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Abstract

The proliferation of the Internet and the convergence of

telecommunication. computing, compact dise. and mcdia

technologies havc paved the infrastructure for new interactive

music environments. Il is essential for those in the field of new

media to be aware of the ramifications of these developments.

Furthermore. therc has been a growing intcrest among new media

developers to provide the tools necessary to allow an end-user to

take an active role in the outcome of an interactive multimedia

presentation. This concept introduces the notion of end-user as

artist and collaborator. This thesis investigates the diverse

applications and technologies that have emerged through eross­

disciplinary collaboration nnd how they may be used to specify

and design innovative musical environments.



Résumé

Le développement rapide d'Internet et la convergencc de nouvcllcs

technologies reliées aux domaines des télécommunications, dc

l'informatique, du disque compact et du multimédia ont pavé la

voie au développement de nouveaux environnements musicaux

interactifs, Une bonne compréhension de ces transformations est

essentielle à tous ceux oeuvrant dans le domaine. De plus, il y a un

souci grandissant d'impliquer l'utilisateur de systèmes

multimédias en lui faisant jouer un rôle actif dans le processus

créateur. Celte thèse se propose d'identifier les différentes

applications et teehnologies qui ont émergées d'un processus de

collaboration pluridisciplinaire et de démontrer comment elles

peuvent être utilisées pour le développement d'cnvironnements

musicaux novateurs.
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Chapter One
Introduction
The proliferation of Internet applications and interactive music CD-RaMs has created

new perspectives on composing and performing works for new media. The majority of

these works are marketed for single-user, single-machine applications. A growing

number of releases are intended for networked, multi-user collaboration. This lhesis

will address both of these issues.

When the infrastructure of the Internet was defincd in 1968 it provided a new mc.ms of

data communication between connected computers. It has subscquently expanded tll

support applications for videoconferencÎng (e.g. CU-SecMe, and the MBonc), multi­

participant virtual environments (e.g. MUDs, and Maas), real-time digital media

broadcasting (e.g. ReaIAudio), hypermedia document browscrs (e.g. World Widc

Web), and interactive media presentations (e.g. Java applets). While thcse applicaliOlb

significantly extend the Internet, the creation of a networked music cnvironmcnt ovcr a

global network has yet to be explored fully.
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Compact dise lcchnology has not only re-defined the concept of "mixedmedia," it has

also beeome the prineiple format for interactive music ellVironments. The reccnttrend

toward enhaneing normal audio-CDs with interactive multimedia content has rcsulted in

ncw forms of artistie expression for both new media and recording artis!s. Duc to Peter

Gabriel's Xp/Orcl 1 innovative interactive music CD-ROM, prominent recording artists

have become intrigued with the possibilities of this medium to define or distribute their

own artistic works. However. other than American composer and electronic music

pioncer Morton Subotnick (Ali My l1ullllllillgbirds Have Alibis) , no other serious

contemporary music composer has writlen specially for this Illedium. This may be

atlributed to the fact that interactivity has been primarily associated with games and

education and not with serious art music. Without further speculating on the l'casons

why art music has not surfaced in CD-ROMs and the Internet, it is nonetheless

importantto identify what these media have to offer serious composel'S.

This thesis is an overview of Illultimedia applications and the ramifications of current

networking und CD-ROM teehnology for innovutive music systems.

2
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Chapter Two
Digital Media
Fundamentals
2.1 Introduction

It is important to identify the demands of digital media types for networkcd music

systems. Digital media ma)' be either time-dependent (Le. media that relies on timc for

playback such as sound) or time-independent (Le. time is not part of the sem.mtics of

the media) and networked systems need to take this difference into accoulll. The type

media used in a multimedia presentation ultimately defines the level of user interaction

and control over media componenl~. This chapter describes these issues.

3
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2.2 Continuons and Discl"ete Media

Digital audio, motion video, computer animation, anu MIDI (Musical [nstrument Digital

Interface) arc considered to be timc-dcpendent or continuous media. Continuous media

relJuires eontinuous playout as time passes.[ 1] Time-dependeney mnong items is part of

the information itself, and thus the sense of continuous media beeomes altered if the

timing, ordering .md the speed of the information packets are modified.

Digital audio and motion video eontain sequences of coded samples that represent the

essential components (amplitude, frequeney, resolution, and frame rate) of the

informatioo. Computer animation is delïned by a sequence of moving objects with

time-dependent directives. The speed at which these sequences are played back, effects

the semantics of the media. M[D[ is a symbolic representation of music (not actual

sound) in the form of performance gestures and control information sent between two

ciectronic music deviccs. Il is a time-dependent media that contains time-stamped events

(notes, velocity, and control data) in the order in which they were encoded. The time­

st.nnps arc then used as directives for the playback of music'II data. 1

[n contnlst, time is not part of the semantics of text, graphics, and images. Theil'

information units (pixels, characters, objects and Iines) are time-independent and they

are therefore considered discrete media.

2.3 Timc-Dcpcndcnt Prcscntations

[n time-dependent multimedia presentations where various media components are

synehronized between elements of different types, the classification between time­

dependent and time-independent media beeomes blurred. This is partIy beeause the

meaning of the overail presentation depends on media of different types, whether

contÏlmous or diserete. These presentations can be realized with time-based authoring

1 Comparing MIDI anl1l1igilal audio is analogous 10 eomparing graphies and bitmaps for line
dmwings. Fluckiger. From,ois. ·UlIClas/(/1ulillg NtMorktcl MllltillltcliCl tlpplicCllimrs allcl Tee/Illology."
Prenlice Hall. 1995: p. 5n

4



ClIt/I'Il'/" Ii,'"

systems such as Director, or with programming languagcs including Visual Bask. C

and Java,2

Director is a sophisticatcd multimcdia authoring systcm l'or \'C Windows. and

Macintosh computers, At one level, it is a timc-bascd authoring tnol using an

animation-rootcd organizational scheme in which a scries nI' "l'ramL's" makcs up a

"movie." At another level, Director's Lingo scripting languagc allows the author 10

exert (possibly time-dependent) control over aspccts or the movie's navigational Ilow

and its component media clements.

2.4 End-User Interaction

Interaction between the participant and the media storcd and prcscntcd Ily thc computcr

for interactive media prescntations is progrummed to pcrmit thc end-uscr to control

certain aspects of the presentation fiow, to modify mcdia , to collaboraI<: in furthcr

development of the plot or composition, and to customize scttings. The rcsourccs

available and the level of user control over media components arc limited hy thc data

input resources and the digital media used in the presentation.

2.4.1 Input Resourees

The interactive controllers that arc typically used for cOlllputer-controlled interactive

media presentations arc the mouse, keyboard, and joystiek. Although thesc de vices

support the commands and interuction needed for a majority of computer g,nlles, for

interactive multimedia environments where musie is a ccntral elemenl tn Ihc

presentation, these deviccs Iimit the end-users ability for self-expression.

Using digital audio to control navigation and other aspects of a presentation is tno data

intensive and difficult to implement. An alternative is ta use MIDI instruments as input

devices to trigger events, to coordinatc ideas, and to pcrform in a compulcr-controlled

music system.

2 Java is a programming langm,gc th.1t is similar lu C++ crcah:d hy Sun MicrosyslclIIs. Il will he
discusscd furthcr in Chapler 4.

5
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2.4.2 Level of User Control

Most multimedia presenlations conlain more than one media type, for inslance text,

graphics, images. motion video, computer animation, digilal audio, and in rare cases

MIDI. As mentioned previously, lhe level of user control over a particular lype of

media is limiled by the media used. Digital audio is more difficult to modify and

transform in real-limc than MIDI data for example, while images and graphics of

computer animalion arc casier to alter than the coded samples of motion video.

MIDI dala pr;Jvides explieit informalion perlaining to a musical performance. As

shown in figure 2.1, lhe slream of MIDI data provides the musical information for

elcclronic music devices to interp. el and perform music.[2]

145 60
129 60
145 61
129 61
193 25
177 7
178 7

75 -- play nole C4 wilh a velocily of 75
a -- release note C4
76 -- play note C#4 wilh a velocity of 76
76 -- release note C#4

-- change timbre (preset) of channel 1 to 25
100 -- change the global volume on channel 1 to 100
127 -- increase global volume on channel 2 lo 127

Figure 2.1: Simple MIDI slrcam

With MIDI, modifying musical paramelers such as tempo in real-time is trivial in

comparison to modifying the parameters of a digital audio file. This is due to the fact

that MIDI conlains instmctions whereas audio is the final format.

Digital audio streams contain discrete sampies coded in time that are not explicit in their

meaning. Thus spectral analysis and pattern recognition are required to determine the

pilches and amplitude of a melody.[3] The processing involved is intensive because of

the amount of data needed to encode individual sampies of an audio signal. The

storage requirements for a 1second audio file is determined by following formula:

samplil/g rate (SR) x bit-reso/mioll x Jor 2 (mollo or stereo file) = storage
requiremellls

Comp'lct disc quality 'llIdio thus requires a storage rate of 176 KBytes per second

(44.lkHz x 16-bit x 2). as opposed lo the 3 Bytes required la represent a note-on MIDI

message.(See Appendix 2.1)

6
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MIDI provides cxplicit information and rcquircs very little pl'llcessing. As ~\ resull. it

offers the end-user more control over the music than docs digital audio.

2.5 Discussion

This document is conccrned with the requirements needed to support continuous mcdia

over a networked system. Real-time data transmission of conlinuous nwdia rcquirl's

that the transmission medium used on a network systcm respcct timc-depcndencies.

The communication methods. protocols, and transmission mediums arc crucial to

multimedia applications. If the data are not dclivcred in the proper order, the end­

system to which the data arc being sent, must re-order the bit stream to ensure that thc

original data are recrcated. This issue will be fmtllcr discusscd in Chaptcr 3.

7
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Chapter Three
Relevant Technologies for
Multimedia Applications
3.1 Introduction

This section describes the relevant technologies used in multimedia applications for

networked systems and CD-ROM. Multimedia platforms. data communication

techniques, transmission mediums. and data compression will be discussed as they

relate to music systems.

8



•
CIII/I'I<'/" n,n',·

3.? Multimedia Platforms

The following paragraphs will identify the essential components of computer and sct­

top systems for multimedia applications.

3.2.1 Desktop Computers

While eomputers were originally invented to "crunch numbers." they an: now being

used as platforms for ail types of media production such as: 1) video ediling (Adobe

Premiere, Avid, Media 100); 2) graphie design, 3-D 11l0delling and computer animation

(Adobe Photoshop, Ray Dream Designer. Soft Image); 3) digital 'llIdio editing and

reeording (Deck, Sound Designer, Sonic Solutions); 4) multimedia authoring

(HyperCard, Producer, and Director); 5) intcractive perform'\Ilcc and composition

(MAX); 6) sound synthesis (CSound); 7) CD-ROM cnlertainment and education; and

8) as an interactive "window" to the Internet.

Macintosh and Multimedia Personal Computer (MPCs running the Windows operating

system) are the most commonly used computers.[4] These computers come equipped

with fast CD-ROM drives, hardware and software support for motion video playlnlck

(e.g. QuickTime), software video compression schemes (Cinepak, Indeo, and MPEG­

1), CD-quality audio, and General MIDI capabilities.[5] These systems can support

complex multimedia presentations.

3.2.2 Set·Top PIatforms

In recent years there has been an explosion in the availability of diverse CD-based

gaming platforms. These platforms are capable of more sophisticated audio and

graphies processing lhan the primitive cartridge-based systems of the early 1980s, and

are comparable in speed to "Iow-end" desktop computcrs.

The best selling game machines include: Sony and Philips CD-i l11ultiplayer,

Panasonic's FZ-I R.E.A.L 300 interactive multiplayer, the Sony PlayStation, Scga

Saturn, and the Ultra 64 by Nintendo and SOI (Silicon Graphies).[6]

9
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Except for CD·j, these game machines ail support multiple CD-quality audio channels,

real-time video decompression playback (MPEG-I chip), and arc capable of computing

lop to 500,000 texture-mapped polygons pel' second.

While game systems ail support the essential components for multimedia presentations,

MID! is generally not supported. There has been sorne discussion about implementing

General MIDI capabilities into thesc systems, but hardware 10 support MIDI input has

yet to be implemented.

3.2.3 Digital Mcdia l'laybaek: QuiekTimc and QuickTime VR

QuiekTime is a software-based system extension for Macintosh and MPC eomputers

that is used to create and play digital movies. Media inc1uding motion video, text,

computer animation, audio, MIDI, panoramie views, and sprites (active/moving

graphics) can be integrated into a "movie." In a QuickTime movie, media is arranged

in tracks and indexed by SMPTE time code. (See Figure 3.1)

M
e
d

a

T
l'

a
e
k
s

Video 1

Audio
1

1
MIDI

1 1
Audio

1
Panoroll11ic vicw

-
00:00:00:00 00:00: 15:20..
Figure 3.1: lIIustrales a QuiekTime movie and ilS jnterIeaved lraeks.

QuiekTime 2.1 inc1udes an additionaI traek for panoramic views. This event-driven

track perrnits the end-user to navigate in a 3-dimensional (3-D) "image-based" virtual

reality environment. The media consists of a series of eonneeted 35-mm photographs

\0
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used to creatc QuickTimc VR movies, Thcsc i110vics urc huscd on 1I'",.pillg und

slilchillg algorilhms thut wcre dcvclopcd by Applc,[7l

Virtual Reality (VR) involves the immcrsion of thc user into un interactivc computcr­

generuted world. Three-dimensional computcr-modclcd cnvironmcnts urc cxpcricneed

using a head-mounted display (HMD) to interfacc with u VR systcm. This dcviee

, features a real-time stereoscopic display screcn, stcrco hcudphoncs for audio traeking,

and a position sensor that providcs hcud-trucking informution us input 10 a host

computer. Thc computcr gencratcs perspcctives of thc environmcnt uceording to thc

location of the participunts head. Position-scnsing gloves such us VPL's D'll'lglove and

Mallel's PowerGiove transmit hand movements to u VR syslcm. Thcsc glovcs permit

users to place their hunds "into" a computer-modelied spucc, ullowing them to

experience the illusion of "moving," holding", und "pluying" objccts.

Unlike more complex VR systems (costing utlcust $100,000), QuiekTimc VR movics

run on low-cost Macintosh and MPCs with no udditionul hurdwurc. Dcvclopers can

create graphic "hot-spots" used to activute vurious actions (uudio und MIDI tracks),

navigate to other locations, or as a Iink to another 3-D image-bused environmenl.

3.3 Data Communication

Switching, data transmission, and communication methods ure signilïcant issues for

reul-time multimedia applications being implemented over u networked structure,

These networking elements delïnc how media is transmillcd between two end-systems,

3.3.1 Networked Switching Techniques

Switching processes ensure thal data are properly routcd within a networked structure

to the appropriate end-system. The two types of switching techniques arc circuit and

packet-switching.

11



Clzapter Tlzree

Circl/it-Swilchillg

The telephone nelwork system is based on circuil-switching. This Swilching technique

consisls of establishing a physical connection belwecn two network eomponents for the

duralion of the connection. This scrves as an open "pipeline" that pcrmits two end­

users to utilize the facility (phone line) within the bandwidth limilalions. Telephone

lines can supporl 8 kHz real-lime voice messages. To represent this message in the

digital domain would require a transmission rate of 64Kbps. Circuit-switch systems

provide fixed data rales and can therefore support continous or time-dependent media.

PlIckel-Swilclzillg

In a packet-switching network information is sent as segmented data in the form of

individual packets. These packets propagUle over a shured connection along with other

packets from different systems, ail connected by the same wires. Each duta packet

contains the address of its destination (i.e. Iike telephone numbers where a unique

numerical value is assigned to every device).

The advantage of using a packet-switched network is that it permits concurrent data

communication between end-systems. It does not, however, provide guarantecd bit­

rates (speed at which bits of information are transmitted), and is prone to improper bit­

ordering of individual packets of information. Transmission errors and varied bit-rates

can alter the meaning of a time-dependent media. This requires the network hardware

of an end-system to re-order the bit stream by applying complex error-correction

hardware.

3.3.2 Data Transmission

Transmission methods determine the way in which each individual bit is coded and the

timing conditions for sending or receiving sequences of bits. [8] There are three types

of data transmission techniques used in data communication networks: asynchronous,

synchronous, and isochronous.

12
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In asynchronous transmission, data arc sent at irregular intervals \Vith no timing

restrictions on whcn thcy are to arrive at thcir dcstination. By this dcfinition,

asynchronous transmission cannot support time-dependent or eontinuous media

without proper bit rc-ordering. and is more suited to transmilling time-independcnt

media such as graphics and text.

In contrast, synchronous data transmission l'clics on a synchronized c10cking signal

between both end-systems. The transmilling system can use this c10cking signal to

define a maximum end-to-end delay for packcts of .1 data stream. End-to-cnd dclay is

the time required for a packet of informationto reach an end-systcm recciver.

Although the maximum dclay timc can be set, the minimum delay hetwecn data packcts

is variable. With no set minimum time, packets may mrivc 100 soon. In a situation

where CD-quality digital audio (176 KBps) is received 1sccond too carly, thc rccciving

end-system must store this data in a temporary storagc bulTcr until it is nccdcd.

Numerous schemes have been devised to handle thesc problems.

Isoehronous transmission defines both a maximum and minimum cnd-to-cnd delay timc

for each packet. Isochronism is required for a nctwork to satisfactorily transport

continous media streams such as real-timc audio or motion vidco.(9) As shown in

Figure 3.2, an 8 kHz audio file is digitized at 64 Kbps. To transmit this data in rcal­

time requires that each byte be scnt every 125 microscconds. If the data is rcceivcd tao

soon (50 microseconds) it needs to be stored in mcmory on thc cnd-systcms computcr.

By defining a minimum delay time between individual packcts. thc storagc capacity for

early data is greatly reduced compared to the potentially large buffcrs utilizcd in

synchronous systems.

13
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H kHz Audio Trllnsmission

enu·lo·em1 uelay

Sym:hrnnous

sentier

senuer

-------c=J--.---------i.. reccivcr

min =variahle
max= 125 microscconu

ISllchronous

______.....c=J --:.~ receivcr

min = 50 seconds
max= 125 microsccond

•

Figure 3.2: Bolh Irunsmission mClhods support conlinous media. howevcr by scning a minimum
cm.l-lo-cnd dclay lime bctween packets, isochronous lransmission requircs lcss slorugc for uata that is
reccivcd 100 soon.

3.3.3 Data Communication Methods

There are three methods of transmitting data over a networked structure: 1) unicast; 2)

broadcast: and 3) multicast.

As shown in Figure 3.3 these methods have distinct ways of transmitting data.

14
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Unicast: nnc-ln-ollc cOllllllunil:alioll

BroadclIst: one-In-ail communicalion

•

Muhicasl: onc-lo-Iuany comlllunicUliun

Figure 3.3 l\Iuslralcs lhrce types of communication methlll\s

UnÎcast

In the unicast mode, packets of data are transmiued to a single destination élddrcss.

and as a result cannat support distributed multimedia content. Unicm,l communicéllion is

by far the most prevalent technique employed by ail networks from local ta world-widc

in scope.

Broadcast

In a Local Arca Network (LAN), machines are physically connected by wirc. Ali

machines on a LAN receive broadcast packets from a source, evcn if that packet is nol

15
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speeifieally addressed to a partieular machine. Broadcast paekets arc similar to "junk

mail," they arc sentto ail receiving machines over a LAN. Data traffic, in the broadeast

mode, is thercfore very intensive and poses unaeceptable overheads in most cases.

M/llticlI.I'1

Multicast is a fonn of selected broadcasting. Multicast packets are transmilted to a

multicast group where participants ean conneet to receive packets of information. Data

traffic is less intensive using multicast communication, as paekets arc only sent to

those who parlicipale in a multicast session.

Multieast is used for distributed multimedia content over a nelworked system. Further

discussion on multieasting will be provided in Chapter 4, as it relates to the MBone.

3.4 Communication ProtocoIs

For two digital devices (i.e., computer, and network hardware) to communicate with

one another, there must be a physieal conneetion between them (twisted pair, coaxial

cable, and fiber-optics) and an agreement as 10 the logieal organization of the

information. Such mutual understanding is usually called a communication protocol and

the conduits through whieh these communication protocols propagate are called

transmission mediums. The field of communication protocols is dense and complex

and only a general description can be provided within the scope of this document.

3.4.1 MIDI

The standard communication protocol for digital deviees designed for musical

applications is MIDI. This protocol eommunicates musical data (performance gestures)

and control information between two electronic music devices (See Figure 3.4).
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SI:llUS DYle
1001 0100

MIDI Packct

D:lIU Dyle
OOll 1100

\)al:l Dyle
0110 1110

•

Figure 3.4: This MIDI message inslructs Ihe recciving sYllthcsizcr III play noIe (10 \Vilh ycllldty 1III
on channel 4

The MIDI protocol is relatively simple and compact. Il hlls bccn adopted hy ail

electronic music instrument manufacturel's.

3.4.2 Internet Protoco! Suite

/nremet

Computer networking began in 1969 as an initiative of the U.S. Departml"lll of

Defense to estabtish a reliable communications network. The resull was an effort to link

the military establishment, universities, and defense contmctors by computer into a

network known as the Advanced Research Projects Arca Network (ARPAnet).[ 101
The ARPAnet has exploded into a vast collection of networks called the Internet.

As the Internet emerged, sa did the persona! computing industry. During this pcriod.

there were no set standards for intercommunication betwecn divl."rse computer

platforms, as each system understood different protocols. As a rcsult, there W'1S a need

for a common communication protoco! that aHowed diverse computer systems ta

exchange digital data with one another. In !982, ARPAnet defined the standarlO\

communication architecture for diverse computer systems connccted ta the Internet.

That standard is commonly referred ta as the TCP/I? protocol suite.

The Internet is based on the communication of digital data bctween nctworkcd computer

systems. Any media (text, images, video, and audio) represcntcd in the digital domain

can exist within and be transmitted across the network of computcrs that make up the
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Internet. This "open system" is profoundly ehanging the nature of interpcrsonal

commun ication.

The Internet consists of a large number of interconnected computer networks over a

large geographic area. Digital media is exchanged between computer systems over the

lnternetlhrough a packet-switching network. As a stream of packets propagUle over

the Internet. routers direct these packets to their proper destination defined by the

Internet Protocol (lP) address. Each IP address consists of four sets of numbers

separated by periods (e.g. 132.206.44.2). This address is unique and is used'by

individuals. Internet applications. am! computer devices to contact a particular machine.

rCPllP Proroco! Suire

TCP/IP was implemented around the UNIX operating system and consists of four­

layers 1) the application layer which is used for Il1lernet applications such as the File

Transfer Protocol (FrP) and telnet; 2) the transport layer which offers a host-to-host

connection; 3) the internet layer which routes data paekets to the IP destination host;

and 4) the network access to the physicaltransmission medium, [II]

3.4.3 OSI Reference Model

The OSI rcference model defines standards for Iinking diverse computer platforms

(i.e. other than UNIX). and is a slight derivation l'rom the TCP/IP model in that it

consists of seven vcrticallayers as opposed to four.(See Figure 3.5)
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II' (Internet)
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TCPIII' (Dui)) 1l1l11ld

•

Figure 3.5: Tep/IP is an illlplclllcnlalinn uf OSI whcrc SIIIllC laycrs arc collapscd.

OSI allows two computer systems conforming to the rcfcrence mode and associatcd

standards to connect. As shown in Figure 3.6. OSI dennes a hasic COll1mllllicaliulI

structure between two computer hardware systems.

-
~aioAP;.BArJaio App. A.--

1 1

Appli.eatio:r.. A.pp~atio:r..

PI'll$I:D.tatio:r.. Prt$cntatio'~

SU:lio:r.. Su~i.o:D.

Trll:D.:lpott TI'1l~pott

lfctwom lfctwow.:

I>ata LWc I>ata LizJ:

Ph}"ical ( .. Ph}'$ical
,

Hardware
~ J

Figure 3.6: mUSIcales lhe scven layers of lhe OSI ccfcrcncc modcl
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Layers within the OSI stack interact only with their neighbouring "peer" layers (above

and below layersl, and with their counterpart layer "entities" (same layer at the

destination host). Each layer performs a related subset of the functions that are reqllired

for intercommunication between computer hardware systems. The required task is

divided into a number of more manageable subsets of the original task. Each layer

consists of a suite of protocols that are responsible for processing protocol data units

(PDU) for peer layers. The protocols add information about the data in the fOl'm of

hem/ers andjfJOlers, so that receiving computel's are able to decode the data packets

into their original format. As each layer receives its (Jacket (from its cOllntel'part layer),

they strip off the header and then process the data accordingly; passing it on to the next

peer layer for further processing. [12]

AppleTalk is a proprietary communication scheme that is based on the OSI reference

mode!. Macintosh computers use MacTCP or OpenTransport (PowerMacs only) to

communicate with other systems over the Internet. MacTCP functions as an interpreter

between TCPIIP and AppleTalk protocols.

EX{/Illp/e AI/dio Translllission

The following section discusses the processes required for an application to send an

audio file to another computer over a networked structure. The application layer (Layer

7) is invoked when two applications on remote computers exchange media; in this case

digital audio. The audio file is packaged with a header and sent to its neighbouring peer

layer below (1 ,ayer 6). The presentation layer receives this data and encodes it into a

format that is machine-independent. A presentation header is prepended to the data and

passed on to the session layer, which ensures that ail pertinent information

(destination address, and the size of the data packet) is correct. This information is

further packaged into the session layer header and is then sent to the transport layer

(Layer 4). The transport layer ensures reliable transmission by storing a copy of the

:\udio data stream. If the TCP protocol is used at this layer, any data packets lost. during

tr:msmission are rctransmilled to the destination hosto The transport layer prepends it

own header to the data, whieh is passed on to the network layer (Layer 3). The network

layer contains the IP address of the destination host (from the session layer) and

delermines the fastest route to transmit the data packets according to its routing tables.
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The data Iink layer adds anothcr Icvcl of error control to cnsurc that the data is el1'Ol' l'l'CC

once it reaches the physical layer. The final layer is l'csponsiblc l'or t1'llnsmilling thl:

data over a physical medium. As dma packets arc proccsscd and passed down l'rom

layer to layer, extra information (overhead) is mldcd on to the data. (Sec Figure 3.7)

Applic;lIillll DaIa

Application

l'rcscl1laliun

Sessiun

Twnspllrl

Nclwurk

DaIa Link

Physical

•

Figure 3.7: As the data passes from one layer la (molher. headers ure prepentled tu the dala. The
hcadcrs AH (Application Hcadcr), PH {Presentation Header>, SH (Sessiun Header). TH (Transport
Hcader), NH (Nctwork Hcadcr), DH (DaIa Heuder). conlain the informalion neetled for the rccciving
system to dccode the tlata packeL<;.

3.4.4 Transport Layer

The transport layer protocols provide the basic end-lo-end service of transferring data

between users or transport entities. Any process or application can be programmcd 10

access the transport services directly without going lhrough the session and

presentation layers.

The TCPIIP and OS! protocol suite both include two transport-Ievel protocols: the

connection-oriented Transmission Control Protocol (Tep), and the connectionlcss User

Datagram Protocol (UDP).
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The TCP Trllll.lport Protocol

As deseribed carl icI', TCP is a reliuble eonneetion oriented protoeol that is used for

FTP, and telnet. When a user sets up a file transfer, FTP establishes a TCP connection

to the target system for the exchange of control messages. The controis consist of a

user ID, password, and specifie file communds. When a file transfer is upproved, u

second TCP connection is set up to transfer the duta. The objective of the FTP

application is to transfer error free dutu with no consideration of the speed at whieh duta

arrives at the elient's computer. This protocol is "connection-oriented" in thut u

connection must be ueknowledged between the source and destination computers;

otherwise the dutu cunnot be transmitted. TCP is the most widely used transport

protocol of the Internet suite. It is not, however, weIl suited for reul-time multimediu

applications, especially for the transport of continuous mediu.[ 13]

The UDP Transport Pr%col

UDP provides un unreliable connectionless delivery service using IP transport

messages between host eomputers. A dutagram transmission is performed without a

prior establishment of u eonnection, nor guarantee of either correct routing or proper

ordering of the transmitted duta, nor the overhead of the connection-oriented TCP.

UDP datagrams eontain the data and the IP destinution port of the reeeiving end­

system. The identifieution port is a "virtual port" negotiated with the reeeiving

eomputer's operating system for ineoming dutugrams. If paekets ure lost, duplieated,

delayed, or out of order during a data transmission, the end-system does not

ueknowledge the faet and the data is not re-transmitted.

Beeause UDP does not support error deteetion, data reeovery, and the overhead of

TCP, it is weIl suited for certain multieast applications in that high-speed multiuser

communication ean be achieved. On the other hand, the faet that it is unreliable is a

major concern for those wishing to compose interactive works for a networked music

system.
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3.4.5 World Wide Web Protocols

The World Wide Web (WWW. W3. or Web) is a cooperative projeel inilialed by the

Conseil Européan pour La Recherche Nucléaire (CERN) to design and develop a series

of concepts, communications protocols, and systems to support the inlerlinking of

various types of information aeeording to the hypermedia concepl.[ 141

Prior to the Web, data exchange across the Internel was ahnost entirely text-based. The

Web is based on hypermedia (multiple media) "pages" or documents implemented

through the Hypertext Markup Language (HTML). HTML is a command language for

formalling codes for text, hypertext links to media or other Web pages, and graphies.

Hypermedia documents are transmilled between client and servel' machines using the

Hypertext Transfer Protocol (HTTP). An HTTP connection is only active during data

transmission. An HTTP transaction between a client and a Web servel' consist of four

stages: I} the establishment of a connection with the host computer; 2} the sending of a

requestto the specified Uniform Resource Locator (URL which identifies the document

or device); 3) the response by sending the requested media; and 4} the elosing of lhe

connection.

A Web browser (application used to view Web documents) connecls to an I-lTTP servcr

specified by a URL. The browser sends an I-lTTP packetto request a specific ilem (e.g.

URL hllp://www.mcgill.music.calAudiolBeethoven.au) l'rom an I-lTTP remole servel'.

As shown in Figure 3.8. the servel' responds by sending the requested media cmbedded

within the Multipurpose Internet Mail Extension (MIME) file format.[15] The client

computer receives this MIME file (header and its contents) and determines how 10

interpret the data. If the response is an audio file, the browser uses "Hel pel'''

applications to playback the media. A vast array of these Web helpers arc available as

shareware l'rom many Web servel' sites.
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Client

Launeh A

Web J>;lge

HTfP request for an abject Scrvcr-

udio Helper content type: AudiolBnsic 1

HTfP response

Figure 3.8: Illustrates the Ilow of events between client and server.

3.5 Transmission Mediums

The topic of network transmission mediums is complex.1 The speed at which data

dissipates over a network is dependent on several factors, including the transmission

medium. These mediums can be categorized as circuit-based, packet-based, and CD­

ROM.

3.5.1 Circuit-Based Networks

Circuit-based networks consists of a point-to-point connection between two end­

systems over a telephone line. The mediums used to transfer data over telephone lines

include modems. Integrated Systems Digital Network (ISDN), Broadband-ISDN (B­

ISON). and T-Irr-3 circuits.

Modem

The standard method of transferring data over existing telephone lines is by means of a

modem. A typical modem is able to transfer data at approximately 2.4 to 28.8 Kbps

across copper twisted-pair telephone lines. A 14.4 Kbps modem is the minimum speed

suitable to access hypermedia documents from the Web. At 14.4 Kbps, it would take

1Medium is used here 10 represenl the hardwnre thattrnnsmits data (i.e. modem, ISDN. CD-ROM).
The plural, mediums. is used 10 distinguish these technologies from "media".
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file (7 Mbits) from a remote muchinc over the Internet. Applicutions sueh us Inlernet

Relay Chat (lRC) and the UNIX "lulk" progrmn ure uble to seml text·bused lhllu in reul­

time between two remote machines. but lhe bundwidth required to seml texl is muny

times less than tbat for digitul uudio or motion video. ft is ~Ieur thul modems eunnot

support the transmission of dutu inlensive mediu for l'cul-lime upplieutions.

/SDN

ISDN was designed as the digitalupgrade to tbe existing public switched lelephone

networking system. Il is bused on circuit switcbing of two synchronous bi-directionul

64 Kbps voice und dutu channels (B-Cbunnels) plus un udditionul signuling ehunnel (D­

channel) at 16 Kbps. The totul bundwidth of 144 Kbps wus developed to curry voice,

data, and signalling simultaneously on three sepurale chunnels. The busic uecess

connection to an ISDN network is still short of meeting the demunds of low quulity

digital uudio (22 kHz 8·bit mono).

B-/SDN

Broadband Integrated Services Digitul Network (B-ISDN) is one of the emerging high­

speed voice und computer datu services for wide·ureu networks (WAN).

Asynchronous Transfer Mode (ATM) is one of severai B-ISDN services thut provide

megabits or even gigabits of bandwidth across u wide-urea network. Il is u fust hybrid

between packet-switched and circuit·switched technology used for multiplexing und

transporting voice, data, and video over a cell-switched network ut extremely high

transfer rates (155 Mbps to 2.2 Mbps).

T·/ and T-3

Until 1991, the muin Internet backbone relied on u network of 1.5 Mbps T-I circuits.

The Internet has since been upgraded to a 45 Mbps T-3 circuit. T-I digitultransmission

Hnes provide 24 multiplexed telephone (voice) channels at 64 Kbps pel' channel,

resulting in a total bandwidth of 1.544 Mbps. T-3 supports 672 (28 T-I circuits)

audio channels (64 Kbps pel' channel) resulting in a total bandwidth capacity of 45

Mbps. T-3 can also support 8 MPEG-2 video channels in real-time.
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3.5.3 Packct·llascd Nctworks

Packct-blL~cd nclworks operate over a LAN. The various tnmsmission mediums lhat

exisl for LANs include MIDI and networked data transmission mediums such as

LocalTalk. Ethernet, and FDDI. These packet-based mediums use the asynchronous

transmission method for transferring data between two end-systems.

MIDI

MIDI is a network protocol for electronic music devices. MIDI transfers packets of

musical data at 31.25 Kbps. A note-on MIDI message consists of 3 Bytes. As shown

in the following formula:

3/250/3 =1041 noIes per second or /mspernole
/0 lIoles x/ms =10 ms

it takes approximately 10 ms to transfer a 10 note chard to a receiving MIDI device.

Many complex pieces which use MIDI data often exceed MIDIs 31.25 Kbps

bandwidth capacity resulting in lost information or MIDI data errors.

Compllter Data Transmission Medillms

LocalTalk was the original transmission medium developed by Apple to run AppleTalk

protocols between computers and printers. The LocalTalk networking system was

designed to run at 230 Kbps.

The Ethernet system is implemented on a LAN. and carries packages of data between

computers at a rate of 10 Mbps (lOBaseT) or 100 Mbps (fast Ethernet). The most

widely used ver~ion of the Ethernet technology is the 10-Mbps twisted-pair variety.

[16] The 10 Mbps data transmission rate that Ethernet offers represents the total

available bandwidth of an Ethernet LAN, and hence degrades with more trafflc.

Recently, packet technologies based on fiber optic transmission have been developed.

Fiber opties have an extremely high data transmission rate, hence data intensive media

such as digital audio and motion video ean propagate in real-time. FDDI can sustain
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data transfer mtes of 100 Mbps to 200 Mbps. Il is used primarily 10 intereonneel high­

speed LANs. [17)

3.5.4 CD-ROM

The speed and the accuracy ut which data is retrieved l'rom a CD-ROM is delel'lllined by

the average data aeeess time, data tmnsfer mtes, and bul'fer size of lhe CD-ROM drive.

These factors are crucial for multimedia CD-ROM presentations.

Access Time

Random data access time is the typical amount of time required between the request fol'

information and a read operation l'rom CD-ROM. The average access time of most CD­

ROM drives is between 100ms (minimum) and 500ms (maximum). This is weil below

random access time for hard disks (which is normally 15ms), and for RAM (which IJ:L~

an instantaneous random access time). As most interactive multimedia applications

shuffle around large amounts of audio and video data during interactive branching, fast

access times are important to the f10w of the presentation.

DClla Transmission RaIes

The CD-ROM drive's rotational speed and the density of the "pits" and "lands" on the

CD allow data to be read from a single speed disc drive at 150 KBps, a double-speed

drive at 300 KBps, a quad-speed drive at 450 KBps, and a 6x speed-drive at 600

KBps. The specified data rate for continuous CD-quality audio is determined by the

seetor size (of the Red Book2 seetor specification) multiplied by 75 frames/seetor. Th..:

result yields a data transfer rate of 176 KBps (75 x 2353) for eontinuous audio data.

Furthermore, since the sector size of the Yellow Book specification requires less data

(2048) than the Red Book specification (2353), a data transfer rate of 150 KBps is

required for continuous audio data from CD-ROM. A quad-speed drive will improve

the transfer rate for both audio and video from CD-ROM.

2 For a discussion on the Red Book and Yellow Book Standards, sec Chapler 5.
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fnternal BI/fIer Ci/pi/city

The performance of a CD-ROM drive also depends on the size of the internai buffer.

The internai buffer on Il CD-ROM drive consists of a RAM chip that functions as a

temporary holding place for data retrieved by the drive. The average internai bllffer

capacity for a single-speed drive is 16 KB, and 32 KB for a double-speed drive. The

internai buffer capacity of a CD-ROM drive has increased to 256 KB with the

cmergencc of quad-speed drives.

The following example illustrates the importancc of access time, data rate, and internai

bllffer capacity.

A sample QuickTime movie (audio and video) of 45 seconds has been digitized and is

limitcd to a data rate of 230 KBps. A double-speed drive with an internai buffer

cupacity of 256KB und an average data access time of 300ms is provided. Although the

drive is capable of a continuous data transfer of 300 KBps, a benchmark rating using a

CD-ROM performance utility reveuls that ittransfers 175 KBps. As a result, the video

segment's desired playback rate (230KBps) creates a bottleneck of 55KB (230KB ­

175KB). The internai buffer can compensate for approximately 4.5 seconds before

there is uny noticeable loss of data, if any. In this example the buffer has a 300ms

average grace period while the drive accesses the r.ext block of data. The access time

and the internai buffer capacity may in fact be sllfficient to sustain the data requirements

of the video segment. As the access time increases, there is a proportionate decrease in

data continuity (reduction of video frames, and interruptions in the audio file).

Increasing the internai buffer capacity of a CO-ROM's RAM is essential for digital

media components that demand reliable data transmission.

3.6 Data Compression

Oilta compression promises to he an effective means at alleviating the bottleneck effect

inherent with CD-ROM and network transmission medium by reducing redundant data

white maintaining to a reasonable degree the original quality. This section will discuss
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audio and video compression techniques with an cmphasis on the MPEG (Motion

Pictures Expert Group) compression schemes,

3.6.1 Introduction

First of ail it is important to identify the storage capacity required for each mcdia type

in terms of bits pel' second (bps). This is the standard mcaslll'emcnt of handwidth ratc

for various transmission mcdiums. Thc following formulas identify the storage

requirements for audio, mOlion video, graphics, and MIDI in bps.

1) Audio requires (Sampling Rate x bit resolution x 201'1 (stereo or mono)
Ex. (44. 1kHz at 16 bit Stereo) = 1.4 Mbps or - 10 MBytes pel' minute

2) Motion Video requires (width x height x color depth x frames pel' second 1
compression)
Ex. (320 x 240 x 8 bit color x 15fps) = 9.2 Mbps or - 70 MByles pel' minute

3) Graphies requires (width x height x color deplh)
Ex. 640 x 480 x 8 bit = 2.4 Mbps or - 300 KBytes pel' page.

4) MIDI (Depending on the density of the MIDI file)
Approximately 80 Kbpm. 3

To transfer this media over a networked system in real-time requires data compression.

3.6.2 Audio Compression

ADPCM (Adaptive Delta Pulse Code Modulation) is the audio compression standard

used in CD-i, CD-ROMIXA, and other CD-based gaming formats.4 It is a lossy (Le.

reduction in quality) compression scheme yielding a maximum of a 4: 1 compression

ratio. The Macintosh also supports the Macintosh Audio Compression and Expansion

(MACE) standard to achieve audio compression ratios from 3: 1 lo 6: 1. Compressing

audio with these schemes results in a degradation (dependent on the compression ratio)

in the quality of the original file.

3 This is difficultto dctcnnine, as MIDI is a description language.

4 These ronnals will he discussed rurther in Chapter 5.
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Perceptllil/ C(J{lilll:

ln recent years therc has been a growing demand for audio compression methods that

reduce the size of recorded information without sacrificing sound quality. One approach

is to utilize perceptual coding sehcmes. There is considerable debate as to whether

compression using perceptual coding schemes is capable of producing high-quality

sound reproduction. Some believe the quality to be 'luite poor while others insist the

anomalies are relatively imperceptible. In any case the discussion of data compression

using perceptual coding schemes will focus only on the MPEG-l audio compression

standard.

MPEG-I describes the compression of audio signais using high performance perceptual

coding schemes. [18] Il specifies a family of three audio coding schemes simply called

Layer-l, II and III. Ali Layers have different complexities and also different target data

rates. Perceptual coding is based on the removal of redundant data from an audio signal

that presumably cannot be perceived by the human car.

The redundànt data is removed based on a well-established psychoacoustic phenomena.

The MPEG-I Layer 1 and II encoding schemes analyze the spectral component of an

audio signal by filtering the signal into 32 sub-bands. A psychoacoustic model is

applied to estimate the just noticeable noise-Ievel for each band in the filterbank. The

bits used to encode the signal are further divided among the sub-bands according to the

strength of the signal in each band. If the signal is below the threshold of audibility or

is masked by another tone, that signal is not encoded.5

Table 3.1 identifies the different layers in terms of their target data rates and

applications.

Table 3.1

Layer tar2et rates/channel applications
1 192Kbps Philips DCC
II 128Kbps VideoCD. and Digital Audio Broadcasting (Europe)
III 64Kbps ISDN

5 A"mnsking tone" raises the thrcshold of audibility of other tones ",ound il.
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Reducing the data nlte of an audio fi le ( 44.1 kHz x 16-bit x mono (1 chmmcl) = 704

Kbps) ta 64 Kbps (MPEG-I Layër Ul's target data rate), rcquircs li compression l':Itio

of t0: 1. This reduces the data mte by a l'nctor of 10 while according to m,illY lislencrs.

maintains a high-quality signal.

Although MPEG-I audio produces a reduction in size and can aCcUr:llety rcproducc the

original signal, this format requires ndditionul hardware to decodc the audio lïle once il

has been sent to its destination. Renl-time dccoders rcmain cxpensive and aœ not

widely available to the consumer. Until this issue is resolved. MPEG audio in a

networked application will remain relatively lIncommon. Nevel'lhclcss, MPEG audio

coding is being used by many commercial entcrpriscs to significanlly re<.\ucc storage

costs and transmission tine charges.

3.6.3 Video Compression

MPEG, Cinepak, and Indeo (l'rom Intel) are bascd on a lossy compression format. and

use both interframe and intraframe compression to achieve their target data rate. In a

lossy compression scheme, the image quality of a motion video file is rcdllced as the

compression ratio increases. Table 3.2 iIIustrales this point using a refcrcncc digit.lI

video file. The target data rate is inversely proportionate to the compression ratio ami

reduction in quality.

Table 3.2

Video 352 x 240 x 24·bit x 30fps = 7.7MBps

Quality Tar~et Ratio
OK 150 KBps 1:52: 1
better 300 KBps 1:26: 1
best 600 KBps 1: 13: 1

Interframe compression is compression attained by eliminating interframe redundancy

or image segments that remain static between frames. The c1assic example is the

litaiking head" shot; where the background remains stable and only face and shouldcr
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lI10vements arc eneoùeù. lnterframe compression techniques store the background

information once, and then retain only the data requireù to describe the minor changcs

bctween the framcs.[ 19] As thc amount of movcmcnt decrcases, thc frame ratc during

data transmission increases. Intruframe compression is attaineù by eliminating

redundant data within a l'nunc, without reference to successive l'nunes.

MPEG-I was designed to provide VHS quality digital video at a data rate of 150

KBps. MPEG-I is baseù around the Standard Image Format (SIF) of 352x240 that

reduces the equivalent of 7.7 MBps full bandwidth video (352 x 240 x 24-bit x 30) to

150 KBps.

A compression ratio of 52: 1 was needed to support MPEG-I video for CD-ROM. In

comparison, the Cinepak and Indeo software compression schemes offer only a

maximum compression ratio of 5: 1 for motion video.

3.7 Discussion

The technologies discussed in this chapter arc constantly improving. Real-time

communication protocols (i.e. UOP), and data compression (i.e. MPEG) allow media

to be transmitled over the Internet in real-time with fairly reliable results. The HTTP

protocol allows hypermedia documents to be exchanged between a large audience and

interactive ;Ipplications to be downloaded into a browser over the Web. Although the

impact of what these technologies may offer networked music systems is not l'ully

known. there have been a growing number of innovative applications being

implemented for the Web and CD-ROM. These applications will be discussed further in

Chapter 4.
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Chapter Four
Networked Multimedia
Applications

4.1 Introduction

Internet applications began with FTP, ('lectronic mail, and tel ne!. Laler, lext-based

virtual reality environments based on Multi-User Dungeons (MUD), and MUD Objecl­

Oriented environments (MOO) emerged. 1 Tbe Internet now supports hypermedia

documents, networked music applications, audio-on·demand, and videoconrerencing.

1 MOOs arc based on the LambdaMOO server inilialed by Curtis Pavel at Xerux Parc in 1992.
LambdaMOO is a ne\work·aeecssible. mulli-user. prugrammable. inleraclive system well-suited llllhe
construction of tcxt-bascd advcnturc games. confcrcncing systems. and othcr c()II~lbor.llivc snftw:trc. Ils
most eommon use. however. is a mulli-participant. IllW bandwidlh virtual realily. Frum the
LambdaMOO manual on Ibe World Wide Web.
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4.2 Networked Hypermedia Browscrs and Applications

With the emergence of Web browsers such as Mosaic, Netscape and HolJava, the

World Wide Web has been bombarded with a myriad of new applications promising to

provide interactive multimedia experiences.[20]

4.2.1 Netscape: Hypermedia Document Browser

Netscape Navigator™ provides access ta an almost infinite number of digital

hypermedia documents over the Internet. Il is best suited for applications that do not

require media-on·demand and real-time interaction between client and server.

In the pre-release specification of Netscape 2.0, the notion of "browser" has been

replaced by the idea of an open environment for the development and distribution of

interactive multimedia content. Netscape now supports concurrent streaming of digital

audio and video (using RealAudio), in-Iine applications (QuickTime, Director movies,

Java applets), and a scripting language used ta integrate these features into an HTML

document and for interactive control over various media components.

As Netscape continues ta shift its focus towards interactive multimedia content, the

problem of excessive download delays will become even more prominent. Il is still

unclear whether Director presentations will need to be downloaded with the Web page,

or if they will be streamed over the Internet from a Web server. In any case, the

temporary solution to the bandwidth problem is to access the media locally on CD­

ROM. 2

The growing number of Web-Maas, Interactive Web-Games, collaborative Web-Art,

and Web-Music spaces, may be attributed to new media artists exploring the potential

of the Web as a future stage, digital playground, or virtual space for their creations.

Untilthe infrastructure of the Web supports media-on·demand, long delay times will

continue ta reduce the appeal of these types of works.

2This issue will be diseussed funher in Chapter 8.
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4.2.2 HotJava: Interactive Presentations on the Web

The HotJava browser from Sun Microsystems is used to view and interactive with Java

applets.[21] Java applets are implemented using the Java programminr. language

crealed by Sun and are used to'make interactive multimedia presentations for the Web.

Applets need to be downloaded before they can be uscd within a Web bro\\'scr

windo\\'. Several interactive Java music applications have been created such as

Ca/Bond. [22] Ca/Band is an excellent early example of Java's capabilities. This applet

permits the end-user to collaborale with the on-screen cats using the mouse and

computer keyboard to trigge~ sound events and computer animation.

4.2.3 VRML: 3-D view of the Web

Three-dimensional visualization tools integrated within the Web allow one to vic\\' and

retrieve data with a differentfperspective than that commonly available with HTML.

The Virtual Reality Modeling Language (VRML) is used to describe muhi-participant

interactive three-dimensionalenvironmentsor "virtual worlds." VRML emerged in

1994. al the first annuai World Wide Web Conference in Geneva. Switzerland. Il was

proposed as a common language and API (analog of HTML for virtual realily) for

specifying 3-D scene description and Web hyperlinks.[23J[24] Web pages which

integrate VRML can contain objects that referto other environments. HTML documents

or other valid MIME types. VR~IL's API is based on the Open Inventor ASCII File

Format from Silicon Graphics. Inc.• with extensions 10 support networking. The

Inventor File Format supports complete descriptions of 3-D scencs with polygonally

rendered objects. Iighting. materials. ambient properties and realism effecls. A VRML

"vie\\'er' is required to view or interact with VRML documents within Netscape.

While HTML was never intended to be used as a scripting language to impiement

interactive music spaces. many artists have embraced HTML as a means to distribute

ne\\' media works. VRML offers far more in this respect than HTML. lt is for this

reason thalthe Web will mostlikely emerge as a medium to support innovative music

environments.
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Thcrc has also been sorne discussion about implementing a VRML extension for sOllnd

spatialization. Graphicallywdefined objects could be used to trigger sonie events on the

basis of user input. [25]

4.3 Real·Timc Networkcd Digital Media

While the following real-time applications were designed for other applications than

music, thcir compression algorithms and real-time communication protocols could be

important in developing nctworked interactive music systems.

4.3.1 RealAudio

Rr.alAudio is a networked application that provides audio-on-demand to Internet users.

[26] It is based on a proprietary compression algorithm and real-time communication

protocols (UDP) that allow voice to be transmitted over the Internet using a 14.4 Kbps

modem and music using a 28.8 Kbps modem. The RealAudio delivery and playback

system includcs the RealAudio Encoder (encodes audio files in the RealAudio format),

RealAudio Server (distributes broad-based multicasting audio streams to connected

users) and the RealAudio Player (allows connected users to aceess RealAudio

programming for real-time playback) (See Figure 4.1)

Figure 4.1: IIIustrates the RenlAudio Player and its interactive features.

RealAudio's compression algorithm reduces data rates from 176 KBps (digital audio

file) down 3.5 KBps (music compression). This compression ratio (50: 1) is essential in
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order for music to be transmittcd over a 28.8 Kbps modem. Whilc Ihe RculAudio

system ensures real-time audio over a nctwork structure, it providcs no guaranlcc thut

a11 data packets will arrive at their destination. Figure 4.2 illustJ'atcs Ihe pCl'centagc or
packets that are lost during a snmple data transmission.

Figure 4.2: lIIustrates the connection Sllltistics betwccn clicnt lInd scrvcr.

The buffering and caching system ensures a data rate of 1 KB or 3 KB (depending on

the type of audio) of data pel' second. This technology is necdcd for non-inll~rruptcd

audio streams over narrowband devices. (See Figure 4.3).

RealAudio Delivery System

o Buffer

Modem IKBps

TCPandUDP

RcalAudio
Scrvcr

•

Figure 4.3: Basic design of the RealAudio delivery system.

Future Trends and Tee/m%gy

The promise of sending audio streams in reat-time across the Internet appcals to those

who cannat tolerate the long dawnload delays inherent with FrP and Web audio.
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The RealAudio system allows independent recording artists, sound designers,

composers, symphony orchestras, and even "garage bands" to broadcast their concerts

in real-time to an Internet audience. Progressive Networks has thus reinvented an old

medium (Radio) over a relatively new medium (Internet) by means of a new technology

(RealAudio). For example, the Canadian Electroacoustic Community (CEC) is

broadcasting a series of concerts using RealAudio over the Internet from Dec. 17 to 31,

1995.

4.3.2 CU·SeeMe

CU-SeeMe is a low-cost videoconferencing toolthat allows Macintosh end-users with

the proper hardware (digital camera, and a connection to the Internet) to send and

receive audio-video streams in real-time. [27] Digital media streams are sent out as

unicast IP (point-to-point) or as multicast IP (point-to-many) packets over the Internet.

In the unicast mode, participants directly connect to the IP address of another CU­

SceMe participant. This aIlows participants to communicate digital media between one

another over a privatized "virtual channel." As Macintosh computers do not support

multicast IP, those users who wish to participate in a multicast session (broadcasting

video and audio streams to multiple participants), need to connect to "reflectors"

(UNIX machines running multicast software). A maximum of sixteen participants can

be connected to a reflector at a time.

A CU-SeeMe video image has a 160 x 120 pixel resolution, 4-bit grayscale, with a

maximum of 4 frames per second (fps). A constant data transmission rate of 9 KBps

(160 x 120 x 4 bit x 1fps) is needed to support motion video, and 176 KBps for digital

audio. Having audio and video as the primary media in a real-time application c1early

rcquires fast data transmission Iines and data compression. CU-SeeMe compresses the

audio and video as it is being digitized.3 The compression ratio per media, is

determined by an adjustable data rate that is influenced by the bandwidth capabilities of

the transmission medium (14.4 Kbps modem). If that rate exceeds the capacity of the

transmission medium, data will be lost. This is evident in Figure 4.4, where 50%

percent of aIl data transmitted has :IOt been received.

3 Only tnInsmilS the portions of a pieture Ihal have ehanged signifieanlly from Ihe preeeding frame.
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Figure 4.4: A typical CU-SccMc session iIIustraling that 50% of the packets have becn lost. This
would be unacccptablc in a nctworkcd music cnvironmcnt that is dcpcndcnt on nccurulc dnta.

CU-SeeMe provides the infrastructure for a personalized broadcast medium to

ambitious new media artists and composers. The Slowest Train in The World on June

2nd 1995. was a recent concert featuring CU-SeeMe technology. This concert

contained a program of live computer music from various ICMA membcrs. [28]

While high-fidelity digital audio is an essential component for rendcring Ihcsc

compositions effective. the novelty of CU-SeeMe has blurred its actual capabilitics. It is

evident in participating in a CU-SeeMe session. that the technology cannot support

continuous and reHable transmission of musical and visual information. As a resull. ilS

use as a virtual concert hall or performance tool at the moment secms premature.

4.3.3 Applications of the MBone

The MBone or Multicast Backbone is a virtual network layered on 'top' of the Internet.

It originated in 1992 from an effort to multicast audio and video from meetings of the

Internet Engineering Task Force (lETF). [29]
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Unlike standard Internet communication methods (unicast IP-one-to-one), participants

or hosts on the MBonc communicate with one another using IP multicast. The Mbone

applications such as vat (Audio Conference Tool), Nevot (Audio Conference Tool),

NetVideo (Video Conference Tool), nv (Video Conference ToDI), and wb (Shared

WhiteBoard Tool) are ail based on IP multicasl.[30]

Since the Internet only supports unicast IP, multicast IP packets are encapsulated within

rcgular unicast IP packets that pass through virtual 'tunnels' From an 'rnrouter'

(routing deamon that supports multîcast IP) ta conventional Internet IP routers. As the

packet rcaches its destination, the unicast IP header is removed, and the packets return

to multicast form. The multicast IP routers take the responsibility of distributing and

rcplicating the multicast data stream to participants with multicast support. The MBonc

is Iimitcd to computcrs which support IP multicasting. (Sec Figure 4.5)

The MBone

MBone Participants
over aLAN

mm"", ~ ~ ~
~ ••• " ••••• I._ ••••

• •• Multicasl IP packet

UnicaSllP packet

Muhicast packet Wilh a Unicast IP header

Figure 4.5: Basic architecture of the MBone virtual network.

The transmission capacity of the MBone network has been initially set to a maximum

of 500 Kbps for the entire MBone community. Approximately a quarter (128 Kbps) of

th3t bandwidth is reserved for video at 4-5 fps (frames per second). The remaining
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bandwidth is used for audio chunncls us wcll us multi-uscr whitebourd dulu. The

number of parallel MBone sessions thut cun be transmilled or broudcusted is Iimited to

the maximum dutu transmission of 500 Kbps. There is Iimited spuce for concurrent

video and/or uudio sessions, therefore it is imperative thut new mediu urtists be uware

of these limitations in their broudcusts. With the muximum bundwidth of 500 Kbps up

to seven simultaneous audio channels are possible at 64 Kbps pel' chunnel if no video is

transmitted. Although the audio is of telephone-quulity und the video cupubilities Iimited

to 128 Kbps, the ability to transmit und receive video und uudio inl'eul-time is the tirst

instance of true videoconferencing capubilities on the Internet. Despite these Iimitutions

the MBone is being used to multicust live rock concerts, 4 computer music concerls,

und radio broadcasts. 5

The MBone hus succeeded in creuting udynumic multimedia colluborative envil'Onlllent

over the Internet. Il is u prototypical environmcnt for al'tists who would Iike to

distribute their digilulmediu to u vust uudience in l'cul-lime. At this time, however, thc

Iimited bandwidth und the need for sophisticuted computer hUl'dwure .lI1d sol'twure

make the MBone and ils applications impracticul for most commerciul purposes.

4.4 Networked Music Environments

The fact that networked music applicutions have not been l'ully explored muy be

attributed to unreliable communication protocols und data trunsmission mediums. The

following systems provide the architecture for interactive networked systems bused on

MPEG-l audio and MIDI.

4.4.1 MIDI and Audio over ISDN

ISDN is capable of transmilling reul-time digitul uudio using vurious data reduction

algorithms based on perceptual coding methods. MPEG-I Layer III provides the best

4 The Rolling Stones multicasted 20 minutes of their November 18, 1994 Dallas Collon Bowl
Concert as a promotion for a subsequent pay-per-view TV special. Weiss, Aaron. "Strelching Ihc
MBone: The Internet Broadcasting Network." Internet World March 1995: 38-41.

5 Radio broadcasls, perhaps because of their lesser bandwidth requiremenL<, have become common 0"
the MBone. Examples inelude Big Byte program on BBC Radio 5, which offered users a feedback
opportunity via an MBo.e whiteboard and IRC (Internet Re1ay Chal) conneclion. Weiss, Aaron.
"Slrelching the MBone: The Internet Broadcasling Network." Internet World Mareh 1995: 38-41.
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audio quality for "Iow" bit rates around 64 Kbps per audio channel. Transmitting MIDI

data over ISDN requires Jess bandwidth and is also more efficient in that it transmits

musical gestures and performance controls that can easily be altered to suit an

interactive performance situation.

A rccent study demonstrated a system for transmitting MIDI data and MPEG-I Layer

III audio over ISDN.[31] This system can be categorized into fivc stages: 1) transmit

MIDI data over ISDN; 2) map MIDI data to a preset stored on a sound module; 3)

encode the audio from the sound module into MPEG-I Laycr III; 4) transmit the

compressed audio to the client over ISDN; and 5) decode the audio stream and play it

back through a sound system. In this example, MIDI played on one machine was heard

at another and vice-versa for the audio signais.

The client is equipped with a MIDI controller and an MPEG decoder. The server

encodes the audio as MPEG and transmits that data over ISDN to the client's speakers.

As shown in Figure 2.15, a VART microprocessor and a parallel-serial shift-register is

synchronized to the ISDN network c10ck and is used to convert the asynchronous MIDI

transmission rate of 31.25 Kbps to the ISDN 64Kbps synchronous data transmission

rate. (See Figure 4.6)
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MIDI and Audio ovcr ISDN
MPEG-\ Audio
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Server
Il

ISDN
TA
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VART ~~l-Prm:
MIDI

~

udio ovcr ISDN

-ISDN

MIDI ovcr ISDN...JVART
J..l-Proc

MIDI
ControUer

Figure 4.6: IIluslratcs the MIDI and Audio over ISDN system uescrihcd in Ihe work of Ole Niclsen

Other Approaches

Other approaches IJsing the ISDN system described above could include rcmote

recording sessions and remote interactive performance environmcnts.

Il is possible to imagine a remote recording studio that receives musical information

(MIDI or MPEG-I Layer III audio) over an ISDN Hne From remote musicians. Artists

could send their performances over the ISDN B-Channcls (64 Kbps), and

communicate back and forth with a studio over the ISDN D-Channel (16 Kbps).

•

In sorne cases, computer music compositions require an claborate setup of sound

modules, digital signal processing units, and advanccd compuling tcchnology. Thcsc

pieces often require the composer be present in the concert hall. Sorne compositions

that require 5uch a complex setup are often not performed. Using ISDN, an artÎsl

could "dial-up" the composer's remote computer and automated system, and perform a

composition in a remote concert hall setting. As the MIDI or audio data is transmitting
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over ISDN, it could then be further processed in real-time on the composer's "personal

music machine." This would certainly facililatc both composer and performer

dcmands, and would probably ensllre more performances of the work.

4.4.2 Networked Animation Controlled by MIDI

A nctworked animation environ ment controlled by MIDI messages could be

implemented using Max tlS a music generator, Dircctor as the virtual stage for cast

members 10 animate, and MIDIShare as the communication protocol between Mtlx and

Dircctor over tin Ethernet system. (See Figure 4.7)
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Virtual Animation Network.
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1

MIDI
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Figure 4.7: lIlustralcs a possible architecture for a real·time animation system conlrollcd hy MIDI
data.

Max is an interactive graphie object-oriented programming environment for interactive

composition and performance systems. Max was dcveloped at IRCAM by Miller

Puckette and David ZicareIli, and was subsequenUy releascd in 1990 by Opcode

Systems, Inc. Max is based on an object-oriented discipline of sclf-containcd

processing units (abjects) that communicate with other objects by passing messages via

"patch cords." (See Figure 4.8)
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"'l~urc 4.H: A simple Max prngrllm for lranspnsing and harmnnizing incnming MIDI noie vlIlues.

MIDIShare iS'l rcal·timc mulli-tasking MIDI opcnHing system dcvcloped specilicully

for musical applications. It contuins a suite of tools that allow MIDI applications 10

cxchunge duta bctween one another over Ethernct. It is based on a client/server mode!

thilt is composcd of severa! intcrconnected component managers for re!iable dma

tmnsmission of musical information over Ethernet.[32]

As shown in Figure 4.9. MIDISharcs msPass application (2 inputs and outputs) sends

MIDI data to HypcrMIDI from a rcmole computer. This data is used to trigger cast

members within Dircctor.

PotchBa --lei

•

....l------f~

Figure 4.9: lIIustralcs a virtual connection

A Max patch may be used to generate music or control data to animate cast members

wilhin Director. As shown in Figure 4.10. Max sends MIDI data to the msPass utility.
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This dula is then scnl over ElhCl1lct 10 the msPass 1Iliiity residing on the l:1icnls

compuler,

-Iif
Max3.0b 1 b Output

~ PatchBau
msPass,lnO

~
.,.

~...

•

~,:--==--==--==--~=--~=_-~~--Tl~l~\ ---;n-I-1I--__~~
<I-n

-rrn~II>-+-:-II--~I---------+-"
1> TT T

~::JJ
Figure 4.10: lIIustralcs hnw Max rccdvcs ;mù semis ils dala III I\lsl'ass \Ising Apple's Pah:hBay.

Max communicates with Director through HypcrMIDI commnnds such as:

hmOpcnMIDI "dOOO 8000 8000 ",8000 1/ create 3 input ports, cach wilh an KK huffer
put hmMlDlliIeCread",il,"mscc") into theSe'} 1/ read MIDI d;lIa and slorc il into IhèSC(1 var.
hmWrilcMIDIlhcSeq 1/ slarl playing.

Appendix 4.1 provides more of Dircclor's Lingo code cXôHnples and HyperMIOI

XCMDs to demonstratc how MIDI data eould bc used to control the movel11enl and

behaviours of east members on-sereen.

Discussion 4.5

Other than the work shown in section 4.4.1 (MIDI .md Audio over ISDN) .,"d 4.4.2

(Networked Animation). nctworkcd music systems have not becn fully cxplorcd. The

technologies used in RealAudio, CU-SccMc. Nctscapc. and the MBonc arc more

significant for networked music than the programs thcmselvcs. Nctworkcd music
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syslems would require that a Web browser support compiled in-line Max applications.

These applications could appear wilhin a hypermedia doeumellllo permit the end-user

tu interaet with a Max patch over the Web. This would be similar to interacting witb

Java applets and Direelor movies. Al the moment Max contains the tools needed to

create interactive music systems, but nol over a nelwork.
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Chapter Five
Compact Disc
Presentation Schemes
5.1 Introduction

Compact disc (CD) technology has sparked a major creative and cOllllnercial revolution

not only in the recording industry but in the desktop anù set-top CO-baseù

entertainment industries as weil. An examination of the various presentation schemes

for desktop and set-top systems will demonstrate the ntmifications of CD technology.

The most prevalent CD format or presentation scheme is the CD-DA or audio CD as

described in Sony and Philips Red Book Standard specification.[33] Further

developments in 1985. resulted in the CD-ROM format as described in the Ycllow

Book Standard specification. The impetus for the CD-ROM was to encode computer

data (audio, motion video, graphies, and images) and digital audio on one CD.
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The vast array of presentation schemes based on the Red Book standurd may be

uttributed to the realization by "new media" developers, recording artists, interactive

media industries, and publishers thut their multimedia data could be stored, played, and

delivcrcd in the digital domain. Due to the wide variety of CD-based applicutions,

(electronic reference books, gumes, digital photographs, digitul video, and interactive

music CDs) there are new formats surfacing every yeur. Ali subsequent multimediu CD

formats are a subset of the Yellow Book standard. These presentution schemes

generully fall under two categories: desktop and set-top CDs.

5.2 Desktop Presentations Schemes

Desktop CDs ure computer-based formats that ure pluyuble on CD-ROM drives

connected to Mucintosh, MPC, und UNIX computers. The encoding schemes, and the

softwure drivers used to recognize and process the datu ure based on the different

systcm architectures of these platforms This is u fine detail and is only important when

mastering the CD. Desktop CD formats full into fou. categories: Yellow Book,

interleaved, mixed-mode, and multi-session.

5.2.1 CD-ROM: The Yellow Book Specification

There are two muin categories of the Yellow Book Stundard: International Standards

Organization (ISO) 9660 und the Mac Hierarchicul File System (HFS). The ISO 9660

formut was the first uttempt to crente a CD accessible to CD-ROM systems. It hus the

cupacity to store ~,pproximately 550 MB and is the standard format for PC Windows,

PC DOS, and Unix CD-ROM systems. The Mac HFS can only be read on a Macintosh

computer system and hus a maximum storage capacity of 650 MB.I

CD-ROM was the first storage format to offer the possibility of non-Iinear interactive

presentations.2 The first non-audio CD products were encyclopedias and reference

works. Since then, CD-ROM hus become the primary delivery medium for interactive

1The Macintosh HFS fonnat has a larger storage eapacity becausc it docs not rcquirc the sorne amount
ofcrror correction as the ISO 9660 fonnat.

2The audio and computer dola (i.e., audio. digital video, graphies. tcxt. and multimedia application) arc
separate components on the CD·ROM and arc accessed through the multimedia applications scripts.
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music (e.g. Xplora 1: Peler Ga/iriel',\' Secrel World). inlcnlctivc rolc-playing fiction

(e.g. Mysl), and electronic reference books (e,g, Ellwrla. and TI", N"II' Groll;"r

MIIllimet/iCl Ellcyclopet/iCl). There have been olher innov'llions bascd on the CD-ROM

format including: interleaved. mixed-mode, and multi-session capabilitics.

5.2.2 Interleaved

Prior to interleaved formats only a single media component could be accessed l'rom CD­

ROM. 3 As the computer data is interleaved with the digital audio lhese formats allowcd

for multiple media to be presented eoncurrently. In 1988. a joint projecl betwccn

Wamer New Media. JVC and Sony resulted in the development of the CD+G (CD plus

graphies). CD+M (CD plus MIDI). and CD-ROM/XA (eXtcnded architecture)

presentation schemes.

The duration time of Beethoven's 91h Symplumy determined thc 74-minule playing

time of a digital audio reeording on one audio CD. ycl most popular recordings do not

exeeed 50 minutes. This leaves approximately 25 minutes for non-audio da.a. As

shown in Figure 5.2 there are 6 bits of subcode information left undefincd in thc Rcd

Book specification. resulting in an extra 25MB ean be used for computer data.

Red Book CO frnrnc format

Syne Subcode User Dutil 96 bits Parity 32 bilS User Dma 96 hits P,,,ily 32 bits
24 bits S bilS

Figure 5.1: Identifies lhe Red Book CO rrame ronnal. There ure 6 bits ur lhe S·hit suheude regiun
that were undefined during the specification. As a result these exIra 6 hils me hcing used rur eumpuler
duIn

Interleaved formats use the undefined 6 bits of the subeode region of an audio CD for

multimedia data (Le., graphies, text, and MIDI). The multimedia content is

synehronized to the reeording , and is often an aeeompaniment to the audio

presentation, sueh as lyrics for karaoke, still images. and biographies.

3 This is lhe limitation of the luser heam used in the CD-ROM drive. Il docs nul permit multiple
places on the CD ta he aeeessed at once, and us a result. only one eomponenl ean he relrieved al time.
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CD+Graphics

The quality of the multimedia content is Iimited by the 25MB storage capacity reserved

for the multimedia data. Approximately 850 still images at 4 bit color (16 colors) and

288 x 192 pixel resolution can be stored. The data rate of ail subcodes in the Red Book

specification is approximately 58 Kbps as shown in Figure 5.2. For interleaved formats

the data rate for the graphie channels is reduced to 44 Kbps.4 The 8 subcode bits arc

collected from 98 consecutive frames to form a subcode data block. The data bloek

playbaek raie from CD-ROM is 75 blocks pcr second. Eaeh block consists of 32 fmmes

at 73.5 bytes per frame resulting in sector size of 2352 bytes. [34]

Red Book CO frame format

Sync Subcodc User DOl' 96 bits Porily 32 bits User Dai" 96 bits Pnrity 32 bits
24 bits S bits

~ ~
1 24 byles (192 bits) of user dal' 1

• 98 frllmcs per scctor

Figure 5.2: The dot. rate for subcode regions is delennined by 75 (blocks/sec) x 8 (dat. channels) x
98 hits (per ch.nnel) = 58 Kbps.

The data rate of 44Kbps per graphies channel is not sufficient for synchronous full­

frame digital video and audio.

Originally, there were only two systems (NEC's TurboGraphix-16, and JVCs CO­

audio + graphies player) that could support CO+G dises. Audio CD players were not

equipped to decode computer data and as a result the visual clement to these

presentations could not be viewed. In 1988, Guslav Holst: The Plemels, was the first

.; TIle dala rate for muhimedia conlcnl from CD·ROM is calculated as 75 (blocks/scc) x 6 (dala
channcls) x 98 hils (pcr channel) =44 Kbps.
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CD+G title to be released. Since lhat time. approximately 200 CD+G lilles have heen

developed.

CD+MIDI

The CD+M presentation scheme encodes MIDI data in the Slune location (suhclllie

region of an audio frame) thatthe CD+G format encoded ilS graphics aud other data.

The impetus for CD+M was to provide arlists with the ability to encode addilional

musical information (MIDI) interleaved with the digital audio recording. Since thc MIDI

data is synchronized to the audio data on the CD, it is possible for the Iisteners lo re­

orchestrate the music. The MIDI specification pl'Ovides 16 MIDI channels and it is

therefore possible for an artist to supply 16 additional MIDI lracks direcled to a 16

voice multi-timbral MIDI keyboard to accompany a solo Ilute recording. The potenlial

for this format WlL~ almost Iimitless: however, it would have required peripheral deviccs

and software to create intel'llctive musical envil'Omnents.

The only player which supported the CD+M format, was JVC's XL-G512. The player

featured MIDI and video output jacks. yet it did not have sound capabilities-requiring

an external sound module to hear the additionaltracks. If General MIDI sound samples

had been built into the player it couId have been commercially successful; as no

peripheral devices would have been required. There arc very few CD+M tilles. one of

which is Wamer New Media's The Magic FllIIe blL~ed on Mozart's Opera.

Although CD+G and CD+M appeared to be innovative presentation schemes, they were

more suited toward a niche market and were perhaps too esoteric for the average

consumer.

CD-ROMIXA

CD-ROM extended .,rchitecture (XA) is essentially an extension of the Yellow Book

CD-ROM format. It is very similar in conceptto both CD+G and CD+M formats for

interleaving data. The only difference is that it can encode two levels (Level Band C) of

digital audio. Level B allows four 4-bit stereo or 8 concurrent mono tracks at 37.8 kHz

to be recorded. In contrast, Level C allows 8 stereo or 16 concurrent mono tracks at
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18.9 kHz and 4-bit resolution to be recorded. Audio recording is based on the Adaptive

Delta Pulse Code Modulation (ADPCM) compression scheme to allow more audio to be

encoded on the CD-ROM, and also to provide more concurrent audio tracks.

CD·ROM/XA offered very Iittle in terms interactivity and random access, yet it was

used as the presentation scheme for many of the tirst c1assical music CD-ROMs.

5.2.3 Mixed Mode

ln 1991, CD+ G, CDl-M, and CD-ROM/XA were the most prevalant new consumer

formats for music·based multimedia. The recording industry adopted these formats

predicting that ail popular music recordings would be enhanced with multimedia

features by 1993.[35] Although these formats were significant innovations, this

prediction did not happen and these formats have been long forgollen.

The mixed·mode CD format was the next formatto be introduced. Unlike interleaved

formats, data encoded on a mixed-mode CD occupies it's own disc partition. This

allows media to be randomly accessed without being associated or referenced to a

particular audio track. Thus computer data and Red Book audio may be partitioned in

separate locations on a CD. According to the mixed-mode CD specification, computer

data was to be encoded in the first track while subsequenttracks were used to encode

digital audio. CD·ROM drives and standard audio CD players couId decode mixed­

mode data, but problems occurred when the audio CD player would allempt to play the

first audio track. 5

Mixed-mode CDs have had reasonable success, especially in products that integrate

interactive front-ends to the Iinear audio.6 However, it was not an effective marketing

scheme to expect consumers to skip to "Track 2" of an audio CD for each Iisten, and it

therefore failed.

5 Reeon! companies wcre reluclanllo produee lilles for lhe more lroditional CD-ROM fomlat because
mixed-mode CD-ROMs would nol play easily on eonvenlional audio CD playelS. Placing a CD-ROM
in an audio ployer will either skip traek one -beeause CD-ROMs use lhe lirsl :rock of lhe dise la slore
campu1er readable dala-, blow oui ones speakers. or nol play al ail. MOSI CD-ROMs only have one
lroek. Mixed mode CD-ROMs use the lirsllrock for eompuler dola and lhe remaining lrocks for music.

(, U2 Zoompa mixed·mode CD is an cxample.
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5.2.4 Multi·session

When CDs were lirst introduced in the carly-80s and CD-ROM in 1985. there were no

applications that required multiple sessions or thc need to add or extend dala onto a CD

al'ter it had been pressed. As more diverse applications emerged, sueh as Kodak's

Photo CD format. there was a need ta add data (photo gruphies) 10 a dise at a hller time:

hence mlllti·session. This development also proved to he the solution to the "Traek-I"

problem inherent with the mixed-mode CD format.

Ali CD presentation schemes use a "lead-in" section of the dise to store the tt/hl.. (~r

contents of the aetual data recording onto the CD and a "lead-out" area delining the end

of that session. As iIllistruted in Figure 5.3, however, a multi-session CD eonsists or

a number of such sessions each with its own lead-in, data, and lead-out area. The CD

player requires the table of contents l'rom the lead-in area to position itsell' at the right

location ta play that particlilar session on the CD.

lead-in Infonnalion lead,oul lend-in Information Icml-nut

.- Session 1 --1.~ .....1-- Session 2

Figure 5.3: IIIuslrnles n mulli-session formaI.

One such use of the multi-session format for music is the Enhanced CD. The Enhanccd

CD format uses the multi-session presentation scheme ta store Iinear audio in the lirst

session and computer data in subsequent sessions of a multi-session CD.[36] Most

audio-CD players were not designed to expect anything other than single session

recordings. For that reason, anything pa~t the lirst session is completely ignored by the

player. Conversely, CD-ROM drives can play back the audio session and subsequent

sessions of interactive multimedia content.
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5.3 Set-top Presentations Schemes

Set-top interactive CO formats are designed to playon consumer gaming platforms

connected to u s'.undurd television set. As the set-top systems have beeome a billion

dollar industry, it has become imperative that lIelV media artists and developers

consider the set-top world as a possible distribution medium for their work.

The Set-Top CO formats are subsets of the Yellow Book standard, yet each encode

proprietary information on the dise to prevent one Illunufacturers CDs l'rom playing on

another's platform. There are three categories to set-top CD presentation schemes: 1)

proprietary gaming CD formats including CD-i (Compact Oisc-interactive), 300,

SegllCD, Sony PlayStation; 2) Video CD; and 3) High Oensity Compact Oisc

(HOCD) and Digital Video Oisc (DVO).

5.3.1 Proprietary Formats

There has been a wide selection of multiplayer gaming platforms, each c1aiming to out­

perform its successors. The hardware for these platforms support (with add-ons)

universal standards such as audio, Photo, and Video CDs.

The Green Book standard was introduced in 1988 as an extended architecture and

opernting system for Philips/Sony proprietary CO-i discs and players. The CO-i

format provides for various levels of audio quality (AOPCM compressed audio) and

storage. (See Table 5.1)

Audio Sampling Resolution Concurrent Storage in stereo
Level Rate Channels
* CD-audio 44.1 kHz i c-bit 2 stereo IO.SMBpm
LevelA 37.8 kHz 8-bit 2 stereo or 4 mono 4.S3MBpm
Level B 37.8 kHz 4-bit 4 stereo or 8 mono 2.26MBpm
Level C 18.9 kHz 4-bit 8 stereo or 16 mono 1.13 MBpm

Tuhl. 5.1: *Although CO-; rormat does not direetly support Red Book audio it suppons six lypes or
digital audio ronnats-lhrce quality levcls in either mono or stereo.

An extension to the CD-i format is the CO-i "ready disc"- which is essentially a Red

Book audio disc with computer data stored al'ter track-I in an area called the pregap.
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ln 1993, 3DO introduced u new interactive guming plulform. The 300 CO formut is

similur to the encoding scheme used for the CO-i fmmut except lhul the 300 fmmul

ullows for CO-quulily uudio to be encoded. SeguCO und other sel-top presentalioll

schemes arc based on similar encoding schemes,

5.3,2 Video CD

The Philips Video CD format is a partial solution to Hollywood's desire to offer

eonsumers full- length feature films on one CD. Video CD uses the MPEG-I video

compression Format for set-top CD players as described in Philips White Book

Standard speciFication.

Video CD is the White Book standard describing :111 MPEG-I lilll:al' video format for

set-top CD players.

The Video CD format has a storage capacity 01' 74 minutes of MPEG-l quulity video.

The image resolution 01' MPEG-l video is Frequenlly promoled as equivalelll to VI-IS

VCR video quality image. [37] There has been a wide-spreud deployment of MPEG-I

hardware for set-top gaming platForms and desktop MPCs and Mucintosh compulers.

Yet, according to Phil Dodds 01' the Interactive Multimedia Association (lMAl, major

movie studios are bypassing MPEG-I (Video CD) in anticipation of MPEG-2.138] The

Video CD Format is significant, however, in that it has Furthered the developmcnt 01'

improved data transmission rates and storage capacity For CDs.

5.3.3 High Density CDs

Time Warnerrroshiba DVD and the Sony/Philips HOCO format specirications arc

focused on providing full length digital video movics on compact dise. The

specification for both Formats is based on the MPEG-2 digital video compression

format. and is vying to replace the Video CD. A data transmission rate of

approximately 5.6 Mbps is required to support continuous MPEG-2 video streams; a

significant increase over MPEG-\. As the data rate increases, there is a proportionate
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decrease in the amount of digital video that can be encoded on the dise. The use of

MPEG-2 video will therefore require an increase in both data transmission rates and

storage capacity of a CD.

Although these formats are primarily used for Iinear video, high-density interactive set­

top und desktop CD-ROMs drives will eventually replace the ubiquitous double and

quad-speed drives as DVD or HOCD drives become viable commercial products.[39]

The technology to support the demands of full motion featured films on CD will

improve the synchronization of concurrent hl'lerogeneous media components (i.e.,

QuickTime movies with several media tracks). This is a common issue associuted with

multimedia development and better interactive environments will not be available for the

desktop and set-top CD-ROM systems until il is resolved.

5.4 Discussion

A presentation scheme or fonnat is only successful if it is useful or appropriate for

mass consumption. Most interleaved formats have long disappeared due to

compatibility problems and the requirements for peripheral devices to view and hear the

accompanied data. The Video CD format is unsupported by many desktop and set-top

platforms because it does not meet the requirements (i.e. the quality of MPEG-l video,

and limited playback time) set out by the Hollywood Digital Video Advisory Group

(HDVAG) as a standard video format for motion pictures.[40] High Density CDs are

still in development and until they become standard formats, their use for interactive

music CDs is still unknown.

The Eilhanced audio CD format is the most impressive and commercially viable

presentation scheme for the multimedia and audio CD market. Il is the only format that

allows end-users to play Iinear audio and multimedia content on several platforms. Its

commercial success is evident in the growing number of Enhanced audio CDs that are

presently available.
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Chapter Six
Desktop Music CD-ROMs
6.1 Introduction

Desktop music CD-ROMs evolved from Warner Bros. Records' interest in providing

extended media (i.e., video, graphies, and text) for an existing audio CD. This may be

attributed to the faet that virtually ail computers now come equipped with built-in CD­

ROM drives, high resolution monitors, sound cards with built-in General MIDI sound

samples, and sophisticated authoring and production tools for the integration of digital

media components for a CD-ROM music presentation.

The introduction of interleaved and mixed mode formats in the late 1980s sparked a

growing interest among members of the recording industry, recording artists, and
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1I1l1sicologists, in dcveloping multimedia presentations with an emphasis on music for

CD-ROM. Just as the introduction of music videos in the carly 1<JXOs produced a new

commercial genre, lIlusic CD-ROMs me becoming their own legitimate form of

expression. Also, duc to the f'lctth,lt lhere is a clear demarelllion of musical sly!','s ,lI1d

distinct interpretalions of how mcdia is to be presented, a wide variety of music CD­

ROMs arc presently available. Categories include music apprcciation or refercnce

works, retrospectives, interactive music presentations. and multimedia content as an

accompanimcnt 10 linear mldio based on the EnlHlnced CD format.

6.2 Music Apprccilltion: The CD Compllnion

Music appreciation CD-ROMs serve ta pro'lide gcneral information about a ~pecil'ic

composer, music hislory, and n1dimenlary music to a wide audience of bath musici.ms

and non-mus icians, The Ludwig Vall Be"tllOvell: SympluJ1/Y No, 9 CD CompclIlioll wus

the l'irsl consumcr music produCI that integruted lineur-uudio with l11ultil11rdiu dutu

based on tbe mixed-mode fonnat. The CD present ~d the full recording of Beethovell's

9th .S:wllpluJ1/Y , und ullowed the purticipunt ta nuvigutc Ihrough the presentation ta reud

biographieul infonmltion, view photographs of the composer und sketches of Ihe

origin'II scores, listen 10 musical exccrpts (often uccompanied with music notution),

reud ubout signil'icunt events within the composition, and to view other l11usically

relevant muteriallhe click of u mouse.

The two prinmry publishers of music uppreciution CD-ROMs include Time Warner

Inler;lctive und VoY'lgeur. Time Wurner Inteructive's Audio Note Series includes

severul music uppreciation CDs: Beethol'ell Strillg Quartet No. 14, Johalllles Brahms:

A GC'rn/(1Il Reql/iem, B. Brillen 's The Young PC'rSCJ1/'S Guide 10 t/.i! Orchestra, und

Moz:n1's OpcraThe Magic F/llle. The Voyageur CD COIllPCIIlicJll Series includes: Igor

Strtll'illsky: The Rite ofSpring, Wolfgallg Allladeus Mozart: The "DissOllclIlt" QI/artet.

'\/l/ollill D\'(Jr(,k: S)'lIlpluJIl)' No.9: Frolll the Ne\l' WorTd. FrallZ Schubert: The TrOlct

QI/illtet, und Richard Strauss: Three TOIle Poems. The fuct that these presentations

were developcd .md markeled for a wide audience of musici;ms und non-musiciuns is

Ihe re;lson th;1l they huve become some of the most populur CD-ROMs presenlly

uV;lilublc - in CIIl)' category.

60



('Ile/I'II'I' Si.\'

6.3 Retrospectives

Another significant music CD-ROM type is the n:ll'l1speclive. often c'all"d a

compendium, Relrospeetive music CD-ROMs place emphasis on a partieular anisl

(Xplortll: Peler G"I)/'il'l',\' Secl'l'llVorlcl. 101111 L"II/IOII: IIIIl/gilll'. /10" !Jyll/II ('!J·IWM.

Vil'II/"I Grtlce/{///{I./l'rillCl'J: llll,·rtlClil"'). group (fll'l/I'I: 20 l'l'l/I'S (!l'Ro<'k & Roll, 1',',1:

AClil'·!). work ('l'II" lVllo's 1'011/111,1': Ali !llI,'mClil'l' 10111'1/",1'). 01' e\'C1ll lll'oocl,l(o<'k:

251/z AlIIliI'CI's{I/:v) and funclion as a multimedia dalahase of music. video. graphies.

text. biographies. huckstuge scenes. personul informution. interviews, liw

perform:lI1ces. games. and busic music theory,

Xplo/'{/ 1 wus releused in 1993. und marked the Iïrst retl'llspective music CD-ROM hy u

reeording unis!. This CD-ROM cOlllains infOl'mulion ahout l'cler Guhricl. his IWW

ulbum US with video clips and puinti~gs 'Issociuled with euch song. u complele

diseogmphy with sample excerpts und lyrics. infornmtion ubout his invol\'Cl\1ellt wilh

the various political und ans organizations. u hehind the seclles look ul Reul Wl1I'ld

Studio, and a vast urmy of 'world' instruments pluyuble by the inteructive conlrol of a

mouse click. Xplo/'{/l, Iike muny other music compendiums. is bused on the nolioll of

explomtion of different environments. These titles huve heen conullonly rcferred 10 us

"exploratoriums," [41] In eompurison with luter music retrospectives. Xploml still

remains the most impressive with respectto contenl. design. und lechnology.

Most of the information und media on a CD compendium is ulreudy uccessihle through

record stores, MTV. Much Music. :lIld the World Wide Web. The distinction.

however, lies in the distribution medium (i.e. one CD). hut whether the puhlic is

willing to pay $49,00 pel' CD remains an open queslion.

6.4 Personal Music Theatre

The term "Personal Music Theatre" is used to identify an environment in which an

author (composer) provides the "Media Lego Blocks" (i.e. audio, motion video.

graphies, media proeesses, and deseriptors) to allow end-users to customize personul

listening and viewing experiences, and to takc on rolc-playing situutions including

conductor, pcrformer, composer, sound engineer, music-video producer. :lIld

61



C//{/pler Six

audicnccliistencr. 1 Thc aim of such an cnvironmcnt is to allow thc cnd-uscr to makc

choiccs in thc ercativc aspcct of a prcscntation on CD-ROM.

Intcructivc mcdia tcehnology has allowcd many prominent rccording artists, "ncw

mcdia" artisls, intcractivc divisions of mcdia industries, and conlemporary music

composers to crcntc interaetivc prcscntntions bascd on the personal music thentre thcme.

l'clcr Gabriel is one artistwho has atlemptcd to blur the distinction betwecn artist and

non-artist through intcractivc media lcchnology, by allowing end-users to express

thcmselves as "eoll'lborators" in thc present'ltion. [42]

The music presentations to be diseussed in the following section allows for ercative

input from the end-user.

6.4.1 End-User as Artist

Musical systems arc being developed to allow one to explore a set of musical

parmneters, assemble musieal segments, eustomized personal listening and viewing

cxperienees, perform on virtual instruments, and interact with digital audio and MIDI

traeks.

For example, Parmnount Interactive's Rock, Rap and Rollwas designed to introduce

an audience to different styles of popular music. It is an interactive virtual 'jam

session' in which the participant takes an active role in adding their own parts to a

series of pre-composed audio segments (generally consisting of four-bar repeating

rhythms with accompanied chord progressions). This highly interactive presentation

allows one to perform with and Iisten to a diverse selection of musical styles including:

Reggae, Jazz, Rap, Rock, African, Big Band, Soul, Latin and others.

In the role of the pcrformer, the participant chooses a musical style to interactwith by

arnmging twelve unique four-bar music segments (represented as graphic "music

coins") in a "virtual jukebox". To interact with the concurrent audio tracks, the

participant uses the mouse (used to trigger samples), and the computer keyboard

-where each key is "mapped" onto a particular sampled sound (buiIt-in and user

A Icml coincd by Prof. Bruce Pennycook. "Inleractive CO ProposaI." Manuscripl. 1994.

62



Cllc/l'll'r Six

deFined) stored on the CD-ROM or locallmrd disc, ln essence, the computer keylmard

beeomes a new interactive musical instrument fol' non-musicians to compose.

6.4.2 Customized Music lInd l'erformer's Choice

Todd Rundgren has explored the possibilities of interactive media Ihrough his re­

programmable audio CD concept. Rundgren supplies the pre-delïned musical tracks

and the tools that allow the end-user to customize 01' reprogram the contcnt.

ln 1993, Todd Rundgren introduced TR-I: No Worlcl ol'cl" l' as an

alternative/enhancement to his \inear audio-CD version of the same title. No \l'or/cl

Order is loosely based on the same concepts employed inlhe compositions of Boulcz,

Stockhausen, Cowell, and Cage, yet it is performed on a CD-based desktop computcr,

rather than in a concert hall selting,2

According to Rundgren, No World Order consists of "musical agents" that have an

intimate knowledge of ail the musical data stored on the CD-ROM. [431 The agent

attempts to make intelligent choices based on the paramelers Ihat have been specilïed by

the end-user. The CD-ROM is essentially a database of approximatcly 933 four-aml­

eight second musical segments. scripts, and buttons that allow one 10 modify and

customize the pre-existing stored material. There arc seven "f1avor" seltings­

program, direction. form, tempo, mood, mix, and video, which arc then suh-

2 Customizcd music cxpcricnccs has cxistcd sillec the 18th ccntury with lite inccptiun of MO/.ml's '\Jicc
music". Dice music was bascd on a system that dctcrmincd the arrangement of music.11 phmscs muJ
fonn by the mie of a dice. This effective 1001 for non-composcrs .mt! artist tn crcate pcrsonali/.cd music
bascd on prc-cxisting musical phrases. was considcrcd ln he a simple diversion and compositillns
crcatcd with this system werc scldol1l performed.

Twcnticth composcrs such as Boulez, StUl.:kh:lUscn. E:.lrlc Drownc, mu..! C:lgc introduccd comptlllcnts of
indctcnninacy with regard to composition imd pcrformancc. The tcnus alcatoric, ch:mcc lIIusic, :md
music of indeterminacy have bccn associalcd to compositions hascd on Ihc nutinn of ch:mcc. In
pcrfonnance. chance is allowed to opcmte hy leaving StlOlC clements and/or Ihcir ordcr of appcilrance 10

the performer's diseretion. Karlheinz Stockhausen's Klm';ers/IIck XI (1956) is hased on the nntinn nf
perfonner's choicc. The work pcnnits the pianist (0 choosc; 1) the on..!er nf which the ninelccn scctions
are to bc performed; and 2) from six distinct tempos and dynamics. Anothcr wnrk which includes Ihe
concept ofpenormer's choice is Ami/able ForaIS for Orchcstra. by American composer Earle Umwne.
The form of the composition is determined hy Ihe conductor and performer hased on a "map" indicatcd
by the composer Ihat is used to determine the form of the piece. In Str;IIII QI/artel No. 3 (1935) hy
Henry Cowell. require that the pcrfonner the re-assemhle varinus musical segments at Ihcir
discretion. Anolher form of chance ean bc found John Cage's MI/s;c of Challlles for piann (1951). In
this piece the duration and frcquency ofoccurrence of pre-de!ennined pitch :Iggrcgates were dicl:lted hy
the I-Chillg (Book of Changes). These concepts and processcs suhjcct a musical wnrk 10 partial or
total transformation from one performance and performer to anolher.
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categorized even furlher lhat arc used lo control how lhe segmenls can be played.

controllcd, and ordered.

No World Order is a very inleresling conccpt and is lhe fil'sl re-programmable CD. il

is unclear whether olher prominent recording artists will also explore the possibililies it

l'aises; lhe idea of re-assembling music segments lo personalize a musical experience

may be too complex and esolerie for non-musiciuns. Thus, recording urtists and serious

composers Illuy be relucluntto implement un unlinished work, song. or album.

6.4.3 Audio Engineer

Xploral feutures u virtuul mixing console that is used to re-mix "Digging in the Dirt."

This particular song contains four tracks (guitar, bass, drums and voculs) in which the

end-user cun control the volume und save the re-mixed version us un external audio lïIe.

The volume of individuul QuickTime music tracks is controlled by manipulating "virtual

sliders" displuycd on screen using the mouse.

This is the first and only interactive CD-ROM thut ullows end-users to re-mix digital

audio in real-time but unfortunutely, the quality of digitul audio and the response time

pel' track is quite pOOl'. This is due to the limited transfer rates of a double-speed CD­

ROM drive. An ulternative to using digital audio for real-time mixing from CD-ROM

would huve been to use a multitrack Standard MIDI File (SMF). This would provide

immediate response times and potentially beller audio quality than an audio file encoded

at 8-bit, Il kHz mono. Appendix 6.2 iIlustrates severai HyperTalk scripts that use

HyperMIDI external commands und functions (XCMDs and XFNCs) to play and

control the volume of individualtracks of a muhitrack Standard MIDI File (SMF) from

a "virtualmixing console."

6.4.4 Music Video Producer

Since the early 1980s, music videos have beeome as importantto the recording artist as

the audio CD. With the advent of music video stations including MTV and Much

Music, artists have realized the importance of making music videos as a new

distribution medium. Recent interactive music CD-ROMs including David Bowie's

Jump: Tile Dm'id BOlVie Interactive CD·ROM and Pop Rocket's TOlll/ Distortion
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present the purtieipunt with the illusion of being immersed in un interactive MTV by

ullowing them to tuke on the l'Ole of the music video producer,

Bowie's Jump: Till' Daviti BOll'ie Ill/erae/ive CD-ROM presentution is essentiully un

uudio und video editing product cont.lining intemctive events trigg~red by various

graphic objects. Bused on Ouvid Bowie's Jump '1111'.1' SC/y music video, end-users

ure provided with five different recls of video footuge. u live-channel video mixer. und

two unique uudio recordings of the sume song. The muteriul eun be re-ussemblcd.

edited, und finully produced uccording to the purticip.ll1t's dcsires.

To/al Dis/or/ioll is us un "interactive music video udventlll'e." 14411t blends clements of

inteructive music, video mixing, udventure gmnes. und virtuul explorution, The end­

user takes on the uctive role of u music video producl~r in seureh of new muteriul to

crente originul clips. In the "Persolml Mediu Tower." one sclects l'rom vurious musicul

excerpts und images to creute u personulized music video. The music video produeer

room is the muin l'enture of this title. however, there ure other environments with which

one can interact.

6.4.5 Virtual Instruments

Virtual instruments in the context of music CO-ROMs ure essentiully u gruphic

representation of an instrument plus u set of sumpled instrumentul sounds. Virtuul

instruments can be found in musir ':O-ROMs including the world music section of

Xploral ,Musical Ills/l'lImell/s, unù B. /Jril/ell's Till' YOI/II!: Per,wJI/'s Guitie /0 /ile

Oreiles/ra. These instruments ure nearly impossible to perform. This is mostly due to

slow response and uccess time l'rom CD-ROM, und the ukwurdness of u mouse or

keyboard as u controller.

Virtual instruments bused on the QuickTime General MIDI sound sumples huve not

been l'ully explored in intemetive CD-ROM music preselllutions. This may bc allrihuted

to the faet that it is still not possihle to add user-defined sound samples to the

QuickTime Musical Instruments Extension. Once this problem is resolved and the

sound quality has improved l'rom 8-bit to 16-bit audio, QuickTime General MIDI

virtual instruments may offer intruiging possibilities for future interactive music

environments.
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6.5 Enhanced Audio CD Presentations

As discussed previously, Enhallced CDs are based on the multi-session presentution

scheme for adding multimedia content to linear audio CDs. The audio is the primary

reason for the CO to exist, and for sorne artists, the added material serves to

complement the audio. For others, it serves as an interactive audio and video

experience.

Artists sueh as Sarah McLachlan and Mike Oldfield have crcated CDs featuring this

new technology. [45] The most imprcssive use of this technology is found in The

Resident' s Gillgerhread Mail Enhanced CD presentation. It is based on the inner

thoughts of nine 3D photo-realistic characters that are "linked" or associated with nine

musically relatcd songs. The audio is linear and fixed: the interactivity surfaces wh(;11

the end-user "plays" the characters. This is achieved using the computer keyboard and

mouse to trigger effects that change facial expressions, audio samples, and images.

Unlike other enhanced albums that offer biographies, liner notes, and music videos,

this is the first expanded album that offers a visual interactive expcrience tied directly to

a full·length audio CD. [46]

6.6 Discussion

The level of user interaction and the control over media components in most interactive

music CO-ROMs is quitc primitive compared to what can be creatcd with programming

cnvironments such as Max. This is may be attributed ta the delivcry platform (CD), the

lack of sophisticated authoring tools for innovativc music presentations, and the media

uscd.

Also, there are very few interactive music CD-ROM presentations that use MIDI data

as the source of audio. This type of data can he easily transformed or re-structured and

is no: ~ data intensive 43 digital audio. Its use would increase the amount of audio

tracks and improve the response time for interactive events.

As a majority of music CO-ROMs are developed using authoring tools such as

HyperCard and Director (fast devdopment time), the only means of programminG

interactive "music engines" is the HyperMIDI extemal functions. This library of MIDI

66



('//(/fl/<'I" Six

eOlTIlTIands pales in eomparison 10 10 these orfered by Max, and unli! eompiled Max

patehes ean be integnlted wilh sophisticated aUlhoring tools, mosl music CD·ROMs

will be limiled in Iheir interaetivily.
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Chapter Seven
Gaming Environments
7.1 Introduction

Game developers are primarily concemed with visual presentation, interaction between

cc>mputer and end-user, and fast response times. Since these are also essential

components for networked or CD-based interactive music systems, it is imperative that

the computer music research community leam from gaming environments.

7.2 Computer Networked Games

The communication protocols of networked games could be important models for the

specifications and ultimate design of networked music systems. These games can be

divided into two categories: non real-time and real-time multiplayer environments.
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7.2.1 Non Real·Time Games

Computer network games have existed since the development of electronic mail. The

first games were not in reul-time und consisted of "pluy by muil interactive fictions"

over modems. With the World Wide Web's support for hypermcdia, thcre hus bcen u

strong growth of inteructive gumes (Web-Chess, The Virtuul Slot Muchine, Web-Tris,

Web-Yahtzee) und interactive fictions (WAXweb and MUDs) uvuiluble over the
Web.[47][48)[49] There arc also un increasing number of interactive gumes being

wrillen in the Juva progrumming languuge us executuble upplets.[50]

Although these diversions do not offer real-time interaction between '~onnecled end­

users over a network structure and were not designed to support ll1ulliplayer

interaction, they are nonetheless significant in thatthey provide intuitive interfuccs, and

multi-user interaction. These are important features for music systems.

7.2.2 Real·Time Games

MUDs (Multi-User Dungeon) were the earliest real-time text-bused virtuul reulit)'

environments over computer networks. Since then, computer networked gUll1es huve

evolved into truly interactive multiplayer environments that cun support 3D rendered

graphics and digital audio.

Doom, Marathon, and Bolo are network strategy war games that arc similur to typical

arcade-style "shoot-em-up" uction environments. Unlike Web games which rely on

HTML protocols, allthree were wrillen in the C programming language and use real­

time communication protocols (UDP/IP multicast). These two factors allow these

games to function in real-time. In Bolo, players can participate as a single IP playcr or

as a member of a team over the Internet. As shown in Figure 7.1, network

communication methods used include 1) single player (againstthe computer); 2) seriul

port communication (computers are eonneeted via the modem or printer ports); 3)

AppleTalk (over LocalTalk or as EtherTalk over an Ethernet system); 4) UDP/IP

(connectionless Transport Layer protocol that offers un-reliable fast data transmission

to an IP address); and 5) UDP/IP multicast (similar to the above protocol, however,

one paeket is distributed to participated players enrolled in a Baia game). (Sec Figure

7.1)
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onc packcl is dislribulcd to participalcd playcrs cnrollcd in a B% gamc). (Scc Figurc

7.1 )

Welcome to Bolo, the multi-player
tank battle game. Please choose
your network connection method:

o Single Player (no network)

o Seriai Port

o RppleTalk

o UDP/IP

@ Unp/IP Multicast fi OK D
o Skip this dialog neHt time [ Quit 1

Figure 7.1: Bolo offers five nelwork conneclion possibililies.

Thc significance of real-lime nelworked games is lhal their communication prolocols

allow real-lime inlerplay belwcen multiple players. Control informalion rather lhan

digital mcdia is transmilted over a nelworkcd struclure allowing these games to function

in rcal-time.

7.3 CD-Based Gaming Environments

CD-bascd compUler games provide the end-user with fasl response times, interactive

branching, slunning 3D rendered images, complex strategies, various levels of

difficully, gaming intclligence, and CD quality sound effects. On the other hand. game

devclopers are not concerncd with creating a dynamically changing musical

cnvironment but ralher thei use music merely as a static accompaniment or backdrop to

lhc action scenes.
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In games music serves severul purposes such as sound clTccts. mnbiant music, and

trunsitions betwecn seltings, This is the case in interactive fiction and rolc-playing

environments developed for CD-ROM (MySI, 71h Gllesl, 77,1' Illh 1l01l/', and The

JOIlI'Ill'Ylllell P/'ojecl) and the majority of set-top gmnes.

The implementation of processes that modify musical parmneters (tempo, dynamics.

key, pitch. rhythm. timbre. articulation etc.) and audio parmneters (c.g. acoustic spacc)

in order to create auditory experiences that arc tied to the action sccnes, could havc an

impact on the end-users level of interest during the presentation or gamc. Thcsc

processes are extremely important in Virtual Reality (VR) systems in which body

movements are often used to modify digital media parameters during a prcscntation.

7.3.1 Set-top Gaming Environments

Games are the most prominent of ail CD consumer products developed for sct-top

platforms. As these platforms have improved to support CD-audio. therc have bcen

virtually no attempts to enhance agame through music. In fact, music has rcmaincd a

nearly insign:ficant component of the overall presentation. This mOlY be attributcd to the

types of applications created. which do not require sophisticated audio proccssing.

intriguing music. or the transformation of musical parameters. Also. set-top systems do

not support MIDI capabilities. As a result • the implementation of inteructive "music

engines" based on MIDI to modify musical parametcrs is impossible at the momcnt.

If these processes were to be implemented in computer games. they would have to be

transparent to the user and not 'interfere with interaction with the game.

7.4.2 Desktop Gaming Environments

Music in desktop gaming systems functions in a manner similar to that of set-top

games. However. since desktop games are developed to be played on personal

computers which support MIDI capabilities. interactive "music engines" based on

MIDI can be implemented easily. In facto algorithmic music patches created in Max

could b.: imported into the gaming environment ,L~ compiled applications. Furthcrmorc.
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QuickTime VR technology is featurcd in the Star Trek: Tire Nexl Gelleratioll!llleraclive

Teclmical Mallual. desktop CD-ROM game. The game was created entirely from 35­

mm photographs, and permits end-users to navigate around the "Virtual Enterprise" in a

360-degree perspective. The CD-ROM also allows the purticipunts to "pick up"

objects and triggcr events by clicking the mouse over u "hot-spot" region of the

QuickTime VR interfuce.

Using QuickTime VR und Max together hus not been explored fully in u commercial

CD-ROM presentation und is therefore difficult to predict the combined effect on

inteructive music for desktop guming environments.

7.4 Discussion

The impact of enhancing an overdll gaming presentation by the manipulation of

auditory and musical parameters is still unknown. A cross-disciplinary collaboration

between CO-based gaming developers and the computer music research community

could in fact have a major impact on how music is applied to CD·based applications for

set-top and desktop systems.

The computer music community has been involved in advanced research areas such as

music perception, music cognition, artificial intelligence (AI), neural networks, genetic

algorithms, interactive perforlllar.ce and compositioil music systems, expert systems,

pattern recognition, virtual instruments and acoustics, audio signal processing, real­

time sound synthesis techniques, 3D audio, networked music systems. and

collaborutive music environments through Web-MOO's. Yet very Iittle ofthis resemch

has surfaced in mass market applications. In fact, the computer music community in

general seems relatively isolated from the computer gaming and interactive music CD­

ROM industry. It seems that most of the work is focused on contemporary and

experimental music compositions and interactive performance pieces whereas the

primary focus of CD-ROM ap:Jlications is to produce immediately accessible media for

a mass market.

Only when these two disciplines collaborate will better music be provided in gaming

environments.
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Only whcn Ihcsc Iwo disciplines collaboratc will beller music be provided in gaming
environrncnls,
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Chapter Eight

Hybrid CD-ROM!
Networked Systems
8.1 Introduction

Web browsers such OlS Netscape 2.0 and HoLJOlva arc transforming Web pages into

interactive media environments. Both browsers require that the media be downloaded

before an end-user can intcrac[ with the presentation. In most cases the medium over

which these applic'ltions propOlgate is a 14.4K or 28.8K modem. As a rcsult.

"pplic'ltions that arc data intensive may require excessive download delay times. This

will cease to hc an issue, howeycr, as transmission mediums improve to support rcal·

time interactive presentations. At the moment a temporary solution is a hybrid system

of CD-ROM and networking technologies. A hybrid system offcrs fast data acccss

and rc~pl,)nse times, a large storage medium for applications and media components,

and dymlmic multimcdhl contcnt.
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8.2 Hybrid Appliclltions

This scction will outlinc four possihlc hybrid CD-ROM/nclworkcd systclIls for lIlusic:

1) nctworkcd multimcdia cxtcnsions tn a lincar audio CDs: 2) Wcb docullll'nts as

interfaccs to local mcdia storcd on a CD-ROM: 3) nctwnrkcd agcnl-bascd pcrsonal

music rccommcndation systcllls; and 4) lIlulti-uscr nClworkcd systcllls.

8.2.1 Nctworkcd Multimcdi:\ und Audio CDs

Rccording cOinpanics including Sony, MCA. Gcffcn. and Atlantic rccords havc bccn

crcating Web documents for rccording artists as a cOIl1plcmcnt to ncwly rclcascd \incar

audio CDs [51][52](53)[54]. Thcse documents includc biographies, phntographs.

music videos. musical excerpts and other rclated malcrial. At prcsent. thcre is no dircct

connectian betwcen the audio CD and the multimcdia conlcnt found on the Web. Thcre

is also no means of accessing both content from onc medium. The ability to access

multimedia content over a network structure from a CD-ROM nI' an audio CD would

provide the end-user with updated digitalmcdia: a networkcd versinn of Ihe Enhanccd

CD format.

Other possible uses of this type of hybrid system could includc: 1) a connection III a

newsgrollp • mailing lis( • or a Web page devoted to a partÎcular artist: 2) a (••"".(

session ta an on-Iine music library; 3) on-line ordering service for new CDs allliother

related materials; and 4) a connectian to a Web-MOO database whcreby consumcrs

could connect ta a "virtual chat room" to discuss issues reganling the artist and the

content with other on-line consumers. (See Figurc 8.1)

o Media Servel'

1t=J -1 :~~: --------I\-iIlE!l~ : :
,- Urslrcam 1

Io~igurc 8.1: CD·ROM functions as launch utilily for on-linc furul11s ,lOti cXlcndcti mullilllcdi:l
content.
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Establishing a conncction bctwcen a Web browser such us Nctscapc with un external

upplication rcsiding on a local CD-ROM may be implcmcntcd on Macintosh hardware

through ApplcEvents. Netscape uses AppleEvcnts to interact with othcr Macintosh

applications through scripting languages such as AppleScript or any prognunming

language. [55] Appendix 8.1 shows ml example HypcrTalk script used to l<lunch the

Netscape Web browser with a specified URL.

8.2.2 Weh und CD·ROM

Numerous hypermedia documcnts on the Wcb conlain dara intensive media

componcnts. At times these are important clements in the semantics of the presentation.

yct duc to cxcess download dclay times. they are disregarded. A Web documcnt as an

interface to the local mcdia on a CD-ROM provides better response timcs and

presentation now. (Sec Figure 8.2)

o
1c::::=:J -1

Downstream

Web Puge

•

"'i~urc N.2: Web as the inlerface 10 local media on CD-ROM

This system could be implemented using AppleScript scripts and the Flypaper

communication utility [56]. Flypapcr provides a Iink betwcen anchors on a Web page

and AppleScript scripts rcsiding on a Macintosh or CD-ROM. Flypaper executes the

ApplcScript script that is associated with the nhrer' link. Sillce the scripts arc pre­

compilcd and rcsiding on the local medium, the execution of the digital media is

il11m~diatc. (Sec Figure 8.3)
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AppleS~l'ipl Snipt

ilia)'Audio

From Weh 1)~lgC

<(1 href="tlyp:playAudio"> Play Appll:1 <la>.
lcll (lpplkatilll1 "~llIll1dApp"

acti\'alc
OpCll lile "Bl'alllllsOp7h.au"

clldlell

•

AppleScripl EXtl~IlSiOI1

Figure 8.3: lIIuslrales ~I hyhrid syslem where lhe Wch page fUllctiolis ;lS ;111 illterf;lcc III a cIllupilcl1
ApplcScripl application. Clicking on the "Play Applel" ullchor cxceulcs lhe "playAudill" ~eript. The
pl:lyAudio script muSI reside in the saine folller as lhe F1ypaper appliC(llioli. 'Ille "tlyp" is Ihc llYP;lper
prolocol1hal is uscd 10 cxccutc lhe appropri~ltc seripl 011 LI 10callllcdiUII1.

This hybrid system does not require tlte end-user to downloud the digital medin

components that are referenced by the upplication.

8.2.3 Navigating with Intelligent Agents

The field of intelligent agents has becornc a "hot" rcsearch topie for I1wny computer

science cognitive sciencc, and computer music rescnrchers.[57] Intelligent ngr.:nts h.IW

been applied ta the Internet ta provide ussistance to 'ln end-user who rcquests specifie

items or media according to n pre-detïned set of preferences. Figure HA illustratcs il

possible hybrid model where scripts on the CD-ROM could dispalch ugcnts to scarch

various media servers for updated digitu! content. This concept is similar to the ideas

implemented in Firefly . [58]
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i)o\l.'l1slream
Agenl

Upstreum

Fj~urll H.4: Hybrid system using inlelligenl Agenls.

Firt'jly is u personal music recolTImendation agent that semelles the Web for

hypermcdin documents of u particular urlist and musical styles according the end-users

Illusicul preferences. The interface presents various musical styles and artisls, and the

end-user rates the presented styles according to a rating system (Le., 1=bad and

1O=gooù). The music agent connccts lhe user ta a URL that conluins pointers la ail of

the hypcrmcdia documents rclutcd ta a particular artist or musical style that the user

ralcd the highest.

8.2.4 Hybrid Multi-User System

The interaction within the above hybrid systems is cssentially point-ta-point. Figure 8.5

illustratcs a multi-user system of connected computer systems to u remote media server.

The local media on the CD-ROM is controlled by ather participants connected ta the

system.
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Figure H.!': lIIus\r:ltcs a hyhrid t1\ulti·uscr interactivc envirnlllllcnt

The server functions as a "media mllnager" and route!\ control commalllis tn the

appropriate client CD-ROM. This hybrid system cOlild be used in mliltipluyer gamc

environments and distributed multimedia present.ltiollS controllcd hy a rcmotc server.

8.3 Discussion

Creating a server for a music environment hascd on a hyhrid systcm is cxtremely

complex. The server needs to kcep track of the media and to cnsure thut evcnls ure

synchronized and coherent for ail users. Furthcrmorc, in n role-playing Illllsicui

environment where a client may take on the active role or pcrformer, conùuctor.

composer. or audio engineer. a server would not only necd to inlerpret the Illc'lIling of

these roles. but to structure the digital media accordingly. Such a server could he

modeled after the Hllbitllt project l'rom Lucas Films [591. Habitat is an on-line

envirunment in which players adopt an animated persona. or ".watar," that

communicates and interacts with other avatars. The server monitors and eXCClIles objecl

positions (transmitted over a 28.8 Kbps modem), and controis graphies that arc located

on a CD-ROM.

A hybrid CD-ROM and on-linc connection .n",y he a short lcrm lechnology. But until

interactive broadband networks arrivc. thcrc will likcly he plenty uf intriguing hyhrid

experiments.
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Chapter Nine
Conclusion

This Ihesis has described Ihe elemenls for the developmenl of inleraclive music

systems for CD-ROM and nelw·1rked syslems. Il has furlher demonslraled Ihal an

imp:ovement in communication prolocols. Iransmission mediums. CD-ROM

lechnology, and digilal media authoring lools is necessary before seemless. full­

b:mdwidlh inleractive musir "yslems can be fully implemenled.

The growing number of mulilmedia applicalions (e.g. RealAudio. CU-Seelvle. MBone.

HOIJavu, Nelscape and Xp/o/"{/I) Ihal have surfaced in recenl years provide exciling

glimpses of whal is 10 come for interaclive media over networked and CD-ROM

syslems. It is certainly clear Ihal many arlisls and soflware developers have become

inlerested in crealing syslems Ihal allow end-users 10 ;:'\ce part in Ihe crealion of a

work. This concepl has inspired a new art form Ihat allows the end-user to become Ihe

:Irtist. New syslems are providing the end-user with primilive lools (i.e. Ihe mouse and
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computcr kcyboard) to composc. conduct. pCrf0I111. rc-arrangc. and cllstomizc lllllSic

according pcrsonal prcfcrcnccs,

Just as computing. lclcvision. and radio havc cvolvcd ovcr the ycars 10 mccl lhc

dcmands of ncw applications and conccpts. CD-ROM ami nctworkcd intcraclivc

multimedia applications will also continuc 10 cvolvc as l.";hnological innovations

provide bettcr conlrol ovcr mcdia. rcal-timc data transm\ssion. and rcliahlc

communication protocols.
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Appendix 2.1
MIDI
MIDI Messages

Appendix 2.J

MIDloverview
and specification

Channel Messages
Channel Mcssages usc Ille loiver 4 bilS of Ille SlalUS byIC lO indiea!e Ille MIDI

channel or Ille message. 0 is MIDI channel 1, and 15 is MIDI channel 16.

FUllclion ObjeclS Stalus Byle 2nd BYle 3rd Byle
Decimal Hex Bin3IV (0-127\ (0-127\

NOICOrr InalDln, JnallOul 128-143 80-8F lOOOxxxx K.:yNumbcr Relcasc Velocity

Note On aalela, aalDaul 144-159 90-9F lOOlxxxx Key Numbcr Velocity

Poly Pressure palvln, palyaul 160-175 A(}·AF IOIOxxxx Key Numbcr AfICrlOuch

Conlrol Change ctlln, cUaul 176-191 BD-BF IOllxxxx CommUer Numbcr Conlroller Daia

Progmm Change pgmln, pgmaul 192-207 CO-CF llOOx"x Program Numbcr

AfICnouch lauchln,lauchaul 208-223 DO-DF l101xxxx AfICrlOuch Value

PiICh Bend bondln, bondaul 224-239 EO-EF 1110xxxx Bend(LSB) Bcnd(MSB)

System Messages

SysICm Exclusive sysuln, mldlaul 240 FO ooסס1111 Mrgr ID Numbcr Arbilrary

Song Pos PlI" mldlln,mldlaul 242 F2 11110010 Position (LSB) Position (MSB)

Song Select mldlln,mldlaul 243 F3 11110011 Song Numbcr

Tune RcquCSl mldlla, mldlaul 246 F6 11110110

End of Sys Ex sysuln, mldlaul 247 F7 11110111

Clock rtln, mldlaul 248 F8 11111000

SI.1J1 rUn, mldlaul 250 FA 11111010

Continue rlla, mldlaul 251 FB 11111011

SlOP rtln, mldlaul 252 FC 11111100

Active Sensing mldlln,mldlaul 254 FE 11111110

System Rcset mldlln, mldlaul 25S FF 11111111

Taken from p.238 of the Ma"< manual. Opcode Inc.,
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.L\.ppendix 4.1

Lingo and HypcrMlD1 XCMDs lIscd 10 control graphie objccis.

This handlcr initiaiizcs 9 M[D[ contro\lcr slrcams and makcs thcm inlo inlcll1;1i objccls
wilh bllffcrs, etc. Flirthcr below is Ihc Factory for MidiNolc. onc 01' thosc Înlèl'llal
conll'O\lcr objccts. E;lch contro\lcr rcqllires ils own l'aelory.

on initialiseMidi
global notcStrcam,controller [SIrcalll,controllcr2Strcam,afic rtollcllS1l'caln
global pitchBendStream,fooiPedalStreUln,midi1nUse,midiThl'li
globallowestpitcb,pitchlnterl'al,volllllleStrealll,progChangeSlreanl
if lllidiInUse then
hlllOpenMIDI "8000 8000 8000 8000 8000 8000 8000 8000 HOOO" ,HOOO
hmPateher "connect","HMid, 1inl,inpllt,allldr,Ain ,"
hmPatcher "connect","HMid, 1olll,outpllt,amdr,Aout,"
hmWriteMIDI l, "144,36,100,200: [44,53,100,400: 144.60, 100,

600: 144,36,0,800: 144,53,0, 1000: 144,60,0"
set noteStream=MidiNote(mNew,list( 1,2,3,4»
set contro\ler1Stream=MidiContro\ler1(IllNew)
set controller2Stream=MidiController2(IllNew)
set aftertouchStream=MidiAftertollch(IllNew)
set volullleStrealll=MidiControllerVollimeStrcanl(IllNew)
set pitchBendStrealll=MidiPitchBend~:realll(IllNew)
set footPedaIStream=MidiController4(IllNew)
set progChangeStrealll=MidiProgramChange(mNew)

end if
end initialiseMidi

this method is part of a factory that comrols variolls graphie objeets \Vith inellllling
MIDI data. This one in particular assigns incom;'lg note and velocity MID[ dala tll Ihe
instance variables noteVa[ue and ve[ocityValue. These arc uscd in other methllds to
control objects (their position, speed, eo[ollr, casllllelllber, etc - in faet anything thal ean
be contro\led with Lingo). Managing the MIDI buffers so that any mis-timings belween
the Mac and the source arc accollnled for. thlls wc never [ose data.

method mNoteVeloeity
global noteStream
if noteStream(mNewValueReceived) or not noteStrealll(mLalestEventllasBeenUsed)

then
if noteStream(mLalestEventHasBeenUsed) then
set noteVa1ue=noteStream(mReadLatestPitch)
noteStream(mSetLatestE. cntAsNotUsed)

cise
set noteVa!ue=noteStream(mPitch)

end if
set chanReceived=noteStream(mChanncl)
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if chanReceived=channellhen
noIeStream( mSetLaleslEven lAsUsed)

end if
set velocilyValue=noleSlream(mVelocily)

end if
if not noteStream(mIsChanlnUse,chanRcceived) and nol

110IeStream(mLatestEventHasBccnUscd) thcn
notcSlrcam(mScILatcstEvenIAsUscd)

cnd if

lhis Factory is whcre ail dala to do with thc controllcr handling Ilole and velocity (they
arc sent together in MIDI) information is managed. The l'irst few melhods arc ail
concerned with buller management and the laler methods arc concerned with
hexadecimal conversion of MIDI type dala to decimal values in the range 0-127. These
decimal values arc thcn assigncd, in thc prcvious mcthod, to variables which arc used
to control Direclor cvenls.

factory MidiNotc

lIlethod mNew chanslnUscList
instancc note,latcstEventHasBeenUscd.chanslnUsc
sct chanslnUsc=chanslnUscList
hmSctFiltcr l ,"block ail, pass notcOn"
sct latcstEvcntHasBccnUscd=lruc

mclllOd mLatcstEvcntHasBcenUsed
rclurn latcslEvcntHasBcenUsed

mClhod mSetLalcstEventAsUscd
setlatestEventHasBeenUsed=true

melhod mSelLatestEve~tAsNotUsed

set latestEventH,lsBeenUsed=false

mClhod mlsChanlnUse chan
rcturn getPos(chanslnUse,chan)oO

method mNewValucRcceived
rcturn (hmUtility("gctlnputCount", 1»0)

mcthod mReadNextPitch
me(mReadNextNotcOn)
rclurn mc(mPitch)

mcthod mRcadLatcslPitch
mc(mRcadLatcstNotcOn)
rctum mc(mPitch)

mcthod n1ReadNextNolcOn
set notc=l:mReadMidi( l, I,"nostamp")

Il1cthod mReadLatestNolcOn
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repcut with i= 1to «hmUtility("gctlnplltCollnt".1 ))-1)
hI11RcudMidi(:.\ )

cnd rcpcut
mc(I11RcudNcxtNotcOn)

I11cthod mPitch
rcturn hmConvcrt("cxtract".notc.3.I.I)

mcthod mVclocity
rctlll'lJ hmConvcrt("cxtruct" .notc.3.2.0)

Illcthod mReudChunncl
Illc(IllRcudLlltcstNoteOn)
rcturn I11c(mChunncl)

Illcthod mChunncl
rctllrn hmConvcrt("cxtract".notc.3.0.2)-\43

:11'1"'11,11\ ./, 1
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Appendix 6.1

Read SMF

•• reads u MIDI Jïle inlo lhe glohal vuriahle IheSe,!
on mouscUp

glohul IheSe,!
gellilename("Midi")
if il is nol emrlY lhen
go 10 lhis caro
sel cursor 10 w;,lIch
l'Ill emrly iUlo IheSeq
rul hrnMIDllile("reud",il,"msee") imo IheSe,!
.• chcl:k for crrors
if chur 1105 of IheSe,! is "Errur" Ihen
unswer IheSe,! wilh "OK"
PUI emrly inlulheSe'!

cise
eheekBufSize

end if
end if

end 1I10USCUp

•• Ihis rouline secs if IheSeq will iii in Ihe OlllrUI buffer,
.. und, if nol. ereale u lurger oUlrUI buffer hv reoflCning HyrerM IDI
on eheekBufSize

glohullheSeq
-- sec il' sequence will lit in bufïcr
hmOrenMIDI "!"
rUlline 3 of Ihe resuit inlo hofSize
hmWrileMlD1 !,lheSeq,"eounl"
rOllhe resolt inlo requiredSize
if hufSize < reqoiredSize Ihen

•• kill uny rlul'ing sequence
if hmUlilily("geIOUlrUICOUnl".I) > ()
Ihen gel hmUlilily("killOUlrUI". 1)
.. reoren will lurger huffer
hmOrenMIDl40lJ,requiredSize
if the rcsuh is nut cmpt)' then answcr the rcsult with "OK"
hmP'llchcr "connccl".cù I1d "connections" (Jf cd 1

endif

end eheekBufSi/.c

Appel/dix 6./
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PlaySMF
•• docs nolhing if wc'rc already playing
011 T1l0uscDown

•. oilly play if wc're nol alrcady playing SOlllclhing
if hlllUlilily("gCIOlllpIlICoUnl") is 0 Ihcll
global IheScq
sel cursor tu watch
set hililc of Ille lo truc
hmWrilcMIDllheScq -- slart playing

end if
end IllouscDown

Pause SMF

on mouscUp
if hililc of mc is falsc Ihen

scl hilile of me to lrue
gel hmCloek("stop") -- slop Ihe c10ck
get hmUlility("mllleOutpul".I) --Ium oiT Imy suslaining noIes

cise
sel hilile of mc to l'aise
get hmClock("start") -- restarllhe c10ck

end if

end mouseUp

Mute SMF Track

on mouscDown
if hilite of me is falsc Ihen

set hilile of me to truc
.- shut the buss.drums and sulo off
get hmUtilil" ~"seIMules", l," 100000000000000")

cise
sc! hilile of me 10 l'aise
get hmUtiiity ("seIMu!es", l,"0000000000000000")

end if

end mouscDown

Solo SMF Track

on mouscDown
if hilile of me is l'aise then

set hilile of me lu lruc
gel hmUtility ("seIMutes",I,"OIIIIIIIOOOOO()()O")
repeal Wilh i = 1 to 8
disable bkgnd bUllon ("mute" &&i)

end repcat

cise

Appt'IIeI;.\" (J,I
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set hilitc of me 10 l'nlse
gel hmUIiIily ("selM ules", l,"()()()()()()()()()()()()()()()()")
repeul wilh i =1 10 ~

enuble hkgnd hUlInn ("mule" &&i)
end repent

end if

cnù l11ouscDown

SetLevels (User Defined)

•• sel 1111 volume fuders:
•• if oplion is held, sel 10 full
.- if oplion-shin, sel 10 levelof fuder 1
-- cise query
on 1110USCUp

if Ihe oplionkey is down Ihen
PUI 127 inlo level
if Ihe shiftKey is dowo lhen

pUlline 4 of cd Ild "Yol 1" inlo level
end if

cise
usk "Sel ail faders to:" wilh 127
if it is cmpty Ihen exil mouseUp
if it > 127 then gel 127
cise if it < 0 Ihen get 0
put it into level

end if
set lockscreen 10 lrue
put cd tld "curYols" into lemp
repeal wilh i = 1 la 8

set cursor ta busy
-- change the slider positiun
.. put ncw values in cach fader and senti (he message
pUl level into line 4 of cd tld ("Yol"&&i)
hmSlider id of cd Ild ("Yol"&&i),(),"sendSel"
-- if channel not muted, updule Iist of volumes
if hitile of bkgnd bln ("mute"&&i) is l'aise
lhen put level inlo ward (i'3) of temp

end repeul
hmWritcMIDIlemp
pUllemp into cd Ild "curY"ls"

end mouseUp

A/'/'I'I/di.r (J, /
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THE FOLLOWING MATERIAL HAS BEEN REMOVED DUE TO COPYRIGHT
RESTRICTIONS.

PLEASE CONTACT THE UNIVERSITY LIBRARY.

LE MATERIEL SUIVANT A ETE ENLEVE DUE AU DROIT D'AUTEUR.

S.V.P.CONTACTER LA BIBLIOTHEQUE DE L'UNIVERSITE.

NATIONAL LIBRARY OF CANADA
CANADIAN THESES SERVICE

BIBLIOTHEQUE NATIONALE DU CANADA
LE SERVICE DES THESES CANADIENNES

APPENDIX 6.1- (INITIALIZE VOLUME CONTROLS) pg 89



ilf'I'<'l/dix 8, f

Appendix 8.1
This sample seript lises the Netseape APis (Application Progra1l1111ing Interface) l'or thc
Macintosh.

•• Open URL AppleEvem code

on activutcNctscnpc pngcNamc

global NetscapeName

•• open URL apple event
send pageName ta program NetSeapeNlIIlle wilh "WWW!OURL" •• openURL EvenllD
put lhe resull inlo gelResult
if (gelResult is 0) or (isnumber(char 1of geIResult)=false) lhen

answcr uProgram Error ! Can't rind "& nctscapcNmnc
resct

cise
pul emply inlo evenlSlring -- wail for relura appleevent
PUI 1 into count

repeat until (evenlString is nol "No currenl Apple evenL") 01" (collnl=IOO)
add 1 ta counl
request appleEvenl data wilh keyword "PREN" -- End Session Evenl ID
pllilhe result imo evenlSlring

end repeat

-- if page opened then bring browser 10 the front. cise report error
if counl< 100 then
send "" ta program N"tscapeName wilh "WWW!ACTV" .- Activme Weh hmwser EvcnllD
close this window

cise
nnswcr "Program Error - "& nclscapcNnrnc & .. page nOl!omlcù"

end if
end if

end activmeNetseape

91



Referellces

References

[1] Fluckiger, François. "Vllderstwulin/: Networked Mllltimedia Apl'licatiolls alld
Techllolo/:y." Prentice Hall. 1995: p. 43.

[2] The MIDI Manufucluers Associution Tcchnicul Stunùarùs Hourù. MIDI 1.0 Dctuilcd
Spccificution. Hollywood, CA: Internutionul MIDI Associution.

[3] Mooore, Riclmrd. "Elemell/S of Computer Music." Prentice Hall. 1990: p. 61.

[4J Fluckiger, François. "Understunding Networked Multimedia Applications und
Technology." Prentice Hall, 1995 p. 73

[5] "A BrjefOverview of the Proposed General MIDI Level 1Specification"
(hllp://www.eeb.ele.tue.nl/midilGMGS.html)
by Heini Whitagen

[6] "The Looming Video Game Wars of 1995." Next Gelleratioll vol. l, p. 37-48

[7] "OujckTime VR: A New Approuch 10 Virtual Reuljty."
(hllp://www.info.apple.com/dev/uppledirections/juI95/qtvr.html)
by Duvid Gleason

[8] Fluckiger, Frunçois. "Understanding Networked Multimedia Applications and
Technology." Prentice Hall, 1995 p. 397.

[9] Fluckiger, François. "Understanding Networked Multimediu Applications and
Tcchnology." Prentice Hull, 1995 p. 332.

[10] Curroll, Jim, und Rich Broadhead. C{/Iladiw! llltel'llet Halldbook. (1995 ed.)
Prentice Hall Cunada Inc., 1995. pAl

[II] Arnett, Matthew Flint, et al. lllside 'l'CPIIP. New Riders Publishing, 1994, p.50­
70.

[12] Arnett, Matthew Flint, et al. lllside 'l'CPffP. New Riders Publishing, 1994, p. 80­
82.

[13] Fluckiger, François. "Understanding Networked Multimedia Applications and
Technology." Prentice Hall, 1995 p. 599.

[14] Berners-Lee, T., Cailleau, R., Groff, J., and Pollerman, B. "The World Wide
Web, the Information Universe." Electronic Networking: Researclz, Applications and
Policy, vol. 2, 1992.

[15] "MIME <Multipurpose Internet Mail Extension) "
(http://www.oac.uci.edulindiv/ehoodIMIMElMIME.htm1)

[16] "The Elhernel Page."
(http://www.ots.utexas.edu/ethernetlmain.html)
by Charles Spurgeon

92



U<'Ii'r('IICt',~

[17] Boisseau, M, M. Demange, and J.-M. Munier, fliglr Sflt't'tI Nt'/lI'ol'k,\', tnllls.John
C.C, Nelson, New York: John Wilej' & Sons, 1994. p. 43-59.

[18]Brandenburg, Karlheinz, and Gerhard Stoll. "ISO-MpEG-1 Audio: A Geneic
Standard for Coding of High-Quality Digital Audio."JAES Ocl. (1994): ?HO- 792.

[19] Ozer, Jan. "The CD-ROM Publisher's MEpG Primer." CD-ROM PI't~li·,\',\'ioll{/l.
June 1995: p.82

[20] "Welcome to Nerscape"
(http://home.netscape.com/)

[21] "HotJava Home Page"
(http://java,sun.com/)

[22] "Interactive CatBand"
(http://www.nasoft.com/catband/index.html)

[23] ''The VRML Home Page"
(http://www.ncsa.uiuc.ed••/GencraINRMLNRMLHome.html)

[24] "E}(tending WWW to Support PlatfoOll Independent Virtual Reality"
(http://vrml.wired.com/concepts/raggett.html)
by David Raggett

[25] "VRML Audio Extension."
(http://hyperrea1.coml-wlm/vrsl.html)
by William Martens

[26] "RealAudjo"
(http://www.prognet.com/)

[27] "CU-SeeMe Desktop Videoconferencing':
(http://www.indstate.edu/msattler/sci-tech/comp/CU-SeeMe/index.html)

[28] Array Communications of the ICMA, vol. 15, no.2. Summer 1995: p. 12.

[29] ''The MBone Information Web"
http://www.best.com/-prince/techinfo/mbone.html)
by Vinay Kumar

[30] "MBone Desktop Application ~,oftware"

(http://www.best.coml-prince/techinfo/mc-soft.html)

[31] Nielsen, Ole. "MIDI and Audio via ISDN." hoc. of lire 11111. CO/llpu/er Music
C01lfere1lee.ICMA. De1lmark (1994): 451-454.

[32] Fober, Dominique. "Real-Time Data Flow on Ethemet and the Software
Architecture of MIDIShare." Proe. ofthe 11It/. Computer Music Cotlfere1lce. ICMA.
Denmark (1994): 447-450.

93



Refere/lees

[331 Pohlman, Ken. The Principles of DiliitClI Audio. 2nd Edition. SAMS, 1992:
p.321-332.

[341 Sleinmetz, Ralf and Klara Nahrstedt. Mllitimedia: Compllfù1li. Commllnications
flnd Applications. Prentiee Hall, 1995 p. 189.

[35] Braekenridge, Billy. "One in a Billion: Universalizing the CD Fonnat." MOI],h's
Oatpost April 1995: p. 18.

[36] ["Enhanced CDs"
(hllp://www.amp.apple.com/prog..~lll/imt.html)

[37] Schwerin, Julie. "Video CD and High-Density CD Futul'es."CD-ROM
Prf!{essionCiI. June 1995: p.36.

[38J Barker, John. "Video CD: The Argument." CD-ROM ProfessionCiI. June 1995: p.
49.

[39] High-Density CD-ROMs and drives to support these discs arc predicted by 1996.
Schwerin, Julie. "Video CD and High-Density CD Futures."CD-ROM ProfessionCiI.
June 1995: p. 37

[40] Parker, Dana. "High-Density and Re-inventing The Disc." CD-ROM ProfessionCi/.
June 1995: 20-33.

[41] McGowan, Chris, and Jim McCuliaugh. Enterrainmellf in the Cyber Zone. New
York: Random House, 1995. p.180

[42] Davis, Fred. "1 Want My Desktop MTV." Wired July 1994: p.68

[43] Gosney, Michael. "Todd Rundgren: Awakening the Interactive Muse." KeylJOCIrd
August 1993: 50-56+.

[44] Potyen, Paul. "Distorted Interacdvity: Pop Rocket's Multimedia Vision." Mix
August 1994: 74.

[45] "CD-Plus Audio CDs"
(hllp://www.eden.com/cdplusl)

[46] Rule, Greg. "Gingerbread Man, A Case Study: The Making of an Enhanced CD
Title." [Ilfemcliviry July/August: 27-33.

[47] "Interaetjve Games on the Web"
(http://www.cs.emu.edu/afs/andrew/orglkgb/www/zarf/games.html#games)

[48] "The MUD Resourcc"
(hllp://www.cis.upenn.edu/-Iwllmudinfo.html)

[49] "The WAXweb"
(hllp://bug.village.virginia.edul)

[50] "Games and Other Diversions"
(hllp://java.sun.com/applets/alpha/appletlappletSites.htm1#games)

94



• [51] "Geffcn Records"
(http://geffen.com/)

[52] "Sony Music Dnline"
(http://www.sony.com/MusiclMusic[ndcx.hlml)

[53] "Atlantic Records"
(http://www.atlantic-recorcls.coml)

[54] "MCA Records"
(http://www.rnca.com/mca_rccords/indcx.hlml)

[55] "Netscape APr for the Macintosh,"
(hUp:/lhorne.netscapc.com/newsrc f/std/mac-remole-contro1.J l11111;1 1'0013)

•

[56] "Flypaper"
(http://www.pass.wayne.edu/-crictnypapcr/)

[57] "Firefly: YOuf Personal Music Recommendation Agent"
(http://www.agents-inc.com/)

[58] "The Autonomous Agents Group"
(hup://agents.www.media.mit.edu/groups/agentsl)

[59] "Going Hybrid: The Online/CD-ROM Conncction." New Media June 1995: p.3X.

95




