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Abstract: A new techndogy for music has emerged with ungecalented speed. Just over forty yeas
ago, the first digitally-produced sounds gave pioneaing composers from around the world a taste of
vast new possbiliti es. Numericd experiments with sound kecame alogicd extension d compositional
interests that were pushing the boundaries of timbre, perception, new instruments and performance
techniques, organizaion and paradoxicdly, indeterminism. At several centersincluding a small number
in the U.S. interdisciplinary teans combined compaosition with research in musicd amustics, psychoa-
coustics, and artificial intelligence Their musicd works provide atimeline of progressin sound syn-

thesis.

1. Introduction

To describe the past four decales in a nutshell,
we see ©mposers, scientists, and engineas
working to develop a new musicd medium; ex-
ploring the fabric of soundand sound gerception;
and pushing a new techndogys <de and cagpa
biliti es rapidly towards the pradicd and effec-
tive. Briefly looking forward ancther stretch of
time, this same description might apply to music
made using dred stimulation d auditory sensa-
tions in the brain. Far fetched? Brain imaging
techniques that are ceitral to perceptual studies
sugeest such a posshility. Magnetoencephal o-
graphy (MEG) shows promising temporal and
spatial resolution for music, perhaps foreshad-
owing the analytic side of this futuristic medium.
And its g/nthetic reverse, transcranial magnetic
stimulation (TMS), thoughstill quite murse, has
been used to induce cetain nonauditory effeds.
Eledricd stimulation d the inner ea is alrealy
in prosthetic use. In time, consequent techndo-
gies may lead to an evoked music (I' m just hopgng
for ealy work on the problem of loudress con-
trol).

Presently, abou sixty sites are equipped for MEG
analyses and a handful for experimentation with
TMS. My prediction is that just as with dgita
sound synthesis over forty yeas ago, at some
point an olserved auditory pattern will be syn-
theticdly induced and from then a new medium
for composers will be born. Rewinding to 1965
there were likewise only a few stes equipped
with computers and the necessary digital audio

converters for sound aqquisition and daybad,
but the promise was aready apparent when a
"Portrait of the Computer as a YoungArtist” was
published:

Today, scientists and musicians at MIT,
Bell Telephore Laboratories, Princeton
University and the Argonre National
Laboratory are trying to make the com-
puter play and sing more surprisingly and
melli fluowsly. As a musicd instrument,
the omputer has unlimited pdentialiti es
for uttering sound It can, in fad, pro-
duce strings of numbers representing any
conceivable or heaable sound... Won-
derful things would come out of that box
if only we new how to evoke them.

[Pierce 1965]

The timeline of compasitions below foll ows the
development of synthesis algorithms along such a
tradk, citing several examples of new techniques
which replicaed olserved patterns and musicd
signals, and which were rapidly incorporated in
composers work. The compositions described are
the fruits of reseach into new materials. they
engage the listener in a completely ill usory world
which could orly have been achieved with dgital

tools1

1 Listening to the acompanying, brief musica
excerpts and explanatory sound examples will
enhance a1 appredation d the timeline (total
duration is abou 20 minutes). Each work consti-
tutes a waypoint in alist that is much longer than



Composers were immediately attraced by a gen-
eral-purpose machine which by itself prescribes
no particular musicd style, but which must be fed
models and insights to prodwce results. Solutions
which seem logicd to us with hindsight were
gained through ley advancements in the under-
standing d the materials and reture of music.
“Musicd Sounds from Digital Computers’ in the
contemporary music journal, Gravesaner Blatter,
closed with:

The Future of Computer Music

Man's music has always been aousti-
cdly limited bythe instruments on which
he plays. These ae mecdhanisms which
have physicd restrictions. We have made
sound and music diredly from numbers,
surmourting conventional limitations of
instruments. Thus the musicd universeis
now circumscribed oy by man's per-
ceptions and creativity.

[Mathews 1962]
And more fromPierce’s* Portrait?”

The computer is a grea challenge to the
artist. It enables him to creae within any
set of rules and any dscipline he caesto
communicae to the cmmputer. Or, if he
abandors discipline, he may leave eve-
rything to chance and produce highly ar-
tistic noise.

This is an attempt to patray the rapid progress
and excitement which began to fill that vast po-
tential enabled by digital tools.

2. Modeling

For many dsciplines, music included, the digital
computer has enabled the age of modeling. The
arsenal of techniques for numericd simulation o
natural phenomena (including for example, be-
havior of a trumpet) continues to expand with
addition d new models expresed as algorithms
and/ or data sets from analysis. In al forms, they
can be studied under different hypahetica con-
ditions, from the plausible to the extreme.

Imitative synthesis of musicd sounds is an dd
traditi on and spans the mgjor epochs of techndo-
gies, including mechanicd organs with stops like
the vox humana, or analog eledronic synthesizers
with patches like the instruments played on

what is represented. Many athers (in the U.S. and
internationally) have cntributed to the medium
and their music could be included, but then this
wouldn’t be a short history.

Wendy Carlos abum Switched on Bach. A
newer techndogy dten invites its usage for imi-
tation  the sound d an ealier techndogy. This
cascade leads right to the present were we can
even hea digital software imitating analog hard-
ware imitating mechanically-pduced sound.

Models employed in the compositions cited be-
low fall into five general catagies:

e subtradive aousticd models (beginning
with source / filter vocal simulations)

e addtive awmusticd models
Fourier anajlses)

(reaeding

e impulsive linea physicad models (beginning
with plucked string simulations)

« salf-sustained physicd models with acousti-
cd feedbadk (eledric guitar smulations with
feedback)

o sdf-sustained physicd models with non
linea excitation (beginning with simulations
of bow, reed and air jet)

In ead case, a good d@age of amusticd theory
and analysis of existing instruments provided the
platform uponwhich the modeling approach was
devdoped.

2.1.

Acousticd models invalve spedra (frequency
domain) descriptions of patterns of air presaure
variation radiated by the modeled instruments.
The most common is based on Fourier analysisin
which an acmusticd wave, picked up by micro-
phoreg, is anayzed to gve an acairate portrait of
its time-varying spedral comporents. ldenticd
comporents are generated dgitally and kecome
soundagain via loudspedker. Idedly, if the signal
can be aequately analyzed, the resulting model
will enable high quality resynthesis, as well as a
large set of transforations.

Acousticd models can also be based in analysis
of heaing, supdying those aies known to en-
voke aparticular musicd or auditory sensation.
Such sounds might not be based in the red world
at al, and are instead formulated from psychoa-
coustical principles or padoxes.

Acoustical

2. 2. Physical

Physicd models describe the vibrating mecdha
nisms of (instruments and aher) sound sources.
Analysis and synthesis is either in the time do-
main, in terms of mechanicd or fluid dyramics,
or in the frequency domain, as mixtures of dis-
tinct modes and regions oitration.



Dynamics-based modeling has not yet gained a
general-purpose analytic method Synthesis mod-
els are aonstructed by cgpturing “first principles’
of a physicd system and then refining the model
by addition d physicd details that are perceptu-
aly significant. The resulting sonic advantages,
particularly with regard to transients and long
term laws (e.g., conreded nde transitions, tur-
bulence or timbre control spaces), often remain
outside the present powers of analysis for acousti-
cal malels.

A very youngfield at the moment ties physicd
modeling in with reseach in heaing: are there
effeds sgmilar to those in amusticdly-described
perceptual ill usions that can be expressed in terms
of the physics of the sound source itself? If so,
this may lead to a new class of physicd models
rooted in sensation rather than red-world simula-
tions.

3. Bell Labs Experiments

The very first examples of digital soundsynthesis
were aeaed alongside reseach in speed tedh-
nology. Thoughthe mmputer hardware was the
same, new software was needed to mee the re-
quirements of musicd sound generation and a-
ganizaion. An anthdogy, The Historical CD of
Digital Sound Synthesis, has preserved several of
the ealiest works for listening along with writ-
ings about the art and technology.

The original approach to nonspeed synthesis
consisted of juxtaposing periodic waveforms
which were essentially digital versions of audio
function generator tones common in analog signal
laboratories. These would be familiar from oscil-
loscope observations, eg. sinusoid, square, trian-
gle, sawtoath, etc. The same technique persists
today under the name analog synthesis in current
digital synthesizers. It is a speda case of wave-
table synthesis in which a singe period o a
sound is looped repeaedly at the pitch rate. A
given nde onsists of one or more layers of such
waves whose anplitudes and frequencies are
controlled byenvelopes changing through time.

Making astonishingly rapid progress models bor-
rowed from analog pracice were quickly replaced
in less than a decale by methods for amusticd
analysis and synthesis. Predse envelope cntrol
of spedra opened upa world of experimentation
with natural instuments and auditory illusions.

3.1.(1957)Guttman’s Silver Scale

The original musicad example to be produced by
controlling the motion o a loudspedker with

numbers alone represents a gred technicd step. It
required development of software with musicdly-
useful frequency and dyramic ranges and that
handed ower to the machine acertain amount of
sonic detail. Withou the latter, the compaoser
would be lost in a sea of numbers. It marks the
beginning d a medium in which software is di-
vided into two layers, one for the generation o
sounds as notes (coded as undproducing sub-
routines) and the other a list of the notes to be
played (as cdls on the subroutines). Since then,
amost ubiquitously, the parameters compiled into
naote lists have indicaed timing, pitch, loudress
and aspects offtibre.

3.2.(1961)Hal’s Tune

Mathews arranged Bicycle Built for Two using
waveform techniques and J. Kelly's vocd trad
analog speed synthesis approach (a physicd
simulation d the shape of the vocd trad using a
series of continuowly changing dgital filters).
The resulting performance becane awell-known
performance of the traditional song having keen
incorporated by the aeaors of the movie, 2001:
A Space Odyssey. Hal, the computer, sings this
excerpt as his memory is removed bit-by-bit.

3.3.(1963)Ferretti’'s Pipeand Drum

An advanced example of synthesis is Ferretti's
Pipe and Drum. The remarkable musicdity of
this dhort composition demonstrates the com-
poser's interest in carefully mimicking human
performance. Instrumental sounds were aeded
by bulding uplayers of waves, diff erent mixtures
occurring nde-to-note within the same instrument
with an ear for performance practice.

3.4. (1968 Risst’ s Computer Suite from
Little Boy

The predsion d digital techniques opened up a
world o illusons in which amusticd elements
could be manipulated to devise sounds based on
models of what is head and haw it is head.
Three dasses of synthetic sounds were explored
in Risst's work at Bell: instrument simulations,
paradoxicd illusons and nowel structures tail or-
ing timbre to harmony and scde. Underlying the
three were new digital analyses of natural instru-
ment tones, studies of heaing, and pashiliti es of
adapting spedra to theories of harmony. Timbral
mixtures were structured from these spedfica
tions (additive synthesis) and the redpes were
shared with athers [Riset 196§. Some reaede
analysis data exadly where others are data re-



duced, primarily spedfied as algorithms that re-
produce relationshipsbeerved in the data.

Long unarstood as a mathematicd concept,
spedral decomposition d a waveform into its
comporent frequencies becane pradicd with the
advent of digital signal processng. The principle
states that any complex wave, like that produced
by a musicd instrument, could be represented as
the mixture of individually spedfied partial tones
(the sinusoidal comporents of Fourier analysis).
As the waveform changes throughtime, which is
charaderistic of natural sounds, so do the fre-
quencies and amplitudes of these demental com-
porents. The decomposition operates analogowly
to a prism in which a clor mixture is glit apart
by the bending poperties of different wave-
lengths. Because natural sounds are time-varying,
techniqgues were developed to olserve these
changes at fine time scdes, particularly the phase
vocoder [Portnoff 1976].

Paradoxicd tones are possble by eliciting con-
flicting perceptual cues. Tones that dide forever
downward in pitch or that sean to follow a de-
scending scade while becoming higher are demon-
strated in Computer Suite from Little Boy. One
redpe spedfies an endess glissando (Shepard
tone) comprised of 10 harmonic partials fading in
and then ou imperceptibly, as they traverse a
down-sloping pitch glide.

Risset smplified the grea burden of data required
for strict resynthesis of instrument tones by iden-
tifying aurally significant details. Traits relating
spedral behavior within a note or acoss an in-
strument’s gamut of pitches or dynamic levels
were coded as rules.

Computer studies (through analysis of
the red sound and synthesis of various
simplified models) demonstrated that,
rather than being associated with a given
set of physicd parameters (e.g., a given
spedrum), a given timbre can dten be
related to some property, some law of
variation, some relationship between the
spectrum and other parameters.

[Risset 1985]

His redpes for trumpet tones edfied increases
in higher spedral componrents related to increases
in loudress and were an ealy success that en-
couraged further work in syrabis-by-rule.

4. Frequency Modulation
Synthesis

Time-consuming and expensive cdculations were
required for these ealy runs of analysis and syn-
thesis. Comporent-by-comporent additive tedh-
niques compoundd the wait by requiring large
numbers of digital oscill ators, ead in itself a sig-
nal to be cdculated independently. A spedrally-
rich nae that might comprise forty comporents
would take forty times as long to cadculate & a
single wavetable oscill ator. In a musicd texture
with several voices plus artificial reverberation,
the turn-aroundtime for a small passage would be
hours. Often followed by a trip with the data over
to ancther lab having the digital-to-analog con-
verters (through the snow...). These rigors are
now mostly forgtten.

4.1.(1971)Chowning’s Sabelithe

Chowning dscovered a means by which masses
of spedral comporents could be very flexibly
controlled with as few as two dgital oscill ators.
Using ore oscill ator to rapidly moduate the fre-
quency of the second, numerous sideband fre-
quencies are produwed. The dfed occurs when
frequency fluctuations become so fast as to
change pitch vibrato into waveform distortion (by
accderating vibrato rate into the audio range,
above 20 Hz. — which is how the phenomenon
was discovered). The disposition and number of
sidebands are spedfied by a small number of pa-
rameters pertaining to equations for frequency
moddation (FM). The discovery provided a new
technique for spedral synthesis which thoughit
employed a wider paint brush than previous addi-
tive methods, was sgnificantly more dficient.
Some intriguing constraints were imposed on the
relationships of spedral comporents and inspired
further experiment with perception d timbre and
salence of certain spectral cues.

Sabelithe demonstrated that laws of variation
could be advantageoulsy employed with FM and
that the rules themselves could be manipulated in
the course of a pieceby the mmposer. By trading
off exad spedficity (abou eacd comporent) for
the sake of computational efficiency, it becane a
matter of design to identify and render the most
important aspeds of a simulation. Chowning (a
percussonist) demonstrated the salience of cer-
tain cues that crede the illuson o a drum sound
(non-harmonicdly tuned partials, exporential
amplitude decay after the impulsive stroke, and
deaeasing bandwidth as a function o decaying
amplitude) [Chowning 1973. Moreover, as dif-



ferent models were cmmpadly expressd in the
sparse parameters of FM, timbre interpolations
could be redily explored (cf. the change from
percussion to trumpet iBabelithe).

4.2. (19795 Morrill’s Studies for Trum-
pet and Computer

Naturally, several other musicians turned com-
puter musicians have reseached models of their
own instruments. Composer / trumpeter Dexter
Morrill, carefully analyzed details of trumpet
phrasing bulding up rule-based algorithms for
FM synthesis. A crucia amourt of human-like
impredsion was incorporated. His Sudies for
Trumpet and Computer added redism to a model
that evokes lyrical phrasing/orrill 1977].

5. Analysis/ Resynthesisin
Timbre Space

Where musicd pitch, loudressand timing exist in
continuows dimensions, instrumental timbres are
discrete: there is no smocth change possble in
traversing from the sound d an obae to a flute. A
perceptual study d orchestral tones [Grey 1979
described instruments as points inside a multi-
dimensional awmusticd space Subjeds were
asked to rank similarities among pirs of tones
from a set of sixteen identicd pitches played on
different winds, brass and strings. A statisticd
analysis of their resporses siggested that three
aomusticd cues predominated (attack naise,
brightness and harmonic coherence). These form
the aes of a timbre spacewithin which the dis-
crete instrumental sounds are located.

By means of systematic interpolation along the
dimensions of the analyzed space cues could be
smocthly altered creaing morphed identities
which lie between familiar points. For example, a
new half-obae, half-flute instrument can be found
situated between the two known points.

More sophisticated alterations have become pos-
sible with improvements in the quality of acousti-
cd models following those of the ealy phase
vocoder analyses of the 70's. Spectral Modeling
Synthesis (SMS) [Serra 1990 and aher related
systems afford finer temporal and frequency
resolution including ogions for modeling d iso-
lated ndse mporents. Ancther advancement
applies auditory models in which the analysis is
tuned to respondwith the ea’s measured aauity.
Data reduction and filtering acarding to percep-
tual importance has become a toice of front-end
technique.

Timbre spaces are “zoomable” closed worlds in
which instruments and their behavior are organ-
ized. A given spacemay describe an ensemble of
timbres or the varied behavior of a single instru-
ment. In the broadest definition, timbre spaceis a
smocthly varying compass of timbres employed
in a composition and independent of the particu-
lar technique use for synthesis (and whether
structured via angsis or not).

5.1.(1975)Dodge’sIn Celebration

Dodee set poetry to music by using the analyzed
recrding d a reading d In Celebration to pro-
vide dl its musicad materials. The resynthesis
space was bounded by attributes of the linea
predictive coding speed model (LPC). Edits that
he ocould perform on the analyzed data included
swapping vaced / unvaced sounds, altering ptch
contours, and time-base didions.

The stuation o In Celebration is more
closely related to a male ador’'s reading
of the poem (albeit an adtor who can ex-
tend his voice over five octaves, conjure
up multiple mpies of his voice d will,
control the pitch and rhythm of his voice
to an extraordinarily fine degree and
perform other vocd and musicd tricks).
The use of a single human vaice & the
foundation for all the sounds in the piece
lends unity to the composition.

[Dodge 1985]

5.2.(1978)McNabb’s Dreamsong

McNabb combined synthesis techniques and
processd recordings to crede aredm of ex-
tended identities anahorphings.

The basic intent was to integrate aset of
synthesized sounds with a set of digitally
recorded natural sounds to such a degree
that they would form a ntinuum of
available sound material. The sounds
thus range from the eaily recognizable
to the totally new, or, more poeticdly,
from the red world to the dream world
of the imagination, with all that that im-
plies with regard to transitions, reaurring
elements, and the unexpeded. The e
sential soundelementsin Dreamsong can
be divided into five cdegories. smple
FM, complex FM, sung vad processng
and resynthesis, other additive synthesis,

and processed crowd sounds and speech.

[McNabb 1981]



He foundthat correlated random spedral fluctua-
tions acoss partials fused the them into coherent
tones. The method imparts an altogether natural
but highly data reduced way of controlling addi-
tive synthesis. Further experiments with vibrato
were foundto have aparticularly strongeffed on
fusion.

5.3. (1981)Solera

Like Dodge, | was interested in various kinds of
freedom with data for resynthesis, in this case
ohtained from spedral analysis. | developed an
ensemble of intrinsicdly related, though qite
varied, timbres from manipulations of only the
single bass clarinet tone aalyzed in Grey's ex-
periment. Simple dterations of pitch, harmonic-
ity, duration, and bandwidth creaed a large pal-
ette of identities which were focused together in
Solera (ranging from percusson and shakuhachi
flute to new instruments with no reference to ex-
perience). It was conceived of as a dosed space
derived from limited aoousticd transformations,
or a sort of inverse timbre space.

5.4. (1984 Schottstaedt’ s Dinosaur Mu-
sic

FM synthesis is expandable into various topdo-
gies relating moduated (carrier) oscill ators and
moduators. Complex FM [Schottstaedt 1977
affords good independent control over acoustica
cues like the ones identified by Grey. For exam-
ple, one portion d an FM patch might be dedi-
cded to attack nase and another to the modifica-
tion o a particular spedral region. Popuar
patches like Schottstaedt’s FM violin retain urex-
plored territories even after yeas. It is wide-open
in terms of possble instrumental identities. The
sole source of soundin Dinosaur Music, it occa-
sionally plays with violin-like settings, at other
moments it is taken along with the composer’s
imagination into urabelled, orchestra-sized,
spaces.

6. Waveguide Synthesis

One method for simulating the physicd dynamics
of a vibrating string a amustic tube is based on
recirculating  delaylines [Karplus 1983. In
bucket brigade fashion, these apy their inpu
signal to their output after a given interval that
depends on their length. Providing a feedbadk
loop kadk to the inpu causes the signal in the
delayline to repea at the delay (pitch) rate like a
wavetable oscillator. With the adition o at-
tenuation and low-pass filtering in the loop ex-

citations die awvay exporentialy in a manner
similar to red instruments. However, unlike the
red system, this lumped circuit separates into
separate units the source of pure delay and lossy
effeds, thoughthe aggregate dfed for generating
a signal is the same [Smith 1992].

The technique simulates acoustica wave motion
in ore dimension. Surprisingly good approxima-
tions are possble since the dominant modes of
strings and baes propagate dong their length
(which is propartionately much greder than their
width). Refinements (e.g., a sitar's resonating
strings) can be alded as extra 1D side branches.
Topdogies with crosscouding in two o three
dimensions extend the gproach to vibrating sur-
faces and vimmes [VarDuyne 1996].

6.1. (1982 Jaffe's Silicon Valley Break-
down

Simulated plucked strings are the principal
sounds in Jaffe's composition Slicon Valley
Breakdown. Ancther composer / musician inter-
ested in modeling their own instrument(s), he
tailored the model for several variants of the
plucked-string family, including physicdly-
impossble extensions only appropriate & Dft-
ware (with super long and super short strings)
[Jaffe 1983. These waveguide models represent
highly resonant physicd systems that are passve,
lossy and linear, meaning that energy must be put
into the system for it to sound (by smulating a
pluck) and that the ensuing vibrations will die out
dowly as they disdpate (withou any spedral
distartion from nonfinearities).

Physicd models, in general, are charaderized by
their articulatory controls, the same cntrols that
are familiar to players of the instruments. Sonic
effeds are governed by daying techniques. If a
sound reeds to be, for example, brighter or
higher, or it squedks, the change is made through
a parameter that relates to the physicd instru-
ment:

musicd - / peformer - / model control
acoustical instrumental parameter
pitch string length  delayline
length
brightness pluck postion excitation
comb filter
attack sharp- plectrum type excitation en-
ness velopes
sustain finger damp- loop filtering
ing



Given an adequate physicd model, changes to its
parameters will im part to the li stener the expeded
timbre aies, automaticdly creaing the rre-
sponding acoustical changes.

6.2.(1997)Lansky’s Things She Carried

The plucked string model was inevitably ex-
tended to beme a screaming eledric guitar
[Sullivan 199Q. The inclusion d smulated am-
plifier feedbad and dstortion resulted in the first
instance of a self-sustaining model and that was
employed by cmposers.

The strings of an eledric guitar are forced by
eledroacusticd amplification so that the instru-
ment beaomes adively resonant. Options for sig-
nificant nonlineaities can be introduced in the
amplification system. We've been listening to
music with gutar feedbadk for more than fifty
yeas and have gotten to know intimately the
sonic behavior of chaotic dynamics as a result
(long kefore its graphicd courterparts were com-
puted and dsplayed). The system exhibits these
traits (e.g., senditivity to initial condtions, har-
monicdly-related hifurcation regimes on the path
to chaos) becaise of chaos-indwcing structures
(e.g., feaedbadk, scding and nonlineaity). Lan-
sky's pieceincludes a particularly elegant exam-
ple of the model eployed.

6.3. (1995)Push Pull

Accurate time-domain simulations of mechanicd
self-sustained instruments were begunin the mid-
70's leading to a unified model describing most
families of instruments [MSW 1983. Cougded to
the same passve, losdy, linea resonant compo-
nent (representing the string a bore) is a driving
mechanism (the bow or reed) throughwhich sus-
tained external energy (the bow arm or breah)
excites the system. The driving medchanism is
inherently nonlinea since anergy admitted into
the system must be gated in a pulse-like, periodic
way (hencethe stick-dip adion d the bow or the
in / out switting of reeds and jets).

Models of brass instruments, flutes, reeds and
bowed strings are distingushed by their gating
mechanisms and the paths conreding them to
the linea (pitch entraining) element. In ead o
these dgorithms, the nonlinea medhanism ads
on the instantaneous diff erence between the drive
quantity (e.g., bow motion) and the returning
aomusticd wave (string motion under the bow).
The product obtained adds to the wave motion
alreadyrecirculaing in the system.

Control parameters that are alded for this classof
algorithms are ayain physicd in nature (bow ve-
locity / force or embouchure / breah) and enve-
lopes to mimic aticulations can be developed by
shaping them like the player [Chafe 1989.
Changes to the ontrols, like starving a exerting
extreme values on an oscill ation credae familiar
soundng timbre canges. P. CooKs dide flute
with vortex naise enhancements [Chafe 1995
acmompanies the dedric cdlo in Push Pull. It
was a fascinating medium for an attempt by the
author to crede a synthetic, phrasing-sensitive,
musical personality [Chafe 1999].

7. Futures

The following remarks gedk for themselves and
are & apt today as when they were written four
decales ealier (as closings to two extremely in-
fluential articles presenting dgital music synthe-
sis for the first time). To the International Con-
gress on Acoustics in 1959 the Bell Labs team
wrote:

“Apart from its potential contribution to
the structure of a composition, the prin-
ciple feaure of digital computer genera-
tion d music isits predse ontrol of fre-
quency, timbre, temporal sequencing
within a single voice line, and temporal
sequencing o multiple voices. At pres-
ent, cost of computer time and inaccess-
bility to computer fadlities may be de-
terring feaures. However, as computers
bemme dceger, faster, and more pradi-
cd, we exped them to become important
musicd instruments which will provide a
medium of grea versatility for compos-
ers and other musiciafis.

[Mathews andsuttman 1959]

An article in Science magazne brough these pos-
sibiliti es to the dtention d the scientific commu-
nity at large, including composers who hkecane
influential in its further course.

The Future of Computer Music

Computer music gopeas to be very
promising technicdly. However, the
methodwill become significant only if it
is used by serious composers. At present,
our gaal is to interest and educate such
musicians in its use. We believe that
competent work in the field can benefit
not only music but the whae field of
psychacoustics.

[Mathews 1963]



The pursuit of synthesisisjust one asped. Artifi-
cial style, machine perception, red-time systems,
signal processng, programming environments,
standards and protocols, all have timelines that
tell important stories abou the state of the at.
Noise is a term with which we often sweeg under
the rug ptenomena which we hea but which re-
main ouside powers of analysis. As new means
of analysis develop, new musicd models will
cortinue to be ecised from within “noisy”
redms extending from the physicd to Pierc€s
“highly artistic noise.” New computer music
compositions will continue to ride the edge a-
riving with and dten ahead o these new disci-
plines.
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