, It
Hlustrates in a simple form the uge of key frames and interpoiation
as an aid be animation.®
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The mass production approach to
animation 13 ahmost invariably
asaociated with carteons featuring
charactar.

4

‘This "hirn’ 13 ot & casual slip: the hig
earkoch sradios of those davs did oot
have what we would consider an

etlightened aminnds to wimen as
anirmators.

5

You will also encoumter some of the
same Coneepts when we descrtiwe
tinae-based multimedia anthoring in
Chapter 13,
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Animation

A Flash animation is organized using a fmeline, a graphical
represenration of & sequence of frames, similar to the timeline in
video editing applicadons. Animations can be built up a single
frame at a time, by inserdng Individual frames into the timeline, hut
here we are more interested in inserting just the key frames. A key
frame s created simply by clicking in the timeline at the appropriate
point and using the insert keyframe menn command or its
cominan] key espuivalent. This just establishes the existence of the
key frame; its content must also be added before n-berweening can
be specified.

Flash's stage is a sub-window in which frames are created by
arranging ohjects, ad which is also used to preview animations.
Objects can be created on the stage nsing some bult-in drawing
tools, similar to but less comprehensive than those of lustrator or
Freshand, or they can be imported from those applications. Bitmap
images, in formats inclnding JPEG and PNG, may also be imported
and auto-iraced to make vector objects; images can be used in
bitmap form within a Flash frame, but cannot then be rotated or
scaled without potentially degrading the image. Comprehensive
support is provided for text; characters in outline fonts can he
decompased lnto their component owtlime paths, which can be
edited or animated separately.

Graphical objects can be stored in a bbrary in a special form,
called a symbol, thar allows them to be reused. Since interpolated
animations, almost by definition, reuse objects, key frames can only
be built out of symbols. To animate a symbol, a key frame is
selected in the timeline, ard the symbol is placed on the stage; the
cugrent Frame ig then moved o the next key frame, and the symbal
is moved, scaled, or otherwise transformed, to create the new frame.
{The #ymbal 18 behaving like a sprite) Double-clicking anywhere
in the timeline hetween the two key frames brings up a dialogue,
which allows you to specify that the In-borween frames should he
interpolated (tweened’, as Flash puts i), The current frame is
moved to the next key frame, If there 18 one, and the process is
repeated. The animation is built up as a sequerce of automaticatly
nweened segments, betwesn key frames that have been arranged by
hand.

Moving a single symbol abhout the stage offers little in the way of
artisde gratification. Each Flash animation, though, can have an
arhltrary nunsher of layers, allowing the independent animation of
many symbols. To further ease the work, of anirmating motion, an
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object can be moved aleng a path drawn on a hidden layer; this
motion path need not be a straight line, so mevements that would
have to be constructed using many key frames 1f ofly rectilinezar
movemems were possible can be achteved in a single tweened
gequence with fust two key frames. Finally, a symbol can itseif be a
small animaton, that plays within the main movie, 50 that different
motions can be combined. For example, a symbol can consist of an
ohject rotating; this can then be animated on & path, so0 that the
ohject rotates as it follows the path. The analegy with tradidonal
cel animatdor — of a bastc kind — is fairly complete.

Flash's interpolation is Hhear. ¥ we just consider interpolated
moton in a straight Hne, this means that a symbol moves an
equal distance between each frame, the distance moved being the
total distance betwesn its positions in the starting and ending key
frames, divided hy the number of frames in the sequence. Putting it
more simply, the symbol meves at a constant velocity, which causes
w0 problems.

First, motion beging and ends ingrantanesusly, with objects artain-
ing their full velocity as soon as they start to move, and maintaining
it until they stop. Nothing really moves like that. To produce a more
matural moverment, Flash borrows a technique from hand-made
antmation: the transiton from stasls to movement is made more
gradual by vsing smaller, stowly increasing, increments hetweern
the first few frames (ie. the cbject accelevates from a standstill to
its final welodty), a process referred to as easing in. The converse
process of deceleration is called easing out. Figure 11.3 shows the
way the horizontal dlaplacement and velocity of an object changes
with tine when it is moved rom an initdal position in key frame 1
of [0,0) to a Anal position in key frame 2 of (50,500, using linear
imterpalation over S frames. Figures 11.4 and 1.5 show how the
change might be modifiad when the motlon is eased in or out —
we have shown a style of easing that uses quadratc imterpolation,
that is, the accelerarion is constant. More complicated styles are
possible and might be preferred. Flash allows the anfmator to
get the degree of casing using a slider that moves froin maximum
easing in, through a constant velocity, to maximum easing out. In
effect, this moves the displacement curve from cne like Figure 11.4,
via similar curves with lass pronounced bulge, through Fipure 11.3
and heyond to Figure 11.5. (That is, the acceleration goas from soms
maximnm positive value, throngh zere, o a maximum negative
value,)

361

£
£
2
1
=
kR EF
2
E
2
¥
&F 'y
Figure 11.5
Easing out



352
75
:
=
B
h=1
kA kJz L1 7]
1
3
=
4
& F L. kfy
Frgure 11.6
Abrupt change of velocity

Animation

The second problem with linear interpoladon can be seen in
Fgure 11.6, which shows how displacement and velocity change 1f
we now append o our onginal sequence a second one of 50 frames,
during which our ohject moves from its positon in key frame 2
of (50,50) to a new positlon at (75,75) in key frame 3. Because
eath Sequence is interpolated separately as a straight line, there is
a sharp dscondmuity at key frame 2; as the veloclty graph clearty
shows, this will appear as a sudden deceleration at that point in
the animation. Again, this i5 an vnnatural sort of mosement, that
will rarely be whar is desired. By clever manipulation of the easing
slider, it would be possible to smooth out this abrupmess, but a
more genieral solution to the problem is available. [n Chaprer 4, we
stressed that Bézler curves’ most ateractive property (s that they can
be joined together smoothly by aligning their tangent vectors. By
usging Bézler ourves instead of straight lipes to interpolate between
key frames, smooth motion can be achieved. Mote that we do oot
mean that objects should follow Bézier shaped paths, but that the
rate at which their propertles change should be interpolated using
a Bézier curve. Flash does not offer the opHon of any form of non-
lierear interpolation but other, more elaborate, key frame animation
systems do. Although we have only considered displacement in
one dirertion, you should be able to see that similar considerations
apply to any transformations that might be interpolared.

Although we claitned earlier that interpodation of vector graphics is
eazier then interpofation of bitmapped Images, you can probably
see that there is little advantage, for arny but the most basic
anlmaylon, in psing vectors — rather the reverse, because of the
stylisdc limitation imposed by vector drawing. We will see in the
next section that key frame animation can be applied 0 bitmaps
to produce more visually interesting resudts. The pay-off from
using vectors cnes in the compact representation that can be
used for the Ainal animatlon. As with vector still image fornmals,
ocbhjects can be represented compactly; additiomally, as with sprite
tracks, thelr movements can alsc be represented compactly. For
example, the native file format of Flash is SWF (Shockwave Flashl
An SWF file consists of ltems, which are divided into two broad
classes: definitions and conergl items. The Former are nsed o store
definitions of the symbols vsed in an animation invo a dictionary;
the latter are instructions io place, remove, or move & symbol
{identified by itz name in the dictionary). Placement and movement
are specified using transformation mafrices, so that the posidon
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and any scaling or rotadon are specifed at the same time. An SWF
file & thus rather like a program, comprizing as it does definitions
of some objects and instroctlons that manipulate them. SWF data
is encoded in a binary form and compressed, resulting in very
small files. For example, an extremely simple tweened animation
consisdng of twenty frames, during which a red circle inoves along a
moticn path, growing in size as it does 50, pecuples 450 hytes as an
SWF file; the same animation, stored a8 a OnickTime movie using the
Animation compressor (which should be parttcularly effective on
such materizl) at a medium quality setting, occupies over 19 khytes.

Tnterpolation between key frames can he appliled to bltmapped
images. Since bitmaps do not contam identifiable objects, the use
of layers to isolate different #lements of an aniniation is essential.
The analogy with cel animations is more ot less complete — each
laver is llke a tranaparent sheet of acetate with something palnted
on it Layers can be moved mdependently, so0 an animation can
be constructed by placing different elements on different Iayers,
and moving or altering the layers hetween framws. Where the
maovenwent or alteration is easily described algorithmically, it can be
interpolared hetween key frames, just as inhetweeners interpolate
betwoen a chief animator's key frames. Typically, hetween key
frames, a layer may be moved to a different position, rotated or
scaled. These gepmetrical transformations are easlly Interpolated,
It since we are now concerned with, bitmapped images, they may
recodre rezampling, and congecuently canse 4 loss of image quality,
as we explained in Chapter 5.

After Effects is the leading desktop appilcatlon bor animation of this
kindl. Because of their shared provenance, After Effects works well
in conjunction with Photeshop and Dustrator. A Photoshop fmage
can be imported iate After Effects, with all its layers — including
adjustmreut layers — and alpha channels intact; an Mustraror
drawing can be Imported and rasterized, again with its layers intact.
A common mcde of working, therefore, 15 t0 nse the tools and
taciiitiez of Photoshop or Mustrator to prepare the elements of
an animation on separate layers, and import the result into Afrer
Effects where the layers are animated. Photeshop images should be
prepared at an appropriate resohition and size for vour lntended
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Figure 11.7
Limear spatial interpolation
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Aftay Effects actually nrovides ‘auto
Bérter' interpalation, where the
handles are st autoenatically on the
basls of the neighbouring key frames;
‘contimpous Bézher" interpalation,
where harwdles are adjusted manually,
as in Mhastrator, with the directicn
lines at joins constrained to be the
same kngth and colinear; and “Beégier’
Interpolation, where the wo direction
linex af a join are moved

Independentty.

Figure 11.8
EBéxier spatlal imerpolation

Animation

delivery medium. if they are to be scaled down, they must be
large enough to accommodate the madmuom reduction that will
be applied. Hlustrator files can either be rasterized when they are
maported and then treated as bitmaps, or they can be contdnnously
rasterized for each frame in the amimatlon. This means that if they
are scaled, for example, no detaf] will be Tost.

The simplest animations are made by repositioning kayvers, either by
dragging them or by entering coordinates, and interpolating motion
between key frames. After Efects supports both Unear and Bézler
interpolation, in both space and dme. Figare 11.7 shows a tree
frog moving along a motlon path, defined by linear interpolation
berween five key frames — the changes in direction are ahrapt,
as if the frog was a ball houncing off a hard surface. Figure 11.8
shows the motion path through the same key frames, with Bézier
Interpolatdon® — the changes in divection are smooth, like a well
steered bicycle. These are different forms of spatial interpoladon,
which are set by movirg the layer in the window that shows the
image. Temporal Interpolation affecks the rate of change of positlon
with respect to time. Again, this may be linear, with a constant
velocity and tnstantanecus starthg and stopping, as dismssed
earlier in ronnection with Flash, or Bézier, where the acceleration
is smooth. Temporal iterpolatdon iz set in a4 valwe graph for
the corresponding property. The value graphs dispiayed hy Afeer
Effects for our frog's velocity with linear and Bézier interpolation
are shiown in Figures 11.9 and 11.10, respectively. The temporal and
spatlal nterpolation methods are independent: you can wse linear
temporal iInterpolation with Bézier motion paths, and vice versa.

Interpolatlon can be applied to other propertes of a layer. In
particular, its angle can be varied, so that it appears 1¢ rotate.
Angles wmay be sot by hand in key frames and Interpolated, or
the rotation may be determined antomatically ln conjunction with
mvensent, to maintain the orentation of a layer with respect to its
oition path, Scaling, which may be used as a pergpective effect to
canvey the iImpresslon of approaching or receding movement, or a5
a zoom in or out, can also be et in key frames and interpolated.

The degree of control over the interpolation of these spatial prop-
ertles offered by After Effects 1s conslderable. Using a comventional
Bézier pen tool, the graphs showing how a value varles with time
may be redrawn. Key frames are inserted automatically when
contryl points are added to the graph. Absolute values may be
entered numerically, allowing complete control over positioning
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and the rate of movement. Nevertheless, the type of motlon
that can be produced by interpolating the position, angle, and
slze of a single layer is restricted. Objects appear to move as a
whole, with an wmrealistic gliding motion, resembling that seen in
simple, lowbndget, cut-out animation, as favoured for some pre-
school entertainment and educadon on television. Production of
realistic movement — for example, making our frog walk or jump
— requires different parts of an object, such as tha legs, body,
and eves of a frog, to be placed on separately animated layers.
An wnderstanding of the wey things meve i real I 19 geeded o
coordinate the movement of the lavers, and there may be little scope
for autcroation.

Key framwe snimation of bltmapped images is therefore more fre-
quently used for stylized motion. As we mentioned in Chapter 14,
avelling mattes are oftenn made by animanng a still fmage in
After Effects.  Another popular application is the andmation of
text. Indisvidual characters or words can be placed on layers and
anisnated, just ke any other layer, or text may be placed on a path,
as in Nustrator, and then moved along that path over tima.

The bitmapped representarion allows other properties of the image
hesides its position, angle and size to be altered cver tme. 50, in
addifion to geometrical transformations, more radical tme-based
alterations of the layers can he achieved. Az we described in
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temporal Interpolaion
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Flaure 11,11
Framas from a thila sequence

Animation

Chapter 5, bitmapped images can be treated with many different
effects and fllters. Most of these filters have parameters, soch as
the radius of a Gaussian blur, or the hrightness of glowing edges.
Such parameters can be made to change over time, using the same
mechandsm of nverpolation between key frames as is osed for
interpolating motion. Doeing 50 allows some unique effects to be
genierated.

For example, Figure 11.11 shows a sequence of frames extracted
from the titde sequence of a short fim. The tite, ‘part of', emerges
from darkness as a vague blur, hecomes sharper and brighter until
it reaches maxiooum clarity, where it Is held for a few seconds before
receding back into the darkness. This was achieved by applying a
time-varying Ganssian blur (o the text, in conjunction with varying
the brightnezs. The artual text was a single still lmage, made
ini Photoshop, that was otherwise unaltered. Figure 11.12 shows
the praphs of the Gaussian bler and brightess values that were
used. The bBlur starts with a very high valwe, swhich renders the
texct illegible; in the same key frame, the brightmess is substantially
reduced. The valwes are Interpolated to a point where the blur 1s
removed and the brighimess brought right up. Bézier interpolation
is used to enswre a simooth fade up. The values are beld constant
between the middie two key frames, as shown by the flat portions
of the graphs, and then, to make the title fade back into nothing,
a syrunetrical interpolation s used to a final key frame where the
values ave jdentlcal to those at the beginning.

The effects that can be achieved wsing thme-varying filters on
bimapped images have more in common with graphic design than
with mainstream cartoons of art animations. They are often known
by the more suggestive name of motion graphics. Many of the
techniques first appeared in title sequences for feature flme, and
credic sequences remain a typical application.

Mation graphiz effects can be applied 1o live video as well as to still
images. That i3, a video clip can be moved across the screen, scaled
and rotated, and hkeated with time-varying Alters. By arranging
clips on separately animated layers, elaborate compositions can be
constracted. The result is fast becoming the dme-based equivalent

of the Layered Look in graphic design.
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3-D animation is easy 1o describe, but much harder to do. MNo
new concepts beyvond those already ittrokluced in this chapter
and In Chapter 4 are needed to wwlerstand the essence of the
process. The preoperties of 3-D models are defined by mimerlcal
quantities. Changing the nmunbers changes properties such as an
object’s position in space, its rotation, its swface characteristics,
and even its shape. The jntenslty and direction of light sonrces
and the positon and orientaton. of a camera are also numerically
defined. In order to antmate a three-dimenslonal scene, therefore,
all that {5 necessary is to set up an initial sceite and render It as
the first freme of the animation, make some changes to parameters,
render the next frame, and so on. Becanse the values that are being
changed are rumerical, some nds of change can be interpolated
between key frames; a time bne ¢an be nsed as 8 comenient way
of organizing tbe animation. and motdon paths in three dinensions
folten 3-D Bézier splinesg) can be uged to describe movement,

Whereas sipnple 3-D animavions, such as tambling logos and rotat-
ing globes, really can be made very easily — and there are dedlcated
packages available for such tazks — high-uality photo-realistic
animations, such as thoese emploved in television advertsements,
mair videos, and film special effects, require huge resources: time,
processor power and memory, dedicaied software, and above alt,
highly skilled specialized personnel. Munldmedia prodoction can
rarely afford theze resources. For this reason our description of
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At thig kevel, commputer-gemerated
animaion is cerainhy oo simpler than
traditicnal antmaton, and Is cnly
used in ordar o produce resmlts that
cannet be achieved ecomomically
using phyclcal means.

Animation

3-D animation is limited — readers interested in a foller meatment
of the subject should consult the relevant peferences given ar the
end of this chapter.

There are several factors that make 3-D animation more difficult
than it might appear. The first is the diff\iculty that most people
bave in visualizing in three dimensions. When we add time, fhere
are four dimensiong to be handled through the medium of a two-
dimenslonal computer screen. This difficulty 1s exacerhated by the
second problem, which is the amount of processing power needed
1o render a 3-D animatton. Advanced shading algorithms, such as
ray racing, take a long time to process a single image. in animation,
we need at least twelve, and up w0 thirty, images to be processed for
every secend of completed snimatton. This makes generating Fully
rendered previews impossible on anything but the most powerful
workstations or networks of distrilatted processors.

Large budgets, patience and practice can overcome these problems,
hut what remains Is the necessity to change a large number of
parameters in guch a way as te produce convincing movements.
At the very highest level of 3-D computer-generated animation, the
solution that is adopted is to provide a rich interface giving the
animator complete control over movement. For animating figures,
this resembies the type of contrel used by a puppeteer to contral a
mannequin — body suits equipped with motion sensors, Hke those
used to control animatromic puppets, are even used sometimes.”
This 15 in marked contrast to the approach taken to animation
by computer programimers, whose well-rained instinct is to Iy bt
awtomate everything. In an attempt to overcoms the limitations of
simple Interpolation schewnes, considerable research efforts have
been expended on ways of producing convincing motion in dhree
dimensjons automatically.

Ome of the key approaches s to provide certain kinds of behaviour
that can be applied to objects, and the way they interact. A simple
type of behaviour conslsts of making one object point at ancther.
This 1s most useful when the polning object is a camera or lgitt. Ifa
camera |a pminted at an object, it will maintain that object inits Reld
of view, no matter where it moves; a spotlight pointed at an object
will automatically follew It, as a real spotlight follows a dancer on a
stage, for example. Actual objects in the scene can also be made o
point at each other: a sunflower can be made to always point at the
sum, for exampie. A varfation on this behaviour ks to have one object
track another, ie. follow its motion at a distance, This can be used
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crudely to anlmate chase scenes. Like pointing, it can be applied
to 4 camera, allowing it to follow an object or character through a
scenle, even in places where it would be physically Impessible for a
real camera to go.

Some 3D andmation systems Incorporate behaviour based on the
physical laws of motion, For example, they aliow the user to speclfy
that an abject should accelerate from zerg under the influence of an
external force whose magnitude is specified as a parameter. Taking
this further, moving objects can be made to collide realisticatly, or
bounce off solid surfaces. These behaviours are based on simple
laws of physica that encapsidlate the possible motion in a few
equations. Unfortunately, many realistic types of movement cannot
be so eazily deseribed, and other methods must be uszed.

Kinematics is the study of the motion of bodiez without reference
to mass or force. That 1s, It 1s only concerned with hiow things can
move, rather than what makes them do se. In animation, it iz moest
ugefisl in connection with jointed stroctures, such as the Embs of
bhuman or amimal figures. Because they are joined together, the
varions parts of your arm, for example, can only move in certaln
ways. To produce realistic movement, a2 3-D model of an arm mnst
cbey the same kinematic constraints as a real arm: if the upper arm
i% reised, the iower arm and hand mozt come with It, for example.
Whereas, In reality, it 1s the motdon of the upper arm that propels
the rest of the arm, in an apiunation system, modelling movement
in this way — from the begloning of a chain of connected elements
to the end — is not very helpful to the anfmoator. [t is snore useiul
1o be able to position the object which is at the end of the chain —
& hand, say — and then make the other #lements — the rest of the
arm — maove to accommodate it. I is osuslly the extremities that
impose limitations on movement; when walking, a foot must stay
above the pronnd, resting on it at each step, for example. It takes
conglderable undapztanding of the way Jimbs move to ensure that
this will happen correctly by moving the thigh, so It is preferable
for the software to work out the movements of the leg froin the
animator's placement of the foot, and so on. This type of modelling
16 called trverse kingmatics, since it works backwards from effect
to cause. Joverse kinematics can be applied to any structure that
1 modelled as a linked chaln of ohjects. It 18 routnely provided
by 3-D animation programs that support such stmctures. Poser, for
agampie, can be 3t 1o antomatically apply overse Rinematics to the
armns and legs of figures.
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A lietle experimentation will show that compatation of movemment
using inverse kinematics is not entirely stralghtforward. In partic-
ular, the kKonematic constraints on anms and legs do pot ymiquely
determine the possible movements that the Umbs can make to
accommodate movements of the extremities. Try lifung yvour right
hand o towch the dp of your nose with your frst finger. How
many different ways can your right etbow move while you do so?
In order to fixx a particular tyvpe of movement, exira ConsITAIMIS,
such as minimizing the potential energy of the whole struchure,
must be added. To preduce movements that defy these constraints,
while still being physically possible, inverse Kineroatics omst he
abandoned, and the parts mnst be posidoned by hamd.

Despite what we sald earlier, there are some types of 3-D animation
that can be done effectvely using simple interpolaton of objects’
properties. As yol might expect from our remarks In Chapter 4,
specialized applicadons, such as Bryce, are geperally the most
succesful. EBryce does allow basic animation of the moton of
olyjects, by Interpolaring between key frames — the Interface is very
simpilar in spirit to that used in After Efects for aniroaring layers,
with Bézier motion paths and velocity graphs that can be modified.
The mwost effective application is animating a camera to cbtain a ‘fly-
through' of a scene; the camera can optionally be made 1 point at
an ohject while it follows jes modon path. This inherentty artificial
type of motion is much more effective when interpalated than more
natural movements can be.

Bryce algo includes some specialized animadon techniques that are
suited to its particular domain of terrain modelling. Most aspects of
the sky can be animated], to produce weather effects and 0 modet
the pagsage of time. Clonds can b+ made to move, as if by the wind,
and thelr shape, density and colour can be changed, to indicate a
gathering storm, for example. Rainbows can be made to appear and
fade; fog can swirl and dissolve., The sun amd moon can rise and
set: as the sun passes overbead, shadows will automatically move
correctly, Even geological processes camn be modelled: mountains
an be made ko erode into hills, and a landscaps can 2 shaken hy
an earthguake. All of these effects can be achleved with relative
simplicity by animating properties of the scene using key frames
and interpolation.
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3-0 Anlmation

Criginally, the phrase ‘“virtual reality’ was used to describe an
immersive yensory experience of a gynthetic world. Head-mounted
displays, which are sensitive to head movements, are used to
project imiages on the wser's eves, modifying them as the head is
moved, so that the user appears ta be Ingide a 3-0 world, looking
arourdd. Data gloves track hand movements, aliowing the display to
intorporate an image of the user's arm; haptic interfaces provide
tartle feedback, so that users can touch and feel objects in the
virtuzl world. Taken to the extreme, virtual reality of this sort wodld
be the uldmate In multimedis, stinmlating all the senses at once.

The high coat of the Interface hardware required by immersive
virtial reality {together with the understandable reluctance on the
part of most of the aduit population to immerse their bhody in
sirange electronic devices) has confined 1i to flight and industrial
sinnitatons, and specialist games arcades. A more modest yision
of virtual reality (VR), as 3-D graphics that can be explored, has
evolved. Even this version of VR has not yet achieved widespread ac-
ceptance, largely becanse the heavy demands it makes on processor
power lead to disappointing results on deskrop computers. Two VE
technologies deserve a hrief mmention, since they van be incorporated
in Weh pages and other multimedia producttons with some success,
and promise o become more fmporiant as computer power carches
up with: the vision of VR enthusiasts.

The Virtual Reollly Modeitng Language (VRML) was created on a
wave of enthusiasm for VR and the World Wide Weh in 1494,
The intenton was to provide a mechanism for distributing virtual
wiarlds over the mternet, using Web browsers as the interface.
To this end, VRML was a text-based langoage, that allowed 3D
ohjects and scenes to be described in a programming language-
like notation. VRML .0 did litde more; the main additional feature
was the capability of embedding lyperlinks in scenes, using URLs,
Subsequenty VEML 2.0 added support for 1nreractivity, via scripting
of the sott to be deacribed in Chapter 14, and allowed for video and
aurdic 1o be embedded in YREML worlds (so, for example, a televislon
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150/TEC-14772-1:1997, The language
defined by the standand is identicad to
YRML 2.0, but Is sometimes referred
12 as VEML 97,

9

The experience will, of course, be
familiar to players of certain types of
CEMMPUtEr SRt

Animathon

set couid be made to show a movie), VEML became an BC standard?
in December 1997,

VRML allows the specification of objects, in terms of their geometry
{whether they are a cube, cylinder, sphere, and so on) and the
material of which they are composed. Textures can he mapped
onitg the swrfaces of objects, which can be placed in 3-D space
using transformatons. Scenes can be lie In a varlety of ways, hy
spevifying the type and position of light cbjects. The basic language
thus provides a way of describing the sores of scenes that can he
constructed with conventional 3-D madelling programs, although
1t larks some of the more elaborate features, sich as NURBS and
metaballs. The descripton is explicit: for example, a terrain might
be modelled a5 an elevadon grid, a type of VEML object that
specifies a set of points, forming a grid, each at a dilferent height. In
VRML, the dimensions of the grid and the height of each grid point
must be explicitly specifled. Constructng VRML scenes hy hand
is thus a painstaking and error-prone business. Most 3-1) modellers
will generare VREML as cutput from the normal interactive modelling
toals, howewer, which provides an easier way of constructing scenes.

[t might appear that VRML is no more than an aliernatlve represen-
tadon of the output of a modeller, and, as far as the language goes,
this is more or less the case. [t does, as we noted earlier, provide
additlonal featnres for interacilvity and embedding muldmedia, but
the main distinctive feature lies not 50 nmck in the language as in
the way it iz displayed. Once a VRML file has been downloaded into a
suitable browser — either a Web browser with an appropriare plug-
in, or a dedicated VRML browser — the nser can explore the 3-D
world it describes. That is, they can move the viewpoint through
the space of the model, ag if they were moving about in it.9 Ty that
extent, YRML deserves to be considered a form of virtual reality.

To create the ilusion of moving through a 3-D space, YEML
must be rendered [ real-time. As we have stated several times,
realistic rendeoring of 3-D models i5 a computationally intensive
task, which is wsually only feagible with special hardware, such
as 3-D accelerator cards. This is one of the main obstacles to
the widespread use of VRML, although a lack of commitment to
the format by major software vendors may be more significant.
At ithe time of wridng, a host of competing — mostly proprietary
— formats for delivering 3-D madels over the World Wide Web is
available, with none, as vet, achieving any widespresd use.
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Cuick Time VR (or OTVR, for shert), part of OuickTime, offers a very
basic VR experience. There are two types of OuickTime V& mwvies:
panoramic movies and object movies. The former presents a 360°
view of a acens — the intericr of a room, ot a valley surrounded
by mountains, for example, Using their mmowse, a user can drag the
acene, a5 if looking around. 1t 13 also possible to zoom In or out,
1n order to view the scene In maware or less detall. Object movies, In
contrast, alicw the user o examine an chject from different angles,
aa if by waiking reund 11, again by dragging with the mouse. QTVR
movies of etther sort may coutain fot spofs, which are active areas
that cortain links to other movies, Cleking on a hot spot caases the
Hniked movie to replace the current oug. A typical use of hot spots
iz to allow a user to go through a door from one room into another.

OTVR movies can be generated from some 3-0 programs, such as
Bryce. They can also be made from photographs, adlowing them
o represent real soenes and objects. To achieve fhe best results, a
special rotating rig is wsed ta hold the camera (for panoramas) o an
object. A sequence of pictures 1s taken, with the rig being rotated a
fixed amount betyeen ¢ach picture. These are then scanned for tead
in to the comporer iIf a Jipgital camera is being used) and =pecial
software ‘stitches” them together and renders the result as OTVR.
The purpose of the rig is to ensure that the Individual picures fit
together perfectly. If an ordinary tripod is used for panoramas, or
a record turntabile or simiiar device for phject inovies, there may be
discoutnuities; sttching software will attempt to compensate for
these, but the result may he distortion of the images.

Since OTVR iz part of OuickTime, panoramas and object movies
can be combined with audic and video. Most usefully, they can
be viewed by any softsvare that uses QuickTime; in partcular, the
QuickTime plug-in for Web browsers allows OTVR to he embedded
in Weh pages, in the same way as video clipa can be {see Chanpter 13).

OuickTime VR and YVREML might be considered ravestes of the
original wision of lmmersive virtual reality, but they have the
advantage of being implementakle without special interface devices
or powerful workstatlons. They offer the possibility of new
approaches o nterfaces to multimedia, based on the organization
ol media In three-dimensicnal spaces,
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Further Information

Exercises

[LayG®] is the best starting point For learning more about all aspects
of animation. {Ving2)] and |[OR9E) deal specifically with compater-
generated 3-D amimation, and [Ww921 describes the algorithms it
employs. [HW6] Is a full description of VRML. [McC96] offers some
interesting thoughts about VR and user interfaces.

1. Whar are the advantages and disadvantages of using & scanner
or a digital sdlls camera to capture traditional art work as
animation sequences? For whart types of aniration would you
have to use a video camera convvected to a computer?

2. How could you incorporate drawn animation into a live-acdon
video sequence without using a special effects program?

3. If an animaticst sequence is to be saved as CufckTime, what
factors will inflwence your choice of codec? Under what
circumstances would it he appropriate to treat the animated
sequence exactly like a live-action video sequence?

4. When would 1t be appropriate to use an animated GIF for
an animatlon sequenwve? What problems are assoclated with
animated GIFs?

5. In what ways Is a sprite animation track radically different
from a video track containing animation?

&. For what type of work would sprite animation be particularhy
suitable and why?

7. In the example of a planet moving across a starscape, how
could you add rotation.of the planet on its adis 10 the sprite
animation?

& What problems are associated with uging basic Livear (nterpo-
lation to do ‘in-betweening’ between key framees?

9. How would you use Flash's easing facility to set up a
movement that eases in and cut?



Exercises

10, Describe the motion of an chject whese pozition 1s animated

11,

12,

in Afrer Effects using Bézier interpolaton for the motion path,
and Inear interpolation for the velocity.

Create 3 very simple title for a video clip as & single image ina
himmapped graphics application such as Photoshop or Painter,
and save It as a still image file. Using whatever btools are
avoilable (Premiere, After Effects, etc), create a pleasing ten
second Hile sequence by simpily applying dme-varyleg effects
and filters to this single image. (If you want 1o go for a more
sophisticated result, and have the pecessary tools, you might
vreate your original Image an several layers and anlmare them
separateiy.)

Do the models generated by 3-D applications contain encugh
information to be used in conjunction with & haptic interface
ty provide tactlle feedback to a user? If not, what extra
information iz needed?
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Text may exceptonally be renddered in
other ways, but the graphlc
rapresemation {3 the norm.

Sound

Sound is different in kind froin any of the other digital media bypes
we have considered. All other media ave primarily visual,' being
perceived through our eyves, while sound is perceived through the
different sense of hearing. Cur ears detect vibrations in the air
in a completely different way from that in which our eyes detect
light, and our brains respond differently to the resulting nerve
impulses. Sound does have much in common with one other tapic
we have considered, though. Although sound is, for most of us, a
familiar everyday phenomenon, like colour, it 15 a complex mixture
of physical and psychological faciors, which 1s difficult to model
accurately.

Another feature that soumnd has in common with codour is that
you may not always need it. Whereas a omdtimedia encyclopedia
af musical instruments will be vasdy enriched by the addidon of
recordings of each ingtrument, few, if any, Web pages need to play
a fanfare every dme they are visited. Sounds can be peculiarly
ieritating; even one's favourite pleces of musgic can become a jarring
and unwelcome intrusion on the ears when inflicted repeatedly by a
aelghhour's sound system. Almost everyone has at some time been
infuriated by the eleciTonic noises of a portable games consale, the
cuter varietles of ringing tone of a mebile phone, or the rhythmic
hiss that ieaks out of the headphones of 2 personal steren. The
thoughtless use of such devices has become a fact of modern
life; a similar thoughtleseness in the use of sound in multimedia
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productions should be avoided, At the very least, it should always
be possible Eor users to tormn the 2onnd off.

Seme wsers, though, don't need to be ahle to mrn sonnds off,
becavpse they can't hear them anyway. Not oniy are some peopia
unabie to hear, many others use computers that are not squipped
to reproduce sound.  Althouph the Multhnedia PC specification®
requires 3 sound card fand all Macintosh computers have sound
capabilities), older PCs, and those uged in the bhusiness environtent,
are rarely fitted with them. Tt is always considerate to provide some
alternative to soumd, such as captons or wanscripts of speech,
for the benefit of those who cannot bear, If you know thar your
multimedia production 1s destined to be used in an environment
where spund hardware 15 not typically available, then it may be
advizable to avoid the use of sound altopether.

There are two types of sound that are speciel: music and speech.
These are akso the most commonly used tvpes of sound in
multimedia productdons. The caltural status of omsie, and the
Linguistic content of speech mean that these two varletles of sound
function in a different way from other sounds and noises, and play
special roles in multimedia. Representations specific to music and
speech have been developed, to take advantage of their pnique
characteristics. In particular, compression algorithms toilored to
speech are often employed, while omisic is sometimes represented
not a5 sound, but as instriecdons for playing virtual instruments.

See page 45,

ary?

The Nature of Sound

If a taning fork is stuck sharply on a hard surface, the tines
will vibrate at a precize frequency. As they move backwards and
forwards, the air s compressed and rarefied in time with the
vlbrations. Interactions berween adjacent alr molecnies cause this
periodic pressure Huciuation to be propagated as a wave. When
the sound wave reaches the ear, 1t canses the eardrum to vibrate
at the same frequency. The vibration is then tranvmitted through
the mechanism of the inner ear, and converted into nerve impalses,
which we itterpret a¢ the sourwd of the pure tene praduced by the
huiag fork.

All sounds are produced by the conversion of enerpy into vibrations
in the aiv or some other elastdc mediom. Generally, the entlre
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process may involve several seeps, in which the energy may be
coppvesrted inte different forms. For example, if one of the sirings
of an arcustic guitar ts picked with a plectrum, the kinetic epergy
of the musicians hand is comverted 1o a vibraton in the siring,
which is then transmitted via the bridge of the instrument w the
resonant cavity of 1ts hody, where it is amplified and enrtched by the
distinctve resonaices of the guitar, and then Tansntiited through
the sound hole. If one of the strings of an electric guitar is picked
imstead, the vibration of the sioring as 1t passes through the magnetdc
fields of the pickups induces flucations in the current which is
sent through the guitar lead to an amplifier, where it is amplified
and used to drive a lowdspeaker. Variations in the signal sent to the
speaker cofl cause magnetic varjations, which are used to drive the
speaker cone, which then behaves as a sounsd souUrce, COMPressing
anl rarefying the adjacent adr.

While the tnes of a good twming fork vibrate cleanly at a single
frequency, most othier sound sources vibrate in more complicated
ways, giving rlse to the rich variety of soumds and nolses we
are Famniliar with. As we mentoned in Chapter 2, a single note,
such as that produwced by a guitar string, is composed of several
components, at frequencies that are multiples of the fundamenial
pitch of the pote. Some percussive soamds and most natural sounds
do not even have a single ldentifiable fundamental frequency, but
can still be decomposed inte a collection — aften a very complex
one — of frequency components. As I the peneral case of
representng & signal in the frequency domaln, which we described
in Chapter 2, we refer to a sound's description in terms of the
telative amplitudes of its frequency components as its frequency
spectrum.

The human ear 18 generally considered to be able to detect frequen-
cies in the range between 20 Hz and 20 kHz, although individeals®
frequency responses vary greathy. I particular, the upper limit
decreases fairly raphily with Increasing age: few adults can hear
sounds as high as 20 kHz, although children can. Frequencies at
the top end of the range generalty only ooour as components of the
transient attack of sounds. (The general rule that high frequerrcles
are associated with abmpt trangidons applies here) The highest
note on an ordinary piano — which more or kess defives the Limis
of most Western music — hat a fundamental frequency of only
4186 Hz when in concert pitch® However, it is the transient
bekaviour of notes that conributes mose to the distinchive timbre
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of instruments: if the attack portion is removed from recordings of
an ghoe, violin, and soprano playing or singing the same nete, the
steady portions are indistinguishable.

imerestng scunds change cver time. As we just observed, a single
musical nete has a distnctive artack, and subsegnently it will decay,
changing its frequency spectrum first as it grows, and then as it
dies awvay. Sounds that extend over longer periods of time, such as
speech or music, exhibit a constantly changing frequency spectrurm,
We can display the waveform of any sound by plotdng its amplitude
apainst time. Examinaticn of waveforms can help us characterize
certain types of scand.

:} The idea of a soumd's Feequency spectrum chamging might be elightly
confusing, if you accept that any complex waveform is bl o
of a vollection of feequency componetts. Strictly, Fourier analysis
(2= introdured in Chapter 2) can only be applied to periodic sipnals
{Le. opes that repeat indeBnitely). When analysing signals with a
finite duraticn, varions expedients must be adaopted to fit into the
analytic framework. One approach is o treat the entirety of a signal
as one cycle of 2 pericdic waveform; this is roughly what is done
when images are broken down into their frequency components.
An alternative is to use & brief section of the sipnal as if it were
a cycle, thus obtaining a snapshot of the frequency make-vp at one
poipt. For audio signals, this prevides more useful information. A
spectrum analysis is typically obtained by sliding a window throogh
the waveform to ohiain a sequence of spectra, showing how the
signal's frequency companents change over time.

Figures 12,1 to 12.7 show waveforms for a range of types of
sound. Figure 12.1 is a short example of speech: the main speaker
repeats the phrase 'Feisty tecnager” twice, then a more distan voice
cesponds. You can clearly identify the syllables, and recognize
that the same phrase 15 repeated, the secong time faster and with
more emphasls. I between the phrases there is almmost silence —
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Figure 12.1
‘Feisty teenager'



Figura 12.2
Didgeridoo

Figura 123
Boogle-wonngle

the sound was recorded In the open alr and there is background
nolse, which is visible as the thin band running along the axis.
You can see that it could be possible to extract individual syllables
and recombine them to syothesize new words, and that, if it were
nECessary to compress speech, a lot coukd be achieved by remuving
the silences hetween phrases. The clearly demarcated syllables also
provide a good basis for synchronizing soumid with video, as we will
see later.

The next four figures show the waveforme of some different types
of music. The first three are purely instmunental, and do oot
exhibit the same character as speech. The first is taken from
an Australian aboriginal didgeridon piece. This is characterized
by a continious drone, which requires the musician to employ a
‘circudar breathing' technique to maintain it. The waveform shows
this drone, as the thick continsous black region, with its rhythmic
modulation. Figure 12.3 shows the waveform of a piece of boogie-
woogie, played by a pianist accompanied by a small group. The
rhythm is clearly visible, but it is not possible o distingwish the
melody played in the right hand {funkess. perhaps, you are a very
experienced audio technician). Figure 12.4 iz a completely different
wavelorm, corresponding to a very different piece of music a
cantemporary work arranged for violin, cello, and piano. It shows
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g great dynamie rgnge {difference between the loudest and quietest
gounds) Although the steep attack of the louder phrases tells vou
soimething about the Hkely sound of this mmsic, there is no obvious
rhythory aod it is net possible to pick ont the differemt nstrurments
{although they can be cearly tdentified when lstening to the music).

As yon would expect, singing combines chararterisdes of speech
and music. Figurc 125 is typical: the syllables of each word are
easily identifialle, as iz the rhythm, but the gaps beoween sung
phrases are filled with the musical accompaniment. It iz poasible to
see the singer’s phrasing, but guite impossible to deduce the yxics,?
and, although voice prints are unicque to each individual, we doubt
whether any readers could identify the singer from this waveform,
despite her distinctive voice. (1t's Marilyn Monroe,)

Figures 12.6 amd 12.7 are both nmatural water somxds. The first
i3 a recording of the trickling sound of water in a small stream;
it i5 almost contioucus.  The random spikes do not correspond
to any audible clicks or other abrupe sound, they are juat sltght
variations in the warer's flow, and zome background noise. The
second waveform wasa recorded on the szashore, There 15 a constant
hackgronind of suxf and two distinct events. The first is a woe
breaking fairly clese to the microphone, while the second is tbe
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Fgure 12.4
Violin, cello xnd pdana

Figure 12.5
‘Men grow coald...’

4
Men grow cold, as girls grow oldsArd
wiz gif trve owav charms in the and.
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Figurs 12.5
A tricklimg stream

witter splaghing into a nearby rock pool and then receding through
4 gap in the rocks. This wavefonn can almost be read as a story.

As these illusirations show, a waveform display can show a certain
amount of the gross character of a sound, bur it does not convey
the detalls, and it iz not always easy to correlate agalnst the sound
as it is heard. The main advantage of these visual displays is their
static nagure. A plece of sound can be seen in 1ts entirety at one
time, with relationships such ag the intervals between syllables or
msical beats vislble, This makes analysis of the sound’s temporal
structure — which is especially useful for synchronization purposes
— relatively simple, compared te performing the same analysis
on the dynamically changing sownd iceelf, which is ondy heard an
Instant at & dme.

Waveforms and the plysics of soundd are only part of the story.
Sound only raly exists as a sensation in the mind, and the
percepticn of sound is not a simple registering of the physical
characteristics of the waves reaching the ears. Proofs of this
abcund, both In the literature znd in overyday experience. For
example, if a pure 200 Hz tone is played, first softly, then louder,
mast Usteners will belleve that the bouder tome has a lower pitch
than the guwieter one, athough the same llusion §is ot perceived
with higher frequency tones. Similarly, complex tones sometimes
seemn 16 have a Jower pitch than pure tones of the same frequenty.
Mast pecple with good hearing can distinguish the sound of their
own name spoken on the opposite side of a noisy roocm, even
if the rest of whar 18 said is inaudlble, or carTy on a successful
comversation with, someone speaking at a volume lower than that
af the ambient nalse.

One of the most useful illusions in sound perception is stereophony.
The brain identifies the source of a sound on the basls of the
differences in intensity and phase between the signajs received from
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the jeft and right ears. If identical signals are sent to both ears, the
brain interpreis the sound as coming from a non-existent source
thal lies straight ahead. By extenslon, If a sound is recorded using
a pair of microphones o produce two monophonic channels, which
are them fed O two speakers that are a suitable distence apart, the
apparent location of the scund will depend on the relative Intensiny
of the two channels: if they are equal it will appear in the middle,
if the left channel is louder fhecause the ariginal gound gource was
nearer to the left hand microphone) it will appear to the left, and so
o, 1t this way, the Familiar 1usion of a sound stage between the
speakers is constructed.

Because of the psychwlogical dimension of scund, it is unwise, when
cotesidering its digltization and reproduction, to place oo much
reltance on mathemadcs amwl measurable quantities. Pohlmann's
comments® about the nature of sound and its reproduction should
be borne in mind:

“Given the evident complexry of acoustival sigmals,
it would be naive to believe that analag or digital
technologles are sufficiently advanced to caphure fully
and comvey the complete Hstening experience. To
complicate matters, the precise limits of buman pes-
ception are not known. One thing is certain: at best,
even with the most sophisticated technology, what we
hear being reproduced through an audio system is an
approximation of the actual sound.”

5
[Pohdsi, p 5.
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Flgure 12.7
The sea

Digitizing Sound

The digitdration of sound (s a falrly stealghtforward example of the
processes of quantization and sampling described In Chapter 2.
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Since these gperations &te carried out in slectronic analogue to
digital converters, the sound information mnst be converted to an
electrical slgnal before it can be digitized. This can be done by a
microphone or other transducer, such as a guitar pickup, just as it
iz for analogue recording or broadcasting.

A sampling rate must be chosen that will preserve ar least he full
range of audible frequencies, if high-fdelity reproduction is desired.
It the limit of hearing is taken to be 20 kHzS, a mininum rate of
40 kHz is required by the SampHng Theorem. The sampling rate
uzed for audio CDs is 44.1 kHz — the precise fipgure heing chosen
by manufacturers to produce a desired playing time” given the size
of the mediurn. Because of the ubiguity of the audio CD, the same
rate is comunonly used by the sound cards fitted 1o compulters, 1o
provide compatibility. Where a lower sound quality 1s acceptable, or
is demanded by limited bandwidth, sub-multiples of 44.2 kHz are
used: 22.05 kHz is commonly used for audio destined for delivery
over the Internet, white 11,025 kHz is sometimes used for speech.
Another important sampting rave is that used by DAT (digital audio
tapel recorders, and also supported by the better sound cards.
Although these commeonly offer a variety of sampling rates, 48 kHz
is used when the best guality is desived. DAT Is a very suitable
medium for Live recording and ow budget stdlo work, and is often
used for capturing seund for ultimedia.

DAT and CD players both have the advantage that they can generate
digital cutput, which can be read in by a suitably equipped computer
without the need for extra digitizing hardware. [n this respect, they
resemhble DY cameras, Where a digical signal cannot be produced, or
where the computer 12 not Atted with the appropriate digital andio
input, a digitizing sound card must be fitred 1o the compuater, in
the same way as a video capture board must be vsed for analogue
video. Digital audio inputs are surprisingly uncommon, so i is often
necessary for the (analogue) line output of a DAT or CD player 1o
he redigitized by the sound card. This is clearly unfortunate, since
it 1s preferable to work engdrely with digital data and prevent nojse
and signal degradatalon. It does, however, avoid the problem of
incosnpatible sampling rates that can oceur §f, say, a recording on
DAT is to be combined with an extract from a CD. Resampling avdio
15 as undesirable as resampling images.



T The necessity ta rezamnple data sempled st 48 kH? often ocours if
the sound 12 to be combiped with videg. Some vides applications do

not yet support the higher sappling rate, even though DAT s widely
nged for caphuring soomd, and soond cards that support 48 kHz
arg hecoging common. For mmitimedia work it may therefore be
preferable to sample sound at 44.1 kHz, which is supported by atl
the mgjor desktop video editing programs.

Sampling relies on highly accurate clock pulses to determine the
intervals between samples. If the clock drifts, 50 will the intervals.
Such tming variations are called firter. The effect of jitter is to
introduce noise into the reconstrucied signal. At the high sampling
frequencies required by sound, there is little toleramce for jitter: it
has been esthmated that for €D quality sound, the Jittar {n the ADC
must be less than 200 picoseconds (200 x 1071 seconds).

Even if they are inandible, frequencies in exoe=ss of 20 kHz are
present in the spectra of many seands. 1f 2 sampling rate of
around 40 kHz 1s used, these inaudible components will manifest
themselves gz aliasing wien the signal is reconstructed. n order
tn avotd this, a fiter is used to remove any frequencies higher than
half the sampling rare before the signal is sampled.

We mentioned in Chapter 2 that the mimber of gquantization levels
for analogue to digital conversion in any meditm is usually chosen
to fit into a comventient ournber of bits, For sound, the most common
choice of sample slze {5 16 bits, as used for CD andlo, giving
63 536 quantization levels. This is generally sufficient to eliminate
quantization noise, if the signal is dithered, az we will dexcribe
stiortly. As with images, smalter samples sizes (lower bit-depths,
a5 we winild say in the context of images) are sometimes needed
to maintaln small file sizes and hit rates. The minlmum acceptable
is 8-hit sound, and even this has audible quantizaton nolse, 30 It
can only be used for applicatlons such as voice communication,
where the distortion can be tolerated. In the search for higher
fidelity reproduction, as many as 24 bits are sometimes used to
record audio samples, but this imposes considerable demands on
the accuracy of ADC circuitry.

Cmanrzanion noiee will be worst for signals of small amplitude. n
the extreme, when the amplitude iz comparahle 1o the difference
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Flgur= 12,8
{UIndersampiing a pure sine wave

.

I vouo want 1o be scrupulcus, since
these images were prepared using a
digital audin application, the top
waveform Is a 16-kt sampled sine
wave {3 very good approximaticn), che
Lower 12 the same waveform
downsampled to 2 bits.

o

Wi have dsed ranber evce nedte than
15 normal, i order to show the effect
riare cearly.

between guantlzadon bevels, an analogue signal wilk be coarsely
approximated by samples that jump between just 2 few quantized
values. This is shown in Figpure 12.8. The upper wavelform is a pure
sine wave; below it 1s a digitized version, where only four levels
are available to accommodate the amplitude range of the original
signal® Evidently, the sampled waveform is a poor approximation
of the original. The approximation could be improved by increasing
the pumber of bits for esach sample, but a8 more econoenical
technique, resembling rhe ant-aliasing applied when rendering
vector praphics, is usually employed. s operation is sormewhat
counter-miuitive.

Before sampling, a small amount of random moise is added o
the analogue signal. The word ‘dithertng’ (which we ugsed with a
somewhat different meaning in Chapter &) is vused in the awdic
field to refer to this Injecdon of notse. The effect on sampling is
illustrated in Figure 12.9. The upper waveform iz the original sine
wave with added dither;? The lower waveform 1s a sampted version
of this dithered zignal. What has happened is that the presence
of the noise has cansed the samples to alternate rapidly berween
quantization levels, instead of jumping cleanly and abruptly from



one to the next, as they do in Fgure 12,8 The sharp transitions
have been softened. Putting it another way, the guantization error
has been rendomized. The price to be pald for the resulting
improvement in sound guality i3 the additional random ooise that
has heen introduced. This is, however, lesy infrugive than the
quantization nolse it has oliminated.

Plate 21 illustrates the effect of sampling and ditbering on the
pignal's frequency spectrunt. In these pichares, {be horizontal x-
axis representa fraquency, the vertdeal y-axis amplitade, with the
colours being used as an exira visuat indication of intensity, and
the back-to-frent z-axis represents tme. The first spectrum is the
pure sine wave, as you would sxpect, it 1s a splke at the wave's
frequency, which is constant over time. To ité right is the spectrum:
of the sampled signai: spurlous frequencies and notse have been
introctuced. These correspond to the frequency companents of the
sharp edges. Below the pure sine wave is the spectrum of the
dithered verstion. The extra noise is randomly distibuted across
lrequencies and over time. In the bottom left is the sampled version
of this signal. The pure frequency has re-emerged clearly, but
ratidom nolse is present where hefore there was none. However,
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Flgure 12.9
Dithering
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although this noice will be audible, the ear will be able o discern
the sigmal through it, becanse the noise is random.  Where the
undithered signal was sampled, the polse was concenirated wear
to the eignal frequency, in a way that is omch bess easily ignored.

Processing Sound

With the addition of suitable sudio input. output and processing
hardware and software, a desktop computer can perform the func-
tions of & modern maltd-track recording stadio. Such professional
factlities are expenstve and demanding on resources, as you would
expect. They are also as complex a3 a reconding stadio, with user
interfaces that are as intlmidating to the novice as the huge mixing
consoles of conventional stiudios. Fortunately, for multimedia, more
tnodest Facilities are usually adequeate.

There is presently no single sound application that has the de
facto status of a cross-platform desktop standard, in the way
that Photoshop and Premilere, for example, do in their respective
flelds. Several different packages. some of which require special
hardware support, are in use. Most of the well known ones are
btased towards music, with integrated support for MM sequencing
{see page 405} and mulii-track recording. Several mwore modest
programs provide simple recording and effecks processing facllidies,
where hardware support is not provided, real-time effects are
not wsually achjevahle. Video editing packages usually include
some integrated sound ediring ond processing facilites, and some
offer basic soumd recording. These Facilities may he adequate for
multimedia production in the shsence of speclal sound software,
and are especially convenient when the audic is intended as a
sounditrack to accompany picture.

Glven the absence of an industry standard sound application
for deskiop use, we will describe the facllities offered by sound
programs in general terms only, without using any specific exampie,

Recording and Importing Sound

Many desktop computers are fitted with built-in microphoenes, and
it is tempting to think that these are gdequate for recording sounds.
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It is almost impossible to obtaln satisfactory resulta with these,
however — not only because the microphones themselves are
usuaily small and cheap, but because they are inevitably close to the
muachine's Fan apd disk drives, which meang that they will plek up
nnises from thesa components. 1t 1s mich betier to plug an external
microphone into a sound card, but If possible, you should do the
actual recording omte DAT (or good quality analogue tape} using
a professions] microphone, and captuce it i & separate operation.
Where scund quality ts important, or for recording mustc to a high
standard, it will be necessary to use a properly equipped studio.
Although a computer can form the basiz of a studio, it nmst be
augmented with microphones and other equipment in a sultable
acoustic eanvironment, 5G it is not really practical for a multimedia
producer to set up a smdic for opeoff recordings. 1t may be
necessary to hire a professional studto, which offers the advantage
that professionat personnel will generally be available.

Before recording, it is necessary to select a sampling rate and
sample size. Where the sound oripinatez in anplogue form,
the choice will be deterinined by considerations of file size and
bandwidt}, which will depend on the final use 0 which the sound
is to be put, and the facilittes available for sound processing. As
a general rde, the highest possible sampling rate and sample size
should be used,!® to minimize deteriovation of the signal when it
it processed. If a comprondse must be made, the effect on quality
of redocipg the sample gize is more drastc than that of reducing
the sampling rate: the same reduction tn slze can be produced by
halving the samplizig rate or halving the sample size; the former 1s
better. If the signal is originally a digital one — the digital output
from a DAT recorder, for example — the sample sive should be
matched to the incoming rate, if possible.

A gimple caleujation suffices to show the size of digitized audio.
The sampling rate is the number of samples generated each second,
5o If the rate is ¥ Hz and the sample size 15 s bits, each second of
digidzed sound will oceapy + 578 bytes. Hence, for CD-quality, r =
44.1x10% and 5 = 16, 50 each second occupies just over 86 khytes,t!
each mimte roughly 5 Mbytes. These calculations are based on a
single channel, but audio is almost always recordsd In stereo, s
the esdmates should be doubled. Conversely, where steren affects
are net required, the space occupied can be halved by recording in
mono.
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Figure 12,10
Clipping

Soumd

Professional sound applications will record directly ro disk, so that
the posaible lenpth of recordings is limived only by the available
disk space and any file size limitations hullt in to the operating
gystemn. Many lower-level programs record w RAM, however, and
subzequently carry out all thelr procegsing in memory, While thig is
more £fficient, it itnposes severe resirictions on the length of sound
that can be managed.

The most vexatious aspect of recording is getting the levels right. If
the level of the Incoming sipnal s too low, the resulting recording
will be quiet, and more susceptible to noise; If the level ks tog
high, clipping will ocour, that is, at sorpe peints, the amplitude
of the Incoming signal will exceed the maxdnmum value that can
be recorded. The value of the corresponding sample will be set
to the maximum, so the recorded waveform will apparently be
chpped off straight at this threshold. (Figure $2.10 shows the
effect on a pure sine wave) The result 1 beard a8 a pardoudarly
unpleasant sort of distortion. Ideally, a signal should be recorded ar
the highest possible level that avoids clipping. Scund applicatons
usually provide level meters, so that the level can be monitored, with
clipping alerts. Where the sound card supports if, a gain conirol
can be used to alter the level. Some soumd cards do not provide
this functlon, so that the only opton is to adjust the output level
of the equipment from which the signal originates. Setiing the bevel
correctly is eagier said than done, especially where live recordings
are being made: to preserve the dynamic range <f the recording, the
same gain must be nged throwghout, but the optimum can only be
determined at the loudest point. When the sound is live, this cannot
be known in advance, and only experience can be used to choose
gain settings. Where the material already exists oo tape ot CD, it is
possihle — and usually necessary — to make several passes in order
ta find the best values,

Some software Includes automatic gain controls, which vary the gain
dynamically according o the amplitvade of the sighal, in order to
prevent clipping. They must, therefore, reduce the volume of louder
passages, 50 as a side-effect, they reduce the dynamic range of the
recording. This is generally undesirable, but may be necessary if
sitable levels cannot be maingained throughout the recording.

% 1t may be obvious, but it seems worth emphasizing: once 3 signal
has keen clipped, nothing <an be dope to restore it. Redudng
the amplitude subsequently just produces a smaller cipped signal.
There 15 po way to recover the losr waveform. Similarly, altbough
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sound programs often provide a facilley for ‘tormalizing” a sound
after recording, by anplifying it as mach as possible withouat
cansing clipping, this stretches the dynamic range of the originat
without adding any mare detail. [n practice it ey be necessary to
use this facdlity, or to select and smplify particuiarly guiet passeges
within a sound editing applicetion afver the recording has been
made. [n principle, though, the gain shonld always be set cormecehy,
hoth when recording to tape, and wheo eecording or capturiog o
adizk

A vechnically simpler alternative (¢ recording sound is 1o import it
from an andlo CD. Although adlo CDs use a different format from
CD-ROM, they nevertheless are & smuctured collection of digital
data, so they can be read by suitable software. QuickTime includes
an audio CD impert component that allows any sound application
based on OnickTime to open tracks on a €0 just like any other fle.
This Is the simplest way of importiag sounds, but mosi recorded
music is copyrighted, 50 it is necessary to obtain permissions first.
Copyrighl-free coliections can be obtained, much ke royvelty-free
image Ybraries, although they iend 1o the anodyne. Composers
and omisicians with access to professionsl recording Facilities may
supply their work on €D, aveiding the need for the multimedia
prodduecer o dedd with the sound recording process. However, even
when importing sounds from CDs there can be difficoity in getting
the levels right.

The Intarmet is a rich source of ready-made sounds, bui many are
made aveilable illegally, and oihers may oei be legally reproduced
withoui payment of a fee. Increasingly, theugh, record companies
are arriving at mechanisms o provide music online, usually In the
form of MP3 files (see below). While it may be legal to downioad
these files and Hsten to them, it remains generally illegal o use
ihem in any published form without ohtaining clearance from the
copytight holders.

Sound Editing and Effects

We can identify several classes of operadon that we might want Lo
apply 1o recorded sounds. Most of them have counierparts in video
editing, and are perfoirmred for similar reasons.

First, there is editipg, in the sense of (rimming, combining and
rearranging ¢lips. The essentially time-based nature of sound
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natrally lends 1tself to an editdng interface based on a timeline. A
typical sound editing window is divided into tracks, In imitation of
the geparate tape tracks nsed on traditional recording equipment,
providing 4 clear graphic representation of the sound through time.
The sannd in each track may wsally be displayed as a waveform;
the fime and amplitude axes can be scaled, allowing the sound
tor b examined in varying degrees of deiail. Edidng is done by
cutting and pasdng, or dragging ankl dropping, selected parts of
the track. Each stereo recording will occupy two ivacks, ane [or
each channel, During the editlng process maly tracks mey be uged
to combine rounds from separate recordings. Subsequently, these
will be mixed down onto one or two tracks, for the final mono or
steren output. When mixing, the relative levels of each of the racks
can be adjusted to produce the desired balance — between differeni
instruments, for example.

A special type of edit bas become cotmpon in audio; the creabion
of loops. Very short loops are needed 0 create voices for the
electronic musical instruments known as samplers (whose functions
are increagingly performed by software),  Here, the kea is v
create a secton of sound that represents the sustained tone of
an mstnmoent, suwch as a guitar, 50 that arbitrarily long notes
can be produced by Interpolating coples of the section between a
sample of the instrument's attack and one of iis decay. It is vital
that the sustained sample loops cleanly; there must not be abrupt
discontinirities between iis and and siart, otherwise audible clicks
will occur where the coples Bt together. Although some sofrware
makes such loops automatically, using built-in heuristics such as
choosing zero crossings [or each el of the loop, the best pesubts
require a detailed exsrnination of the waveform by a person. Longey
loops are used in certain soes of dance music — techno and
drum’n'bass, for example — which are based on the combination of
repeating sections. Again, there Is a requirement for clean looping,
bui this tme, at the coarser level of rhythmic continuity.

As wel] as editing, audin has Its equivalent of post-production:
altering sounds to correct defects, enhiance quality, or atherwise
moddify their character. Just as image correction is described
in terms of Alvees, which are a digital equivalent of wadidonal
optical devices, so scund alteration is described in terms of gates
and filters, by analogy with the established technology. Whereas
analogue gares and filiers are based on circuitry whose response
produces a desived effect, digiral processing is performed by



Processing Somnd

algorlthmic manipulation of the sarples making 2p the signal, The
range of effects, and the degree of control over them, thet can ba
achieved in this way is much greater than is possible with analogue
cireutts. Several standard plug-in formais are in use, that atlow
effects 1o be shared ameng programs. Although it is not an andio
applicatdon, Premiere’s effects plng-in format is becoming widely
used; af a more professional level, the Formats associated with
Cubase V5T and with DigiDesign ProTools are popular.

The most frequently reguired correction is the removal of unwanted
noise. For example, in Figure 12,1, it might be considerad desirable
to remove the background nolses that were unaveidably picked up
by the microphone, since the recordlog was made i the open. A
neise gate is & blant ingiruraent thar iz nsed for this purpose. It
eliminates all sampies whose value falls below a specified threshold;
samuples above the threshold are left alone. Az well ag specifying the
threxhold, it (s usnal to specify a minlmum tme that must elapse
before a sequence of low amplinade samples counes as a silence,
and a similar limit before a sequence whose values exceed the
threshold counts as sound. This prevents the gate being turned on
or off by transient glitches. By setring the threghold just abave the
maxinmin value of the background noise, the gaps between words
will become entirely silent. Since the moise gate has oo effect on
the speaker’s words, the accompanying backgronnd noise will cui n
and oni as he speaks, which may well tarn cui to be more distractng
thasi the original neise. This lastrates a general problem with
nolse removal: the noise is Intimaiely combined with the signal,
and although pecple can discriminate between the two, ¢omnputer
programs generally cannot.

Woise pates can be effective at removing hiss from music, since, ln
this rase, the naise is hidden except in sllent passages, where 1t will
be removed by the noise pate. There are more sophisdcated ways
of reducing neise than the all-or-nothing filtering of the nolse gate,
though. Filters thai remove cartain bands of frequencies can be
applied to notse that falls wlthin a specific frequency range. Low
piass filiers, which allow low frequencies to pass through them,
removing high frequencies, can be used to take oot hiss; high pass
filters, which pass the high frequencies and block the low, are used
it remove ‘Tumbie low frequency nolse caused by mechanical
vibrations, A metch fifter Temoves a single narrow frequency band.
The commonest use of noich Akers is to remove hum picked up
from the maing: thig will have & frequency of exactly 50 or 60 Hz,
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There are alse effacts plog-dns that
attempt o add authentdc-soumding
vinyl nodze to digital recordings.
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depending on the part of the wawld in which the noise was recorded.
Some sophistcated programs offer the user the ultimate facility of
being able to redraw the waveform, robbing oui the spikes that
corvespond to clicks, and 50 on. To do this effectively, however,
requires considerable experience and the ability to interpret the
visual display of a wavefornm in acoustic terms, which, as the
examples shown earlier demonstrate, is not always easy.

Specialized Mters are available for dealing with certain commoen
recording defects. A de-esser 15 a fllver that is intended 1o
remove the sibilance that results from speaking or singiog into a
microphene placed too close to the performer. Click repafrers are
intended t¢ remove clicks feoan recordings taken from damaged or
dirty vinyl records.1Z Although these Mliters are more discriminating
than a noise gate, they are not infallible. The only sure way to get
perfect sound i to start with a perfect take — microphones shoukd
be positioned to avold sibilance, and kept well away from fans and
disk drives, cables showld be sceeened w avold picking up o, aned
40 O

= Although the polse ceduction facillties avallable I desktop sound
applications are fairy crude and ineffectual, more elaborate — amd
computationally expensive — approaches have been developed. One
approach is bazed on atvempting to analyse the acoustic properties
af the oniginal recording apparatus on the basis of the make-up of
the nojee in quiet passages, and then compensating for it in the
music. Sophisticated noise reducton techriques are uved w rEstore
ald records from the early part of the 20th century, and also to
reconstract other damaged recordings, such as the tapes from voice
recorders of crashed adrcraft.

When we consider effects that alter the guality of a sound, there
15 a continmum from those that perform minor embetlishmenis
to compensate for poor performance and recording, to those that
radically alter the sound, or create new sounds out of the ariginal.
A single effect may be used in different ways, at different points in
this crontinuum, depending on the values of parameters that affect
itz operation. For example, a reverb effect ig produced digieally by
adding copies of a signal, delayed in time and attenuated, w the
original. These copies model reflections from surrounding surfaces,
with the delay corresponding to the size of the enclosing space
and the degree of attenuatior modelling surfaces with different
acoustic reflectivity. By using small delays and low reflecthity, &
tecording can be made to sound as if 1t had been made inside a small
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room. This degree of reverty is often a necessary enhancement when
the cutput from electric insiruments has been recorded directly
without going through a speaker and micTophone. Although cleaner
recordings are praduced this way, they are often too dry aconstcaliy
to sound convincing. Longer reverb times can produce the tlusion
of a concert hall or a stadiurn.!? $611 longes times, with tiw delayed
signals being amplified mstead of attenuated, can be used creatsvely
10 generate ststained rhythm patterns from a single chord or note,

{nher effects can be pur to a variety of uses in a similar way.
These include graphic equalizalion, which ransforms the spectrum
of a sound using a bank of filters, each controlled by its own
slider, gnd each affectng a firly parrow band of frequencies.
(Analogue graphic equalizers are commonly found on mid-range
domestic sound systems.} These can be used to compensate for
recording equippment with idlosyneratic frequency response, or
to artificially erthance the bass, for example, to produce a desired
Frequency balance. Envelope shaping operations change the cuthne
of a waveform. The mast general envelope shapers allow the nser
0 draw g new etvelope arcund the waveform, alterinig its attack
and decay and introduring arbivary flucteadons of amplitude.
Speclalized versioms of envelope shaping inchade fiaders, which
allenw 3 sound’s volume 1o be gradually increased or decreased, and
iremoln, which causes the ampliide o oscillate periadicaily from
ZeT0 1o its maximem value '

Thme stretching ond pitch alteration are two closely related effects
that are especially well-suited to digital smuxl. With analogue
recordings, altering the duration of a sound can only he achigved
by altering the speed ar which it is played back, and this alters
the pitch. With digital sound, the duration can be changed without
altering the pitch, by inserting or removing samples. Conversely,
the pltch can be altered without affectlng the duration.

Time stretching ls moest often reqmired when sound is being
synchronized o video or another sound. IF, for axample, a vaice-
over iy silghdy too long to B pwver the scene it describes, the
soundirack can be shrunk in tine, without raistng the pitch of the
speaker's volre, which would happen if the wice track was simply
plaved at a faster specd.

Pitch aiteration can be used in several wavs. It can be applied
uniformly to alter the piteh of an instrumemnt, compensating for an
out-of-tune gaitar, for example. It can be applicd periodically to add
a vibrato (periodic fluctuation of pitch) to a volce or lnstroment, or
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Te classical musiclane, ‘Tremoda’
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oscillation of amaplitude, The “trezodin
arm' Atted to Fender Stratorastars
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more gccurately referred {o as
vibTate',
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it can b2 applied gradually, to produce a ‘bent note’, in the same
way 4 blues guitarist changes the tone of a note by benwding the
string while it sounds. The all-important shape of the bend can be
specified by drawing a curve showing bow the pitch changes over
time.

Bevond these effects liz what are enphemistically called “creative’
sonnd effects, Effects such as flanging, phasing, chorus, ring
modulation, reversal, Doppler shift, and wah-wah, which were
pioneered in the 19605 on albums such as Sergeant Pepper's Lonely
Hearts Club Band and Hecrrie Ladviand have heen reproduced
digitally, and joined by new extreme effects such as robodcization.
These effects, if used judiciously, can enhance a recording, but they
are easily over-used, and are generally best enjoved In private.

While the data rate for CD-quality audio 13 nothing ke as de-
manding as that for video, tr sdll exceeds the bandwidth of dial-
up hternet connections, and lengthy recordings rapidly conswme
disk space. A single three mimnte song, recorded im steveo, will
oCccupyY over 25 Mbytes. Hence, where audio is used in multimedia,
and especially when it is delivered over the fvernet, there Is a
need for compression. The complex and unpredictable nature of
sound waveforms makes vhem difficulr to compress using lossless
methods. Huffman coding can be effective in cases whore the
amplitude of the sound mainly Falls below the inaxitmam level that
can be represented in the sample size belng used. in that case, the
signal could have been reprezented in a smaller sample size, and the
Huffman algerithm, by assigning short codes to the values It does
encounter, will effectively do this awtontatically, This is a special
case, though, and, Ln general, some form of lossy compresslon will
e required.

An cbvious compression technigque that can be applied to speech is
the rernoval of silence. That is, instead of using 44,100 samples with
the value of zero for each second of silence (assuming a 44.1 kHz
sampling rate) we record the length of the silence. This technicue
appears to be a special case of run-length encoding. which, as we
said in Chapter 5. is Jossless, However, as Fipure 12.1 shows,
‘sllence’ Is rarely absolute. We wouwld obrain lintle compression if we
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simply rutr-length encoded samples whose value was exactly zero;
instead, we must treat semples falling below a threshold as if they
were zern. The effect of doing this is edudvalent 10 applylig a noise
gate, and s not strictly lossless, since the decompressed signgl will
not be jdentical to the original.

The principles bekind lossy audic compression are different from
those used in lossy image compression, becanse of the differences
in the way we percelve the two media. I pardcular, whereas
the high frequencies associated with rapld chenges of colour in
an image can safely be discarded, the high frecquencies assoclated
with rapid changes of sound are highly signdficant, so some other
principie muast be used o decide what data can be discarded,

Speech Compression

Telephone companies have been nsing digital audio since the early
19605, and have been forced by the limited bandwidth of telephone
Hnes to develop compresston techniques that can be effectlvely
appled to speech. An important conmribuden of this early work
is the technigque known as companding. The Idea is to use non-
Unear quandzation levels, with the higher levels spaced further
apart than the low ones, 3o that guiet sounds are represented in
greater detail than londer pnes. This matches the way In which we
perceive diffsrences in volume,

Figure 12.11 shows an example of nonlimear quandzation. The
signat value required to produce an increase of one in the quantized
value goes up logarithmically. This produces compression, becaiise
fewer bits are needed to represent the full range of possible inpur ]
values than g Huear quantizatdon scherpe would require. When the ]
signal is reconstructed an inverse process of expansion is required, E i
hence the name ‘companding' — irself 2 compressed versicn of Fj
‘compressing/expanding’. signal value
Different nendinear companding functens can be used. The Figure 12.11
principle importani ones are deflned by TTY Recommendations Non-linear quantization
Far nse in telecommunications. Recommendation G.711 deflnes

a function called the pg-law, which is used in North America and

Japen, Tt has been adopted for compressing zedio on Sun and NeXT

systems, and files compressed in accordance with it are commonly

Iound on the miernet, 4 different ITU Recommendation 1s used (n

the rest of the world, based on a function known as the A-Tow.

quamrized valus
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Pulse Code Mchulation iy the e
used in audio and communications
drcles For ancoding digital data as a
sequence of pulses represering ones
end oeroes. Whereas this i3 maoe o
less the only sensible represervation
for computer use, alternatives, such
w3 Pulse Width Modalacion, st
where the data 15 1o be represented as
A stream for fransimisaivn, rather than
a5 storsd vahees.

Sonnd

Telephone signals are usually sampled ar only B kHz. Ar this rate,
p-law compression is able to squeeze a dynamic range of 12 bits
Into Just & bits, giving a one-third reduction in data rate.

=) The paw is defined by the equation:

- Jogil + px)
Y doil + )

where j1 is a parameter that determines the amouni of companding;
4 =255 15 used for telepbanoy.

The A-law bs:
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Another important technique that was orlginally developed For,
and 19 widely used in, the telecommunications Industry is Adaptive
Differertrial Pulse Code Modulation (ADPCM]). This is related to inter-
frame compresslon of video, in that lf is based on storing the
difference between consecutive samphes, instead of the ahgohie
value of each sample. Because of the different namre of audio
and video, and Its origing In hardware encoding of ramsmitted
signals, ADPCM works somewhat less stralghtforwardly than a
simple acheme based oa the difference between samples.

forlfA=lxl =<1

Storing differences will only produce compression if the differences
can be scored In Fewer bits than the sample. Audie waveforms can
change rapidly, so, unlike consecutive video frames, there ls no
reason to assume thae the difference will necessarily be mach less
than the value, Basic Differential Pulte Code Modulation (DPCMM3
therefore computes a predicted valpe for a sample, based on
preceding samples, and stores the difference between the prediction
and the artal value. If the predicdon s good, the difference will be
small. Adaptive DPCM obrins further compresston by dynamically
varying the step size used o represent the quantized differences.
Large differences are quantized using large steps, small differences
using small steps, so the amount of detail that is preserved scales
with the size of the difference. The detatls of how this is done are
complicated, but as with companding, tbe effect is to make efficient
use of blts wo store Information, taking account of its rate of change.

ITU Recommendation G.721 speclfles a form of ADPCM representa-
tion for use in telephony. with data rates of 16 kbps and 32 kbps.
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l.ower rates can be obtained by a much mere radical approach o
compression. Linear Predichive Coding uses a mathematical model
of the state of the vocal (ract as its representation of speech. Instead
of transmitting the speech as audio samples, it sends parameters
describing the corresponding state of the model. At the receiving
end, Ihese parameters can be used to construct the speech, by
applying them to the model. The details of the model and how
the parameters are derived from the speech lle beyvond the scope
of thiz bool. Speech compressed in this way can be transmitted
at speeds as low ag 2.4 kbps. Because the sound is reconstructed
algortthmically, it has a machine-like quality, so it is only snitahle
for applications where the content of the speech is more important
than a faithful rendition of scmeone’s voice,
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Perceptually Based Compression

The secret of effective lossy compression is to idemify data that
doesn't matter — In the sense of not affecting perception of the
signal — and throw it away. [ an audic signal is digitized in
a straightforward way, data corregponding to sounds that are
{inandible may be Inclnded in the digitized version. This is because
the sipnal records all the physical varlations in air pressire that
cause sound, but the perception of sonnd iz & sensatlon produced
in the brain, via the ear, and the ear aud brain do not respond (o the
sound waves in a simple way.

1Two phenomena in particular couse some sounds not to be heard,
daspite being physically present. Both are familiar experiences: a
Sourd may be to0 quelet 0 be heard, or it may be obscured by some
other sound. Neither phenomenon is qmite as straightforward as it
might appear.

The rhreshold of hearing is the minimum level at which a sound
can be heard. It varies non-linearly with freqeency, as shown in
Flyure 12.12. A very low or very high frequency sound must be
much louder than a mid-range tone to be heard. X is surely no
coincidence that we are inogt sensitdve tuv gsounds in the frequency
range that corresponds to buman speech. When compressing
soand, there is no point in retaining sounds that fall below the
threstiold of hearing, 50 a compression algorithm can discard the
corresponding data. To o thia, the algorithm omst use a pocho-
deonrstioal model — a mathematical descripdon of aspects of the



Flgur 12.12
The threshold of hearing
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way the ear and brain perceive sounds. In this case, what is needed
is a description of the way the threshold of hearing varies with
frequency.

Loud tones can obscure softer tones that ocour at the same thme. 16
This is pot simply a case of the joud tone ‘drowning out’ the
softer ome; the effect is more complex, and depends on (b relative
frequencies of the two tones. Masking, as this phenomenon is
known, can he convenlently described as a mxxlificatlon of the
threshotd of hearing curve n the region of a loud tone. As
Flgure 12,13 shows, the threshold is raised in the neighburhood of
the masking tone. The raised portion, or muasking curve is non-
linoar, amd assymmeirical, rising faster than it falls. Any sound
that lies within the masking curve will be imaudible, even though
It rises above the unmodified threshold of hearing. Thos, there is
an additional opportuniry to discard data. Masking can be used
mare cleverly, though. Because masking hldes noise as well as some
cotoponents of the signal, quantization noise cah be masked. Where
a masking sound is pregsent, the signal can he guantized relatively
coarsely, using fewer bits than would otherwise be needed, because
the resultlng quantization noise can be hidden under the masking
curve.

It is evident that the phenomena just described offer the potential
for addidonal compression. [t is not obvious how a compression
algorithm can be implemented to take advantage of this potential.
The approach usually adopted is to use a bank of Blters to split the
gignal into bands of frequencies; thirty two bands are commonly
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used. The average signal level in each band is calculated, and using
these values and a psycho-acoustical model, a masking level for
each band is computed. That is, it i% assumed that the masking
curve within each band can be approximated by a single value. £
the signal in a band falls entirely below its masking level, that band
is discarded. Otherwise, the sighal 15 quantized using the ieast
nummher of bits that causes the quantization noise to be masked.

Turning the preceding sketch into a2 worldng algorithm involves
mary technical detalls that lie beyond the scope of this book. The
best known algerithms that have been developed are those specified
for audio compression in the MPEG standards. MPEG-T and MPEG-
2 are primarily video standards, but, since most video has sound
associated with it, they also include audio compression. MPEG sudio
ha= been so0 successful that it s often nsed on its own purely for
compressing sound, especially music.

MPEG-1 specifies three Jayers of andio compression. All three layers
are based on the principles just oulined. The encoding process
increases in complexdty from Layer 1 tg Layer 3, while as a regulr,
the data rate of the compressed audic decreases, from 1592 kbps
for each channel at Layer 1, to 128 kbps at Layer 2, aned 64 Khps at
Layer 3. (Those data rates will be doubled for sterso.} The audio
part of the MPEG-2 standard is essentially identically with MPEG-1
aadio, excepi for some extensions to cope with surround sound.

MFEG-I Layer 3 audio, or MF3 as it is usually caliad, ! achieves
compression ratos of around 10:1, while maintaining high quality.

Figuera 12.13
Masking
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ME3 does not, despite what yon will
scmetimes read, stand for MPEG-2.
There is ni MPEG-3.
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File Formats

1a

Minre properly, WAV 15 the Audio
Waveform flle format, actually a
variery of Microsofc RIFF file, and AL
it thee NeXT,/Sun awdio flle format,

Sound

A oyplcal track from a CD cem be compressed to under 3 Mbytes.
MP3 has become popular, therefore, a3 4 means of compressing
awdio, particularly musle, for downloading over the Internet — both
legally and illegally.

Lossy compression always sounds like a dubious practice — how
can you disrard informaton withouat affecting the quality? In the
case of MPEG audio, the argument is that the informadon that has
been discarded is inandible. This contention is based on extensive
listening tests, and is supported by the rapid acceptance of MP3 ag
a format for downloading music. {It should also be borne (h mind
that, although some people care obsessively about the guality of
awdio reproducdon, most pecple aren’t very pardcular, as witnessed
by the enduring popularity of the analogue compact audic cassette.}
As with any lossy form of compression, though, MPEG audio will
deteriorate progressively if it is decompressed and recompressed a
number of times. [t is therefore only sujtable as a delivery format,
and should not he used during productlon, when uwncompressed
audio should he wsed whenever possible.

Most of the development of digital audic has taken place in the
recording and broadcast industries, where the emphasis is on
physical data representations on media such as compact disc and
digital awdio tape, and on data streams for ramsmission and
playback. There are standards In these areas that are widely
adhered to. The use of digital soamd o CoEnputers s 2 nch
less thoroughly remilated area, where a wide range of incompatible
proprietary formats and ad hoc standards can be found. The
standardizing influence of the aternet is, as yex, less pronounced
in sudip than it is in graphics.

Fach of the three major platforms has its own sound file formai;
AIFF For Mactrs, WAV jor WAVE) for Windows, and A% for Unix. All
three file types have evolved over the years until they now provide
broadly similar capabilities. Each can store audio data at a variety
of coomuonly used sempling rates and sample sizes, including the
D and DAT standard values. Each supports uncompressed or
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compressed data, with a range of compresanrs, including p-law and
A-law (although mot, at the time of wrlting, MP3). They are all, to
some axtent, extensible formats, which will be able 1o accommodate
new compressors and sampling vates In the fumye. Bot each one
has ity own idiosynorazies; in particular, AU files impose soma
conatraints on the comhbinations of compressor, sampling rate and
sample slze allowed.

MP3 has its own fle format, which does not accommaodate sound
compresged hy any other method.

As well as pure audio formats, video and other multimedia
formats can accommodate sound a5 one media bype among several.
QuickTime and AVI files usnally include one or move audjo tracks
in addition 1o video, and they are sometimes yzed purely for audio.
SWT (Flash} files can also be used to store sound.

Althoagh no standard audio file format has emerged, support for
AJFF, WAV, and All flles is corunon on all platforms. In particular,
QuickTirme — and, therefore, any program that uses it — 15 capable
of reading and writing sound in all three of these formata, ag well
as MF3 aud some other formats associated with particular sound
applicadons.

In Chapter 10, we explained that streamed video resembles broad-
cast television. Streamed audio resembles broadeast radio. That is,
sovmd is delivered over a network and played as it arrives, without
having to e stored on the user's machine first. As with video, this
allows live transmission and the playing of files that are too big to be
held on an average-sized hard disk. Because of the lower bandwidth
required by audio, streaming iz more successful for sound than it is
for vidao.

The firsl saccesfol streaming audio formatr was Real Networks'
RealAudio, a cornpanion to BealVideo, which has now been incorpo-
rated into Resd G2, Thisz uses a proprietary compressor to maintaln
reasonable souw quality at data rates suitable for dial-up Internet
connecons. Sireaming QuickTime can alse be used for audio, on
irs owm as well 43 accompanying video. Both formats are used
for broadcasting live concerts aud for the internet equivalent of
radlo stations, and alzo for providing ‘play on demand' music —
the Intermet as the biggest jukebox in the world.
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MP3 requires too smich bandwidth to be sireamed over modems,
althongh it is well within the capacity of cable modems and ADSI. A
1o-fi* MP3 format is in use, however, which sacrifices some quality 1o
bandwidth, allowing MP3 andio 1o be streamed at lower data rates.

2 Anothet stremmed asdio format has a somewhat different emphass.
Liuid Auddio is intended as an architecture for distributing musie,
Lguid Andio can be streamed, in crder to preview a song, for
example, but the primary intention is for the user then to download
a Ch-quality ble, which can then be burned on to a zecoedable CD.
Mechanisms for payment arkl the prevention of piracy are hult in
to the architecture.

[f we had written a piece of music, there are two ways we coukd
gend it ta you, We cowdd play it, record the performance, and send
you the recording, or we could write it down using some form of
nodation, indicating the arrangement, and semd you the sheet music,
50 you could play the piece for yourself. There is a parallel here
with hitmapped and vector graphics. in the first cage, we send you
the armal sound, In the sacond, we send yon what ammmts to a
set of instrucdons telling you how to produce the sound. in elther
case we are making smme assumptions about what you can do:; for
the recording, we assume you have a machine capabie of playing
back whichever medium we have recorded our performance on. For
the sheet music, we are making the more demanding assumptions
that you can read our choser music notation, have access to the
Instrument or Instruments Indicated in the arrangement, and can
either play yourself or can get musicians to play those instraments.
If the music 15 arranged for a symphony orchestra, this may present
somme difficulties for vou, whereas, if we were ta send a recording,
all the difficuldes would lie at our end.

In the digital realm, there i1s a similar choice of options for
dellvering mmigic. So far, we have considered ways of dellvering
digitized sound, thay is, the equivalent of recordings. There dlso
exists an equivalent to dellvering the sheet mmsic, ie. a way of
delivering imstructions about how to produce the music, that can be
interpreted by suitahle software or hardware. Similar assumptions
geest be made: for sound files, you must have software that can
read them — as we have seer, this is not a demamding cequirenwent.
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For fnstruedens, you mst have software that cen interpret the
instroctions, and sonte means of producing sounds that correspond
ta the appropriate Instruments.

MIDS {The Musical Inshruments Digital Interface}t provides a basls
for satistving these requirements. Originally, MTH was devised
&% a standard vprovocol for communicating between clectronic
instruments, such as synthesizers, samplers, and drum machines.
By defining a standard hardware interface, and a set of instructons
indicating such things as the start ang end of a nate, it provided
a means of captroling & collection of such instruments from a
gingle keyboard, removing the reguirement for the huge banks
of keyboards beloved of certaln 1970s rock stars, and opening
the way for playing traditional kevboerd insttwments, particulachy
synthesizers, with other controflecs, such as drom pads or wind
instruments.

More significantly, perhaps, MIDI allowed instruments to be con-
trolled automatically by devices that could b programmmed to send
cul sequences of MIDI Instructions. Origlnally, seguencers, as these
devices are known, were dedicared hardware devices, programmed
uging their own built-in, reladvely clumsy, interfaces. It was not
long before it was reallzed that computer programs could offer
a more convenient and fAexible means of sequencing, provided
that a computer could be fitted with a MIIH interface so that it
conld zend the necessary signals to other MM devices. Such an
interface is a relatvely simple and inexpensive devlce, so computer-
based sequencers tapidly became available, 4 software sequencer
provides editing and compositional funcdons, so it needs to store
MITH zequences tn fles. This requirement led to the development of
a standard file Formar for MIDI fles, that £z, a way of storing MD]
on disk. Clearly, such files can be exchanged betwesn computers
equipped with MIIH software. They can also be incorporated into
multimedia productdons.

Playing back MIDI fles reqoires an instrument that understands
MIDL, but & computer, equipped with suitable hardware or software,
can be such an Instrument liself. Sounds can either be sgynthesized
an 3 sound card, or held on disk in the form of samples, o be played
back in response to MIDT instructons. MIDT fAles are therefore a
means of communicating music. Because they do not contadn any
audic data, they can he much more compact than actual digitized
sound flles. For the same reason, though, they cannot guarantes
the rame fidelity: the saraples avallable when the file is produced
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may be of higher quality than those used to play it back — just as
the musician who plays a piece of mnsic from a score may ot be
sufficiently accomplished to realise the composer's Intendons. In
both cages, the result is unpredictable.

A MIDI message Is an instraction that controls some aspect of the
performance of an Insrument, Messages are encoded in much the
same way as machine insructions: a stants e indicares the type
of the message, and is followed by one or two data bytes giving
the values of parameters. Although wind insruments, drum pads,
and gwitars are used as MIDI conirellers (as devices that ransmit
MIDI signals are called), MID] is markedly biased towards keyboard
hstiments. Thog, f exampie, the most commonly used message
is ‘Note On’, which takes two parameters: a number between O
and 127 indicating the note 10 he sounded, and a key velocity,
indicating how Fast the key was pressed, amd hence the attack of
the note, When an actuwal keyboard is being wsed o generate MIDI
messages, these values will be sensed by the keyvboard's hardware
as the musician plays the key. When the message is being generated
by software, the values are specified by the user.

Other notable MIDI messages include ‘Note (4, which ends a note,
‘Key Pressure', which Indicates the degree of ‘aftertouch’ 1o be
applied, and 'Fitch Bend’, to change note values dymamically, as a
guitarist does by bending the string (on MIIH kevboards, a wheel is
used for this functonk

The stams and data bytes in a stream of MIDE instructions are
distinguishable by the valwe of their most significant bit. This
makes possible an optimization, where a sequenre of messages all
have the same status byte, it may be omitted from the second and
subsequent messages, for which 1t will be inferred from the most
tecent value, This awrrangement is called ruaming sfafes; it can save
an appreciable number of bytes where a sequence of notes is being
played with no modifications. Using the convention that the end of
a note can be indicated by a *Mete On” message with a velocity of
zero, the whole sequence can consist of a single *Note On' status
byte, fellowed by a serles of data bytes giving the notes v be played
and the velocities te be applied to them.
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When a MIDI message s interpreted, we say that an event occurs. In
live performance, the timing of events is determined by the player
in real fime. In a MIDI file, it is necessary to recopd the tme of each
event. Each message is preceded by a delta time, that is, a measurc
of the time since the preceding event. Near the beglnming of the file
l& a specification of the units to be used for rimes,
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General MIDI and the QuickTime Music Architecture

The preceding account indicates how noteg are produced, but teaves
umanswered the question of how they are to be associated with
partcular sounds. Typically, the sorts of instruments controlled
by MIDI — synthesizers and samplers — provide a varicty of
voilces. In the case of synthesizers, these are different synthesized
sounds;'? In the case of samplers, ditferznt instrument samples. A
MID! ‘Program Change’ messape selects a new voice, using a value
between 0 and 127. The mapping from these values to veices 1s not
specifled in the MIM standard, and may depend on the particular
instrament being conteolied. There is thus & possibility that a MIDI
Ble Intended to specify a plece for piano and violin might end up
baing played on rombone and kettde drim. To help overcome this
unsatisfactory simation, an addendum to the MDA standard, known
as General MIDIL, was produced, which specifies 125 standard veices
o correspond ta the values uged by Program Change mesaapes, The
assignments are shown in Table 12.].

For drum machines and percmssion samplers, Program Change val-
ues are interpreved differently 45 elemwents of deym kits — cymbais
of various sorts, Bnares, tom-toma, and 5o on {ses Table 12.2).

Ganeral MIDT only assoclates program numbers with voloe mames,
There is no guaraniee that identcal sounds will be generated for
each neme by different instruments — a cheap sound card may
attempt to synthesize all of them, while a pood sampler may
use high quality samples of the corresponding real instriments.
Adherence to General MIDT offers some guarantee of consistency,
thomgh, which is otherwise enptirely missing.

CoickTime incorporates MIME-like fonctonality. QuickTinwe Musical
Instruments provide a set of instrument sample=2?, and the CGoick-
Time Music Archltecture incorporates a supersec of the features
of MIDL OmickTime can read standard MIDT files, a0 any compaler
with OuickTime instalted can play MIDT music osing software alone.

149
Olber called partehes by synthosizes.,

20
The Holamd Sound Canvas set iz
distributed with CwickTime,
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Table 12,1
General MIDI vodce nuembers
1 Acoustic Grand Plano
2 Bright Acoustic Piane
3  Electric Grand Fiano
4  Bonky-tenk Piano
5 Ehodes Flano
& Chorused Mano
7 Harpsichord
8 (Clavinet
9 Celesta
10 Glockenapiel
11 MusicBox
12 Vibraphooe
12 Marimba
14 Xylophooe
15 Tubalar hell:
16  Dulcimer
17  Draw Organ
18 Percussive Organ
18 Rock Crgan
20 Church Crgan
21  Reed Crgan
22  Arcordion
23 Hamoonice
24  Tangn Aceordion
25 Arrustic Mylon Guitar
26 AcousHe Stesl Cultar
27 Heciric fazz Guitar
28  Hecirie clean Guitar
2% Hecirie Guitar muted
3¢ Owerdriven Guitar
31  Digtorboc Guitar
32 Gimtar Harmooics
33 Wood Bass
34  Hectric Bass Fingered
35  EHecric Bass Picked
36  Fretless Fass
37 SlapBass i
3% SlpBass 2
3o Synth Eass 1
40  Synth Bass 2
41 Violm
42  Viola
43 Cella

Conirabags
Tremnks Srings
Pizzicate Sirings
Orchestral Harp
Timpani
Acouste Siring Fnsemhble 1
Acoustc String Ensemhle 2
Synith Sirings 1
Svnth Sirings 2
Aah Choir

Och Choir
Symvox
Crchesira Hit
Trumpst
Trombone
Tuba

Muted Trumpet
French Horn
Brass Secton
Synth Brass 1
Synrh Erase 2
Sopran Sax
Alto Sax

Tenor Sax
Barioone Sax
Oboe

English Horn
Bass0an
Clarinet

Ficooln

Flute

Recordar

Fan Flute

Bottha bk
Shakuhachi
Whiatle

Dearina

Square Laad
Saw Lead
Calllopw:

Chiffer

Synth Lead 5
Synth Lead 6

CEERS

92
3

LH)
L1
&7

99
100
101
102
103
104
105
106
Loy
105
10
110
111
112
113
114
115
11&
117
118
119
120
121
122
123
124
125
126
1:7
128

Synth Lead 7
Synth Lead 8
Synth Pad 1
Symth Fad 2
Synih Pad 3
Syndh Pad 4
Synih Pad 5
Synh Pad 6
Synth Pad 7
Synth Pad B
Joe Rain
Soundiracks
Crystal
Atmosphere
Bright
Goblin
Echoes
Space

Sitar

Banjo
Shaorndgen
Kota
Kalimlya
Bagpipe
Fuddle
Shanai
Tinkle bell
Agngo

Steel Prums
Wondbinck
Talko Drum
Melodic Tom
Synth Tem
Reverze Cymbal
Guitar Fret Nolse
Breath Molse
Sexthote
Hird Tweei
Telephone Ring
Hellcopter
Applanze
Gunshol
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CuickTime can also control external MIDE devices. MID] tracks can
be combined with audie, videg or any of the other media types
supported by OuickTime,

MIDI sequencing programas, such as Cakewalk Metrc and Cubase,
perform captore and editing fimctions equivalent to those of video
editing software. They suppor: multiple tracks, which can be
allocated to different voices, thus allowing pelytimbral music to be
congiructed. In addition, such packeges support composition.

Mugic can be captured az it iz played from MIDE conirallers attached
to a computer via a MIDI interface. The sequencer can generake
meironcme Heks to assist the player to malntain an accurate teompoe.
Although it is common to simply use the sequencer as if it were a
tape recorder, to capmre & performance in real time, sometlmes
MICI data is entered one note at a time, which allows mmsiclans
to ‘play’ mmsic that would ctherwise he bevond their competence.
Facilities normally found in conventional sudio recording sofrware
gre also avallable, in particular, the ability to ‘punch 'y the start
and end point of a defective passage are marked, the sedquencer
starts playing before the beginnfng, and then switches to record
mode, allowing a new versiom of the passage to be recorded to
replace the original.

Sequencers will optionally guantize tempo during recording, fitting
the length of note: to exact sixteenth notes, or eightli note
iriplets, or whatever duration is specified. This allows rhythmically
ioose playing to be brought imto strict tempro, which may be felt
desirable for certain styles of music, althowgh the result often
has a machine-like feal, since live musicians rarely play exacdy
to the beat. {mantization |s uwsually necessary if it iz dasired fo
produce & transcription of fbe music, since otherwise the program
will tramscribe exactly what was played, even if that invalves dotted
alwty-tourth notes and rests,

Most programs ailow owigic to be entered using classical music
notation, often by dragging and drepping notes and other symbols
ontg a4 stave, Some programs allow printed sheet mmsic to be
stanoed, and will perform opticel character cecognition to rans-
form the music inte MIDL. The oppogite transformation, fram MiBt
to A printed score, is also often provided, enabling transcriptions
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MIDI Software

Tahle 12.2

Ganeral MIDA Drum Kit Numbars

35
3%
ar
3R
A
a0
41
42
43
44
45
46
47
48
44
50
51
52
3
54
35
36
57
38
e
(1K}
61
g
63
B
65
b6

Acouste Bass [mum
BassDmum 1
Side Srck
Avrrrushic Soare
Hand Clap
Hectric Snare
Lo Floor Tom
lesed Hi Hat
Hi Floar Tom
Pedal Hi Her

Ley Tiam Foam
{}pen Hi Hat
Lew -Mid T Tom
i M1 Tom Toom
Crash Cymbal i
i Tam Tom
Ride Cymbal |
(higeyy Cyretal
ilde Bell
Tambonrine
Spilash Cymbal
Cowbell

Crazh Cymbal 2
Vibraslap

Blde Cymbal 2
H1 Bonyo

Lonv Bongo
Mt Hi Conga
Open 14 Conga
Low Conga

1 Tinbale

L Timbale
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Frgure 12.14
The 'plano-rolf Interface to a
Sequencer

21

It 15 sometlmes clalmed thal Facilites
of this sert aliow people who cazmox
play Etramens 1o compase minex by
whistiing. You have 1o be able 1o
whistle In tupe, though,

of performed musle o be made antomadically. Thase who do not
read music usually prefer to use the ‘pianc-roll' interface, iustrated
in Figare 12,14, which allows the duration of notes to be specified
graphically, essentlally using a dmeline. Their pitch is specified
with reference to the piano keyhoard shown on the left. For msic
constructed out of repeating sectons, loops can be defined and
rensed many tmes.

Once a piece of music has been recorded or entered, it can be edited:
individual notes' pitch and duration can be altered, sections can be
cut and pasted, or glohal changes can be made, such as transposing
the entire piece into a different key, or changing the dme signature.
The parameters of individeal MIDI events can be changed — ithe
velocity of a note can be altered, for example. Voices can be changed
1o assign different instruments to the parts of the amrangement.

Because digital audio is very demanding of computer resources, but
MIDI iz muach less o, the two forms of music representation were
originally separated, with different software being used for each.
Now that computers have become powerfut encugh to take sudio in
their stride, the fwo are commonly integrated in a single application,
which allows MID] tracks to be comblined and synchronized with full
audio. This arrangement overcomes one of the major timitations
of MID], nhamely the impossihility of representing vocals (excent
for ‘Oohs’ and *Aahs’). MIDE can be transformed into awdio, much
as vector graphics can be rasterlzed and transformed into plxels.
The reverse transformation is sometimes supported, toc, although
it is more difficult to implement. MHIM captures the musical
stroactuare of sound, since MITH events correspand ta notes. Being
able to transform audio into MIDI allows music to be recorded
from ordinary insouments instead of MIDI controllers — it can
even be recorded from somehody’s whistling — amd then edited or
transcribed in verms of musical notes.?!



Combining Sound and Plcure 411

% The MOD ffle is 8 file forimat which is being mereasingly used fov
music. Originating om the Amiga platiorm, MOD ishert for ‘module’}
Eles combine the featurss of audie and MIDI files. In particalar, ey
can include the necessary samples w0 g8 0 play back a piece of
music whuse structure is described by MIDL information. Programs
tor playing MOD files are called irackers

Combining Sound and Picture

Sound |s frequently used as a part of a video or animation
prochucton. When it is, synchronization between sound and picore
becotres a matter of considerable importance, This is seen most
clearly where the pictire shows a perzon talking, and the sound-
track contalns their speech. if synchronlzation is slightly out, the
result will be disconcerting; if it is constderably out, the result will at
bust b imintentionally funny, but more lkely, Incoherent. Although
speech makes the most exacting demands on synchrondzation,
wherever sourdl and picture are related, it is necessary that the
temporal reladonship between them is maintained. Voice-overs
should match the picture they describe, mmsic will often be related
to edits, and natural sounds will be associated with events on
BCTEET.

In order to ostablish synchronization, it is necessary te be able to
identify specific points in tme. Film is divided fivto frames, which
provdde a natural means of identifying dmes. Yideo tape does not
have physical frames, but, as we mentioned in Chapter 10, timecode
can be written to a video tape, allowing the frames ta be identifled.
Audio tape can be similarly angmented with timecode, and the
codes can be uged to synchropize tape recorders, both audic and
viden. As long as the Himecodes on two machines agree, they must
be in synich.

Sound is effectivaly continuous, though, even in the digital domain
— the high sampling rates used for digital sound mean that a single
sammpie defines toc short & tne Incerval to be ugeful. For sound, the
divislon int9 frames imposed hy timecode 15 ust a wseful fictdon.
This fictional division continues to be nsed when synching digital
audio and video. It enablez sound and picture tracks in a video
editing application such as Premlere to be arranged on the same
dmeline. Unilke the soundtrack on a piece of flm or a video tape,



412

Soumd

a sound track in Premilere is physicably independent of the video it
accompanies, so it is easy to move the sound In dme relabive w the
plcture, simply by sliding the sound {rack along the dmeline. This
is not something you would noymally want o do if the sound and
picture had originally been recorded together. In that case, yo will
usually want to maintain their synchronization during editing. For
this purpose, tracks can be locked together, so that, for example,
cutting out part of the video ack will remove the accompanying
acand.

Audio macks may be displayed as waveforms. When a sound track
has been made iklependendy of the picture — a voice-over or
musical accompaniment, For example — it will be pecessary to fit
the sound to the picture. By looking at the warveform to identify the
start of syllables in speech, or siressed beats In nmsic, an editor can
identify meaningful points in the sound track, which can be lined up
with appropriate plcture frames. Performing this marching by eyve
is difficult, so a method that is often wsed is to scrub through the
sound to identify the precise cue point by ear, and place a marker
{a facility offered by Premiere, for examplel which can then be lined
up on the fimeline with the video frame {which can also be marked
for identificiation). Sometimes, it may be necessary to apply a time-
stretehing flter ta adjust the duration oF the sound ta At s picture,
as described earlier.

Synchronization can thus be established in a video editing program,
hat It must then be maintained when the video and itz sound mrack
are played back — possibly over a networke I the sound and
viden are physically ndependent — travelling over separate network
connectons, for example — synchronization will sometimes be lost,
This is a fact of life and cannot be avoided. Audio amd video data
atreams must therefore carry the equivalent of timecode, so that
their synchronization can be checked, and they can be resynched,
if necessary. Usually, this will require some video frames to be
dropped, so that pictare can catch up with snd — the grearer
data rate af the video means that it is the mare likely to fall behind.

Where video and awdio are played back from 2 local hard disk,
it ig easier to maintain synchronlzatlon, although it sdll cannot
be guaranteed, owing to the different speeds of the components
involved. For very short clips, it is possible to load the entire sound
track into memory hefore playback begins, ellminating any potentlal
delays caused by reading from disk. This is impractical for movies
af any significant duration. For these, it is normal to imterleave the
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audino and videg, that is, the audic is divided into chanks, which
are Intepsperged between video frames. 22 The size of chunk can be 22

varied, and optimized for particular hardware configuraticns. AV stands for "andio and vides
interleaved’, even though by defaull

— DuickTime provides highty fexible support for specifying tme ey aren't
within a taovie. A moovie bas a Pme hase, specifylng the curment
time and the rate ([and divection} at which time passes, relative to a
time comrdirate systern, which specifies the upits in which time is (o
be measured. The thme coordinate system is chosan to swit the data;
for example, sound saanpled at 44.1 ¥HZ may use a time coordinate
in which eech time undt is 1/44.1 ms. A cleck component i= used to
cbtain real Hme values, usually from the clock chip built in to the
computer on which the movie is being played. By synchronizing the
time base W the cock. the rvequired plavback rate I3 maintaimed.
Whenever some data, such as a frame of videa, 15 50 be played,
the time base is passed to the software component responsible
for playing the data. The cumrent movie time can then be used to
detarmune the appropriate portion of the data (o play. IF 5ound and
picre start to drift, this will ensure that they are brought back oo
the correct temnporal relatiomship.

Further Information

[Fch95] is an excellent introduction to all aspects of digital audie,
and [Rot92] i3 a good, brief account of MIDI. [RM94} describes the
techniques of sound recording.

Exercises

1. Give sn exarople of a natural sound that has an identdfiable
pitch.

2. Why are the sampling freguencies normally used for ‘lo-f
digital zound exact sub-multiples of 44.1 kHz?

3. Given that singing has characteristics of both speech and
muxsic, which compression algorithms would yon expect to be
mioat successfil on songs?

4. A problemn commenly encountered when recording in the
open air is that a micraphone will pick up the sounds made
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10,

Soud

by the wind blowing agalnst it. Describe how you would
attempr to remove such rise from a digitized recording. How
successiol would you expect your attempts to be? Suggest an
alternative approach to eliminating wind nodse.

. When we described anti-aliasing of wector graphics in Chap-

ter 4, It was as an antidote to insufficiently high sampling
rates. In this chapter, we have described dithering as a way
of mitigating the effect of insufficient quantization levels.
Would this Kind of dithening help improve the apparent
quality of under-sampled audio? Is there any commection
between dithering sound and dithering colour, as described
in Chapter 67

» Explain how you would apply a ‘cross-fade’ w a stereo

recording of a solo insprument, so that the sound wounld
appear to move gradually from the exireme left to the extreme
right of the scund srage.

. What could vou do to correct a sound that was digitized with

its levels {a) voo kigh; (b) too lbow. How would you prepare a
sound cecording with an extremely wide dynamic range for a
multimedia production?

15 there a limit on how far you can {(a) stretch, (b} comtract
a digitized sound swecessfully? What aspects of particular
kinds of sound might affect the limits?

ia) Describe the alterations that must be made to the digital
representation of a sound ta rakee its pitch by an octave,
without changing its duration. (Raising the pitch,by an
octave is the same as doubling the frequency.)

b} Describe the alteration that must be made 1o a MID
Note-On message to raise the note's pitch by an octave.

Under what cirommstances might yvou expect te lose syn-
chronization between sound and picture In a mulbimedia
production? What steps could you take to minimize the
chances of this happening.



Combining
Media

Broadly speaking, there are two models carrently in wese for
combining elementz of different media types: page-based and
synchronization-hased.

In the first, text, images, and video are laid cut in a two-dimensional
arrangement that rasembles the way text and images are laid out in
books and magazines. Time-based elements, such as video clips and
scund, are embedded in the page as if they were images, occupying
a fixed area; controls may be provided to start and stop playback.
mdividual pages can be combined wsing the linking mechanism
of lypertext. Such linked pagebagsed muldwedia productions are
known as hvpermedia. The best known example of a hypermedia
system 1z the Werld Wide Web.

Hypermedia takes its inzpiration from paper-based media that are
essentially static, and graftz time-based features onte a spatially or-
ganized framework. In contrast, synchrontzation-based multivnedia
makes time the central organizing principle. Flements are arranged
in time, often using & timeline, 30 that they are presented as =
sequence, resembling a slide show., Transitions, such as dissolves
and wipea, may he used to go from one element In the saquetice
tn the next. Unlike most (but not all} slide shows, however, a
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multimedia presentafion {as such timeline-baged prodwrdons are
usually known) will often incorporate parallelists several video
clps may be shown at the same time, perhaps overlaid against
a static image, or a sound irack may play during an animation.
Elements roay be synchronized, so that, for example, some text may
be displayed as long as a viden clip is playing, or an image will be
displaved ten seconds after the beginning of a video clip.

= A third model for combining media js exemplified by VRML, as
we described briefly in Chapter 11. Here, the elerments are laid
out In a three-dimensional scene, The user can move about in
the 3-D space and inspect images of objects that they encodnter,
Links may be incorporated, to provide hypertext functionality, and
interactivity can be previded, using the scripting mechanjsms that
are applied ro the other models of multimedia, as we will describe in
Chapter 14. Scene-based multimedla of this sort is pressnily most
often found ln games, atthough these are nat usually thought of as
multimedia productions. The apparent Tailare of VREML. so far to
achieve wide acceptance means that curvently there is po stendard
form for scepe-based muiltimedia. The proposed MPEG-4 staoxdard
for muldmedia, presently imder developiment, uses a srepe-based
madel, but has, as yet, ooly been implemented experimentally.

Multimedia producticns based on both of these models are often
avgmented with interactive features thae allow the user fo control
their progress. As we will descrlbe in Chapter 14, a scripdng
facility is usaally provided that allows multimedia mathors to write
simple programs thal cawge actions to occur in response o user
Input. Scripts can alse be writien to cause actons to occur after
a certain period of time, or in response to events siwh as a viden
clip finishing. By using scripis of this sort, temporal organization
can be added to page-based multimedia. Mondinear branching can
be provided in a synchronized presentatior, either using scripting
or by extending the timeline metaphor to support linking., Since
it 13 also the case that the elements of a synchronization-based
multimedia presentation must be arvanged spatally, the distincton
between our models of media combination is somewhat blurred.
Mevertheless, thelr different emphases make it usefol to consider
them, ar least to begin with, as distinct ways of combining media.

= More than one introduction to multimedia, when describing e
combination of media into mulrimedia, does 0 in a chapter entitled
"Putting it all together'. Aslde irom the regrettable descent into
cliché, rhis rithe carries the suggestion that it is somehow pecessary,
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unce you have moved beyond a single medium, to combine the
whole lot; texf, mages, video, animation, and sound Tt sn't, and
may ofien be undesirable to do so.

We man illustrete this using familisr pre-dlgiral medla. Lanrenge
Bergreen has written an excellent biography of Louls Armstrong.!
However, as it iz a bock, it offers no opportuniny o hear the
musie, which is something of a deficiency, given its subject. All the
aporiant recordings are available, but gbtaining them all, collating
them wirh the text, and actually getting round to listening to them,
requires & cerfain amount of effort, discipioe and moncy. Surely &
case for rauitimedia,

Such was presumably the thoupht in the minds of the producers
of the television doamnentary The Wonderful World of Lonis Arme-
strong, which broadly covers the same material as Bergreen's book.
The multimedia poasibilities of televislon allowed them to combine
exiracts from Armsirong's recordings with spoken commentary
and reminiscences from those who lmew him.  Howewver, the
documentary makers apparentiy had little access to any relevany
feotage or images of the tnaopeter, and sioce they evidently beileve
i the dicowm that television iz 3 visnal mediom, they were left
with the guandary of what to do when there are no appropriate
pictures, They choss touse computer graphics and post-prodection
technigues to produce 'evocatlye’ imagery and altered video to
aocompany the words and omsic. The result was oowatrhable, bux
not watypical of much contemporary television.

The trouble is that working in a visual medium demands images,
whether appropriate ones are available or not. The forms of digival
multmedia offer the opportunity ta select and combing those media
that are suitable 1o a particular production, without necessarily
purtdng i aif together.

Hypertext, a8 we described it in Chaprer 8, never generated muoch
excitement, It required the addition of first praphics and then other
media elements 1o the linkdng mechanism of hypertext to produce
something that captured people’s Imaginations: Mypermedio. 1t is
easy to see how this generalization can be achleved by considering
HTML and the World Wide Web, though you should realize from
the history in Chapter 9, that the Web was by no means the first
hypermedia system.

1
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AR Baravagant Life, Harper Collins,

18947

Hypermedia



418

Combining Media

HTML and Hypermedia

n HTML, links are implenvented as anchors, with an heaf attribute
whose value i3 a URL pointing to the destination. I previouns
sections, we assumed that the URL points to a page of HTML. What
if it doesn't?

HTTP doesn™t care. If you ask a server to returm the resource
identifled by a URL it will do so0. As we mentioned in Chapter 2,
it will include in its response, as well as the resomrce’s data, an
indicadon of what sort of data it 1s, in the form of a MIME content
type. The presence of MIME content types in HTTP responses
answers a question that may have bothered yow: how does a Web
browser kmow that what it is receiving 13 an HTML document?
Because the content type is specified as text/huml. The question
begs another: How does an HTTP server know what MIME nype
to specify when It sends a response? It would be unrealistic o
expect the server to analyze the data and dedwce 1ts type; a more
prosaic solution is adopted. The server has access to a configuration
database, malntained by whoever looks after the zerver, which
provides a mapping from Mename extenslons, or fle nype and
creator codes, to MIME types.

The upshot of all this is that when a browser receives a document it
alsc receives information about the hype of dat it contains, in the
form of a MIME content type. This brings us back to the original
question, which we can now rephragse; What does che browser do
If the content type is not text/heml? Elther the browser will be
Intelligent enough to deal with it anyway, or it will have to get
another program o do 50,

Consider the second option first. Web browsers can be configured
so that, for each MIME type, a prograin is nominated to deal with
documnents of that type. The nominated programs are wsually calked
kelper applications. When a document arrives that the browser
cannot display itself, It starts up the appropriate helper applicadon
to do B0 instead. For example. suppose {on a Macintosh) your
browser had been configured so that the videc player Sparkle was
the helper application for data of npe video/mpeg (MPEG video
clips}. [f you click om an anchor whose href atribute’s URL points
to an MPEG video clip, the data will he refrieved as usual. When it
arrives, the browser will use the 08 facilities 16 start up arather
proceszs [a run Sparkbe, handing it the retrleved dara. The video
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will be displayed in 2 new window belonging to Sparkle, with
that program's interface, mdependent of the Web browser. Thus,
althcugh vou can play the vided clip after retrieving it via a Web
page, it is not integrared with any other Web data — we have not
realiy achieved hypermedia, althowgh we can link together different
media using hyperlinks.

In order to properly imtegrate the display of media besides for-
matted text into a Web browser we must extend the capabilities
of the browser s0 that it can render other media, and we st
provide some extra HTML tags to control the layout of pages with
emhedded graphics, video and sound. It is not realistic to expect a
Web braoswser to be able to cope with absolutely any imaginable bpe
of data; for scme obscure types a helper application will always
be the hest opdon. Om the other hand, some types, especially
image types and plain text, are so common that it is reasonable
tn expect browsers to have code to display them built in. Other
types, such as video snd andio fall in between: it would be nice
to handle them in the browser, but they are net ¥et so0 commen
that the necessary Impiementation effort on the part of the browser
manufacturer is justified, and not all users will be happy with the
resulting inrreased resource requirements of thelr browsers. The
sohation to this diemns iz plug-imy;  software modules that can
be installed indapendently by users who need them. Plup-ins are
loaded by a browser when it starts up and add functdonality to it,
gpecifically the abllity 1o deal with additional media types. The
major browsers all use the same interface that allows them to
incorporate plug-ing, and they can be configured to use a plug-in
instead of a helper applilcation for certain media types. An example
of a widely used plupin i3 Apple’s OuwickTime plug-in, which
transparently incorporates all the fuoctonality of QulckTime Into
any browser that implements the Netscape plug-in mverface (this
inciudas Internet Explorer). It 18 wrltten by the QuickTime englueers,
who presumably know more about QmickTime than gayone else, s0
it provides a better implementation of QuickTime displaving than is
likely to have been provided if the browsers had been extended by
their own developpers. Usars only need to lngtall the phag-in {wsually
simply by placing it in an appropriate place) if they want to view
OmickTime within their browsers; this way, nsers with no interestin
video do not incur the azzociated overhead,

Once a browser becommes capable of reidering non-textual data
without the aid of a helper, the possibility exiats of inteprating the

419
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Strictly, in HTML 4, oo other
atiribate, aTt, I8 compulsory — see
below.
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display of such data with the other elements of Web pages. This
leads to a mode of multimedia presentation based on a page koo
model. This model 13 derived from long-estahilshed practice in
print-based media for combining text and graphics. it can be fairly
naturally extended o incorporate video and animation, by treating
them as if they were pictures 1o be placed on the page, but with the
added property that they can be made to move. Sound sjts much
less comfortably on a page, being purely non-visual. An expedient
often employed is to represent a sound by an icon or set of controls,
which can be treated as a graphic element, and then activaved to
play the sound in the same way as a video element is actvated. An
alternative i simply to associate a sound with a page, and have it
play when the page is loaded. This approach has the disadvantage
that users have no control cver whether the sound is played.

Special markup is required for embedding these new elements in
Web pages. Inm HTML 4.0, the 0BIECT element is provided for
embedded media of all types — it is flexdble enough to accommodate
new media types that have not yet been implemented, ag well ag
smbedded executable content, in particular, Java applets. Previous
versions of HTML only prowided support for bitinapped images, in
the form of the IMG element. Use of this element has beconw so
well established that, for te most popular image formaits — JPEG,
GIF, and possibly PNG — it is umlikely to be superseded by OBJECT.
Before HTML 4.0 there was no officially endorsed method for
embedding any other type of media, but Netscape Implemented an
EMBED elernent (subsequendly als¢ adoped by Microsoft in Intermet
Explorer) for inchiding video, sound, and other mwedia tyvpes.
Although EMBED never had any official statas, it has been widely
used, and is routinely generated by HTML awthoring programs.
Part of the enduring attraction of IMG is its simpheity. It is an empty
element; in the simplest case, it has a single attribute, src, whose
valye i a URL pointing o an image Fle.? TMG is an inline element,
50 the image is displayed where the tag oocours. This enables you to
Tin images in with text, use them as headings or labels on list items,
and so on; alternatively, you can isolate an image by enclasing it in
its nwn paragraph.

To mwrderstand the necessity for IMG, consider the following two
Fragments of HTML.

Let us show you 8 <A hrefa”stilll. jpg"»picture</i>.

ard
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This picturz has wore presence;
<P
<IMC sro="stilll.jpg">
/P>

Figure 13.1 shows the corresponding parts of the displayed page.
in the first case, the word ‘picture’ is hiphlighted as a link, just as
if it pointed 1o ancther page, When the highlighteg text 13 clicked,
the image is dizplayed alone in the browser window, replacing the
current page {or frame). In the second case, the image is displayed
as part of the page, like a picture in a newspaper or magazioe.

Such clamsy lavout would not cut much ice in the magazine design
world, though, nor tm today's World Wide Web. Like any othey HTML
domument element, an IMG can be lald out in a2 more imaginative
ard pleasing way using C55 males. Margine ardd bHorders can be
set around images, which can be allgned and flopated, using the
propertles introduced In Chaprer 8. For coniplete layout control,
absolute positioning, mchading z-index, ¢an be used to put fages
exactly where you want them — subject always to the proviso
that not all user agents interpret stylesheet information. {For the
benefit of older browsers, IMG elements have a set of attributes,
incinding height, width, berder and align to provide same degree
of control over thelr placement.)

OBIECT elempents are the preferred way of embedding muitimedia
and executable content In Web pages.” We will not consider the
latter ai this stage, but we note that there are additional ataibutes
for this purpose. For embedding images, video, soind, and so on,
the data atribate is used: the value is a URL that points to the
data t¢ be rendered as the object's content. 1t iz advisable also
to specify the MIME type of the data, as the value of the type
attribute. Althowugh the server will supply this informeation if the
data Is requested, providing it in the object’s start tag means that a
user agent that cannot render data of that bvpe need not waste time
downloading it — poasibly a non-tiTvial conslderatlon if the object
13 a large video clip.

The way in which QBJECT provides for the possibility of a user
agent's being unable to dizplay the specified object is ingenious,
but slightly counter-tnmidye, Tnllke an IMG element, an OBJECT has
content, but the content 19 not the object — that is specified by the
data attribute. The content 13 displayed only if the user agent is
unable to display the object. This means that the content can be
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Let us show you 2 Bt
This picture has o presence:

Figure 13.1
Linked and embedded images

3

Freferred, that is, ly the W3C, At the
time of writhng, the tmplementation of
OBIECT in contetnmorary (Fourth
Rerwtaticn) browsera §s patchy, but
EMBED is almost universally
supported.
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This argument has exira force when
you consider tat DEIECTS G be
used to cotviain apmlets, which may
need 1o be suppled with parameters
when thvey are . The set of
parameters recuired will be
determined by the applet's
programmer, and canmot be precicted.
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used to provide a replacement version of the object. The following
use ix typicak:

<P=Here's a groovy moovy
<P
OBI1ECT dataa"movies/clip2.mov"
type="video/quicktine™
<DBIECT data="images/still12.jpg" type="inage/jpeqg™-
A 5 second wideo clip.
</OBJECT=
</OBJECT>

i possible, a movie clip is displaved. If the necessary plug-n is mot
there, or some other reagon prevents playing the movie, a stll image
is put in its place. if even this cannot be done, some text describing
the missing object is used.

It is often necessary or desirable to specify some aspects of the way
i which an object Is displayed. For example, a video clip mighy be
shown in a standard video controller component, with play, pause
and Fast-forward controls, or it might be displayed with no contrais
and play itself automadcally. A page desigmer would want to be able
ta specify which of these styles 13 used. However, different options
make sense for different media: you cannot sensibly attach a video
centroller component to a still image, for example. Furthermore,
DBIECT elements are intended to be able to support arbitrary media,
inchuding those not vet invented. Consequently, it is mot possible
to define a set of attributes for the DE2ECT element type that will
provide for all possible eventualities.# nstead, parameters required
to controd the dleplay of objects are set nsing o special element type:
PARAM. This is simdlar to META, in that it has attributes name and
value, which are used to provide a value for a named parameter.
The paramerters for an ohject are set in PARAM clements contained
in the OB1ECT element. The precise sat of names that is applicable
depends on the type of the object’s data {or, on the plug-in used o
display the ohject).

For example, the QuickTime plug-in understands several parame-
ters that can have the value gue or false, including controller,
which determines whether a mowvie is displayed with a standard
movle controller component, autoplay, which cawses the movie
tn start playing ag soon as the page is displayed, if it is ouoe, and
Toop, which makes it play a3 a contirmous loop. Hence, to make a
movie play antomatically forever without any visible contrels, the
following HTML markup cotld be used.
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<BIECT datas"movies/clipZ.mov"
types"videoquicktime™ >
<PARAM name = “controiler” value = "false"s
<PARAM name = "autoplay™ wvalue = "true"s
<FARAM name = "loop” walua = “trues
«/ORIECT>

=% The EMBED elemdent tipe has attTibutes with the same names as thess
PATAImEters,

Links

One of the places you can use images is between the start and
end tags of an A element with an href attribure. The effert is to
produce a clickabla Image that serves as the source of a link. This Is
usually mdicated by outliting it in a special celour. A common use
of Hids facliity {8 to create clickabie irons or buattons; another is to
produce image catalogues consisting of small 'thumbnail* picturea:®
clicking on a thambnail causes a full-sized version of the picture
to be displaved. Alternatively, it may just be considered more
appropriate to bave an image serve ag the linking element, if it
somehow captures the samantics of what it Hnks to. For example,
an image of a hook's cover may be used as the source of alink to a
page of an on-lne book store from which it can be purchased. (It is,
however, more difficult to convey a Hnk's meaning unambiguongly
uzing an image than it is using words.)

C* You can use objects as ink sources tn the same way, but for media
other than mages it is oot clear that this 15 a useful thing to do
I particalar, for timebased media, there is something counter-
intuitive about consldering the whole oblect as a link. It #eems mere
natural to use events or partioular frames o this way. This raises
many cguesticny, since to do this requires us to incorporate tme
into the hitherto simple, and epsentially spacial, odel of nodes and
links. We will defer considervation of hosw to go about dolng s untl
the second balf of this chapter.

A slightly more elaborate way of using images as links is exiremely
popular: an fimage map 13 an image containtng ‘hot’ areas, which are
assoviated with URLs. Clickiryg on such an area causes the resource
identified by its assoriated URL to be retrleved. Figure 13.2 shows
such an image map: It looks ke Just a pictare, buat each of rhe
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‘Web graphics appications often
provide a means of otk racine such
catalogues sutomatically, just by
selectng a divectory of image Aleg,
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Figura 13.2
An nage map
Table 13,1
Shapes and co-ordinates
shape coords
rect beftx, ropey,
righi-x, Doitom»
circle  cemler-x, cevsery,
rivcdire
poly X1, ¥1.%2, Y2,
- KN VN
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fower heads is the source of a link. To make an Image Into an
image map, It must be associated with a MAP element, by giving it
a usemap anribute whose value is a fragment ldentifier, This must
match the value of the name atiribute of a MAF. Thus, for example,

<INC src="flowerl.jpeg” usemaps™fimage-map-1"s

associates the image Flowerl.jpeg with a map whose start tag
lonks like:

<MAF names"image-map-1">

The content of a MAP is a series of AREA elements, each having an
href artribute whose vatue (s a URL in the usswal way, together with
two atiributes shape and coords, which together describe a reglon
within the image which is t0 be linked t0 the specified URL. The
aptons for shape and the corresponding interpretadon of coords
are listed in Table 13.1. The MAP element associated with the flower
image looks like this;

<MAP names"image—map-1"-
<AREA shape~"rect” coords="65,351,166,413"
href="sectionl.homl">
<AREA shapes"rect" coordss="64,353,167,410"
hrefe"sectionl. htnl ">
<AREA shapas"rect"” coordss="106, 324, 1249 492"
href="cectionl.htel">
<AREA shape="rect" coords="351,420,452 482"
href="section? .htal">
elevan more AREA elemants
</ MAP>

(As you can see, AREA is an empty element 1ype.) Each fower head
is approximated by three intersecting rectangles,

Almost nobody will want to measwre or calculate the coordinates
of areas such as these. Fortunately, many tools are available that
enahle you o conshruce 4 map by selecting an area and typing a
URL. Most graphics packages are also capable of constructing image
maps. The partdoular example just shown was made in Ohastrator,
where it suffices to select an object and type 2 URL in a text field
in the attributes palette. If you then export the image as o GIF or
JPEG file you are given the option of having an HTML file containing
the image map generated at the same time, Mote, however, that
whatever the shape of the cbject you select, cnly rectangles, circles
and pelygons can he used as areas in the HTML code.
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Synchronization-Based Presentations

Pure hypermedia possesses no temporal structure. The way in
which a hypermedia production unfolds th time 1a determined by
the user's cholce of links to follow or controls to activate. This
i3 not always & desirable sitnation. For example, ome might want
to produce a moltimedia deme showing off a computer system's
sound, graphics and videc capabilities that can be left running
unamtended ar an exhikition or in a shop. For such applications,
the orcer in which the elements of the production are played muost
he determited heforehand by the authar. A popular framework for
arganizing muldmedia in time is the timeline.

Timelines for multintedia aathoring work in omich the same way as
the video editing and enimation timelines described in Chapters 10
and 11. The sophigsticaton with which they can be used varies
widely. Ar the most bastc end of the scale, simple slide show
packages, such as Power Show, allow vides clips and imeges to be
sequenced by dragging them onto a “Hlomstrip', which is simply g
representaticn of the clips and images in the crder they are to be
displayed. The duraticn of each can be set, and transitions — wipes,
dissohves, ripples, page turns, and $0 om — can be applied between
them. Taxt can be superimposed onto the images, and anlmated,
and sound can be associated with each element of the presentation.
Although all of this could be achieved with a video editor such as
Premiere or post-pioduction package such as After Effects, slide
show programs are simpler 1o use, cheaper to buy, and need not
render their cutput as a movie; instead, they can just produce a sct
of instructions for playing the various ltems in the slide shaw in the
designated order,

Timellne-based multimedia authoring can be much more complex,
as demongtrated by Macromedia Director, In Director, a collection
of media objects is known as a ‘cast’, with the individual obijects
being ‘cast members'. A Director movie, as the finished producton
is called. 15 consttucted by arranging cast members in tine on a
timetine, and in space. More precisely, since cast members can be
used many times, pointers to them, known as "sprites' are arranged
to make the movie. The timeline becomes the “score’, which shows,
for each framne of the movie, all of the sprites that are active. The
spatal arrangement of sprites 1a performed on the ‘stape’, which is
simply an editable version of the display. Sprites can be animated

-1
The rerminology betrays Director's
DTiging a4 an arimeticn program,
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using key frames, as in Flash. To construct a movie, the aathor
drags sprites onto the score, and speciftes the munber of frames for
which they are active (usually by dragging over the scaore} o sels
key frames ax] specifies tweening parameters.

The playing of a Director movie Is described in terms of a playback
head travelling through the score one frame at a time, at a
rate prescribed by the awthor? When the plavback head is tn a
partlcnlar frame, a1l the sprites that are shown in the score at the
corresponding peint are displayed at the appropriate position —
either where they have been placed on the stage, or at cosrdinates
Interpolated from their positions at nearby key frames, After the
correct frame time has elapsed, the playback head moves on to the
next frame, whose sprites are displayed. A sprite can cefer to a
seund or video clip, or even another Director movie, and these have
their cwn patural duration. To ensure that they are played in their
entirety (asswining that that is what iz desired) they can ¢ither be
extended over a sifficient number of frames, gr the sprite can he
placed into a single frame, and using a facility provided for the
purpose, the playback headd can be made to remain in that rame
for as long as it takes the entire clip 1o play.

Sprite properties sucl as transparency can be animated as welk
ag their pogition, so Director can produce motion graphics effects
In the same way as a program like After Fffects. Transltons
can also be used in a similar way to Premiere and other video
editing applications. With all these possihilitieg, the dmeline, in the
guige of Director’s score, can be a vehicle for producing elaborate
presentations using all the media types we have considered. The
facitities we have described only permit linear presentations; the
non-linearity that characterizes hypermedia is missing. 1t can be
provided by the uge of additional facllities, which we wilt describe
in Chapter 14.

The timeline is a visual metaphor that makes It easy bo organize
muldmedia presentations in time, but it is not the only way that
such grganlzation can be expressed. SMIL {Synchronized Multimedia
integration Language} j& a tag-bazed language for specifying the
temparal structure of a presentation, in a similar way to that in
which the structurs of a hypermedia document can be specified
in HTML. Like HTML, SMIL, being a purely text-based language,
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can be written using any text editor, it deesn't require special
authoring tools falthough, again like HTML, elaborate tools can be
used to penerate SMIL code from a more comfortable environment
— for example, a timeline). For our purpoges, SMIL has the
additional advantage that its textual representation lays bare some
of the detailz of synchrontzation that are concealed by the timeline
metaphor, and does 30 in a way that provides a direct comparison
with the page-based hypermedia facilities of HTML.

The SMIL 1.0 specification was adopted as a WIC Recommendation
in June 1998 As this suggests, it is intended thar SMIE. presenta-
tions be played gver the ternel, nsing URLs to identify individual
media resources stored on a server. The widely used RealPlayer G2,
although generally thought of as a program for watching streamed
video qver the Internet, is actnally a SMIL player, and is capable of
showing synchronized clips in paraliel end sequentially. Simtarlky,
ThaickTime 4.1 inecrporates SMIL.

SMIL ix defined by an XML DTID, so the syntax of Utz tags will
he familliar. At the outermost level, the docament struchure
resembles that of an HIML document: the entire dooument is
a sl clement, whose content comprises a head followed by a
body. Note that the element names, and thus their start apd end
tags are written io lower-cese; olike HTML, XML is case sensitive,
The head may contain meta elements, which, again as in HTML,
praovide an open-ended mechanism for inchoding in the document
information abowt the document. The head may also include layvont
information, descrihing the spatal disposition of the elementsz of
the presentation on the screen. This takes the form of a Tayout
element, which contains definitons written either m C552, using its
ahsolute positioning facilities, or in a simpler notation called the
SMH. Basic Laveut Language® n either case, It 13 conventional (in
SMIL Basic it is necessary) to define the location and dimnensions
of a collection of regions, sach associated with one or more of the
elements that cecur in the docoment body. These have a region
atiribute tdentitying which of the defined regions should be used
to display the element. We will not describe the syntactical details
here — consult the SMIE specification if you need to know abiour the
SMIL Basic Layour Language — and in the examples that follow we
have elided references to layout and reglons to aveid cluttering the
pPresantation.

As yol wiould expect, the real substance of a SMIL document is
its bady. The most interesting elements that may appear in the

8

SMIL aicwn for the possibility of
providing alternarve Tayouts in
different languages. See the
speciflcaton for detalls.
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bady's content are the synchronization elements, for which temporal
properties can be specified. These Include two compeund elements,
par (short for ‘parallel’, and nothing to do with paragraphs) and seq
{sequence). Each may contain medic olject elements, which specify
the actual images, video clips, souwwl, and s¢ on, that are used in
the pregentation {the sprites, in Director's terms). To accomomodate
complex synchronization relationships, compound synchronization
elements may be nested. Flements that occur within a par element
may overlap in thine, whereas those within & seq are displayed in
sequence. A simple example will Dlustrate bow this works, and
serve 1o introduce the attribtes that SMIL uses to specify Hming
and synchronization.

Suppose we wish to assemble four elements for a presentation: two
images, a CQulckTime movie, and a sound dip, and that we want o
present them ko that the movie starts to play at the beginning of
the presentation, ard plays in its entirety. nitally, the frst image
is displayed together with the movie, but after five seconds it is
replaced by the other image, which is displayed for ten seconds
hefore the Arst image comes back for another fifteen seconds. While
this is going on. the scund should start plaving after five secomds,
and contirue untl twenty seccnds into the presentadon. (You can
safely assume that the layour defined for this preseptation Causes
the varlous components to be arranged in a sensible way on the
screen.) We have three things going on in paraliel here: a movie,
images, and sound, with the images themselves being displayed in
a sequence, 5o the structure of the SMIL document's body will be a
par element containing media objects for the movie and sound and
a san element containing the sequence of images. The complete
hody is as follows:®

by
<par>
«video sSrc="mavies/ml.mov"
type="vides/quicktime” />
<SE
<img srew"images /imagel.jpeg”
type="1image/jpeg”
cur="5s"
<img src="images/image?.jpag"
typew"image/jpeg”
dur="105" >
<img src="jmages/ imagel.jpeg™
type="image/ipeg"
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dur="155"/~
<fseg
<audie sec="sounds/soundl”
type="aud]ofal FF
begin="55" end="20s5"/>
</par>
</ by

The media ohject eicments are all empty;'® they all use a sre¢
attribure to provide a URL specifying the whereabouts of the media
data. (Here we have uged reladve URLS.) The media object slements
aliowed are animation, audio, img, ref, text, textstreamn, and
video, The intention of most of these should be clear. The ref
element is a catch-all for media that are not accurately described by
any pf the other tags. In fact, the other tags are purely descriptive
syponyms for ref: the type of data 1s determined by the type
attribute, whichk specifies a2 MIME type, or by information provided
by the server.

The first element in the par thus specifies the movie. The next is
a saq for the sequenced lmages. Wa must use three img elements,
even though two of them relate to the same lmage — each element
Correspotlds to an occurrence of the image during a particular
period of tome. The elements within g seq are digpiayed in the
order they appear textually, as you would prohably expect. The
duration of each can be specified using the dur atiribute, which
takes a SMIL clock vafize. lock values can either be specified
as a number of hours, minutes, seconds (as in our example) or
millizeconds, using the abbreviatdons b, m, 5, and ms, or in the form
haours:rns:secs.fraction, which 13 much like a timecode, except that
a fraction is used instead of a number of frames, since, in general,
we cannot rely on any particular frame rate, The hours; and fraction
parts are opdonal. A special valoe indefdinite can be used for dur
ta ypecify that we wish an element (o contiowe playing indefmitely.

Ingtead of specifying a duration, we can specify a start and end
time for the display of a media object, using attributes bagin and
and. Whereas durations are time differences, and therefore need
no frame of reference, start and end points mnst be specified
relative to some Hme origin. What this is depends on the enclosing
synchronization element. For elements occurring within & par,
times are meagured relative 1o the stant of the whole par element;
for those occurrlng within a seq, they are measured relative to the
end time of the preceding eiement. Hence, when we specified the
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bhagin attrilnte of the audio clip in the example above as 5s, this
made the sownd seart playing five secomds after the beginning of
the presentatdoen {since the contalning par elemeny s the outermost
synchronization element of the whole document): specifying its end
a5 20s tmncates the Clip™s duration to [fteen secomds. Figure 13.3
illustrates the synchronlzation of this presentation on a timeltne,
The natural duration of the video clip, which is used in the absence
of any explicit atributes, is 10 seconds.

£ The SMIL 1.0 specification inchides rules to ensure that synchromiza-
tion atiributes can only be nsed sensibly. For example, an element’s
and valoe must nat precede 115 bagin.

The timing of the sequential elements in this presentation was
gpecified purely by their duration, so they butt together in Gme.
[f we use begin and end, we can create pauses between them. For
example, if we change the second tng element as follows:

<img src="images/imagel . jpeg"

type="image/jpeg”

ragian="uppar"

bagin="55" end="20s5"/>
there will be a five secand gap between the display of imagel aud
image? — because this i3 A seq element, the start Hme s oot
evaluated relatlve to the start of the synchronization element, But

to the end of the preceding element. Figure 13.4 shows the effect of
this change on the presentation’s timeline.

£ The bagin and and attributes can be thought of as specifying the
position of SMIL elkemenis o the presentation's timeline. Media
elements such as video and awdio clips or streamed text have their
own internad Gmeloe; the attrdbutes c1ip-begin and c1ip-emd can
be used to speclfy offsets within an Internal timeline, in order to
extract a section from within a ofip. For ¢xample, il the movie
movies/ful Tmowi e, mov was ooe minute long, the element

vides =rom"movies/fullmovia.mov™
clip-begina"205"
clip-erdw"a05">
wouké define a twenty second clip from the middie of it. The nse of

these attributes Temoves the need 1o create a zeparate mowvie for the
extract.

Elements within a par element can be synchronized directiy with
reference o each other. For this to he possible, each media elerment
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must have an id anoibute with & wilgque name as its value, which
identifles the element in the same way as 1d attributes identify
HTML document elements. A time valie can then be specified in the
form id{elerment-icd) (Hme-value), where the fimesvaglie can either
he a cock valne of the form just described, or one of the special
forms begin or end. Thesze two farms denote the start and end
times of the element identfled by alement-id, respectively; the more
general form denotes a time time-valne later than the start of that
element. For example, 1o delay the oiset of the sound wack of our
cxample presentation until after the video had Hnished playing, we
could make the foliowing modlfications:

<ywideg sroe'movies/ml.mov"”
d=id"
type="video/ouicktime" />

«audio src="sounds/soundl"
type="audiofaiff"
tegin="id{vid) (end)" />

This way of specifying times, using what the SMIL specification
calls an event wihie, 15 often more convendent than specifying them
relatlve to the start of the enclosing synchronizing element; if
the duration of some of the inedia elenrents is not known, it is
essential. An event value can only be used by an elerrrnt within
the same gynchronization element as the one it identiftes. In the
above example, since the video and audio elements are both in the
comtent of the same par, the use of the event value id(v1d) (end)
iz the bepinning of the audio iz iagal. However, we could net use
an event value id(img2){25) to specify that the andic should start
wo secands after the display of the second image begins (assuming
the second image element has id img?), because the image is inside
the enclosed seq element. This restricdon somewhat redurces the
usefulness of event values.

When a par element contains elements that do not all finish at
the same time, the goestion arises of when the whole par ends.
Looking back at Figure 13.3, you wiil see that there are at least
two reasonable candidatea for the end time of the comhinaton of
vifdeo, itnages, and sound: at ten seconds — the earliest point at
which one ol the elements finishes, and at thirty seconds — the
latest. Probabiy, the latter seems the more sensible interpretaden.
and that iz what SMIL takes as the default: the end time of 4 par
element s equal to the latest end time of any of its children (the
elements it containz!. The endsync attrlbute may be used to change
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this behaviour. its value may be Tast, which is the same as the
defauly; ¥4 rst, which makes the end tiroe of the par be egual to the
earliest end tme of any of lis children; or an expression of the form
id(elementid), which makes the end of the par equal o the end
of its child with id equal to element-id. For example, t0 make our
presentation finish 45 soon as the video ended, we would change
the start tag of the par element o

<par andsynce"Hrst™>

or
<par sndsync="id{vid)">

if we uze any endsync value other than first, what should happen
to elements that terminate before the end of the par? Looking at
Figrae 13.3 again, you will see that there is a twenty second gap
between the end of the video and the end of the whole presentation.
What should happen to the video durlng this gap? Should it
disappear [rom its allotved region, or should it he heid frozen on
its final frame? SMIL lees us choose between these two alternatlves
using the £917 attribate, which can rake either of the values remove
or freeze (the default). To make owr video disappear after ir has
reached its end, we would use the following tag:

wvider srom"movies/ml.mov"
1 1="remove"
typa="video,/quicktime” >

An alternative you might prefer to elther of these options is o
have the video stare playing again from the beginning. Generally,
you can arrange for any synchrorization element 0 be repeated a
specific number of Hmes using the repeat atiribute, whose value
is a number, indicating the number of dmes the element is5 to
play.]! Since our video is ten seconds long, we can fill the entire
presentation wsing three iterations of the video. To do this, we must
put the video element inside its own seq, beciuse repeat counts
carmot be specified For media elements.

<5860 repeat="3"z
aviden sro="mpwvies/ml.mov"
type="wvideo/quickrine” /s
/s8>

The value of repeat can also be indefinite, which as you woukd
expect, means that the element loops indefinitely — not. though,
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forever. If an elensent has an indefinite repeat count, it is ignoted
in the calculation of the duration of its enclosing synchrond zation
ciement. 12 The effect of this is to ensure that it runs for as long as
it needs 1o in order to "6l up’ an encloging par. M, in gur example,
we had enclosed the video element in a seq with the Following start

Lag:
<seg repeat="Tndefinite">

it would play until the last Image had been displayved for its fll
duration, no matter how long the video clip was.

At ficst sight, although they may be awkward to work with, SMIL's
synchronization elements and time-related atoributes appear to he
sufficient to allow a multimedia suthor to specify precisely amy pos-
gible temperal relatlonship between the indlvidual medla elements
of a presentation. It doesn’t require much imagination to see how
SMIL, or its equivalent, could be génerated from a tmeline of the
sort we described eadier, so it wonld appear that implermenting
synchronized multimedia presentations is falviy rivial. in reality,
things are not quite 50 rosy. SMIL's synchronization mechanism
depends on the assumption that we can vmambiguously measure
the time taken to play any media element. For time-basad madia
such as awdic and video this is not the case. There are two
distinct ways of measuring the time that elapses duaring playback
Congider a video clip that 1s intended 1o play at a rate of 15
frames per second. Assuming its 7d atribute’s value is ¢l4pl,
what time does the event value Td{¢Tipl){3=) specify? Is it the
lime at which playhack of the cllp reaches its 46th frame, or is
it three seconds after the clip starts to play, as measured by the
clock of the computer system on which it is playing? There is no
pguarantee that the two will be the same, hecaise there can be o
muarantee that the clip will really play ar the correct frame rate; the
provessor or disk may not be fast enough, or, if the clip is being
streamed over & network, mansmission delays may occor, causing
somie frames to be deliversd too late. Hence, we must distinguish
beween media time, the tme measured by connting hew much of
the olip has been played, and presermation time, the elapsed tme
measured with reference to an external clock. SMIL dock values
could be interpreted as either, producing different results, if they
are interpreted as media time, then medla slements wait for each
aother if a delay oocurs; if they are interpreted as presentatiom
time, synchronization may be lost, but the total running time of
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a presentation wili be maintained. The SMIL specification permits
either interpretation, but recommends media time.

The same effect shows up in a different guise when we consider
the moment-to-moment synchronization of elements within a par.
I, for example, an andlo clip and a video clip are plaving simul-
tanecusly, we would expect them both to play at the same rate;
in other words, media time in the two should pass at the same
speed, If this i not the case, then the audio and video could
slip relative to each other, leading to undesirable effects, such as
loss of lip-sync, or the displacement of cuts in the video relative
o the tempo of music on an accompanving sound track. On real
computers and over real networks, ndependent delays can oocur
to either audio or video. Again, there is a choice between two
possible responses, and a SMIL player is permitted 10 use either: it
can use hard synchromization, with the elements within a par being
synchronized to a common clock (thereby effectvely matching
their presentation times); or soff synchrenizarion, with each having
its own cock. Soft symchronization is really oo synchronization,
but it ensures that each element is played in its entirety. Hard
synchronization maintains the temporal relationships between the
elements {as nearly as is possible in the presence of delays), but
distorts plavback. Suppose, for example, that we have one video
and one awdie clip of |dentical duraglons, playing in parallel {see
Figure 13.5), and that the video element experiences a detay of some
sort <uring playback. If soft synchronizaton is vsed, the audlo
will carry on playing, and when the video resumes Lt will be out
of sync (see Figure 13.6, where the dotted portion ofF the vided Line
indicates a delay). To preserve hard synchronlzation, one of two
things must be done. Either the awdio mnst also be stopped until
the delaved video dara arrives (Figure 13.7), or some video frames
miist be dropped undl the picture catches wp with the sound again
{Figure 13.8). The latter option is vsually less infrusive, but, in the
worst case, the picture may never catch up to the sound, so neither
is very sadsfactory.

= The synchronization of separate tracks in a QuickTime movie, which
we sketched in Chapyer |12, is equivalent to hard synchronization,
with frame dropping. Note that the use of the CulckTime fime base
iz ezsential to devecting and correcting. for loss of eymchronization.

The problems Just outlined are not a specific shortcoming of
SMIL but are jnevitablke where synchropization is desired, but
unpredictable delays can occur. 1deally, one would like to ensurs
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that delays cannot ocour, or are kept so short that they de not
interfere with playvback. This can never be guaranteed, but we can
a=gist by selecting versions of video and audio clips whose data rate
is matched to the capabilities of the nser's computer and network
connectlon {the latter nsually being the Umiting factor). SMIL's
swi tch element may be used for this purpose.

A switch may contain any number of cther eletnents, sach of which
has one or more test attribites, which behave in a somewhat differ-
ent way Tom other atiributes. Their value is tested against some
system parameter; If the tast succeeds, the element may be salected
and rendered. Caly cre of the elaments within a swi tch is selected;
they are considered in the order they appear in thie document, and
the Argt one whose tfest succeeds ig chagen. The test atteibute
that s most relevant to cur present discusslon is system-bi trate,
whose vahiz is a number thar is imterpreted as a bandwidth in hits
per gerond, and tested againat the gystem bandwidth. This larter
value may be simply taken from a user preference, for example
specifying & modem connecton rate, or it may be calculared from
actudl measurements of the system’s performance. The mode of
calowlation is implementaton-dependent. A test of this atiribiute
succeeds if the gvallable sysiem bandwidth is greater than or equal
to 1ts value. Hence, 3 sequence of media elements can be provided
in decrearing crder of bandwidth requirements, with correzponding
system-hitrate values, within a switch, 5o that a version can be
chosen that 15 within the capabilities of the system. For example, we
coudd prepare several different versioms of a video clip, at differsnt
frame sizea and compression guality settings, and choose one of
them as follows:

< tche
wyiden Srca"movies/mjepg-full-size-movie,mov"
system-bitrates"S6000"
typa="video,/quicktime" />
=video src="movrias/cinepak-Full-size-movie. mov"
Eystem-bitrate="28800"
type="video/yuicktime" >
<yideo src="movies/cinepak-guarter-size-movie. mov"
system-bitrate="14400"
type="v{denquicktime™ />
<img src="1mages /movie-still, {peg”
system-bitrate="0"
types"inage/jpeg" />
<fawitehs
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Note the final siement I the switch; this is a default option
(presumably the test will always succeed); a still image i selected,
which does not place any strain on the capabilides of a low
bandwidth syztem.

> Other test atiributes nclude system-1anguage, which is used to
select between different languages for fext and speech, based on the
user's preferences; system-captions, which can be set to the value
on to display subtitling maptions, for exampde, 1o suppiy a transcript
of an audio sourkd ack for the benefit of deafl people; system.
screaen-size and system-screen-depth, which are used to-choose
between different versions of Images deslgned for particular screen
sizes or colour depths.

We remarked earlier thar the distnction between page-based and
syrchronizaticarbased multimedia i3 not an absolute one; each
style may possess characteristics of the other. As a prime example,
S5MIL provides simple uni-directtonal links, using linking elemenes
mrnlelled on HTML's anchors; however, the extra dimension of time
that Is central to SMIL calls for some teflnement of the notion of
Iinkage.

There are two linking element types in SMIL, the simpler being a,
which behaves ag a link source, much as HTML's a ¢lement type
can. (Unlike HTML, SMIL does not use named a elements as link
destinatlons, it makes use of id attributes instead) Thwe href
atiribute holds the URL of the lnk's destination, and clicking on
the a element’s content canses a jump o the destination, which
will usually be another SMIL presentation. Formally, a elements
have no synchronizaton properties and do not affect the temporal
behaviour of any elements they contain. Since the content of an a is
all thar is actually displayed, and since the elements in the content
will, inn germeral, have a specified duration, the a element will beheve
as if it is only there while its content is being displayed. Consider
the following slmpte presentation, for example,

<5
<a href="pressentationl.smil”
<ing sro="1mages/imagel. jpegq"
type="1image/peg”
dur="155"/>
<f A
«<a hrefw"presentation?.smil”
«img srca™images/image?. jpeg"
type="image/jpeg"”
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dur="155"/=

<fa»

<a hrefa"presentatfoni.smil”

<img sre="images/Simaged. jpeg”

types="image/ jpag”
dura"15s" =

«fa

</ seq>

Three images are displayed in sequence. Each of the images is
conitined in an & link, whose heef points to a4 presentaticn -~
presumahly one which expands on the content of the corresponding
image. During the display of am irmage, chekdng on 1t will activate the
enclosing anchor, cansing the linked presentation o begin playing.
By defaulr, the new prezentzton replaces the old one; this behaviowr
can be modified wsing the show atribute, which has one of the
values replace (the default behasdonr), new, which causes the new
presentation ic start up in a new window, leaving the old one
playving m its original windeow, and pause, whicli canses the new
presentation bo start up in its own window, but leaves the old
presentafon paused at lis current point, from which It resumes
after the new presentation has findshed. (Note how 11 is the temporai
dimension of presentations that requires separate reptace and new
options.)

=* The SMI. 1.0 specificatdom is actually rather vague zhout the
duration of a elements, stating only that, " For synchronlzation
purposes, the a lement |5 ransparent, 1.2, it does not [nfluenos the
synchronizadon of its child elements.” The Interpretation just glven
seems to be the only logical one, and corresponds to how the SMIL
plavers avallable to us actually behave.

Lika HTML, SMIL supporis the use of fragiment identifiers in URLs,
so that links can point to indlvidual eiementz (identified hy the
valize of their 7d avoibuate) within a presentatton  Again, the
temporal dimension complicates matters. Congider a ink such as
the following:

«a hrefa"prasentation?.swmiT#vnidl”
<img src="images/image?. jpeg”
type="image/jpeg"”
dure"15s5"/=
< dr

and suppose that presentation2 . smil has the following body:
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<SBIp
ayides sro="movies/ml.mov"

idm"vido”
types"video/quicktime® />
apars
CEB>
«img sro="imapes/imagel.]jpeg”
type="imge/]peg”
Fd="1mgL"
region="uppar"
dur="55" />
avides srow"movies/wl mov'
1d="vid1"”
Type="video/quickcine” />
<viden srca"movies/ml.mov"
id="vid2™
type="video/quickt ime" =
«fsege
-Aaudiao src="sounds/soundl”
type="audioSai FF
begin="55"/>
<fpar>
/e

{The lower part of Figure 13.9 shows its timeline.) When the ink is
activated {at any time during the display of the image it contains,
as showm In the diagram), a junp 1s made to the element with id
equal to vidl This element Iz not displayed until five seconds
into the par element that follows the Arst video clip (vidh), 5o the
effect of the jump must be to start presentation?. smil at that
point, skipping the initial video clip and image. [ peoeral, when
the destination URL of a link has a fragment identifier, the effect of
following the link is 1o srart the presentation containing the element
it identifles, but as if the user had Fast-forwarded to the point at
which that element begins. Note that, whers the element in question
is within a par, all of the elements that are specified to play at the
same tirne will be displayed. Hence, in the example just given, when
the link Is followed the sound wiil play as well as the video dip vidl.

= ¥ the destination of a link is an element with a repeat attribute,
the presentadon is started before the Hrat iteracion of the eement,
H it &5 contained within an element with a repeat artribute {which
might ligeil be maide an element with a repeat acribute, and so
on) matters become slightdy complicated. The SMIL 1.0 specification
describes bow this case showld be handled o emsure that the
presentation behaves as expected.
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SMIL's a elements, in conjunction with fragment {dentlflers, provide
links between entire elements; in other words, they connect
identifiable peines on the timelines of presentatlons. SMIL allows
a raove refined sort of link, based on identifying regions within
the individual dmelines of media elements. [t provides the anchor
ciement type for this purpose. These elements are the only ones
that can appear in the content of & media element. (Previously we
have ahways supposed that media elements were empty.)

An ancher is ke an HTML A element, in that it may serve as either
the source or the destination of 2 hyperlink, or hoth, The element
type is furnished with href and 44 attributes for thege purpozes. It
may alse have 3 coords atribute, whose value 1s a3 set of four length
values (with the same syntactcal possibilitics as in C35), separated
by commas. These define a rectangular area: the lirst fwo numbers
are the upper Ieft, the last two the lower right corner. An anchor
with coords and an href thus defines a hot spot within the region
in which the media element that contains it is displayed.!? Several
such anchors hehave in the same way as an image map in HTML,
although they can be associated with other media besides images.

An image map divides up the spatial region sccupied by an ohject,
associating links with different sub-regions. Since SMIL elements
heve a temporal dimension, it is alse poassible to divide up the time
occupied by an object, and asgpclate links with different intervais.
The begin and end atiributes of the ancher element nype are used
for thip purpose. Suppase, for example, that the file trailers.mow
containg a thirty second movie, conslsting of three ten second
scgments, each of which is a trailer for some other nwvie (say an
original Hollywood blockbuster and jts two sequels}). The foilowlng
SMIL code will cavse the trailer movie o play indefinitely; during
each segment, if a vser clicks on it, the corresponding full movie
will he streamed from a video server.!d Notce that, for the first
rime, the video element has separate start and end tags, because it
13 not =mpty,

wrideo sre="trailers mav"
type="video quicktime"
repeat="1ndefinite"»
<anchor href="rtspt//wovies. com/blockbuster mov®
1d="trailerl"
begine"3s" and="10%"/=
<anchor hrefe"rtsp://movies.com/First_saqued . moy"”
jd="trailer2"

135

13
The four vahaes are subject to
Constraints that ensure that the

rectangle’s top Is akove its bottom,
and o on. The rectangle is clipped wo

the media elereent's region.

14
See Chapter 15 for an explavetion of
rtzp. /S



440

/1

[ ]

‘!tralleﬂ !tl’llllrz iu-allrsl

blocklusier cequel) saquel?

Figure 13,10
Anchors as Hnk sources and
de=tinations

13

Sae Chapter 14 for a description of 4
mechanism whereby such «ffacts can
be achieved by another means, elbeit
with mowe efort.

Combining Media

bagin="105" end="20s"/>
<anchor href="rtsp://movies. con/second_sequed. mov"
id="trailer3"
begin="205" endwe"305" />
</videos

The id attributes of anchor eletents can be uged as fragment
idenrifiers in URLs, sc that segments of a movie can he used as link
destnations. For example, if the previous example appears in a file
called trailers.snl}, a presentation in the same directory could
include an image map built out of anchors, such as the following:

<img src='paster.jpeg”
types"image/ jpeg">
<anchor hrefe"trajlers.smil#trajlerl”
coards="0, 0, 100%, S0X"/-
<anchar href="trailers,swil#trailerz”
coords="0, 50%, 508, 100%"/ =
<anchor href="traiiers.swil#traileri”
ceards="50%, 50%, 100%, 1D0%"/-
i mg-

Assurning that the top half of the imapge holds a still from the
original blockbuster, while the bottom half is divided into 1wo,
showing stills from the two sequels, clicking on a still will cause
the tratlers video to start playing at the beginning of the trafler for
the appropriate movie (see Figure 13.100

HTML+Time

SMIL provides a mechanism for producing synchronized pregenta-
tions that can be played over the Internet, but it is largely separate
froin the World Wide Weh, SMIL presentations can be embedded
In Web pages amd played with the ald of a suitable plug-in, much
as video clips can, and HTML can be embedded In SMIL using text
alements in a similar way, but the two languages cannot be truly
integrated. For example, paragraphs within an HTML document
cannot be arranged in tirpe so that they are displayed in sequence.'>
HTML+Time (the ‘Time' part stands for ‘Timed Interactive Multi-
media Extensions’} is a proposal for applying the synchronization
facillties of SMIL directly te HTML document elements, HTML+Time
has not presently been endorsed by the W3C, but it does have the
influential backing of Microsoft and othet major companies.
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HTML+Time's basic idea is a simple one: additlonal attributes are
introduced for every document element that can appear In the
body of an HTML document. Thege attributes include begin, end,
and dur, which rake clock values in the same style as SMIL. Thelr
effect on most dooument elements is to restrict their visibifity to
the specified tme. When applied to those HIML elements that
control style, such as EM, or to an element that uges the style
attribute for inlme stylesheet information, the tming attributes
contrel the duration of the indicated style. SMIL's event values
cannot be used for begin and end. Instead, HTML+Time provides
an attribnte hegd nii t+h, which has as its value the id of some other
element; clock values used for other atributes of the same element
are interpreted relative to the start of the element with that id. For
exampie,

<P 1d="start" begin="5s":»
conrent of start paragraph
</P»
<F begiowith="start” begin="105">
text that appears 10 seconds
after rhe start paragraph

/P

Ta produce the effect of a SMIL par element, an avribute par can
be nsad with DIV or SPAN. Artribuies corresponding to those that
SMIL provides for its par element type can be used in conjunction
with the par attbute to achieve similar affects. Incongistently,
HTML+Time does not offer a seq auribute, but instead adda SMIL's
saq ¢lament Hpe to HTML.

Since HTML+Time iz only a proposdd that has been submitted to
the WC for comment, it would be unfair to judge it by the same
criteria that are applled to mature WC Recommendations. The
idea of adding synchronization faciliies to HTML is poientially a
productve one. Certain the-based ofects, such as slide shows,
which can oniy presently be achieved by stepning outside the
declarative framework of HTML may be produced relatively easily
within the extended framework of HTML+Time, However, extending
HTML goes against current trends in the World Wide Web. Styllate
properies have heen separated from content, psing stylesheets;
tyving temporal properties to content seems lke a backward step.
A ‘temporal stylegheet’ approach would seem 16 be more in keeping
with the gpirit of structhural markap, and would have the additdonal
advantage that the temporal specification mecbanism wonld oot
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necessarily be ted to HTML alone, but could be applied to XML and
other markup languages haged on it

= The HTML+Time propozal addresses another of SMIL's shorfoom-
Lngs Lo péassing only, withiut offering any improvement: the: {ailure
to provide any form of transitions, such as dissolves or page-
nmns, hetween elements of a presentation. These affects are
standard fare in the mainstream, timeline-based, presentation wools.
Without them, SMIL presentations have an abropteess that can be
disconcerting, and usually makes them look distinctly amatewrizsh

Images, movies and sound may provide vital content in A muld-
media producdon. Even if plain text can convey all the essental
content, adding these other media can add interest, transmit the
informaton more efectively, and make navigation more lnmtHve,
but only if the images and video can be seen and the sounds can
be heard. Not everybody can see and hear: not evervbody who can
gee and hear can do so easlly, or always underseand whar they gee
ar hear. One of the great benefits that computers can bring to the
world is in helping people who are blind, partially sighted, or deal,
or have cognidve dificulties or other physical disabilides. Special
hardware and software can render text as speech or braflle, or pro-
vide magnification; speech ¢an be manscribed into texy; mformation
can be presented at a rate adapted to the user’'s abilitles. All of this
can he deralled by thoughtless uge of multimedia elements. The
W3C has mede strenuous efforts to ensure that, wherever possible,
thelr recommendations inclwde factlitles for making information
on the Web accessible to evervbody with an Internet conmection,
irrespective of disability.

The uge of images as links is 3 common example of an idiom
that ¢an frestrate users with poor eyesight if it wsed thoughtlesshy.,
Unless some alternative is provided, any semantic content artached
to the icotts i3 lost to people who cannot see them. This does not
mean, though, that ail Web pages should revert to pure text in the
interests of accessibility. HTML provides facilities that allows yosl
10 use muldmedia elements, but shll cater for people who, for some
reason, are unable to percefve them. As the WIC's accesslbilicy
guidelines for page authors put Ir;
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“Accessibility does not mean minimgl page design, It
means thoughtful page design. ... In general, authors
should not be disconraged from using multmedia, but
rather shotld use it in a2 manner which ensures that
the materlal they publish is accessible o the whdest
possible audience.”

= although questons of accessibility are particalarly compelling in
connecton with disabilites, it 1= worth remembering that pecple
mmight access Web sitea using slow modems, so that the thime taken (o
download inages is not acceptable, or via band-held rachile devices
with screens oo small to display images. Many PCs uzed in business
fer mok sport samd cards. There are conmitless repsons why images
and samds might net he percehved, and it is only sensible to desipn
yvour mulcimedta productions 5o that, as far as possible, they can be
used — and make sense — without them.

Maldng your work accessible w the hard of hearing is not difficult,
provided you make zeme effert: (ranscripts of speech and zong
Ivrics can be provided;'¥ alert sounds can be suppiemented by
vispal cues, such as flashing icons; if wou use speech to interact
with nsers (as in some games involylng dialopue) there should be an
option 1o replace it with captons or speech bubbles.

The heavy nse of graphirally-hased elewents in multimedia means
that almost every multimedia producer should be making some
effort to compensate for vispal problems. This means providing
some altevnative, usually In a textual form that can be rendered by
a non-visual aser agent, for every graphic element. This alternative
must perform the same function as the graphic, which is not the
same as simply describing it. For example, a navigational button
requires a texiual link, containing whatever clue the button's icon
gave to the destination of the link, 50 a button labellad with the
corrventicnal icon of a house, dencting a link 1o a home page should
not be angmented with some text azying ‘little house on a red
packground’, bar a link labelled *home'.

Mot all aathoring tools and formats provide mmch help, bat HTML 4
has features especially designed to assist in making Web pages
accessible 1o everyvbody, Chief among these is the alt atirthute of
IMC and AREA clements. Its value Is a text steitng that serves as a
subgditite for the element if it cannot be rendered normally. So
if the HTML is being rendered by & non-visual user agent, such as
a speach synthesizer, or by a Web browser with images dizabled,
the ait value will be avallable in place of the image; in the case
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See the Further Information at the end
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of AREA elements, the alt value provides a textual kink instead
of the corresponding het spot in the image map. The HTML 4.0
speciflcatioh stipulates that alt must always be supplied with TMG
and AREA elements; of course, Web browsers do little or no checking
of the legality of HTML, but HTML veriflers shonld Insist on the
presence of these antributes.'? Since alt text will be rendeved In
place, 1t showdd be relatively short. If a longer description of an
image is required, the longdesc attribute can be set to its URL In
that case, the aTt value should ideally provide enough information
for a user to decide whether to pursue the link and read the long
description. For example, the imape map example of the previous
section could have been improved like ehis:

<IMG sre="flowerl. {peg” usenap="#1mage-map-1"
alte"Flowar image map"
Tongdesc="11owerwap. htm] ">

where the file Flowermap. himl provided a text-based set of inks o
the same destinatlons as those offered by the image map.

Several otler attributes introdduced in HTML 4.0 can be used to
provide (aformation that enables a uger agent to help people
whose disabilfties make 'normal' browsing difficalt.  Consult the
specificatton and the Web Accessibility lnitiative’s guidelines!® for
details. Unfortunately, Web browser vendors seemn less interested in
fully immplementing these features than in adding marginally nsefunl
user interface gimmicks, 50 it is advisable to provide redvndant
textual links amd other Information o ensure that the graphical
comtent ¢f your Web pages does not make them inaccessible.

We alluded in Chapter § to one other way of enbancing accessibilicy:
use structhiral markup to separate content from appearance. [If
a page 1= consistentiy tagged to reflect the semanrics oi ies
content, software can uge the Information in the tags to assist with
presenting it in different media. More helpiully still, if appearance
is contredled by a stylesheet, alternative stylesheet information can
be provided for non-visual user agents. C552 proposes several
properties to conirol aural presentation, such as volume and voice
characteristics incduding stress, pitch and speech rate, and the use
of “aural icons' as cwes. Consult the €55 proposal for more details.

The techniques we have just described can be complemented by use
of the title attribete (not te be confused with the TITLE element
type), which is an atiribute of almost all elements in HTML 4.0. ks
function is to provide a short description of the element. Its value s
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not rendered ax part of the page's content, but it may be displayed
by a user agent in the style of a ‘tool tip’ or help balloon' when the
cursor is over the element. Since titles can be spoken by non-visual
user agents, this information can he made available to all users in
some forin. This can be helpful, since it enables & user t¢ scan all
the elements of a page and quickly get an idea of their funcdon
within the document. In particular, the ttle of a Iink may be used
to indicate what the link is for.

SMI. shares some of the features in HITML that are intended
to Improve accessibiliny: all media elements support alt and
Jengdesc attributes, linking elernents have a title, while par and
seq have an sbstract ativibute, which can be used to provide a
textuaf descriptdon of their contents. However, a shortcoming of
SMIL in this respect is that it offers no mechanism for providing
ugers with conirol over the playback speed of presentations. Users
with restrlcted movemernt or cognidve difficdties msy not be able
to respond quickly enough to anchors with limdted duration, for
example. An option to slow down a presentatdon would assist such
users;1? it is not clear how easy it would be to incorporate variable
playback speeds inte SMIL's model of time and symchronizaton.

15
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The HTML references given at the end of Chapter 8 describe
the uge of MTML for bypermedia. [SMI] and [HTMh] are the
definitions of SMIL and HTML+Time, respectively. [WAI] givez the
Web Accessibility [nitiative™s poidelines for amthors. [LHSY] looks
at the lssues surreunding bypermedia development, which we have
not considered. The use of scripiing with combined media is the
subject of the next chapter.

The best way to understand combined media is to implement some
muldmedia productions. We suggest that you look at the chapter
entiled Midtiimedia Practice for some suggestions. The following
short exerciges are merely concerned with some details of the
laniguages described in the present chapter.

Exercises



20
You will bave 0 read the HTTML 4.0
specificatiom or a1 good HTML book,

Combining Media

. An AREA element may have an atribute nohref, which, if rue,

spectfles that the desigmated area has no URL assoclared with
it Since no part of the image is assoclated with a URL unless
itis within the shape defined by scme AREA, what possible use
coukd vou meke of this actribuge?

. Explain how you would use SMIL's synchronization elements

t make a simple looping animation frem a sequence of sl
images. How would vou add a synchronized sound track?

. I the absence of any explicit <oords, begin awl end

attributes, a SMIL anchor element 15 assoclated with the entire
media elemnent it is contained inn Does this make SMIL's a
element type redundant?

What difficulties would somebody who was oot able to use a
mouse experience in trying to access the World Wide Web?
What attributes intraduced In HTML 4.0 can he used te help
such people, and how?2?



Events, Scripts
and Interactivity

The praphicai user Interfare provided by contemporary operating
systems is a paradigm of an event-driven system: the aser does
something (double-clicks an iton, for example). and sormething
happens in regponse (&0 applcation program is lasnched) Hy-
permedia navigation, ag we described it in Chapter 9, can be seen
as a gpeclal case of this general model of Interaction: cdicking on
some highlighted text, an image, or a hot spot In an image map,
cauges the destination of a link to be displayed. While this form
of interaction can take you a long way, incorporating mere general
event-driven interaction intc a multmedia producton opens up
additional possibllides,

The idea is to asscciate actions with ¢venis. We frst need to
identfy a set of events. Most of these are indtiated by the user —
mose cicks and movements, key pressed, and 30 o — but some
events are generated internally, for example, when a movie finizhes
playing, or simply after & specific period of time hasg elapsed.! The
set of avallable events 15 not fixed, but depends on the partcular
combination of hardware and software balng used. As well as
identifying the set af events, we need to be abkle to specify actions.
Some nultimedia environments provide a pre-defined set of acticns

I
Thirts in cfert a malf ot e eveot that

is generated when nothing <l3e
happeds.
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{often called behmviours) te perform common rasks, such as opening
a file, playing a movie or replacing one image with another. Mare
sophlsticated environments let you define your own, by providing
a soripting fenguage: & small programming language with facilites
for controfling user interface elements and muldmedia objects. You
write a script that performs the desired actlon when 1t 18 executed:
you then associate that script with an event, using a tag or some
command in an asthoring envirorunent, so that it gets execubed
wlien the user ¢clicks on a particalar image, for example.

:) Here, we have assumed that actlhons can be associated with events,
either by an authoring system, o using some tagging mechandsm,
and thar they are executed under the control of seme other program,
sich az a Web browser or a nmliimedia player. Soch a program
takes the form of a loop that is repeatedly executed. Every time
round the loop, a check is made to see whether any event has
oooared. The precise derails of how this information is passed to
the program depend on the operating system, but commonly, when
an event ocours ic causes an interrupt. The operating system then
determines what event has ocowrred and assembles a data structure
describing it — for example, if a mouse click ocours, this streomre
raight contain the mouse coordirates and che state of the burtons
and any relevant modiber keys — which it places in a queoe before
resuming the interrupred task. The event Joop uses a system call
to phtain the Arst evept from the quene, and then vakes a branch
according to the rype of event. Thus, assoclating an event with an
action causes the branch corresponding o that event 1o execute the
code you bave written to perforin the ection. Sometinees, perhaps
for efficienry reasons, it is rot adequate to use the event loop and
scripting language prowided by a package, and you must write your
owi. The Java programoing language provides for a flexible moife]
of event hardling that is used by the jovo Media Fromework 1o
enahle you to write programs that intersct with mulimedia objects.

One reason for associating actions with events is to provide
interactivity: il the system can respond o events generated by
the user, then the user can comtral the system's behaviour.? ln
particular, users can direct the flow of information that they receive.
Events that occur at specific times provide another resson for
using associated actions: they allow time-based behaviour ad
synchronization to be introduced into systems, such as the World
Wide Web, that do not suppert Lt directly as part of their model of
multimedia. Contrariwise, actions embedded in the timeiline of a
synchronized muitimedia production can be used to provide non-
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linearity. Tt 18 ondy & slight over-simplification to say that scripting
can add the characteristlc features of hypermedia to timebased
presentations; it can add a temporal dimension o hypermedia; and
it can add interactivity to bath, so that multlmedia productions that
meke uge of scripts can provide the same experience to svery user,
1o matter which meodel of media combimation they start froc
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{Ome definition of a scripting languege, taken from the ECMAScript
specification [ECMI7], is

Y. a programming language that is used to manipulate,
customize, and automate the facllities of an exdsting
fystemn.”

The authors of the specification go o

“In auch systema, useful fimctionality is already avail-
able through a user interface, and the scripting lam-
guage is & mechanism For exposing that functonality
to program control. In this way, the exisdng system is
said to provide a host ernironment of objects and fa-
cilities which completes the capabilities of the s¢ripting
lanpuage."?

Scripting languages ¢an be distinguished Tom mainsiream pro-
gramming languages such as o or Java, which provide some
control stTuctares, abstracton mechanisms, and bufltin data oypes,
sich a5 munbers aod pointers or references; the absiraction
mechanisms of a modern programming lnguage allow yom to define
your own data types, constructed out of the basic types provided by
the language. A scripting language provides some control siruciures
and a few basic ovpes too — and may provide some abstraction
mechanisma — buat {t aiso provides objects and date types that
belong to some ‘existing system’. For example, a scripting language
for use with a reladonal database system will provide data types
correspondiog 10 retations and tuples; one for use as an operating
systemn command language will previde data types corresponding
to processes sod fles, (Mote that here we are using the expressicn

E
{hur italics.



450

4

Although we @ik of the host system
providing 3 set of ‘ohjecrs’, a seripting
language daes oot peed 1o be
explcidy chject-criented, although

mosFt are.

Events, Scripts and Enteractivity

'data types’ in the modern sense of absiract data hes: a set of
values iogether with a set of aperations.}

Our concern Is with multimedia, so the scripting languages we are
interested in mwst provide objects cormesponding to the elements
of a mudmedia production. it is not adequate to provide a type for
each msedium — text, sound, video, and so on — the types of objects
available need to take account of the way in which media objects are
combined within the production. {Recall from the passage just cited
that a scripting language provides program control equivalent to
the user Interface.) Thus, in a scripting language for use with XML
or HITML, objects must be provided that correspond Lo dooument
€leinents and to elements of the user interface, such as windows. In
alanguage whose host environment i a time-line based system such
as Flash, we need objects corresponding to frames and the varlous
elements rhat may appear ingide them.* The scripting language
will allow us to perform computations on the attribates of these
objects, or create new ones., thereby affecting their appearance amd
behaviour. This conpuataton will be wiggered by events, Some of
these events will be Initiated by the user, so scripted actions provide
a means of allowing user input to affect the fAow of conirol. or
putting it another way, they allow certain clements of a oltimedia
production to funcdon as controls providing interactivity . For
example, an artlon may be attached to an image, with the effect
that clicking on the image causes a particular movie to start playing
in another window.

World Wide Web Client-Side Scripting

The Warld Wide Web offers two potential host environments for a
scripting language — servers and browsers (clients) — giving rise to
two types of Web scripting: server-sice and client-side. Server-side
scripting is wsed (0 enable an HTTP server (o communicate with
other resources, such as databases, and incorporate data obtadned
from them inko its responses. In particular, server side scripts
are used to enable a server to consitwct Web pages dynamically
from tmewvarying data. We will discuss server-side scripting in
Chaprer 15. ko this chapter, we will confine ourselves o cliene-side
scripdng, which 15 used to controd the display of omedia elenwnis
that have heen retrieved from a server. World Wide Web scripting
on the client-side is a comparatively recent development, which has
helped wransform the appearance and behaviour of Web pages.
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Executing a client-side script means allowing executable code that
has been downloaded from the Internet to run on your machine.
Stnce you have no real guarantee that the person whose code you
have downloaded is not malicious, deranged, or in the pay of a
market research orgamization, this would be a foolhardy thing to
do if scripts were able to perform arhitrary computation. So they
aren't. I partdewlar, scripts ronning in a Web browser cannot
access any local resources, such as fies on your hard disks, or
make any network connectfonz, and thelr {nteracton with the
server from which they originated 1s Umiited to reguesting new
resources and posting information from HTML forms.® As a result
of these resirictions, client-slde scripts are {reasonably) secure, but
Umited in the useful work they can do. In effect, they cannot
do more than modify the browser's display in respconse to events.
Generzlly, dient-side scripts are used to provide feedback to users
ifor example, by changing the colour of a clickable item when the
curgor is over if) or, more offen, just to add interest to a site by
providing a richer user interface than the simople one consisting of
loading 2 new page when a link is clicked.?

The first scripting language for the World Wide Web was a propri-
etary product called LiveScript, which was embedded in Netscape's
Navigator Weh browser; its name was changed to JavaScript, in
what is generally understeod to be a marketing-inspired move to
vapitalize oo the interest peperated by Java — a largely unrelated
programming lanpuage.  Micvosoft rapidly produced an aliost
compatibla scripting langrage, disingenuously ralled JScripe, for
their Interaet Explorer browser. In ém atfempt to prevenot a Web
scripting schigsm, the European Comipruter Manofacturers' Associa-
tion (ECMAY was atked to produce a seripting langoage standard,
based on JavaScript and JScript. ECMA did something smarter: they
defined 2 "care scripting language’, called ECMAScript, which could
be adapted to a variety of host environments — a Web browser belng
just one of them,

in order for ECMAScript to ta be able 1o Interact with a Web browser,
there must be a well-defined interface between the two. Since
ECMAScript is an object-hased language, this can be providad in the
form of a ser of objects representing the elements of an HTML (or,
in time, XML} document and any styles applled to them, and the
components of the browser interface. The WY C's Document Object
Maide! (DOM) is Intended to provide this interface. Pnfortunately, at
the tdme of writing, only part of the DOM has been defined, and the
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To prevent abusea of this facility,
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without the need to contact the server
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two mijor browsers use document models of thelr owm, which are
nat enticely comparible, Nevercheless, itis possible to idenrify most
of what an object model must ook like, 5o that we can describe
cllent-side Web sceriprng. You should be aware, though, that in
practice a lot of effort and ingenuity is required 1o ensnre thax
scripts will work as intencled on every browser that supports client-
gide scripring.

> Enth Netgcape and Microsoft claim 1o have brought their scripring
languages into line wirh ECMAScript. n practice, therefore,
TavaScript” ought to mean BECMAScript with Netseape's version of
the DOM, aod *)5cript” BCMAScript with Microseft's, hut *JavaScript’
is oftep used loosely (o mean either. To complere the confusion,
the expression dmamic HTML, which seems to have been devized
by Microsoft to refer to The use of their ohject model and JScript
or VYBasic for clleat-side Web scripting, bas been adopied by
Metscape to refer to client-side scripting using the aspects of their
ohjert model that are concerned with style sheets amd absohate
positioning,” but is often used loosely to refer to anything to do
with cliept-gide scripring, style sheets, or both,

Although ECMAScript is a simple Janguage, compared with Co for
example, it would stili require more space than we have available
In this book to provide a complete descripton of all fis features
and the way in which it can be used. Instead of attemnpting o do
that, we will use & set of examples [o (ry 1o provide an impression
of what can be achieved and how, using client-side scripting Lo
automate multimedia elements of Web pages? In the interests of
simplicity we will only intreduce the minimum of syntax, 50 much
of our coding will be less elegant than it coul] be — ECMASchipt
allows some sophigtcated programming techniques to he employed
by those who know how. Since the WIC DOM remains incomplete
arid has not heen implemented In any browser at the dme of writng,
we will present scripts using the set of host objects that works
with existing fowrth generatiom Web browsers, with a preference
for nterper Explorer 4 where there are differences, since its object
model is closer to the emerging DOM. The miin differere between
the current model and the Level 1 W3C DOM is that, since the
latter is designed to support XML as well as HTML, its ohject names
are prefaced with HTML, Thus, where we refer to docament, the
standard, when complete, will refer to HTMLdocument, amnd s0 on.
We expect that the old names will continue o work for some dme,
Inn the interests of backwards compatibility.
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It the follpwing sections we assume some familiarity with program-
ming and prograniming languages. If vou are not comfortable with
these ideas, you may sdll benefit from skimming through the rest
of this chapier, just 1o get a feeling far what can be achieved with
srripts.

ECMAScript Syntax Outline

If there is any justification for the similarity hetween the names
JavaScript and Java, it is that the sytax of siatements and expres-
gions of JavaScript — pow standardized in ECMAScTipt — closely
resembles that of fava, and hence of C and G+, If you kmow any

of those langiages, the form of ECMAScript programs wilt contaln
few surprises. If vou are coly familiar with visual Basic, or with the
Algol and Pascal family, you may find the detailed concrete symtax
slighily odd, but the starement and expression forms avatlable will

be roughly as vou expect: assignment statements, a variety of locps
apd conditiomals, Fencton definition, call and retom, and $0 on

A major difference hetween ECMAScript and Java, Ge, Pascal and
most orher maingireamn programming languages is that ECMAScript

is an untyped language. Te be precise (since the term: “untyped’
does net have @ unigue meandng), 3 variable is not restricted, either

by declaration or any other mechanism or convention, 1o holding
values of just one type. The same variable can hold a string at one
time, a manber at ancther, and a Boolean at ancther.® There can 9
therefore be no type checking. As is the case with other antyped ot that we zecommend the practice.
languages, there is no need 1o declare variables before you use them,
although it is good practice 1o do so.

The primitive values supplied by ECMAScript belong o the types

Boolean, containing the two walnes true and false; Number,

cottaizityg fivating pobt numbers;1” and String, containing strings 16

of Unicode characters (although jmplementations commonty only LDouble-preciion G4-bit format
support ISO 8856-1). The usual aperations on these objects — oo /ot vLues
Boolean algebra for 8oelean, arithmetic for Number, and concatena-

tion (dencted + in ECMAScripy) for String — are provided. Primitive

vahles can be combined intg areays and objects. This glves you the

capahility of creating your own dara tvpes, but doing so is only

reglly appropriate if you are designing re-ugable script Lbrarjes,

perhaps to seeve a5 behaviours (see page 466). Most of the tdme,

casual scripts of the sort we will display in this section make use of

ECMAScript's support for obyfects by manlpulating its built-in objecrs
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— the equivalent of & run-dme lHrary, incleding the Math and Date
objects — and host objects, which provide the interface to the host
environment — in the Ccase we are considering, a Web browser.

ECMAScript 1s usually described as an object-based language. This
means that it supports the creation and manipulation of ohjects,
hut these are not systemadcally organized into hievarchical classes
as they are in an obfect-orfered language, such as Java. Anh object
in ECMAScript is just a collecton of named data items, known as
properties, !t and functhons, known as methods. Any collection will
deo, and properties and methods can be added to or removed from
an object at any time. If a variable called, for example, the_object,
holds an ohject, you can access any property, such ag a_property
uging the notation the_objacy.a_property, and call 2 method,
a_method, with the_object.a_method(}. If the method takes

any arguments, they ave written inside the brackets, separated by
commnas, as in the object.b_method('string’, tree).

o) Objects are implemented gimply as associative arrays, indexed
by the method and property names, This works because, In
ECMAScTipt, functions are "first-rlazz’ values, and can be stored in
an array like any other value. The apparently aparchic properiles
of BECMAScript objects follow from this implementation. 1€ you are
writing complex seripts thar require you te define your own ohjects
and you wish to Inpose some order on them, in the way you woukd
do with classes in G+ o Java, youl can do 5¢ by uslng a constructor
to build them. Whenever a particular comstructor K 15 called to
bufld am obfect, it will abways do the same thing, so, apart from
any differences deriving from the arguments 10 K, the objects Iv
imitializes wiil be the same -- they will have the same methods
and properties, although the imdtial values of the properties may
be different. We copld very well say the ahjects built by X are all
instances of the same clasg,

ECMASa1pt provides syotay Tor calling consimaciors when oljects
are created, arxl even supports a form of inberitance (based on
object profotypes). Since we ate not golng to requine theses more
advanced feamres in our example scripts we will not pursue these
matters further. If vou are interested in these Teatures, or peed
themn, consult the detailed references provided at the end of the

chapiter.
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Among the host objects provided by Web browsers to allow scripts
to manipulate HTML documents,!? the document chbject plays a
primary rdle. As you would expect from its name, it provides an
interface te an HTML document. It contains properties holding
the docnment's title and varicus pleces of information derived
from the HITP request used to access L, such as the TRL and
referver; there are alsg properties which are arrays, containing alt
the links, images, and embedded objects in the docoment, and
a very useful property called all, which iz an object having, for
each domument element with an i@ attribate, a property with a
maiching name holding an object corresponding o the element.'?
For example, If a docuent containg & paragraph element with 1d
vale ‘opening', the ohject document.all.opening will be an
object describing that paragraph. The document object also has
several methods, including wrd te, which writes it2 argument into
the current docwrent.

= Note that the document pbject is not the root of a parse tree of
the dorument structure, as you might expect, The Microsoft obiect
model does provide methods children and contains which can he
used Lo navigate the doowpent blerarchy, but these bave not been
Incorporated jnto the WIC DOM,

Which document is the document obfect related to? It is the
docrent currently being displayed when the script is executed.
But how 12 a script to be exernted in confunction with a document?
The HTML SCRIFT element is used 1o embed scripts In documents.
When a page is loaded, all the scripts embedded In it are executed,
with the document object providing its interface to that page. A
stmple example will make this clear. Consider the following:

<HTML-
«HEAD>
«TITLE>Dynamfcally Generated Content</TITLE=
£ HEAD

<BODY >

<SCRIPT type="text/javascript's

«l—— /* Hide caontent from old browsers =/
docunent.write("=Hl>", document.title, '</Hi»');
£/ end hiding content from old browsers --=
</SCRIFT>

</ BOY>

< /HTML>
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Figure 14.1
Dynamically generaied conteni
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When this page is loaded into a browser, it produces the display
shown in Figure 14.1. The interesting part is the SCRIFT element,
enclosed between start and end tags In the usual way. The
start tag sets the valuwe of the rype atmibuke o0 the MIME type
text/javascript — other scripting languages may be used, so
we mnst identify the ope being used; despite the anachronism the
javascript sub-type is the appropriate one. Next comes a trick,
simllar to that demonstrated in Chapter 8 to protect stylesheets
from old browsers. There gre two forms of ECMAScript comments:
bracketed cormments, delimited by the sequences /* and */, and
ekl of line comuments, extending from the sequence // o the end
of Une. Both of these are wsed here in corjunction with HTML
comments to hide the script from browsers that don't understand
it. In this case, the script is just the single method call:

document . wirite('<Hl>", document.title, "</ Hl»");

The script is executed at the point it is encountered by the Web
browser as it parses the HTML document. The write method of
the document object may take an arbitrary number of arguments.
Here, we have given it three: the first and last are literal sirings
containing the start and end tags of an H1 element; the middle
argunent is the value of the title property of the document,
and this Is a string contajning the content of the TITLE element
of this page, L.e. 'Dynanically Generatod Lontent'. The write
method does what you probably expect, writes its argument into
the docuiment. Since the scripl ts executed when it Ls encountered
during the parsing cf the document, the text it writes replaces the
SCRIPT element, s it is as if the doturnent's hody were:

<Hl=Dynamically Gensrated Content</Hl-

and, indeed, the display produced looks exactly as if it was.

It doesn't take a very astuie reader 1o recognize this script as
totally pointless — we knew the vext of the title and could have
more sconemically embeddad it directly in the document, in the
form Just shown, without executing any script. Now that we know
how 1o combine script and document, via the SCRIFT element and
the docusent chject, though, we can go on to produce genuinely
dynamic pages.

A clumsy but effective means of generating dymamic page content Is
ta build it out of text solicited from the user. The function prompelt
can be used for this purpose. It takes a simgle string argument,



World Wide Web Client-Skle Scripting

and when called it cavses a dialogue box to be displayed, with its
argument az & prompt and a text eniry fleld. Any smming typed
into this #ie1d 1= returned as the result of prompt when the user
dismisses the dialogue. For example, the following code will cange
the datogue shown in Figure 14.2 to be displayed, if the QK button
is clicked with the rext emtered as shown, the variable thed r_name
will be set ta the string "Wilfred’.

var their_name « prompt{’Who are you?');

The value of this variable is in scope in all other script fragments
embedded In the dodument after this call, 3o it can be used to put
together gome fext incorporating the uger's name, which can be
put intn the document with document.write. A good place for
the call is in the document's HEAD, The script is executed — so
the dislogue is displayed — when it is encountered. The HEAD Is
completely processed before the content of the BODY is displayed,
0 the prompt will appear before the page itself. If prompt is called
from within the page BODY, the dialogne may appear In the middle
of the page being rendered, which will usually be distracting. Henre,
we might use a prompt in the following manner:!*

<HTML=

<HEAD:-

<TITLE>Frompting</TITLE>

<SCRTPT type="text/javascript™s

war their_name = prompt{"whe are you?');
<fSCRIFT>

< /HEAD-

<BODY >

aHl=Interactively Generated Content</HIx

<HR>

«SCRIPT type="text/javascript™s

documant .wrd tel’ <HZ=Why a DuckV</H2="]);

document . write( <P-Espacially one called °,
their_name, "</Ps");

</SCRIPT=

</ BODY

< JHTML >

The dialogne box will appear as we gaw prevignzly, and then the
pape shown in Figore 14.3 will be displayved.

b You probably want to know what happens if the aser clicks the
cancel bufton in the dialogue hox.  An undefined object is
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Figure 14,2
Prompiing for user input
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We have suppressed the acript-hding
comments, and will continee 1o do 5o
from now o
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Figurs 14.3
Interactively generated content

Event Handlers
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returned, and production code shoudd check For this evermaaticy anxl
do sommething sensible. If you wank 1o see whit happens without amy
check, try 1t

This example is fatwous, but it demonstrates a serious point:
information obtained on the client machine at the tdme the data
is dovmloaded From the server i incorporaced dynamically into the
page when it is displayed. In other words, Interaction with the user
has influenced the appearance of the page.

Much of the Interaction required from muoltimedia presentations
and Web pages is comncerned with controlling the Bow of informa-
tlon. This can be achdeved gracefully by using on-screen conirols
— icons, images, or text — that respond to user events, such as
mouse clicks, A simple mechanism For associating a script with an
event and 2 document element is provided by HTML 4. Almost any
docutoent element can have atnibutes whose name identifies a class
of events and whose value is a short plece of code to be executed
when the event occurs to that ebement. Table 14.1 shows the
pames of the event-related attributes'® that can be used with most
elements, and the events that cause the script thet is their value to
be executed. Certaln elements {for example HEAD) canhot sensfbly
have these atitibates; others, particularly those representing HTML.
forms may have extra attribures, but we will Dot go into the derall
of these here, since forms are not often wsed in conjunction with
multimvedia pages.}”

The code which is the value of an event-related atteibute is known
as an gvent hardler. It is mormal for it to be a call to a funcdon. This
way, the code that st be included in line with the element tag is
compact, and that which performs the acrdons can be kept separate
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and eagy to read. In this case, we usually refer to the function as the
event handler.

One use of event handlers has become a cliché of client-side Web
gcripting: the ‘roltover button’. This is a button — i.e. a small image
that serves as a conmtrol — whose appearance changes when the
cursor is moved over it, o indleate that a mouse click at that point
will activate it. This provides somme useful feedback to the user, if
it is not over-done. The essence of the effect is captured in the
following example.

The chanpe of appearance is achleved simpiy hy asslgning to the src
property of an object corresponding to an image. As we mentioned
earlicr, the document.all chiect has a property for each element
with an id attribute. The follpwing two event handlers update the
sre of an element with id equal to cf rclaesquara, the fivet getting
it to a GIF whose namve suggests it is a picture of a circle, the second
to a similar image of a square.

function in_image(} {
document . all. circlesquare . src = "images/fcircie,gif';

function out_of _ikaged {
document.all.circlesquare.sre = "images/square. gif':
}

These definitions would be placed in the HEAD of the document.
The names of the funrdons have no semantic significance; they are
chosen perely to indicate their functon to human readers. They are
associated with evends In the IMG tag of the ¢i reTesquare element:

<IMG sro="images/square.git" alta"square or circle"
orMousetver="in_image ()" onMouselut="out_of_image(d"
id="circlesguare”s

Setting the wvelue of the onMouseOver attribute to the siting
"in_image{)" ensures that whenever the cursor 18 moved over the
Image, the function fn_image will he called, o set the image to
a circle. Similarly, the orMouseQut arrlbute has been set to call
out_image to make the Image revert to the originat square. The
cormbitation of these handlers ensimes that the image displays as a
circle whenever the curser ls within its bounds, :md as a square
the rext of the time. In 2 pracical simation, the images would
portray, for example, a push-button In diffsrent colowurs, to indicats
readiness when the cursor was over it. Additional onMouseDown
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Table 14.0

HTML 4.0 Event Handlars
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and onMouselp handlers could be defined to show the hurton baing
pressed and released.

The rechnique of updating the $rc property of an Image object can
be used 1o add animation to a Web page, under the control of a
script. This Is s improvement on the use of animated GiFs, since
these cannot be controlled: they play once on loading, or for a
specific munber of times or forever in a loop. Using a script, we
can atrange for an animation 1o be started snd stopped by a control
or some other means. In the following example, we make a simpie
anlmation play only as long as the cursor 1s over it — a moving
verslon of the roflover we just described.

The strategy is easlly grasped. but a number of tricks are required to
make it work properly. We want to asseciate a sequence of frames
— we will use ren — with an image element, and cycle through them
In tarn. The orMousedver event handler for our image will start the
cycle golng, ard the orMousefut will stop it, We can write the inage
tag straight away:

<IMG src="images/sanimation/framel,gif”
alt="cimple animation”
id="the_image”
ondouselvers"start_animation(}"”
onMouseOut="stop_aninmation() ">

We are assurning that the images for the animated sequence are
in a direcrtory images/animation below the docurment, as Mes
named framel.gif, frame2._gif, ... framel0d.gif. The first frame
is displayed in the image element with ¢ tha_image when the page
15 loaded; the two relevant handlers are set to call functions to s@Art
fnd stop the animaticon. All we have 0 do 15 define those Funetions,
and supply any supporting code they require. The appropriate place
tor do 50 is in the dotument's HEAD.

We know that what we need to do is assign a mew value to
the_image.src at regular intervals — let us say every eighty
roilliseconds, to give a frame rate of 12.5 s — and we know what
those values should be (the URLs of the frames of the animation). If
we agsuine that we have a funcHeon anisata that does that as long
as a Boolean varlable continuing (s true, we can <define the haxdlers
in terms of it:

function starr_animation()

{
continuing = true;
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aniwats(};
1

function stop_animation(d
£

continuing = falsa;

}

We dom't need to declare continuing — undeclared or uninitialized
vartables have an undefined value, which evaluates to false In a
Boclean context, when they are first used - but we can if we like
ibefore the fmctions):

var contlnuing = false;

Owr problems now seem t¢ be concentrated in the animate
function. We know from the rotlover example how to update images,
and it's fairly clear how to use a counter variable to cycle through
the frames, but bow are we to produce the necessary delay betwesn
themn? The angwer des (o a bnilt-in function that we have not yet
described: setTimeout. This takes two arguments. The first s a
siring of code, (he second is a number, wiich will be treated as
a time laterval in millseconds. The effact of setTimeowt(oode,
delay}, 15 to execute code after a delay of delay milliseconds. In
order to repeat an action at regular intervals, all we need to do is
make ¢ode be a call 1o a function that calls setTimeout with a cali
to itself as the first argument. This is what our animate funcdon
does. We need some globals first:

var delay = 30;
var hum_frames = 10;
var i = 0;

Motice that two of these are really just constants, but ECMAScTipt
does not provide anything like C's const, 30 if you want named
comstants you must use variables. Now we can write animate:

function animate{y {
document.al].the. image.src = “iwages/animacion/frame'
+ (i} 4+ CLgif;
if (i = num_frames)
i= 0
it (eontdowing)
satTimeout('anfwate (D', delay):
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The expression on the right of the first asslgnment bitikds the naune
of the next frame using the vale of the variable i as the frame
number — the prefix ++ operator pre-increments the vahae, which
ensyures that it cycles correctly through the frames. The test For
etquality with nun_frames i5 used to make the value wrap round to
zerg when it reaches the last frame nomber, 50 that we do truly
cycle. The last conditional iz the key: we test continuing to see
whether tc: go 011 — rememnber that this variable is et to false when
stop_animation is called. If we are contiming, we set & timeout,
50 that animate ls called again after another delay.

=% The code just given wotks after a Fashion, but has a major defect:
the first time a URL is assigned ro the image‘s src, che onage file
has 1o be ferched over the network, which may cause an appreciahle
delay, o0 the first cyde of animation may be skaver than intended.
Subsequently, the file will be cached, and boaded nuch faster. We
wiAld ike o be ahle 1o preload the images 20 that every cyce runs
at the proper speed. The way this & usually done Is by constructing
am array of Image objects, and populatlng it with the frames of the
animation:

frames = rew Array;
for {var j = §; j < mm. frames; ++j)
{

franes[j] = new Tmage;

framec[§].src = *images/anination/frane'

+ {J + 1) + ".gifT;

i
(Array indices start at zémn) Although these Dmages are oot
displayed, this code is sufficent to cause them to be downloaded
anct cached. We can now copy the src of one of the images in the
array when performing the animation:

document.a]] .the_inage.src = frames[iv+].src;

which 5 slightly Faster than assigning the URL directly am means
that we only have 1o change the inldalizavion code 1o ger a different
animation:

Scripts and Stylesheets
In a well-designed Web page, content is separated from appearance,

with the latter belng controlled by stylesheets. in order to be abke
10 make changes to the appearance, scripts need te be able
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manipulate stylesheets. This is possible, but here, above all, there
is no standard model that can be used: Level ? of the W3 DOM,
which deals with siyles, is ondy a first draft as we write, and there
are significant differences between the avallable impiementations.
Conceptually, though, there is no great difficulty, so although the
details of the relevant objects may change, the general approach to
centroliing zppeatance with scripts should remain ronghly as we
describa ji.18

There: are {wg ways in which we can change styles: either by
changing the style applied o a particular document element, or
by altering the stiesheet applled to an entire document. The
former iy the eagier optlon: each obiject in document.all has a
style property, which is itself an ohject with properties (in the
ECMAScript sense) correspouding to the CS5 properties spplied 1o
the slement, By asudgning to these, it appearance can be changed.
Suppese, for example, a dorument has the following stylesheet
applied to it:

H1 {

cofor: Time;
}
H2 {

color: blus;
3

Then the following HTML element will produce a lime-coloured
teader:

Hl ide™intra">Introduction to Limes</Hl=

Its colour can be reset to a more scber value by the following
assinment, which might be put inte an event handler;

document.ail.intro.style.color = "Black':

Altering rthe stylesheer itself 12 slightly more complicated. The
document chject has & property styleSheets, which is an array
containing an object for each STYLE element in the document. This
in vern ingludes gn arrey rules containing an chiect for each e in
the STYLE element. Each rule object has a selectorText property,
which allisws you to extract the gelectors from the correspomxling
rule, and a style property, which provides access to the values of
the {53 properties set by the rale. By azsigning to these properties,
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changes to the siyles affecting the endre document can be made,
For example, exeruting

documant . styleSheots [O] . rules[1]).style.color = “fuchsia®;

windd change the coloar of every level 2 header in the docu-
ment, Access t STYLE elerpents an] the mules within them is by
numerical index, starting at zero. Here, styleSheets[0] is the
first STYLE; asswuming its content is the rules shown above, then
styleSheets[D] . rules[1] is the oblect corresponding to

HZ {
color: blue;
}

50 our assignment has the same effect as transforming this rule into

H2 {
colar: fuchsia;
H

and applving it, with garlsh results.

Combining the scriptabllity of styles with absoluke positioning
enables you to move doowment elements aboug the screen. In
conjupctlon with the nse of setTimeout described earlier, this
allows you, among other things, to anlmate text, in a siyle often
favoured for the opening credits of television news bulleting and
Sports programmes for example

= Berause absolutely positioned elements with different z-order
values behave rather like layers in Photoshop, and because the
Arst isplementation of ahzoluke positioning that was avallable was
based on Netscape™s proprictary {and now deprecated) <LAYER-
tag. it has become custonsary Lo refer to the process of moving
absolutely positoned elements with a script as "animating layers'.

As a crude example of text animation, we will consiruct a Web
page in which the word MOTION moves diagonally from wp keft
to hottom right; when it has gone a certain distance, it stops, and
the word ELUR appears superimposad over 1t for a while, before a
pew page is loaded.'® The body of the document looks like this:

«<SPAN ID="Tayerl">MOTION./SPAN:
<SPAN ID="TayerZ">BLUR</SPAR
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<SCRIFT TYPE="text/javascript's
move_the_text(}:
< SERIPT=

Each word 18 enclosed 1n a SPAN element with 1ts own id, so that we
can apply posltioning style to it. The script will be executed when
the page is loaded; it calls a functon to do the work. Before looking
at that fimction, we need to see the stylesheet applied to the two
SPAIs.

=5TYLE TYPE="taxt/css">
#laverl {
position: absolute:
top: 35;
Teft: 40;
font: x-large ;
color: blue;
].

#layver? {
pos{tion: absalute;
top: 300:
lafr: 530;
font: x-large ;
color: rad;
visibility: hidden:
1
= /STYLE=

Recall that we use fragment 1dentifiers as selectors to apply a style
to a gpecific element. The first rule thms positions the first layer
{MOTTON]) at {40, 33}, using absclute posltoning: an extra large
blue font i$ used to make the word conspicucus. The same font,
in red, i3 used for the cther Iaver, which we pogition down and to
the right at (540, 3001 {verrcal coordinates increase downwards):
the visThi1ity property is set o hidden — we deo not want o
sea BLUR until MUTION has stopped moving. We do not bother to
specify z-order explicitly; the elements are stacked hy default in
the order they appear in the srylesheet.

Now to make things move. We nge exactly the same technique 25 we
used to animate & sequence of Images: the functicn move_the_text
updates the top and 1eft propertles of the layer], cbhject’s style,
therehy moving 1t to a new position, and then sets a timeout, with
Itself as the code to be executed after the delay. To ensure that
the process terminates, we use & counter num_steps, inittalized to
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50 and decremented untdl it reaches zero. At that point, we make
layer? visible. A feature we have not seen hefore s then used: the
Tocation object®® has a property called href, which holds the URL
of the document corrently being displayed. Updating this property
Causes a nEw page to be loaded. We want a pause — 5o the user can
adrnire the final state of the animatdon — hefore this happens, so
we set & timecat, this Ume to a longer value. Here 15 the complete
code of the function, with ivs associated variables:

var delay = 40;
var nuM_staps = 50;
var x = 35, v = 40;
function move_the_text{} {
o= 105 ¥ 4= 53
document.all,. layerl.style, Jeft = x;
doecument.all, layerl.style.top = ¥;
1F (--nm_staps)
setTineout( "move_the_text()*, delay);
else
{
layarz.style. visibility = "wvisible';
setTimeout (" Tacation. href = “image-swap. hiwl™",
delay*35);

]

We should emphasize again that in these examples we have ondy
sought to demonsirate how a scripting language in conjunction
with a document object mexlel can be used to add interactivity and
dvnaumic effects to Web pages. We have not tried to demongirate
good programming siyle, nor to address the real practical issoes
concerning compatibility between different browsers and different
wversions of browsers,

Scripts offer the potential for <ontrolling the user interface o
a multimedia production on the basis of elaborate compaitation,
carried tut vsing most of the facilines of a modern programming
language. Much of the time, authors only require a limited
repertoire of interface enhancements and animation Factlities, such
as those illustrated in the previous section.?! If an authoring system
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can provide a set of parameterized actions that is adequate to
satisfy most needs, and a suitable interface for attaching them o
elements of a mmldmedia production, then much of the necessity
for scripting is removed, This means that deslgners can add Interac-
tivity and animation to thelr producdons witheut having o acquire
programming skills on top of their design skills. (Conversely, it
means that programmers can employ their skills in a way that
can be exploited by designers, rather than involving themselves n
design.) Parameterized actions provided by an authoring aystem
ti he vged in this manner are usually called Melhviowrs. Since
behaviours are going to be extensively re-used, considerable care
st be taken in writing them, so that, for exampls, ECMAScript
behavigurs cope pracefully with the diverpent chiect models and
capahilitiez of dilferent user agents,

What do we mean by describing behaviours as parameterized
artdons? Simply that each behaviour is an abstraction that captures
aclass of actioms — such as dizplaying a message to a Web browser's
status llne — from which individual actions, such as wridng the
specific mnséage Please wait to the status line, can be generated
by providing a value for some variable, the behaviour's parameter.
I this case, the parameter iz the meszage to be displayed; in
penerat, a hehavieur may have several parameters. It follows that
an authoring system that supports behaviours omst provide some
means for authors to provide parameter values, and be able to
penerate code hy combining these values with a behaviour. They
must alzn be able to aftach the resulting actions to eventz chogen
by the anthor,

The simplest approach is 1o buld a limited set of behavicurs into
the browser. You might consider the link-following capabilities
of all Web browsers as at instance of this approach. A slightly
Tudler set of behavionrs is supported by PDF files. Hecall that in
Chapter 9 we descrihed how to add links to a PDF file using Acrobat
Exchanpe: alter selecting an active ares, a diglegue bhox appears,
which previously we used to set up the parameters of a link.
However, the pop-up menu labelled Type i 1hat Boo (see Figure 9.3
on page 276} can be used o associate different actions with the
active reglon. The possibilitles include automatically executing a
rmeny command, playing a QuickTime or AVI movie or a sound clip,
launghing a different program to open a file of some type other than
PDF, or opening a file on the Warid Wide Web idsntified by a TRL.
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T path nares of the mwvie, sound clip, or fike, and the URL are
the parameters to these behaviours.

The repertoire of behaviowrs available in Acrobar 15 fixed, and the
actions themsehves are coded as part of the reading software. In
contrast, modern Web browsers Include code to interpret a scripting
language, so that arbitrary actions can be written in that language.
You should be ahle ta see In outline how, instead of being written by
hand like the examnples in the previous section, ECMAScript actions
can be parameterized as behaviours amd incorporated into HTML
semd-aatomatically. [ order o fill in the detdls, we will describe
the Interfaces to behaviours provided by a representative HTML
authoring program, Macromedia Dreamweaver, and sketch their
implementation.

Most HTML authoring programs (as agrinst geperal-purpose text
editors with HTML modes, such az Alpha or Emacs) uge a similar
interface, comprising a document window providing a WYSIWYG
view of the dorument being composed, and several context-sensitive
flivating palettes, whose contents chenge according to the element
selecred in the document window. These palettes allow attribates
of the selected afement to be changed. Dreamweaver's hehaviours
palette {shown in Figure [4.4) 1s used to attach actions o events
assoriated with the selected element. Clicking the + button causes
i pop-up menu to appear, as shown, listing the namwes of all the
available behaviowrs — Dreamweaver ships with g small collection,
athers can be added, as described Later. Menu entries for behaviours
that, for some reason, are nat applicable o the currently selected
element are disablerll For example, unless an image is selected
the Swap Image hehaviour will not be available. When a behaviour
has been selected, a dialogme box is displayed, with fields for any
parameters that are needed to generate the code. Once these
have been supplied, the event to which the action is o provide a
response is selected; each behaviour has a default, bt any other
eveni supported by the DOM can he chosen instead.

Since Dreamweaver is an MTML editor, its basic fumsctbon is to
change the contents of HTML documents. It can therefore embody
the associadon of document element, event and action by writdng
aultable ECMAScript code In the dorument’s HEAD to define a
handler function, ax then inserting an onBvent atribute into the
start tag of the selected element. For example, suppaose an IMG
element Is selected, and twe instances of the Dhisplay Status
Message behaviour are attached to it, cne for the event Mousedver,
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the other, with a blank message, for MouseQut, so that the Arst
message will be digplayed for as long as the cursor is over the image.
Dreammweaver wil ingert a script equivalent to the following one into
tha document head:

<SCRIFT type="text/javascript"=
function displayStatusMegimsgStr) f
status = msgstr;

1
</SCRIPT=

and decorate the <IMG> tag with attribuies similar to the following:

onMousefvers
"displayStatusMsgf'The cursor is inside the image’ )"
orMousedut=
"displayStatusMsg(® "3"

The collecton of behaviours shipped with Dreamwesver provides
an insight into the range of actions that cao be readily added o
a Web page in thiz way. (Looked ai more cynically, since most of
the other powerful HTML tools presently available support roughly
the samwe set of actions, this collecdon provides an insight into Web
page design clichiés — at least wntil the next sound of opdates to
thege programs is released.)

These behaviours can be divided into groups. The first, consisting of
Mizplay Status Message and Popup Message display megsapes
it response to events, in the stams lUne and & dialogue box
respectvely, The second group consiste of functions that check the
brosser's capabilities, Check Browser is used ro determnine which
version of which browser is belng used, and to select different URLs
ant the basis of this information, 3¢ that, for exampls, a User viewing
2 page with an old version of Navigaior would be transferred to a
stmplified version of a page. Check Plugin can be used similarly
to semd users v different pages depending on whethet they have
installed & particular plug-in or not. For example, users without
the (wickTime plug-in wonld be directed away from papes with
embedded movies,

The next group of behaviours offers control over browsers and page
elements. If 1 page has embedded €lash or Shockwave movies, or
sounds, the Control Shockwave or Flash and Control Sound
behaviouras can be used to start or stop them, or for movies,
rewind or &0 to a specific frame, all in response to any of the
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DM events. For example, a sound could be made 1o play when
a page is hoaded, and stop when the user clicks on an image. The
apparently redundant o To URL iz used to load a new Web page;
the reason it is usefnol is thai i understands about framesers, and
can be used 1w change the contents of several frames with a single
click, withinit the meed for an intermediate fameset. Open Browsar
Window spawns a separate window to display a new page.™?

frobably the most popular group is concerned with images and
motion graphics. Swap Image provides the action needed to
Implement roliover bugtons, o 10 perform image replacements in
response to any chosen events. Preload Images performs the
Freloading operation described previously, 1o ensure that image
swaps work smoothdy. [t is wsually included antomatically with Swap
Image.

=* Image rollovers are swh a common requirement for Fashionable
Weh pages that Dreamweaver proviges an Insert Rollover com-
mand, which allws you 1o ¢reate a rollover effect simphy by
selecting the Images for the two states. [nserting ome of them and
creating the peceszary code is all done in one step. Most HTML
authoring packages provide this fimction, a3 do many graphics
packages that have been mugmented with Web capabilities or
designed for preparing wWeb graphics. [ can only be a matter of
time before your emailer does too.

Show-Hide Layers controls the visibillty of layers, and Change
Property 1s a general-purpose behavicur for aliering the style of
a document siement. The Hnal hehaviour in this group is Drag
Layer, which can be used to add basic drag and drop functionality
to absolutely positioned elements of a page, or te Lmplement
analoguelike conerols, such as dials ond sliders. Ii provides
a powerful argument In favour of the use of behaviours, since
implementing dragging within the confines of ECMAScript and the
DOM requires some non-trivial programming: all mouse movemss
must he fracked and the position of the dragged object updated in
response. Care must he taken 1o ohserve the physical constraings
of the page. [f you also wani, fer example, to reserve certain areas
of an image as ‘drag handles’; to provide a target for each dragged
object, allowing ii to snap to its destination when it is close enaugh;
to support several drageahle layers on tbe same page; and 1o work
with as many versions of different browsers as pogsible, you would
have 1o write quite alot of code. Ag it is, it may be necessary to add
hand-made code to the basic behaviour to monitor the position of
the moving element.
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T The bebaviours that we have described are not bukt in to
Dreamweaver in the same way that PDF behaviours are hollt in 1o
Acrobat, oew behaviours can be added to extend the repertoire, The
mechanism by which this is achieved |s an interesting exercize in
ecopumy, shoce ail 4t requires is HTML and ECMAScript — which
TDreamsveaver has to he able 1o interpret already.

A bebavipwr is just an HTML Hle, whose HEAD containg some
ECMAScript definitiony, and whose BODY b8 a doqouent ihat wilt be
rendered in a dialogue box when a user selects this behaviour from
the pop-up men in the 8ehavigurs palette. Usually, the documment
will cordain a FORM clement, with fields for accepting the values
of the bebaviony's parameters.2d When the form iz Blied in, these
valoes become avallable to scrpts within the behaviour via ohjects
in the same way as elernents” attribute vahoes,

The author of the behaviowr must provide two functons: behayv-
iorFunction and applyEehavior, which both return strings o ke
inserted in the HTML document being edited. The firet returns the
code for a handler Fooction definidon, the second a call to that
handler, i0 be inserted into the selocted clement's start tag. Typ-
icaily, the stirings seturmed by bath these tanctions will worparate
vilues eficited from the user by the form in the behayiour's BODY.
Behaviours may include several otker function definitions, notably
canacceptBehavior, which retwns a list of events with which the
behaviour can be associared, allowing Trreamsveaver to correctly set
up the pop-up menu by which the event is chosen when a behaviouar
iz added toc 3 dopument. A displayHelp funcbon can also be
defined, which mtums a string desceibing the hekaviour wher the
help bution in the Behaviour dialogue s pressed,

One can imagine sfnpler ways of implementing behaviours — vsing
actlon templates, for example — but this appioach permits great
flexibitity, simce all the festures of ECMAScript are availebie for
creating the function definitdons and calls, F you koow about
Javakeans, you nught ke to comopare the approach with rhe way
A programmer [mplements the PropertyEdivor interface so that
visudl development envirorments can manipulate the properties of
heans.

Earlier, we showed how layers can be crudely animated wsing a
script. The code for performmng this ope of animation is as
amenable to prefabrication as the behaviours we have just seet, buat
a different interface iz required for conveniently attaching the code
to a dooument. The familiar tineeline is provided by Dreamweaver
and other authoring tools that support animated layers, Given their
shared provenance, it is not surprising thar Dreamweaver's Hmeline
resembles a simplified wersion of Flash's, it appears in its own
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pedette, with the document view serving the same funcdon as the
stage In Flash. & Javer can be dragged to the timeline, where a bar
appears, representing its extent In dme. This can be saetched or
shrunk as necessary. Key frames can be added to the timellne at
any point, anxd the layer can be moved o its desired posltion in thag
key frame. Movement hetween key frames is Inearly interpolared
by the script generated by Dreamweaver from the dmeline.

20 The code generated by Dreamweaver, although It is based on the
same principle as the code we wrote (o animate some text in the
previous section — move the element to its new posidon and set
a tirpe put — is slightly smarter, becmse it precomputes 3ll the
necessary positlons, and stores them in an amray, which keads to
more efficlent animatlon.

Timeline Scripting and Behaviours

Scripting can, as we have shown, free hypermedia from its purely
spatial model, and add an elemeni of temporal organization io it
Where multimedia is primarily organized cn a dmeline, scripting
can provide mieractivity and non-Unearity. Timelines provide new
gites for actons — an acdon can be artached to a frame and trig-
gered when playback reaches thar frame — awd new sorts of action,
ones that contio playvback. These two innovations offer three new
opportunities to muliimedia awthors. By attaching playback contrd
actions to statle elements — sweh as buttons — that can respond
10 events. timeline controls — swch as fast forward, rewind, and
pauss huttons — can be implemented. By attaching other actions
to frames, their effects can be choreographed in time. By attaching
timeime-conirolling actions to frames, the timeline can be made to
loop. Notce thar the effect of actions attached to frames is fully
determined — only elements thei can respond to events initiaied by
users can praduce non-lUnear behaviour.

We shall hegin by considering Flagh, which, althowgh it is primarily
an anlmation tool, provides some zimple behaviours. Actions
generated by supplying parameters for these can be attached to
key frames {not Interpolated frames) or o special symibols Catled
buttoris (frrespective of thelr appearance). An action is aitached to a
key frame simply by selecting the key frame and the appropriate
menyt command, choosing one of the available hehaviours, and
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entering values for its parameters. The actlon is oiggered when
playback reaches the frame io which it is attached. Aitaching
artions o hations s achieved by a similar sequence of operations;
first, however, the button mmsi he creared. Flash berttons ave
special symbols (in the specialized senze In which Flash uses the
word), consisting of four individual frames, the first thrae of which
correspond to the button's appearance when it is in one of the states
e’ (the cursor is not over it), ‘over’ (it is}, or ‘dewn’ (the mouse
i olicked while the cursor is over the button). The fourth frame
defines the Thit area’, the region that responds to the movse. Coce a
butrion has heen created, it can be placed on the stage like any other
syrihol, animated, and have actions aitached to it.

The behaviours Flash offers to contrel timelines are elementary:
Play, Stop, aod Go Te. The last of these takes a frame mumber
or a label — which can be attached to a frame a5 a DInemonic — as
its parameter; it also has opdons for selecting the next or previous
frasme ax the destination, Whatever the destnation, a further option
to the Co Te behavicur can be used w determine whether the mevie
sbould play from the new frame or stop there. [t shonld be evident
how these behaviours can be used with buttons v start and stop
a movie ot jump to a selected point. They are of Umited use when
they are attached to the timeline: using a G Te action o produce
d luop is the only effective option. Combining a lgoped moevie with
buations that cause a fump to a selected frame is, however, sufficient
tw provide a selection of different lnterfaces for cffering a user some
meeningful control over a pregertation.

A straightforwand example of such a combination allows us to
provide a hypermedia-like interface. Suppese a movie consists
of several distinet scenes,2? each one associated with a particular
subject. For example, if we wished to demonstrate the effects that
could be achieved using Flash's builtdn drawing toeis, we might
produce a set of short animations, each of which showed a picture
being bwilt up osing one of the tools: we could do some motion
painting with the brush tool, move some shapes about with the
srrow tool, and =0 of. We want to present the user with a welcome
scTeen comtaining icons of each of the tools, so that clicking on
& tool causes the corresponding anitoated demonstration to play,
after which the welcome screen returns (sec Figure 14.5).

This is easily done. The welcome screen can he 2 single frame —
let's aay the first frame, though it doesn't have to be. Attached o
thix frame is a o To acdon, with the frame itself as the destination;
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Figura 14.5
Structuring a timedine with
se|ections

Figure 14.6
Structuring a timeling as levals
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i the movie will hold on this frame forever, unless some action
causes it to do otherwise. Each of the icons in this frame will
be a button with a Go To attached. with the starting frame of the
correspeswling demonstration as the degtinaton. The final frame of
ecach demonsiration will have Co To Frame 1 attached, to ensure
that the welcome screen teturns after it has finlshed. To complete
the presentation. an exit button with a Stop action should be added
to the first frame, to give the user a way out of the infmite loop.

Berause buttons in Flash are symbols, they can be animated, which
allows for a type of interface that is not avaitlable in hypermedia
{withour the aid of scripting to do the animation). A slightly fanciful
example will demonstrate this. A lttle exercise for helping new
computer users to hecome proficient in using the mouse might
be organized as a seckes of levels of inreasing difficulty. At each
level, the task is w click on a moving object. When this is done
succesfully, the user moves on ta the next level, where the object is
smaller and moving faster in a more complicated path, possibly with
extra objects moving around and getting in the way (see Figure 14.5).

The scenario more or less determines the implementation. Each
level 15 a short animation, with a Go To action attached to¢ jts
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final frame, taking (t back to its f{irst frame. These animations are
congtructed separately, each with its own object moving on its path,
so that its position in tlie finat frame is placed to join 4p with the
position in the first. The objects are Flash buttons, with an acton
that goes to the frst frame of the next level. Since actions are
triggered by mouse clicks, all that the user needs to do 10 advance
o the next level is catch the ohject with the monsge. After a sulrable
oumber of levels, the action on the object at the hardest level takes
the user to a short congratulatory animation, after which they can
pet on with uslgp their mousge in earneat. We could {and probably
should) have added a facility for going back a level, or giving up,
ard possibly a way of selecting a starting peim.

As well as demonstrating the power of behaviours - puting
together a prototype took us hardly any time — this example shows
some of thelr tnadequacy. The mouse trainer would be more usaful
if It conld take account of how long a user ook o master a lovel,
by counting the ommber of iterations of the loop before they caught
the object, so that if a user was chviously having difficulty they
could be taken on at a slower pace than those whose eve and hand
coordination was well developed. This cannot be done, since Flash
provides no mechanism for storing state informmation. A scripting
language could be nsed to do this?® — but even a acrlpting language
couid not be used to save the state of a movie so that it could be
restarted at a laver date from the same polnt, unless a farility 1o do
su was nchuded as part of the object model, Generally, thia ks not
done — pmltinedia scripdng langages do not usuaily provide any
fFacilities For writing 1o disk.

Flash's most advanced behaviour is designated Te11 Target, which
ix used o send an event from ome object to another. This
is commonly cmploved to chable buottons to control individual
elements of a movie. You will vecall that a Flash movie can be
included in another movie, in the form of a symhbol The Incleded
movie has its own fimeline, whicli can be contolled by actoens.
Tell Target enables a different symhol 1o tripger one of those
actions, To make identifying the tarpet gaster, symbols can be
glven names. Suppose, os a simple example, we have a movie
comsisting of nine frames, containing the digits 1 to 9. A Stop action
attached to the first frame prevents the movie from plaving. We now
construct a single frame movie, by placing an instance of this movie
on the stage, glving it the name ¢counter, together with twao other
buttuns, one representing & + sign, the other a - sign. We attach
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te the + button & Tell Target action, with its targe! parameter
set to counter and the actipn for the target to perform specified
as o To Next Frame; a similar acton is artached 10 the - button,
telling counter to go to the previous frame. When this movie is
played, nothing happens spontaneously — there is only one frame
— but if the + button is pressed, the displayed digit Is Incremented,
provided it i less than 9, and if the - bution is pressed, the digit Is
decremented if It is greater than 3.

You showld he able to see how Tell Target actions can be used
to smplement contrals that affect individual elements of a movie,
Again, the resiricted nature of the available behaviours imposes
some limitatons on what can be achieved. For instance, it is not
possible for the + to disable itself when the displaved count reaches
9. However, with ingemilty, complex controls such as pop-up menmis
can be aseembled out of buttons and movies, using the built-in
behaviours.

When we consider how technigues similar to those we have
described in the preceding paragraphs can he applied in the context
of the World Wide Web, we find a somewhat diferent slhuation.
Timeline animation on a Web page is itsell implemented using
scripting, as we have previously described, so actions that are to
be triggered when an anlmatlon reaches a certaln frame can gimply
be embedded in the function that performs tiwe animadon, o be
executed conditionally when some current [rame counter reaches
the appropriate value. For example, if we wished 1o modify the
‘motion blur' example from page 464 so that the colour of the
moving word MOTION chanped to fuchsia at the Bfteenth Frame, we
conid do so very easily, hy adding a new global variable

var action_frame = 15:

and inserting two lines of extra code in the function move_the_text():

if (—-action_frame = (3}
docusent.all.layerl.style.calor = "fuchsia®;

If vou compare these two lines of code with the two lines that move
the text Fayer in the same function, 1t is easy to appreciate that in the
corttext of Web pages, animmation is just a special case of timebased
execution of scripting code. Conceptually, though, it may often be
helpful ta trear the timeline as an organizing framework, just as
we do in an intrinsically time-based system soch as Flash. In that
case, what is required is a reusable framewor) for arranging actions,
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including animation, In tme. if this can be done, the timeline can
ke presented as part of the interface t¢ an HTHML authoring system.
The three opportundities identified at the beginning of this section as
being offered by the combination of actions and fimelines become
avaltable to Weh designers.

We briefly descrlbed at the end of the last secdon how Dreamweaver
does offer such a dmeline interface, which it uses to generate
BCTipts using tiarsmus to implement animeted Jayers. The facilities
go further: the dmeline has a behaviour channel, which ablows
actions to be attaclied to any frame. Arbitrary ECMASCTIpL oode
can be wused, as can any of the available behaviours. Several
different layers can be controlied by the same timeline, just as
geveral different symbols can be animated in Flash. In addidon,
several different timelines, each with its own name, can be attached
to the same page. This enables different anjmation sequences
to be conrolled independently by events. The behaviours Play
Timaline, Stop Timeline, and o To Timeline Frame are all
parameterized in a dmeline's name, as well as being associated with
ovents and document elements in the useal way. It is thus possible
to provide 4 set of controls for piayving an animation by assodating
these behaviours with images and binding them to the anlmation's
tiineline. Multiple sets of controls, controiling multple animatons
on the same page, then follow naturally from the ability to detine
several dmelines for the same domment.

Becauze purhng iogether a reusable seripting framework that
supports tme-based actons, mterpolation and key frames is not
a rivial exercise, it is usually advisable to adopt an existing one
il' it j& available. It may then aometimes be pecessary o rmix
hand-crafted scripting with prefabricated behaviours to achieve
the degired effect — since a fully-featured scripting langouge is
available, effects that are nct possible within a fixed repertoire of
actinons can be Implemented. For example, suppose we wanted
to re-work our earller Flash example of a counter controlled hy
twi buttons as a scripted Web page. We could place GIF itmages
for the two buttona and the first digit each on their own layer so
that we could positdon them wliere we wanted. By dragging the
digit's layer on to the dmeline palette, creating nine key frames and
resetting the src atiribute of tlie image n cach key frame we could
create an anlmation that ran through the nine images of digits. By
not attaching any Play Timelipe action we would ensure that, as
beforc, no change took place spontaneously. Adding a4 Preload
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Images acdon to the docwment's HEAD will ensure that when we
do want the digirs to change they do so0 smoathly.

Al we need to do to complete the example is add acdons o the
+ and - images — which are serving as controls — to cause the
animaton to go to its next and previouws frame respectvely, in
order to achieve an effect identical to that of owr earller effort
with Flash. Dreamweaver only ships with a behaviour that causes
a timelime to go to a speciltc mambered frame, not o the next
or previous otte. By Inserting such an action and inspecting the
generated code, we discover that Dreamweaver uses a function
called MM_time]1ineGoto, which takes the name of a imeline as its
frst argument, and a frame number as its second, to Implement
itsGo To Timeline Frame behaviewr. Armeed with this knowledge,
we can not only implement the required aperations, we can make
something sensible happen if the digit’s value goes outside the
range on® to oine — we choose 1o make it wrap round.

We begin by declaring a variable, and agrerting that, except while an
action is being performed, its numerical value will be equal to that
denoted by the displayed digit. To establish this invariant we must
initialize the variable 1o one,

var current_digit = L:

Considering the layer holding the digit’s image element as an
anjmation, our aggertdon also amounts to saying that this variable's
vilue is equal 1o the arrent frame namber. We can therefore use
it in a pair of functions that cause the next and previous frame
to he displayed by incrementing or decrementing its valwe and
then passing it to M_tinelineGoto as its second argument. If
current_d1gi t 13 about to go out of range we first make a suitable
adjustment to produce the intended effect.

function up()
{
if (urrent_digit == 93 currermt_digit = {:
M_time]linetoto(* Timelinel’, ++Currermt_digit):
1

function down()
{
1f (currant digit == 1) current_digit = 10;
_timelineGoto (" Timelinel', --currermt_digit):
1
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Mimelinel Is the name of the tmeline corresponding to the
sequence of digits) The functons up and down can be used as
Itandlers for a mowseDown event in each of the two control images.

Combining behaviours, tmelines and ad boc scripts within an
HTML suthoring environment 15 a reladvely easy way of producing
dynamic Web pages that exhibit change with time snd respond to
user Input in a variety of ways. it is always the case, though, that
what can be achieved is regiricted by the lmitatlons imposed on
Weh acripting languages for the sgke of securiry.

The combination of scripts with a tmeline is taken to the extreme
(and possibly heyvond) in Macromedia Director. To begin with,
Director provides behaviours that can be attached to frames or
gprites o implement noich the same range of time-based actions
and controls as Flash, but in the richer multimedia environment
provided hy Direcior. A Message Sprite behaviour can be used
Tke Tell Target In Flash to contrel one sprite from angther, At
the next level of sophistication, Director allows zuthora to compose
their own behavionrs by combining actions -- chosen from a built-in
set — into 4 seqguence, which is then treated as a single behaviour,
Composidon is done simply by repeated selection from a memn,
50 110 real scriptng skdll is required. The set of available actions
inrlades several to cootrgl playback, such as Ge to Frama and
Wait on Currant Frame, others to make global changes to the
playback covironment, such as 5et VoTume and Change Palette,
as well as some 9 control sprites and cast members: Play Cast
Member plays a sound from among the cast, and Change Cast
Mamber, which takes a sprite as one of 1t parameters, associates
4 ey cast memnbyer with that aprite, 56 that its appearance changes.
Behavlours attached to a zprite are triggered by the usoal user-
jnitated events: a key or mouse bunton being pressed or released,
the cursor entering, leaving, or being over the sprite. Those attached
to a frame may be triggered when the playback head enters the
frame or when it ieaves it; an addltonal event, Prepare Frame,
which ooturs between the playvback head's leaving the previous
frame and entering the current one, can be used to provide an even
fmer degree of contral over the precige sequesncing of actions.

The full range of Director — the thing that wade it the leading
muldmedta aathoring environment of ita time — depends oo the
use of it seripilng language Linge. Lingo belongs to the tradition
of ‘English-like’ scripting languages rather ihan ihose, such ss
ECMAScrint, derived from C and other mainsiream programming
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retained] for compatibilivy.
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objects.
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languages. To anyone vsed to more egstablished languages, the
most noticeable aspect of Lingo is its verhosity: a property p of
an object abj is referred to as the p of obj, for example, giving
vise to expressions like the rect of the wewber of sprite 1%
assignment uses the set keyword, in the sityle of Basic, as in set
name = "Wil¥red".2® At a sightly deeper bevel, Lingo ostensibly has
o user-defined functions or subrowtines. nsvead, users can define
handlers for “custom events’ — events that aren't predefined. (n
fact, custom handlers are functons, and custom events are calls to
them. Handlers can take arguments and retuen values. For example,
a handler might be defined in the following way:

oh mean a, b
set m = {a + b)A2
retum #

end mean

and invoked as follows:

sat average = mean{f43, 438)

in the rase of bullt-in events, the syntax used for the handler's
definition conflaves it with the assoclation with an event; usiag the
same syntax for wser-defmed functions, and calling them custom
handdlers, is merely a piece of concepiual economy, with o desp
semantic signlficance,

Undemneath the cosmetic differences, Lingo has rowghly the samw
facllities and expressive power as ECMAScript, which &t also re-
sembbes in being untyped. [t may have some claim 0 be object-
orlented, rather than objectbased,?” since it has constructs thet
behave scmewhat like classes and inheritance, though again un-
conventional erminology 18 used to describe it ("parent scripts’ for
rlasses, and “ancestor scripts’ for base classes), The object model
is not separated fromn the language. as it is in World Wide Web
scripting, but there is clearly an object model embedded in Lingo,
which encompasses all the elements of a Director movie — score,
cagt, aprites, and so on. Lingo therefore provides a completely
flexible way of conirodling all those elements on the basis of user
input and computation carried out by scripts.

Not anly do Lingo scripts offer extra flexdbllity, compared with
behaviours, they can be amached to the production in more places,
and be triggered by somwe exira events. Scripts are divided
into different categories, depending on which elements of the
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production they are attached to. "Score scripts’ are the same as
hehaviours, and may be attached to sprites or frames. These scripta
can respond to mouse, koy and frame-related events, with the
sprite’s handler taking precedence over the frame's if there is any
conflict. A sprite may alsorespond tobeginSprite and endSprite,
which ocour in the first and last frame, respectively, of its duration.
‘Scripts of cast membery' are attached, as the name suggests, (o a
cast member itself; rernember that a cast member is a media object,
such ay an image or a soamd, whereas 3 sprite is an instance of that
ohject, placed on the atage, with a specific duraden. These scripts
respond to the some events as rame scripts, although the latter
take precedence. Every sprite that uses a ¢ast memnber automatically
acedres the sevipts of that cast member, Moving further ontwards
in the situcture of a producton, ‘movie scripis’ are attached to an
entire mevie, and 'primary event handlers™ to the entice production
fwhich may comprise several nested movies). Movle scripts reapond
to three additional events: prepareMovie (the very first evem that
oceurs), startMovie and stopMavie. Primaty event handlers can
only be set up for Key presses, mouse clicks, and Gmeouts.

The final catepory of scripts is, in some ways, the most interesting.
‘Parent scripts’ contain the definidons of a collection of handlers.
An object oy be constructed from 4 parent $cTipt using the new
statement, which causes an object to be created, and attaches all
the harsdlers in the parent script to the object. Parent scripts nsually
incliede a special hapdler for the new event, which is invoked when
an chject is created, and used to indidalize i1, I you are famitlar with
okject-oriented programming, you will recognize the new handler
a3 & constructor, and the handlers in the parent scripts as methods
belonging to & class which the parent script defines. Parent scripts
may glse include some preperty definitions: any okject created
Irom the script acquires the same properties. (We might call them
‘mstance variables'.! An object created from a parent script is
called a “child object’ (rather confusingly, since inheritance is not yet
involved,): it i3 just an ohject in the clazsical sense of some code and
sogne date steuctured so that it responds to certaln messages. Every
child object created from a particilar parent acript responds Lo the
same set of events in the same way; the valnes of each child cbiect's
properties may change independently, so that each child object is
an Instance of the pardeular ‘sort of thing' that its parent script
implements. If a parent script has a sprite as one of 1ts propertes, it
ran be used to create generically similar sprites that respond to the
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same set of events. This is clearly more manageable than creating
sprites and attaching the same scripes to each one individually. A
parent script may declare another parent scripr to be its ancestor,
meaning that ary events that cannot be handled in the origina
parent script will be passed on to the ancestor — In other words,
the parent script inkerits handlers from its ancestor. Anceskors
may have ancestors of their own, so inheritance hierarchies can he
constmcted.

We have seen that custom handlers can be called from any seript.
The properties of sprites. such as their bocation, size, cast member,
and so on, can be changed within handlers. In other words, a
sprite can be comtrolled by scripts. Together with the strocturing
facillties provided by parent scripts, this offers the possibility of an
alternative to thre Hmeline for organizing movies: organize them as
programs. For example, instedd of imnplementing a houncing ball by
adding key frames to the Himeline at the extremities of irs motion,
and interpolating a sequence of frames In between, it could be
implemented ustng a single looped frame, with a handler wriggered
each dme the frame was entered that computed a new position for
the hali sprite and updated its location accordingly.

The advantage of this way of conmolling the elements of a movie is
that scripts can perform arbitrary computation. In the example Just
cited, the hall's position could be calculated from equations derived
from the laws of motion governing its trajectory, thus producing
2 more realistic bouncing movement than that which would be
praduced by interpoladon?® between the extremites of the motion.
Parameters such as the baill's elasticity could easily be changed hy
editing the script. In more elaborate productions, sCripts can be
used to endow sprites with artificlal intelligence, enabling them to
reart to wser inpat, ar to each other, in less predictable and possibly
mwore satisfying ways than the simple hranching behaviour that is
the natural concmmitant of tirneline organization.

= There have been attempts to create maltimedia aethoricg emi-
rormnents that started with the interactions between objects as
their basic organizing principle. Such object-oriented environments,
as they are inevitably called, have failed to achieve widespread
popularity.  Despite an enthusiastic cult following, ithe most
suceesiul such system, Digital Chisel's mTropolis (gich, was killed
aff shortly afrer baing acquired by Quark, leaving no sericns object-
ariented authoring environments at the time of writing.
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Beyvyond Scripting

Traditlonaly, programmers have thought in terms of creadng an
applicaton that does something, and adding a user interface to it.
The more enlightened programmers will have designed the interface
as an integral part of a complete system, and will probably have
used some appllcation framework or set of reusable components
to build the interface, Tt the implicit model of program struchure
is one in which the user interface is a subsidiary component of
& system Inlended to perform some task Where we need a
maltmedia interface, or to manipulate media objects, it may be
more appropriate 1o think abdat creating the user interface in an
anthoring environment and adding the funrdonality aside it, so
that the interface becomes the organizing principle, with the code
tc perform the computational tzsk added vo the interface instead
of the opposite way round. The rdle of scripting, though, has
tradidonally heen seen as one of controlling the elements of a
production and reacting o mpat, and scripting langouages usually
lack teamires, such as file input and output, that are necessary for
many applicadons. (ECMASCcript on the Weh, as we have seen, mmst
lack such feamres, for security reasons.) Hence, while the acripting
Facilities and hehaviows we have described o far can do plenty of
things to make the displayed media elements respond to the user,
they are really only einhancing the pser interface, not adding real
functionality. To do that, some additional mechanism is required.

One approach is exemplified by Director. Xras are code modules,
written in C or Cw, which can be used to extend Director, adding
capabilities that the basic application does not provide. Thess
can range from support for new medla types to getworking and
database management.

There are four types of Xita. Transidon Xirag provide new forms
of trapsition, in additon o the bult-in dissolves, wipes, and 30
on; tecl Xtras add new functioms to the suthoring environment.
The remaining two kinds are the nost germane to cur present
discussion. Sprite Xiras are used to add new clagses of objects to the
range of cast members. A sprite Xira usually defines some visible
representation, atud a set of properties ard hehavigurs, so sprives
created from it can handle events and perform computadon. The
difference between sprite Xtras and perent scripts is that the former,
being written in C, are not sabject to any restrictions on the kind of
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operations they can perform. Sprite Xiras can be written to interact
with databases or Other persistent data, or to represent and display
eiements of a complex simulation, for example. The final hype of
Xtra is the scripting Xira, which adds new commands to Lingo itseil.
An example ts the fileio extra, which provides commands such
ae open and write for accessing files; these commands are hot
otherwise available in Lingo.

Xiras mmst be written to conform to an Interface specification
that allows Director to recognize them and manipulate them
like elements of its pwn epvironrpent. Director prescribes the
interface — the functlon mames and their signatures — and the
Xira programmer provides the implementations. Every Xira must
impiement a fonction that cegisters it, passing varwous identifiers
and information ahout the Xtra's capabllities to Director, so that it
can b« maniputated in the authoring environment. For exampie, its
pame will be added to appropriate mems, and, if it implements a
custom editor for changing ttz propertles, this will be mare avaflable
wheit it is required. Additionally, a sprite Xtra must implement
fupctions $o create instances of iself, draw & representation of
itself, if one is needed, and respond to events; a scripting Xira
must provide a despatching function that allows it to be called
from Lngo. Behind these interfaces, Xtras can perform any
computaflon at all, so that, as we snggested before, an arblirarily
complex multimedia application can be constructed by embedding
computational elements, in the form of Xtras, ingide a multimedia
production made In Director.

% Besides adding pew [unctionality, there is another reason for
resorting to Xtres aod simdlar extension mechanisms that alleew
programmers o mix Co of a siollar language with scripting. At
the end of the previous section, we mentioned the possibility of
using scripis o endow sprives with sorme artifcal intelligence. Cme
could do this in Lingo, Hewever, when rhings have got as far as
artificlal mrelligence, many programners would dowbt the wisdom
of continning to use a scripting language instead of a programming
language that offers mote sophisticated sooping, compile-time Hpe
checking, and the obhject-orkented facilitles that can be built on them.
Lingo was designed (o be accessible to non-programimers, but nsing
it in advanced ways is programming, ard anyone who can program
in Lingo will be able to program io Java or O, and do s0 oo
effectively with the assistance of language features designed 1o help
in the task of structuring complex prograsns.
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The most loudly oumpeted mechanism foi extencdizg oagtmedia
producdens through conventiopal programming muse be Java
applers — small programs, written in Java, that can be embedded in
HTML docipments, With the advent of applets, executahle programs
became, in effect, another media type that can be included in Web
pages. Java is a compiete objact-oriented programming language,
and It has a set of powerful Woraries that allow applets to display
graphics and animation, play sounds and pxovies and handle events,
Subjert to security restrictions described below, they may also
commnnicate over networks, access databases, conotrol domestic
appltanices, and carry out many other computationa tasks.”® The
rechaology required to execute applets comprises two components:
a way of embedding applets in HTML, and a way of executing code
from within a Web bBriwser.

Originally, the first was provided by a special-purpose APPLET
document element, but, in accordance with the view that an applet
1= a media element Hke a OnickTime movie, APPLET is deprecared
in HTML 4.0 in Favour of the OBJECT element, which we introduced
in Chapter 13. For executahle OBIECT3, the classid attribute is
used 1o specify a URL where the implenrentation can be foumd, Any
OBJELT can convain PARAM elements, as we described in conjunction
with using DBI1ECTs to embed movies in HTML. documents. For
applets, these can be used 1o pass named parameters to the applet.
Eor exarnple,

<DBIECT classide"NarvousText.class"»

<PARAM name=text value="Hopray far Captain Spaulding!"s>
The most famous applet should be executed hare.
«/OBJECT>

will embed an applet that runs the notorious "nervous text' demo,
with the string “"Hooray for Captain Spauiding!” being passed
to bt as the value of Hs text parameter,

An applet DEIECT can be formatied and positioned using C85, like
any other dooument element. (An OBIECT is an inline element, like
an TMG) The heipht, wildth, and coordipates, i specified, of an
OBIECT define an area within the browser window into which the
applet can draw and wrire, ireatng it as a Java frame. Applets can
aks0 create their own windows a3 they ran, bat these always carry an
intinvidating warning in their title bar, zo that downloaded applets
canhot mascnerade as gy2tem windows, and elicit infermation o
which they have no right from unsuspecting wsers.
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Applets are pot the only programs
that can be written In Java.
Standaicne applcaticns that do not
depend upon a Web browser for thelr
exec tion ¢an alsn be generated.
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~> Applets do not actually have to be written in Java, although they
usualky are. The classid amwibute's narw seems to embody the
assnaption thet applers are Java classes, but, providing a suitable
method for executing the code is implemented in the browser, Java
does ot have a mopopoly an appdets. The OBIELT element has an
atinitrite codetype that allows the type of executable code 10 be
specifled, Just as 153 type armibute allows the fype of data to he
specified.
Java clasg files only store the code for a single class; in the case of
an applet, the class thay implements it, which must extend applet.
If an appler uses other ctasses, and perhaps some data files 1hat are

always the same, yvou can package everviling it needs Into a single
archive, and use the archive attnbute to inform the browset of s
wheresbouts, 3o that the eotite archive can be reirieved st omce,
without baving 0 make mmltiple connections o get all the pieces.
You soill need the classid attribute, vo Mdentify the applet foom
among tbe dasses in tbe archive.

If you need 1o preserve the stave of an applet between Invocanons,
you can use Java's chject serfalization faciiity, and specify it
periallzed Form In the <OBJECT> tag. In this case, you must use
the data attribute, not cTassid

One of Java's best publicized features is its platform independence,
often summed up in the slogan “Write once, rum anywhere’. This is
clearly & necessity if applets are to be ahle to run in any browser, cn
any machine, under any operating system. Equally clearly, platform
independence cannot he achieved by a cormventional compiler thar
pgenerates machine code for a specific machine. Java's sclution is
0 complle the source code into code for a virleal machine. A
virtual machine is a fully specified machine, with its owm instruciion
sef, datz hypes, and so om, but it does not exist in hardware.
Its instructions are interpreted by a piece of software — an
interpreter — which emulates the behavicur of the virtual machine.
Interpreters for Java's virtual machine code have been written for
all major platforms. Dissatisfacdon with the performance of early
interpreters has led to the adopdon of more ¢Mcient terhniques.
in particular, ‘just-in-time’ compilers are used to generate nakve
machine code on the Ay from the virtual machine code, when doing
s0 would provide better overall performeance.

5 ¥ you have read some of the more enthusiastic accounts of java,
you may be forgiven for thinking that the technlquee of compiling (o
a virtual machine code which can be interpreted on a range of hosy
machires is one of s unkque Innovatlons. In fact, the technique is
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an old ape, by the standards of computing, dating back at l=asr as
far as the [9605.

To execute an applet, a Web browser must first download the virtual
machine code generated from the Java source, and then invoke the
interpreter on the local machine to ran it. The Weh browsger sets
up the appropriate praphical context, on the basis of the OBIECT
tag and any stylesheet applied to it, and performs security checks
on the apptet’s code to ensure that it cannot compromize the client
machine,

Securiry is a subject that has been given great consideration in
the design and iinplementation of Java. A description of how
the security features are Implemented is beyond the scope of this
book, but their effect is that applets can be run with different
levels of privilege, 5o that applets dowitloaded fromn tigted sources
can be permitted to performn operations that are denled to those
whose provenance s dublons. In parilcolar, applets that are
downloaded from the World Wide Web are usually run urder the
same restrictions as are applied to scripts embedded in HTML
They may not read or write local files, mn programs on the cilent
maching, determioe agy but the most general informatlon abomt
the machine they are minning on, or apen network connections to
any other machine tham the host from which they ave downloaded.
Applets running under these restrictions are collaqulally said to be
running in the ‘sandbox’ (ike children playving harmlessly). These
restricions mwean that applets running m the sandbox are net much
use, but they are absohlately necessary, given tlie coinpletely open
nature of the internet, The sandbox restrictlons are unnecessarily
gevers for applets that are downloaded from a server on an
organization’s mternal Jecal area network, though, There are
mechanlsms for determining whether an applet comes from where
it purports to, and whether it has been tampered witlt, This means
that it 1z possihie to verity that local applets really are local, and
should he allowed cur of the sandbox to do useful computadon.
Unforfunately, with each successive release of Java, well publicized
bags have heen discovered in the implementaton of the security
features, leading to a decline in confidence in thaeir reliability.

By gow you mey be wondering whether there is any point o applets,
since, inside the sandbox, there isn't really anything vou can do
wihth an applet that you can’t de with a script, stylesheet or plug-in,
and ¢rrgside it you could use an ordinary program. {t is certainly
true thar the case for using java as a means of enhancing the
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Cm the weh, that is. Java applicancns
are sublect vo differen crivsria Their
partability andt the scope of the
avallable libparies yemain signiBcant
advanrages.
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interface 10 Web pages 1s much less compelling now tham it was
when Java first appeared, since, ar that time, there was no client-
side scripting, multimedia plug-ins were not widely available, and
Web deslgners had little or no contred over typography. Many
early applets were intended to overcomse these limitatdons, with
anjmation being particularly popular (and partiodarly bad). Applers
were also the only means of providing Interactive Web pages. With
these functions now iniplemented more accessibly by scripis and
plug-ing, Java has had to work harder to justify itself. 3

One argument In favour of applets is thart they can perform arhitrary
compuiation, and display graphics and other media, without the
need for amy phig-in. Thus, they can add new functionality o a
Wely browser, nging ne rescurces beyond the Java Virrual Machine
Interpreter provided on the host machime. Theoretlcally, this
argument has some force, but in practice browser vendors seem
to prefer to add extra Functlonallty to theilr programs, and wsers
seem content te tolerate the resulting heavy memory demands.
Another occasionad advantage is that, whereas the source of a scoipt
is physically part of a Web page and therefore available for all 1o
see, an applet 1s download in binary form, so that its workings can
be kept secret.

Generally, though, applets, like Xtras, only become worthwhile
where complex computation must be carried ouwt and its resalt
integrated dynamically infto a multimedia productlon. Most of the
time, wseful computadion requlves cooperatlon between the client
{Web browser) and a server. As we have tried to show, server-side
computatlon alone cannot do much more than enbance the user
Interface, and this can be done easily and adequately using scripts,
ag we described earlier. The sebject of server-side computation,
and communication between server and client will be examined in
Chapter 15.

= Sorme of Java's more vociferows supporters have advocated the
use af applets a8 a means of software dismibudon — replacing
comventional installers — which adumbrates new marketing models,
and mew rypes of computer. The ldea is that applets will be kept
ob servers, elther a central repository serving all the machines
connected to an organization's local area petwork, or a software
venidor's server on the Inferpet. Anyone wighing to perform some
task on their computer will download a suitable applet. I data
is also kept on A server, a5 it uswally is within arganizarions, and
conceivably could be on the Intermet, the locad computer only peeds
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0 be able to oo a fava interpreter; it does nat regnire local storage
(apart, perhaps, from a cache) and can be simmed down to the bare
minimiam — a Retwork comrmpeter. Since users do oot keep coples
of applications, they can be charged for use, not ownership., The
uze of tusted servers to hold applets that need to get out of the
sandhox, and a solid implementaton of the Java security model, are
necegsary if this mode of distribution Is to be nseful

Enthusiasm for network computers peaked arcumd 1997, Within
organizations, the concept mway yet prove viable, but domestle users
currently skony no signs of enthusiasm tor abandoning their local
disks in favour ol hiring space on a server, or tor downloading an
ernall program every time they need 1o send a message. However,
services such as wideo on demsnd’ may be implemented using
sirnilar ideas.

The mechanizms we have described allow computation to he
embedded inside a multimedia prodocton, but sometimes it is
necessary to write code that mamipulates media data directly —
samebody has to write the multbmedia authoring programs, Web
browsers and plug-ins, if nothing else. This does not mean that
everything must be done from scratch, though. Most media formars
can be manipulated using the ohjects or functions supplied by an
accompanying library and its application programming interface
{APD). The OnickTime APL for example, which has Interfaces to ¢ {or
Cid ot Java, and has beer: Integrated into Perl3! includes a wealth
of finctons for playing, editing, and ohtalning information about
movies. A simple movie player, with cut and paste editing functions,
can be implemented in 4 few pages of C, much of which is concerned
with Initialization, event handling, and window management. For
Java programmers, the Java 2D and Java 3D APls provide classes
for creating avdd manipulating two- and three-dimmensional graphics,
while Java Sound provides audio and MIDI capabllities. The Java
Media Frarpework i8 a eqllection of classes that support the capture
and plavhack of synchronized fime-based media, both from disk
and as sireams, and muldmedia conferencing. While multimedia
programoming cantint he simple, APls such as these enable it 10 be
dome at a level of abstraction that conceals much of the problermatic
detall, allowwing munltimedia to be relatively easily incorporated into
many types of application.

21
MacPer] cnby.
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Further Information

Exercises

(Fla97] provides a full and readable description of Web scripting.
[ECMA7] i3 the formal definition of the ECMAScript language, and
[DOMa| and [DOMh] define the W3C DOM. [Sma%3] is an interesting
book about Lingo scripting, concentrating on its object-oriented
aspects. If you are a Java expert, ISWDB9EB] will 1ell you about the
Java Media Framework.

Note: Most of these exerclges require some scripting ability, IF vou
do not feel confident about writing scripts, see how far you can get
using behaviowrs In zm auwthoring program such as Dreamweaver.

1. Modify the "Why a duck? script on page 457 so that it checks
for an undefined return value and takes some appropriate
action.

2. Why does the HEAD element of an HTML document never have
any event handlers attached to it?

3. Constrvet an HTML page containing rwo square buttons. Add
event handlers, 50 that, when the cursor is over one of the
buttons, the other one changes Loko a circle.

4. Constrict an HTML page that behaves llke an apimation
player. That is, there should be buttons to st@rt, stop,
andd single-step through an anumation.  Add event haodlers
1o make these buttons play a simple animation, held as a
sequence of individual GIF files on the server.

5. Using CSS, construct a page of HTML that uses complex
styling — special fonts, colours, and so on. Add a hwtton to
the page which, when clicked, will cause all the styling to be
ignored, amd the page 1 be disptayed in the browser's default
style.

6. How would you make text tamble across the screen in a Web
browser?

7. Create an image map In which cickable areas will only be
active cn, after, or berween certaln dates {rather like a digltal
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Exercises

Advent Calendar, for exammple). When the clickable aveas are
activated, a thurnbnail mage is revealed which may he blown
ugh by Full iee,

. Suppose a Web site contzing a large pwnmber of gimilar

pages, each containing details of a feature film. Implement
an interface vto this site, using only chent-side scripting.,
that provides the following: a welcome page contains two
butteng, one marked “vWlew by date’, the other marked “iew
by director’. All the pages for individual fitms have a button
marked mext’ and one marked ‘previous’. If the vser clicks
the “iew by date’ button on the welcome page, the page for
the earliest fibm is loaded, and, henceforth the ‘next’ buttou
takes them to the following Blm in chronological order, while
‘previous’ takes them back chronclogically, If, however, they
click “view by director’, the films are traversed in atphabetical
order of their director’s name. Asswme that the collection of
Blms whose details are recorded on the slte is fived.

. Implement the monse training game described on page 474

in Flash. Add the 'ge back & level’ and ‘give up’ functions
mentioned in the text,

Redo exercise 3 as a Flash movie.

If vou have access to Director, make a movie of a bouncing
ball, implementad as suppested on page 452, ag & looped vie-
frame movie. Use the equatlons of motian to ensure that
the ball behaves 1n accordance with physics (as far as your
knowledge of mechanics goes).

Give an examnple of a task that cquld be perforined using a
Java applet but not using client-side scripting.
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5 Multimedia and

Networks

The relationship between computer networks and multimedia is a
contradictory one: they are incompatible perfect partmers. As the
preceding chapters have shown, multdmedia places conslderable
demands on resources: fAles are often very larpe, complex pro-
cessing, such as decoropression. may be required, response times
must be short, and Hght, sometimes complex, synchronizaton
constraints must be respected. Networks are partdcwlarly poorly
placed to satisfy these demands, becawse of the inherent Emitations
of present day technology, and hecause of the complex and unpre-
dictable effects of the interactons between network components
and patterns of network traffic. At the same time, It makes a grear
deal of sense 0 maintain multimedia data Ln a central repository,
to be accessed over a network, Wastefud duplication of those
same larpe Rles ls avoided, there is no need for any physical
medium, such as a CD-ROM, to be used for distribution, and the
approach fits tn with the current rend towards distrtbuted systems
of desktop machines connected to cenfral servers. Furthermore, the
coanbination of networks and multmedia makes new applications,
such ag video conferencing and lve multimedia presentations,
possible.
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The considerations in favour of delivering multimedia over net-
works are gemerally held to be s0 compelling as to make It
worthwhile living with and rying to overcome the imirations.

Established multimedia suthoring enwvirommmenis have been ex-
tended to support delivery over networks, especially by adding
featires to Integrate them Inta the World Wide Weh. For example,
Director movies can be oansformed inte Shockwave movies, a
compressed format which retains all of the media and interactivity
of a Director movie, bur is optimized for delivery over the nternet,
A Shoclkwave plug-in for Web hrowsers is freely available, so that
all the functionality of Director movies can be provided inside a
browser. Some exténsions to Director's scripding language Lingo
have been made to support URLs and the fetching of data over
the netwaork, and Shockwave movies can interaci with the broawser
through scripring and the decument object model. This deparmare
from the original model of offline delivery that served Director weil
during §ts early years is evidence of a recomition of the growing
importance of online delivery of maltimedia,

[n this chapter we will take a closer look at the mechanisms, which
we have so far only glanced at, that are provided to maake it possible
to deliver multmedia over a network. This material is among the
most technical in the book, and you probably won't find it of much
interest uniess you have zome knowledge of how computer sysiems
and networks operate. Readers without this technical backgrovnd
may prefer to skim the opening paragraphs of each secton to
get some idea of what 15 involved in meeting the demaunds of
distribtted multimedia. Computer scientists and engirseers will be
able to appreciate why the main thrust of academic and industrial
research in muidmedia {5 concentrated on the mattars covered In
this chapter.

We will copceptrate excnsively on TCP/TP networks. Bear in mind
that this includes not only the Internet — ahhough that was
where these protocols were develpped — bat also “‘niranets™: local
area neiworks utilizing the zame set of protocols. Because of
their generally higher speeds and more centralized management,
Intraneis are better able 1o sopport some of the distribured
multimedia applicatons, such as video conferencing, that can be
implemented using the real-time protocels we will describe, For the
Internetl, universal deployment of these applications is still in the
futare.
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Protocols

Multhimedia and Networks

Ptotocols are the rules governing the exchange of data over net-
works. They are conceptually organized into layers, stacked on top
of each other, with the lowest layer protocols dealing with the aciual
physical signals ransmitted over wires and optical fbres. Above
these, slightly higher level protocols handle the ransfer of packets
of raw data, and ensure that they reach their correct destination.
The highest layers implement move application-oriented services,
such as file transfer or Web browslng. The protocols on each Laver
are impiemented using those on the layer bebow.

When a Web server and client exchange information using HTTP,
for example, it appears as though the client sends HTTP requests
10 the server, which replies with HTTP responses. To the Web
software, no other protocols appear 1o be imvolved, but in Fact,
what actually happens i that the HTTP meggages are hranslated into
sireams of TCPF packets, which are themselves ranslated ineo the
format of the actual networks over which the data st pass; at the
recelving end, these packets are used 1o reconseruct the incoming
HTTP message. Thus, we need a little understanding of the hower
level TCP/IP protocols before we can appreciate the characteristics
of the application-oriented protocols that are used for multimedia.

TCP/TP networks are packet-switched networks, which means that all
messages ransmitted over the network are split into small péeces,
called packets, which are sent separately, This enabdes netwotk
bandwidih to be shared efficlently between many messages, since,
if the rate a1 which packets are generated for one message is lower
than the available carrying capacity, packeis belonging to other
messages car be ransmitted at the same tizne; we say meFRAEEs
are middiiplexed. Contrasi this with the telepbone network, wiere a
connection is established between the caller and the person being
called, and this connection 1s held open for the exclusive use of their
convergation unti] the caller hangs up, whether or not anybody is
speaking. The advantages of this circuit-switched approach, which
can be wied for data exchange as well as spoken conversations, is
that there is no need o distinguish between packets belonging to
different messages on the same drcuit — there is only ever one
messapge — and that the two parties can rely on the avallability of
all the bandwidth provided by their circuit. On & packet-switched
network, nelther of these is the case; packets must carry additional
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information identifying (ar least) their source and destinaticon, and
the rate at which packets can be transmirted between two polnts witl
depand on what other traffic the network is carrying. For real-time
distributed multimedia applicadons this last factor is particularly
probiemzatical.
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Pl Is the frermer Protocol, both in the sense thar that's what IP
stands for, and in the more fundamental senze that it's what makes
internets and the Internet possible. TP defines & basic unit of
transfer, called a datagram, and provides a mechanism for getting
datagrams from their source to their destination throwugh a network
of networks. The machines that actually exchange mezgages — the
spurces and destinattons of datagrams — are called hosts. Each host
will be connected 1o one of the networks malking ap the miernet.
It i5 identificed by its [P address, a set of fur numbers uniquely
identifying the network and hosi, which is tsed by TP to send
datagrams fo the righi place.

= I addresses bave a hiersrchical suwecture; the assigmment of
oumbers 5t the top level of the hierarchy is dome by IANA. The
organizations to which the toplevel addresses are assigned take
responstbility for assigning sob-addresses at the next level dowm,
and so gn. (I5Ps sometimes assign 1P addresses to thelr dialaup
customers dynamicatly.) in this way, the onlquencess of TP addresses
i5 ensuretd.

Datagrams belong to the caregory of data simuctures comprlsing a
header, containing administratve information about the datagram,
followed by the actual data. The header contains the scurce and
destination IF addresses, as well as some additional information
roncerning routing and gptionatly security. The detailed layeur of
arn [P daragram depends upon the version of IP belng used. IPv4 is
the 'classical’ IP that has been In use for many vears: IPVG [8 6 newer,
more flexdble, versiore An important difference is thar, whereas IPvd
addresses are 32 bits long, IPV6 addresass are 128 bits long, 5o the
new verslon can accommodate many more hests and networks. A
datagram may he made up out of several packets on the nnderiying
physlcal netwoerk thal is carrying it.

i

It'g impossible o walk abour rwtworks
without wslng sets of indfals aod
acronyms — that's how network
people talk We've iried to keep them
to 3 mlniram, and will slwaye tell you
what they atand for.
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I practice, after i1 has passed
through a cemain mumber of routers.

Mukimedia and Netwaorks

As well as hosts, an ternet includes machines called rowiers,
conmected between its component networks, which maintain in-
Formation about the network topology 5o that they can work out
where to send 3 datagram to. In general, an P datagram may
have 10 pass through several routers during its traveis over several
networks. By inspecting tha destination address in a datagram's
heeder, a router can determine whether or not the daragram should
be sent ta a bost conmected to the same network a8 v is. I it
should, the router tvansiates the IP address to the native address
formar of the network, if necessary, amd sends the data to its
destination, (Mherwise, the daragram is passed on 0 another router.
Imymamically npdaced tables are uged o determine which of the
accessible rourers a datagram should be forwarded to.

IP treats each datagram individually, recognizing no connection
berween the datagrams t(hat make up a Web page, for example.
Furthermore, it cannot identify the applicaticn that generated a
pere of data, nor the one that should receive it. All that [P does is
attermpt to deliver individual datagrams from one host to another. [t
doesn't even guarantee to succeed. In particular, if sonmwe daragram
has failed to reach its destinaton after a certain length of time?
it will ke discarded. This iz more efficient than contihalng to oy
te deliver it — Ltz destnation ks probably unreachable For some
tedson — and has the beneficial side-effect of preventing rogae
datagrams going round and round forever. [t follows, though,
that if an application sends a stream of data, it may arrive art its
destination with some pieces missing. it is also possible for some
pieces 1o arrive in the wrong order. Since IP treats each datagram
mdividually, and calculates routes dynamically, it is possible for a
packet to overtake othera sent before it. For example, a router that
was down, forcing data to be sent round by a long route, iy cone
back on line, and later packets will take a shorter, faster route to
their destination, arriving caclier than packers sent before them.

The magority of applications that communicate over TCP/TF net-
works require the data they send b0 arrive intact and i the right
order at the recejving endl. Consider an email systemn, for example.
If we send ¥ou a message, ¥ou won't comsider it very satisfactory
if it arrives In your mallbox with key passages missing, andd others
in the wrong orcer. If applications had 1o rely cn IP alone, this
could happen, zo, to provide the required service, the application
would have to implement some mechanism for puiting packets
back in order, and requesting the retransmission of any that are
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missing. [t would be unreasonahle 1o expect cvery application 1o
implement these functions; instead, a reliable transpori protocot,
TCP (Transmission Control Protocol), is layered on top of TP.

TCF provides rellable delivery of seguenced packets. Ii does this
ueing a system of acknowledgemeni. A simplified version of the
protocols would work as folows., When the destination receives
a packet, it sends an acknowledgement, and the sender does not
transmit another packet until it geis the acknowledgeinent. If the
aclmowledgrment 15 1ot received within a specified period of time
{the time-out), the packet is sent again. The algorithm as described
ig probitively slow, and TCP acmally uses a more gophisticated
technique, based on the same principle, using & “stiding window' of
unacknowledged packets. mstead of sending a single packet and
watting for an acknewledgement, it sends saveral, let's say eight
for concreveness. As each packet is received, it is acknowledged;
bheczuse of the dme packets and acknowledgements taks to raverse
the netwark, the aeknowledgement of the Arsi packet will probably
not reach the sender untl several others have been sent. Thar 1s,
there may be several unacknowledged packets in tramsit at one
time. [F the acknowledpgement of the first packet has not been
received by the time the eighth has baen sent, the sender waits, and
tetransmits, as before, if the acknowledgement does oot come In
time, On the other band, once the acknowledgement of the fral
packet is teceived, the Hmit on the nomber of packets to send
hefore waiting is incremented, so the sender will send up 1o the
ninth packet before waiting for the acknowledgement of the second,
no matter at which polnt in the transmisaion of the first eight
the acknowledgment arrives. Omnce the second acknowledgment
is in, the Jimit is advanced to packet mumber ten, and so on (see

Figure 15.1).

MNotrce that retransmitted packets may arrive out of sequence, and
also that the possibility exists for packets 1o be sent twice, iff an
acknowledmment goes asiray, for example, or a packet furns up long
after it should. TCP thus Intrediices new opportunities for packets
to arrive oul of sequence. However, the finite nomber of packets
thai is allowed to be ransmitted without acknowledgment imposes
ar: upper bound o how Far out oF sequence a packet can he.

An gnalogy that is often used to describe the difference betveen
[P and TCP concerna pauring water on 1o a burning building. 1P is
like a hucket brigade: water (data) is i% poared out of a Indrant
into buckets (datagrams) thar are carried by a disorganized crowd
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of volunteers {the network). A bocket may be carried some distance,
then passed from hand to hand to the next wolunteer. Some buckets
will get dropped in the process; others will work their way through
the crowd at different speeds, so that the order in which they arvive
at their destination bears little resemblance to the order in which
they are filled up and sent on their way. in contrast, TCF s like
a firehose that carries the water straight fromn the hydrant e the
fire; the water just goes in one end and comes out the ather, io an
orderty stream, without loss.

'The mnalogy is not perfect. A firehose i5 a much more efficient way
of owansporting water tham a crowd of bucket carriers, but TCP is
less eficient than IP, because it is actually implemented using IP,
bt then adds exira overheads with its systemn of acknowledgments
wrx] retransmission.

Besides the overhead Incurred by acknowbed gement, TCP also incurs
a o8t in setting up a comnecton. This 1% necessary, in order
For the acknowledgements to work, and in order to ensure that
packets are sert to the appropriate application. HRecall that IP
anldreszes only identify hosts, and that IP accordingly only attempts
to transport data hetween hosts. In order to identify a particular
application nmning on a host, the IF address must be extended
with a oumber, called a port member. Ports are associated with
applications saccording to the protocol they use.  For example,
programs commnnicating via HTTP conventionally use port 80. The
combination of an IF address and a port number is called a transport
adeiress, and enables the protocols running on twp of IP to provide
comounication facilities between programs ounning on different
hosts. TCP uses a pair of transport addresges to set up a connection
between two programs, and subsequently these can comumunicate as
if there was a reliable data conduit between them.

For some networked nmlimedia applicatlons, the possibility of lost
packets is more accepiable than the overhead of TCP. Sireamed
video and awlic are the prime examples. Suppose, for example,
a speech 1s being tramsmitted live over a network. If the video
data were sent using TCP, then every frame would arrive complete
and in the corrert order, but the rate at which they wopld arrive
winld be unpredictable. Jerks and pauses might occur as packets
were reiransmitted and acknowledgements were awaited. Almost
imevitably, the display would fall behind the actual delivery of
the speech.  The transient glitches cawsed by the occassional
loss of a frame or fragmem of audio would be bess Intrusive, If
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they permitted an otherwise steady frame rate to he malntained
instead. An alternative to TLP is needed o transport data with these
characteristics.

The fser Datagram Protocol (UDP) is built ou top of [P like
TCP, but is pmck simpler, doing little more thah ensore that
datagrams are passed to the correct application when they arrive
at their destination host, Like 1P, TIDP only {ries itz best to deliver
datagrams, it does not offer che reliable dellvery provided by TCE.
Mor does it set up conrecdons: port monbers are included in
the source and destination firlds of every UDP packet 10 ensure
data finds its way to the right place. UDF does perform some
elementary error checking that (s not provided by IP, 1o help ensure
that datagrams are not corrupted.? These features of UDF make it
a suilable basis for bulding protocols for delivering data such as
streamed video and andio, for which real-time constraints are more
importaot than totally reliable delivery.

The low-cost delivery of UDFP is not enough, on its own, for
such purposes. The Real-Time Transport Profocol (RTP typically
runs on top of UDP, adding axtra features that are heeded for
synchronization, sequencing, and identifying different types of data
— ot puvioads as they are callad in this context. RTP itself stll docs
not guaraniee delivery apd it does not prevent packets arriving in
the wrong order, but It dees enable applications to reconstruct a
sequertce of packets and detect whether any are missing. It docs
this by including & ¢equence number in the header of ach packet
belenging to a particular stream — RTP zets np connections between
applicatdons, so that the stream of data belonging o a particular
connectlon is an identifiable entity. Each time a packet iz sent over
a conpection, the sequence mumber is incremented; thus, it is clear
to the recelver what order packets should be in. Depending on its
requireinents and the way in which it treats data once it has arrived,
a receiving applicaticn can reconstruct the coirect sequence, discard
packets thal are recelved nut of zequence, or lhxert them in their
correct places in some data stenciure befng built from them.

An RTF packet’s header also identifies the payload type — whether
if is video, audio, and 20 on — which determines, by implication,
the format of the data contained in the rest of the packet. This
allows different payload types to employ formats that are optimived
for their apecisl characteristics; in particular, it allows appropriate
forms of compression o be applied to images, video, and sound.
Where several dlfferent media types are being trapsmitted —
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Wo might say UDP nobices B waler
sloshek out af the ckets, extending
the analogry we used carlier.
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oyplcally video with accompamying sound — they mmst be semt
over scparate RTP streams with different payload bypes. It is
therefore necessary to synchronize them when they are received. A
timestamp is included in the header for this purpose. It records the
instant at which the first byte contained in a packet was sampled.
This can be collated with the timestamps in other, related, streams,
1o ensure that simultaneously sampled data is played back at the
same instant.

RTP can he tailored to different applications’ requirements amd
extended to cope with new types of payload — it is a Framework
for an entire family of protocols, rather than a proboos in the
traditional sense. RTP profles define subsets of the protocol’s
features that are guitable for partcular applicatlons. in particilar,
the audio-visual profile is intended for use with audio and video
gireams.

—> A complementary protacal, the RTP Control Protocel (RTCP} can be
used In conjunction with RTP to provide [eedback on the quadity of
the data delivery — statiatics such as the number of packets lost and
the variance of the time berween packets' armival, This data can be
used by the application sending the data, to adjest the yare at which
it does so, for example.

Freviously, when we considered handwidth limitations amd how
they affect ondine delivery of multimedia, we concentrated on the
speed of users' connectlons to the Internet, via modems or cable
and so om. These connections are usually the slowest link in the
communication chain, but the high-speed networks that provide
the skeleton of the Intermet are also of finite bandwigdth, Here, boo,
new technologles are leaxding to increased speeds, but traffic is also
prowing at a conslderable rate, and new types of traffic — especlally
that associated with bulky time-based media such as video — are
adding to the demands placed on the Internet as a whole. Speeding
up the network is one way of coping with these demands; reducing
the voinme of traffic by eliminating duplication s another.

A rommon gituatlon swhere data is unnecessarlly duplicated arizes
when a group of Internet wsers require access to the same resource
at the same timre, This sitnation is often associated with multimedia.
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Suppose, for example, a well-known mmusician — let’s call him Tim
Linkinwater — has arranged to transmit a live video Feed from a
concert over the nternet. Every Tim Linkinwater fan with Internet
access will want to watch this Webcast. The data being sent to every
fan iz identicai, but conventional {uricast) transmlasion will require
that the server from which the video is being streamed send a copy
of it to evervbody who has set up a cormection to watch this concert.
If the concert 1s taking place In New York, but Tim Linkinwater 1s
Bg in Earope, many coples of the video data will he sent across
the Atlandc, putting a strain on bath the transatlantle ok and the
video server. This strain conld be reduced by sending a single copy
over the Atlantic and pot duplicating it until it became necessary to
do 50 o order to distribute the data to all the people who wanted it

The scenario just cutlined is the basis of mmlticasting. Figures 15.2
and 15.3 {lustrate the difference between unicastng and multi-
casting. In unlcasting, a separate packet is sent to each wser;
in multicasting, a single packet is sent, and is duplicared along
the way whenever routes 1o different users diverge. For this to
be possible, hosts must be asslgned to kast grotzps, with certain
network addresses identifying groups instead of single hosts. A
range of IF addresses is reserved for this purpose. From the sender’s
point of view a muliicast address behaves rather like a malling list
— although mailing lizts are implemented quite differently fusing
unicasth  One difference j% that the sender does not know who
kelongs to the host group, if anybody.

A packel that 13 intended to g0 to a group s sent to the appropriate
mmlticast address. FRouters nigst be enhanced o cope with
mulicast addresses, duplicating packets where necessary. They
miust alsao be able to perform the routing calculations necessary o
determine optimal routes — which may be different frorm optiznal
unicasi roites. These technical iwsues, while difficult, are amenable
to technical solutions. Cther problems that arise when multicasting
iz attempted on the scale of the nterner are less straightforward.

T {n & LAN, there are 0o routers, su muiticasting is simpier. Multicast
packers will 2o to the networy Intecface on every host. Ezch host
Just has to look at the malticast address and determing whether it
belongs to the corresponding host group; if it does, it accepis the
packet, in the same way as it accepts a packer sent 1a s ndividual
address.  Multicast applications are therefore more common on
LAMe than the Intermneat, 2t present.

a1

Figure 15.2
Unlcase transmission

Flgure 15,3
Multicast fransmissian
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The main problems concern management of host groups. These will
typically be spread across different netwerks, so tha Informadon
about which hosts belong to a group must be disiributed to
routers. Group membership hag to be dynamic, to accoromodate
applications such as the Wehcase described earlier, 80 a mecharism
i5 reuired for a host to join a group, and subsequently to leave
i, Routers rmst then be afle w0 adjust w0 the pew state of group
membership. At a still higher level, some mechanism is needed for
uzers 1o fd out abomt the exdstence of host groups, what their
multcast addresses are, and how to joln them. (Again, compare this
with discovering mailing lists.) Essentially, when a multicast session
is get up, an address must be chiosen from the available range, and
then advertised — by emall, hewsgroup, Weh glte, or a dedicated
applicadon that serves tive functon of a listings magazine.

Many digtributed mubdmedia applications, including lve video
streaming, ad conferencing, have characteristics that make them
suitable for mmldcasting. Protocols such as RTP can run on top

4 of [P multicast.? Considerable experience of dolng so has been

TCP cannot, however. gained using an experimental sub-network of the Internet, known as
the MBone fMulticast Backbone), and multicast capabilitles are now
heing provided in routers as a matter of course. 15Ps are beginning
to offer multicast services, but this emergence of multicast into the
world of the commercial Internet raises new questions. Above all,
how should muldcasting be charged for?

=» There is a third alternative to both unicast and multicast bransmis-
sion: brogdcast A hooadcast ransmission is sent to every host on
the network, and it is up to the host to decide whether or oot to
ignoce if. This is very efficlent for the sender, and it may be an
efficient way of uzing petwork bandwidih, bnnt for most purposes
it imposes an unacceptable load on hosts, sinee it requires dhem
tn Jook at every packet sent to a broadcast address and determine
whether it i inberesting. Broadcasting 15 used on the nvermed for
manltoring the status of the network and for maintaining routing
informatlor, amongst othet things.

Application Protocols for Multimedia

The network and transport protocs we have deseribed dn no
more than deliver packets of data, mere or less relishly, to their
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desipnated destinations.  Higher level protocols mmst mmn on
top of them in order to provide services suitable for distributed
multimedia applications. We will describe two such protocols:
HTTE, which iz the basiz of the World Wide Wek, and ETAP, a hewer
protocel designed to contral streamned media. Ouar description is not
exhaustive, but is intended t0 show what iy involved In mapping the
regquirements of some kinds of distributed nmltdmedia applicattons
on to the transpert facillities provided by the protocols described in
preceding sections.

Interaction between a Web client and server over HTTP iakes the
form of a digciplined comersation, with the client sending requests,
which are met by responses from the server. The conversadon is
begun by the client — it is a bagic property of the client/server
model that servers do nothing but lscen for requests, unlass they
are asked w. To start things off, the client opens a TCP connecdon
to a server. The fdentity of the server is usually extracted from a
URL. As we saw In Chapter 9, the URL contains a domain name; TCP
only works with mmeric IF addresses, though, so the name must be
translared into an address. This translation is done transparenily,
ax far as HTTP iz concerned, by DNS (Bomain Naming Services),
so HTTP can always work in terms of names (althongh nomeric
addresses are occasionally used instead) By defaudi, Web servers
lisien to port 83, so this will normally be the port number used
when the conneciion is apened.

:) Qriginally, prior to version 1.1 of HTTP, a conbection was used for
each request and its regpapse anly: that is, the client opened a TCP
connection and sent ooe request; the server send 3 Tesponse & that
request and ciesed the comnecton. Thils way of using contectioms
5 very efficient from the server's point of view: as soon as it has
sent the response and closed the connection it can forget sbout
the transacilon and get on wirth something else, without having to
keep the conmection open and walt for further roquests to come
aver ity ar cloke the commection if it times out, The disedvantage is
that accesses to Web servers tend Lo come IR clusters. B a page
containg ten imeges most browsers will make eleven requests In
rapid succession — one for the page it=elf and one for each image
— & gleven connections between the same pair of hosts omst be
opaned and closed. For echnlcal reasons, to help minimize lost
packets, & FCFAP connection starky out at & slow rate and gradually

03
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works up to the best speed it can attaln with acceptablke losses n
the existing state of the netwaork. Hence, in our examgpde, the data
for the page and its images will oot be sent az fast over the eleven
connections as it would over a single counection, since each pew
connection bas to start ovet and work up to speed. HTTP version 1.1
has therefore introduced the possibility of a persistent conpecton,
which must be explicithy dosed by the client (altbough the server
will close it after a specified time has elapsed witbout requests)
Mevertheless, the structure of an HTTF sesslon retalns the form of
a sequence of requests that evoke responses. Mo state informaton
16 retained in the server, which is therefore unaware of any logical
connections between any requests.

HTT? requesis and responses are collectively known as messages.
Both consist of a string of §-bit characters, so they can be treated
as text by programs that read them {and can be read by humans
if they have a program that can eavesdrop on HTIP). Messages
conform to a simple rigid structure, consisting of an inital ine {the
request line Tor a requesi, the status fne for a response) containing
the assentiat message, Followed by one or more headers, containing
vartous parameiers and modifiers. These may be followed by the
message body, which containg daig, such as the contenis of a fle
being sent by the server, if there is any. Headers are separated from
the data by a blank line.5

A request line coinprises three elements. The method is a
name Identifying the service being requested; the most commonly
used method iz GET, which is used to request a file oF other
regonrce (we will not consider other methads in amy detail).  The
identifier comes next, amd tells the server which resosarce is
being requested, for example by giving the path name of a file.
Finally, the HTTF version indicates which prowocol version the
client is using. For example, if a user clicked on & link with URL
http: //www.wiley.com/compbooks/chapman/index.htmt, their
Web browser woudd connect to the host with name ww . wiley. com,
using port 30 5o that communication would go to the Web Server oh
that machine. It would then send an HTTP request, whose request
line was:

GET /comphooks/chapman/index.html KTTP/1.1

The headers thai may follow a request line all take the form of
a header narme followed by a colon and some arguments. For
example, the following two headers can be found after the request
Line shown ahove:
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Most: www, wiley.com
User-Agant: Mozilla/4.0 (compatibie: MSIE 4.5: Mac_PowerPC)

The Host header tolls the server the host naroe thai the request is
directed at¥ User-Agent identifies the Web brawser (or other user
agent) that is making the request. This will allow the server to make
allowances for any known problems with this particular browser, if
it chooges to,

One of the most commonly seen headers in GET reduests is Accept.
[tz arguments indjcate, pslng MIME content types, the range of types
of data that the browser can deal with. For example,

Accept: image/yif, Tmage/x-xbitmap, Tmage/jpeg

i5 sent by a browser w indicate that it is capable of and willing o
display GIF, JPEG and X blimap images. Browsers may send several
Accept headers insiead of combining them. Web servers will only
send them data that s of an acceptable type. ln a MIME type used
in this way, a * can be used as a wildcard character, so

ACcept: text/®

indicates that ihe browser will accept any text format.

:} The value apecified in an Accept header can be modified by two
qualifiers. The first is a "guality factor', g, which expresses the
desirability of a type, using a real number between zero and one
Artaching different guality factors to the aub-types of the same
MIME type allows 8 Web client to express a8 preference amung
different formats, For example,

Accepr! image/pna;q=0.8

Accept: dmage/ipeg:q=0.6

indicates that PNG files are preferred over JPEGs. The seeond
medifer, mxb, signiftes the madmom nomber of bytes that wil be
accepted in files of the designated type. If a browser only preferred
PHG files over [FEGs if they were not too big, the following headers
ceuld be used:

Accept: image/png;q=. & ; mch=30000

Accept: imagefjpeq;qel.6

Az the examples ghosw, the madificrs are separated from the nvpe
and from each orhar by seml-calons.

Despite the potental usefulness of this header in allowing servers tn
cifer alternatve versions of images and other content, and oegotiate
with clients to choose the most appropriate, most browsers appear
o send

303

i}

Snmmetities, several host natwes
correspond 1o a single IP address, and
this might make request identificrs
ambiguous.
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ACcept: wje
among their headers by default.

Two similar headers, Accept—LCharset and Accept-Language are
used by browsers to inform servers about the character sets and
ianguages they will accept. The following would be typical of the
headers sent by a browser set up in an English-speaking coontry:

Accept-Charset: 1so-5859-1
Acrept-Langusge: en

Since a GET request does not gend any data, (ks body is empry — the
message terminates with the blank llne.

The first iine of an HTTF server’s response is the gtatus ilne,
indicating how it coped with the request. This line beging with the
protacol verslon, telling the client which HTTP version the server
is using. Mext comes a numerical status code, whose meaning
is defmed by the HTTP standard, followed by a shart phrase,
explaining by human readers wivae the code means. IF all goes well,
the code wilt be 200, which means O, as shown:

HTTP/1.1 200 0K

Just as the client told the server who it was, in the User-Agent
hexler, the setver introduces itself in the Server header. It also
dates and times the response, and, as we saw In Chaprer 9, uses the
Content-type header to inform the <lient about the MIME type of
the data being retarned. For example:

Server: Metscape-Enterprises3.5.1G
Date: %at, 17 Jul 1999 14:27:17 OMT
Content-type: text/homl

We will describe some other noteworthy headers shortly.

Typically, a server’s response does contain seme dara; in the case of
a response to a GET requeat, this will be the contents of the file that

was requested, for example.

:) Where a persistent conbection is being used, the client must be
able to determine when the end of the data has been reached —
when servers closed the conmection imosediaely after sending the
respotise this was not a problem, becauses data cbviously Anbished
when the connection closed. Two mechanlsms am now provided.
Either a Content-1ength header can be seny, or the regponge can
be broken Into ‘chunks’, each of which |5 self-delimiting. For the
details, consult the HTTP L.] standard.
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The stahis code in a response is not always 200, unfortunaiely, The
HTTP 1.1 standard defmes many 3-digit retarn codes. These are
divided inic groups, by their first digit. Codes less than 200 are
informative; the only such codes presently defined are 114, which
means ‘coniinuing’, and is only applicable to persisteni connections
{see the technical asides earlier in this section), and 101, s&nt when
the server switchea to a different protocol, for example to stream
some real-time data. Codes in the range 200-299 indicate success
of one sort or aiother. Those in the three hundreds arve used when
the sexrver must redirect the request to a different URL. For cxampie,
a code of 301 ('moved permanenily’) indicaies that the rescurce
identifled by the URL in 3 GET request has been permanentiy moved
to a new location (the server sends a Location header giving the
new URLL

Codes that hegin with a 4 or a 5 represent etrors, by the client and
server, respoctively. Probably the two most commonly encouwntered
error codes are 400 and 404, 400 means ‘bad request’ — the reguest
was mwalformed in some way. This error wsually ooours when
requests are manufartured by programs other than Web brosesers,
Exror code 404 is ‘not found® — the URL in a GET request does
not correspond to any resource on the server. This is the code
that resalts from broken links, Other ermor codes in this range
vorrespond to regoests For services that are denled hy the server,
such as attempis o access protecied Ales. Another interesting code
is 406 ('not accepiable’), which iz sent if rthe requested reyource’s
WMIME tvpe is not listed in the Accept headers of the request. Server
crrors incjude 500 {‘iniernal server error’), which showld never
happen, and 501 {'not implemented’), which s sent when the server
does not know how to implement a requested method.

= Where comfldential information is belng Uansmitled hetweost o Web
clicnt and server — credit card detalls belng supplied to an onlice
shore heing the most prominent example — the rranssctions must
be serure. Mechanismos have been added to HTTY for guaranteeing
that & server reatly is whit it daims to be, and for encrypring all the
data sent between the server and client.

Caching

‘Fhe World wide web has made informailon accessible over the
Internci in & way that 1t had never been previously. This has led

07
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to an increase in network traffic as peaple take advantage of this
new-found accessibility. In order to help alleviate the strain this
could cause cn the network, HTTP provides suppore for a system
of cachirty, which allows copies of pages that have been received to
be kept on a user's machine, and on other intermediate machines
between it and the server frotn which they originate. When a page
is requested move than once, it can be retrieved after the first time
from a cache instead of from the server. f the cache is on the local
machine, this may not require any network access or action by the
server at alt.

The full extent of HTTP 1.1's support for caching is quite extensive,
supplying several alternative mechanisms; we will only describe a
subset,

The trouble with caching is that a version of the requested resource
that is newer than the version in the cache might have appeared on
the server. in that case, the new version should be retrieved, and
the old one in the cache should be discarded. The simplest way
for the client to find out whether that is the case is to ask. It does
80 by sending an If-Mpdi fied-5ince header, giving the dave and
time of its cached copy (which it knows from the Date header in
the response to its original reguest). The request 1s then sald
be comdirfonal, am] the server only sends the requested page if the
condition iz satisfied, that is, If fhe page has been modified since the
date specified in the header. If it has, the server sends a response
containing the modified page, as before, If not, it sends a response
with status code 304, which means ‘not modifisd’. On recelving this
code, the browser dizsplays the prage Frarm its cache.

Conditional requests of this sort eliminate the weed for servers to
send complete responses in all cases, thus reducing the volume of
data transmitted. A furcher facilicy porentially eliminates the need
for servers to seml any response, by eliminating the need for clients
to send requests. A server can include an Expires header in its
response to a GET reruest, indicating the date and time afver which
the data It remmuns should no longer be considered up-to~date. Until
that time, the client iz free ta uze a cached copy of the data to sadsky
any subsequent requests for the same resource. Thus o network
activity at all {s required to obtain the same page until it reaches its
expiry date.

While this mechanisn is sound, it begs the question of bow servers
ane to assign expiry dates to arbitrary pages. Most of them
appear not to ey, although ome can imagine tightly controlled
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environments in which it would be known how long a page would
remain valid” In the absence of any widespread use of Expires
headers, Welr clientz fall back on their own ad hoc devices for
avoiding unnecessary network accesses. For cxampls, Interoet
Explorer offers an offline browsing mode, in which all requests are
met froim the local cache, If posaible, This allows previously visited
Web sites to he accessed withowut the user even being connected to
the lternct.

S far, we have ssgnmed that a cache 1s maintained on a user’s
machine, There are other places that data can be cached, though,
sometmes more effectively. in particular, Wel proxies usually
maintain large caches. A proxy is a machine that handles requests
directed to some other server. 50 when a client that is configured to
wse o proxy sends a request, the request is sent to the proxy, which
then forwards it to its designated destination, recedves the response
and passes it back to the client. This apparently pointiess exerclse
is often needed when clients are operating behind a ‘firewall’ — a
specially modified souter that filters packets to provide additional
gecurity, Firewalls prevent users inside them from making HTTP
requests, 30 a proxy is nsed, which has access to the outside world
and the protected machines. Security can he added to the proxy to
prevent unanthorized access across the firewall, in either direction.
This implies that ail responses to reguests sent by any machine
inside the firewall pass through the proxy, which means that a cache
ont the proxy will end up holding & pacl of data that is of interest to
people in the organization mainialning the firewall. This is lkely to
mean that many requests can be met from the proxy's cache.

Proxies can provide effective caches whenever Llhey are placed
somewhere that many requests pass through.  Largs 5P, in
particular, can employ proxies with extrcmely large caches to
intercept a larpe proportion oF thelr customers’ reguests.

Caches cannut help with pages that are dynamically generated, as
an increasing number are, ih ways that we will describe briefly in
a later tectipn. Nor do they help users who never visit the same
page twice unless it has been updated. And caches are findte, S0
that, zoaner or later, cached copies of pages must be discarded, and
retrieved again if they arc requested subsequently. Nevertheless,
they are widely considered to be making a usefu] contributon to
keeping network traffic within bounds.

509
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HTTP provides the services necessary for implementing a dis-
wributed hypertext system: it showld be easy to see how HITP
requests can be consiructed in response to mouse-clicks on links,
and how a browser displaying the data in their responses can
provide the experience of following a link to a new page. HTTP can
cope with embedded images, sounds, and video, by downloading a
complete data file. Streaming audlo and video require a different
treatmneat, though.

I the first place, HTTP runs on top of TCPE, and, a3 we explained
earfier, the overheads incurred by the reliable delivery that TCP
provides are unacceptable for streamed media, which are better
served by a less reliable but more efficient protocol. lts use of TCP
also makes HTTP unsujtable for muldcasting. RTP, as described
earlier, is adequate for earrying streaming mediz data, and can be
used for multicasting, but it does not provide all the necessary
functionality required by streams of such data. We usually want
to be able to start, stop, and pause them, and posaibly (for streams
that are not being ransmitted live) go to a particular point in the
streamn, identified by a timecode. For live streams, we might want
to schedule a time at which to start the display; for example, if a
concert was being fransmitted over the Web, we might want to skip
the support band and start listehing when the headline act was duse
to go on stage.

The Real Time Streaming Protocol (RTSP) is intended to provide
these services, It is often described as an ‘Internet VCR remote
vontrel protocol’, which conveys mnch of the flavour of what 1t does.
Symtactically, it closely resembles HTTP, with request and status
lines and headers, many of which ave the same as in HTTP, bt there
are spme differences. In partlcular, RTSP uses 150 10646 (with UTF-
& encoding) as its character set, unlike HTTP which is restricted to
ASCH in its messages® In RTSP requests that include an identifier,
an absolute URL must be used, instead of Lhe pathname that may
b wsed in HTTP; RTSP consequently does pot need a separate Host
header. Mosat importantly, RTSP responses do not carty the media
data, the way that HTTP responses carry Weh page data. [nstead,
the data is transmitted separately, often using RTPF; RTSP merely
coordinates the transmission.
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Before anm ETSP sessiom can be set up, the clent mmst obtain
a presentation descviption, which contains information about the
data sireams that are to be controlled, which together make np a
multimedia presentation. The RTSP specification does not stipulate
the format of a presentation description, the Session Deseription
Protoce! (SDPFs format is commonly usged, but the prevalling
applications using RTSP (Streamtng OuickTime and RealPlayer G2}
take advantage of that Tormat’s extengibility to customize it to their
awn requitements, 2o, in effect, presentation descriptions largely
conform to proprietary formats.? A typical description will include
O O Iore media anmouncernentts, inchuding the transport address
and protocol (g, RTF of one of the session's componeant streams,
and nformation about the encoding used, including the type of
compression, if any. Each siream will have an rtsp:// UBL. It
15 quite possible for differemt streams to be served from different
hostz. The presentatlon description wili alzo provide a connection
address, to which subsequent requests are addressed. This is
necessary because ETSP does not specify the mechanism whereby
presentation descripbons are to be retrieved. There is a DESCRIBE
request that 1s often used for Lhis purpose, but 1l is permissible
Ior the presentation description to be retrleved using HTTP, or even
sent bo a user by emadl.

In practice, both RealPlayer and Streaming OnlckTime nse DESCRIBE
requests, but need a bootstrapping step before they con find ot
where to send it to. Typically, HITP is used to obtain the URL
of the presentadon descripton; this will hegin with rtsp://, 1o
indicate that it can be accessed using RETSP. QuickTime uses a self-
contained approach: a small movie containing URLs for different
versions of a feazion corresponding to different connection speeds
is presented as the representatlon of a streamed movie' — for
exaimple, it might be ernbedded in a Web page, where a user can dick
an i, causing it to be retrieved by HTTP. RealPlayer ases a amgall file
with a distinctive extension for the same purpose, althcugh it does
ot provide for different versions.

once the necessary URLs have been obtained by the client, It sends
a DESCRIBE request, to which the server responds with a message
comtaining the required presemtation description. The clent's
redquest can inclpde an ACCEPT header, indicating the descripton
formats it understands. Once it has a presentation description,
the client can send a 5ETUP reqguest. The server responds with a
message that includes a session identifier, an arbitrary siring thar

511

These are tairh readily
comprebensible, though,

1o

This Is just a special caze of the nse of
8 master merde 1o orchestrate 3 set of
alternatives, an described o

Chapter 10,



512

Multiiredia and Networks

is used by both cliemt and server to ldentify messages associated
with the same session. (RTSP does not use conmections, the way
TCP dees, partly because the actual streamed data is sent aver a
geparate transport protocol, and partly to enahle it to be used for
conirolling multicast streams.) Everything is then in place for the
streamving to begin,

= A significant difference between the way QuickTinwe and Re-
aFlayer G2 use RTSF lies o their approach to presentations com-
prising several streams, such as a video stream and accompanying
andio. QuickTime treats these as separate tracks of a sihgle movie
(although they will be transmitted separately), so the presentation
description prevides detalls of every siream. RealPlayer G2 is a SMIL
player {see Chapter [3), and uses SMIL o coordinate the separate
streams. The presentation description it originally retrieves only
describes a single SMil. document; this containe resp: /f URLs fer
each of the sireams in the preseotatiom, arkd the player sets up
separate RTSF sessions for each.

In the simplest mode of operadon, an RTSP client sends PLAY
requests to cause the server to bepin sexling dara, and PAUSE
requests to temporarily halt 1t. As we mentioned earlier, a PLAY
request may include a header specifying a range within the duratdon
of the stream; SMPTE timecodes or clock values in a standard
format may be used for this puwrpose. A session is ended by the
client sending a TEARDOWM request, which causes the server to
deallocate any resources associated with the session. [t is, of course,
cericeivable that something might go wrong. Stams codes are used
in responses o Indicate any errors that might ooour, just as they
are in HITP. Indeed, wherever it makes sense, RTSP uses the same
stats codes as HTTE.

We emphasise that BETSF messages travel separately from the
sireamed data they relate to. Usually, RTSP will operate on top
of TCP, so that it can rely on delivery of 1ts messages, although
it can as eastly run on vop of UDP, where efficiency is important.
For the streamed data, there is no such choice. As we explained
previousty, TCP is not suitable for carrying the streamed data itself,
and this will usually be carried over RTP, which in turn runs on top
of UDP. Mevertheless, there is always a logical connection between
the streamed data and the RTSP messages. For example, RTSP
supports the same headers for controlling caching as HTTF does,
but, althoagh the headers are transmitted as part of RTSP messages,
it is the stremmed data that is cached, not the messages.
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RTSP can be nsed for unicast and mualticast streams. Where unicast
is used, it provides services such as video on demand: a client
Tequests, say, 4 movie o be streamed froto 4 server, and the data is
sent excluslvely to the client whe controls its playback with RTSP
requests. Muliticasting provides services mere like conventicnsl
televigion broadeaze: a cllent joins a nmtticast sesslon that has been
set up beforehand, to transmit a concert, for example. Where RTSP
is being used with a onalticast service, the main difference from the
chients point of vlew is that the server haa to tell it the multicast
address for the ransmission, whereas, in the unlcast case, it is the
client that has to tell the server where to direct the data stresn: to.

Figure 15.4 summarizes the relatonships between the protocols
we have described. Video conferencing and sindlar applications
require additionai protocols for sesslon manapement and the
equivalent of rides of procedure. We will not describe the protocols
presently available for these purposes, since they are still largely
experimental, and take us too fAr away froin our main concerns.
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Quality of Service

Neormally, when data is being transmiitted over a packet-switched
network, it is subject 1o the vagaries of network performance, which
depends on many factors, most of them ynpredictable, This can
interfere with the satisfactory streaming of media in several ways.
First, delays can be imroduced. There is always some delay due to
the distanre signals mus=t travel at a fnite speed; the operations
that must be performed by routers contrlbute additlonal delays.
Whereas traditional networlk applicadons, such as emaill and fle
transfor can tolerate considersble delays, real-time and streamed
multimadia are muck less tolerant. You ave probably familtar with
the slightly digconcerting effect of the wansmission delays that
oorar when ive interviews are conducted over tremsatiantic links
For television news ulleting. The effect of similar, or longer, delays
on a real-time application, such as a video conference, can serioualy
intertere with its efectiveness. Streamed applications can toleratc
longer delays, although, the appeal of live streaming ofven fes in its
imowediacy, which is compromised by excesslve delays.

Typically, the delay experienced by a particular stream of data will
not be constant, bur will vary contimucusly. The varfation ta delay is
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called jitter; it means that the dme between the arrival of successive
packets will vary. Jitter causes two kinds of problem for multimedia.
First, the varladon in the fhe betwesnt packets can result in tme
base errors; that is, samples will be played back ar the wrong time.
This iz most likely to affect audio streams, where 1t manifests itself
a5 nhise. Second, where a presentation comprises several sireams
that are wansmitted Independently, as they will be over RTP, for
example, the streams may jitter independently, resultng in a boss
of synchronization between them (see Figure 15.5). Unless this can
be corrected at the recelving end, dishurbing — o unintentionally
comical — effects may ocrur, since people are sensitive to tiny
2rrors in lip-sync. As with delay, different applications can tolerate
different amounts of jitter. For example, a video application might
huffer intoming data streams, 50 that it could smooth out jitter and
synchrenize video and avdic streams, provided the jitter was within
certatn limits,

In addition to delay and jitter, there may be packet loss, since, as we
explained eariler, streamed media cannot be sensibly fransported
using 2 reliable protocol such as TCP. Once again, different
applications can tolerate different amounts of packet loss.

Delay, jitter, and packet loss are measurable guantities. We
can, therefore, quantify the amounts of each which a particular
applicatdon can folerate. The valwes of these parameters, togethor
with the bandwidth it needs, define the gquality of service ((Qo8)
requlred by an application.

Estaklished types of network service do not require mach in the way
of quatity of service. Mostly, they are based on the ransfer of eniire
files, suwch as & mail message or the HTML and #mbedded images
of a Web page. They can tolerate as much delay as users' patience
allows, and jitter is irrelevant, since nothing will be done with the
data untll it has all arrived. However, it 18 generally the case that
packet loss is completely unacceptable, These characteristics led to
the development of wansport protocels ke TCP that are rellable
but pay no other attentom w0 the requirerswnts of applications,
On the contrary, their performance is driven by the availability
of handwidth, and their ohjectve is to¢ make the best use of that
bandwidth — which is bow delay and jitter are introduwced, since
the bandwidth available to any one connection is noet congtant
or guaranteed. I[ntegrating suppert for streamed and real-time
applications with their more demanding requirements for qualiny
of service is thus guite a challenge,



Quality of Service

New highb-speed nerwork technologies are coming jinto uwse, which
are ahle to reserve resources for individual connections, The best
known of these is ATM, which stands for Asynchronous Transfer
Mode A pure ATM network can offer pnarantees about the quality of
gervive it will pravide. Applicatlons can reserve resources o satisfy
1heir reqoirements, and the network will henour those reservations,
so that the appilcation cen he assured that delay, jliter and packet
loss will be kept within tolerable imits. In order to maintain the
quality of service to some applications, the network may have fo
restrict the resources it allocates to others, perhaps even refusing
to accept any new traffic after a certain point. The network is thus
behaving much more like a cirenit-switched netwaork, such as the
telephione system, than an ordinary packet-switched network.

Making an open heterogeneous uetwork of networks, such as
the liermet, behave in the same way, while still providing the
traditional services that nsers have come to expect, is problematical.
Farts of the interniet are presently ATM networks, but other parts
are not, 50 the guality of service support has 1o be linplemented
at a hipher level, by way of protocols. A framework known
as the Infegrated Services Architecture has been developed for
this purpose.’! 1t defines different classes of service, such as
‘best effort’, which is the traditdonal IF approach to delivery, and
‘guarasiteed’, where an aksohiie upper bound is imposed on the
delay of packets, Several mechanisins for controlling network tratfic
to ensure that specified classes of service are armally provided
are defined, together with a protocet for reserving resources, R3vP
ffesource Keservation Protocol,  Some effort bas heen made to
ensure that the facilites of the Integrated Services Architecture
work with multicasting, sirnce it is expected that many applications,
such as video conferencing and live videp streaming, requiring
guarantesd quality of service will empioy muttdcastng,

> (me thing seems fairly certatn: when ISPx start providing guarantees
about qualiy of service, they will make addivional charges for
them. MK i3 guite lkely, therefore, that streamed video with
ruaranteed performance will not be something that can be provided
for evervbody. More Hkely, when (or i) the Internet can provide
such services, it will epable established broadcasting companics
to use the Intermet as an altermatve delivery medivmn for cervain
sorts of coptent. This is already being zeen, with organizations
such as CNN, Disney, FoxTV and the BEC providing Real Video and
Streaming CuickTime channels, albeit subject to the vagaries of
ordinary [F delivery, Yery probably, when these services evaolve to

11
At the fime of writing, it is only
experimental.

al5
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prewvide higher quality interactive TV, they will only be provided on a
suhecription basis. The potion that streaming video technology can
twrmn every Web page Into a TV stankon may need soame qualification.

Server-side Computation

[ previons sectons we described protocods that allow nuadtirmedia
data to be carrled over a network, bt we have not consldered where
that dar ultimately comes from. Consider the World Wide Weh, in
particudar. Using client-side scripting, as described in Chapter 14,
we can produce Web pages that are responsive to user input in a
limited way, but they must e made up from a fixed collection of
elemenits — typically stored im files accessible 1o a server, althowgh
video and andio streams can alsc be incorporated by a server that
understands the appropriate provocols. Using this approach, we
cannot even embed the time of day in a Web page.

Server-side scripting is used to enable an HTTP server to cormame-
nicate with ather resoyrces, such as databases, and incorporate
data obtained from them into fis responses. In parHoular, server
side scripts are used to enable a server toc constnuct Web pages
dynamically from time-varying data, The Common Gabtewany In-
terface (CGIY provides a standard mechanism for commanication
between a server and server-side scripts, alihough, 43 we mentinned
in Chapter 2, proprietary scripting interfaces tled fo a particular
sorver are aleo widely used. Server-side scripting 3% not used much
for multirredia yet, but as the lnltatlons of client-slde scripting
berome more apparent, and muldmedia. databases become more
widety available, senerside scripting will become mare prominent.

The Common Gateway Interface

12

Or peogram, bul mnst server-shile
cempatation s done using scripting
lengoagey, sopecially Perl

Earlier in thls chapter, we described how a client sends HTTP
requests to a server, which sends responses back. The Common
Gateway Interface provides a mechanism for the server to pass o
data in a clients request to a script!? — referred to as a CGT script
— running on the server’'s machine, and For the script te pass data
back, which the server then sends on to the client. An important
point to realize is that the communication between the client and
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server takes place using HTTF, so the output of a CG! script muost ba
gomething from which the server can construct an HTTP response.
Some scriptsld actually generate complete HTTF responses, but
more often a CGI zcript produces some headers, together with the
response body, and leaves the server to add the stas live and other
headers, such as Sarvar, which 1t 1s better placed to generate.

CGlL is a mechanism for communication in hetb directlons barveen
client and CGT sceipt, via tha sarver. A CGI script is called by
the server when tha 1dentifier in the request line denotes a script
(usually becanse it refers to an executable fle n 2 designated script
divectory), How does the client send data to the soript? There are
three possible places.!¥ First, there are the headers in the HTTP
request. Some of these might cantain information that is useful
t a CGI scxipt. Second, as we mentioned tn Chapter 9, a query
string may be appemndded 1o the end of the URL — it iz then added
to the identifier in ihe request fine. Third, a similar siring can be
sert as the body of a request whose method is POST. We inust hegin
by lonking at the format of theze query girings, and how they are
constriicted by browsers,

A query $tring assigns values to named paranwters. In this respect,
it is rather like the <PARAM= tag in HTML, but its syntax is quite
different. A guery siring consists of a sequence of assignments
of the form name = valie, separated by & characters. Within the
value, spaces are encoded as + signs, and other special charsetars
are replaced by code sequences in the same way as they are in
URls (see Chapter 9. Thus, an HTTP request for a CGl seript
called register.cgl, with a guery siring setiing the valuc of a
paranteter called Name to the siring MacBean of Acharacle, and
that of Profession (o Pipar would look fike this:

al?

13
Technically known 83 ‘ron-parsed
header” reripts.

14

Actually, there's 3 fourth, but it 15
something of a gectrity risk, amd
therefore 12 niot used much ey more,
50 we worn't bell yom abeur it

GET Ffegn-bin/register. cgi THame=MacReansof+AcharacledProfession=Fipar HTTR/1.1

Surk a request can be generated by any program that bas opened
an HTTP connectdon, but most commonly HTTP reguests are
constructed and sent by Web brosysers. There 1sn't mach point
in using URLy with fixed query strings in anchors; to be usefuol,
guery sirings need to be constructed dynamically from user input.
The tradittonal way of deing this 1s by using HTML's facilities for
constructing and submittdng forms, comprising text bosees, radio
buttons, pop-up menus, and check boxes. These facilities are guite
elaborate, and we will not deacylbe them in any detail. Suffice it to
say that each element within the form has a name attrdbule, whose
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valve L8 used as a parameter name when the browser constrwcts a
query string. The value of the parameter is taken from the user's
input in the form elememt. Text Gelds are HTME INPUT elements
with a type attribute of text, so a simple form thar was used
elicit a user's name and profession for regisiration purposes might
he constructed in the Following way:

«FORM method="get" action="ggi-bin/register.cgi®>
<P>Your name:
<INPUT typew"text™ names"Mawe" s5ze="54"»
/P
«<P»Your profession:
<IHNPUT typae"text” names"Profession” sizew"49":
<P
<P
<INPUT type="submit” namea"Submit"™ valuoes"Subeit™>
/P>
</ FORM:

The displayed page produced by this code is shown {muncared) in
Figure 15.6. The method atiribute of the FORM element is used to
determine the method in the HTTP request {GET or POST), and iis
action atribute identifies the CGl script. The INPUT efement whose
type is submi t is a button that can be clicked on te submit the form.
This causes the browser to send the HTTP request shown earlier to
the server, which in hirn passes the parameter values and request
headers to the scTipt register,cgi.

:} The mechanisms whereby the parameter values and headers are
passed to the CGL script are of Interest only to programmers. In fact,
a muddle of different mechanisms 15 used, which can make writing
CGl soripts from scrateh excessively tedlows. Fortunately, librarks
exlst which encapsulate all the tedious processing and provide a
clean interface that allcws the CGT programmer to access the values
that the server has passed to the script with a mininoum of effert. [f
you are golng ta write CGI scripts In Perl, Lincoln Stein's (CI module
will save you a Wt of effori. A bnef Intredoction to its use can
be found In Chaprer 10 of Perl: The Programmer's Companion by
Migel Chapman (John Wiley & Soms, 1997 A Full account Is given
in Lincolp 5tein's own book: Lincaln Stein's Guide to OGlLpm {John
Wiley & Sons, 1998).

AS we remarked earlier, a CGI script rmst pass back to the HTTP
server (mnst of) an HTTF response. Often, CGl scripts construct
HIML by carrying out some compiitation based on the input they
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receive, gnd place it in the body of their response; that is, they
provide a means of building Web pages dynamically, They can,
however, send data of any type in the response, providing they
supply a suitable Content-type header specifying the appropriate
MIME type. Browsers cannot distinguish between a response
generated by a CGLscript and cne sent directly by an HTTP server, 15
and will display amy type of data that ig generated by a script, using
plug-lng snd helper applcatons where necessary. CGE can therefore
form the basis of a distributed malidmedia applicaticn, with & Web
hrowser providing a front-end to eliclt nser Input with 2 form and
display multimedia elements generated by a script's computation.
{Often thie computation will include accesging a database, posaibly
contajning the muldmedia data itself, or pessibly just providing
infermaton about the data, which iz stored separately. In that case,
users will be able o consteuct queries specifying degired propertles
af the media they wish to retrdeve.

HTHL forms provide a Familiar and effective Interface tor eliciting
usar input, and you can use styiesheeats to format them in & way that
harmonizes with the rest of your page. (You can even animate the
form elements if you want to, though this may not be a goad idea)
However, there are ather ways of invoking CGl scripts that may be
more sultable for some sorts of application.

We menponed lb Chapter 14 that assigning to the href property
of a window's Tecation object has the effect of loading a new
page. I we azsign the URL of a CGI script, and append a query
atring, the new page will be constructed from the script’s output
in the usial way. The gquery string can he constructed by a script
ronring on the cllent machine, on the basts of whatever logle is
written inko 11, within the resiricdons that nmst be applied to chent-
stde seripiz. Conventional form elements may ncd be reguired ta
obtain the necessary user input to construct the query; it may be
subficient to detecl events on elements of the page, such as images
that can be chosen with a mouse click. I a similar spirit, the
addlional sceipting Facilities introduced inlo Flash with the release
of version 4.0 nclude the capability to send an HTTP GET or POST
request, with a query string constructed by 4 script associated with
elements of a Flash animation.
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This dsn't euiite true ba Fact, they need
b b able o distinguish berwaen
them, since it 1= oot sensible to cache
the output of CGI scciphs.
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Beyond CGI

16
This is the main aource of CCT grripes’
inaMiciency.

The CGI mechanism has two significant limitations. The first is
that it can be slow, which makes it unsuitable for applications that
may recefve many hits. Various wechnigues have been ardd are being
developed fer improving performance while retaining the essence of
the interface. A more fundamental limitation is that the output of
a CGl script is rehwnied 10 the client as an HTTP response. in many
respects, this is actally a good thing. It means that any HTTP client
can communicake with any CGI script, and that caching and security
are handled automatically by HTTP. At the same time, it limits the
way in which the client and script can interact o the possibillnies
supported by HTTF — a proteced explicitly designed for the efficient
transport of hypermedia, which is not the only medel of multimedia,
as we have seen.

A major shortcoming of HTTP for performdng complex transactions
hetween clients and servers is the lack of any persistent stake in the
server. Even thought HTTP 1.1 allows connectons 1o be held open,
the seyver stil deats with each request in isolation. This extends to
requests that Invoke CGT seripts: each such request causes a new
process to be started to rum the script, ansl terminated once it has
done its work.'® In order to maintain continuity between a zeries
of requests from the same user, various more cr less underband
ruses have 1o be employed, such as embedding a connection key
in a hidden form Beld in the script™s output, using ‘cookies’ 1o
remember state information on the client’s machine (if the client
accepts cookies), or uging non-standard server features instead of
CGl.

An alternative sirategy is to bypass CG! and HTTP entrely, by
writing a special-purpose server anxl client 1o implement a speclfic
distributed applicationn. This can he where Java comes into its
own, DOt necessarily because of any virtue it may ponssess as a
programming language, but berause the libraries distributed with
it provide extensive support for network programming that is
{relatively) easy to use — opening a TCF connection and creatlng
an input streain that enables you o read from it as If it were a file
oniy takes a couple of lines of code, for example. UDP conhections
are also supported. Java also supports remote method invocatdion,
meaning that a program can be traly diseributed, with code running
on a client calling methods on ohjects rmanning ot a server, in almost
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the same way as it calls methods on local objects. This provides for
secamless cooperation between the client and server.

in Chapter 14, we briefly described the range of facilities cifered
by Java's APIs for multmedia programming on the client side. [t
should be evident From that description and the preceding para-
graphs that it is quite possible to consruct disiributed multimedia
applications that combine media 1ypes — pozaibly Inclnding new
or gpecial-purpose ones that are not supported by malnsiream
HTTP clients — and protocols — again, possibly inchuding ones
that are not otherwize supporied. The applet mechanism makes
il poseible (o embed the functionaflty of such applicaticns in
the ubiquitous Web browser, and to allow users to download the
client software when they need it.  Alternatively, the reusable
cotppoment terhnology known as Java Beans makes it possible 1o
constrizet clients in a form that can be easily Incorporated in other
applications.

Where the computation in the server is inainly concerned with
acceszing databases, as it often is, the Java Dataluase Connecthviiy
CJDBCY AP can he used. This provides plaform-independent access
to fatahases that nse SGL as thelr query language, This is the vast
majority of serichs conventiona! relationat databases. Although
commercial database systems do not allow media data to he stored
direcily in databases, they can be uged to store and retrieve data
aboui such data. For example, an index to a collection of video clips,
storing their title, length, the codec used to compress them, the date
they wera made, the director, and a summary of their conieniz cauld
be stored as a set of relations. A URL at which 1t wae stoved could be
nsed (o represent each clip — belng a sring, a URL can b stored in a
database where a OuickTine movie cannot. A cent program could
provide a user-friendly interface to sach a database, and construct
SCL queries From a usar's input. A server cowld then execute thess
gueries, via JUBC, and send the URLs of chps satisfying the user's
criteria hack to the client, which could then retrieve the clips and
display them, using the Facllites of the Java Media Framework or
CuickTime for Java.
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Further Information

Exercises

[CHWSS] iz an expert summary of the protocols and relared matters
introduced in this chaprer; [Kos98] is an accessible account of
multicasting over the Intermet. [M599] inclwdes much informed
speculation about the future of the internet, Including the impact
of muldmedia. The full details of the majer multimedia protocols
can be found in their defining standards: {FGM* 97| (HTTP), |[SRLSS]
(RTSP) and [SCF[96] (RTP).

1. True or false: file transfer applications such as FTP cam ondy
un o5 top of a reliable provogol such as TOP?

2. Why Is a sequence pumber on Its own not suMdent ro
synchronize separate RTF streams?

3. Explain why TCP cannot be used as a multicast provocol.

4. Since the Internet is a nerwork of networks, packets often
travel over networks belonging to several differemt 15Ps.
Normally, ISPs operdate ‘peering agreements’, whereby they
provide thelr services Free to other 1SPs of roughly the same
gize, in retrn for reclprocal services. This way, 15Fs don't
have to keep track of where packers come from and go
to, andl charge each other for carrying them. Discuss how
the commercial provision of multicasting may affect such
aITangenents.

5. The HEAD method of HTTP is mawch like GET, except that it
causes the server only 10 return headers, ansd no body, in its
response. What might this method be nsed for?

G. If RTSP i5 used tw control a multicast $tream, what woald youo
expect to happen if a client sent a PAUSE reguest to the server?
Discuss the implications of your answer.

7. Is it true that, as we claimed on page 517, “There isn't much
peoint in using URLs with fixed query strings in anchors™
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Exercises

RTSP allows the clienmt to randomly acvess any frame in a
video stream (provided it iz not live] by specifying itz SMPTE
rimecode. [f you were designing an applicadon that allowed
users to control streamed video, what controls would you
provide to give them this Faclity? Would vour design task be
any easier if additional information about the video atream
could be transmitted separately’ If so, what information
wirldd yoi uge?

. Video streams are often described as ‘bursty': that is, the data

rate is not constant, but exhibits bursts or internsittent peaks.
Explain why this pattern oocurs, and describe the problems it
Presems 1o networks.

The application outlined in the last paragraph of this chapter
could largely be implemented using client-side 2cripting, CGl
and HTTP. Describe how this could be done. What deslrable
teatures of such an application require you to step outside
this technology?
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This chapter is different from the rest of the book, both in its form and in the nature
of its content. It is entirely concerned with putting ideas into practice — with learning
throngh doing — and is presented as a series of multimedia projects, preceded by
some general advice and explanation. It is nok intenxded that these projects shoukd
represent a gencral cross-section of real-world briefs — thelr purpase is fo focus
learning through solving a range of different problems. Each cne has been designed to
highlight certain areas of difficalty in practicad multimedia, ansd to stimulave original
and well thought out responses, Nevertheless, many of the briefs do draw their
Inspiration from existing or potentially real multumedia preductions, or from aciual
problems we have beet asked 16 golve in practice. There are no trick questions — the
challenge lies only in planning or carrying out the projects themselves. in order to
assist you in reaching appropriate and satisfying solutions, each project is discwssed
in some detail, and the main areas of difficulty are clearly identified.

We know that very different kinds of practical facilities will be available to different
readeres, and that the amount of time it will be possible for you (o allocate to any
project will also vary considerably. Some of the projects are small, some could he very
ambitious indeed, and ohe or fwo could not actually be implemented with currently
avallable techmology. However, for each one, a variety of approaches is possible,
and you should taitor your response to fit your personal sitnatlon. What yon cannot
execute in practice, you might still be able to plan fully on paper; whers only st of
the necessary media tools are avallable to yoa, you can iy to improvise an alternative
implementation of the brief with the Eacilities that you have got. However, some of
the briefs have been limived with certain restrictions for & good reason, which will he
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clearly indicated — to ignore the restrictions in thege projects would be to miss the
paint. Even If yon cannot do any practical work at all, much can be achieved simply
by reading, thinklng, and planning.

You may he working Independently, or in a group — this ton wilt determine how much
yon can schieve. Do not set ont to do what is cearly impossible, but try to be realistic.
To put ideas into practice successfully, you need to make an acourate assessment of
what you, or your groop, can actually produce. You will need to distingwish between
the mors ambitdons and imaginaiive projects, and those hriefs which are relatively
simple and realizable. It is intended that some of the projects will function primarily
to stitnulate thought and problem-solving abilides, and these may be very difficult or
impossible to actually carry through in practice. Others — the majority — could be
reglized without too much difficulty or the need for uonzweal equipment. If you are
working in a gronp, thers will be addidonat questons of project manageinent and the
division of labour to address, which will add a further challenge to the realizasion of
each praject. Groups need to agree upon an effective and productive organization of
work, taking into account the personal strengths, weaknesses, skills and experienca
of group members. We do not offer guidance on specific mapagement strategies, as
each project is open to many possible approaches, both by individuals and by pronps
of varying sizes and ahilitles.

Inevitably, when it comes to actually creating a digital multimedia production, you are
dealing with desigry design of an inrerface; design of 2 eocherent production; maybe
event coptent design and creation It 3% most important that you meke an honest
agsexsment of your own corapetence in this respect. Unless you have spent several
years cn a stidic-based course in a design school, or have equivalent work-based
experience, you need to recognize that you do net have the advantages and experience
which cthers, praperly rathed in their fleld, are expected to have. Never be afraid
to seek whatever help you can get from specialists — whether from fully-trained
professionals or from people studying in appropriate areas. This is a fundamental
part of geod professional practice, and your work can only be the richer for adding
oiher expertise to your own. However, if no such help is avatlable, clear thinking,
common sense, and & keen awareneas of other peaple’s work and vour audience's
needs or desires, can take you a long way. By studying both traditonal and new
media, and using the World Wide Web, vou can gain unprecedepted access to other
people's work and ideas; if you analyse contcmporary praciice in individuat media
and multimedia, and examine design precedents carefulily, vou can build up a sound
and informed basis for your own work, Much time and effort — not to mention
disgppeintent — can be syved simply by learning from other people's successes
ard mistaloes. It may sound ke a piece of advice too obvious to be voleed, but it is
so often overlooked, or scarcely acted upon, that it can hardly be repeated too often.

What i3 true for technlcal peopie whe lack maiting in design, applies even more to
oltimedia designers lacking technical expertise. If you fall into this larter category,
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you oo need to acknowledge vour shortcomings, and to seek skilled help. But for
youy, i help 18 not readily availalde, a study of other people’s work will not serve as
a substltute. Too often we have seen muliimedla presentations — especially Dipector
productions — where inadequate technical inowledge has resulted in sericus Haws
In functionality, such as leaving users without a way of stopping a certain part of
the presentation, or without any exit option at ceriain points. Where scripting or
other programmmiing skills, or highly technical knowledge, is necessary W make a
presentation work, do nhot try to take a shortcut avound this requirement. I it i3
impossible to obtain skilled assistance, you must either look for a soluton o the
problem which will fall comfortably within your own — or your group's — sphere of
competence, or you mast uiklertake to acquire the missing skills or knowledgze at an
adequate level.,

Underlying principles and theary may be learnt from a book, such as this ahe — but
to put this theory into good practice 13 another maiter. Your muldmedia work will
be judged not by what you know, but by the practical results. Make yourself aware
of the context In which you are working, make good use of specialist skills and your
tmowledge of precedents, et then practise. We all make many mistakes, and where
practicat work: is [nvolved these will quickly become apparent. Test out your designs
and ideas at all stages — whether they are still in your head, planped on paper, or
actually realized as multimediz projects. Avoid choosing your test audience from the
people you believe will respond most favourably, but if you can, seek out Lapardal or
unlikely test subjects — and then listen o what they say. You may uitimately dismiss
some people's responkes as being irrelevant to what you are doing, or you may decide
thar you are right and they are wrong, but rake sure that you have both heard and
understond thelr eridclams, and can give good reasons for dismissing those that you
reject

Amy practcal challenge offers scope for the imagination arl for mgemuity. [n some
cases the result could be wildiy Fantagtic, and in others a simple but elegant piece of
classic design. The key to the successful realizatlon of a project is never to pre-judge
or copy, but to think through each task that has been set until you have reached a
clegr personal viston of your best golution. Then keep that vision in mind vhroughout
all the stages of developroent, 1o use as 4 measure of your progress. Somenimes it will
prove necessary (o amend your original plan — 3o be it. The ahility to adapt can be
4 key virtue in a designer — but do not lose sight of your goal, even though you may
have to alter the route by which ir 3 reached.

Rather than pregent 2ome patent set of design rules or guidelines — a list of *dos and
don'ts' — we simply identify, within the descriptions of the projects, some of the more
Important 1ssues you will need to address. So far as they concern layout, pregentation
and content, ideas of ‘good’ design are very much a matter of fashion and culiural
sensitivity. It is true that a few classics of design may be widely admired and achieve a
refatively long life, but on the whole, what looks woenderful in one decade (or even one
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year) becomes out-moded, or positively unthinkable in the next,! and what may be the
height of good taste and fashion for one group of people could be prossiy affensive to
another. Just be aware of what you are doing, and who you ave doing it for. Even at a
particular Tooment in time, and In a single place, many different standards of design
will obitaln among different social, economic and cultural groups. With misltimedla
productions often intended to reach a worldwide andience, the pichure is extremely
compiex and unclear. It is highly probable that what seems good to you, or in your
immediate social and cultural context, will most certainly seem bad to at least sorme
part of a world audience. 50, the wider the audience you wish to reach, the greater
the challenge — hut where you have a specific and restricted target andience, your
task wili be leas difficult.

Interface design differs from other deslgn elements within a project n sa far as it is
concerned wlih functionality and ergonomics. Some of the projects have a specific
focus on interface desjgn, and for these we have Indicated some of the things you will
meed to think sbout — bat remember that, even here, nothing is written ia stone. it
was 1ot 50 very long ago that the now almost abiquitous ‘windows, icons and metas’
interfaca, with ita poindng and dragging, was wmihoupht of. Before its inventon
— amd for a considerable time afterwards — most computer user$ interacted with
their machines in an utterly different way. Unless new designs depart from esdsting
paradigrns, there can be nn significant progress. There 13 always reom for good
now deas, and designers of interfaces — like designers of anything — are likely to
continue to try te push forward and bregk new ground. As & general guide, it may
be useful o bear ln mind what Malcolm McCullcugh has expressed in the following

way:®

*Better interfacesa relleve attenton overload by getting computing ot
of the way ... changing it from active task imto passive comtext. Digital
praduction cocyrs within a highly visuel and networked environment
where our prithary context is cotmmunications.”

Usually, in the contemporary world of digital muldmedia, our primary context is
indeed communication, whether we are on the 'sending’ or the ‘receiving' end. It is
no longer fashionahle to say that “the medium is the message™, but this is necessarily
the case to some extant. If you wish to communicate within the mediom as far as
possibie, you will need to minimlze all aapecta of that medium whlch are intrusive
— which draw attention to the mediom itself or to the business of interaction. For
example, if you are displaying a list of product pbotos and descriptions for consumers
to chonge between on a Weh page, it iz unlikely that incorporating a large, jumping

"Faghiem in clathing illustraten this most effectively — comzider the history of flared trousers, or the
bustle, But it apphes equally o all aspecks of deslgn, from fones o lebleaware to blliboands and TV
advernisements.

I[MeCRE, po 262, This expresses very aleely a current state of thinking ghout cormpuier use, Fubire
developmente will no ¢oebt bring vopredictable changes fo the way we feel about computing.
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and distorting animated Hile as a header to that list will best serve the intention of
having potential customers focus on the products. Or, if it is not made clear in a piece
of interactive onibtimedia what inputs from the user will give what results — or iF it
1= dificudt o achleve those Inputs — your Interface Is irself presenting a challenge
in interaction. This is fine if that is what you intended — for example in a game or
certain types of educational product — but not otherwise.

Several recent books (for example, [LH99| and [EF99]) have proposed formal
methodologies — derived nire or less explicitdy from current practice in software
engineering — for mmtimedia development. K vou are famdillar with sofrware
engineering practice, you may find ir helpful to ry and apply the same principles
1o your mltimedia practice, It you should bear in mind that there aee Fandamental
differences — centring on content — berween the two disciplines. Multimedia is a new
ared, even by the standards of computing technology, and we still lack a sufficient
understanding of its nature to be able to ¢quantify the processes of production and
ceciece them to a set of rules and procedures,

in thinking about aml carrying out the projects described in the remabmler of this
chapier, you should feel free to ipnore any of the advice we have just given. This is
a chance to explore multimedia production in a safe context, free from the pressures
of deadlines, clients, an] vhe est of public apinion. Hopefully, the experience you
gain will help yeu avoid some of the worst pitfalls when you are exposed to those
pressures on real projects.

Mote thar the projects are not presented in any meaningful order. This is pardy
because what presenis a big challenge to some readers will be an easier task for
others, 30 ordering according to levels of difficuley is not really appropriate. (The one
exception to this is the final project, which represents the culmination of the whole
book.y And partty becauge while several projects may deal with similar media areas
— they may share a foris on seund, for example — they will also be concerned with
quire different issues in each case. So vou may approach the following tasks in either
a linear or nonInear way, according to your own preference. [t really doesn't matter
whirh.
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This project is about effecdve commwmication In a very small space, and about
sensitivity in design. You will need to be highly selective about the material you
choose, process [t snfMciently to reduce itz size to meet the target, and design and
organize your page it an appropriate way. In asking you to make the design ‘fit"
the figure you have chosen, we mean that you should choose and integrate all the
elements of the pape In a way that 1s sensitive to your subject. For example, If you
choose a great political or refigions leader, you might wish to encourage viewers in a
feeling of respect and adorration for their achievenrents or philosphy — an irreverent
comic strip or a quirky font wountd be cur of place. If von were to choose a fitm star, on
the ather hand, & touch of glamour and a showbiz aura for the whole page mighi not
g0 amiss .. .unless, perhaps, you wanted to comvey their perscnal strength in some
aspect of life uncopnected with the film industry. IF you were to chonge your pet dog,
or Bugs Bunny, a completely different solution wounld be appropriate. So think hard
about exactly what it is that you are trying to cornmunicate, énd then make sure that
every aspect of your deslgm works towards that end. Be aware of the difficnlties in
addressing a world audience effectively, and think about ways of getting your message
acToss to as many different kinds of people as possibie. Do not be discouraged if you
have onby limited technical resources — results can often be more effective when the
mesng are simple. I you do have substantial resources, excercise discretdon in their
use, concentrating primarily on effectdye comnmmication within the limtts set. Don't
forget that less is quite often more.
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This brief may seem siralghtforward — there is no particular difficulty in setdng wp
a virtwal exhibition. The challenge lies in going beyond the confines of the exhibition
paradigm. Imagine what vigitors might like to do with palntings, if they were allowed
to: take them off the wall and look at the back, examine them very closely, or from
a distance, perhaps judpe the effect of looking at them upside down. What about
an exhibitlon of early Renaissance paintings, or aboriginal cave paintings, which are
newn to cover earlier paintings lving beneath? And different artefacts raise different
possibilities. What might you want to do in an exhibition of anckent Egyption artefacts,
or a display of stained glass window panels? [ is your task to enable the virtual
mugein visltor to control the way in which they view and interact with the virtoal
objects to the greatest extent possible. Note that the emphasis here is sirictly on the
visual — the intenton is not 50 much to inform as to provide a wide, user-defined
range of visual interaction with the chjects on display.

You will need to design an interface which allows satisfying displays of the objects
while providing & sitnple and =fective way of interacting with those displays to change
them in a pumber of different ways. As direct Interaction with the artefacts on
display 15 the primary forus of this project, the business of having to interact with
the computer ag an intermediary will be intrusive, and your interface shoukd minimize
this disturbance as far as possible.

More ambitious solutions to this project will require considerable expertise and a
widle range of software, S0, be aware of what it 18 not possible for you tg achiew: —
and therefore of areas which you should steer clear of.

Clearly, if you have the necessary software and the skill to use it, one fruitful approach
to this praject cowdd be based on 3-D representations axd VR.
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The aim of this project is to make the end product serve g precige requirement in the
best possibde way. The requirement iz for an ald to the idenfification of birds — not a
catalogue or other attractlve presentation. Birds are usually identified by information
such a5 size, colouring and markings, volce, habitat, bahaviour, and swo on. Yoo need
to decide {or researchy} what feamurcs will ald identfication, and then assist the tser
bath in recognizing these features and matching them to the birds of your chosen
area. Try to think through the ideal sclution to this brief from the ground up — you
may learn by looking at similar nltmedia applications which already exist, but avoid
copying them.

This i3 another brlef which appears deceptively simple: several of the technologies
described in earlier chapters, including Flash, Director, and JavaScript, will enable
yvon to anlmate layers. However, ypou must ensure that the technology you choose
does justice to the material. Does it handle transparency correctly, for example?
There ix also an interesting problemn i deciding what eonstimites random motdon of
the layers. Presumahly, an mmpredictable switling effect iz required. How will you
achizve this? And if the user's reactions are z little too slow, such that they stop the
mevement beyond the state which they wisbed 1o freeze, how will you ensure that
they com retrisve the mage they actaally wanted?

The real difficulty of the project is concesled in the immncoous final tequirement
that the wser be able to request a printed version of the current display. This is a
finc art project, 2o screan resclntion prints will not be acceptable, Accurate colour
iz important, hoth on-screen and when printed. Eow will you arrange that a high
resoluticn image can be printed that is identical to what is displayed o the screert at
the inztant the print 15 requested?

a3l
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The first problem here is obtaining the material. A possible approach is to hook
up the boat to the Internet, but a conventional Web hrowser is oo general a tool.
You might write a dedicated Webs client that automatically queried the major search
engines at intervals and then provided a set of links for nsers o Ffollow (but how
wauld you prevent them getting lost in hyperspace, or stepping outside the material
on harbours?y.  Alternatively, you could download the material, and convert it to
some standalope form of multimedia preduction. How would you store, organize
anl retrieve e material — and make sure it stays up to date — im this case? As a
third alternative, consider how you would obtaln suitable material from corventional
sources, and digitize it. Make sonwe estimates of the cosis of this approach, and
congider the problems of copyright and clearances.

The second challenge lies in designing a suitable interface for use by people of all
apes and abilitles. Thig ix a clazsic degipn problem, without an emphasis on special
needs. For this particular project it would be a bonus if the interface conld relate 1o
the subject of the installation (harbours) in some way.

In one sense, this is easy. The WPC accessibility guidelines, which ought 1o be
vcompuisory reading for all Web designers, dezcribe how to use the features of
HTML 4.0 to design pages that ¢an be appreciated by blind and viswally handicapped
people. Sa this is parth an exercise in applying the guidelines — but technical fises
are not the whaole scludon. You meed to think this through for yourself — to choose
appropriate material, and organize it in 3 way that dees not depend wpon the visnal
character of a8 Web page. If possible, consult somebody with visual difficulties before
you start, and then have them evaluate the site you produce to see how well you have
appreciated their problems and needs.
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We ohserved In Chaprer 12 that sonnd can be particularly irritating, and that it is a
had idea to add mmusic or other sound to a Web site unless a user can marn it off. In
this project you are invited to go forther, and allow the user to seleck background
sounds that they lke to sccompany thelr browsing of this rather dull site, There
are three sub-problems: providing the sound. constructing an interface, and playing
the sound. For the first step, don't feel restricted oo rousic; patural sounds, soch as
running water or tugtiing leaves, might have more appeal. This project offers you the
apporiunity to experlment with making sound recordings and digidzing them. The
interface could simply allos the user to preview sounds, and select one o play in a
ioop ot for a certain rime, or it conld allow for younds to be mixed or altered to create
a "soundacape’. The latter will require programming, but if you cannot program, just
designing the mterface offers a challenge in itself. You will necd to consider how the
giund ix 1a be delivered from the server to Lhe client. Solving these problems should
determine how you can implement the actual realization of the sound emdronment.

This miight almost be called a classical probiem In multimedia, so commonly is il
required. Remember that, in this case, the muitimedia production is subsidiary to the
real show, Although it should be attactive and usetul In it own cight, it primary
function is to advertise the degree show amd serve as a guide to it. Thus you shoudd,
in some way or other, represent the physteal space of the show, whether as 2 map or
asing OTVR ar some other 3-0 representation. Yoo must alse respect the students'
wirk., Where it is eepresented, you showld do it justice, and not subswme il to some
grand design scheme of your own. Differemt types of work — painting, sculpiore,
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vides, and 50 on — need different treatment to convey their nature. Do noe fall into
the rap of rying to produre 4 solution that will work for any show. Fit your solution
to specific work.

The best results will be produced if you are alde to work with an actual art college or
faculty on real studenys' work.

This brief is representative of a ciass of multimedia applications that are being
deployed In the world, although at present, Intranets are psaally uszed and not the
internet. it is a large-scale, technical project, and should only really be atrempred by
a tearn that includes a high propordon of technically skilled people. Its imporiance
lieg in the meed for design and compietation both on the server axl client side. On
the server, it will be necessary to degign and implement a database that can hold {or
at least point to) raultimedia data. On the client side, an interface that can he used
by office staff to display property details in a suitably impresslve manner to clients is
required. The client and server must communicate. HTTF angd CGi may be adequate
with a conventional Web browser inverface, hut you may be akle to design a better (at
least a more efficlent} solution.

This is an exercise In production and communication skills wsing relatively simple
means. The result will essentially ke a looped slide show. To compensate Tor this
simplicity and o avold possible boredom on the part of the viewers, make your
production as imaginative and intereating as possible. Avoid the obvious: consider
using devices such as humorocus or ronic juxtapesitions of pichures and/or sound,
and consider how ta achieve emphatic effects. Think about the pace and Aow of the
production — Ty o create variety and dynamic refationships between elements of
your material. Make the most of the media you are working with — stll images could
come from many different typez of sources and may be treated or combined diglealiy.
Sound alone can be extremely powerful, 50 make the most of its po¥ential.
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It's hard to see how this can be implemented without some custon programiming.
You might consider using one of the consumer-oriented desktop video editors, such
as Apple’s iMovie, but before doing s, vou should think very carefully about whether
an untrained audience conld make use of it, without getting inte difflcaldes. 1 you
prefer a custom soluiden, you will need to devize a minimal interface that lets the user
perform ecnough re-editing te obtain some feeling of control, but ix simple encugh to
be mastered without nsteocton. Non-programmers can nsefully try to design such
an interface without implementing i)

The technically minded should also consider the problem of how to malntaln the
dizplay of one version of the movie while somebody {5 creadng a new edit

This apparently simple project is not easy te do well. The challenge is to communlcate
absolutely clearly, in €ither text or gictures, but not in both at the same time. The
design of the presentation should also promote clarity, both in the general Iayout
and eodering and in the design and placing of the icons for the links. Think about
the presentaton of material one screen at a dme. I yon do nol have praphic
desipn or illustration gkills, you could asefully collaborate with someone who does
for this project, as the purely graphic exposition of Instructional materlal predents
a substantlal challenge in itself. Howewver, if thiz isn't possible, you could use
photographs or #xisting material (providing you ohserve copyright prestrictions),
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Remember that the brief specifies that this production must be capable of running
on a very old and basic system — don’t deny information 0 people who do not have
access to the latest and most powerful technology.

Which may be none of Il...Thig (s an ambitious projecy that goes bevond the
capabilides of today's technology fdeesn’t 117). This should mot prevent yeo from
thinking about what is required, from hardware, software and telecommumications.
A possible starting point wolld ke to loak at how pearly yvos can approximate this
devire with the facilides currently available: hand-held PDAs, mobile phones, and the
Internet. It may not ke toe big a technological step from there to the full sysiem.
However, you should also think about what is required beyond the technology: Who
ig poing to provide the information? How is it gaing to be paid for?

You may find it possible ta impiement some of the sob-tasks; if a0, Iy to combine as
many as possible into a single system that approximates the intended implementa-
tion. Make an honest assessment of how nearly your prototype approaches a genuine
realization of the brief, {Tey 1o see this from an ardinary consumer's point of view.)

Foatnores and endnotes, as we know them, are a device entirely dictated by the
physical form of books and the process of printing. Digital medla frees us from those
forms, but what are we to do instead? 1s putting an HTML arw’hor node wherever you
would place a fooinete marker any more convenient than putting numbered notes at
the end of the text? The aim of this brief (s o utilize the dynamic nature of screen
lavour 1o devise a mechanism for associating annetations with a text — a mechanizin
lhat is convenient, placing the annotation where it is needed, but uncbinisive. I
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1a & good discipline o try and work within the imits of Web technology (vou will
prohably need to write some scripts), and this may allow you to produce a prototype.
You could also think abot ways of antomatically generating texts inyour layout fiom
XML markup.

This 14 not simply a re-run of the sarlier project for blind peaple. Here, sound ix a
vital part of the system, but st be inrerpreted. What is required is not a goide,
or a collectipn of infermation, but a complete learning environment. This offers an
opportunity for you to research and think about educational uses of multmedia, as
well as designing both for children, and for spectal peeds. The interface doeg not just
duplicare the Famniliar functions of 4 Web browser, but has to provide special controls
suited 1o the teaching parposc of the installation, Flash * inay be & suitable tool for
implementing at least a prototype.

This is an exercise In reverse storvboarding. 1ts purpose is o make you think hard
about how time-baged visual media are congiructed and develop, ard 10 enshle you o
1dentify and subsequently plan structures and narrative development for such work
of your own. The challenge lies in identilfying a few key frames oot of some 900
candidates. You should test out your result on someone whe has ot seen the original
piece you started from — your success will be measured by how acourately they are
able o nnderstand the story ov development of the piece from vour storyvboard or
anlmatic.

*¥ou will eed Flash 4 For the extended scripung featires.

*An animatic is a Sort of skebch of a tovie composed entivuly of still images, each held for the duration
of the srene emvisaged For the final, full-modbon, movie. Each still image should captare the essence of

8 woewe, The animatc will show the rhythm of the editr that are proposed (o, in this case, have been
miaded and the Bow of the whole movie,
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Carrying out the brief should not, in itself, present too many problems. To bearn from
this project you should ask yvourself how well the storvboard manages o comvey
the non-linear simicture, compared with the way it worked for the lnear strutiure
in the previous project. Can you devise an alternative representation that performs
the game function but is better suited to nonHinearity? Given the non-linear nature
of much multimedia delivery, the abliry to viswatize, plan and represent non-limear
structures is of fiindamental importance. Is it appropriate to develop a personal way
of representing such structures? Do you think the problems and congtraints will be
different er broadiy simllar for each non-linear project you might undertake? Thesze
issues are fundamental to the production of non-linear multimedla productions at
the present time.

Why would it be pointless to try to construct an animatic for such a structure?
Can you think of any way of producing a time-based representation of a non-linear
productlon that takes account of nser-driven events?

This ought to he a simple praject by now. You shonld be able to determine which of
your original suggestions for improverment are implementable, and impdemenyt thepm.
K may be that, having now learned more about multimedia technology, you must
accept that some of the site's features which you found inadequate are unavobiable
consequences of Web technology. For these, consider ways of changing the site to
reduce their impact. in order to make your changes, you should elther rewtite the
HTML hy hand, or import the site into an authoring application and change it there.

The original exercise i Chapter 1 alsa asked vou to criticize a CD-ROM. You may like

to consider, for this case too, whether your original suggestions for improvement can
be implemented, and how.
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Think about what vou need to control; what you need to indicate and the hast means
of doing this; what analogies you should be thinking m terms of (is this o be like
using the pkooe, watching TV, being in a comference cenire, or what?y and what
assumptions about the underlying technologles you are or should he making.

There are several tele-conferencing applitcations in use, and you should look at thefr
interfaces as a starting point. Noue of those that we have seen give the impression of
having heen designed — each participant is put iz his or her own window, equipped
with a few contzols. Try to think of an inrerface that Ats the application, not the
desktop coztext in which 1t will be used. One possibitity 18 wo use a three-cdimensional
representation of the conference.

The purpose of this project {5 o help you to understand and maximize your own
particular Wel: design skills, without being concerned with the production of content.
However, you should ensure that you choose and grganize your fourud content in
such a way as to create a successful and coherent Weh site. Make use of the full range
af Web technologies iF you wish, hut ensare that your page degrades gracefully on
older browsers, or when viewed over a slow lnk. And be careful to test it on 48 many
different platforms as you can — you won't impress many clients if the first thing
they sea is a scripting error message.

The rige of the internet as a delivery medium means that more and more content is
being ‘repurposed’ for the World Wide Web. In this project, we are asking you 1o go
1n the opposite divection, o order 1o gain an iusight into the different requirements
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and opportundties of online and offline delivery. You could take the ewerclse further.
For example, you could produce a print versjon, using text and images only. At each
stage, see how the form must change to fit in with the medium. Alternatively, Ty (o
avoid changing anything, and see whether the form and content used in one medium
fit comfortably in another.

It 13 important for group members not to collaborate befarchand; the ldea ks that
each of you i presented with a collection of elements over which you have no prior
conirod. it may be that one member ends up with nothing but pieces of text, or a large
collection of sound files, or things may work out 50 that everybody ends up with a
balanced number of elements of each type. The point 13 to make the best of whatever
turns up. This means looking for ways of using the particular mix of media that you
have been sent, looking for connections or contrasts between media originating from
different people, and go on.

This praject can be carrled out on a small scale -~ within your pardcular class, for
example — or on a much larger scale, by collaborating with other groups around the
world. You can choose whether or not te focus it around a specllic subject, or to leave
1t wide open (which is more difficult to do well),
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This j& one to dream ahout and plan; it is not axpected that you will attempt it ln
practice — unless you really feel that you are in a position to do so. This is not about
providing a ready-rmade stary with alternetive branches — or anything Hke that. Ir isa
about ying to invent a oeew multimedia forin for the future, Whai would be required
from a multimedia prodaction that cnabled each user to spin & yarm, using all possible
combinadons of media, which was coinpletely of their owm making hut from a single
starting point? Give frec scope o your imagination, but temper 1t with some hard
thinking abeut what is required for this to become possible. Somebody has 10 lead
the way ahead ...

HMcCG, b T3]
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The Creative Challenge

Brent MacGregor
Head of Achool of Visual Communication, Edinburgh College of Art

Multimedia has arrived. Developments in hardware and software now make it
pissible for things only dreamt of a few short years ago to be created easily. Domestic
machines can play complex multimedia product and easy to use software tools
allow the creation of imaginative work on the domestic desktop. Once created,
such products can be recorded cheaply onte silver discs or instantly published on
the internet. The technology Is now enabling, not inhiblting; It has delivered jts
promise. What is needed now is for a creative infrastructure to develop alongside
the software and hardware. New creative dreams will be dreamt and realised as
onidtimedia moatares ad develops in the hands of a wide range of imaginative people.
This revohation is only beginning.

User base

Llrememher an old joke from the eaxly dayes of multimedla. A developer arvives at the
pearly gates having received the final error message. “Who are you amd what have you
done in your Hfe? asks a holy personage. ‘I created multimedia® comes the prowd
reply. St Peter answers 'That's nothing, God created the workd in six days.' ‘But He
didn't have to wioiry about an installed wser base,’ comes the frustrated response.
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} remember a time, not o long ago, when the phrase ‘multimedia computer’ was
used to describe a PC with a double speed CO-ROM and a sound card. Multimedia
developers worked in miche markets where the required bardware for consumption
could be afforded. Today every sub-51000 PC 1s multimedia capable with & fast CD-
ROM if not DVD player, sound and video cards. Complex multimedia prodacts can be
used on ordinery mass market computers. The once dezited user hase has arrived.
What is needed is the creative infrastrucnore to complement this ‘it

Just when every PC iz ghipped with a CDROM and several free multimedia products;
when the physical manufacture of silver disce is cheap, the worid has changed snd
DVD has arrived with its increased and much desived capacity. Will therce will be
ancther tlme lag as the installed uger bage arrives sufficient to jusdfy huge investment
In newly developed product? Foriumnately, as with YHS, the predominant software for
the DY revolution already exists im the form of films originally produaced for the
rinema. Thiz new technology offers high guality domestic reproduction of movies
whirh may assist take up rates, but will the DVD player sit by the telévision in
the living room or ke part of the computer on the deskiop or bath? Wil DVD
offer unlimited creatve possthilities, or will It just become ancther way of dellvering
Hollywood prodhct?
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Creative possibilities

Thesa are Just quibbles. It really 13 Hme to start getdng excited abeut what i= now or
very soon possible. The printed book dates from the fifteenth century. Photography
was developed in the 1830%, while film wag nvented in 1896, Radie programmes
deveioped during the 19208 and by the mid-1930s television programmes were
routnely possible. Al these forms have becn available 1o domestic consumers
using easily affordable equipment for zome time. In shorr, they are everwlay
commonplaces. The creative content growing from the technologiez in guestion is
matare hut none have had their full creative potentiel realised let alone exhausted.
All have been refined and develeped as creative formas since the technolopy made
them possible. Will niltimedia be the same and develop over years, decades and
cven centuries or will it go the way of the telegram, telex or the newsreel and become
a fechnologically enabled form guickly eclipsed by subsequent developroents? Will
the CD-ROM and its silver successors become the ‘new papyrus'l or just a footoote
in the histery of creative toima? Will the development of rmidmedia forms and the
growth of broadband network distribution be a creative revolution, a Gutenburg shift
or just more nolse? The anawer to this question Hes in the hands of creative people in
design stndios, io garages, in University computer Tooms, in front of screens all over
the world.

1 Multimediar Tie Camplete Guide, London: Dnrting Kindarsley, 1008, p.8.
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A commen sense description of multimedia might be the ablliey to combine
the creative possibilltles of radio and television programmes, newspapers, books,
magazines, comic books, anfmated fllms and music CDs into one set of computer files
accessed by the same piece of software to provide an integrated seamless experience
whers uger mput be sobe extent determines the manner in which the material is
accessed. [t is therefore interactive. The compater's ability 1o have rapld random
access bo the files which constlute this material makes the linear model of the radio
or television programme seems old fashioned and limited. Interactivity (over amd
above the level of Interactivity involved in the very act of reading or viewing a fixed,
Linear text) wherein the uger to some extent determines the text or, more accurateky,
the order in which the text wnfolds, offers great creatdve potential. It also offers a
great creative challenge with the notion of an interactive movie very likely 1o give
the tradltional scripewriter something approaching a migraine headache o the power
af 5.

Muitimedia aiready means different things to different rypes of creatlve people.
Film 2nd televizsion programme makers quickly saw the possibility for interactive
narratives with the arrival of the laser dige in the 1980s. Yet nrerestingly there are
0o great examples of this form to point 1o as creatve landmarks. Graphic designers
who began to work with computers to create two dimensionad prinved work, saw the
abllity to anfmate pages, to add sound and video as revolutionary extension of what
they do and they found in the World Wide Web a distribution medium undreamt of.
Fine artists have enthnslastlcally embraced the technology (Lanrie Anderson, Puppet
Motad, 19552 and Zoe Beloff, Beymd, 19967} and will continue o act as the leardlng
edge of development in a way we may not understand the significance of for many
years, Anmators often respond 1w the vision of naltimedia by saving "We've beepy
doing rhis for years’. The only difference arising with the new technology is random
access/interacrivity. In fact, there is a case to he made thar animatkon is the most
helpful paradigm to apply as we seek to understand znd create multimedia from the
technicai possibilities offered. 1t is the closest analogue analogue.

Interactivitry

Traditional animation and film and television has a lnear text unfolding in only
one way, oné narrative order, that determmined by the creator. With the arrival
of multimedia new possibilites have come to the fore: first hypertext znd now
hypermedia. This important notion presents the greatest creative challengse since the
arrival mot of printng but of writing. The move from linear analogue forms to digital
noninesr creative structures will be a gradual one driven by organlc imaginatve
growth over relatively lomg periods of time. Mew multimedia forms will grow, as all

Iptep: f/voveger. Tearntech. com/cdrom/catal ogpage . cgi Fpuppet
Fhitp: //mww. users, Atarport. net, 2o/
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new media do, from their immediate predecessors. Television drama grew from ils
radio, cinemna and theatre origing aver a perlod of decades but 13 now a creative form
itsetf.

0Old wine in new bottles?

Digital teols are now routnely used 1o create traditional linear product. The ubigui-
tous word processor gives the writer incregsed non-lrsear mantpulative possibilities
in canstruction but the product that emerges from this process 13 an orthedox text
consumed, as the anthor intended, in & defined linear way. A similar process coours In
fitm, video and sndmation production where digital npnllnear” editors are now used to
create traditional inear narratives. High quality contemporary audio visual product
is shot on flm for its sl superior image quality apd cotumast catio, but this film is
digitised and edited ‘non-lnear’ because of the creative flexdbility and speed afforded
while exhibition is 513l on flm because of the quality and reliability. It is a case of the
beat horse for the course. Siiing in fremt of a computer screen is clearly not the best
way to read War and Peace, which {5 doubtless best enjoyved as a printed book but
teaching children to reatd using a speaking raltimedia hock ronning on a computer
which records their progress adds value and creates a new order of experience,

The epcyclopaedia, whether printed book(s) or silver dige, has always been interactive.
Its contents are accessed as the user wishes, th a different order for each user with
certatn devices to help access. The content of the traditional pritted reference work
consizted of text ard images. The digital mmitdmedia version can add sound, it can
animate the illnsmations and add full motion Wideo. [tz search topls can be incredibly
sophisticated and its contermt cam be arranged and presented in a varlety of ways.
Crucially hawever, it atlll needs a huge team to prodnce the coptent. This content
is Tundamental 4nd its creation requires a vast repertoire of oaditional production
skiils ranging frem making phone calls through organizing and managing teamns 1o
new skdlis such as cyberspace architerture. In this regard mnftimedia production
is most like movie making, a team endeavour where technical specialists from best
boy throgh galfer and re-recordlst ave orchestrated by prodection managers and
producers to realise the creative vision of scriptwriters and direcrors. In mnftimedia
these roled are atil] evolving.

[f a ereatlve infrastmcire 35 to develop 0 unleash the potential of muldmedia, one
must develop the equivalent sldlls of the producers, directors and the soript writers
who toil in the televigion and film {ndustry. It i% worth meking the pomt here that
relevision as it exdsts is already mixed medfa. The electronically transmitied moving
pictures which define felevision are routinely mived with voice and music, satls, iext
and graphics. In fact the only thing really missing for making the mibxed media of
present day television into multimedis is the element of interactivity, The viewer sits
before the screen and television flows past in all #3 ephemeral glory. Even if you
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record it, you can only spin backwards and forwards very ponderously without being
able to access additdenal awdicwvisual material er shify feosn motion video © text.
Television then already has all the elements of multimedia save the ability to view the
material in any order the viewer chooses. True interactivity is stll missing.

The role of the graphic design profession in multimedia development should nok
be underestimated. The gpopraphical knowledge and skills, the sense of page
layout applied to screen design and the ability to communicate concisely n visual
language are all skills which are essential to the creation of any multimedia prodwct.
Muldmedia screens or web pages all peed this creatve skills if they are o look
anything but amateur.

Taxonomy of multimedia

The techmiral problems have been soived for the most part, creative challenge remalng
great. What is likely 1o be created can be seen by a brief taxonomy of existing
multhmedia products. From these cave palndngs of the multimedia age we may be
able to glimpse the mature forme that will emerge.

As mentioned abowe, the reference book, be it the dicionary or encyclopaedia, has
been an obvions tvpe of product to produce in multimedia format. In these early
days, the interactivity offered by multimedia seems o work best if delivered using
the book mode] which has ahways been hoth linear and interactive. The mulbimedla
encyclopaedia is already with us. in the reference book you have an ideal multmedia
product which aliows for Interactivity, indeed demarks it. Howewver, a multimedia
atlas will never replace the printed version if the maps are not very good and the
production of high gquality maps is not a task to be undertaken lightly. A searchabie
ilustrated multhmedia pronoumcing dictionary adds value but does it add enough te
lure the consumer to part with cash? Yirtual museams and galleries can give us access
to images and objects physically distant and salttnedia techiology can be used in
the same physical museum space to enhance the actual physical exhibition.

Edwcation is an area where the potential for development is enormous especially
as the youmg are the most likely adopters of new digitally enable products. ‘Living
books®, children's stories which read 1o their wser and help them to learn to read
in the process are already among us. Mathematics and drawing packages already fill
Christmas stockings put there by duwidful parents acting out of the same moblke protives
that used to keep door 1o door encyclopaedia salesmen In business. Languages can
be taught with multimedia methods and huge, entertaining databases can make all
the sciences accessible and exciting.

Computer games be they action adventure, puzzle or simulation already generate
more Income than Holivwood fllms and have the added benefit of creating a
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peneration of epthusiastic users unafraid of rechnology. Some of these end nsers
will go on to become sophisticated creators of multinkedia product.

Howeyer, in terms of adult product for the mature, non-games playing male and
female audicnee there is still a golden opportunity to produoce 2 mass market product,
[nteractive narrative 13 often mentioned in this context but this promlae remgina
unfulfilled since 1t was first made possible with the laser disc in the 1980s. Simply
stated there has been no Kller application’ in multimedia. One can talk of software
products or games which define an era but there are ne muitimedls aqtvalents,
no paradigm crearing breakthroughs. The form is more difficult both io create and
comsume, it i demanding but it equally has more potential. The challenge remains;
the apportamnity 48 sdll there.

547

Conclusion

We live in interesting Groes, times when the young and the creative are taking the
new digital technologies and approprigting themn to their piwn uses; vses that could
never have been imagined by those who developed the technologies. To work today
in the creative uges of digital media is akin to what it mmst have been like to work
in the film business with Flsenstein or Griffith as they defined the working practices
and the very grammar of the fiilm form, or what is was like to haye been working in
televislon daring the Aftes and early 19805 when that form defined itself creatiyely
as 3 distinct medium different from both radio and the cinema. The sitpation is all
the ore complicated today as technologies very often become chsolete before they
can be fully understood and nsed. Whatever the techpnology and however great the
pace of change and development, however much: the unexpected happens, analogue
creativity st inform digitad technologies. We whe use any communications medla
whether new or old, digital or analegne; we stll] mst have sonething interesting and
worthwhile o say. A mastery of the medium and ita technlques ls erucial bat so is
vigion and creatdve daring, imagination and fair and the ability to work hard to make
vistons real.



Annotated Bibliography

The references that follow have been selected as suirable sourdces of additional
information, or to provide nseful background. Sinre thls is an infroductory text,
we have concentrated on books and mtorial articles, and have made oo atiempt to
provide a guide to the research literature.

Becanse of the changing and ephemeral nature of the World Wide Web, we have
anly imcluded a few Web pages among our references. For the most part, these
contain standards docwoents, on the assumption that their location is Likely
to remain Axed for some time. The Web site that accompandes this book, ar
wowr . wi ley. com/digital.aultimedia, inclndes an extensive collection of links to
relevant Web sites.

We have adapted the convention used for asides in the body of the text to indicate
the natare of some of the references. Where the annolation hegins with =, the hook
in question is only tangentially relevent; where it beging with 3, its confent is of a
technical namre, and will require some programming or mathematical expertise.
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[AdoSda] Adobe Systems Incorporated. Adobe Type 1 Fonr Format. Addison-Wesley,
1850,

:} This specification provides the information on how Postioript fonts are
stored, and what hints can be provided by the font designer.

[Adng0b) Adobe Systems Incorporated. PostSoripn Language Reference Manmaal,
Addison-Wesley, 2nd edition, 1990,

.:} Most of the time, moet people don't wani 1o know what is godrg on inslde a
PostScript Ale, ot for the Himes when you do, the answers arc all here. While
this boak I5 the specification, there are also more accessible introductions
tu wsing PostScript If vou ever naed to.

[Ado93]  Adobe Systems Incorporated. Portable Dacument Formar Reference
Muanual. Addison-Wesley, 1993,

:} To case you ever wondered what PDF is acually like,

[Ado9F] Designing multiple master typefaces. Adobe Technical Mote 5091, Adobe
Svstems Incorpocated, 1097,

This note contains an overview of the multiple master technalogy and
guldcelines for designing font Families based on It

[AppSia] Apple Computer e, Dennestifiing Multimedia: A Guide for Multimedia
Developers from Apple Compiiter Inc. Apple Computer Inc, 1593,

> Wwhile this book, which iz directed primarily at managers, has negligihte
technical content and is dated (it is mostly about CO-ROM production),
it is good on the process of mulimedia production — espedally an the
different jobs invohved — and remains worth reading. 1t includes terviews
with people working in multimedia, and case studles.

{Appa3b] Apple Computer, Inc. Mside Macintash: Text. Addison-Wesley, 1993,

:} Most of this book is the reference manual for the (soom to be obsolete)
MacD5 text APIs, and therefure is of limited interest. Howewvcr, the
introduction contains one of the best avallahle treatments of scipts and
writing systems, and the difficulties they prezent for dikplaying text on
computers for an international audience. Worth looking ar, therefare, if wou
COHM artross a copy.

[Bar77] Roland Barthes. image - Music - Text. Fontana, 1977,

Nobody who 15 at ali Interested In the culhoral aspects of media and
multimedia can afford to neglect this collection of essays. Barthes has
written seversl other books, and if you Bod his ideas interesting and wish
to pursue them further, vou should track them down.
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Annorated Bibliography

Gregory A, Baxes. Digital Image Processing: Brinciples and Applications.
John Wiley & Sons, 1994,

Mast books oo image processing (apart from ivrodwciions o Lricks ye0 can
geT up 0 with Photashap) are highly mavhematlcal and madndy concerned
with image analysls and recognition, s this book is especially valuable, as it
CoveETs A Tange of image manipulations In an accessible way, Many examples
of the effects of the processes on sample ioages are incloded.

Lewis Blackwell. 20th Century Type. Laurence King Publishing, 1992,

An extremely good history of the lmporiant developments in typography
this century. Anyone who has any iRterest in fonts and npography should
Tead this book,

Tim Berners-Lee, Roy T. Fielding and Larry Masinter. Uniform Resource
Identfiers (URIx Generic syntax. RFC 2396, IETF, 1998.

=3 The formal definftion of URIs, which includes URLs as & subset.

Scotit O. Bradner. The Internet standards process — revision 3. RFC 2026,
[ETF. 1949€,

How a document becomes an Intemet standard: this description of the
prowcess provides an insight into what it mwans to be a standard.

Roby Carcer. Experimental Typography. Working With Computer Type 4.
RotoVislon, 19497,

More of a gwide than other books on the subject, which tend to be mere
showcases. This book includes a description of the rales traditionally used
for lavour, and then goes on 1o offer advice about breaking them. There are

pienty of examples.

Jon Crowcrolt, Mark Handley and Ian Wakeman. Frernetvorking
Muitimedia. Taylar & Francis, 1999,

- A comprebensive accourt of the issues we described briefly in Chapter 15,
inchuding mulricasting, protocols and videoconferencing.

Stafford CHff. The Best in Cutting Edge Typography. Quarto, 1994,

This book captures the grunge typography mavement at Its peak, with lots
of examples incheding record covers, logos and statiomery, posiers and
advertsements, all showing type being used as a graphic elemnent i new
ways, partly becanze of the possibilities opeoed ap by digival fonrs,



[Conk7i

[C35]

(BOMa]

iDOMDb}

FECMOT]

[EFG]

[FauGg]

Anmotated Bibliography

Jeff Conkiin. Hypertext: An introduction and survey. IEEE Computer,
200%1 741, Seplember 1987,

An eparly stamdard survey referencve oo hypertext and hypermedia, which
has not dated as much as you might expect. Although the World Wide Web
has appeared and grown up since the publication of this paper, many of the
tssues Conklin considers remain relevant, and are ooy now heing addressed
with the development of XML

Cascading Style Sheets, level 2, http: //www . w3, org/TR/REC-CS52.

.:) This domment defines the C55 language, induding absolate positoning
Tacilities. Hopefidly, by the time you read this, Web briavsers will have
correctly implemented it.

Document Object Medel (20M) level 1 specification,
http://vm.wd. org/TR/REC-DOM-Level-1.

.:} Unfortunately, ihis dooument ooty defines the basic parts of the DOM, which
has left browser manufactarers free to implement the Interesting bits a5
they sec B, See also [COMDI.

Document Object Model (DOM) level 2 specification,
http: / fwvw . w3 . org/ TR AW0-DOM-Laval-2,

:) Level 2 of the DOM defines the parts of the model dealing with events and
gtylesheets, Le. the parts used in "dynamdc HTML'. The standard is not, at
the tivme of writing, much observed, but should be the shape of the DOM in
fulure.

ECMA. ECMAScript: A general purpose, cross-platform programming
language. Standard BCMA-262, 1007,

:} The yeferense mvinual for the language wsually known as JavaScoript. Does
nol describe any host systems, $0 cannot be used as a complete reference
for Web wTipting

Elaine England and Andy Finmey., Managing Muliimedia: Praject
Managemertt for Interactive Media. Addison-Wesley, 2nd edition, 1999,

The complexity of many multimedia projects impHes the need for manage
ment — 8 topic we bave barely touched on. This book is devoted o ir.

Christine Femikner. The Essence of Human-Comgriter Interaction.
Prentice-Hall, 19938.

A goud, concise survey of mainstream thinking about HCI and usability.
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{FGM*97) Roy T. Fielding, Jim Gettys, Jeffrey C. Mogui, Henrik Frystyk Nlelsen and

[Fag7]

Tim Berners-Lee. Hypertesd Transfer Protocol — HTTP/L.1. RFC 2068,
iETF, 1997.

—3 Full details of the latest version of HTTP, with all the request and response
headers, and status codes.

David Flanagan. favaScript: The Definitive Guide. O'Reilly & Associales,
Inc., 2nd edition, 1997,

:} There are many bools currently available on JavaScript, JScripr, or DHTME,
but this is one of the best, providing a clear and thorough account of the
JavaScript language aod jts uses on the World Wide Web. The book does
not cover the standards (ECMAScript and the DOM), bur I does cover the
real implementations as they stood at the time of its publication. Expect
a revised edition when the browser manufacturers come (nie line with the
WC Recommendations.

[F"DFH96] James D. Foley, Andries van Dam, Steven K. Feiner and John F. Hughes.

[Gotas]

[G099]

[Grag6]

Conmputer Graphics: Principles and Practice. Addison-Westey, 2nd edition,
1994,

2 This well-established academic text contalns a thorough account of the
theery of computer graphics, [t concentrates largely on vector graphics,
and inchxies an extensive sccount of all aspects of 3-D graplics. The
authors' approach s mainly mathematical, and many readers will find Ix
dry. Available In Both Pascal and € editions.

Veruschka Gotz. Digital Media Destar; Color and Type for the Screen.
RotaVislon, 1998.

An excellent succnct miroduction to the issues raiged by the differences
between dlsplay and priot in connection with colour amd typography.
Instead of laylng down. rulez based on established practice, the suthor
encourages ug to look at digital media in their own right, and to take
advantage of thelr special qualities.

lan 5 Graham and Liam Quin. XML Specificarion Guide. John Wiley & Sons,
1590,

:} The title parses a3 'a gukds to the XML specification”; the beak is mostly an
anpatated version of the specification XML]. For anyone serlously interested
in XML, thix iz essentlal reading.

[an 5. Graham. HTML Sourcebook. John Wiley & Sons, 4th edition, 1998,

COme of the better books on HTML. Although there are many oihers (0 choose
from, this is clear and acourate.
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[Gra97] Ian S Graham. HTML Stylesheer Sourcebook. John Wiley & Sons, 1997,

A good description of CS5 1t includes a Clear prezentarion of the arguments
it Favour of stylesheets, a deacripdon of C581 and most of 552 (although
this wae vnly a proposal at the time this bhook was wiitten), with many ex-
amples of the Jayoul and typographic effects that can be achieved. Ingindes
vather too mch descripiion of the hugs i hrowsers” implementations of
L85, which should he out of dave by now.

[HF97}  Steven Heller and Anne Fink. Faces on the Edge: Tvpe in the Digital Age.
¥an Nostrand Reinhold, 1997,

& collection of experimental typefaces, made using digital rechmology.
The Book itself 15 an example of some of the layout ideas that go with
experimental Caces.

[HTMa] HETML 4.9 specification, http: /fwiw. w3 . org/ TR/REC-htm] 40,

:} The cwrrent HTML specification 13 based on an SGML DTD, which makes it
totgh reading (F you are not Famitliap with SGML or XML This 1s the standard,
and] yenr shearld try 1o stick with ir, even though neany media-vich Web pages
rely un non-standard elesments, sach as EMBED.

[HTMb] Timed Mmteractive Multimedia Extensions for HTML {HTML+TIME),
http://www. w3 .org/TR/NOTE-HTHMLp lusTIME,

=) This document anly has the status of a ‘note’, and the proposal has not
heen adapted in this form by the WC, but It s worth reading, nevertheless,
especlally since jts sponsors mchide some heavywelght and influential
soffware manufacturers,

[HWo5]  Jed Hartman and Josie Wernecke, The VRML 2.0 Handbook: Building
Moving Worlds on the Web, Addlson-Wesley, 1996.

:> A navorial and reference on YEML, showing bow the language is used 1o
constrict models, arrange them into scenes and add interactivity.

NCCar)  1CC profile format specificatlon, verslon 3.4. nternational Color
Consortum, 1987,

:> The complete definiton of the formar of the profiles used by colour
management software, such as ColorSyoe. Much of it is concerned with
print issaes, but onltmedia authors muost be Increasingly awvare of colour
mapagement. The specificarion 15 pregently available in POE from the I0C's
Weh zite at htep: /S color. org/proFilas . heml.

150 Introduction to IS0, http: /. 5o, ch /i nfee/intro. him.

150" own accoun! oF thelr history and rdle in the standards process. The
page Inciudes 3 good discussion of the natere of siandards.
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Richard Jackson, Lindsay MacDonald and Ken Freeman. Computer
Gengrated Color: A Pracrical Guide ro Presentarion and Display. Joln Wiley
& Sons, 1994,

A short miroduction to the perception, representation and display of colour,
covering physics, paychology and physiology, as well a3 compulational
topics. The book is arranged as a series of short articles, which gives it a
superficial flavour, reminiscent of popular sclenoe magazines, but it actually
containg much useful Information on a topic that is generally somewhar

neglected.
Bruce F. Kawin. How Momvies Work, University of California Press, 1992,

Film shares many gualities wivh malrimedia, but It 15 2 more manire techn-
oy, with well-developed conventions and working practices, Understanding
Rim can provide useful insights inte multimedia, and possibly show us sose
ways in which it might develop. This hook 15 a comprebensive introduction
10 all aspects of Alm (The awthor is a professor of English and Glm studies,
50 his account of the importance of critics should be faken with a plnch of
salt.)

Dave Kosiur. IP Multicastimg: The Compiete Guide To interactive Corporite
MNetworks. John Wiley & Sons, 1998,

—> Despite the intimidating sub-title, this is actually one of the most readahle
books on networking that we ¥now. U clearly descrbes the maotivatlon
behind multcasting as well as the technology ltself, including the main
protocols used for maHtmedia.

Kit Laybourme. The Animaiion Book. Three Rlvers Press, ‘'new digital'
edition, 1998.

An excellent practical intcoduction to the technlques and equipment used
in animation. Az the ‘new digitel’ teg dicetes, the current edition takes
acccumt of the impact of computers on the animator's craft, but it soill
inchides an extensive coverage of maditional media, and the author is at
paing to empbasize the common undetpinnings of Poth approaches.

David Lowe and Wendy Hall. Hypermedia and the Wek: An Engineering
Approach. John Wiley & Sons, 1999,

The suthors of this hook believe that the application of software englneering
principles to puoldmedia production will improeve guality and reduce costs.
Thiz seems to be a somewhar dubjous claim from several points of view, but
if vou share their faith, you may find thiz book helpful.
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Martin Lister, editor. The Photographic Image in Digital Culture.
Eoutledge, 19%5.

A collection of apalyticsl essays, which are relevant Inasmwck as the
‘photographic ilmage’ 15 broadly defined to melude video, and some of the
contributors copsider ioteractivity, ton,

Malcolm McCullough, Abstracting Craft: The Practiced Digital Hand MIT
Prass, 1906,

The exprezsion ‘thaupht-provoking’ 1z overworked, but it 15 hard to describe
this book aoy other way. The author raises many questons sbout the
relationship between traditlonal craft and digital technology, and, ndeed,
hetween pecple and diglita] technology. Hls answers may not always be
convincing, but the issues are of considersble importance to amvbody
working in muliimedia. If voa onldy read one book frarm this list, this should
be 1t

Drantel Minoli and Andrew Schimddr. fifermer Architactures. John Wiley &
Sons, 1999,

:) A clasgic example of network writing, full of acromyms, oeologisms, and
poorly constructed sentences, thiz book is hard going, but contains vatuable
informatlon Bbout where the Internet 15 heading,

James 1. Murray and William vanRyper. Enoxclopedia of Graphics File
Farmats. OReilly & Associates, Inc., 2nd edition, 1906,

=) The bulk of this book comprises descriptions of the internal layout of
nearly 104 graphics file formats, nciuding those comemonly enconniersd
in maltboedia (CF, JFIF, PNG, etc). As such, [t will oaly be of haterest
o programmess. The ingonduckory chapters provide a useful review of
spme asprects of computer graphics and a8 general description of how
the pecessary information can be stored in a file. Extensive pointers 1o
defining documents, standards, and so on are included, and the book has
a companieon Weh slte, where updated infortnatdon and descriptions of new
formate are svallable,

Mark Nelsom and Jean-Loup Gailly, The Data Compression Brok. MET
Books, 2nd edition, 1996.

=) A general acvount of data compression algorithms, almed clearly at pro-
gammers — all the main algorithms are implemented in C in the text. The
cmphasis is on practicalities — rhis book will not satisfy mathematcians.
Among the algorithme incuded are Huffman, Lempel-Ziv in all vareties,
and JFEG.
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Thomas A. Ohardan. Digital Nonlimear Editing. Focal Press, 1993,

Although quite badly dated, this book provides ussful insighes (oo digital
editing, from the perspective of film editing in pardcular.

Michael O'Rourke. Principies of Three-Dimensional Corrtputer Animation,
W.W. Norton & Compeny, revised edition, 1998,

A good accessible survey of 3-D techmiques.

Ken C. Pohlmann. Principles of Digital Audio. MeGraw-Hill, 3rd edition,
19495,

:} Since this 19 the only serious technical baok on digits aodio, it"s formunate
that it 15 very good.

Charles A. Poynton. 4 Techrical fntroduction to Digital Video. John Wiley &
Sons, 19946,

:)Hmtethmmlthmmu'ndurﬂnn.tmnstmueﬂbmkmdlgﬂalm

technologies: 1t also provides the analogue background in some detadl. Sadly,
it s now somewhat out of date. A secotd editlon, doe to he published
early in 2001, will be called ‘[Hgital Video and HDTY: ¥ixels, Pictures and
Perception”. If it lives up to the promise of the exdsting edition, it should he
an esgential reference For all aspects of dipital video.

Francis Rumgeey and Tim McCormick. Sound and Recordimg: An
Introduction. Focal Press, 2md edidion, 1994,

= A practical introduction to the techmiques of sound recording — what goes
on hefore digitization.

Panl Resnick and Jamees Miller, Pics: [ntermet access contiols withont
censorship, Corvmunications of the ACM, 3M10587-93, 1996,

A mirorial introduction 1o the mechanics of PICS, and the ratlonale behind
it. Alzq available online at http: /v . wd . org/PICS A acwov  hte,

Jozeph Rothgteln. MIDE A Comprehenshve Introduction. Oxford University
Press, 1992,

The degcription of MIDI software iz ¢ant of date o the details, bat overall,
this is a stralghiforward, accurate aml accezsible description of the MIDL
protocol and how it is used.

Michael Stokes, Matthew Arderson, Srinlvasan Chandrasekar and Ricardo
Motta, A standard defaalt color space for the internet — sREGE,
http://www.w3.org/Craphics/Color /sRGB.

:} The document that defines the comiroversial sRGE colour space.
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(58593 Rosemary Sassoon, editor. Computers artd Tvpography. Iiellect Books,
1993,

A nice iftcte collection of essays, which concentrates on the refevance of
established typographical practice to digital typesetting.

[SCFF36] Henning Schulzrinne, Stephen L. Casner, Rer Frederick and Van Jacobgon,
RTF: A transport protocol for real-time applications. RFC 1885, IETF, 1994,

¥ Full details of RTP and RTCP. Note that a slightly revised draft of this
document was clrculated in 1898, which will form the basizs of an Internet
srandard.

[Smafa} Peter Small. Linge Sercery. John Wiley & Sons, 2nd edition, 1999,

This distlnctly eccentric book shoulé be approached with svihe cadtion,
espedally, perhaps, by noo-programmers. The aathor presemts a view of
gbject-oriented programming in the oontext of Crector, bat without the
perspective of conventional object-oriented programming, the result is
... 0dd. Nevertheless, he succeeds in showing bow Tingo can be nsed in
ways that are not immedlately obvipus, o produce complex mftimedia
applicationg.

[SMT] Synchronized Multimedia Integraton Language (SMIL) 1.0 specification,
http: s www . wid.org,/TR/REC-smi .

:} The formal definitlon of SMIL, as an anhotated XML TTD.

[SRL9E] Henning 3chulerimne, Anup Rao aid Robert Lanphier, Real Time
Soreaming Protoeol (RTSPE REC 2326, IETF, 1998,

% Full details of RTSP, with all the methods, status codes, ane 50 on,

[SWDBSE] Sean C. Sullivan, Loren Winzeler, Jeannie Deagen and Deanna Brown.
Programming with rhe Java Media Framework, John Wiley & Sons, 1998,

™ Cootalos reference material on the Java AFls for playing andie and video,
angd tutorials on how to use theny Parely for fava programmers.

[TDT96] Ronald C. Turner, Timothy A, Douglass and Audrey J. Turner.
EEADME. 15T SGML for Writers and Editers. Prentice-Hall, 1996.

T An accessible introduction to SGML, written, as the sub-title indicates, from
the pervspective of writers and editors. This perspective helpa clarify the
arguments In favour of soructural mackup,
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Roy Thompson. Granmur of the Edit Focal Press, 1993,

The tithe may strike you as steange, iF you are not wzed o thinking aboat
siruchures in grammatical terms, bt yu should oot be pot off. This bogk
iz simply an acommi of different oypes of shots and ransitions used in film
andd video, bow they may be combined, and the effects that resubt. Useful
both as a guide for video editing and as a reference point when consldering
ways of combining media, espedally in ime-hazed onaltimedia.

P. N. Twdor. MPEG-2 vidleo compression.. Electrenics and Commumicarion
Engineering forrrnal, December 1995,

A very ckar short description of MPEG-2 (and, by implication, MPEG-
1} compression. Also avallable {at the tHme of writing) onbine at
hrtp: /e Db co. ubk/ rdfpubs fpapers /paper. L4 /paper.14. htm.

Tay Vaughen, Mualtimedia: Making it Work, Osborne MoGraw-Hill, 4th
edition, 1998,

Vaughan covers much of the same ground as Digiral Maultimedia, but onach
more superficially. He does, however, deal with issnes such as project
management, contracts, and o on, which we have bot cohrldeted. His stvle,
which is informal and anecdotal, may mot be to everybody's taste,

Mark Cotta Vaz and Patriciz Rose Duignar. fndustrial Light and Magic: Into
the Digital Reaim. A Del Rey book published by Ballantine Books, 1906,

= Essentially Just an entertaining public relattons sxerclse for ILM, but one
that provides an nsight Into the extraordinary effort (and the technology)
that goes Into high-end digital special effects. [t usefully paes deskiop and
mudtimedia post-prodectlon eforts inbo perapective.

John Vince, 3-D Computer Animartion. Addison-Wesley, 1892,

An unpretentions introdoction to 3-D modelling, rendering and animation
techniques.

WAI accessibility guidelines; Page athoring,

http: / fwww . w3 . org/ TR /WD-WAL-PAGEAUTH.
Compulsory reading for anmybody desigming Web pages.

Raymond Willians, Television: Technology and Culteral Formn. Fontana,
1974,

=¥ An Inflwential study of the cultural aspects of television, which provides an
important reference point for any attempts to analyse the cultural impact
of muhimedia.
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[Wils3l Adrian Wilson, The Design of Books. Chronicle Books, 1993,

= A desarlption of the practice and values of maditional book design, from a
leading destgner. Pre-detes the digital revolution, but contains many things
that cemain relevant.

{Wwa2]  Alan Watt and Mark Watt ddvanced Animation and Rendering
Technigques: Theory and Practice. ACM Press/Addison-Wesley, 1992,

:} If you want to know bow ray wacing, radiosity, sad other advanced 3-D
alporithms work, this book will tell you, in congiderable technical detail.

(et 18] Extensible Markup language (XML} 1.0, btrp: /fwew . w3, 0rg/ TR/REC-xn1.

:} The official XML specification {5 dense amd quite hard to read; generally, you
are better off with {G{49]. Related specifications (XPointer, XLink, X51, and
orfhers) cam be traced from hotp: /v w3, arg /L.
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3-2 pulldown, 307
3-D anlmarion, 367-370
30 maphica, 104-1149

Aclaw, 397
abschite posidoning, 257
abstract characters, 186, 206
access 1o muldmedia, 17-29
and disabdiivies, 19-20,
442445
and PDAs, 45
Acrcbat
Dastiller, 2646
Exchange, 266
adding links in, 276
Reader, 765
see alse PDE
actions, 447, 472
Adapdve Differential  Pulse
Code Modulation, o2
ADPCH
Adobe Systems, Ino, see After
Effects, Dusaator, PLF,
Phomahop, PostSeript,
Frermiere
Aduohe Type Manager, 212
ADPCM, 398
ADSL, 55
Alter Fffeciy, 137, 363

interpolation in, 364
vahie graphs, 364
AlFF, 402
aliazing, 43, 345
e akeo and-aliasing
alignment of text, 254
in C55, 255
alpha channsls, 137-138, 177
alphabets, 187
apalogue representatons, 17
ani prige, 14, 304
recnsmpchion of, 40, 43
anchor points, 98
anchors, 281
imaget a5, 423
in SMIL, 43%
andmated GFs, 354-355, 460
anjmatizoy, 301, 398-373
3-D, see 3-D apimstion
cel, 349
of Layers in Web pages,
464, 471
sprite, 357
Siop-mnrkon, 350
use of scripts For, 460-
462
antl-aliasing, S-91, 137
of fomis, 214
applecs, 424, 4854589
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embedding in Web pages,
483
PAEpTY pArAMetErs b,
483
security of, 447
ascenvders, 208
ASCIL 188-190, 195
aspect Tato, 309
Asymnmerie Digital Subscriber
Lime, ree ADSL
ATM networks, 515
grributes, 238
AU, 402
andio, see sound
authoriog systems, 9, 30
for KTML, 468
s oko  Director,
Dreamweaver
AV dizks, 49
AV, 324, 325
axes, §7

B-pictures, 320
backward prediction, 120
hartwiddth, 340, 3196, 435 314
hase URL, 280

hagelite, 208, 252
hebavioars, 448, 466-472



applied t¢ ohjects in 3-0,
k17
In 'DE, 467
Bezter curves, 92-08
combiming, 96
control pents, 93
diraction points, 33
drawing, 93, 87
bitmapped fonts, 211
scaling, 211
kitmapped images, 9, 121-
151
combining with vectior
graphics, 74-76
compated  with  vector
rraphics, 70-74
embedding in HIML., 420
geometrical  tramsforma-
vion of, 148
using i drowing pro-
frams, 76
bits, 35
blue acreen, 177, 338
blucring, 1473, 145
BMP, &2, 1563
hold Fonts, 202, 213, 251
bookmarks, 292
brighmess, 169
brighttwsz amd contrast ad-
Justments, 138
Bryce, 117
animatan in, 370
hump mapping, 116
bytes, 35, 138

cachitg of Wweh pages, 507-
304
calligraphic fomts, 200}
Canoims, 119
cap hoivht, 208
Cazcadimg Style Sheets, see 55
CCIR 601, 309
CD-RON, 6
censorship, 25-28
CCL 38,275, G16-519
bmiratlons of, 520
queTy Eirings, 517
channels, 175
characrer entity references,
236
cherarter repertoire, 167
characer sets, 36, 187-196
ASCIH, 188-19%0
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m iR, 278
see alar IS0 G465
encodings, 1%t
Chunred-Printable, 194
VOS2, 145
L}X5-4, 195
Ult146, 193
see atyo TICS Transfor-
mation Formals
in HTML, 241
150 1055, 192-196
and HTML, 235
Bagic Multilmpugal Plane
(BEMT), 1493
seg nlso Unicode
IS0 546, 189-190
150 BB5D, 191
plaform-specific, 190
chroma downsampling, 177
chroma keving, 336
chromeaticvities, 178
chrominance, 308
chrominanee  sub-sampling,
310,321
CIE chromaticity diagram, L57
CIF, 144
Cinepak, 317
CIK consolidatlon, 192
class atiribute (HTMLY, 240,
246,247
client-gide acripis, 450
reatrictions om, 451
cllents, 37, 520
World Wide web, 57
chipping, 390
CLUT, zee palettez
coude painits, 187
coite vabues, L1BY
codoek, 304, 317-322, 324
atlmafon, 356
asymrneirical, 314, 317
for streamed video, 343-
444
pymnietrical, 314
CalorSyne, 181, 5333
colaur
15 bit, 15%
24 bit, 158
addidve mixing, 154
and C55, 254
and the World Wide Weh,
251
CMYK, 166-169

device-independent speci-
Bratiom of, 174
direct, 160
Indexed, 160-166
physica of, 154
RGB, 156-165
saturated, 170
sRGB, 182, 254
publractive miving, 158,
167
COlE COFTecno, 175-176
colowr depth, 158, 334
and image flle size, 160
colour gacut, 156
CMYE, 168
RGE, 156
cobour management, 179
colour pickers, 172
colour profiles, 179
ICC, 181
colar temperature, 178
colour vislon, 155
colour wheel, 170
COMYENTS
55, 243
ECMASCTIpT, 456
HTML, 237
{ommen  Gateway Interface,
wener U
companding, 397
complementary colours, 167
compositing, 75, 78, 141
video, 336
with zipha channels, 137
compression
dicdonarybasad, 128
inrer-frames 312
inira-frame, 312
Lempel-Ziy, 128
loagleys, Bi}, 127-128
tosay, B0, 127, 397, 309
see alra JPEG
LZIW, 128
of irmages, 40, 125-133
of soand, 396407
percepraally baked,
399-402
of speach, 397-340
of viden, 302, 312.327
se¢ dlsy ordics, MPEC
spattal, 312
temporsl, 312, 31%

561



compression artefact, 133,
ELD) |
condensed fonis, 202
constrocthve solid  geometry,
167
comirol characiers, 189
comvolaticn, i42-147
conkles, 520
coordinale geametry, §7-39,
104
use of equations In, 89
coordinate  ransformatlcns,
88
coordinates, 87, 465
55, 239-244, 249-262
absolutie posltioning, 257
and scripts, 464
alignment of text in, 235
and Fomtz, 243-253
amd Tmages. 421
codouy and, 254
devlarations, 240
inhenitance, 251
propertes, 243, 249-262
changing with scripts,
463
psendoclasses, 282
Tules, 239
selectors, 240, 294

DAT, 3584, 389
data rate
of CCOIR 601 videa, 310
of Co-guality soursd, 385
of compressed sound,
401
of OV, 315
of hard disks, 45
of motlen JPEG, 315
of MFEG-2, 111
of video, 302
522 ako bandwidth
data structwres, 34
datagrams, 495
D component, 42
DCT, 129-130, 142, 316, 344
ivverse, 131
deinteriacing, 307
definition of roiltiredia, 12
delays, 513
descenders, 208
differenwce frames, i3
digital audio mpe, yee DAT

Index

Digital Versatle Disk, xee IVT
Digital vides Dnck, aee DVD
digitzatien, 37=45
of sound, 383-388
of viden, 362-305
dinghars, 193, 207
Directar, 10, 5%, 425
aml the World Wide Web,
493
behevigury, 479
cast, 425
Lingn, see Lingo
movies, 423
chject model, 480
o, 475
seriphing, 47%
Xiras, 483-484
Diacrete Cosine Transform, see
OCT
display foats, 203
dithering
of colours, 164
of sound signale, 386
doument elemenis, 228, 235
block-level, 244
classes of, 240
DIV, 246
ey, 218
itdlinee, 244
parent, 235
SPAN, 247
Dociunent Type Definition, see
DD
DM, 451
level 2, 463
domain names, 277
domibant wavelength, 169
dots per Inch, 122
downaampiing, @24
drawing programs, 71, 73
rulers in, §7
see aise IBustrator
Drearmwesver, 468, 478
adding behaviours to, 471
behaviours palette, 468
timeline, 471
and scTipts, 477479
DTD, 228
HTML, 41
DV, 30%, 311, 331
compression of, 316
D, 7 311,315,322
Ayrarmic HTML, 452

dyoamic range, 381

easlong. 161
EMAScript, 451, 453-466,
532
bulle-dn chiecis, 453
comments, 456
host objects, 454
methods, 454
objects in, 454458
primitive rypes, 453
propertes, 454
see aiee JavaScrips
#llipses
drawimg, 32
£m, 209
em-dashes, 209
o, 209
en-dashes, 209
envelope shaping, 395
PS5, 83
ethics, 17, 25
Bma corency symbol, 191,
207
event handbers, 458462
in Lirgvy, 430
evert-driven syshms, 447
£vents, 447
e, 209
exended foots, 207
eXtensible Markup language,
see XML
#xtrusion, 109

faders, 395
helds, 206
flle formars
foc graphics, HO-54
cotversion between, B4
for sound, 402-403
MITA, 405
MOD, 411
Fike Transfer Protocol, sae FTP
fills, 98, 99
gradisne, 104
pattern, 100¢
film, 2, 10
censership of, 28
editing, 327-323
conventlons, 325
frame rate, 34
hizcry of, B-9
filters, 42, 103, 142



high pass, 393
fow pase, 393
notgh, 393
sound, 3%2

see qlse pixel group pro-

LESSINE
firewslls, 509
FireWire, 4, 50, 304, 331
Flash, 75,139, 362, 5337
and HTTP requests, 519
hehavimurs In, 472-4746
buttons, 472
easing In, 361
interpolation n, 351
sape, 3640
symbels, 360
tmeline, 360
using bitnaps in, 360
veconzing i, 75
font familles, 203
foxtt metrics, 2140
fonts, 146-216
and C55, 249-253
bitmapped, 211
scaling, 211
body size, 208
bold, 202, 213, 251
calligraphic, 2
condanzed, 202
dinghat, 207
dikplay, 203
embedding in files, 198
extenuded, 202
itallc, 201
medern, 210
mengspaced, 199
muldple master, 214-216
design awes, 214
Instances, 215
namity of, 250
old-style, 210
OpenType, 213
outline, 23 [
scaling, 212
Pi, 200G
propmticmal, 199
Fawnan, 200
gang serif, 200
surifad, 204
alanted, 201
amall ceps, 201
substitution of, 199, 206
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and multiple master
fomts, 215
in PTF, 216
wymobel, 206
bext, 203
TrueTypes, 212
Instouctons, 214
Type 1,212
hinte, 213
upright, 201
weight of, 202
foransic muhimedls, 3
Feurier Travsform, 41, 129
fractals, 10
ratuiom, 111
fragment idendfiers, 28]
frame prabbing, 351
frame rate, 338
Irame stacks, 333
framesets, 247
and links, 254
free focm madelling, 108
Frecuency, 41
negative, 42
of sound, 378
frequency dooain, 41, 90, 126
frequency spedtnits, 41, 378
FIF, 57
fugion frequency, 20

gares, 3
Interrvity in, 14
ganama, 179, 339
Gaussian hlur, 144, 145
General MIOT, 407
GiF, B1
at] itdened eolopr, 163
animated, 354-355
Gimp, The, 154
plyphs, 198, 208
bourwding boxes of, 210
Gourand ghading 114
gradient fils, 108
graphuc equalization, 395
graphics
in multimedia, 66
motiom, see maton graph-
ics
TeMr a5, 220-221
graphics metafles, 83
grevacale, 133
Groap of Piotures, 320

263

H.261, 343
H.263, 144
hard synchronizaton, 434
harmendcs, 4L
belper applicadons, 418
hidden gurface retworral, 113
hosts, 4495
href atirlbute
HTML, 280, 281, 283
SMiL, 436
FSY color maodel, 171
HTIML, 37, 19K, 231, 234-2449,
244-249
and Iypermedia, 418-424
clags attribute, 240, 246,
247
dynamirc, 452
embedded objects, 420-
423
etnbeddiog sctiptein, 455
features to ald accessibil-
iy, 443
forma, 517
frames, 247
henders, 244
href attribute, 280, 281,
283, 418
id ateribute, 248, 283
links [n, 277-286
lists, 244
proprictaTy extenslons to,
231
tables, 244
text Jaycat algorithm, 256
HTML+Time, 440-442
WTTP, 57, 194, 277, 281, 418,
454, 5035049
cachlng, 307 -50H
Tequests, 304-506
for CGI seripts, 517
condttonal, 308
responses, S06=507
ooostracted by Cal
seTipts, 517
satme codes, 306
use of MIME types In, 59
HITP streaming, 343
hue, 169
HRuffman cading, 128
af govred, 396
use In JPEG compression,
131
lypercacd, 271



bypermedia, 57, 270, 415,
417-424
2% aizo hypartext
hypertent, 259-297
cotextual structures for,
295
hiswey of, 270272
sea gl linky
HyperTexr Markp Language,
see HTML
HyperText Trapsfer Protocol,
see HTTP

Fpictmes, 320
1AB, 62
[AMA, 59, 52, 194, 495
i atrilnte
HIML, 248, 283
SMIL, 431
[EC, 51
[EEE 1394, see FlreWire
Nhustrater, 71, 92, 594
autotrace tool, 75
brush strokes in, 76
Eles, 82
Rltzrs in, 103
gradient mesh tocl, 100
pen tool, 53
wencil tool, 98
PosrSerpr generated by,
&2
image compressicn, see COm-
pression of ivnagey
ivge histogronms, 139
Image manipularen, 133-151
applied 1o video, 135
loegE meps, 423-424, 430
ioxge resotution, 123
In polnits, 323, 332
In-betweending, 359
Indexing of Web sites, 253-2065
Inheritance
iR C5%, 251
in Linga, 487
Integrated Services Archieec-
fare, 515
Tntegrated Services Digital Ner-
wonk, 20 150N
ntel Indeo, 317
fteractivity, 3, 13-17, 416,
448
nterlaxing, 306
inrerheaving, 412

Index

[oteroational Organization for
Standardization,  see
150
[nternaticnal Telecommunica-
thoas Lindon, sae [TUT
Inkerper, 51, 493
demsands o, 300
dial4yp conpectioms 1o, 54
quallcy of service and, 515
Service Providers, zee I5Ps
standards and, 62
see also Warld wide weh,
TCP/IP
Interner Architechre Board,
see 1AR
Interpolaticn, 72, 124, 145
151,355, 364
bi-cubic, 150
hijinear, 150
nearest nelghbour, 150
Intranets, 58, 493
mverse kinematcs, 369
P, 495447
addregaes, 495
for mulicastng, 501
DN, 54, 343
50, 50, 51
150 Latnl, }91, 192, 195
P, 53, 56
and quatity of service, 515
Web,caching by, 509
italic comrection, 263
ivalic fomes, 201
I, 64, 156

Jaggies, 50
S b Aliasing
Java, 445, 520
Media Framework, 448,
4E9, 521
virtual machine, 436
Juwraberiph, 451, 551
see alon EPMAScript
JEIF, 51
Jitter, 341, 385,514
JPEG, 81, 129-133. 163
maien, see meton JPEG
quality setting, 132
quantizaton matrix, 131,
132
zig-zag sequence, 131
JPEGEO, 132
JFcript, 451

kerning, 210
key frames, 333, 358
and video cCoampTESSiON,
33
avtaching actions Lo, 472
in Pirecior, 426
in Fasi, 359
nterpolation
359
keying, 3136
kinematics, 160
Ioverse, 165

between,

LAMs, 33, 56, 58
ind multicarting, 501
st ol Itaranais
lathing, 103
layers, 77-80
adjustment, B
arimating witk, 356, 363
combining, 78
Iracing with, 74
left side bearing, 210
letter spacinyg, 211
Ievels adjusiments, |38
ligatures, 211
lighting, 106, 114
Linear Prediciive Coding, 299
Limega, 475482
extending, 484
inheritance in, 482
Web extencions to, 493
link types, 285
links, 269, 272, 274-ZH)
hetweenn  entlre  docu-
ments, 286
bi-directional, 275
destinatian, 273, 276, 2E3
display of, 2786, 291
images and, 423
in HTML, 277-286
inPDF, 275-276
m SMIL, 436440
m XML, 287-200
mline, 290
out-of-time, 2M1
regional, 275
wevvantes of, 285
simple  uni-directional.
275
source, 275, 276, 281
Liquid Audia, 404



HveSeripr, 451

local area networks, see LANS
localizaton, 226

T ecying, 336

juminaoce, 157, 173, 308

macroblocks, 319
Marromeddia, by, see Director,
Drearnweaver, Flash
mackup, 222
structural, 224-227, 232,
444
weakorrges of, 262
263
vigual, 224
oarkup languages, 219, 426
mazking curve, 400
masking of sounds, 400
maske, 138
greyscale, 137
mathes, 336
travelling, 337, 365
Medla Cleanwr Pro, 340
media tie, 333
metaballs, 111
MetaCreations Corp, s
Bryoe, Painber, Foser
metadaty, 295
MIDY, 404=411
controllers, 406
edidng, 403
messages, 406407
MIME fypes, S8-G0, 194, 418,
421, 505
of srylesheets, 243
of seripes, 436
MIPEG, see motion JFEG
mexdelling
3-Dv, 107-522,116-119
figures, 117-118
free forom, 1048
hleraychical, 106
image-assisted, 119
physics-hased, 111
procedural, 105-111
terrain, 114, 117
mcwtiems, 54
rahle, 55
mesdern fontz, 210
moospaced fantk, 199
monosiiied fext, 198
moticn  compensaton, 3146,
1o
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moten  graphics, 363-366,
426,470
motion JPEG, 314-216
mordon paths, 361, 367
e controllers, 523
MF3, 391, 401,403
streamed, 403
MPEC, 21H-322, 324
audic, see MP3
MPE-2, 311
prodlles, 311
MIE4, 318, 416
plawr, 307
muldcasdng, 500-502, 515
and LANs, 501
host kroaps, 501
matapgement of, 201
nnlHdmedia applicabons, 11
distributed, 5159
multimedfa architectures, 52
srubtimedia in Busitess, 4
mimedia n educadon, 4
nwilrdmedia PC speciflcatons,
45
multimedia presentatons, 416
mntltmedta productons, 11
mltiple master fones
see under fonts
nnldpte medda, 12
Muckical Instruments Digital in-
terface, see MIOT

Detwork computers, 485
nodes, 274
nodee gates, 393
non-linearity, 272-274
non-zera  winding nuember
rule, 101
NTSC, 305
CLIR 60 sempled, 304
{rame rate, 300, 306
rezolution, 122
ournbersd 1mage EquUeieE,
352
numeric characeer reforetwes,
236
NURBs, 103
NyList rake, 42

objects
in ECMAScript, 454458
in Linga, 4&1
media, 428

af5

offline dellvery, &
old-sryle Fomte, 210
onion skinning, 353
online Aellvery, &, 7, 493
onlire stores, 24, 307
CpenType fonty, 213
opticel character recognition,
197
ot podnts, 528, 332
outline fonts, 211
scaling, 212
oversampling, 124
overshoet, 713

P-pictures, 320
packet-gswitched
494
packets, 454
page laynut, 420
Painrer, 71
anfmation s, 352
colour mixing in, 169
frame stacks, 353
palniing prograny, 67, 73
se¢ wltn Painter, Photo-
shop
PAL, 305
CCIR 60) sampied, 305
frame rage, 301
resolution, 122
palettes, 161, 162
Web-sgfe, 165
particle syutems, 11
parhs, 97
closed, 97
rmoton, 361
e, 97
paceerty fills, 100
EDF, 264-266
and behaviours, 467
font aubstitodon i, 216
links in, 275-270
persistence of viglon, 200, 306,
348
pereonal digital assistants, 46
Phong shading, 114
Phoroshop, 10, 71, 182, 363,
530
rurves dlalogue, 140
filzs, B4
Gausgian bur, 144
interpolatdon m, 1449
lasso toal, 135

nerwerks,



layers, 77
adjastment, S
maglc wand, 135
magpeitic laeso, 136
e tpals, 135
phig-lng, 134, 335
vecior-basad texe in, 221
P fonts, 206
plca lpc), 207
PFICS, 27-28, 295
pltch alteratian, 395
pixel dimensions, 122
piael group processing. 141-
148
pliel polnt processing 1318~
141
pixels, 68
CCIR 601, 310
Mdentifying by coords-
nates, &7
logical, 69
plnysical, 69
pixels per inch, 123
Platform for bnternetr Cootent
Selection, see PICS
Plug-ing
Photpshop, 134, 335
Shockwave, 493
Web browser, 53, 419
PHG, A1, 128, 133, 159,163
Poings (pr), 207
polygon meshes, 108
pelylines, 92
port monbers, 498
Portable Dwocoment Formar,
see PDF
Poser, 117-118, 369
post-praduction, 335-333
posierieatien, 44, 164
PostScrpt, 70, 82, 120, 264,
549
and 5V, B3
encopulaied, see EPS
{onts, 212
ilne caps m, 9%
line joins in, 99
points, 208
Premlers, 331
memtor windew, 337
project winddow, 331
soumk] effects phugins,
393
sound ln, 411

Index

i frame Caphae in,
351
tdmeline window, 331
tran&itons in, 334
presentatioh tme, 4313
primary coloors
additive, 155
subtractive, 168
procedural modelling,  109-
11
process colours, 168
progressive scanning, W06
proportional fens, 199
progocels, 57, 494-500
inVRLs, 277
Layered, 494
se¢ gk patrisg for ikli-
vidual protocols

(CTF, 344
quakity of service, 514
quantraton, 3%, A55-338
of rhythm, 44, 408
quantizaton kvels, 39, 383
inzufficient, 44
x-hienr, 397
quantizadon bolse, 44, 365
CuickTime, 24, 59, 84, 322-
325, 413, 434
and animaion, 355
and AV1, 124
and file format comver-
sion, §4
and MIDL, 407
and SMIL, 427
AP, 459
a5 a multimedia archipe.
ure, 52
audio CD import, 391
CHMpPonents, 323
Bile Tormat, 324
for Java, 324
MIEME type= fox, B0
WJPEG-A format, 115
mavies, 323
self-comained, 339
Musical Insrunents, 407
plug-in, 324,371,419
paraoeters for, 422
sound In, 403
gprite tracks, 157
siteaming, see Sireaming
ik Time

VR, 373

radivsity, L15
PAID arTaye, 48
racierizing, 75
ray macing, 114,117, 365
Realawdio, 403
RealViden, 342
codec, 344
rectangles
drawing, 92
reflection, 102
reidecing, £9, 59
3-D, 105, 106, 112-Lif
rezolution, 73, 121-125
image, 123
reverh, 394
RLE, |25, 356
use o JFEG compression,
i31
Tobots, 204
rollover buttons, 459, 470
Roman fonts, 200
rotaton, L2
in 3D, 105
raloscoping, 354
routers, 456
aml multicasting. 50
RSAC rannge, 19
ETCP, 300
RKTP, 343, 499504, 510
paykouds, 499
profiles. 500
RATSP, 343, 510-513
presencaton descrip-
tons, 511
segsion identifiers, 511
run-dength etcoding, see RLE

S-video, 304
samplers, 407
satnpling, 39, 90, 122, 149
4:1:1, 3140
4:2-0. 310
422 310
of sound, 354
of video, 309
sampiing Tate, 39, 384, 189
Inadequate, 40
sampling Theorem, 42
sanc serif Fonts, 2K
sanurabos, 169
scaling, 102



of Bmapped images, 72,
148
of vector graphics, 73
seere-hased muldmedla, 416
scTipting lmguages, 448-451
ueriple
and styleshests, 462-466
CGlL, 279, 516-519
client-side, 450
pesiririons on, 451
Director, 475482
etnbedding in HTML, 455
Palnter, 353
aerver-gide, 430, 316
uye of Fur animation, 460-
452
search engines, 24
SECAM, 305
aelections, 135-136
feathered, 137
sequencers, 405
software, 409
serifed fonts, 200
garifs, 200, 210
server-side seripts, 450
servers, 36, 492, 504, 520
HTTP, 516
and MIMWE types, 418
Waorld Wide Web, 57, 404
SETWhome, 30
SGML, 227=241, 213
shading algorithms, 114
sharpening, 145
shearity, T2
applied 1o fonta, 201
Shockwave, 53, 493
Flash, see SWF
gignaly, 38
slamited Fonts, 200
small caps fones, 201
SMIL, 233, 426-440, 512
Basic Laveat  Language,
227
clock values, 429
evenr values, 431
lnking elernent fypes in,
436
regions, 427
synchrond zation el
nents, 428
soft synchroniation, 434
Surenyon video coder, 317
sound, A7G-413
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digitlzation of, 383-3153
editing, 391-392
effects, 194-396
Imporiing rom CT, 391
loops, 352
phyzics of, 377-379
paychologlcal agperts of,
382-333
recocding, 385-391
setrng levels, 390
sampling of, 354
sirearted, 403=404
Source Inpat Format, 321
speciral power  dstributions,
154
specular raflecton, 114
spiders, 294
SFIFF, &1
Eprites, 257
in CHrecoor, 425
FRGE colour mode, 1582, 254
Standard Generaized Markup
Latymape, se¢ SGML
stedards, 6053
lor character sets, 188-
136
for video, 305312
mrernational, 51
mrernel, 62
MPEG, 318
sterenplwony, 382
storyhoards, 10
Streaming Chaick Time, 342
and RTSE, 511
recornmended coder, 344
strokes, U8
dashed, 9%
line cap, 99
utyleshevt languages, 224
styleshesta, 229, 230-244,
249-252
and accessihility, 444
amd anchars, 282
aml wTipts, 462466
lirks o, 259
g also C55
SV, 83, 86
SWF, 43, 86, 362
sound in, 403
symibol foots, 206
myrechrorization
hard, 434
i SMIL, 427-434
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fnag of, 514
of RTP streams, 500
of scund and video, 411-
413
soft, 434
syochronizativo-based  tomlti-
nxedia, 415, 425-442
Synwchronlzed Multimedia Inte-
gration  Langnage, see
SMIL
synthesizers, 407

fag, 223, 235, 236
SGML, 228
TCP, 48744049, 510
TCPAP, 33, 483
and LANg, 58
text fomts, 203
bexr forrmating
tag-based, 222
WYSIWTG, 222
texture mapping, 115
TGA, 82,152
threshodd of hearlng, 309
TIFE, 82, LE3
thoe bases, 323
time swetching, 395
timecosde
ard sounid, 413
drop Irame, 329
SMITE, 329
timelings, 415
for muldmwedia ansoog,
425
fur poumd editing, 352
in Flash, 360
in Premlere, 331
racking, 211
racks, 332,362
transitlons, 323,328
canslation, 102
transport addresses, 438
remale efecr, 395
iristmuius theory of colowr,
155
TrueType frauts, 212
matractons, 214
typefaces, 203
see also fonrs
Type 1 Froyts, 212
hints, 134
typography, 185
and 55, 249



grunge, 204
specialized t=rms in, 207-
211

1K Transformation Formais,
195
1UDE, 499
undersampling, 440, 43
unirastmg, 541
Unicode, 192,195, 207, 213
suppart In ECMAScript,
453
Upiform  Pesoutce  Lacaibors,
se¢ URLs
unzharp masking, 146
upright fonts, 201
URls, 277
URLs, 57, 248, 277-270, 292,
503
hase, 280
azcape sequences in, 278
fregment kendfiers, 281
in RTSP requests, 5140
partialk 279
pach componemnt of, 277
quety  sicimgs  appended
w, 317
e in SMIL, 42%
uUser agents, 235
non-visual, 443
user Interfaces, 16-17, 483
event-drivern, 447
foxr dme-based medlz, 16
inncrative, 16
uee of fcons in, 6%
UTE-16, se¢ LTS Transforma-
don Formais
UTE-8, s2¢ UCS Transforma-
tlon Formats

wertar graphics, 60, B5-120
3D, zee 3-D praphics
anlmaring, 3159
combining  with e
mapped imagex, 74-76
compared  with  bit-
mapped fmages, 70-74
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orlgin of term, BB
ransformatcns, 72, 101-
101
vechor quantization, 317
vectorizing, 75
yectors, B8
310, 105
video, 300-344
caphare cards, 303
ceHnpenent signals, 308
compokiee signale, 104,
308
data size, 302
digitizatian of, 302-305
ediring, 325-1314
comventions, 325
digiral, 330-3134
raditinnal, 328-330
interactve, 342
Tive, 341
poxtprodsiio, see poat-
production, 325
progressive  download,
341
resolution, 122
sireamad, 140~-344
see alse NTSC, PAL
video conferencing, 56, 242,
492
Yideo Tor Windows, 325
virnzal veality, 371-373
Virtual Reality Modeling Lan-
puage, see VRML
visualtzailon, 5, 67, 59, 104
voices, 407
voxels, 86
YEAM. L&)
VRML, 371372, 416

waL, 63
accessibliy  guiklelines,
442
Docoment Object Model,
see OM
WAV, 402
wavelorme, 375, 392
use for synchronizaton,
412

Web, see Workd Wide Wi
Web Accessibility Inlbative,
444
Web browsers, 269, 510, 517
and disufoted moltime-
dia applications, 519
45 host  enviromroents,
454
dowrmampling i, 125
executing applets in, 487
history tist, 291
phug-ing for, 53, 419
Web porrals, 24, 296
Web proxies, 509
Web rings, 297
Web sites, 279
white poiny, 178
wire frame previews, 113
World Wide Web, §, 8, 33, 51,
57, 27L 415
and sRU:B colour, 182
a5 a graphical medivm, 58
a5 publishing medium,
21,24
cllents, 57
cobour and, 253
Consartum, see W
graphic bias of, 19
hyperiext links in, 21
index sites, 263
popular sltes, 23
habckThme and, 324
gezipting and, 450
searching, 292
SETVErS, 57
standands, 63
video delivery over, 141

w-height, 208

XLink, 287, 289-290

XML, 83, 231-234, 275, 827
links in, 287-290

WFPoimter, 287-280

¥ CgCr colour, 173, 177, 310
YUV colour, 173, 308



