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A NOTE
ABOUT THIS SERIES

The Computer Music and Digital Audio Series has been established to serve as
a central source for books dealing with computer music, digital audio, and
related subjects.

During the past few decades, computer music and digital audio have devel-
oped as closely related fields that draw from a wide variety of disciplines: com-
puter science, electrical engineering (especially digital signal processing and
hardware), psychology (especially perception), physics, and all aspects of
music.

The series includes, but is not limited to

* textbooks (at the undergraduate and graduate levels)
* how-to books (such as collections of patches for synthesis)
* anthologies (such as the current volume)
¢ reference works and monographs

* guides for audio engineers and studio musicians

* books for home computer users and synthesizer players

The present volume is one of three anthologies published in 1985 to inaugu-
rate the series. Together, they cover subject matter that has not been covered in
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X ABOUT THIS SERIES

such breadth and depth. A number of other manuscripts are already in prepara-
tion; we anticipate that two or three volumes will appear each year for the next
several years.

In an anthology such as this, it seemed important to let each composer speak
for himself. These articles reflect each composer’s views and feelings, justasa
composition would. The unity of the whole anthology may thereby be weak-
ened slightly, but the variety results in a richer statement of the current state of
the art.

John Strawn
Stanford, California

INTRODUCTION

This book is devoted to composers and the issues they face in working with
computers. It complements the material presented in The Computer Music and
Digital Audio Series and in two other books coedited with John Strawn, Com-
puter Music Tutorial and Foundations of Computer Music (published by MIT
Press). Because these books are primarily concerned with technical aspects of
computer music, Composers and the Computer was prepared to help satisfy the
growing need for information about aesthetic issues and compositional tech-
niques

For practical reasons, this book contains texts from only a few of the many
composers working in the field. Although the views expressed here cover a
broad spectrum, in no way does this collection purport to represent all signifi-
cant composers or texts on computer music composition. Other important
statements on composition can be found by culling the pages of publications
such as Computer Music Journal.

In the rest of this introduction, I trace some major themes within this volume
and try to convey a sense of the compositional environment out of which these
composers have emerged. (See also Battier [1981] and Schwartz [1973].) The
names of the composers appearing in this book are marked in italics at first
mention.
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xii INTRODUCTION

The Historical Context

Current trends in composition have been prepared by broader historical pro-
cesses. The fantastic “sound-houses™ conjured up by Francis Bacon in The
New Atlantis (1627) are one indication that the musical possibilities made pos-
sible with digital techniques have been imagined for centuries. (See Roads
[forthcoming] for an account of computer music’s historical background.)
Access to an expanded universe of sound was a persistent dream of early
twentieth-century composers (Busoni 1911). The quest for new electronic
instruments was well articulated by the composer Edgard Varése in 1939:

Here are the advantages I anticipate from such a machine: liberation from the
arbitrary, paralyzing tempered system; the possibility of obtaining any number
of cycles or, if still desired, subdivisions of the octave, consequently the forma-
tion of any desired scale; unsuspected range in low and high registers; new har-
monic splendors obtainable from the use of subharmonic combinations now
impossible; the possibility of obtaining any differentiation of timbre, of sound
combinations; new dynamics far beyond the present human-powered orchestra;
asense of sound-projection in space by means of the emission of sound in any part
Or in as many parts of the hall as may be required by the score; cross-rhythms
unrelated to each other, treated simultaneously. . .all of these in a given unit of
measure or time which is humanly impossible to obtain. (Varése 1966)

After pearly half a century, with the availability of digital techniques for the
analysis, synthesis, and processing of sound, this dream has materialized.
B.e)fond the synthetic splendors imagined by Varése, the possibilities offered by
digital recording and processing techniques are enormous. Many composers
are atlfacted to computer music systems in which they can digitize, process,
and edit natural sounds such as those from traditional instruments (Banger and
Pem.lycook 1983: Roads 1983). This activity follows the experiences of rape
music (Ussachevsky 1960) and musique concrete (Schaeffer 1966), but goes

beyond classic tape manipulations. Digit i :
. al tech
advantages: gital techniques offer the following

. Pne‘cxsc and rehearsable splicing and crossfading
Noise-free mixing, looping, and dubbing

Indcpendem pitch and duration changing

Rt?pllcation of one sound into a chorus

ngh.ly selective echo and reverberation effects

Precise control of spatial location

Cross-symhesis i.e., using th h g%
£ » 1.€., using the characteristics of one sou S
: soun s
spectrum of another d to shape the

Continuous timbral interpolation from one sound to another
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Such capabilities clearly point to new compositional directions (Harvey 1981;
Haynes 1982; Roads 1983).

But digital studio techniques represent only part of the story. The use of com-
puters, computer-controlled synthesizers, and digital hardware in live
performance—pioneered in the early 1970s by Peter Zinovieff, Edward
Kobrin, Salvatore Martirano, and Donald Buchla—has greatly increased in the
1980s. Digital processing in the performance of recent instrumental works by
Morton Subotnick, Pierre Boulez, and Luciano Berio builds on earlier analog
practices, but goes beyond these techniques to offer numeric and symbolic
manipulations possible only in the digital domain. The ability of computers to
listen and respond to music, and not just to sound, represents a qualitative
change from previous analog electronic music possibilities.

Not all that is offered by computers is new. In some cases, the new possibili-
ties are extensions or even rediscoveries of existing knowledge. For example,
Robert Erickson’s book (1975) contains a wealth of knowledge on sound
manipulation techniques applied in past instrumental works. Many of these
techniques have yet to be adapted to the computer music domain. Similarly,

recent computer-based research on scale systems rests on a music-theoretical
foundation laid in antiquity. Scientists such as Mathews and Pierce (1980) have
retraced the steps of Pythagoras, Rameau, and Helmholtz in their studies of
temperaments and scales. Composers such as Clarence Barlow (1980), who
use the computer to synthesize microtonal compositions, follow a path opened
up earlier in the twentieth century by Haba, Carillo, Vyschnegradsky, Ives, and
Partch, among others. Similarly, some of the complex rhythmic exercises com-
posed for computer in recent years owe a debt to past work by Joseph Schil-
linger, Henry Cowell, Olivier Messiaen, Conlon Nancarrow, and Elliot Carter,
among many others.

Some digital techniques are little more than precise versions of previous

. mechanical or analog processes. But precision is not the most important

/attribute of the computer. What the computer offers the composer is
programmability—the extension of functionality in any direction. The com-
puter can be used to control a synthesizer, to process sounds, to edit scores, to

. create scores according to composer-specified rules, to print music, to analyze

music, and to act as a partner in improvisation.

The Computer as Musical Instrument

To some composers, notably Charles Dodge and Jean-Claude Risset, the com-
puter is, above all, a wonderfully pliable instrument. It offers sound combina-
tions and manipulations unobtainable by other means. Dodge and Risset are
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xiv INTRODUCTION

musical craftsmen, among the first to prove the artistic viability of the medium
to the musical world.

Taking Arnold Schoenberg’s Sprechstimme one step further, Dodge’s spe-
cialty is the setting of text, spoken and sung by computer, as in his humorous
Speech Songs (1973) and Any Resemblance Is Purely Coincidental (1981). His
article here discusses both the compositional organization of the more somber
In Celebration (1976) and the linear predictive coding (LPC) synthesis method
used to realize it. The LPC technique, originally developed for speech syn-
thesis, has been used in a series of effective compositions by Dodge and others
such as Paul Lansky (Roads 1983).

Another trend in composition is the blending of sounds produced by tradi-
tional instruments, the human voice, and digital computers or synthesizers
(Morrill 1981). Jean-Claude Risset is a master at combining traditional instru-
ments and idioms (such as twelve-tone organization) with purely digital sounds
(for example, sine-wave clusters and glissandi), and composition techniques
facilitated by computers (for instance, manipulation of timbre space). Passages
for flute and tape, premiered at the 1982 International Computer Music Con-
ference in Venice (reviewed in Blum et al. [1983]), is a prime example of vir-
tgosic' blending of computer sound with traditional instruments. Risset’s long-
time interest in the microstructure of sound is reflected in many of the
proposals made in his paper.

Tod Machover, in his contribution, also expresses a keen interest in the possi-
bi!itif:S of synthesis and processing of natural and artificial sound. He explores
this interest in a variety of ways in his compositions Déplacements (1979),
.L:'ght (1979), and Soft Morning, City! (1980). One of the contrasts brought out
in these discussions is the emphasis on real-time and interactive work espoused
by Machover versus the stress on non-real-time experimentation championed
by Risset. Machover also believes that automated composition techniques may
be useful, particularly in an interactive synthesis environment.

Procedural Composition

In aqdition to a dream of an extended palette of sounds, many musicians and
mus§cal scholars throughout history have been fascinated with the idea of
musical process and musical procedures, whether in theory or in mechanical
for.m. The composition of music according to procedures has a long history
(Kircher 1659; Hiller 1970). Recent computer-based experiments were ante-
dgted by Guido d’Arezzo’s table lookup procedure for assigning vowels to
Eltches (c. !030). by Affligemensis’s rules (c. 1130) along the same lines, and
by the musical games of §. Pepys (1670) and W. A. Mozart (1770) An(;(hcl'
important development was D. Winkel's Componium (completed in‘ 1821)—a

4
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mechanical contraption for producing variations on themes programmed into
it.
omputer technology is an ideal medium for implementing a procedural or
g;:orithmic approach to composition. (An algorithm is an explicit, finite pro-
/cedure for accomplishing a task.) It allows the composer to encode a musical
idea as software—a computer program (Ames 1982, 1983; Barbaud 1966;
Hiller 1981; Hiller and Isaacson 1959; Smoliar 1971; Xenakis 1971). With dig-
ital technology composers can combine specifications for rich and intricate
sound formations with abstract specifications for musical process (Berg 1979;
Chadabe and Meyers 1977; Englert 1981; Holtzman 1981; Jones 1981; Kendall
1981; McNabb 1981).

G. M. Koenig, for example, poured years of research into his Project 1 and
Project 2 composing programs (Koenig 1970a, 1970b; Laske 1983; Roads
1978). These programs can be seen as the codification by a master practitioner
of the post-Webern sensibility that flowered in Europe in the 1950s and 1960s.

Herbert Briin pursues a unique approach to computer music. For Briin, com-
position is not just a musical act, it is also an expression of philosophy, as the
interview by Peter Hamlin shows (see also Briin [1969, 1973]). With Briin’s
SAWDUST system, the composer works interactively with the computer to
construct entities that can be either individual sound objects or collections of
objects. In both SAWDUST and Koenig’s SSP (Berg 1978), the basic elements
are time and amplitude points, out of which are constructed simple waveforms
and, ultimately, large-scale musical structures.

In keeping with the tradition of experimental music, both Koenig and Briin
have at times cultivated a detached attitude toward the audible result of their
composing labors. They concentrate on the generative system; the sound pro-
duced by it is a by-product. For this reason, their music calls for a different
kind of listening, based on attention to musical algorithms and processes.

Interaction with Programming Languages

In John Chowning’s approach to composition, the programming language is
more than just a passive medium for articulating ideas. Rather, it shapes and
can even inspire musical expression. In the interview in this book, he discusses
his approach to composition and synthesis in three works: Turenas (1971),
Stria (1978), and Phoné (1981). Turenas and Phoné are based on frequency
modulation (FM) synthesis, while Stria uses additive combinations of pure
sine waves. Chowning also recounts his pioneering research on the movement
of sounds in space, FM synthesis, and voice synthesis (Chowning 1971, 1973,
1980).
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xvi INTRODUCTION

James Dashow is a virtuosic manipulator of synthesis languages, which he
adapts to realize his unique compositional vision. As the interview here
reveals, Dashow uses synthesis languages to embed musical ideas into the
process of sound generation itself. For Dashow, the computer provides an
opportunity to merge pitch and interval manipulations with timbral processing.
(See also Dashow [1980] for a purely technical description.) Contrary to the
practices of some composers, Dashow makes no attempt to simulate traditional
instruments. Compositions such as In Winter Shine (1983) depend on purely
synthetic timbres and effects possible only in the digital domain.

Indeterminacy and Improvisation

One topic broached in a number of the articles in this book is that of systematic
versus improvised approaches to composition—an ancient dichotomy that con-
tinues to be contested. One of the most strenuous debates over this issue took
place in the 1950s and 1960s when several of the composers featured here were
forming their compositional outlook. John Cage’s influential book Silence
(1961) promulgated the notion of chance elements in composition, and the
wholc? question of how to handle indeterminacy held the attention of many
prominent composers such as Pierre Boulez, Karlheinz Stockhausen, and
lannis Xenakis.

Bgulez‘s solution to this problem (e. 8., Trope [1961]) was to introduce

o{nle Jorm (also pioneered by the American composer Earle Brown), in
which the performer selects the ordering of already-composed material
(Bo‘ulez. 1971). Stockhausen ultimately decided to distinguish between improvi-
sation (in }vhich a schema is filled in by performers) and intuitive music (e.g.,
Aus den Sieben Tagen [1969)), in which the performers work from no formal
structure except that suggested by a poetic text (Stockhausen 1971).
: One of. the first contributions of Iannis Xenakis addressed the question of
mdetcrmx.nfacy. This was the concept of stochastic music, heard in pieces such
;13 Xenakis’s ST/{O-I, 080262 for ten instruments. Lejaren Hiller (Hiller and
saacson 1959; Hxl!er 1981) and Pierre Barbaud (Barbaud 1966) also pioneered

a » Or waveforms), whereas larger-scale
musical structures remained under the composer’s direct control. :

“hl::t'mény patl}s_ to comp’os?ition have been traced by Xenakis. His essay
sic -0mposition Treks" in this collection deals at once with broad philo-

INTRODUCTION xvii

concepts, to fully exploit the computer medium. Unlike Chowning, however,
Xenakis has no faith in the musical application of traditional signal-processing
operations such as Fourier analysis.

Another area explored by Xenakis is the integration of visual and musical
media through computer technology. As anyone who has experienced one of his
Polytopes or DIATOPESs knows, the coordination of architectural space with
sound and laser light can create a dazzling spectacle.

Intelligent Instruments in Performance

Digital techniques make possible intelligent instruments for live performance.
These new instruments allow musicians to combine preprogrammed and spon-
taneous gestures in concert (Abbott 1981). Certain of these instruments can
“listen™ to music, “watch™ a conductor, and respond to sensed musical con-
texts,

Once again, the compositional problem of coordinating preplanned versus
improvised musical structure comes to the fore. In facing this problem, com-
posers sometimes draw from solutions provided by world music traditions. For
example, the composer/trombonist George Lewis treats the computer as a
partner in improvisation. Listening, as well as playing, is important in
improvisation, and Lewis’s improvising program for a small computer
embodies both a listening and a sound-generating component. The computer
listens via a microphone and performs by means of a digital synthesizer con-
nected to the computer.

Another composer, Joel Chadabe, bases his concept of “interactive com-
posing™ on the interaction of the composer with unique input devices such as
Theremin antennae and special drum pads (Chadabe 1984). Software trans-
lates these gestures into high-level musical processes. With Chadabe’s Solo
system, a wave of the composer’s hand can cause the tempo of a musical process
to change and the harmony to shift.

Interactive microcomputer music experimentation flourished in the 1970s at
places such as Mills College in California and the University of Paris VIII—
Vincennes (through artists affiliated with the Groupe Art et Informatique Vin-
cennes). Since then, the view of computer music as a rare and costly musical
technology has faded. Many digital instruments can be attached to inexpensive
personal computers. The proliferation of inexpensive computers puts the capa-
bility of intelligent instruments within the reach of virtually every musician
who wants them.
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xviii INTRODUCTION

Multimedia Performance

Speech-oriented computer music often blurs the boundary between poetry,
theater, and music. The interaction of computer music with other media, such
as film, video, slide projections, lasers, dance, poetry, theater, performance
art, and even architecture, is another domain that has already yielded impor-
tant artistic results. Examples include Xenakis's DIATOPE and Dashow's
opera Il Piccolo Principe; the latter utilizes seven singers, four channels of dig-
ital sound, computer graphics, and laser projections. The use of the computer
in interactive music-theater performances is also documented (Cavaliere et al.
1982). The possibility of creating in several media using an integrated com-
puter system is especially promising. The advantages of a system that could
combine music and image-making, or music and choreography, are obvious.

Theory and Current Practice

Computers have already affected our sense of music. The expanded sound pal-
ette made available by new technology has prompted a reassessment of musical
structure and terminology. The trinity of “melody, harmony, and rhythm" and
other concepts such as scales, tonalities, and timbres are, as ever, available to
the computer music composer. However, as my paper on nscor discusses,
weal.th of sound exists for which traditional musical concepts such as the note
(to give one example) seem inadequate. The note has given way in some cases
to the notion of sound objects (Schaeffer 1966) or active processes (Schottstaedt

1983; Rodet and Coint . s
practice. inte 1984). Here theory lags far behind compositional

Conclusion
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Herbert Briin's efforts in computer music composition have centered, in recent
years, on a system called SAWDUST. Work on the system began in 1973 and has
continued ever since. SAWDUST was designed for waveform synthesis,
making it possible to compose, transform, and play waveforms in an interactive
manner.

The commands provided with the SAWDUST system were described
in detail by T. Blum (1979). As of 1984, the list of commands includes the
following:

ELEMENT
LINK
MINGLE
MERGE
VARY
TURN
PLAY
SHOW

liriin’s work with the SAWDUST system has resulted in seven compositions
so far:

Dust 1976  (9:30)
More Dust 1977 (12:45)
More Dust with Percussion 1979 (13:45)
Dustiny 1978  (5:45)
A Mere Ripple 1979  (11:36)
U-Turn-To 1980  (6:00)
I Told You So 1982 (13:00)

Dust and More Dust are av

ailable on a t; i o ioct
Sawdust from the Lingua P8 SRS avbery B SNy

Press, P.O. Box 481, Ramona, CA 92065. A

© 1982 H. Briin, P Hamlin, C. Roads.
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three-record set of the compositions of Herbert Briin is available from Non
Sequitur Records, Box 872, Champaign, IL 61820.

The following interview took place during the afternoon of 30 October 1977,
on the campus of the University of California, San Diego, in La Jolla. Pro-
fessor Briin lectured the day before on his SAWDUST system, and played one
of its first results, a composition entitled Dust (1977).

Hamlin: Is it Doctor or Mister?

Briin: Mister. My first appearance in the academic world was 1963 at the
University of Illinois, invited by Lejaren Hiller, who was looking for someone
to join him in his research with the computer and music. I had such a project in
Munich, but he had the computers and I didn’t have the computers. I wrote a
little paper; he read it and called me to *‘come and see’” for a year. I did **come
and see™ for a year and stayed there. Now I'm a professor on the faculty.

Hamlin: Some of the people who have gotten into this field are musicians
who became interested in computers; others are technologists who became
interested in music. Which direction are you coming from?

Briin: I come from the direction of having had some thoughts about the
concept of composition. It started after the Darmstadt experiences and experi-
ences at the electronic music studio in Cologne. Certain things began to
become redundant. Even though they were fascinating and intriguing, they
began to behave like a mathematical group—that is, no matter how I permuted
them or otherwise operated on them, they always recreated some member of
the same group. I had to catapult myself out of that loop.

So I was looking for some interaction, be it with people or with a medium, or
even with myself in a hitherto untried way, where I could find a kind of sling-
shot situation: where the loop becomes so fast that when I let go I am thrown out
of it.

I started writing a score for orchestra in which I used the method of having
tables and precompositional material ready on the walls and on the table and on
the floor—to an absurd state of completeness. I got, as could be predicted,
totally stuck—confused. It was not really an unhappy affair, but it was a puz-
zling situation. At that point, I decided I had to make an experiment: I had to
find out whether I could compose a structure without a look at the system to
which I could apply it. So what I needed was a noncommitted system, which
would allow me to first program a structure and then to fill the empty system
with some stipulated members of various kinds—always applying the same
structure to different sets of stipulated members. I wanted first of all just to see
what would happen. That was the beginning; it comes from composition. Let’s
put it this way: from a middle-class-bourgeois-linguistic environment in which
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A PETER HAMLIN WITH CURTIS ROADS

the words composition and music have a strong relationship, I came to a point
where I discriminated between the two radically. I said: music is traces left by
composition and not identical with composition.

Hamlin: [ want to back up a bit to see if I've got you right. You were trying
to hurl yourself from this loop by removing yourself to some degree from the
sounds you were creating . . .

Briin: That’s correct. I knew by that time that I was a talented musician,
also that my heritage—the philharmonic concerts, the record collections, the
education at home, in school, and piano lessons—had provided me with a lexi-
cographical knowledge of tunes, harmonic progressions, and timbres. So |
always wallowed in a world which took over whenever / wanted to do some-
thing. It offered itself to me ingratiatingly, again and again and again. I got
tired of that.

So I'had to find some way to affectionately liberate myself from myself, nev-
ertheless still distinguishing myself from and in a society which I don’t find yet
desirable.

Hamlin: Arethe 1970sa particularly bad time for having things within you
that you don’t really want within you? I'm not talking only about a mass of
music history that we all hear but also a mass of commercial music. Is this a par-
ticularly bad time for all this kind of thing?

Briin: IfIaccept your vocabulary I would say, yes, it is a particularly bad
time. If I don’t accept your vocabulary I would say, please leave out the word
“‘bad’’ and ask: *‘Is it a time for such things?’’ And then I would say, yes, itisa
time for such things, a time when we allow ourselves to be entertained by obso-
lete treasures and communicative junk, call that *‘culture’’ and are mocked
while we applaud it. If you would call “*bad’* a moment of utter need, as We
also say when five thousand or five million people are starving, then we call
that **bad times.'* We call them “*bad’’ times because there is an urgent need
not being satisfied, and we call them bad “‘times*’ because we like to pretend
that they happen to us instead of admitting that we happen to them. As if it were
not we who are needed, but merely better times,

Thus, to be an input to our times, our ¢

ultures, I am doing what is needed.
I'm not the only one who needs it. I think iz

is needed, and so, as long as I can do

ness of my being needed very much.

v
-
£

: computer graphic by Herbert Briin
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6 PETER HAMLIN WITH CURTIS ROADS

Hamlin: In your talk yesterday you said that you did not like the piece
[Dust] you were going to present. Are you on the level with that?

Briin: Yes, I'm on the level with that. It is one of those lines that an elderly
professor will have rehearsed a few times before. There were a few lines yes-
terday that were spontaneous and I think they were really not too bad. But some
of the lines, I have to admit to you, have been tried out before. That is one
which has been tried out before and it is one of the first sentences I like to intro-
duce into the initial conversation with young people when they come to see me.
Not when I come to see them, but when they come to see me, under the pretext
of being students, or wanting to show me something, believing I might be able
to comment in a valuable way. We embark on a conversation, and, more ofien
than not, we come to a point where I have an opportunity to use my little lin-
guistic *‘toy.”" I explain that it would be nice if in the definition of a composer
would also be introduced the notion that a composer be a person who is trying
very hard to compose at last the music he or she doesn’t like yet.

Hamlin: Do you think a time will come when you will like that piece?

Briin: Yes, it will. There are two kinds of decay of any kind of informa-
tion, the negative decay and the positive decay. The positive decay is when we
begin to like ourselves in the presence of something, and the negative decay is
when we start to dislike ourselves in the presence of something, due either to
understanding or familiarity, or communicativity. These three things: under-
staqdﬂng. familiarity, and communicativity, are not to be taken for granted as
positive assets of our social interactions. They are dangerous things. I could
explain that a little later if you ask me. At the moment I would only say that
hope always to €ompose a composition which teaches me the next aesthetics. |
try hard not to let my last aesthetics Ccompose my next piece.

Hamlin: In doing that you have developed very personal systems for the
computer, very personal ways of communicating with the computer to do a par-
ticular task, as opposed to taking a massive computer system that has been
?.vorked on for ten years with different composers working on different sides of
it. You take a simple, elegant system of five or six commands and put together
your sounds with these. Is this something you have been interested in lately, of

y yS tri d t t 18 §

B.nin: First of all, I want to thank you for all the kind adjectives you have
RU[] in. Sefo_nd. I'd !ike not to evade the question but qualify it a little. The word
k: way;: is certamly. uncal!ed for. I don’t do anything always, as far as |

OWw. There are certainly things I do always and | hope I don’t know them:

sant. But I agree with you: I could concede that I have
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strong preference for the indispensable and sufficient in contradistinction to the
abundant and sufficient. So if I can find out what at a given time I am able to
understand as being indispensable and sufficient, I will of course immediately
prefer that. I do not always hit on it; often I also commit errors. They are usu-
ally not disasters. The attitude is more important to me than whether I'm suc-
cessful in it.

Then there is one other thing. I don’t boast—I don’t join your friendly
insinuation—that other composers who work with computers are less personal
interpreters of the installation. The difference between some of them and me
could be that I'm aware of that and they are not. There are people who really
think they could not be personal. That’s where the word and its misuse come
from. It is a pointer to a liberty we do not have. We are always personal, no
matter what we choose to say. Therefore we do not really have this liberty; just
like an “‘own’" opinion, *‘personal’’ is one of those **fakes’* of common com-
municative language. It is a question of how conscious you are of having made
adecision. This is the point. A composition, and even the first approach to what
you want to do now, must be the result of a decision. This is not a law I lay
down, but if you ask me about how I'm doing it, this is what I say. I consult my
criteria and ask them what to do next. At that point I begin to ask for the indis-
pensable and sufficient answer. Both are important: the answer must not leave
out what is needed, and I should not, for alleged safety, add the superabundant;
but it should be sufficient. So between those two poles I play my games. [ think
everybody is doing it, but with different degrees of awareness. Due to ageand a
very lucky situation in the teaching field—I"ve been kept alive an unduly long
time—this particular awareness is still as good as new.

Hamlin: It’s an interesting thing you brought up, because earlier you said
you were trying to, in a sense, remove your person from what you were doing
and now you're saying that’s sort of impossible to do even with a computer,
which is perhaps the most likely way to remove yourself from your person.

Briin: Yes. I was taking your terms more literally than you understood
yourself. I replied that way not so much with regard to my person, but rather
with regard to the inherited musical universe that harbors me instead of me har-
boring it, and which I like to make nonfunctional, at least as a decision crite-
rion. I cannot wipe it out, nor do I want to. But I can appoint criteria for
decision-making and I can also fire them. You can too. As a simple but under-
standable figure of the imagination, we each have in our minds a committee of
““experts’’ which are the criteria we will consult when making decisions. These
criteria are of various kinds: some are inherited, some are needs, but there are
also appointed criteria, and there is a time in which they can and will be in this
appointed position. If, however, you find repeatedly that this committee

o
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8 PETER HAMLIN WITH CURTIS ROADS

doesn’t come to a conclusion you actually approve of, you fire it. Btft then you
have to find other criteria. Composition is a wonderful method for discovering

not-yet-appointed criteria.

Hamlin: It would seem to me that it would be hard to recognize those
things occurring. Wouldn't it be easy to have your committee existing in a sub-
conscious realm that you're not even aware of?

Brin: If there is a subconscious realm, I say simply: **Yes, it is possib!c'.'
and so I prefer to say there’s no such thing: that’s talk. The subconscious, if _ll
exists, is part of my profile—my *‘I'* which is to make the decisions—and it is
not a criterion.

Hamlin: Well, then that’s probably not the proper word. How about
awareness versus nonawareness? You could be aware of these things or not
aware of them.

Briin: Here I discern between people who think what they say and those
who say what they think. The majority are the people who think what they say
because they have learned the sayings for twenty-five years. They then obey,
due to these sayings we call communicative language, a package of thinking
patterns which they cannot change anymore because they don’t know the
grammar and the syntax. The moment we stop learning how to speak, we have
stopped thinking. Following the sentence structures that are called communica-
tive language or *‘the language common to us all,”” we accusingly admonish
one another: **Why don’t you express yourself more simply?""—which is just
another way of suppressing one another.

There’s no hope for us to compose, to add something, to be an input to this
society, unless we master the language more than the language masters us.
There has to be this awareness of: My god, what did language make me say
right now™ and *“Why did I not succeed in making it say what I think?"* These
questions are continuously in the forefront. Composition is the way out of it.
When I compose, I actually make a language say something that it would not
have made me say. That’s why I say I must not like it yet. It must not yet—I
emphasize yer—have this communicative, cuddly appearance of **Oh yeah, |
see what you mean.*’ | simply don 't want to see what I mean.

Harl?lin: l.must say that despite what you're saying about your own piece, |
found it very likable. Is there something wrong with me?

Brim:  Yes, there may be something wrong with you, if we can’t iron out
the word “‘wrong.”’
Hamlin:

) I'mean I found the sounds very appealing. Perhaps it was because
I’ve heard so

many pretty, easy-to-listen-to sounds generated by computer.

{.Lf foss

Fig. 1.2, Untitled computer graphic by Herbert Briin
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10 PETER HAMLIN WITH CURTIS ROADS

Briin: Iam aware of the danger of coquettishness when a composer says
about his own piece *‘totally unlikable’* and things like that. What | meant is
that there are prevalent aesthetics which would lead us to say: *‘It’s pretty
shocking'* or ‘It doesn’t sound very good’" or just ‘*Very interesting.”
Doubting the relevance of those aesthetics, however, enough people attending
such meeting as we have today [the International Computer Music Conference]
will just enjoy being in the presence of something which grates, not with them,
but at least with the environment which they perceive. So we often sit in a con-
cert and listen to a piece to which we do not yet have a *‘liking"" relationship,
but of which we know already that it annoys the people in the row behind us—
and then we are very much for that piece. I would suggest that my piece is just
on the level where it invites youto a conspiracy with me, and you like that. Yes,
itannoys a few people in your imagination or your presence that you would like
annoyed, and I'm doing you this little favor. I provide you with one moment
where that happens and then you like having been in that presence. It does not
yet mean that the piece is one that you would voluntarily take home and put on
in the evening to enjoy with a cigarette and a glass of wine. But in a social con-

FCXE yolu may have liked the fact that it happened rather than what it is. So itisan
Invitation to this conspiracy.
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10. Chaos and organization. Institute of Contemporary Arts Bulletin, London,
166:8-11 (1967).

I11. Muzyka i informacja. Res Facta Ill, 172-91. Polski Wydawnictwo Muzyczne,
Krakow (1969).

12. Infraudibles. In Heinz Von Foerster and James Beauchamp, eds. New York: Music
by computers, 117-21. Wiley (1969).

13. Mit verdorrten Zungen. In Ulrich Dibelius, ed. Musik auf der Flucht vor sich
selbst, 45-54. Munich: Hanser Verlag (1969).

14. From musical ideas to computers and back. In Harry B. Lincoln, ed. The computer
and music, 23-36. Ithaca, N.Y.: Cornell Univ. Press (1970).

15. Uber Musik und zum C omputer, 129 (including a record and 20 computer graphics
by the author). Karlsruhe: G. Braun Verlag (1971).

"there”

Fig. 1.3. “there”: computer graphic by Herbert Briin
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12 PETER HAMLIN WITH CURTIS ROADS

16. Technology and the composer. La Revue Musicale—UNESCO meeting: Music
and Technology, 181-92 (special edition of papers presented in Stockholm,
Sweden, June 1970), Paris (1971).

17. Technology and the composer (expanded version). In Heinz Von Foerster, ed.
Interpersonal relational networks, 1/1-25. CIDOC Cuarderno No. 1014, Centro
Intracultural de Documentation, Cuernavaca, Mexico (1971).

18. Mutatis mutandis. Neue Musik, 7-11 (special edition for the Olympic games)
Munich (1972).

19. Probleme der Verstindigung. HiFiSterophonie, 587-90. Karlsruhe: G. Braun
Verlag (1973).

20. . .. tohold discourse, at least with a computer. . . . Guildhall School of Music and
Drama Review, London, 16-21 (1973).

21. Mutatis mutandis. Numus-West 4:31-34. Mercer Island, Wash. (1973).

22. Mutatis mutandis: Compositions pour interpretes. Les Cahiers Sesa, Paris,
5:22-23 (1973).

23. Geste unter Zwang. In Ulrich Dibelius, ed. Herausforderung Schonberg: Was die
Musik des Jahrhunderts veriinderte, 137-50. Munich: Hanser Verlag (1974).

24. Drawing distinctions links contradictions. Perspectives of New Music,
12(272):29-39 (1973-74).

APPENDIX B: MUTATIS MUTANDIS—
COMPOSITIONS FOR INTERPRETERS

The Text

Many sentences can be said about all computer graphics. Will, unfortunately, be said,
too. Not here.

Some sentences can be said only about some computer graphics. They are rarely found
and could be said loudly. Not, however, by the composer.

All he has to say is contained in a few statements indicating how to distinguish the com-
puter graphics which he made from all, of which they are some, from some, of which
they are, hopefully, a few, so that they be these.

The Context

All t.he different computer programs which generated these graphics are variations on
one single theme. The theme is a statement I'make about humans and human society, not
as they think and act and as it is (fig. 1.4) but as they could think and act and as it could be
(fig. 1.5). The variations relate to the theme explicitly only by analogy.

The theme my statement, exists in reality, whether it speaks about a reality or about 2
possibility. In this sense these graphics are representative art, emphatically an ourput.

An observer, }fowever. <an see any one of the graphics as a theme, and attempt to make
statements which reflect, by analogy and mutatis mutandis, the theme he sees. In this

INTERVIEW WITH HERBERT BRUN 13

sense these graphics are, until the observer will have composed his statements, nonrep-
resentative art, emphatically an input.

The Theme
As long as we do not abandon present society, future society is *‘anarchy and chaos.

.

Inadesirable society which, as we are not it, is a future society, c?ch ofus, its mcmbcrs.'
moves through life along some path composed of steps taken in pr.cfcr.cm.c. u}: n;an:
equally possible and equally desired steps not taken. The preference is with each of us,

<

Fig. 14, 9069-5b: computer graphic by Herbert Briin
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14 PETER HAMLIN WITH CURTIS ROADS

each member. It is directed, however, not by each of us contemplating his desired path
(fig. 1.4), but rather by all of us contemplating the contribution of every step of every
member to formations of relations (fig. 1.5). A step is preferred when found, beyond
being desired, to also be desirable.

Unless we abandon present society, future society will be anarchy and chaos.

———————

“ig. 1.5, 9069-5a: computer graphic by Herbert Briin
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The Analogy

These graphics are traces left by a process. Up and down and across the page a few
points leapt in small leaps, leaving a mark wherever they alighted. Each p.nml moved
according to a set of rules associated exclusively with this point and distinct from all \t.:ls
of rules associated with any of the other points. The lines do nor connect the consecutive
marks left by any one leaping point, they do not outline any point’s path. The lines do
connect; |ns'lcad'. the new marks left by every point after all points’ latest leap. The
traces of this process emphasize the shape created by all points moving (fig. 1.4), rather
than the outlines followed by each point’s leap (fig. 1.5).
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John Chowning (b. 1934, Salem, New Jersey) is the founder and director of the
Center for Computer Research in Music and Acoustics (CCRMA) at Stanford

University in California. This interview took place the afternoon of 29 April
1982 at CCRMA.

BACKGROUND

3 Roao ds: Could you tell us about your early musical experiences and educs-
ion?

‘C!lowning:. My background is thoroughly traditional. I started playing
violin as a child, and later I played percussion instruments in my teens. |
becafne interested in jazz in high school. I then went to the Navy School of
Music for three years, during the Korean War. I had a lot of exposure to some
awfully good musicians—people like Nat and Cannonball Adderly. There was
a lot of good jazz activity.

Then ?fter th.e Navy I went to college. That’s when I became interested in
composition. I improvised a lot as a percussionist and became more and more

interested in composing. Followin i i i '
: . g college I st
Paris for three years, from 1959 to 1962.g Ry ok

Roads: Was there anythi
’ ything about the Euro & ime
that especially interested You as a composer? it

Piec;l.‘:gﬂi had e curonic music. That was a very active time in Pais.
current performanc, t? maine Musicale concert series going. I heard all the
hausen’s Kontakie Bis ©' Important composers being done there, like Stock-
Henri Pousseur. f(’)f ¢ s Cln‘les‘_ and new pieces by Haubenstock-Ramati and
the Boulan ere’ o example. So it was really lively—quite in contradiction 10
&Cr environment. In fact, that wore me out, I must say. After about a

Y tostop. The third year I just wrote music and partici-

!

!
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was a great big machine in those days. It shared a disk with a DEC PDP-1. It was
the beginning of the Artificial Intelligence Project here with John McCarthy,
who had come from MIT in 1962.

So, with the help of David Poole and by the courtesy of McCarthy, we got
Max Mathews' program Music IV going on the 7090. The sample data was
written onto the shared disk, and we used the PDP-1 as a kind of buffer to the
x-y digital-to-analog converters on the DECscope [a display terminal] for
sound output. The first sound we made was in September of 1964.

Roads: How did your musical background affect your later compositional
thinking?

Chowning: The rigorous education one gets in music, such as harmony and
counterpoint, is still an important part of the way I think—especially counter-
point. I agree with Luciano Berio in that I believe the study of counterpoint
pays off. There’s probably no other way to gain an insight into the working of
musical lines like going through species counterpoint. That’s very much a part
of me despite the fact that computers figure most prominently in my musical
world today. P

Improvisation also affects me deeply. The freedom one has in improvisation

seems opposite to the rigor of counterpoint.

SOUND IN SPACE

Roads: When did you begin your research into the computer-controlled
movement of sounds in space?

Chowning: That was my first project in 1964 when I started. It came from
thoughts that were common in contemporary music at the time. There was
plenty of electronic music in Europe at the time which attempted to utilize
space in a fairly primitive way. Nevertheless, the idea was there.

Some of the computer research I did was obvious and some was not. The
obvious work involved using multiple channels of sound to build up ar'l lmage.of
asource at some arbitrary angle with respect to the listener. The question of dis-
tance, and the relationship of distance to reverberation, was not well under-
st00d at that time. I think that research was more interesting, and we are qnly
b°8inning to realize the consequences of it. I can talk a little bit about tha.t ina
moment. The use of Doppler shift was a natural consequence of moving a

sound at an angle over some distance.

Roads: Could you explain Doppler shift for the benefit of our readers?

quency that occurs when a

Chowning: Doppler shift is the change in fre
s s ener. If I have a buzzerona

sound source is moving toward or away from the list
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20 CURTIS ROADS

string and I'm twirling it over my head, I don't hear any Doppler shift. Thif is
because there is no change in relation to my position; there is a constant ndlu.s.
But you, the listener, standing near the perimeter of the buzzer’s trajectory, Wiﬂ
hear a pronounced Doppler shift. The sound will increase in frequency as it
comes toward you and decrease as it goes away. In any case, it’s a cue to the
motion of sound in space—in particular, to the radial velocity of a sound, a
opposed to angular velocity. So what I did was write a program that incorpo-
rated a distance cue, an angular cue, and a velocity, in such a way that a com-
poser could use it gesturally. A composer could specify geometrical sound
paths in a two- or three-dimensional space (Chowning 1971).

Roads: In which compositions did you use these spatial programs?

Chowning: In Turenas I made extensive use of these programs. I also used
them in my first computer piece Sabelithe (1971). Turenas, which is a four-
channel composition, was probably the most effective use.

TURENAS AND FM

Roads: When was Turenas composed?

Chowning: It was completed in the spring of 1972. The composition work
spanned several years, however. I was involved with writing the spatial manip-
ulation programs for some time, and Turenas made extensive use of that experi-
mentation. It’s hard to say when a composition begins if research is tied s0
intrinsically to a work. The piece evolved over a period of years, and | finally

finished it after I concluded that I had enough of the music-gestural control
over the computer.,

Roads:  Tiurenas is based on the fr equency modulation (FM) sound synthesis

technique, a technique based on your own research. How is FM used in
Turenas?

Chowning: FM is something I stumbled upon in the mid-1960s. It turned
out that one could, in a sense, “cheat on nature.” By modulating the frequency
of one oscillator (the carrier) by means of another oscillator (the modulator),
One can generate a spectrum that has considerably more components than
would be provided by either of the two alone (Chowning 1973).

There’s another important aspect. FM provides a simple way to get dynamic
contro} o.f the spectrum, which is one of the aspects of natural sounds that was
very difficult to reproduce with analog synthesizers. So FM is a synthesis tech-
nique that is useful or not depending upon the type of control one desires. It

turns out to be quite widely used, and its usefulness is that it provides a few han-
dles onto a large timbral space.
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In Turenas, 1 used only the FM technique for generating the tones. I .used itin
both a harmonic series mode and a noisy inharmonic series mode, w:th' trans-
formations between the two. One of the compositional uses of FM was in tim-
bral transformation. This was often coupled with spatial manipulation. As the
sounds crossed the space they underwent a timbral transformation.

Roads: How was this accomplished?

Chowning: There were a number of techniques. Sometimes there were
very slow transformations from harmonic series timbres‘ to other harmonic
series timbres—from rich double-reedy sounds to flutelike .sounds. In \that
case, there was a gradual change in modulation index. Other l‘unds‘of transfo'r-
mations in the piece had to do with changes from harmom.c to inharmonic
spectra or the inverse, through a gradual change in the carrier-to-modulator
(c:m) ratio.

STRIA

Roads: Would you say there’s a kind of dualism in your music based on
g . SRS
competing tendencies towards rigor and improvisation:

Chowning: Yes. Stria (1978) was rigorously comp.osed. Turenas wz;ls mucl:
more improvisatory. They both feel natural to me. Stria was probably the mos

fun piece I have ever composed.
Roads: That was rigorous composition.

Chowning: Right. I just got into it. It was the firs.t .timf: I'd triﬁ to u:(ej:
high-level programming language to realize a compos'mon in toto. : ::ln'rv:/ <
lot and I enjoyed the rigor of it all. Then at some point it became mag

it was all working!

Roads: How was Stria organized?

Chowning: It was based on an idea that occurr.cd in the ‘eargh;W(:‘st.h.l:is;
after I'd finished Turenas 1 was doing some expenmcr?ts wn!1 . lszrmomc
using inharmonic spectra. I marveled at the fa_ct t.hat in scmlr:g mgoms
ratios between carriers and modulators, that unlike in nature, t c_:tr: st
ceptible order when one moved through the frequency space w:’e Omet.hing
spectrum. Even when I changed the envelopes, there sec?med .to. . st e
remaining that was certainly distinct from the harmonic series bu
ordered.

Then when I was in Berlin in 1974 and had no computer to usg, tv)‘:'toh:::[?ttsh:f
time, | thought about all this. I was looking for an |nl?armon|c r: (l) et
the components would be powers of some basic ratio. It turns
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22 CURTIS ROADS

Golden Mean (1.608) is such a number. If one has a ¢:m ratio that is | to some
power of the Golden Mean, then several of the low-order spectral side compo-
nents are also powers of the Golden Mean.

What I did was draw an analogy between this inharmonic spectrum—
including a frequency space where the pseudo-octave is at powers of the
Golden Mean—and the harmonic series and tonality, where the low-order com-
ponents of the harmonic series are also the principal intervals of the tonal
system—the octave, the fifth, and so on. I drew this loose analogy and wrote
some programs to help me compose, in particular to help me with the sound
synthesis. It was not automatic composition by any means, but there were rules
for determining the details of the structure, from the microsound level uptothe
level of a phrase.

In Stria, all frequency components are based on powers of the Golden Mean
in the c:m ratios. Then I divided up the frequency space so there was some
degree of complementarity. So it is all very cohesive perceptually, even though
it’s inharmonic and sounds a little strange. But it doesn't take long, even for
naive listener, to realize that even though it’s strange it's cohesive at a deep
level. I believe this is because of the unified structure of spectral formation.

SYNTHESIS OF THE SINGING VOICE AND PHONE
Roads: When did you goto IRCAM, the French musical research institute?

Chqwning: I was associated with some of the plans at a developmental
st.age in the mid-1970s. I made some of my thoughts known about interesting
directions. Others from CCRMA., including Andy Moorer, John Grey, and
Loren Rush, were also involved. Then I went there for about eleven months it

1979 and 1980. I developed some algorithms based on FM for synthesis of sung
vocal tones (Chowning 1980).

Roads: You used these tones in your composition Phéone.

Chowning:
algorithm. The i
the additive syn
whenIwentto]
system. It turne
scientist from S

That’s right. Phoneé is based exclusively on the use of this
dea was inspired by some work of Michael McNabb's here of
thesis of sung vocal tones. | hadn’t intended to work on thal
RCAM, but I took it on in order to familiarize myself with theif
d out that Johan Sundberg was there at the time, a wonderful
diand )M Sweden. He has done considerable work in the analysis of the
dgmg voice. So I had this tremendous resource at my elbow, and I was
:u:;i: l:y ltlh Chproble'm, [ became extraordinarily interested in naturalness. I
S0 dev:l a td c Qrevxous. attempts at vocal synthesis really lacked something:

% loped this algorithm and tried to embed in it as many performance
characteristics as I could. This meant understanding them. For example, how
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much randomness in periodic vibrato must be present in order to create acon-
vincing impression? Or, must a sung vocal tone have a little portamento in the
attack? Or, how do the formants behave during the attack and decay portion of a
sung vowel? It turns out that all these things are very important. My stay at
IRCAM could be characterized as “tending to detail.” :
Having done all this, I found that interesting ambiguities occurred if there
was neither periodic nor random microfrequency variation. One can make
sounds that sound like an instrument and then evolve into vocal-like tones.

Roads: Where does Phoné stand on the scale of rigorous organization
versus improvisation?

Chowning: Right in the middle. I also used computer programs o cqnupl
the low-level synthesis as in Stria, but I think there was more fantasy in its

composition.

THE SOURCE OF COMPOSITIONAL IDEAS

Roads: Where do your compositional ideas come from? Do they cfome
from imagining large-scale structures or processes, or do they come from
within the sounds themselves?

Cllowning: They come from several sources. (;enainly all tbe time that;
and others have spent over the years looking at the internal worklngs (')f soun
at the microstructural level has influenced the way we proceed. Th!s is somcb-
thing that in traditional composition one doesn’t normally do. There is no dou t
that Stria evolved from a microstructural notion. The piece as a whole reflects
the shape of the event in its smallest unit. ‘

But Ip:lust say I get a great deal of inspiration from corpputer progrz;r‘nm.l:sgt
languages. The idea of a procedural language recks of music somehow. ! ve jh.
barely touched that domain. It’s clear to me from watching others work in lt is
lab, using programs like Bill Schottstaedt’s Pla program, that computer lan-
guages are extraordinary resources.

Most of the music being writte
algorithmic processes. It is very different from the not
of input to the computer. These algorithmic approac
because they are being used so widely and the music s SO good ooy

The language is important. It is a lot easier to do things ina m eie M(gme
level language than it was with FORT RAN or assemb.lcr. .for examp . e
and more, the musical idea evolves from a kind of cycl.xcal. interaction ‘v]vxt s

language. One asks something of the language and it yields mo}:e t anx:j Sy o
asked for. That’s not surprising since the language represents thousa

years of thought about thought.

n here at CCRMA involves powerful
e-by-note Music V kind

hes are obviously rich
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24 CURTIS ROADS

Then, of course, fantasy is another component of my compositional
thinking. I can’t talk very much about that because I do not know how to talk
about it.

PERFORMANCE OF COMPUTER MUSIC

Roads: Many of the compositions produced at Stanford, including your
own works, are a part of what could be called tape music, in that they are
recorded and performance is a matter of playing back a tape. The Italian com-
poser Luciano Berio stated in a recent interview that he believes tape music
dead (Schrader 1982). Would you agree with this assessment?

Chowning: No, I don’t believe that’s true. Would he say that any music that
doesn’t emanate from a performer is dead? That’s clearly not true. There is a1
entire record industry that proves it is not. The question of whether a musical
gesture is made in real time or not seems moot when one listens to a recording.
After all, Berio’s music is recorded, and most of us would not hear his music
but for recordings.

To go into a space and listen to a tape or, as we can do here, listen to direct
digital synthesis (which is the same idea, in that there is no performer) i
clearly something people like to do. It is an important experience because 0n¢
shares the event in a communal way that is deeper as a result of being shared. If
you and I are listening to music together, there is surely something we are going
to cqmmunicate about after the experience. It doesn't really matter whether the
music has been performed by instrumentalists in real time or by the recorded
sound of a composer controlling a computer.

There is another aspect to this, one which we play upon to good effect here
Stanford. One can present music in a concert situation in a manner it cannot b¢
presented at home, using very fine audio equipment in a carefully planned con-
text. We do outdoor concerts. Our audience is growing to the point where W
now attr'acl several hundred people to a concert. Well now, that's rather
extra'ordmary for nothing but ““tape music.” I think the proof of the matter is
:;::: ;: can’t be dead if it’s alive and well at Stanford and a number of othef
aniu;?.uwe \:ould all llkg to pave more performance involved. I don't think

S w 0 are working in the medium feel that performance is to be
excluded—quite the contrary. For years and years we h i digital
A : have wished that dig!

per and smaller such that we could introduce the performer

into the complex. We hope it wi 5t
iti ) pe it will happen—and soon—but it’ sive, it's
additive—another use of the computer. pisgoir s
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FUTURE COMPOSITIONAL DIRECTION
Roads: Are you working on a composition at the present time?

Chowning: Well, I am trying to. I am also administrating CCRMA, and
these last months it's taken a lot of time for fund-raising. But the ideas are there
for a piece to be realized at the moment I get enough time. It reverts back to my
carly work in spatial processing, but having rethought what all that means ina
more musically important way.

The issue of distance is one that has much more importance than simple ques-
tions of sounds being close or far. It impacts the whole notion of loudness.
Loudness has been used in a rather unsubtle way in electronic music in general.
Pressure level has been seen as the measure of loudness, and if the composers
want something to be louder, they up the gain, by computer or potentiometer.
That is not what loudness is; thats only part of it. The richness of the loudness
space correlates with the richness of the visual space. I believe there.is an
analogy to perspective in vision, and that is auditory perspective. The piece 1
am thinking about is going to exploit this notion in a rather deep way.
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INTRODUCTION

James Dashow was born in Chicago in 1944 and has lived in Rome since 1970
In the spring of 1983, he was a visiting professor at the Massachusetts Institute
of Technology, associated with the Experimental Music Studio. This interview
was recorded in March and June of 1983 in Cambridge, Massachusetts.

BACKGROUND
Roads: Could you tell us about your composition background?

Dashow: I did my undergraduate studies at Princeton University between
1962 and 1966. me the very first day I had contact with J. K. Randall, who
was one of the first people to be turning out finished and serious compositions
in the computer medium. I didn’t know it at the time, but Randall was already
rather heavily involved in some of the key problems that most of us face when
we entef' computer music. I also worked with Earl Kim and Milton Babbitt in
composition and with Edward T. Cone in theory and composition.

Roads: Which of your Princeton teachers had the most influence on you’

D. . .
But ?:(.)‘r(::h "SdWard‘Cone introduced me to the tradition of Western music.
lsre e standpoPnt of a composer working within the field and tackling
infhr:en er:: of creating mu‘su‘.‘. I think J. K. Randall was the most important
toward Caell kilri;) uq;m of music is not enormous, but his extremely open attitudé
S T f
time. ol music was something that had a great effect on me at that
Roads: Didn't

e you have some background playing jazz before you came 10

Dashgw:_ That’s correct. I was an al
mcar.n 818ging around in the Chica
ranging from Ornette Coleman-st

to saxophonist in high school. This
£0 area with various combinations of bands,
yle trios all the way up to big bands. At oné
- We managed to actually find some work every
for this band, and my first real compositional
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Roads: What was your first major composition?

Dashow: The first extended composition that I took rather seriously was a
large piece for my 17-piece jazz band, for 5 saxophones, 8 brass, and a rhythm
section. This was in 1961. As far as a composition that I would present today
on a concert, that would be Songs of Despair (1968-69), for soprano and
I players, or Timespace Extensions (1969).

ELECTRONIC MUSIC

Roads: When did you become interested in the possibilities of electronic
music?

Dashow: My first real contact with electronic music was in graduate
school. Brandeis Universty had a small analog studio, nothing very sophisti-
cated, with a few tube oscillators and a couple of Ampex 350 tape recorders. By
today's standards their studio would be next to nothing. But I remember one
day puttering around in there, and I began to hear musical possibilities. I began
1o put together little electronic music etudes.

Roads: Who did you study with at Brandeis?

Dashow: 1 worked with Arthur Berger and Seymour Shifrin who, alnn.g
with]. K. Randall, were the strongest influences on the way I think about music
and the way I hear music. Arthur was beginning o write some piano pieces
around 1968 which became the Five Piano Pieces. They struck me as being
extraordinarily “right.” That composition had an enorm
still a kind of sound that I try to capture, in my own way.

Roads: What was that sound?

Dashow: Arthur uses lots of minor second dya _
over the piano to make minor ninths and major sevenths and combinations of
these dyads at various transposition levels. It makes a very transparent and
open kind of articulation on the piano. This openness struck me as being the
most persuasive part about it.

I'was attracted not only to the style of writi
the timbre of the piano to achieve a kind of cl
the music. It was an almost subterranean sort 0
surface, but when you listen to it more close
clear musical ideas. It is a piece I have listene
fascinating,

ds. He spreads these out all

ng but also the way Arthur‘usc.d
arity and ongoing complexity 1n
f complexity since it had a lovely
ly you hear very complex but
d to many times and still find

CLARITY, OPENNESS, COMPLEXITY

Roads: [ heard three adjectives: clarity, openness, and comple);it)ﬂ
You say that those three properties can be found in your own work?

Would

ous effect on me. It is
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30 CURTIS ROADS

Dashow: Yes, I would say that those are my goals. I attempt what might
seem paradoxical, being complex and yet open, or complex and yet clcar.ll
enjoy complexity in music. It challenges me, and, when I feel I have come ot;
grips with a well-made piece of this sort, I derive pleasure out of the sense
having met and understood a fine mind. 2 yonlh

Complexity is a social issue, too. This “global village” we l|.vc in is an
extremely complex affair, and people must be aware of this cqmplc).uty anddﬂl
with it in responsible ways. That is to say, accepting simplistic, fa.cﬂc solul'lonii
to world social problems is to ignore this complexity and behave l.msponﬂbl.‘-
Complexity in art is one way of reflecting this situation, calling it to our emo-
tional attention in meaningful ways. It encourages our emotions and intelli
gence to understand, or at least not be afraid of complexity in life. The world
faces some very dangerous problems, and facile solutions based on simple slo-
gans don’t work. We have to be prepared to confront the frighteningly complex
issues that surround us.

This is why I am unhappy about the proliferation of certain kinds of .banal
commercial music, and why I am becoming increasingly alarmed by the lff‘“'
sion of such music in works by composers who would claim a certain serious-
ness of intent. Besides being a sad reflection of musical values and taslf. this
trend is indicative of a sort of creeping mindlessness that is everywhere in ouf
society. This mindlessness encourages the acceptance of dangerously sim-
plistic answers to the complex problems of our time. 1

I have been told in various ways by many well-meaning people that my music
should be more realistic and reflect popular taste and so reflect society. But this
is wrong. Reality is complexity, not simplicity. It's the commercial music and
the message it conveys that is unreal, promoting a society unresponsive to any-
thing but consumerism. Commercial music is unacceptable as a substitutg for
music that attempts to challenge, prepare, and, I hope, satisfy a thinking.

responsible society. Perhaps I have gotten carried away, but I am rather
involved with this issue.

EARLY WORKS
Roads: During what period were you at Brandeis?
Dashow: Brandeis was immediately after Princeton, from 1966 to 1969.
Roads: So it was in those years that you wrote Songs of Despair?

Dashow: That's correct. I started Songs of Despair and interrupted it
bf’cause I'had a request from Max Polikoff in New York for Timespace Exten
Sions. He wanted the p

iece for an April 1969 concert, my first New York
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performance. I dropped work on Songs of Despair and got to work Sn Time-
space Extensions. So those pieces are simultaneously my “‘opus one.

STUDY IN ITALY
Roads: What about the period after Brandeis?

Dashow: During my last year at Brandeis, I had th; good .fortune ofs \:Vil:-
ning a Fulbright fellowship to study at the Accademia Nazanale di afril':
Cecilia in Rome with Goffredo Petrassi. I went, and that turned into my un
ished Italian career, as it were.

Roads: What was it like to study with this well-known figure in Italian
music, Petrassi?

Dashow: Petrassi was almost two different people. My first year}:VaS llkIeda
master class. There were five or six of us from di_fferent parts of t ep‘:;:ss'i
Some were second-year students, and some were f irst-year st.udcnts. esﬁo;“
was not in good humor. He seemed unable to rp_ake instructive sugg S,
though he was obviously an intelligent and sensitive person. o e

Someone told me later that Petrassi had cataracts on his eyes an first and
reason for his very bad humor. During the summer between mzverything
second year with him, he had an operation, and t.hc U of one year.
cleared up. The man looked like he had lost ten years o the procesdsil admitted
He was full of good spirits; he was warm fmd outgoing. He m:icafl . 5 v
that he was not attempting to convert us to his way of though:i";: i ou'r music.
there to give us suggestions about what he thought we were Od ag Spanish com-
For the second-year course there were only two of us—me an ll-kzown group
poser, Jesus Villa-Rojo. He has since become the head o_f a:elmerpretacion
doing electroacoustic music in Madrid: Labor.atono eh A
Musical. Petrassi was an inspiration as a humatl being, Zjhmftgknow what I can
look at one of my compositions and murmur, “Well, I don
say here.” ingle

)Hc did make one comment to me which turned out to be Pdeftgarll’;th;:;:? d.
most valuable comment that any of my teachers has ever sai 23 u;;derstOOd
“Dashow, this piece needs more space,” and for some reas:;e kind of space
exactly what he meant that day. I imagined § . e Sll)(aci;v what Arthur was
that Arthur Berger realized in his piano music. I finally kne t level. There was
doing both from a technical point of view e WF". e g: it all’click——it all
something about that day and the way Petrassi said it that made
made a great deal of sense to me. . ling me

One diy Petrassi walked in and didn't feel like teaching. ;{;:ﬁ:: trillcn \g;rerc
about his experiences in New York, and how he thought
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32 CURTIS ROADS

persecuted by their wives, and so on. Then he pulled out a book with which he
thought he was going to shock me. It was a paperback edition of the last
speeches of Lenin, and he said, *Dashow, I think you should read this.” Fm
subsequent conversations I've had with him, it was clear that Petrassi, h}kc
many Europeans, has an image of the United States as a politically naive
country without access to political ideas other than those of the establishment.
While there may be some truth to that, I wonder if as many Italians are as wy"
versed in, say, the Federalist papers, as their American colleagues are in
Marxist-Leninist writings.

POLITICS AND MUSIC
Roads: Have political ideas found their way into your compositions’

Dashow: I doubt it. However, Italy is a very politically conscious nation.
You literally cannot even buy your pasta without someone deciding that you are
somehow politically motivated. I have been forced to be aware of the fact that
what I am doing does participate in our Western society, that it does represent
certain level of cultural and technical knowledge. We come back to the old
question about whether art has any validity in a complex society where people
are starving. One should be aware of those things as a responsible member of
society; on the other hand, I don't think music necessarily has to represent
those things. I remember Randall saying he wasn't the type to face the cops d
the barricade, but his pocketbook was open to those who would.

[ certainly do not feel the need to do any kind of social sermonizing with my
music. In the absence of specific words or extramusical “‘dedications’ to some
cause or person, I don't think music can be political. Some of my musical cok
leagues in Italy who are members of the Communist party would perhaps
acc!xse me of being irresponsible as an artist. The composer as a member of
society, as a person, does have political and social responsibilities, especially
whep society is rotten. But as a composer, my responsibility is to my art. ©©
mak1'ng music. Let composers make their music and support the cause with the
prestige of their accomplishments, but don’t let the politics of the cause support
the making of the music. Mozart is played everywhere.

MUSIC IN ITALY AND THE UNITED STATES

Roads: What would

‘ : You say are the differences between the musical scené
in the United States and

the musical scene in Italy right now?
Dashow:

I'hat’s a complex i i icati
question. With s unication
bet all the ease of comm

parts of the world, there is always cross-fertilization between
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developments in Europe and in the United States, although many Europeans
would not admit that they are being fertilized by their brothers and sisters
across the ocean.

One of the main differences is the quality of contemporary music perfor-
mance. The United States has two or three centers of extremely high-quality
contemporary music performance. New York and Boston, in particular, are
two areas that have a good deal to be proud of. There are other groups in tr?e
U.S. where the sense of dedication and professionalism to contemporary music
is quite astounding. iz,

By contrast, in Italy the degree of professionalism in contemporary music is
shockingly bad. Conservatories don’t prepare the students for contemporary
music. Voice teachers tell their students not to sing contemporary music
because it ruins the voice. The musicians are totally unprepared to do new
music, and, as a result, they do not develop any kind of allegiance or love for it.
Why should they, when most of the paying work is with old music anyway?

Roads: Was it your concern about this situation that led you to form your
own performance group in Rome?

Dashow: Yes. It seemed when I arrived in Rome in 1969 there were only
two groups that were performing contemporary music. I discovered t'hat th‘erc
Was a vast pool of foreign musicians who had come to Rome for their mastcr
classes and who knew how to play contemporary music. They were looking for
opportunities to play. So I began putting together a mixed bag of perform:'r;
that consisted of young professionals from literally all over thc.w?rld. I ha
people from not only the United States and Italy, but also Great Britain, Fral.'lce.
Germany, Japan, Austria, eastern European countries, apd t.he Soviet Umon(i
The first year we did five concerts. The second year we did eight goncerts. an
four of us went on a Mediterranean tour to do a program of American contem-
porary music.

Roads: What was the name of that group?

nd then it became clear
Most Italian and Euro-
for next to nothing,

Dashow: The Forum Players. We lasted until 1975 a
with economic problems it was impossible to carry on.
Pean groups were able to come to Italy or play around Italy B
since they all had financing by either the region they came from or by b
¢ral government. We were a freelance group and we were not eligitio ;)rrsfme
financing, so we had to ask straight fees. Anybody who can geta groufe (()) PR
Wasn't about to pay 500 to 1000 dollars for a group that would do mo S8

Same repertory as the free group.
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34 CURTIS ROADS

ASHBERY SETTING

Roads: So, between the time when you arrived in Italy in 1969 and 1978
when the Forum Players were disbanded, you composed a number of instrv-
mental works. Could you tell us about that compositional period?

Dashow: The first piece done specifically for the Forum Players was
Ashbery Setting, for soprano, flute, and piano (1971-72).

Roads: Was this your first composition that utilized the poetry of Joha
Ashbery?

Dashow: Yes. This was the first time I used an Ashbery text. I first discov
ered Ashbery’s poetry while browsing in a bookstore in Harvard Square it
1968. I read repeatedly the two or three books that were then available, because
I found something about his way of dealing with fleeting poetic images analo-
gous to the way I conceived contrapuntal musical ideas.

_ He would suggest some sort of image and then would slide into some other
image. You wondered how he got from one to the other. You always maintained
In your mind the first image while he led you into the second, unexpected
image. There was a sort of contrapuntal sense to these images, even though you
rFad them one after the other. Images that were seemingly unrelated in theif
lmeaf order became beautiful if you made them simultaneous in your memory

Thls 'm(.)ving around among strata of freely associated images struck me
bem.g similar to my conception of contrapuntal music, while maintaining that
clarity and space which I had absorbed from Berger and Petrassi.

INTRODUCTION TO COMPUTER SOUND

Roads: At what point did you become introduced to working with
computer-generated sound?

Thl:tshl:i):vn:anl hfa dhmy first touch of computers while I was still at Brandeis
gty of the music depfirtmenl at that time, Harold Shapero, was ““
cther he wanted Brandeis to get involved with analog electronic equip”
:’:ﬁ:tﬂc:r COmPUter-generated. sound. So in the spring of 1967, I was sent down®
on the :’;:;a-:::c:‘ (I:Ourse being given by Hubert Howe at New York Universit
D MUSiCn4?3 s of computer sound synthesis. He was using the progra™
g (.ra lversnon of Max Mathews’ Music IV program written ina
Howe was workin o 1 - IBM assembly language called BEFAP.
e Sl o with Godfrey Winham creating Music 4BF. °
urse. Those who had access to an IBM 7094 could get a mo™

itor t i
Or tape and run Music 4B, or you could run the more laborious Music 4BF

|
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After two weeks of that, I stopped off at Princeton and picked up Music 4BF
from Godfrey.

I remember coming back to Brandeis with four or five boxes weighing down
my suitcase with punch cards and that was Music 4BF. I arrived at Brandeis and
I'said “Look here it is! Here's the monitor tape. Let’s go over to the Harvard
Computer Center and see what we can do!” Unfortunately Harold Shapero had
decided to go for analog equipment. I will never forget how he looked at me and
said: “What? You want to punch cards for the rest of your life?” So that was it
for computer music at Brandeis.

COMPUTER MUSIC IN PADUA
Roads: You encountered computer music again in Italy, did you not?

Dashow: [ was very enthusiastic about working with computers, but I was
atadead end. When I got to Italy I was doing nothing. I had dropped out of the
digital field for what I thought was going to be a good long time, if not forever.
In 1974 1 met some of the people from the University of Padua who had just
begun to do musical score encoding. They were interested in digital synthesis,
but they didn’t have the programs to do the job. .

Since Hubert Howe was a good friend of mine, I wrote him a letter saying,
“Please send Music 4BF!" Music 4BF showed up by return mail, and within
less than a couple of weeks we had it up and running! It worked likF a charm.

That was my first encounter with the extraordinary Giuliano Tisato, who
Wrote the interface programs that allowed us to use a prehistoric IBM System/7
as buffer to the digital-to-analog converters.

Roads: What year was this?

Dashow: 1975, It was at that time that I began to make my first plans for
Effetti Collaterali (1976), which is my first piece using a computer as an
acompaniment to a live performer. I realized the piece in 1976, .bul Thad pre-
ceded that with about seven or eight months of preparatory studies.

COMPOSING FOR INSTRUMENTS AND COM PUTER SOUND

net and tape. Could you

Roads: Efferri i i iece for clari
ffetti Collaterali is a p e wond it thet plece?

describe some of the compositional considerations t
ce that makes use of my notion
h frequcncy-modulation (FM)
not in terms of tonal
hes. What I am

Dashow: Efferti Collaterali is the first pie
of harmonizing dyads or triads of pitches wit
Spectra. | use the word rriad in its general sense, not
riads or diatonic triads, but any collection of three pitc
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36 CURTIS ROADS

particularly interested in is the so-called harmonizing of these pitches with
inharmonic frequencies.

Roads: Have you done pieces for other instruments and digital sound?

Dashow: Yes, two for voice, A Way of Staying (soprano) and Second Voyage
(tenor), and the recently completed Mnemonics for violin and tape. In each
case, the nature of the live instruments has made me develop different groups of
sounds in order to achieve the best possible timbral blend.

Roads: What for you is the difference between composing for traditionsl
instruments and composing for computer sound?

Dashow: The obvious difference is the timbral manipulations one can &
with a computer. This is impossible to do with traditional instruments. Als,
the rhythmic possibilities with a computer allow me to write infinitely moe
varied and complex structures than I would dare write for human performers,
especially if I want precision.

The nature of the musical ideas that I write either for computer realization of
acoustic instrumental realization generally follows the same basic idea. This
involves relating predetermined groups of notes by common tones where the
groups are the generating background for the timbral structure which I manipt-
late in various ways.

One of the most powerful uses of the computer is the generation of timbres
that make systematic use of inharmonic relationships between the frequency
components in a given sound. If you ask a human performer to play success
fully a series of finely graded microtones, it will almost never happen. The
computer has no problems with this task. These sounds are fascinating. They
are t'he kind of sounds that I had begun to develop even with my analog elec-
tronic music.

With my generating dyad or triad technique, I am able to develop meaningful
controls over the components of the spectra. In the classical FM technique the
Jo.hn Chowr.ling or Barry Truax uses, a particular pitch or frequency is deter”
mined and is treated as the carrier or the modulator. In my technique, MY
selected pitches define two components of the spectrum, and I let the computer

calculate the carrier and mod i i i
ulator frequencies to yield the notes I want in the
spectrum. ™ TR

Hknow from experience that any particular interval can generate for meacer

tain small group of distinctly different sound spectra. These have become th¢
bﬂslc.el‘cmcms of my sound. Within a traditional orchestra, you know the char*
acteristic sounds and pitch-interval capabilities of the instruments, so you com
pose for those notes and intervals, | do exactly the same thing with my com”

ls):;:rzmhcmm' but in this case, some of my instruments are these modulati?
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Roads: Conditional Assemblies was also realized using this theory that you
have developed for digital sound synthesis, was it not?

Dashow: Yes. Conditional Assemblies (1980) is a much more rigorous
application of this particular idea. By the time I arrived at Conditional Assem-
blies, I had completed a major work, Second Voyage (1977-79) for tenor voice
and electronics (available on CRI SD456). During Second Voyage and even
more so for Conditional Assemblies, 1 developed other signal-generating
algorithms.

In these, I made use of the fundamental idea of starting with two or ttllrcc
pitches and working backwards. I wanted to discover which frequency relation-
ships between two signals that modulate or multiply each other wou!d be neces-
sary in order to realize a series of spectra with these pitches contained within
them. These spectra are considered as the chords that accompany or “harmo-
nize” the specific pitches that generated them. :

Ialso applied this technique to ring modulation, amplitudc_ modulation, and
acontrolled use of the foldover phenomenon. I then applied it to an algqrnhm
based on the use of an exponential function as the signal gcncra'uor. This was
very uneconomic from the standpoint of computer time, b'ut it made some
interesting sounds. These were all developed in the Conditional Asser.nbhes
orchestra, which was realized with the Music 360 program at Padua., ».vhlch we
had been using since 1978. We made many modif’ ications to th<': original MIT
Music 360 program, and also added several special-purpose unit generators to
its basic library.

ORGANIZATION OF PITCH, SPECTRUM, SPACE, AND RHYTHM

Roa e
ds: Could you describe your theory of spectral organization in m
detail?

ate these inharmonic

Dashow: add t is using pitches to gener ;
The basic concep gP hes as being accom-

spectra, in the same sense that one would conceive of pitc being '
panied by chords. Each spectrum is considered to be a chord and is tf'eatgd :;Sa
chordal structure. With certain of these chords I can prolong (_he;e pnchoré
because they are literally (physically) present to a varying degree int ‘c:‘egc'rhis
spectra. At the same time I give the pitches a range of halrmo‘mzan(()j o, Thie
Wwould be comparable to a melody tone that you hear in any voice an $ [; -
composition where the voice holds a particular pitch am.i the pitch l?d a't >

nized by a series of chords that form different relationships to the held pitch.
ons at considerable length in
about many of your composi-
d the exploration of musical

Roads: You have discussed your compositi
erms of pitch organization. But what strikes me
tions is at once the sense of rhythmic vitality an
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space. Do you have a system for these parameters or are they organized intui-
tively?

Dashow: 1 apply a combination of intuitive and systematic means. Inter-
preting Petrassi’s suggestion, I have found that creating a sense of space with
electronic means can be a very dramatic event, no matter what kind of musical
material is being “‘spatialized.”

This spatial idea is combined with a rhythmic aspect and is used to delimit
certain compositional ideas. In particular, the background notion of all of my
pieces has to do with relationships between note groups. When I go from one
kind of note group to another, an obvious way of suggesting I have changed the
note group is by changing the rhythmic organization.

Roads: So then you see the rhythmic structure as always playing a kind of
subordinate role in the service of pitch structure?

Dashow: Yes, that's exactly right. I try to make the pitch structure clear by
4pplying my theory of spectrum derivation. The pitch structure on one level
provides the background for the generation of the surface qualities—that is, the
timbre, the colors, the harmonization, the chords that I use to surround.thc
chosen pitches. In order to help clarify the pitch and chord-spectra rclat.mn-
ships, I apply combinations of regular pulses and irregular pulses and various
kinds of contrapuntal rhythmic mixtures.

The spatial notion is sometimes applied by placing some sounds further away
and other sounds closer. When 1 am working with various note groups or chord
spectra, I usually want you to hear a particular combination. I can se;.)a'ratc lh'e
various groups with localization techniques. If something is closer, 1t 1S obvi-
ously one group, and something that is farther away is obviously .another group.
In this way it is possible to avoid the fusion of complex sounds into one sound
when there are really several kinds of sounds going on simultaneously.

CLICHES OF COMPUTER MUSIC

Roads: What are the worst clichés in computer music?

and one easily abused is the *‘waves
a catalog of FM sounds. The waves
ther without any

Dashow: Certainly a common cliché
of sounds™ idea where we are treated to
come at us in long slow gestures, each one following the ©
%nse of organization or direction.

The other abuse of the computer is the “‘one-idea

composer has discovered one sound and gives it to us
deadly!

composition,” whcre‘lh.c
for a half-hour. This is

—caime
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Roads: If you were to cite one criticism that you thought was valid of your
own compositional work, what would that be? In other words, what are you
working to improve in your music?

Dashow: One of the real questions of my systems is: How does the listencr
decide which parts of the spectrum are the central pitches and which are the
chordal accompaniment? How do you know which parts of the sound count
structurally and which others are secondary or supportive?

Roads: Do you expect some further development of your theory of spectral
organization will rescue you from this problem?

Dashow: I don't know. I am wondering if one could not abstract scalar
properties from the frequency relationships of these spectra, such that each
spectrum could represent pitch combinations from an inharmonically derived
scale.

This concept has all kinds of implications. It suggests parallels to the way the
church modes were organized. Here each inharmonic ratio generates a highly
distorted nonequal temperament.

Then I can control the computer’s tuning with algorithms that maintain the
desired interval ratios as I go along. It’s a simple matter of data manipulation-
Perhaps I can treat these chord spectra as being the basis for hierarchicall
related scale systems. When I have a free moment, | intend to play around with
this idea of abstracting entire scales from the several kinds of spectra that 1like
to work with and that I find to be extremely rich when used in combination. A
any rate, .l.sec the problem as a musical challenge. I think the system offers
opport.um.ues toresolve its problems, and the successful solution will be simply
a convincing musical composition.

| am using with increasing regularity certain kinds of sounds which my g%
c.ra!lng dyad technique produces. For each piece, I manage to find ways of com
bining these sounds both vertically (in chords) and horizontally (in sequences
and Phri_*SCS). I want to widen the notion of working backward from the timbre
to working backward from a larger musical context, and find the elements tha!
can regenerate the context in a variety of ways. [ want to decompose sounds 0
see if I can develop musical implications from the individual components

inside” the sounds. I see this as a sort of unfolding and recomposition of the

chord s i - .
SCO;C.SPC ctrum, like looking at a lovely and complex flower through a kaleid>

COm PUTER-ASSISTED COMPOSITION
Roads: What do

5 you think of att ; : si-
tional process? €mpts to automate or simulate compos
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Dashow: [don'tdo it. I think composers who spend time automating their
compositional procedures probably can spend their time better actually com-
posing. However, I am willing to be convinced by the music of someone who
has successfully automated his procedures. After all, it’s the music that counts,
not how it was produced.

Roads: What do you think of stochastic music?

Dashow: The label stochastic, like labels for all kinds of other procedures,
does not really tell us what we are hearing. As a result, just like many other
techniques that have been developed in this century, it is merely something for
the composer to hang his hat on, something to get him going, something equiv-
alent to his cup of coffee in the morning and his glass of wine at night or what
ever he needs to keep going. :

If you need a name like stochastic music to get your compositional ideas in
order, fine, do it. I don't think any of these labels or any of these lech‘niques
really tell us what we are hearing. What a composer says about his music very
often has nothing to do with what the music really tells us.

Roads: Does this apply to your own work as well?

Dashow: | am aware that maybe the theory I am pursuing might. not have
anything to do with what one eventually hears. I think I can hea.r in a con-
vincing fashion the theoretical ideas that I propose. Above all, my 1dea.ls con-
cerned with being able to hear the sounds in their composed relationships, not
With an abstract procedure where the pitches don't count.

On the other hand, when my preconceived notions don't seem to work out a}l
tight, I will rely completely on my ears, as opposed to trying to force my music
into an unproductive ideological bag. It's a very difficult question, RAca.
after you have worked with a musical idea for a long enough time you begin t(;

in those terms. My music is motivated by trying to get you to P Whiat
think are interesting intervallic and timbral relationships. I want you to feel it,
lem think about it. Procedures for procedures’ sake are a delusion or just
illy.

COMPUTER MUSIC AND OPERA

composition of a large-
| singers. Could you tell
f work with it?

Roads: 1 understand you are now engaged in the
cale work, an opera with computer sound and severa
Us about the origin of the piece and your current state 0

Dashow: The opera is based on The Little Prince by.Ann‘)ine de 531:;
F_-"upéry. and is a project I have had in mind since 1968. It is written folr se -
live voices, multichannel digital sound, and will involve the theatrical use
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42 CURTIS ROADS

laser projections and computer graphics. All of this is to be synchronized by a
master digital tape or by a computer in residence.

It is my first attempt at imagining a mixed-media piece. Up to now I have not
been very favorable to the idea of trying to mix the extreme sophistication of
the visuals with the extreme sophistication that contemporary music is capable
of providing. I now see that perhaps the computer is going to provide us witha
solution for successfully balancing visuals and music in the theater. Somehow
through the absolute precision of the computer there is a possibility of synchro-
nization that will allow a true integration of the two kinds of art which has been
impossible in the past.

Most opera is a theatrical and visual success and a dismal bore musically, or
vice versa. Computer sound and imagery are unique media which have obvi-
ously not existed before, and I think the results will also be unique.

Roads: Tell us about the musical organization of your opera.

Dashow: The Little Prince carries out my chord-spectra ideas in a rigorous
manner. I have again increased the capacity of my computer orchestra with new
algorithms. When writing an opera I have discovered you need an enormous
quantity of material. Hence, I have decided to expand my ideas about timbral
manipulations to include as great a variety as possible. I am including even
diatonic collections of frequencies as one of many possible timbral possibilities
that we are capable of listening to in an organized way.

Roads: Does this return to the diatonic scale represent a departure from
your earlier style?

Das.how: I'am not returning to the diatonic scale by any means. Nor am |
returning to functional tonality. I am merely considering the diatonic collection
of f-requencies as one of the many options that we have available, such as comb
nations of the total chromatic, combinations of inharmonic frequencies with
harmonically related frequencies, and so on.

: Certa.inly when you are considering a piece of operatic dimensions—and this
piece w1l.l be close to three hours long—you write more theatrically. You hav®
tc? conceive of the music in other terms than when you write a concentrated
piece for concert performance. The first and most important aspect of a larg
scale theater piece is variety. I believe I can achieve the necessary variety by
te_xpanlchng My “source timbres.” This leads me to include the diatonic collec

1on along with the other kinds of sounds I have developed up to this point.

Roads: Tell us about the story of the opera.

Dashow:

i The first act includes the Little Prince’s voyage among th¢

nds on each planet a different character—an exaggeration of oM

INTERVIEW WITH JAMES DASHOW 43

aspect of the human personality. He meets a King, a Drunk, a Business Man, a
Lamplighter, a Conceited Man, and a Geographer. The Prince has a little con-
versation with each one of them. Finally he asks the Geographer where he
should go to learn more about life. The Geographer suggests that he go to the
planet Earth. It seems like an interesting planet, with several hundred kings,
several thousand business men, millions of drunks, and billions of conceited
people.

The finale of the first act is the Little Prince’s voyage from the Geographer’s
planet to the planet Earth. This is a laser spectacular in which the audience hzfs
the feeling that they are out in space, accompanying the Little Prince on his
voyage through the cosmos until he arrives on Earth. .

Iam quite excited about the idea of creating space with sound, but als.»‘o with
the notion of creating space visually. I want to blend the two .ﬁcnsatllons of
visual space and sonic space, to involve the audience physically Wllh-thls space
voyage. Paul Earls, who is at the Center for Advanced Visual Studies here at
MIT, and I are exploring ways of realizing the laser project. Pdl:ll hu.s bcerT
working with computer-controlled lasers for several years. Some of the images
he succeeds in creating are exactly what I need.

Roads: How does the plot of the opera relate to the musical structure of the
piece?

Dashow: | decided to make a set of variations out of this voyage i"fmfar o
each lanet represents an aspect of a human personality. Each planct is scpa-
rated by a ritornello, and even the ritornelli go through an analogou§ kl!}d Qf
Variation. The variations are in both pitch structure and in timbral rca!hzauc_ms.

Beyond this, each of the characters on the planets is portray ed with a five-
hote group. These five-note groups have slight differences which allofv‘mc.'to
develop them into separate vocabularies. In this way, I manage to A
tach of their personalities in sound.

Several of these groups are so rich in musical
Sparate concert pieces based on them. For examp
computer sounds is based on the Conceited Man group an
the Little Prince’s group. I hope this isn't a foreshadowing ©
with violinists!

possibilities that I can f(?resec
le. Mnemonics for violin and
d how it interacts with
f my relationships

IN WINTER SHINE

R“‘d‘ii [ understand you’ve just completed a com
Shine realized at MIT. Could you tell us your goals wit

Dashow: The first goal was to compose a pic.cc ™
Proportions rather than one of symphonic proportions,

position called In Winter
h this new composition?

more chamber music
as I have done for the
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past few works. I wanted to think in more compact and concentrated tcm'lsd.;
see if my pitch prolongation by means of chord spectra could be accompI} .
on a smaller time scale and in a more succinct fashion. And prac.ucall)
speaking, it has become clear that shorter pieces are necessary for meeting the
requirements of certain concert situations.

Roads: Does this piece represent a new direction for you composntlonall).
or is it one in a series of works that explore the same ideas?

Dashow: It's a modification of some earlier ideas for underlying structure.
I am using note groups in a different fashion than I have in thc.past, but [ am
continuing to develop the idea of inharmonic chordal accompaniments to these
particular pitches. I see enough material in this approach to last me for perhaps
the rest of my life.

APPENDIX: COMPOSITIONS BY JAMES DASHOW
Songs of Despair (1968-69). Soprano and eleven instruments.
Timespace Extensions (1969). Piano, flute, and two percussion.
Duo (1970). Violin and piano.
Astrazioni Pomeridiane (1970-71). Orchestra.
Ashbery Setting (1971-72). Soprano, piano, and flute.
Burst (1971). Soprano and electronic sound.
Maximus (1972-73). Voice and chamber ensemble with piano and percussion.
Mappings (1974). Cello and electronic sound.
Some Dream Songs (1974-75). Soprano, piano, and violin.
At Delphi (1975). Voice and electronic sound.
Punta di Vista, No. 1, Forte Belvedere (1975-76). Piano.

Whispers Out of Time (1976). Electronic sound. Winner of First Prize at the Bourg®s
International Festival, 1979,

Effetti Collaterali (1976). Clarinet and computer-generated sound.
Punta di Vista, No. 2, Montiano (1977). Piano.

A Way of Staying (1977). Soprano and computer-generated sound.

Second Voyage (1977-79). Tenor and computer-generated sound. Commissioned by e
National Endowment for the Arts.

Partial Distances (1979). Electronic sound,

INTERVIEW WITH JAMES DASHOW 45

Conditional Assemblies (1980). Computer-generated sound. Winner of Second Prize at
the Bourges International Festival.

Il Piccolo Principe (1981-). Opera for seven vocalists, C()lnpulcr-gc?ncr;ifffi)sound.
lasers, and computer graphics. Supported in part by the Rockefeller Foundation.

- tact ; the
Memonics I (1981-84). Violin and computer-generated sound. Commissioned by the
National Endowment for the Arts.

InWinter Shine (1983). Computer-generated sound. Commissioned by th
the Arts at MIT.

Sequence Symbols (1984). Computer-generated sound.

e Council for
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In Celebration, an electronic music realization of the poem by Mark Strand
( 1973). was composed during the first half of 1975 and realized at the Columbi2
:Jgr;lsv)ersny Center of Computing Activities and the Nevis Laboratories (Dodge
In 19'71. I began to investigate the compositional uses of computer:
syn.thcsmed speech. The method used is known as speech synthesis by analysis,
\Ymch bases the synthetic speech on a recorded voice and a'allows for'modiﬁca-
uox.1 of as_pect.s 9f the voice analysis before synthesis. (See Cann 1979, 1980.)
Using this fllgnal technique, it is possible to extend the treatment of the
recorded voice be)’(?nd the scope of traditional tape music. This new medium
attracts me beFause it brings together the potential of computer music for vari+
tion over a wide range of timbre, pitch, and rhythm, with musique concrete’s

en;ph:g‘s on the unique acoustical features of language and speaker.
sour:cte lf:) rPIItCSC:‘) the poem simultaneously serves as the textual and acoustical
e g hwn. setting. All of the sounds in the composition are made with
i g t)'/]nt esis der'lved fr9m a single reading of the poem. Thus the piece
s settifr P:’_en;l with @ dlmctnes§ that is not often found in traditiona
A is%n or:: al( is, singer(s) with accompaniment. The situation of /*
an actor who can : (;Sel'y related to a male actor's reading of the poem (al>c*
gy Witl’.lxten his voice over five octaves, conjure up multiple copies
narily fine & » control the pitch and rhythm of his voice to an extraordi
egree, and perform other vocal and musical tricks). The use of 2

S1 g
dallon fOl a" tllC Sou“ds mn tllc pl=

THE COMPOSITION

The music izati

poem (see ?:gr.e: ’ oot In Celebration reflects the two-part structure o ¢

The two parts of the l mﬁ ot ing second occurrence of *“You sitina chair”

subject. In the first pap::eltrl"re es‘:-lbc different psychological orientations of th¢

act—as though dead ',I'h Subject appears devoid of emotion or the ability ©
. the language conveys an attitude of hopelessness:

despair, and stasi
asis. The second part, while continuing the tone of the firs
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underlines a heightened self-awareness. Awaiting death becomes a celebration,
and  sense of resolution pervades the latter half of the poem.

The music portrays this change of emphasis. The first part treats the text with
various types of articulation, including spoken, whispered, pitched, and glis-
sandoing phrases, and with textures from solo to choral. These various forms of
articulation follow in rapid succession, and there is a prevalence of textures that
include more than one type of articulation, reflecting the indecisiveness of
“You"" In contrast, at almost any given moment in the second part, the type of
articulation is uniform. Uncombined, the different sorts of articulation convey

greater resolve.

IN CELEBRATION
by Mark Strand

You sit in a chair, touched by nothing, feeling
the old self become the older self, imagining
only the patience of water, the boredom of stone.
You think that silence is the extra page,

you think that nothing is good or bad, not even :
the darkness that fills the house while you sit watching
it happen. You've seen it happen before. Your friends
move past the window, their faces soiled with regret.
You want to wave but cannot raise your hand. J
You sit in a chair. You turn to the nightshade spreading
apoisonous net around the house. You taste

the honey of absence. It is the same wherever

you are, the same if the voice rots before
the body, or the body rots before the voice.
You know that desire leads only to SOTTOW, that sorrow
leads to achievement which leads to emptiness.

You know that this is different, that this
is the celebration, the only celebration,
that by giving yourself over to nothing, .
you shall be healed. You know there is joy in feeling

your lungs prepare themselves for an ashen future, I

S0 you wait, you stare and you wait, and the dust settles

and the miraculous hours of childhood wander in darkness.

of Our Lives. Copyright ©

m‘-l. “ ion” Story
Mark Strand, *“In Celebration™ from The Stor) Publishers.

73 Mark Strand. Reprinted with the permission of Atheneum
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Part |

“You™ is the primary recurring word in the poem, ar?d. it becomes ﬂ:cm
unifying theme of the first half of the musical gqmposntlon. Becaulscrlticumm
of adiphthong, it entails, by definition, a transition from one vocal a o
position to another. This “timbre change” is used to deve.IOP mfsh gk
abstract, “‘nonvocal” passages in the piece. The word is assoga(cd wit r:s .
pitches and with simultaneous and successive collections of pl(ChC'S (chq ps
melismas). It is also accorded treatment by glissando, a type of anlculm!
here represents a halfway point between spoken and pitched speech. | .OZ’;
liferation of different settings of the. word *“You" represents an associati 2
maximum pitch activity in the piece with a minimum of text. (See measu
1-4 and 15-24 of fig. 4.2.) b 4
The phrase “in a ihair" is a pitched line that provides a dcfsqmvc _soulf:;‘
the beginning and end of the first part of the piece. “In a” is 3"'cum.
heterophonically in two voices, one pitched and the other as a glmando( e
sure 7). “Chair” (measure 8) is elaborated by octave duplication anq f'om :
of duration in its five voices. For the second occurrence of “ina Cha".. 'hr::
sures 56-57), the pitches for “in a” are inverted and the longer notes of c ..
(again, on B-flat) are placed below the shorter ones in about the same I'F‘FPb‘
portions. This musical statement is repeated near the end of the composition s
means of the phonetically similar phrase “there is joy,” which also occt
twice in a similar relationship. o ol
An example of a chorus mixing types of articulation can be i.leard Il'l.t b
ting of “touched by nothing™ (measure 9), which combines p|¥chcd..?P°ling'
and glissando contours in staggered rhythmic patterns. The setting of fcehd-
the old self become the older self” (measure 10) employs a more c:laborzm:qcd
erophony than the setting of “ina.”” Here there are two rhythmically comr:*.mc
voices, one a glissando and one pitched over the same interval span. 2
pitched voice proceeds more and more slowly to the end of the phrase, wher®
the glissando proceeds at a constant speed. i
“Imagining only™ (measure 11) introduces a texture used extensively la.l.ff}::
the work: three equal-tempered voices in chords. The two phrases ,T :
Patience of water, the boredom of stone™ (measure 12) are treated in a stralgh‘d
forward text painting by use of glissandi. Interruption, a device foun
throughout the work appears here in the repetition of “imagining” (measu™

“chair.” Within each chorus, al| the v

7 : 1
. oices have the same quality of pitch. -
“silence” ig realized with noise, whe

reas “chair” is sounded in octaves.
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durations of the five voices of the whispered chorus are roughly proportional to
those of the pitched chorus.

“Good™ (measures 38-39) begins in a manner similar to the *“You™ at the
beginning of the piece—that is, in short arpeggiated notes. However, a differ-
ence is introduced in the middle of the sixth note: a fast melisma falls to C for
the “d” sound at the end of the word. “Bad” (measure 40) is treated in the
intervallic inversion of “good™ in its first few notes and then followed by the
most extensive melismas of the composition: 2, 4, 7, 11, and 52 notes long. This
parallels the earlier passage where a maximum of pitch activity, by means of
melismas and chords, was associated with a single word, “You.”

The end of Part I prepares for the extensive use of speech in spoken pitch con-
tours in Part II. The time base of *You sit"™ is lengthened so greatly that the
small pitch changes of its “natural™ contour are perceived.

Part Il

Part 1I isolates and emphasizes the contrasts between previously established
modes of articulation. The beginning consists almost entirely of speech in its
spoken contour. Typically, the voice speaks the opening phrase and builds 2
choral texture by use of repetition and overlap. Only a few words and a single
phrase interrupt this pattern with pitched chords or lines.

Thg sentence beginning *“You know that this is different . . . (measure 71)is
the climax of the poem. In the musical setting, the five phrases are all present
on each .repetition. By varying the loudness of the constituent phrases, only on¢
1s prominent in the chorus at a time. The climactic passage refers back to the
passages on “You™ and ““bad” of Part I. In measures 71 ~-80, there is aminimum
of fixed-pitch activity (the pitch contours are those of the spoken voice) and 8
maxgmum of text (all five phrases present all the time). In the earlier sections, &
maximum of pitch activity reacted with a minimum of text (a single word).

'I:he denouement (measures 87- 108) proceeds almost entirely with an alter-
nation of 319w speaking voice, fast and slow whispered voice, and three-part
chorfigl settmgs of the text. The three kinds of articulation are intended to have
spimf ic emotlona! associations. The slow, elongated speech is associated with
zlci nesmtardauon. and lack of strength; the fast solo whisper with cor-
ti‘;;:cycn‘the t:aexrtror: and the slow solo whisper with intimacy. The chordal set-
' Akl f(fl‘nd thg ?hordgl stream is the only one with the full text) carry
S . Of “repetition within change.” which has been present from the

ginning of the piece. These passages emphasize the pitches that are repeated

(often in a different register) from one chord to the next. The slow rate of pitch

turnover is i : |
1S Intended to convey a feelmg of very slow evolution and conclusion:
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A whispered chorus is interjected into the alternation of the three streams,
and the work ends with one speaking chorus, one more whispered chorus, and
agreatly time-distorted solo whisper.

THE PROGRAMMING SYSTEM

An overview of the synthesis-by-analysis system is presented in figure 4.3. In
this process, the speech is digitized at 15 000 samples per second, and the anal-
ysis program transforms the digitized speech into a set of paramctcrs that
change with time. From the output of the analysis program, the synthesxs‘pm-
gram recreates the digital representation of the voice at 15 000 samples per
second. The voice is then converted to analog form and rccordgd. el

Two major techniques are introduced into the system for musical purp(;scs.
(1) altering the analysis parameters to cause the synthetic voice 1o differ rotmh
the original, and (2) mixing the synthesis output (stored on digital tape;.w.:' :
the output from other runs of the synthesis program (also stored on digita
lape).

The cornerstone of the method of speech synthesis is t
which reduces the digitized speech to a set of parameters t

he analysis program,
hrough two separate

Recorded Speech
Analog-to-Digital C onversion

|

Analysis Program

o e e
} Alteration Program (optional)
|

L— — —» Synthesis Program
[————

I .
l Digital-to-Analog Conversion
|
|
|

L — 3 Mixing Program (optional)

sed fi Celebration
fedd an overview of the synthesis-by-analysis system used for In

— . . e

cen
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processes: (1) extracting the coefficients of an all-pole filter by the..lme;‘zr
predictive coding (LPC) method (Markel and Gray 1976), and (2) tracking the
spoken pitch contour.
pThe :nalysis progam reduces the speech data from 15 000 samples per
second to a set of 120 frames per second. Each frame (analogous to a motion
picture frame) is described by 24 parameters: the lowtfrequency gmphludt.
the high-frequency amplitude, a ratio of the two amphtud;s that is used ff;)r
determining whether the frame is voiced or unvoiced, the pitch, the 19 coefir-
cients for the all-pole filter, and the duration of the frame. _
The synthesis stage of the program is illustrated in figure 4.4. The first
parameter required is the frame length, which sets the number of output sam-
ples to be generated from a single set of parameters. The next parameter deter-
mines whether the frame is to be voiced or unvoiced. For a voiced frgmc, the
synthesizer uses the pitch parameter as input to a pulse generator that snmu'lates
the glottal wave. For unvoiced, the synthesizer uses a noise generator to simu-
late turbulence in the vocal tract. The output of the appropriate generator, mul-
tiplied by the high-frequency amplitude parameter, serves as input to the all-
pole filter, which simulates the resonances of the vocal tract. The output thh¢
filter is the digital representation of the synthetic-speech waveform, which is
converted to analog form on audio tape. 3
The option of altering the speech parameters—the principal means by w"hlt‘h
the synthetic speech can be made to sound musical—is implemented in an
editing program. An edit command performs an operation on a range of
frames. The general form of a command is:

C, 11, 12, J, E1, E2, E3

where

C isa control character that indicates the operation.

I1 is the number of the first frame to which the operation applies.

I2 is the number of the last frame to which the operation applies

J  is the number of the parameter to which the operation applies.

E1, E2, and E3 are floating-point data fields to be used by the operators.

(For a list of the available editing commands, see the Appendix.)

THE COMPUTER REALIZATION
The composer uses the editi
frames of analyzed speech.

passages is to search through
lable boundaries of the spok

Ng program to create musical voices out Of.‘he
The first step in shaping the frames into musicél
the printed record of the analysis for word and f.‘"
en text. Figure 4.5 shows the printout for the first
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55 frames of the words ** You sit”" as spoken at the beginning of the poem. The
printout includes the high-frequency amplitude (RMS2), th.e .low-frequcn;:‘y
amplitude (RMS1), their ratio (ERRN—which is used in determining whether the
frame is voiced or unvoiced), and the fundamental frequency of the sowz
(PI7CH). From these parameters it is possible to scan the speech for wo:j :lir:: 4
syllable boundaries with considerable accuracy. Once the syllable boundaries

Read
Altered
Parameters

Generator

Amplitude
> Multiplier

All Pole
Filter

\

Output
to Tape

firas, Linear predictive coding (LPC) synthesis stage



FRAME RMS2 RMS1 ERRN PITCH
175 58.70 848.46 0.005 81.95
176 62.51 2241.17 0.001 81.95
177 69.53 2021.38 0.001 164.81
178 134.07 2271.37 0.003 164.81
179 118.87 2564.07 0.002 129.30
180 146.32 2855.66 0.002 129.30
181 211.07 3262.10 0.004 138.87
182 186.01 3864 .62 0.002 138.87
183 205.50 4512.10 0.002 142.84
184 247.11 5124.51 0.002 142.84
185 215.83 5682.63 0.001 147.04
186 282.20 5987.16 0.002 147.04
187 284.92 5983.75 0.002 150.00
188 293.65 5783.75 0.002 150.00
189 328.96 5751.27 0.003 141.50
190 341.53 5537.47 0.003 141.50
191 341.84 5159.77 0.005 141.50
192 341.17 4775.06 0.005 141.50
193 374.31 4539.22 0.006 140.17
194 509.02 4192.67 0.014 140.17
195 583.41 3616.59 0.026 140.17
196 578.87 2291.59 0.063 140.17
197 813.27 1618.21 0.252 937.50
198 1189.36 2090.14 0.323 937.50
199 553.71 838.38 0.436 937.50
200 742.59 1183.17 0.393 937.50
201 1041.95 1918.33 0.295 123.9
202 1449.16 2677.06 0.293 123.9
203 1454 .84 2920.50 0.248 937.50
204 1430.03 2496.88 0.348 937.50
205 1570.88 2981.21 0.277 142.84
206 1443.27 2665.22 0.293 142.84
207 1172.67 2150.50 0.297 150.00
00 1200.73 2080.20 0.333 150.00
209 1095.51 2055.25 0.284 116.26
210 1260.36 2408.14 0.273 116.26
;g 1105.17 2293.05 0.232 937.%0
o 809.10 1659.80 0.237 937.50

13 428.20 784.93 0.297 250.00

Fig. 4.5. The computer printou
words “You sit™ as spoken at
amplitude, RMS1 is the low-f;
(used to determine whether the
mated fundamental frequency o

t of the analysis stage for the first 55 frames of 10
the beginning of the poem. RMS2 is the high-frequency
uency amplitude, ERRN is the ratio of RMS2 to R¥S!

frame is voiced or unvoiced), and PITCH is the esti
f the voice.
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A4 419.45 3886.15 0.011 250.00
a5 925.86 6366.20 0.021 208.32
26 746.28 8046.81 0.008 208.32
a7 829.82 8277.42 0.010 192.29
B 754,64 8049.50 0.008 192.29
a9 771.84 8001.70 0.009 197.35
20 726.81 7955.17 0.008 202.69
«l 807.63 7835.20 0.010 202.69
22 874.27 7732.59 0.012 205.42
3 776.87 7491.86 0.010 205.42
4 684,64 7317.04 0.008 205.42
@ 560,87 6297.36 0.007 102.03
@b 175.63 1842.81 0.009 102.03
= 46.35 1329.09 0.001 197.85
2 38.25 793.00 0.002 197.85
2 39.26 316.92 0.032 202.69

Fg 45, Continued

it determined, pitch and time alterations can be introduced into the speech for

msical purposes. MS
The principal cue to boundaries is the ERRN parameter, although the Rh
Values and fundamental frequency (PITCH in fig. 4.5) can also be useful. lr}:hz
@seof “Youssit” (fig. 4.5), the choice of boundary is a clear one s (;-:RRN
from voiced to unvoiced speech that occurs between thie veonds. .
hibits the rapid change from voiced to unvoiced speech, increasing in i f
0006 in frame 193 to 0.252 in frame 197. Similar dramatic changcs O
may be observed in the transition from unvoiced to voiced frame shar;e
back in the word “sit.”" However, some phoneme boun:a"cs' L
adjacent vowels, be much less obvious to the €ye- 3
A‘ Was !;'lentioned carli(::‘ the word *“You™ is 2 diphthong that exh:?:tsis
limbre change” Notice the difficulty one would encounter, T‘;szir;glc
“Mpting to determine from the parameters displayed in figure d
Pint at which the transition between the vowels had been by In Cele-
“You" is edited and synthesized in a number of different ways fOZi | t"'n i
e ety 1 the six short **You” sounds were created by editing

“alysis with the following commands:

- g &
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T 175 196 0.2 P 175 196  9.04
Z 175 196 219.0 P 197 218 8.7
Z 175 196 241.0 P 219 240 7.08
Z 175 196 263.0 P 241 262 6.1
Z 175 196 285.0 P 263 284 7.10

P 285 306 8.09

The T (TIME) command sets the duration of each *You" to 0.2 sec. The fl‘}lfi
(MOVE FRAMES) commands copy all the parameters of the 22 frames of “You
four times. The P (PITCH) commands set the pitch for each note.

The chord in measure 1 was created by separately synthesizing the five
voices, each with the same duration (c. 1.5 sec) and digitally mixing the five
parts of the chord.

Measure 2 was made in an identical fashion using different values for some
of the E1's.

The glissando in measure 3 was achieved with two editing commands:

3479 . 196 1.0
17373 1967 4 204. 370.

The T command sets the duration and the T (INTERPOLATE) command causes

the frequency in hertz to change linearly from 204 Hz in frame 175 to 370 Hzit
frame 196.

The melisma in measure 4 was created by these commands:

L b o L e TN

2 175 9.03
P 176 9.06
R b o 9.05
P 196 6.08

The T command sets the frame rate to
applied once to each of the 22 frames.
embodies the same chan
original *“You."

The “sit”
lines for owv

11 per second and the P Comm‘_’"d 3
The resulting “electronic melismé
ge of timbre in two seconds as the diphthong of the

= measure 5 was created in a similar fashion, but with multipl
erlapping some of the notes. The separately created lines wer
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mixed digitally. The commands for the most active of the constituent lines
follow:

T 197 227 3.00
P 214 9.07
P 215 9.06
P 216 9.00
P27 6.08

Notice that the T command applies only to frames 197-227, .a.nfl d:“;‘:(;
iclude the frames occupied by the final ““t.”" The last phonc_mc is .s');m lt;lwc
a the original frame rate to avoid interfering with the clarity of the plosIve,
which could be adversely affected by time dist()rFif)n.
It can be seen from the foregoing how the editing ice. The articu-
synthesis system enables one to make music out of a recorded voice. The ‘; foisy
laion of the speaker and the features imparted by the analysis sy \:u“[ll]l:ch;U
dsignificant role in shaping compositional material. For examp bz e s
%as analyzed into 22 frames, and this fact accounts for the num | re o w~(>rk
e melisma of measure 4. There are numerous other examplc?”m‘lcoum S
¥here the number of frames representing a particular phonc;mc ‘;I;l ;:; Pty
" musical treatment (e.g., measures 5, 15, 16, 18, 20-21, 29-35, - Gt
The two voices of measure 6 treat “'in a” heterophonically. L ice on the
lower staff in the score was made by the T and P co'mman(is. T:f v\:as pnser
"Pper staff, although occupying the same time and interva sp‘:) )‘c‘ommand e
b the D (DILATE) command for its timing and the G (GLISSAND
gk, . ity uted
The “chair” chorus was created by digitally mixing 1ts ScPdrstzlgldCSEﬂ iced
i Voices. The T command was applied equally t0 p- v()lCC' would form a
Phonemes so that the noise of “ch’” on the very long. high B-,ﬂdt
kground for the shorter versions of ““chair” in the Ch"r,u's;s all the types of
chorus on *“touched by nothing™* (measure ?) com?mc. o ablog ot 1
Piched articulation used in the work. No two voices Chdn.gc ;gno alternates
“me time and all have contrasting pitch contours: the .s(;]pc msghon e e
“een two pitches, the alto consists of a rising 8"55‘_’“‘10" : d the bass plays a
$reatly time-distorted natural pitch contour of the voice, an
ending glissando. _
Measure 10 was realized by first synthesizin
“ommands for g melody and with the T comman

facility of the analysis/

oice with P

. = ] h vV
g the fixed-pitc te of the

d to cause the frame ra

e e &
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voice to decrease gradually. The glissando voice was made to occupy the same
time span as the pitched voice by means of the T command. The G oommlnd
was used to cause the voice to begin and end with the pitches of the first voice
and to glissando between them.

The W (TRILL) command was used to obtain the alternation of the G's and
A-flats at the end of measure 43. The D command was used to gradually slow
down the frame rate.

The chorus that constitutes the climax of the composition (measures 71 -80)
was created in the following way: the five phrases of the text were synthesized
using the pitch contour of the recorded voice, and all were altered by means of
the T command to occupy the same duration, 2 sec. Before each mix, one of the
five voices was increased in amplitude by means of the B (B00ST) command $0
that it was 6 dB greater than each of the others. This has the effect of pushing the
other voices into the background for the duration of the phrase, causing the
“boosted™ voice to carry the meaning of the text for the whole phrase.

In the last measure of the piece, the solo voice is altered by changing all the
frames to unvoiced, creating a whisperlike effect. This is accomplished by
setting the ERRN parameter to 0.1 by means of the C (CHANGE) command.

The T command rendered the duration of the word “darkness” from its original
0.5 sec to 15 sec.

CONCLUSION

This paper has indicated some of the technical and musical problems addresse
in the creation of In Celebration. Although it reinforces and extends the
mea.ming and emotional impact of the poem, the composition is uniquely
designed to be realized with synthetic voices. The programming system implé
ments sophisticated algorithms for resonance and pitch analysis and provides?
means for altering speech and making it sound musical. The computer reliza"

tion uses the altering and mixing features of the rammin m to record
a virtuosic performance. v s .
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APPENDIX: EDITING COMMANDS USED IN
THE REALIZATION OF IN CELEBRATION

The general form of a command is:

, 11,12, §, E1, E2, E3
where

C isacontrol character that indicates the operation. _ "

I1 is the number of the first frame to which the operation applics.

12 is the number of the last frame to which the operation app:g:z

I is the number of the parameter to which the operation appries.

£1, E2, and E3 are floating-point data fields to be used by the operators.

I~Examine

Prints value of parameter J for frames 11 through 12 on the t
@d E3 have no effect. Example:

erminal. E1, E2,

X 101 103 4
Prints outthe value of parameter 4 for frames 101-103 as follows:
4 101. . 378.40012
4 102.. 378.40012
4 103.. 189.00000
Parameter  Frame number  Value
“~Change

Ehang“ value of parameter § for frames 11-12 10 the value

C101 103 24 0.007

given by E1.

2aht, 2

WYL
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Changes the value of parameter 24 to 0.007 in frames 101-103.

I—Interpolate

Changes the value of parameter J in frame I1 to the value of E1, the value of
parameter j in frame I2 to the value of E2, and the value of parameter | in tll
frames between I1 and I2 to a value that is linearly interpolated between £l
and E2. Example:

1201 2051 2.0 6.0
Changes the value of parameter 1 in the following frames as follows:

101 2.0
102
103
104
105

[ N I AW
O O O0Co

Z—Move Frames

Moves frames I11-12 to replace frames starting with E1. If E2 and E3 ar¢ I
blank, all parameters are moved. If £2 and E3 are specified, then for each fran®
only parameters E2-E3 are moved. Example:

Z 101 102 302.0

Rgplaces frame 302 with all parameters from frame 101. Replaces frame 30
with all parameters from frame 102.

B—Boost

Raises the amplitude of frames 11-12 by the value of E1 in decibels. A negative

value of E1 lowers the amplitude. Thus, the amplitude 1) is multi
: . > litude (parameter 1)
plied by 10120 Example: 2

B 101 103 6.0

Boosts the amplitude of fra i 5 Jitude i
doubled. rames 101-103 by 6 dB—that is, the amp

O—Crescendo
E;";i;s the amplitude of frame 11 by £1 4B and the amplitude of frame 121
- The amplitude of the frames between I1 and I2 are boosted by #
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amount linearly interpolated in decibels from E1 to E2. NoFe that since 'the
interpolation is linear in decibels, the actual sequence of amplitude multipliers
is exponential. Example:

0101 105 0.0 4.0

Boosts the amplitude as follows:

101 0.0 dB
102 1.0 dB
103 2.0 dB
104 3.0 dB
105 4.0 dB

f—Raise
Raise the pitch of frames 1112 by the value of E1 in half steps. A negative
lowers the pitch. Example:

E1l

R121 123 2.0

Raises the pitch of frames 121-123 by a whole step.

P—Pitch

: Ve DO itch class nota-
Sets the pitch of frames 11-12 to the value of E1 in octave point pitch ¢

- oy int is th ‘tave
tion. In this notation the number to the left of th d.cumal (;))(()m:: 1‘;‘; :a(l)ftstcp
number and the number to the right, when multiplied b}' ! ».th;al A =440 Hz
within the octave. Middle C is defined to be 8.0 (261.7 Hz), sC

s 809. An equal-tempered scale is used. Example:

P115 117 7.03
Sets the pitch in frames 115-117 to E-flat below middle C.

*~Glissando

, 22 half steps. The
Raises the pitch of frame 11 by E1 half steps and frame 12 by Hithl‘::lt:rl'; inter-
Pitches of the frames between 11 and 12 are raised by anamout linear in pitch,
Polated in pitch between E1 and E2. Since the interP"lmff’ln ExamPIC:
the actual sequence of frequency multipliers is exponential.

G106 109 0.0 6.0

aattae
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Raises the pitch as follows:

[
o
o)
(S 0 S S B ]
©C O o0oOo

W—Trill
Raises the pitch of every other frame by E1 half steps beginning with framc w;
and ending with frame I2. When E2 is specified, every kth frame is rai
(where k = E2). Example:

W 101 106 1.0
Raises the pitch of frames 101, 103, and 105 by one half step. The pitch of frames
102, 104, and 106 are not modified. Example:

W 101 120 2.0 5.0
Raises the pitch of frames 101, 106, 111, and 116 by two half steps. The other
frames are not modified.

V—Voicut Set

Sets Voicut to the value of E1. Voicut is compared to ERRN (parameter 3)ofa
frame to determine if that frame is voiced or unvoiced. If parameter 3 is gfff‘“'
than Voicut, the frame is unvoiced. The default value of Voicut is 0.007. Sincé

the command sets Voicut for an entire run of the synthesis program, I1 and 12
have no effect. Example:

v .01
Sets Voleut equal to 0.01.
T—Time

Sets the time span occupied by frames 11-12 to the duration of E1 in seconds
The time is divided equally among the frames. Example:

T 101 200 0.9

Sets the time span occupied by frames 101-200 to 0.9 sec by setting the duratio”
of each frame to 0,009 sec.
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I~Expand

Multiplies the duration of frames I11-12 by the value of El.. If j is nonzero, ;ml_yf
the duration of woiced frames is affected (that is, modify the frame only 1
parameter 3 of the frame is less than Voicut). Example:

E111136 0 0.5

e : ; at
Multiplies the duration of frames 111-136 by 0.5 (that is, runs the frames a
twice the speed). Example:

P11 Y 515

: is voiced.
Multiplies the duration of frames 111-136 by 1.5 only if the frame is VoI

D~Dilate :

the duration
and I2 by a
y the dura-

Multiplies the duration of frame I1 by the value of E1. Mulllp“?i
of frame 12 by E2. Multiplies the duration of frames between e
Vilue linearly interpolated between E1 and E2. If J is nonzero,

ion of voiced frames is altered. Example:

01011050 1.0 2.0

Multiplies the duration as follows:

101 1.00
102 1.25
103 1.50
104 1.75
106 2.00
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Geqrgc Lewis (born 1952 in Chicago) is a composer and trombonist based in
Paris. He studied philosophy at Yale, and from 1980 to 1982 he was music pro-
gram director at the Kitchen Center for Video, Music, Dance and Performance
Artin New York City. This interview was conducted 9 November 1983 in New

York, while Lewis was visiting to perform in a concert featuring the music of
Earl Howard at the Kitchen.

EARLY MUSICAL EXPERIENCES

Roads: Could you tell us about : /
training? ut your early musical experiences and

andLedwidlsn.’t kl\:g ;athetx;::gd mother liked music, though they weren’t musicians
thing, and the tmango y who i They suggested that I start to play some-
Sekbued o 22t 6d mbone was my choice; I really don't know why. My father was
) s 0:1 ecstromcs techptcnan, s0 I used to get crazy lectures (with exam-
I ut Ohm’s law and Lionel Hampton. So you could say I'm my father's
m;i :;ntDt:;:; Lab School in Chicago, a private school, so I had good teachers,
g e eyl, 1&} fine trombonist who was familiar with the contemporary,
Pfcﬂ’y much r;rcna th Iterature; he also taught Ray Anderson. He and Frank Tirr
Sobcisleis e music .dcpartment, and Ray and I were among only four
brass grou » 0 we played in all the groups, the orchestra, the jazz band, the
Mr. H ps, and the .concert band.
I ey started the jazz improvising classes about that time; he taught basic

jazz bz%:z(:.::t: :;s_ll'llpmvxs?tmn on chord progressions. He wanted the
group. This was my Provising soloists, and it was the school’s best performing

It was varied butfll rzt experience with music as a way for me to be creative.
returned to Chicago af ever thought of being a musician or composer until |
people in the AAgM [rs;be{ng- away at Yale. I realized that there were all thes¢
around. Ociation for the Advancement of Creative Musicians)
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AACM WORK
Roads: Was the AACM led by Muhal Richard Abrams?

Lewis: Muhal is one of the founders, and certainly one of its strongest per-
sonalities, someone who can show you your interests before you know about
them yourself. He took time to show me the scores of Stravinsky and the
Second Viennese School. One of his big favorites is Morton Subotnick, who
everyone got to hear if they went to his music classes. He is largely, and
proudly, self-taught as a composer, and that philosophy of self-teaching has a
large impact on the organization.

The AACM is a varied group of people. It inc
fusk, rock, classical music, jazz, electronic music, sals
music. | really should be putting all of these labels in quotation mark
sort of leftovers.

ludes gospel music, blues,
a, and contemporary
s—they’re

Roads: In what context did you play with AACM members as a musician?

Lewis: In all of those contexts, because we had gigs doing all of l.h.OSC
things. Though composers seem to provide a focus o the AACM’s activities,
there are also sculptors, painters, dancers, programmers, a
trary, and performing artists.

Roads: How long did you work with the AACM?

Lewis: It’s an ongoing association. You don’t really **work with ‘hL
AACM, you take part in its activities. The AACM sponsors concerts by n.}
members and others, and you teach in its music school, which has a son’ .oh
Be red schoolhouse” appmach——sCVC"'ycar'“lds going to scl?uol wn.
eventy-year-olds. The more advanced students have to teach the beginners, SO
%0 one gets left behind.

In the school, it was always assumed that improv arn that
they never taught it—maybe because they assumed you would learn ;o
yway if you were around them enough. You were always ch(‘)-‘{m-gcl (:l

“ome a composer. The members themselves would play your music, SO fnd
e a bit of practical information about instrumentation, orchestration,
¢ fundamentals of ear training, theory, harmony.

AACM has always been primarily a composer's OT8%" °7° ' e e spe-

Mposers’ Forum in New York—except that it also addresses .somc. s el
gﬁc problems that black composers and musicians have 11 pursuing

Teers, : are

The AACM has always had two main aims, which its 1 bfr‘s t;;cl;;c
"ted: promoting new music activities and community l"‘yol“n;‘cm from.

CM'simmediate community is the South gide of Chicago, where e of it i8
e are parts of the South Side where people have money. bt &

nd other visual, lit-

ising was important, but

rgunizulion*likc say,

h its mem

-
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quite poor, particularly in cultural activities. So for people on the South Side,
the AACM is important as a path to current musical thinking.

Roads: But you left Chicago eventually.

Lewis: Yes, about 1977. Quite a few of my musician friends had left for
New York, even Muhal. I had started listening to people like Gordon Mumma
and Robert Ashley, and in New York I was performing with Anthony Braxton,
who introduced me to Richard Teitelbaum. Richard and Anthony put me on the
path of actually being involved in new music, instead of just listening to it a
hom.e, which was mostly what I seemed to be doing in Chicago.

, Richard in particular got me started in actually performing with electronic
instruments, though I had to give up playing the synthesizer; maybe Charlic
Parker lrad the same effect on saxophonists. Anthony and Richard are able 10
deal easily with integrating performers’ ideas into a compositional framework.
To accomplish this, you must have composer/performers, who understand
about form and control as well as individual initiative. Richard’s synthesizer

playing is certainly a model for what I 1d li 1 5 2
sound like. would like my interactive systems

MICROCOMPUTER MUSIC
Roads: What happened after you arrived in New York?

im“f"’e“;, I'met alot of the people I'd been wanting to talk to. I was able tob¢
: 1: ved in so many different kinds of musical activities. This is more possible
:::ersw York than in most places, certainly more than in Paris, where musicians
Amhof:oga?ema::zed. I was able to work with my old Yale classmate.
improviia toryl:';e‘:d ((’): work successfully integrates formal concerns with
mtlls];:dsci ::r an:jount of contact with both the “downtown™ and “uptown”
s e&?" SOIflt? coptac( .thh that branch of the avant-garde rockers
s tooi yn Improvising in their work, such as Bill Laswell and Fred Frith. |
but the “afr othe end of the “loft jazz" scene. The loft jazz places closed
g Fnew music™ places, such as the Kitchen and the Experimenta!
ming to inclue mr o™ Continue. They have even expanded their program
outside their reatr v nich they had perhaps previously thought of as being
healthy develom - Tis idea of expanded programming has been quite &
Yy development in the music scene in New York lately.

Roads: i i
ds: When did you begin to work with microcomputers?

Lewis: J
with Rae Imamura. Dousie, oo o POST and journalist, organized a conce
» Douglas Ewart, and me at Mills College, around 1978.
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The scene at Mills seemed worlds away from the electronic music studios |
had been exposed to. They still had the public access studio going at that time,
and they let me try out the electronic equipment myself and showed me how
things worked. Jacques introduced me to David Behrman, whose work is very
important in the area of interactive performance with computers. David was
rhearsing with Rich Gold, John Bischoff, and Jim Horton, who were using
tiny computers called KIMs. They were not exactly my image of what com-
puters were like—a board about the size of a sheet of paper with a tiny keypad
and a few chips.

Roads: This group was the League of Automatic Music Composers?

Lewis: Yes. Each KIM was connected to a sound generation device, and all
of the KIMs were interconnected. Musical data was sent between all the sys-
tems. Then, the four composers listened to the output of the machines. Occa-
sionally somebody would halt his program to try a new value in memory or
maybe jiggle a wire or something.

Roads: How did it sound to you?

Lewis: It sounded a lot like a band of imp
bear the communication between the machines : s
thange musical direction. Each program had its own way of playing. I hadn't

much computer music at the time, but every piece I had heard was cn!ler
‘f’"‘PC or for tape and people, and of course none of them sounded anything
lkethis. I felt like playing, 100, to see whether I could understand what ‘:hcs(ci
Machines were saying. 1 got a KIM as soon as I got back to New YOT ha"
Sarted trying to learn how to make assembly language Pf(’gr"m5~lc ez:g
. “to-analog converters, and some other electronic doodads sO thatr : C‘;)im
Uethe KIM with my synthesizer. But I wanted to play, 100, SO [ had to fin

“omething about getting my sound into the computer.

rovising musicians. You could
as they would start, stop, and

INTERACTIVE PROGRAMS
k with computers you've been

) Roads: So from the beginning of your wor twitha performcr-

olved with interactive programs—programs that intera

Lewis: Yes, that's the only thing I've tried to do with a computer.

Road . . task?
¢ How are microcomputers suited to this task’
have to be tiedtoa

he microcomputer
those studied at
Behrmans

"","53 Having your own machine means that you don't
large institution or have a lot of money. And as it turns out, t
Pople have explored some areas that are quite different from d
B large insittions, That was the interesting thing about DaV?

§ WA RECNs

WILALA W

mesilge
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programs. You could play beautiful melodies, and they would answer with
something that was related to what you were doing. They were interactive.
They didn’t just respond to input with a predictable transformation. They were
very simple, really, but extremely effective.

Portability is also a powerful consideration, particularly for the performing
composer. Portability means that more people get to hear your music. Of
course a tape is quite portable, but so far tape music hasn't figured as promi-
nently in my musical thinking.

Roads: For someone working with real-time input, what special problems
do microcomputers pose?

Lewis: Microcomputers, particularly the eight-bit machines, pose prob-
lems for a software composer/performer, because once you commit to writing
programs as complex as mine are turning out to be, you have to fight for every
microsecond if you want it to respond quickly enough to be interesting for the
musicians who play with it. This means that you tend to look for the simplest
solution that will yield musically interesting results. Every solution is evalu-
ated in terms of memory overhead and computation time, as well as in terms of
difficulty of coding, since I’m not a trained computer hacker. But apart from
technical concerns, performance practice is my point of departure.

Roads: Could you elaborate?

Lewis: When I started thinking about computers, long before I could actu-
ally buy one, I was performing collective improvised music with an AACM
group called Quadrisect, which included Douglas Ewart, James Johnson, and
sz.ata Bowden, all good woodwind players. We were attempting to make
music by integrating scored material with improvisation.

You le.arn a great deal about human interaction in this way. You learn that
everday interaction between people is largely improvisational on a moment-10-
moment scale. When you take these everyday concepts into the musical realm,
they become structural determinants for the music.

For example, in group improvisation, you always have teams, and these
teams ch:?nge throughout the performance. Erving Goffman points out that this
ha-ppens in f:onversations among a group of people. For example, everyon
nf:ght be trying to get one person to be quiet or to speak more, and there ar¢ all
kinds of strategies for those behaviors. All these interactions can be translated

Into music. Linguistic interactions have been applied to music, but these con-

Y i i :
ersational interactions have never been studied in a musical context.

Roads: So you're talkin

about i i ; d be
modeled after the discoys g a musical discourse theory. It coul

e theory of artificial intelligence (AI) research.
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which studies the protocols needed to allow a machine to carry on an open-
ended conversation.

Lewis: Yes. The study of improvisation in music 'should '!meres(
researchers working in Al, since many aspects of human mformatlop pro-
cessing are at work on a moment-to-moment basis in an im;‘)rov¥scd music per-
formance. So I thought it might be interesting to play music with a computer.
Actually, | knew little about the problems involved when I started. I remc:mberf
tlking to Marvin Minsky and Maryanne Amacher once in S(_)ho—alnd 0
course | had no idea who Marvin was at the time—and [ sdxd I was mtercsfcd in
buying a computer and building an interactive improvisation system wntht;‘lé
Well, you know Marvin; he never says a discouraging word. E_veryone atlk r
table seemed to think that it was a good idea that should be tried; wc ta 'f)n
#out it. It only dawned on me several years later what the whole discussi
Was really all about.

Anyway, when you look in the psychological 0
o improvisation, you don't find much. In the ¢
find 4 fair amount of uninformed or culturally biased
cally in the studies published in the 1950s and 60s,
Tiylor, and Coltrane were changing music just as

were, ‘ s.

Books dealing with jazz improvisation are basically harmor;)l/ r:::(l)l::c_
tough sometimes brilliant ones, like the work of George Russe &
times they are collections of exercises dealing with chor'd ngf"ss.s gl ey
te old-timers called “riff books.” The structure of the 1mpmvge;k Bailey's
making process has not been studied anywhere I've looked_. y ; 558

Musical Improvisation, 1980, Prentice-Halll, though Xt €05 (0 oo

i opic either, stands out as the most interesting Writing on 1mp

On¢ can find at the moment.

r Al literature for information
lassical music literature, you
pronouncements, espe-
when Parker, Coleman,
Stockhausen, Cage, and

IMPROVISATION TODAY Ry

Roads: ~ Since you have had extensive CXPC“‘_’“C? '"_;"::::"C\;,S;em%orary

+ how would you assess the place of improvisation !

Music scene? ing to

tryi

Lewis: 1 think it is a healthy situation overall. Many Pj"ffl:l a\,vr:y?(; Jearn

#4010 improvise, because it has traditionally been 2 wofni:tefesting activity

the possibilities of making music. There’s a lot © ed ideas of how to

ng improvisers—new methods of structuring. advan;-‘s extended notions

Scores with improvisation, interesting new souft ~rformer’s role is-
"hatan “instrument” s, what a “virtuoso” is, what & P€

—esig @
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Today’s performer/composers emerge from far more varied cultural and
musical backgrounds, and they 're talking to each other. The simple ideas that
nonimprovising composers put forth on how to “‘use™ improvisation as a tech-
nical facet of composition have long since been replaced by the notion of the
costructuring that composers and improvisers can give to each other in a real
collaboration.

At the same time, in that branch of contemporary music which considers
itself to be an outgrowth of earlier European and Euro-American musics, the
current fashion is anti-improvisation. This has been the case for over a century.

Roads: Why is that?

Lewis: Part of the problem contemporary composers have with improvisé-
tion has to do with the notion of a score as an artifact that, say, you leave ©0
archaeologists as documentation of your work and of the cultural thrust of the
period. Also, it’s got something to do with the dislike some composers have of
“losing control™ of the composition, since it is true that when improvisation 18
part of the piece, you've just added extra composers to the mix. It is true that
for certain kinds of structures, improvisation is not possible or desirable asa
part of the piece. Of course, Bach, Beethoven, and many other past composers
were quite good, even famous improvisers. However, the composer/performer
§tart‘ed to lose ground in Western classical music after Beethoven's death, and
in Richard Wagner, we had the prototype of the composer/conductor who does
not possess concert-level instrumental technique. This leads us to the present-
day situation, where relatively few composers have either interpretive of

improvising skills, and today’s absurd dichotomy between “composer” and
musician.”

JAMMING AT IRCAM

IRlé‘,;aL:S: You moved to Paris in 1982, and you have been doing some work a
St I understand that you recently had a computer music jam session with
vatore Martirano and Donald Buchla. How did that come about?

W::wse]i:l d l; :(’)T ‘l’m iImpromptu session, with no audience except for David
own projects andp 2 of e People, We were all working in Studio 5 on.our
and piay oyt o Just decided to see if we could hook up all the machies
e straor% : :l:lr‘. tudio 5 is centrfal in IRCAM, so it became known as a placé
computers gom;"gs were happening—people drinking wine and jamming 00
I have aiwa s blemes _Davnd Wes§e | would come in and play drums.

because it Was)tlhe fii:t Interested in Sal Martirano’s Sal-Mar Construction
direction—rhyth machine I heard for automatic music that could change

Ythm, tempo, and spatial direction—in an amazing way. When
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Sal plays it, or rather plays with it as I now understand, it sounds even better,
butthe machine itself is playing at a pretty high level. The Sal-Mar has a won-
derful sense of pacing and phrase.

Sal has many interesting ideas about how to make musical patterns based on
logic functions. What I like also is that he has a way of discussing his ideas that
lets you know that the search for the right algorithm is made gradually by lis-
lening, by trial and error. You have to constantly listen to the phrasing. I u§ed to
Iistento my program all day and half the night. I would turn it on for 10 ml.m.ncs
bere, an hour there, and see what it would do. It’s like listening to a musician
practice, and every so often you say, ““No, do it this way.”

WhenIheard that Sal was going to be at IRCAM at the same time as me, I was
anious 1o see what would happen if we could get our systems to talk to one
ather. As it happened, we didn't have enough time to connect the output from
my machine to his machine.

Roads: So the Sal-Mar Construction couldn’t listen to your performance.

Lewis: Well. Sal started playing, and then Donald Buchla can?e m;}:l.d
Sarted playing, as he had just brought in his new 400 series sy dra—_— h hI:
tally raised the ante, since Don can play quite ferociously at times. s
#dSal could hear my machine, and I had inputs from both of d-lem' - l; :v?)sf
Qiteasession. [ must say, my poor little system nearly got - (he‘ml ’ ter
dll thay intensity, but I learned more about how a band of interactive compu
stems could sound.

PROGRAMS THAT LISTEN

Roads:  One of the trademarks of your computer work is the
Pograms that model listening processes.

creation of

t. You see, I don't like playing

Lewis: Modeling a human listener is part of i " else. 1 wanted 10

% trombone concerts. 1 would rather play with some Low in order
aprogram to see what sorts of things an improviser has t0 nbe' How do
‘Successfully with another improviser. A key question has —

isers structure their listening? You can’t hear everythmgl:I wrE——
4y given point in the music, certain factors stand out. - e aceid
and why those factors stand out is crucial to making a prog ;ft hear it.
asound in the same way that an improvising musician mig

bear

: ave to account
Roads; gy you begin with a head start in that you do not h

; ; s. B contrast,
every detail of the music, but only the musically relevalTl (C,:-l: p o:)pu!er sci-
tWare systems for music transcription from sound to sC 1hi'ng-
5 are trying to write programs that hear virtually every

T
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Lewis: When I first came to Paris, David Wessel got me together with
Bernard Mont-Reynaud, who heads a research team at Stanford that is pursuing
automatic music transcription work. His paper on the subject was quite inter-
esting for me. Bernard is very wide-ranging in his musical interests, and can
play, too. This is very important, because practicing performers bring a certain
insight to this subject that a nonplayer might not have, like I was saying about
Sal. It seems as though Bernard is trying to isolate some of the same musically
interesting structures that I am, though I branch off by trying to make the pro-
gram relate what it’s hearing to an ongoing piece of music that it’s also helping
to create.

In performance, musical decision-making is much more immediate than itis
in traditional composing. Many snap judgments are made. Some kind of con-
text control is necessary, and I'm trying to help my machines understand
musical context. Since good improvisers can't listen to everything, they have 0
keep track of the context in which they place the sounds they're making and
hearing. You have to find the structure in what you've just played and heard or,
if necessary, posit it or another structure as a point of departure.

Improvisers often work in terms of rather loosely defined “shapes,” which
can be defined in terms of characteristics such as volume direction, pitch direc-
tion, duration, rhythm regularity, pitch or duration transposition, time between
major changes in output or input, pattern-f; inding, and frequency of silence.
You don’t need or want an exhaustive transcription, but instead a fast, Scmml
analysis of what’s happening at any given moment and what's been happening-
This requires massive, but musically important, data reductions.

With a small machine, the computation time required to do this means that
you can’t allocate most of the machine’s computation time to the task of making
a fancy sound. I'm not concerned about this, though, because wonderful FM
[frequency-modulation] synthesizers with easy computer interfacing are avail-
able. So instead of worrying about the sound, I think about what the machine i

going to play and how it’s going to hear. For me, live electronic performance
has !ess to do with so-called “interesting™ timbres than with the directed
quality that you find when a human is playing.

CHAMBER MUSIC FOR HUMANS AND NONHUMANS

I understand you have been working on a program called Chamber
Humans and Nonhumans. Could you describe it?

Roads:
Music for

Lewis:
though I've
which are i
along with

This is really the only musical program I've ever worked of:
used parts of it to realize simpler pieces, such as my new Songs:
nteractive performances of some of my miscellaneous melodies.
Some transcriptions of themes by John Coltrane for computer/
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buman performance. Over the years the old program has improved and l.*cachcd
apoint where it plays fairly well. People don’t mind performing with it.

Reads: When did you start to invite other improvisers to interact with your
program?

Lewis: Right from the beginning. It's an important part of my work. I'm
ikerested in their comments on how it plays. My colleague Dougla?' Ewart has
played with all the systems, and he’ll be part of the concert I'm going to do at
IRCAM in 1984, along with Steve Lacy, Joelle Leandre, and Derek Bailey. Earl
Howard has played alto saxophone with it, among other pcrf(.wrmcrs. _

I the program 1 attempt to distill the knowledge I've gained from being
molved in improvising. I can hear the effect of this distillation in the pmgran;]s
iput, as can any listener. The next problem for me is how to make the
machine remember and reuse the things it finds in its little world. o

Within the program there are certain things that could be thought of as pq.r;

¢ techniques. Because of this, I'm starting to thin!t _that the C(‘)mp<utcit
%ud play a regular composition along with human musicians. Of, g'mirs:e‘h-
Wbc a composition which involves improvising, th'ough not as d‘h u.,cuc
tige” of composition. Treating composition or improvisation as a techniq
Sespens s possibilities.

bads: What is your definition of a technique?
-making is context control;

Lewis: T, activity of music
0 me, the central activity ¢ St of knowledge (and 1

ome peoplc call this * » . N like

is “form.”” Techniques are il

' . 1ating contexts, or for

m'fd‘ motor skills in this) that can be useful for mampula_tlflg L'("?;’t‘;in bl

"aking sounds that are useful in a given context, or for rcahzmg a Lds wc.nccd
“ds. To control the way in which a sound relates to other sounds,

- . o os vou use, but
Wusic-makers, Thus improvising and composing are not things Y0

Teative activities, by definition controllers of context. )
. exis er in the
Roads: - o do composed and improvised elements :Xl.sl togeth
S piece of music without interfering with one another”

At i clear to me
Lewis: This is to me one of the most exciting problems- Wt;;ﬂ l;(ftll?td rrnt::ltc"-
Youhave to plan a piece wherein the sounds that people y-;cs the tradi-
" Where they aren't always the first thing conceived. That rcv?r. e
1%l emphasis on pitch and timbre and brings out rhythm, p?w‘]r%:orming the
*lion Strategies. It also makes necessary the idea that cw’cryt’?‘:gfzt

increased responsibility for the piece’s formal su({ff‘i;-a problcm for
eluing acomputer program as a costructurer cha "‘"Tﬁn' the machine,
Musicians. They feel they should somehow bc-conlm ulﬁ obviously be

" than working with it to make music. This attitude WO

- viig @
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unacceptable in an improvisation with a person. You have to listen to get any-

i an interaction. . i
(hl;guol;gs(i):a‘}?yl:zd anew kind of musician to do this kind (?fplcce. Mus:cZI:s
have to know something about composing and improvising. C(')‘?poumd
performers are better at interpreting the pieces I rpakc because they u crsnof
the interactive nature of composing and impmvismg—?hat everyone isapa
the same process of making and finding order in music.

MULTIPLE MICROCOMPUTERS
Roads: What is the basis of your current work at IRCAM?

Lewis: 1'd like to make the system more responsive, have it look atlm:ul'ltl
kinds of events, and place those events in more varied temporal contexts. “'mc
it to remember more of what it has heard and look at events on a lal’gel:."m
frame, so that it can recognize sections within a piece and detect whena S[ndc :
window" for a new section has occurred. I would also like it to be more lniz:
pendent, so that it is aware of when someone is trying to oppose it or !lam](:ling
with its playing. This means it must have some idea of when it’s r;. 254
directly to its input and when it is going off on its own. I'm close to achi¢ :
most of this now. Later, there’ll be a score that both the computers and the mu§c
cians can play together, passing cues back and forth directly through the music-
I don’t want the musicians looking at a video screen. : o

I've always worked with small computers, and even though I don't have ;::m
IRCAM, I'm still using Apples—several of them. I think that enough Oflvhcr-
together can do the job, and, as a practical matter, I can perform the work w :
ever such equipment is readily available. There’s almost always a compul;c
store in town, so it’s often possible to arrange for a number of Apples t0
brought to the performance space. s

The present system is programmed in FORTH, an interactive language et ¥
well suited to machines with limited memories. Perhaps in a later version [can
take advantage of the newer personal computers and LISP-like languages.

g : i ent
In any case, the system I am building now includes three independ
melodic players that share a common “‘ear.”

Roads: So will the computers be listening in three different ways or g
ating sound in three different ways?

Lewis: Each player runs essentiall
same ear, so it is each players’s ex
come into its own. Each of these
with a particular improviser for

y the same program and listens 1 (h'Cl
perience in playing and hearing that malffsl"
players gains character by playing exclusive:
an extended period.
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Roads: So is it a learning machine?

Lewis: 1wouldn't want to say ““learning;” it's more like adapting.

A PARTIAL DISCOGRAPHY OF GEORGE LEWIS

As composer

(hicago Slow Dance: Lovely Music 1011

Douglas Ewart/George Lewis: Black Saint 0026

from Saxophone with Trombone, with Evan Parker: Incus
Homage 10 Charles Parker: Black Saint 0029

knkees, with Derek Bailey and John Zorn: OAO 5006

As performer:

Laurie Anderson, Big Science: Warner 3674 _
Atbony Braxton, The Montrewx/Berlin Concerts: Arista
Athony Davis, Hemispheres: Gramavision 8303

WiKroesen, I'm Not Afraid of Girls: Antarctica 6201

Seve Lacy, Prospectus: Hat Hut 2001

David Murray Octet, Home: Black Saint BSR 0055

Maeral, Memory Serves: Celluloid 60042

\el B Rolnick, Solos: 1750 Arch Street .
Matiag Ruegg, From No Art to Mo-(z)-Art: Moers Music
kaZom, Archery: Parachute 17/18
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Music has changed fundamentally in this century. In spite of cqmm trends
toward nostalgia in contemporary music circles, musical expression does not
turn back. Although composers are not in a position to be historians or 1o con-
scious determiners of their own fate, each individual must grapple with certain
basic issues: Does music continue to play a major role in society? Is tth a
musical language that will clarify underlying similarities between seemingly
diverse materials? What forms and structures convey most effectively the com-
plex relationships that exist among these new materials? One could go on and
on.

Work with computers exaggerates these problems and forces the composc_r to

find at least provisional solutions to them while simultaneously conducting
creative work. This is due to three major factors. First, the computer offers
powerful possibilities for constructing a new sound world (far exceeding those
offered by traditional instruments or analog electronic means) and for contro-
ling with the greatest care and precision the minutiae, the atomic structure, of
sounds themselves. Second, the computer suggests new ways to think about
musical structure because of the unprecedented facility for unifying macro-
and microlevels of a composition. The machine gives the composer the capd-
bility of applying analytical and theoretical concepts expressed as composi
tional algorithms or programs, prompted by the necessity of organizing the
new sound world that has become available. Third, by establishing an interac-
tion between the composer and technology, the computer stimulates thought
about the compositional process itself and suggests a new relationship between
creator and material with the computer functioning as a more or Jess acti¥e
intermediary.
The computer stimulates the imagination and provokes thought about major
questions; it is not in itself a store of answers. It imposes no aesthetic or theoret
ical constraints and fewer and fewer technical ones. It exists as a thinking (00!
st fOl‘(.:es.comp()sers tolook at it and to look even harder back at themselves 0
invent ll.m.ltS and rules and to imaginatively create music with them.

All this is no small task. More than ever before, the composer is asked to play
n_mpy roles simultaneously: researcher, instrument builder, performer, theore-
S, well as creator. It is my strong belief that involvement in these tasks
can shed light on compositional problems and can constantly stimulate the
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magination. The composer can never forget, however, that the m(.).s-l imporiant
process is always one of intuition and judgment (often based on !nsuffICICHt
evidence”). \o matter how extensively the composer engagf:s n rlgorf)us
wsearch, confidence should never be lost in the power of simple musical
thinking. .

T coi\-c\' my thoughts about basic questions of music“al language and stru'cli
e and to show the influence of the computer on this .dcvelopr'ncnll’ ; Wlt
briefly discuss three compositions of mine in this article: 'D?Pll{(ff”f‘:”mz
(57), Light (1979), and Soft Morning, City! (1980). Each piece uses Soms
form of computer-generated tape in combination with live ln;“:ru'"r‘:';c‘l;m_
wriety of different techniques (technological and compositi Onéh)- dbctwcen
snted. All these techniques are concerned with the relations flp -
mstruments and electronics, and they involve the juxtaposition Of maai, rin-
Insting elements. Each treats this in a different way. In the muslc.dorcTCIait)ions
diples hinge on the balance between these complex paradoxes and T
ofwifying principles that connect them.

DEPLACEMENTS

Deplacements emphasizes the differences between a li
Scasea guitarist, and an artificial world existing on tw R it 110
ik score, based on analyses of the guitar spectrum, hardly n- prewnt
8ar part in timbre, articulation, or structure. This elcctroﬂlcrg:ce e ik
%4 of rules that produce results that seem static on the su il for this
ingand intricate on closer listening. In fact, the conccP“;n s
“Mputer score was provided by the sounds that one h<:a‘rj1 syl
%5 present but made up of infinitely differentiated., .sclm Y everiitl
. Inths work, the idea was t0 juxtapose thc.caore‘PaSsionatc the
"Wielding tape with the solo guitar part, which becomes m

™ it tres to calm itself by matching the tape.
fi parts are based on the same collection of struct
. '%e uses them as a series of objects to be Iookc' i
"T0scope,” 1o be entered into and explored, v\{hercas mlodic relationships.
s Provide the basis for long-range harmonic and gcu no's 4C machine
' electronic part was created with Giuseppe diG1ug

' ser constructed at
‘]' et etal. 1979), an extremely powerful d_ig'tal Syn:;:zsc:ﬂzf(;rcand the 4X 18
KCAM (and part of a series of which the 4A is the pre s the first tape t©

: ts wa R
fina) Prototype). The electronic part of Dé’l’l"“".wn was to design instru
Poduced on the 4C. The approach to this machine i composi!ion?l
. write scores (either traditional note lists "r‘ ;or real time (either 10
ithms) and reserve control over certain parameters

ve instrumentalist, in
o-track tape. The elec-

ural pitches. Howeveri
d at with a structurd
guitar part these
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rehearsal or recording stages). This relationship between .predetc.nmned a‘;l:
real-time control varied depending on the instrument and, in certain cases,
section of the composition. : :

Some examples (‘)): the processes used will now be described. Thednl;:lcl;n;
amplitude envelopes, and speaker placemeqts for a complex random v
erator were specified in a score. The bandwidth and cc.ntcr fm:quc‘:lc‘)i'ouble =
pass filter were controlled in real time with potent_lomctcrs. o
quency modulation (FM) instrument also chose durgtlon and center t::‘ .
from a score and was used to generate slowly varying complex umhese.wem
index level of this FM instrument was controlled by' pots, although ;dd e
multiplied against complex functions programmed in thf: score. In and mesc
series of ¢:m (carrier-to-modulator) ratios were stored l.n memaory, =
were chosen in real time by buttons, thus allowing real-time contrc?l over s
the amount of modulation and the spectral content. Another, mmplel;)(he r
instrument had its c:m ratio, center frequency, speaker movement, and
characteristics preprogrammed. _

These passagzs £ere generated by an algorithm. The overall form was (:::;t
mined in the program, and intermediate notes were choan by a'col;S 3
system; real-time control allowed for the selection of various availa e_ng
cesses. These compositional algorithms, although suitable for the restri o
purposes of Déplacements, are very simple. Much work needs 'to be don:rful
LISP-like editing languages to turn these types of procedures into pow
compositional tools.

Thp:sse elements, along with many others, were broken do?vn so that eac:l
could be regulated and “performed” carefully. Many such voices we.rc.suptem
imposed using a 16-track tape recorder. As mentioned earlier, combining e
different layers creates transformations and variants—mostly compressions s
elongations in frequency and time—of analyzed guitar spectra. The com.b"‘of
tion of so many complex timbres, each performed with its own nepenmrjeha
controlled musical parameters, gives a result that would be possible on!y wit
computer—and, perhaps, only with one that generates sound in real time.

This is not the place for an exhaustive discussion of real-time composition:
However, I would like at least to mention my belief that the metho.d 0f?°""
bining the power, speed, and precision of computer calculation with direct:
intuitive interaction on the part of a musician seems indispensable to all futur®
development in computer music. One can replace overcomplicated and abstlfaC:
instrument designs with simpler ones that allow for direct control of musf:d
results by live input devices. We are at the beginning of real-time work,
€normous progress needs to be made in designing control instruments that Ca"“
carefully monitor subtle hand and body movements of a performer and trans
late them into musical gestures. We need sophisticated graphic aids (including
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miation systems that represent new thinking about st ructures apdh:s()Lfrll:jor\:llzitt;é
rals), and ever-more-powerful and elegant programming z_ud.s td.n ’: i
composer to efficiently control and organize musical |dc.a.s. ‘An‘ w iy
ereate standardized, concertworthy performance machines '(hal drvT .".] 4
irnsportable. A machine such as diGiugno’s 4X, currcnyly u! ()I;.)c.r‘::/:iting
IRCAM, has already convinced me of the enormous potential that lies

Wbe exploited by imaginative composers (Asta et al. 1980).

LIGHT

s . is extended in Light.
The principle of juxtaposing different musical I.uyc.rs. is Lxlcr::llcliit: and&t)wo
main forces are contrasted: a group of 14 live msln};:;t:wa S o
uuick computer-generated tapes (Tape [ and Tape “) nd the instrumental
$peakers are widely separated in the performance hpi‘l“.h d\ S citiney ol
89 is divided into four subgroups that are placed in the
E ite different subsets of the
Corresponding to these groups, four related but quite 3” :1::;?:1]: e
Wusical language of the work are established, one “{“ : N In addition, two
ic, one harmoniic, a third rhythmic, and a ff)urth um‘ 'Ng;rumcntal by
s of electronic material develop, both extensions of the m; e eyt
ses synthetic models of each of the instrumental gl_'n‘l;g;dy D achronized
Rt o human playing in many ways. This lapé . Lcn‘ls that are seldom
ththe instrumental part and is divided into short segm ey s
[t e K sstnliod by » poroeet Wh:i) ::ad::‘movcs further in
L ik ensemble-playing accuracy. The s,?con epl p-wm’ms. There isa
A ofthe letronic sound worid found in D ;I'('kcring detail. This
“"Stant shift between dense static textures and bursts of 'fl:hc e uments and
peis rarely coordinated with the rhythmic movement

Tuns almost continuously throughout the work.  different composing

two electronic sound worlds called for mdf‘ly Tape 1 was e alized

es, notational systems, and computer ’cmumf”i and subtle tuning of

g the 4C machine, which is ideally suited for care l.; sscillators, 64 nlul}l—

'Parameters in real time, but has limitations (only 6 (c‘ ~dditive synthesis.

P, 32 envelopes, etc.) that make it difficult 0 p“’d.:’,f its bank of 256 real-
S s better achieved with the 4A machine, Wh‘lCh-Tf‘“ ":

« lators, was the perfct tool for producing | tlrf):iqucs used in Light of
-y Possible to discuss here all the synthesi3 t:.’c‘ er, two short examples
e how al the materials are organized. HO“U’; .and to show why the

"®thelp 10 indicate some of my thinking in this Wor

1 plays such an integral part in it.

- g @
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Tape |

For Tape I, I began by constructing a set of synthetic instruments that n:!atcd in
timbre and articulation to the live instrumental groups. Each used a different
synthesis technique:

A family of brass instruments using nonlinear synthesis
String instruments with complex-carrier FM

A clarinet/oboe with additive synthesis

A piano with wavetable synthesis

My interest in creating these synthetic materials was not to mimic or equal live
instruments (such an effort being problematic technologically and of doub(_fuI
interest musically). Rather, I sought resources that could be used as starting
points for far-reaching transformations but would have strong common bonds
with real instruments. The computer, by providing access to the fundamental
building blocks of separately controllable harmonics, gives the composer a
unprecedented power to control timbre as an indispensable compositional
parameter.

Each of the four computer instruments was given a characteristic Iibrar}' of
transformations, and a fifth instrument was created to allow for intcrpolatno{\s
between the four timbral states and for a wide range of complex nonharmonic
spectra as well. All these features were used to emphasize structural asptff‘Is
of the music and to create juxtapositions with and elaborations of the live
instruments.

) For instance, at one point in Light, a synthetic piano and a live piano are put
inopposition to each other. As just mentioned, the synthetic piano uses a reper
toire of wavetables representing an averaged power spectrum of piano notes
analyzed in different registers of the instrument’s range. The passage begins
w}th a normal spectral distribution but gradually substitutes wavetables of low
piano notes for notes in the middle and upper registers, producing spectral con-
tortions. As the synthetic piano ascends in frequency, the timbre is transforme

more and more, but “correct” spectra are reserved to highlight a major melodic
motif that recurs at this moment and to emphasize the harmonic material that
bccorr.les the basis for the next major section of the piece. This material, serving
as an Important structural transition, is picked up by the live piano, which re-
enters at this point, submerged in a timbrally deteriorating shadow of itself

(fig. 6.1).
Tape II

;l‘cl:e ts)eocond tape for Light made no attempt to imitate live instruments; rather.
setabout trying to shape a more idiomatic electronic environment. All the work

TAPK 1

on of

3 od b pcrmissi
G‘ L E"“"Pl from Light (1979) by Tod Machover. (Used By

Ricorg; Publishers, Paris.)



-

»m

i
W

Mmf

-~

|

('

P
oty ot —

>

.
#

T
-
KR
*
e
o

o
=
<
a

- » . P
. k £ e o= — == =
2e 2 - in v~ ¥ k4 - i
i z = , =
b *; -~ . " 3 pip— Jpo
. H » ie £ ——
~a ./" o 34 , - o .‘_—’
2 0 ’ i
'9‘HP ' s i » D | 4 — e
— : - S » e ‘
\ fva R
8va e ——— ‘ s J =\./. : : - \”\
‘v; .,~/_\"‘¢\ lé:} = fpvy e r:
& e, || L&t =F—a= ,
o % h e ¢ L.’-_— ﬂ:‘ .
[ - |
= 5 3 F'" T p@ JR— . ‘;;‘
i I PR M\—’" P e d—d ‘
t By =—= : — s s
5 M\ ‘ “\—/. fva - v’
fva

A

TAPE
o

oy
o
\
)
)
-
)
i)

Fig. 6.1. Continued 3 - f‘ Q A A —




' -
224 mf = niente P ’3 '!: : ! b
Paes —= ! - e ‘ . g 4 L < &
o)k - - I 3 44 ped i
- - ety o e : -
o L E——pF = | = ”
. ; . x . } -
red> "-)J-‘ ciom i e
NG~
O/-\. s
e ———— - — 4
== 2 L 3 "=
; -' - J' ."—"? ’ niente
. — 3 ,—\ L 3
e —— > SRR ” g — [‘_\. o :. &’=/_\= l
e ——— ——t — < 4N B e
| e “. M u ./-——\=
‘ by "7 e e 3
dve ’ ".——“

=3 —‘N’:& > —

__—-—-ﬂ/__\ et ': L —
JL A r____:———";:’_\‘ — l — Iz @ gj ; ; . 1
252 s “‘: = e~ = ..
8va . E =3 ‘/
—_— ] - ; d
___—-—-;23\.4“ : /‘A W {&._ — @ ¥ ;:3 :: :
e = — P
-~ —_—— — ; | — e —
:-9 "‘ : : 343 :

Fig. 6.1. Continued




100 TOD MACHOVER

for this tape was done on the 4A. Individual parameters were not controlled in
real time, but many decisions about processes and structures were. It seems to
me that the biggest challenge open to composers working in the electronic
medium is to structure and limit the vast ocean of sound resources that do nof
resemble those of traditional instruments. This development will take years of
hard work, and the computer will be an essential tool.

For Light, a system of related spectra were created that included a mcdpdof
moving from one spectrum to another using common partials as pivots.
Around these guideposts a set of variables were defined and controlled by
program: the frequency of each of the 256 oscillators, their rate of change,
waveform (only one 16 Kword wavetable at a time with the 4A), and phase. In
addition, certain more general variables such as density, sharpness of attack,
random deviation, glissandi, chorus effects, and speaker placement were
devised as weighting features to be included in the real-time programs con-
trolled from a computer terminal.

A continuum was created that could transform any given sound thmugh.a
variety of states from clear pitch to noise. For instance, an event could begin
with all 256 oscillators grouped closely around a certain frequency, say 40
Hz, with a slight random deviation to establish an effect of a chorus of voices. A
procedure generated in real time could gradually assign oscillators to each par-
tial of the harmonic series based on a fundamental frequency of 440 Hz,
each of these partials could in turn be treated as the center frequency of a ne¥
harmonic complex.

Because of this spectral weighting, certain frequency regions soon become
saturated and pass quickly from a predominant sensation of pitch to that ofa
time-varying harmonic spectrum, a complex chord, a cluster, and, if the satv*
ration is great enough, to noise of a certain color. These changes were c0*
trolled on a local level to generate specific events and gestures, but they also
determined the longer-range movement of the musical material. A 20-minut¢
dcve.lopme.nt of increasingly dense frequency, speed, attack envelope, h”
monic motion, and homophonic synchrony was created. This process ends with
the .transformation of what at the beginning of the composition were vaporous:
delicate noises into thunderous, climactic crashes, as if tiny particles had
formed into matter in front of one’s eyes (ears!).

_ The system of organizing complex spectra and of creating a pitch-noise 0™
tinuum was largely intuitive in Light, and it would be difficult to demonstra®
clearly the theoretical base on which these decisions were made. Much more
work on the part of composers, theoreticians, psychoacousticians, and others

in the computer music field needs to be done before a coherent set of rules
developed to define these phenomena.
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SOFT MORNING, CITY!

St Morning, City! provides an interesting contrast with the two works dis-
assed 50 far. Although many concepts and materials are similar in all three
peces, this last work attempts an integration between the tape and two live per-
bmers (soprano and double bass) and strives to achieve a kind of chamber
music relationship.

The work of James Joyce is a strong interest of mine. It had long been my
¥ish1o set to music the final monologue from Finnegans Wake. This passage is
isupreme example of the unity of verbal meaning with the rich polyphon)f of
Msical sound, weaving many layers (reflections about the past, philosoPhlcal
8ides, sounds themselves, and infinitely more) into a unified fabric. I imag-
%d the soprano Anna Livia Plurabelle as the center of the composition. All
Réterial stems from the vocal part, and the double bass and computer forn.1 a
“rtof musical aura around it. Digital electronics made it possible to Cn}PhaS'Ze
®Tlain words, create superpositions, disembody the soprano voic‘e‘—m sho.rl.
Derate a large extension of the soprano presence. Thoughts originate with
M Livia; the computer becomes the resonance of these thoughts in her own
%ind or in the river Liffey to which she speaks and sings. ‘ "

¢ are so many techniques for creating and transforming vocal. sour'n s
%din Soft Morning, City! that 1 can only touch on them here; It bears
"Peating that few of these fcchniqucs would have been realizable without the
“ofacomputer. I found it necessary to combine the resources of 'thc two dig-
“synthesizers, the 4A and the 4C. with those of the Digital Equipment (?0"
Mration PDP-1() computer system at IRCAM. Although USif‘g ‘hcsclmaCh"::f

in"""“’"‘Position was not very convenient at that time, lhc”.cm'nicg

¥ dissimilarities made the combination a very rich one. Techn.lqmt‘
'"“Wtohighligm the meanings of words and to create a sSense of conft:ll:cmy
15 of musical meaning, based on these words but independent © i

Pes of transformation are most prominent: -
. alive s rano a
The reatment of entire words, mostly prcrccorded from a live sop

ansformed by the computer
¢ Use of microediting to give vowel or conso
oy
T%"'O“S from vocal sounds to those of the double b
' ~nic spectra, as well as cross-synthesis with lh(? bass N—
The complex combination of many techniques, either on ; e':]
*dor sound or on contrasting but related groups of materia

¥ S at Joyce him-
i USthat are transformed electronically are gl thc ** and so ON-
"elerates, such as “time, peace, remember, soft, again, come:

nant sounds a strong
ass or to nonhar-

nitial

sigd
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In general, each word is treated with a charactcrist'ic transformauon that 1@::(1):!1-
fies it when it occurs in dense contexts and when it returns in t‘he fomPOSd' firs;
A typical example is the phrase “Time after time fees Whmht:: S::t:‘ oo
by the soprano and then on the tape (the soprano mlf)\'nng' ‘on to ot rdcd g
the phrase is electronically elaborated). The word ‘time” was reco(ri ey
soprano and digitized. It was then run through a sene§ of linear pdne rl': fonﬁam
grams implemented by James A. Moorer (1978), Wh.lCh a'nalyzc t e
structure of the word and created a set of time-varying filters to. repn’..se nd
These filters were then used as a model for resynthesis. Thf: amculauqn ?n
phrasing of the original word were left intact, but the p'itch. tlmbrc.. :n: ‘::}:iagl
were all changed. The timbre became a purely electronic sound, witht zc e
“t” of the word greatly emphasized. This new sound was produced 1 lzl no(e
each at a different pitch level. These in turn overlapped to prqduce the | .
chord that forms the harmonic basis for that particular section of the .worﬁ
Simultaneously the words “time after time” are superimposed, Pmd“"‘“g.:,,
initial “time after . . .”” followed by a very dense mixture of the coqsonaqts ;
and “m” and the entire phrase emerging at the end. This resynthcsuz.cd smg}%
and the word jumble are added together. The entire fragment, lasting 10 5;2
conveys the desired sensation of a musically intensified concept—1i
repeating endlessly (see fig. 6.2). [

F;\esimﬁar procedure is performed on the word “come” in the same 'SCC"?"}:’:
the piece. Here the timbre used for resynthesis is very complex, starting we :
simple spectrum but evolving through five attacks to a sort of string lnst@m:e
timbre. The final note on G is distinctly a string sound, still articulating ! ‘
word “come”; the word grows out of the voice to play a quintuplet at theend 0
the measure and then transforms a third time to form the basis of the nonha”
monic spectrum that characterizes the next event. /

Sonic organization is of primary importance to Joyce in Finnegans Waake—
the meaning is conveyed by the rise and fall of consonants, vowels, phrases:
sentences, and whole passages as much as by the words themselves. JQ){CC has
taken the trouble to create families of sounds that are traceable to specific ¢
words, such as the river “Liffey” (Lst. . . Ift. . . liv. . . leafy. . ., etc.) &
“soft” (sft. . . sim. . . som...sm. . ., etc.). )

I developed this tendency further and used sonic patterns to emphasize 10"5
range musical movement. Sounds were created either by treating rCCOTd‘.
examples or by creating synthetic ones. I used the computer’s ability 1© C‘i‘s‘
sounds at the most minute level—down to the millisecond. For instance, =
msec were taken from the beginning of the word “soft™ and multiplied b:" -
smoothing function to eliminate clicks caused by discontinuities in the Wa‘®"
form. The short “s™ sound was then mixed with itself in a sort of endless 100
to give a rising and falling cadence of *'s” sounds; it was analyzed and
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rsythesized to create great elongations in time. Then it was augmented in
miensity using reinforced spectral components, and these various results pro-
&xed a library of sounds based on the letter “'s.”

These procedures were performed on approximately 25 different sound pat-
s from the text. Computer mixing in combination with abstract electronic
®iforcement allowed transitions to be made from one sound to another.
Vowels provided even more possibilities than consonants, because consider-
B rsearch has been done in creating synthetic vowel sounds.

Inaddition to techniques similar to those just described, programs developed
b John Chowning at IRCAM in 1979 were used as models of singing voices
Chowning 1980). These programs allowed for transitions between different
'vel sounds and for various other timbral shifts. They were combined W.llh

slivers of edited vowels to produce results that clearly resembled the voice
Mwere deprived of all emotional or expressive content, conveying an angelic,
Wearthly feeling in contrast to the live voice.

Great care was taken to use the computer as a mediator between the sopr ;
@dthe double bass. At certain times. the natural opposition of the two was
Saggerated by reinforcing the low end of the bass spectrum while creating a
0 of inharmonic “glow” on the upper end of the voice spectrum. On the
et hand, the difference between these two instruments was mi
i points in the work. One method used was to superimpose a bass-type

(¢ither synthesized or recorded) with an enriched vcrsion. of thg sa.lr'nc
nm created by additive synthesis. By gradually interpolating this byni

spectrum to resemble vocal formants, a transition could be made to & re
%l soung,

mcm“‘s)’mhcsis technique was used extensively, althoug 24 by datell
h'.m"m"dafd ways. This technique, which cannot be dlSCUS.Sf: mh nd
" olves the analysis of a recorded vocal sample, usually pf SPCCC '
*Sbsttution of a nonvocal source to excite (glottislike) the ff“"“ et u‘:h a)t

“alysis. This often creates a sort of “‘singing instrument,’” an effect v

Winterest me. Rather, I saw the technique as a powerful tool s Cre?n of
10 between different timbral areas, for organizing a 'conu?;‘l:g s
< lighily of ext, and for establishing a nonidentifiable hybrid ;]ha :

*0rlds of both voice and bass but is quite different from eit crt. i

140 compositional transition uses this method, about _0"‘;2‘::;; grows

low L The opening section, Where ©1 m;'cnltiltracing of word
%t of dense, noiselike structures, centers on a delica

. terial
. The : ¢ shadow of matef
"he double bass acts as a melodic and harmon! nd major section

e lh_lhe Soprano. The following bridge introduces a scco
" bass-soprano relationship becomes more explicit.

ano

nimized at

gh usually in rela-

‘e




106 TOD MACHOVER

-  the soprano and edited int

The words “*Soft r?mrfl‘ing o fwcre )r;cord«:: b) _(:f(:,?:c.). pos P
many smaller subunits (*'s . L W 5. R o — ss-synthesis programs. Mater
was run through the analysis part of the grossozuﬂ . i
corresponding in length to the desired end PL vise from the instraments
double bass—a complex passage of modulated nois s vl

: is bass recording was then treated with a : -

upper register. This bass rtlac.()rdmg a8 il el
cesses: filtering, superposition, transposltlon..bpcb“n the double bass i#
complex reverberation. The result, alli.lough resem \gricd spoctiss. T
articulation and phrasing, had a much richer 3""’_ molm ths that were used #
material was divided into smaller groups of varying c‘"gh ;lan 1 coptrackedi®
excitation sources for the vocal filters that had been stretc complcx i
time. These fragments were then mixed to form a‘V;fc);nCand strongly ient
barely perceives the words but somehow understands l. s hn)uéh(m' the work
fies the various consonant and vowel sounds that are use v ' of the word ¥
At the end of this 20-sec passage a similar cm§5-symh<.?3‘t Obclwccn bass 0
appears; the *t,” greatly exaggerated, gnd this marrlgi‘fig for the followiné
voice (used here for the first time in the piece) form the basis

ction. , s iddle of th
SeFigure 6.3, the opening of a very dense climactic sectm.n l?j(':tsr::fl?d:’"m'""'
piece, demonstrates how these various effects were combuﬁ;‘r I-Ommcmt‘d or
Ciry! In Joyce's text, complex narrative is simultancously L\ gtracts™
moral and philosophical principles are offered, and Jﬂyu{i-xl [ fel b
sounds™ are reiterated. Although there is an enormous amount Ol . oblemsiT*
compositionally none of it could be left out, a familiar h|s?0rlC: pcrcd“ of the
ilar to that which composers face, for instance when setting t cd(hc probie?
Mass (note Beethoven’s solution in the Missa Solefnms ). 1 SOI\.{c.icwg S feek
by regarding the text as true polyphony that offers Slmullzlrl¢~‘011-“~ ‘iblc} he supe”
ings of the same phenomena. The computer processes m_a_de poss
position of many layers without loss of clarity or definition. B i frof

Stave 1 of the computer part of figure 6.3 represents mu.slc: syntheti®
recorded sung material, which is amplified and extended umi-(;;d s
voices and microediting techniques. The second stave ﬂt!Prej‘“_:“ts d gp,..dr.ii
formations based on recorded spoken text processed by editing and s eralt?
reinforcement; it establishes a wide continuum extending fm'_" é“ﬁi_ thif
intelligibility to dark murmers hardly identifiable as human o mod¥”
stave contains double bass-related material, including filtering and ”“rgw 0
lation of the recorded bass and cross-synthesis with the voice, the lal;c -n-lh"”;
convey the bulk of the long text. The fourth stave is the product o S-Zrum" {
material created on the 4C machine that centers around a complex Ins . (Sif
transformed from a double bass sound to one that is densely inharmomt.“;rc
other lines, mostly of inharmonic reinforcement and enhancement.
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T K 11
“%ated on the 4A machine and the PDP-10 computer and are not rL.;:r.u:cl :;:;':L;h
the score.) Simultaneously, the live soprano establishes a C(m;l?u(l,f)éxprcssi(m
Mtaposed with a certain linear abruptness, linking all the mo ‘L-*m'ur' b
Peviously used in the composition. The soprano highlights lmT 1:1 e
Meaning that are being commented on by the computer part. —rry
nves the same function for prominent harmonic and mclndlic' oy 7
The whole section strives to achieve what is for me a '.nd:(‘gcmalitm Al
“Wressive goal: the gradual saturation of the listener by the pllts e the poil
"1y large amount of carefully related but independent dc~l:ll ~;11cnts o
uhcrcachangc or leap in the perception process tul'u:s plafc:luocf o g
<emingly strongly opposed become fused into higher luvcl e, jaxtapo-
 new unified complex becomes the basis for further dUlC' (g)iscussc 4 (high-
e ind synthesis. This principle, plus those prc\'lﬂu-‘gl.gh-mcm of large-
ighting musical layers according to function and lhc. csli{ 'Lm continua), %
e structural evolution of sonic units and trunst'ormzf.ll“"
"damental to the unified construction of Soft Morning: e

| and
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CONCLUSION

The topics presented here have arisen out of compositional needs in my own
work. They are held together by a developmental logic that is as mucha product
of intuition as of preordered searching. Two overriding principles recur most
often and are integrally related to computer possibilities. One such principle is
the use of the computer to create two completely different worlds, at polar
opposites from each other, that serve as extensions (infinite extensions per-
haps) of traditional concepts of instrumental music—that is, the creation ofa
totally abstract electronic world on one hand and on the other a sort of
“superorchestra”™ of synthetic instruments that resemble traditional ones but
far surpass them in various ways. The second principle is the exploration of the
pitch-timbre-noise triangle and the fact that, in a fundamental sense, the three
are simply special cases of a single phenomenon, controllable by the same prin-
ciples and with relative ease (in programming, if not conceptually) on the C“W'
puter. Both areas demand extensive development in the future, especially in
their compositional and theoretical aspects, and await the establishment of
organizational and structural rules of a greater generality than those developed
so far. The use of the computer to produce complex compositional procedures
and algorithms is certain to be an integral part of this work.

Real-time synthesis has been a constant interest of mine, and the works
described here have been linked strongly to the development of IRCAM'S dig-
ital synthesizers. The combination of such a machine as diGiugno's 4X with
powerful real-time graphic tools, a composition editor/processor such as
modified LISP machine, a family of performable input instruments, along
vt/ith a smaller, concert-size version of the same system, is a dream that is ambi-
tious, very tempting, but not unrealizable in the coming decade. In the not-0%"
distant future one can imagine machines of similar power being connected 10
home computers to provide a much-needed communication of musical ideas
and participation in musical culture among large numbers of people.

Perhaps it should be stressed once more, however, that no techniques, €ithet
of sounfi transformation or of structural organization, are of any interest what
soever if they do not stem from deeply felt and highly logical musical thoughts.
This process is of course symbiotic: musical visions shape the techniques and
B coeed s oo i, & e e
i S fr pm:e“sés_ s‘t';“‘llated by familiarity with possibilities that al'r‘ea‘c.
S ef:‘s - tter than the othef and, at least fl.'om my gxpcfl&'?‘mé
when a more universalT; oD SR e g cspcclna.lly A
Eommones has 4 . niguage Of.descnpuon and analys:§ is developCd_-

© guard against being seduced by the infinite resources '
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fecome available with computers and must accept the reality that it is in the
prcesses of limiting and organizing that valid music is generated.

We are at the frontiers of a new era in music, one that will offer fresh and
aciting answers to fundamental questions of language and ()rganizati()q. pro-
pse a clearer role for music in the social structure and a surer form of com-
munication to a public, and integrate and express that which is most ilpporlar}l
ahout life as it is now and how it should or could be in future generations. We
weonly at the beginning of this road, so it is above all a time for composers to
maintain a certain humility at the immensity of the task to be done. We must
alize the need for common effort but simultaneously keep the courage and
Vison necessary to trust our own judgments, thoughts, feelings. u.nd. above a.ll:
@, and do what real composers have always done: stop talking and write
music!
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“I dream of instruments obedient to my thought and which with their contribu-
tion of a whole new world of unsuspected sounds, will lend themselves (0 the
exigencies of my inner rhythm.”

Edgard Varése (from 391, no. 5, June 1917,
translated from the French by Louise Varese)

For along time, Western music has evolved to include more and more compiex
relationships between musical elements. This evolution stretches from the
birth of polyphony to contemporary serialism and stochastic composition. One
may notice, however, that the increase in complexity of the relationships
between units has occurred at the expense of the complexity of the units them-
selves. Polyphony demanded that individual lines give up much of the melodic
microvariations that are outstanding in the music of some Eastern civilizations.
The ?gual-tempered scale opened rich possibilities for traveling amon
tonalities—at the price of a compromise in tuning accuracy. Complex conter
porary methods for composition still use mostly traditional instruments played
in equal temperament.

The computer seems the ideal tool to amplify this relational complexity on¢
step further, thereby enhancing the Western trend toward formal, hierarchical
combinatorial processing. Yet for some composers, myself included, the co
puter is more appealing as a vehicle for exploring another avenue, namely the
elabor_anon of sound structure in music (Erickson 1975).

Ufml De'bussy._ sound structure was rarely in the foreground of Wester™
;?::éf{.:::isfh:r:ﬂed-the- emphasis from the organization of musical SUp*
Fre focusrﬁamlfanon of thF sound itself; the compositions of Cage
processing of soun: tc: ela;‘f)ofatnon of the sound. New digital SY“‘thls-l'n
bringing us closer to a cr; & bFl'.. gy ma.terial of unpreccd?ntcd - ;ll\
composing with sounds lf:( ey ‘h;f.( Berio and others describe as: nd] ort;
cesses make possible such a composing the sounds themselves. Digita :

refinement of control that the elaboration of sV
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iself can become a genuine compositional endeavor; this is such a new situa-
tion that we are not yet fully prepared to deal with it.

ELECTRONIC AND COMPUTER MUSIC

Since World War 11, concréte and electronic music (electroacoustic music)
have vastly increased the range of sound material at the disposal of the com-
poser. This has already had a large impact on compositional ideas (even for
composers calling for traditional instruments). But electroacoustic music has
developed somewhat as a separate branch of music. This .\scpurati()n.m"’y .be
beneficial, even necessary. Bayle contends that the acousmatic situation
(Schaeffer 1966) brings a large change, just as cinema is not recorded theater,
d that this new situation should be dealt with in different ways (Bayle 1977).
Yet, significantly enough, some composers who had placed great hopt‘:s in
few sonic resources have soon been disillusioned. For instance, ngf:u
Qi electronic music after producing Artikulation, an electronic piece w".h
Qe rigorous specifications, because it did not offer him the unbounded possi-
biites he expected. —

IfI may simplify the picture here somewhat, I think the limitations
&ete and electronic music can be described in the following way. ququc .
Gitte makes any recorded sound available for musical composition: 1t thus pr(\)—
Vides a wide variety of natural sounds with complex structures. But tl?cse
%unds can be transformed only in ways that are rudimentary in comparfsoln
Vihthe richness of the original material; this brings in the danger of capital-
""‘S On sound effects and privileging an aesthetics of collage. ElcctrO:;‘C:
Sk, on the other hand, allows precise control of the structure of electro -
“Wds—very simple and rather dull sounds. These simple S(?Unﬁs c(?rrll(rol
iched, but only through manipulations that to a large extent s inter-

SOmposer can exert on them. Of course, these tWo processes arce Oﬂlentronic
Mngd; natural and synthetic sounds can be mixed together, a}nd livee ecterial
Misic blends instrumental gestures with recorded or clcctr(’fllc e r;montroi

®er, the dilemma between richness of sound and refinement of €
'“"?"‘3 even in these more complex situations.
Th::h ‘omputer technology, one may hope w_ - ture of synt .
4 Omputer allows precise control over the st.ructu 4 .ase for electronic
1S not limited to simple tones or noises, as Was the cas hich allows
i before: thus the sounds can be elaborated in complex ways, Wbility with
“Poser 1o enrich them without losing control and rcprl(_’:: frllusiqde —
8l ‘tchniqucs, One can NOW process real sounds as well—I1 N im‘p |ementa-
S, but also in more subtle and internal ways, (hr()ugh t keerﬁ though—
of SOphisliCatcd analysis_synthcsis lcChniunS. LOUd.SPca S,

of con-

beyond these limitations.

- g @
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and “hi-fi" in general—have been to some extent designed to accommodate the
spectral distribution of orchestral music, and inferior reproduction equipment
can dramatically impair the rendering of electronic or computer music with
different characteristics (e.g., with a sound structure that fails to mask the dis-
tortion or that has energy concentrated in the very low or the very high fre-
quency range). What makes it worse is that the listener of computer music has
no internal reference of what is to be heard, contrary to the case of recorded
instrumental music.

At any rate, much of the music realized with the computer so far has used the
new possibilities in ways that can be considered either rudimentary or deriva-
tive. More often than not, composers have merely displaced procedures devel-
oped with media (the musical instruments) having completely different con-
straints. But computer music is a recent field; certainly it is difficult to use the
computer in musically creative ways. A substantial amount of research is still
necessary to take full advantage of the digital techniques already available.
However, access to digital techniques should vastly improve in the coming
years with the advent of digital synthesizers.

DIGITAL SYNTHESIS: THE PSYCHOACOUSTIC PROBLEM

Direct digital synthesis, developed by Max Mathews in 1958, involves a com-
puter directly controlling a loudspeaker through a digital-to-analog convertef
(DAC). Direct digital synthesis by computer is the most general sound sy~
thesis process available.

Ma_thews developed programs to use this method efficiently. In Music V, the
user is provided with building blocks (unit generators), which the user ma
ummble as desired. Such assemblies of unit generators (and the procedures
a‘a‘ssc')cnated with them) are triggered by events (corresponding to instruments

triggered™ by notes). When selecting a combination of blocks, the user o
configure the program to the desired level of complexity (Mathews et al. 1969).
The user can also add new blocks (e.g., unit generators implementing P
cesses like VOSIM [Kaegi and Tempelaars 1978] or waveshaping [Arfib 1979:
LCBTUT] !979]). Subroutines can also be added to Music V to tailor the progra™
tfo Sp.eCl.f 1Ic compositional needs. Mathews'’ superb design has served asa mode
(: similar programs (such as Music 4BF, Music 7, Music 360, and Music Il-
andu:f: l\/ v1v9a6s also adapted for a Honeywell DDP 224 minicomputer by RV

. n 1969.) More recently, digital sound synthesizers have been incorp®”
rat(|)|t1ﬁ aspects of Music V into their designs.

i T;;SF;P‘;(O):ches e).ust for sound synthesis programs. Truax’s POD (T“fﬂ
certain co > ot aim at the same generality. Rather, it attempts t0 provide
Mpositional possibilities interactively. Xenakis (1971) has p
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methods for statistically controlling sound samples, which he claims embodies
aaltogether different conception, manipulating complexity directly instead of
building it up from simple elements. However, it is not clear that these methods
can give essentially different results (Smith 1973).

Given a program that implements a number of sound synthesis procedures,
the composer must know how to describe the sounds to be generated in terms of
these procedures. By contrast, a composer for conventional orchestras knows
the sounds of the instruments from long experience and training, and hence has
litthe need to know how they work physically. But direct digital synthesis force-
fully raises this problem, which we call the psychoacoustic problem: providing
an adequate physical description of interesting timbres.

Direct digital synthesis demands a great deal of the computer, which for cz}ch
second of sound must put out tens of thousands of numbers computed accgrdmg
o the prescribed recipes. Until recently, this has usually not happened in real
time. (That is, it takes more than 1 sec for the computer to generate the samplcs
corresponding to 1 sec of sound.) So the physical description of the dcsnrf:d
sounds must be provided in advance. The user cannot hear the sound whll.c
varying parameters and manipulating knobs, as in electronic music. The musi-
¢ian has to resort to some psychoacoustic knowledge relating the physical
parameters of a sound and their perceptual effects. o

The first users of direct digital synthesis immediately cncnumc'rcd th.ls fun-
damental problem. Even familiar sounds, such as those of traditional _mftru—
ments, are not as easy to imitate as one might think. Early attempts to imitate
sounds using descriptions from classical acoustics treatises failcd: pointing out
the inadequacy of these descriptions and the need for more dcfullgd and 'rclc-
vant data. Also lacking was information about how to impart liveliness, -
tity, and personality to synthetic sounds. Hence the initial outcome of C(’mZUtﬁr
music was somewhat disappointing. The sounds produced were rather dull,
ad the new possibilities did not seem to live up to the expectations.

COMPUTER STUDIES OF INSTRUMENTAL TIMBRES
tential of the computer,

These early fai P e
¢ early failures initially cast doubt on the sonic P . .
wnby en using the computer

especially since a number of other composers had be S e diimet
merely as a more complex and precise sound synthesizer. (HOWLWZ before
Computer synthesis of sound by Max Mathews in 1958 was 1mplcm%'1?le wp v
the widespread commercial application of analog synthesizers :inl"kz fre-

5.) These composers controlled physical parameters of soun lv e
duency, waveform, and attack and decay times of the amplitude c?*c(ronit'
Hence, they were using sounds very much like those produccd h.y. e :adually
Organs, both in their sound structure and their aural effect. This &
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changed, especially when computer studies of instrument tones provided a
better understanding of the complex structure of these sounds and the aurally
relevant parameters of this structure. The computer has since produced real-
istic simulations of various instruments, including brass, pianos, and strings
(Risset and Mathews 1969; Morrill 1977; Schottstaedt 1977; Risset and Wessel
1982).

Incidentally, the pioneers of electronic music failed to imitate realistically
the sounds of traditional instruments. This failure had been ascribed t0 the
inadequacy of Fourier analysis. But the early analyses were not time-varying,
so the failure was due rather to the fact that the imitations were derived froman
oversimplified model of instrumental sounds. This model comprised a steady
state with an invariant spectrum presumed to be characteristic of the instru-
mental timbre. Some acousticians (Stumpf 1926; Leipp 1971) and tape musi-
cians (Schaeffer 1966) were not as naive in this respect; the inadequacy of such
a model could easily be demonstrated by simple manipulations such as tape
reversal. However, it was not easy to implement more elaborate synthesis
models. Computer studies (through analysis of the real sound and synthesis of
various simplified models) demonstrated that, rather than being associated
with a given set of physical parameters (e.g., a given spectrum), a given timbre
can often be related to some property, some law of variation, some relationship
between the spectrum and other parameters. For instance, brass timbres ar¢
predominantly characterized by increases of the high-frequency components
related to increases in loudness (Risset and Mathews 1969): bowed-string
sounds are characterized by a jagged frequency response (fig. 7.1), which
causes a characteristic complex spectral modulation with the slow, quasi-
periodic frequency modulation known as vibrato (Mathews and Kohut 1973)
That these features indeed characterize string and brass timbres t0 large
extent can be demonstrated with Mathews’ electronic violin, which can sound
like a real violin, but also like a trumpet if it is given the spectral characteristics
of the brass family (Risset 1977; Roads 1980).

Amplitude ——»

Frequency —

Fig. 71. A simplifi : . :
o simplified version of the jagged frequency response of a bowed-string
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The brasslike timbres synthesized by Morrill (1977) exemplify two points.
First, this synthesis has drawn upon the work of several people: Mathews (the
author of the synthesis program), me (characterizing brass by a law of spectral
variation), Chowning (1973) (who invented the frequency-modulation tech-
fique that permitted an elegant implementation of this variation), and Morrill
himself (who brought a thorough understanding of trumpet playing to improve
the synthesis). Hence the computer facilitates cooperation of researchers, even
working years or thousands of miles apart.

Second, Morrill increased the realism by inserting ““wrong notes” apd
“wcidents” —which demonstrates that computer synthesis is not neces.sar.lly
aursed with ice-cold perfection. In fact, listeners can be biased into believing
that synthetic sounds are real and that real sounds are synthc(icfwith more
than chance probability, if the synthetic sounds exaggerate a property thought
typical of real sounds. This is not simply for the sake of deceit. It may well be
that perception has developed sensitive mechanisms that are on the alert for
detecting typical accidents that serve as a signature of the origin of the so'und. If
Fhis is 50, the feelings conveyed by sounds devoid of such accidents might be
incomplete and lack vividness.

IS INSTRUMENT RESEARCH OR IMITATION WORTHLESS?

Atthis point I would like to answer an objection that may be in the mind 0 we
eader. It may seem rather conservative to apply a general process s o dlm?t
digital synthesis to the mere imitation of conventional instruments. .Of g
the researchers who created these imitations thought of this. objection. 'l;i.ley
Vere attracted to digital synthesis for its new sound possibilities, af‘d i d"lsz
tried to synthesize “‘new” sounds by implementing some prcconcewed moTch e
of these sounds or by varying various physical parameters at random. .
fesults were very disappointing: it quickly turned out that the n}odels wzlrs :ot
Yery fruitful; random variation of parameters was akin to groping e ]l r.)
anywhere. (Random variations in a real-time situation are dlSCUSS(?d “::? .h
Itbecame clear that they did not even know which parameters 10 Yal'l)l’ ‘“c‘:)"u:ic
domain to make variations really significant 10 the ear: the psychod . s .
Problem was very much there. I studied the trumpet in 1964, not 19 dczfn (r:nly
¥z, but primarily to try to understand what is aurally mleva,m# teristic
what is “pleasant” and “lively,” but also what gives the sound.a Lha_racm“i-0 e
Wentity. In short, the long-term goal of instrumental research is not m; e
However, imitation is not as futile as it might appear- 108 g?mm((j) sounds
ayailable to the composer would not be complete if it did not inclu :: ;ial fo}
Similar to those of traditional instruments, which are after all the mate

’ . : :derable interest in
Many tompositions past and present. There is also conside
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mixed works combining live performers and tape sounds, because of the visual
interest of such presentations and for good acoustical and musical reasons. Fur-
thermore, computer synthesis of instrumentlike sounds permits the composer
to develop subtle relationships between tape and instruments. The synthetic
and instrumental sounds can be controlled with comparable refinement, even
though the types of control are different. For example, in his piece Studies for
Trumpet and Computer (1975), D. Morrill used brasslike synthesis 0 establish
a connection with the natural trumpet sound and then extend it beyond its
normal range. I used similar processes in pieces like Dialogues (1975), where
one of the two media (instruments and tape) develops or prolongs sound struc-
tures introduced by the other. The instruments and the tape often do not use the
same scales, even though the scales are related through harmonic structure. For
example, an instrumental chord can be followed by a gonglike sound (se¢
fig. 7.2) whose components are the fundamentals of the chord (Risset 1968).
Hence, this sound is not really new in timbre synthesis, but it is new in the sense
that it is related to the harmony.

Other striking types of nonconventional control of instrumentlike sounds
have been developed as a consequence of instrumental studies. These studies
helped Chowning realize the advantage of his frequency-modulation (FM)
technique. This remarkable invention provides an elegant way to control the
variation of the most salient features of spectra (harmonic or inharmonic),
which is essential to creating timbres with both identity and liveliness.
Chowning and his collaborators have used this technique for interpolations
between different timbres, as in a piece by R. Harvey where pianolike sounds
are gradually transformed into chimes. Using instrumental tones, Beaucharmp
(1975) has derived nonlinear models that may have great potential, especially
wnh'thc development of nonlinear distortion techniques for spectral synthesis
(Arfib 1979; LeBrun 1979). Grey (1975) has also drawn valuable information
from instrumental tones. He has been able to vastly reduce the data necessary
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Fig. 7.2. Theh » »
sound played at Zl;nclgny of the notes played in the first 2 sec echoed by the timbre of ¢

(from Mutations on INA-GRM AM-564-09).
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1o represent them and to isolate characteristic features. He has studied the sub-
jective timbral space for instrument sounds (see also Wessel 1973) and has per-
formed continuous interpolation between instrumental timbres. One can
imagine games of timbre mirrors and metamorphoses made possible by tim-
bral interpolation. For example, a piece (1979) realized by G. Bennett at
IRCAM associates a singer on stage with synthetic voicelike sounds that can be
close replicas or remote, idealized images of the real voice. This striking rela-
tionship reflects the poetic theme of the music. Thus, the computer can open up
the whole continuum of timbre—among, as well as beyond, the sounds of the
voice and the traditional instruments. )

To date, most instrumental studies have focused on isolated tones. Despite
this limitation, they have gone a long way in clarifying the scene. Yet they are
only a beginning: the frontier is now at the level of the musical phrase: Wt.lat
are the “prosodic™ variations of the tone parameters? (Isolated tone studies
were of course necessary to unravel these parameters. Moreover, the isolated
tone situation probably provides the most stringent test [Grey 1975].) Mathews,
Morrill and Strawn have begun to tackle the problem of phrasing. Such studies
should enhance our understanding of the prosodic features that are style-
dependent and the way in which they are style-dependent.

NEW POSSIBILITIES: INHARMONIC TONES
AND FUNCTIONAL SPECTRA

Instrumentlike tones can be transformed in subtle ways. For cxamp'l e TP
sible to construct an inharmonic bell-like tone with a more or l - pltcg
ina fashion similar to building up a chord. That is, the amplitudes of sel;acten
frequency components all follow the same amplitude envelope oo exampdc,t:e
abrupt attack and a long decay). However, in contrast to @ stand:?rd c};};}: 'one
amplitude envelope of each component is given a different (.iuratmn. lli‘tude
¢an take the same frequency components and apply a different ar:P s
tnvelope—one that builds slowly. As a result, the character of t et s
,Chansts. Because of the different lengths of the components, they do no rs|ents
In synchrony. Hence, instead of fusing into a bell-like §ound. o CO%S by
are diffracted, although the underlying harmony remains 'the same. tur‘e of
changing a single function in the score, one can change the "‘t?mal B,
asound. (1 have used such techniques in my piece Inharmoniqué ) ranolike
John Chowning has recently synthesized beautifully realistic Sopdiffemnt
tones (1980). By applying different sorts of frequency modulation o undiffer-
Yoicelike spectra, he can make voicelike sounds emerge from an ive possi-
€ntiated electronic sound texture. In addition to yielding new SR es; this
bilities, this work sheds light on the aural analysis of sonic masses:

i e
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phenomenon indicates that the ear takes advantage of microtemporal differ-
ences to sort out different signals. This effect of micromodulation, originally
suggested by Michael McNabb, is confirmed by the studies of McAdams
(1982).

Both these examples refer to a vast domain opened up by digital synthesis,
namely that of inharmonic tones. Most sustained instrumental tones are quasi-
periodic, and their frequency components are harmonically related, which
stresses certain intervals like the octave or the fifth. With the freedom of con-
structing tones from arbitrary frequency components, one can break the rela-
tionship between consonance-dissonance aspects and fixed, privilcgcd inter-
vals (Pierce 1966). In his piece Stria (1977), Chowning has thus been able to
make rich textures permeate each other without dissonance or roughness, by
controlling the frequencies constituting these textures. This is also a cas¢
where spectra not only play a coloristic role (see Roads 1985), but actually per-
form a quasi-harmonic function. Although the idea of articulating musical
structure through timbral organization is not new, one needs the control that
computer synthesis provides to truly achieve it. Is the aural differentiation of
spectra fine and reliable enough to allow rich possibilities in music? As
Mathews has remarked, the example of speech indicates that spectral differ-
ences can form the basis for a refined code of communication; hence, one may
hope that the fine spectral control obtainable through digital synthesis can play
a fully functional role in effectively articulating entire compositions (fig. 7.3)-

ILLUSORY SPACE

Sounds (either recorded or purely synthetic) can be processed by the computer
S0 as to give the illusion that they are moving rapidly across space. This
technique was developed by Chowning (1971), whose go;l was to achieve com-
%ml over the movement of sounds in space. This computer technique for pro-
Jecting sound in space is both more refined and practical than using arrays of
§pcakcr's (e.g., up to 800 were used in the Osaka World’s Fair in 1970). Itisals°
!nlcrc's(mg: to note that Chowning was able to achieve the illusion of a vast space
{n which .vmual sound sources were heard as moving, by using purely syntheti
cues. This was possible thanks to the precision of the computer; but it also
required Pf)’k‘l?oucouslic understanding of the physical parameters rccspof“iNc
{;’raltl?c syb j_elcl‘uvc f:valuut '!on of sound. One can h(;;;c that psychoacoustic Inves
Lfcsll(())r:‘sll:\ll: ()!g:;l:illl:luht::'rx l.n-??fll?“ng . to use the computer to directly control
Nty e by actir; : rl;tmti aspect of the sound and to create an illusory audr-
evoke certain audit . 5 s upon the perceptual operations that c&7

ory experiences. Auditory illusions or paradoxes that can be
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Fig. 73, Sound spectrographs of different sound textures obtained by 'C“mpl_l“"r ““h
l'hm\ These are frequency-versus-time plots, with darkness mdicuur,g_mtgnsn:,. Eac .
figure displays 1-2 sec of sound. Part (a) shows a thick texture of gliding inharmonic
1ones; (b) shows tones with sweeping frequency curves (from Songes)-

demonstrated with the computer indicate that this is not merely utopian

lhmkmg.

PARADOXES OF PITCH AND RHYTHM

e Penrose/ Escher illu-

Shepard (1964 h
) demonstrz aural counterpart to t "
onstrated an aura p « succession that

son (fig. 74). He produced a sequence of 12 tones in chromatic st 2o b
¥€m to rise indefinitely in pitch when repeated. | extended this para ((’ixwi’\
“nthesizing ever-ascending (or descending) glissandi and 5(?unds going f?ble
the scale while getting shriller. Here computer sound synthesis made 1t po.ss(li o
10 precisely arrange physical parameters in ways that ar¢ p()l cr'lc.m'x‘nltcrc e
Nature. Yet these parad(;xcs are not merely 1ruquuges—»that is, ar.uf lCld. cx:r “
ies: they reflect the structure of our pitch judgments. For specnal‘c.:a'.sgs ; : 5,{
“nds with octave components), pitch splits into tWO stiributes: d.f(:ftr-um
pect, related to pitch class, and a distributed aspect. sl Sp:rt)lling
ence 10 timbre). The paradoxes are obtained by independently L{.m d

" physical counterparts of these attributes, which are normally relatec:
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Mt the same time gradually gets slower! Once again, such oddities reflect
nechanisms of perception. They reveal the complex nature of pitch and rhythm
xxeption, which can be relevant to musical practice.

Inmy pieces Fall (from Little Boy). Mutations, and Moments Newtoniens, |
sedsuch paradoxical sounds. In Fall, the endlessly descending glides convey a
kdling that, although novel, soon appears familiar. Thus the possibilities of
mfacturing new sonic structures may subtly extend our pcrccptual set

(g 75).

IS PSYCHOACOUSTICS IRRELEVANT?

hm dismiss psychoacoustics as irrelevant for musical purposes. In
Hinkeresting discussion. Randall (1967) makes some provoking observations.
Forinstance, he deems it essential for the p.\_\'chﬂucnu.\tlcian.\ of music to keep
'“F""lhcumm concerns in composition, even to the extent of doing com-
Mstion themselves—since it requires compositional <kill to appreciate the
"‘.“"‘kmct of a test and the contexts it implies, and to evaluate the com-
Positional possibilities of sound material. This is indeed a vital point. Much of
e work | have mentioned was developed by composers. Yet they did act as
Pychoacoustic researchers—asking the right questions with the help of lhc'lr
M“"“Pﬂcmc. but trying to solve them through genuine cxpcnmcm‘.a—.
_" ” doing 50, they put their own cnmpm'nional set and even lhm.r aesthetic
W“‘ into the background. (This is not meant to question thcnr scn.ﬁc’ of
Fig. 74. The staircase illusion, origi ;hsnc commitment as musical creators; after all, researchis a different st“ngt
famous waterfall illusion was m&d::::%'nally drawn by Penrose, after which Escher’s ' Creative work.) These examples indicate that this attitude was valuable 11
Bing access to new domains as well as in providing a deeper

: understanding
uch a dichot i 2 - .
e g ?:gc(l)]t;zltch d(‘>es not appear in every situation. Yet on¢ cannol g

nberg’s conception: “It is my opinion that the sound M

becomes noti ;
iceable through its timbre, and one of its dimensions is pitch - - -

Pitch is nothin :
g but timb X ’
£goes on to the idea of the K’;—‘a”measurcd in one direction” (1922). Schoenbert

tion. In the abo gfarbenmelodie—melod :

pitch. By divcr:ci:as:;‘one Cal.l mdependemly contol ): ‘:’:::ﬁ‘o:nt‘;n‘l‘bmnm:
sounds that go do wgn e RhYchal cues for these two aspects, one can
doubled—when one dl: E“"h (for most listeners) when their frequencies 4%
how mislo.:adin'g i in‘:u!e_s their playback speed (Risset 197.;)eq.ms chows
foll':laltgig:s on unusual so t::::j’: can be in predicting the effects of .simple {rans-

’ Know‘ton -
extended this paradox synthesized beats that seemed to speed up forever. |

% and cou 3wk :
Instance, a sound that pled it with the pitch paradox to produce, fof

.

{ seem 1O £0 “PI:“

g0es up the scal : Piich buy g ~ed up but eventually
cw iti : eventuall i Iso seem 10 SPEC

hile it is getting lower and speeds ¥ slower ”myn "'f ‘ . ":zw;' ':::::‘m:“sz :Ns:\-GRM AM-564-09).

l';-;_s Sound spectrograms of a study of paraduxical sounds tha
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However, I cannot fully agree with Randall when he condcmrfs the use of
“contextually non-significant ingredients chosen to instrumemall.u‘. lu; lus?f
up. electronically generated timbres™ (p. 135). Ope can argue t.hat itis .prt:
fessional responsibility of the composer, when using direct digital synlh.cils.k:
properly lush up tones, since no instrument-maker or performer will ta
charge of that. Then Randall claims:

The often-deplored uniformity, monotony or outright nastiness of c_lectromcum
bres seems to me more properly analyzed as a failure of some existing electronic
compositions adequately to structure and develop their tim'bral FW“P“”““:S
clements of the composition, rather than as any inherent debility in cur'm!( tech-
nology or any musical dullness ““inherent” even in the balder electronic timbres

(pp. 135-6).

I answer that this seducing statement will convince me only aﬁ?r I"havc hcar:;
composition using simplistic, dull, “electronic,” or “computerish’ sounds :
does not alienate demanding listeners. (Among such listeners, Edgard Varese
was especially demanding.) ¢ ficial

But, of course, compositional ambition should not stay at this superficia
level of tone congruence. In any case, the composer using computer synthesis
even if contemptuous of psychoacoustics, is likely to use some
psychoacoustics—but in an implicit and fragmentary way, which may hinder 2
full realization of the potential of the new sonic material. Randall questions [hf
existence of psychoacoustical facts about the material of music. Indeed, sy
choacoustic data can never fully determine what happens or should happen in
the area of music; however, they can provide valuable guidelines for dcvelOP‘f‘?
fruitful and consistent musical logic in new sonic domains. When Raﬂdif" dis-
misses questions about timbre and favors “developing structures of V{bralﬂ'
tremolo, spectral transformation,” and other dimensions of sound, he in fact
refers to physical properties. As Wessel indicates (in an unpublished essay), hc
gives to such physical properties the status of musical dimensions (in that they
form the basis of compositional manipulation), which is taking a lot for gmnted
as to the perceptual structure of such properties. This attitude is a heritage of
the instrumental situation, where a closer relationship exists between what the
composer specifies and what the listener hears.

As Varése often remarked, genuine success in architecture results from
genuine understanding of the building material, not from imposing structures
developed with other materials. To invent a new structure appropriate to solve
the problem at hand, the architect cannot exert creative genius in abstracto, but
must thoroughly investigate the properties of the new material. Similarly. the
new sound material portends new compositional possibilities. For instance (3
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demonstrated previously), tones made up of nonharmonic partials may inspire
different melodic and harmonic constructions and revive the concept of scale
(cf. Pierce 1966). However, this requires understanding of the conditions under
which inharmonic components fuse into a single tone—a psychoacoustic
problem. As was advocated in the introduction, much psychoacoustic explora-
tion is required to suggest new musical architectures and to test their viability.

Sounds propagate across distances and around obstacles, and hearing is well
equipped to be on alert: it is mostly sensitive to changes, and it tends to turn off
or forget stable and steady sounds. It is not surprising that hearing does not rely
only on the exact structure of the spectrum to evaluate timbre and identify the
origin of the sound, since this structure is often severely distorted during prop-
agation through the air. Hearing is very sensitive to frequency aspects, which
are only rarely modified between the sound source and the listener. (A notable
exception is the Doppler effect—but then hearing extracts from it information
on the source of movement. ) Hearing is, on the contrary, quite insensitive to the
phase relations between the components of a complex periodic sound, which is
fortunate because these relations are smeared in a reverberant environment.
Timbre is related to rather elaborate spectral and/or temporal patterns resisting
distortion; from these elaborate patterns, hearing has intricate ways to also
extract information about loudness and distance.

What are the musical implications of these environmental considerations? In
music, hearing works in a gratuitous way, and so do the functions of alarm
detection or sound source recognition. If the complex mechanisms responsible
for these functions are not invoked, it may well be that something will be fun-
damentally missing in the perception. This point has already been stressed
with respect to “accidents” adding realism to instrumental sounds.

To avoid a dull, “electronic”” quality in computer music synthesis, one must
prescribe constant changes in the physical parameters—changes from tone to
tone as well as throughout each tone. (See example 100 of my Sound Catalogue
[Risset 1968]). This is again confirmed by Chowning’s voca.l synt!mesns.. where
both random and systematic variations are programmed. (This has impl ications
for desirable software for computer music systems; it would be helpful to facili-
tate such a synthesis by rule.) ; .

Many electronic and computer pieces ( using simple steady tc_mcs) achleye no
real contrast in loudness, even though there may be strong dlffercpces in the
physical intensity of the sounds. The more complex loudness-detecuor;‘ fnecha(;
nisms rely on spectral variations as well as distance cues, s0 that whispere
speech or loud trumpets are perceived as such regardless of @stancc. even 1.f the
sound level of the former is higher. But in many synthesized compositions,
these loudness detection mechanisms are not allowed to come into play, and the

mesilde
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effect is very flat. As a counterexample, my Mirages attempts in simple ways o
suggest cues for sound paths in an imaginary world.

The illusory space conjured up by Chowning (1971) does not simply recreate
a familiar environment or lush up tones through reverberation. It genuinely
adds depth (in the figurative sense) to sonic perception. Highly developed and
intricate perceptual operations probably detect clues about the origin and the
localization of the sound. Such clues guide the mind into constructing an inner
representation of the world consistent with the aural data. A thorough under-
standing of these operations might enable us to activate them through artificial
sounds. This should give to those sounds pregnancy, presence, and identity
deeply anchored in perception, through the fulfillment of elaborate perceptual
operations. If this is not entirely utopian (as I said, I believe the loudness and
depth examples indicate it is not), clearly much more is at stake in psy-
choacoustic investigation than just lushing up tones!

HIGHER-LEVEL STRUCTURES

It is difficult to draw a dividing line between composition of sounds and com-
position with sounds. Composing a sound may in fact consist of developing a
process at the sonic level. As we develop our knowledge about music and cir-
cumscribe our own musical desires, computer programs can help us develop
processes that we judge musically useful. Of course, this is a dialectic process.
since any language for the description of sounds encourages certain types of
!nanipulation and transformation and suggests trying these first. Music v
itself, although in a relatively minimal way, facilitates certain types of sound
pro'c.cs?sing. Score (Smith 1972) goes further in supplementing, among other
ffiClllll.cs. interesting ways of manipulating motives (repetitions, transpos
tions, inversions, etc.). POD (Truax 1977) is a composition/synthesis system:
the user can control the range in which the program will randomly select sonic
parameters. Programs like SKETCHPAD (Wessel 1979) aid the composer it
exploring selected sound material. Musical input languages like Pla (Schott
sla‘edt 1983) and Formes (Rodet and Cointe 1984) afford convenient and pow-
erful possibilities.

Afll.f icial intelligence researchers have exerted their considerable ingenuity
to devise advanced formal languages. These languages can make it easier for
th user to specify certain types of musical processes. Such developments may
F';::‘li :rt‘e:’r‘r:c:::;: :;i t:i is‘t;u;u‘lral_ rolc‘ of musi.cal notation. (I P"“f"'.lh'c
B e rcplaye;j 8 ucd. das wider implications.) Th'anks to nulam:{l[;
| e histor; . l ted, and corrected: but notation has also b“,
B weciic: s evoluuon_ of Western music in that the latter has

: ypes of transformations that are not **natural™ if one stays 1"
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the realm of sound. This would include spatial symmetries, which developed to
ahigh degree of elaboration in the music of Machaut and Ockeghem. Resorting
to the computer implies describing processes in some formal language, which
is a kind of notation.

Advanced formal languages could favor highly specific types of sonic and
musical transformation. Yet the *flesh of perceptual organization™ (Arnheim
1968) should not stay unmoved by these transformations, which should touch
upon sensitive areas. Hence they should be studied in close relation with the
investigation of the sonic material. In this manner, specific types of musical
manipulations could be explored; also, new concepts of data organization could
suggest convenient ways to present the complex data required for the synthesis
of sound. Geometric models providing useful representations of sound struc-
tures and of their transformations should help in organizing musical thought.
Proper graphic capabilities could prove invaluable in that respect. They should
bring deeper understanding to the relationship between the aural and the visual
domains, which is in itself a problem of considerable interest. So one can look
forward to the mutual reinforcement of advanced music languages and thor-
ough exploration of the potential of the sonic material. I hope this will provide
powerful conceptual and practical tools. One may be tempted to use advanced,
“intelligent"" languages to their fullest extent. However, I believe that the crea-
tive process, to a large extent, resides in setting new conditions and inventing
new rules, so I expect that utter formalization and automation might offer only
academic interest (and results). As Debussy said, works of art make rules but
rules do not make works of art.

PROGRESS AND DIFFICULTIES IN DIGITAL SYNTHESIS

The previous account has emphasized the considerable progress made in dlglt.al
synthesis. Moreover, results of synthesis and psychoacoustic research are dis-
seminated in the form of articles, catalogs, and lexicons (Chowning 1971; Mor-
rill 1977; Moorer, Grey, and Snell 1977; Moorer, Grey, and Strawn 1977, 1978;
Schottstaedt 1977: Lorrain 1980; Haynes 1980). To distribute son?e results of
timbre exploration, I assembled a catalog of compute.:r—symhesued sounds
(1968). I gathered both the recordings of the sounds (so listeners could evaluate
the timbres) and the listing of the synthesis dat? (which mclud.cd a comp-ll?}:c
and precise description of the sounds and the recipe t0 resynthesize them). The
sounds included in the catalog, presented as examples, were by no means
models. They were intended to be starting points for systc_n?atlc.explor'fx‘uor_\sr.‘
rather than a library of ready-made sounds. In this way, dx.gltal synthesis wit

programs like Music V facilitate the exchange of information. Psychoacoustic
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expertise can accumulate cooperatively to increase the gamut of sounds avail-
able through digital synthesis. ;

Yet, despite its advantages in terms of power, reproducibility, and communi-
cability, direct digital synthesis still appears to many cOmMPpOSers as difficult,
almost forbidding. In their impatience, they often initially produce soun(helhal
are not elaborated in a refined way, which they find unsatisfactory. As dis-
cussed earlier, the problem of obtaining rich and supple sounds is adelicate one
indeed—and the delay between the specification and audition of the sound does
not make it easier.

Many musicians think that the remedy to their difficulties in obtaining an-
quate sounds with the computer lies in one of two processes that are being
explored at the moment, namely real-time interaction and processing of nat-
ural sounds. Although I am very interested in these processes, I would like to
draw attention to the problems they generate. I think there are overexpectations
concerning their ability to solve musical problems involving timbre.

REALTIME POSSIBILITIES

Real-time computer systems could be developed effectively only with the
advent of minicomputers. The first such systems were hybrid: the Compas
provided control signals for analog sound synthesis equipment (Kobrin 1977:
Oppenheim 1978). Thus it was relieved of the burden of computing all the
details of the waveform. Genuine real-time systems allow modification of the
sound while it is being produced, which is invaluable, since one can take advan-
tage of aural feedback to react and to introduce performance nuances. How-
ever, total real-time operation puts great demands on the user, who must per
form or improvise in an instrumental fashion—or resort to automation. (In
contrast to the heavy demand on the capabilities of general-purpose computers
in synthesizing sound, the problem is to impose meaningful control over the
flow of the sound going by. Interest in cascading sequences and in controlling
random excursions of parameters may be ephemeral.)

In the design of GROOVE, a real-time hybrid system, Mathews and Moore
(1970) gave due consideration to the question of which specifications should—
and should not—be made in real time. In particular, the system enabled the user
to exert control over the sound analogous to that which a conductor can exer!
over an orchestra. Clearly, such a system leaves a lot of room for the influencé
of the performer. In fact the gestures can control compositional processes &
well as performance nuances. The contributions of composition and perform-
ance can either stay distinet or merge intimately.
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Of course, analog equipment is not as precise or flexible as digital equip-
ment. Fortunately, the progress of technology has permitted the development
of a number of purely digital real-time sound synthesizers.

The development of these digital synthesizers is extremely promising. They
help bring together the generality of digital sound synthesis with appealing
real-time possibilities. Until recently, it was possible to use the computer for
music only in large institutions. But powerful music systems may become avail-
able at a low price, and this new economic situation will completely change the
status of digital electronic music. Digital systems are becoming private tools
for the independent composer.

Inthe long range, this expansion of the digital techniques in music will prob-
ably have far-reaching consequences beyond the professional music scenc.
Mathews’ experiments indicate that it is possible to develop digital systems that
can be used in a variety of ways ranging from a “‘record player™ situation
(where the *“performer” has little control) to an instrumental situation (where
the performer has total control but is also submitted to considerable demands)
(Roads 1980). Between these two extremes one may have many different types
of control—like the situation of the conductor, who does not produce all the
notes, but who *“performs™ significant control. Such a system could offer gen-
uine musical responsibilities to the user without necessarily demanding the
lechnical prowess of a professional musician. This is utopia, but making such
systems available to the public (which is already economically conceivable)
might restore contemporary musical practice. It would help fill the gap
between amateur instrumentalists and this music which they presently do not
relate to their musical practice. In this utopia, professional musicians could
make proposals of pieces to be played as such or to be completed or asscr"ni.)l.ed
inavariety of ways, and there would be a continuous gamut of degrees of initia-
tive or responsibility that the listener-performer could take. Even if such sys-
tems do not become widespread among the public, they sh(?uld off?r new and
challenging situations to musicians. Needless to say, the design and implemen-
tation of such systems will take considerable ingenuity and kr!()w-h()w—
dependent upon research in electronics, psychoacoustics, and music.

Turning back, however, to the problems of timbre, one shou}d be warned
against hasty optimism. With properly equipped digital synthesizers, onlc carf
indeed “tune” timbres by trial and error, manipulating knobs with aura conf
trol. But the composer should not think that one can generate a h“?"‘v"&cl:'y g
timbres with the help of these knobs and an infallible musical instinct. Wi d;' l?
available to the real-time user is not the whole of the machm.c s resources, :
only those resources that have been set up in advance of rt?al-umc op‘frau;'m‘ : r:
with the Music V program, the synthesizer must be configured to m(‘;“f‘;l :::tum
the sound according to selected models—and it 1S generally more Ci
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reset this configuration for a digital synthesizer than for a program like Music
V. Also, improvisatory procedures tend to capitalize on established processes
rather than newly found ones.

Although real-time synthesizers have been around for a few years, mqst of
the important and recent work in musical psychoacoustics has been achlcVC_d
with non-real-time systems. Here again, groping at random (unless one 1S
within some specific framework) may not lead anywhere (Pousseur 1970).
Pierce remarked that by randomly varying the weight of, say, 10 frequency
bands covering the audible frequency range, one is unlikely to get closctoaﬂgl
response. And recently it was found by experience that one could not succ;cd in
synthesizing speech properly by adjusting the parameters of a synthesizer In
real time; it was necessary to enter speech synthesis data. Real-time operation
thus does not permit one to dispense with psychoacoustic know-how, guide-
lines, and directions. Moreover, the real-time constraint imposes &
limitation—which can be severe—on the complexity of the sounds that Caﬂ_b°
produced. Thus, composers using a digital synthesizer often resort 10 layering
techniques with a multitrack tape recorder—which of course hinders real-time
operation.

I am playing the devil's advocate here. Clearly real-time operation hasa lotto
offer, but it can also be a mixed blessing. Manufacturing sounds through
empirical manipulation will not by itself provide the musician with adequate
sounds, unless it is supported by sonological and compositional research.

PROCESSING OF NATURAL SOUNDS

Another way to obtain rich sounds is to take richness where it lies—that is, 1
natural (e.g., instrumental) sounds. In other words, digital systems can be use
for processing natural sounds rather than for performing sound synthesis. This
is indeed an interesting direction. With analog-to-digital converters, sou

can be converted into numbers. These numbers can be stored and later €%
verted back into sound, but they can also be digitally processed. (Digite!
recording provides higher-quality reproduction and better long-term stori&
than analog recording techniques.) For instance, digital mixing by computef "
a demanding but very precise process. In my piece Mirages (1978), 1 used dig”
ital mixing to contrast a chamber orchestra on stage with an imaginé®
orchestra on tape. The imaginary orchestra consisted of a polyphonic texture
thamed by digitally mixing only five short motives recorded separately by ten
instrumentalists. In several instances, the sonic material was ordered with the
help of timbre maps provided by the SKETCHPAD program (Wessel 1979
The mixing program was the IRCAM version of Music V, which has b¢¢?
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augmented by Gardner and Richer to enable it to accept digitized sounds so that
sounds of any origin can be processed by Music V modules. Most of the trans-
formations that can be performed with analog means can also be performed
with the computer (often with less convenience, but with more precision and
reproducibility). Such techniques were used extensively in the piece Arcus by
York Holler, realized with the aid of Stanley Haynes at IRCAM.

I mentioned previously the limitations of analog processing: transformations
are rudimentary by comparison to the possible richness of the original mate-
rial, so they often remain limited and superficial. For instance, if one wants to
change the frequency of a tone in a simple way, either in the analog or in the dig-
ital domain, the duration is also changed accordingly, whether one likes it or
not. To perform more refined transformations—for example, to divorce
changes in frequency and duration—one must somehow go through a process of
analysis that gives access to the inner parameters of the sound, modify these
parameters, and then resynthesize the sound.

An instance of such a process is linear predictive coding, often used for
speech (Cann 1979-1980). Moorer (1979) has studied predictive coding at
Stanford and at IRCAM. Resynthesis shows little difference from a digital
recording of the original voice. However, one can modify the inner parameters
available from the analysis. This permits extensive changes in the speed of the
voice without altering the pitch or vice versa. This is possible because the anal-
ysis permits separation of the parameters corresponding to the glottis (which
determines the pitch) from those describing the vocal tract (which determines
the articulation). From this analysis, one could also, for instance, resynthesize
a whispered voice. [See the article by Charles Dodge elsewhere in this
volume—Editor. |

Analysis-synthesis techniques can be used in other ways. In his piece Inter-
phone, M. Decoust used a poem—actually a recording of the poem—as the
kernel of the music. Using similar techniques with the help of Arfib, he ana-
lyzed certain sentences to get the amplitude and pitch curves. These curves
were then used to control parameters (e.g., amplitude and pitch) of synthetic
sounds. One can thus control the synthetic sounds in a supple or “gestural”
fashion.

Proccs.sing natural sounds is an appealing domain. One must be.awarc.
though, that these processes of analysis and synthesis, esscntia! for inumat::ly
transforming digitized sounds, are complicated and demanding. Mastering
them demands research and expertise, and they do not lend tr!cmselves easily to
real-time operation, for practical and sometimes th()l‘CllC?ll reasons. So I
believe there are presently overexpectations of what real-time digital pro-
cessing of sounds can bring in the immediate future.
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A PLEA FOR “SOFTWARE" SYNTHESIS

The potential of digital sound synthesis is still largely untapped. It is indeed
challenge to synthesize sounds with the desirable richness and identity, but
examples have shown that this challenge can be met. Controlling synthesis
parameters gives the user complete flexibility in structuring, sculpting, and
composing inner aspects of the sound—much more than processing natural‘
sounds (fig. 7.6). Control over synthetic sound does not have to be in terms of
numbers; it can be graphical or gestural as well. Cadoz and his collaborators
(1978) have conducted basic research on the relationship of gestures 10 aural
feedback and to mechanical feedback under program control. Their work may
suggest new processes in this direction.

Such control can be available in real time, although I doubt that this issue 153
essential as many people now think. (If one thinks of composition as the crea-
tion of new forms acoustically immersed in time, it implies thoughtful
activity—elaboration and reflection—which cannot take place under the pres-
sures of real-time demands. Composition also involves synoptic vision, global
conceptions, and a spontaneity that also defies real-time constraints.)

I speak of “‘software’ synthesis to stress the importance of keeping systems
open-ended, maintaining flexibility to adapt their possibilities to musiC.-’i1
needs when they arise. This is vastly preferable to fixing the design and limits
of digital music systems on the basis of technical decisions. My position may
appear to be a regressive stand, but I am by no means proposing the dismissal of
recent technical progress in digital music systems. (For example, Peter Sam-
son’s [1980, 1985] digital synthesizer at Stanford University speeds up softwer®
synthesis.) I do ask that this progress be considered in a sober perspective and
exploited in ways that seem conducive to radically new musical possibilities-
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8- Sound spectrogram of a sonic texture playing on the harmonics of a chord

(from Dialogues, on INA-GRM AM-564-09)
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Such new possibilities clearly raise basic problems with compositional
implications. The computer gives access to the continuum of sound and pro-
vides a ductile and seemingly neutral material. Does continuum imply indif-
ferentiation? Are discrete categories, quantizing processes, scales, and
familiar prototypes essential to nonvague perception and hence to a music
capable of stimulating cognition? Is sonic space homogencous and
unbounded—or will perception reveal sharp edges, preferred dimensions, and
deeply anchored constraints? And to what extent can (should) composition
with computer sounds escape the mainstream of the historic music languages,
the “collective norms of musical expression,” as put by Amy (1964)? Light on
these issues will be shed by the activity of those musicians who elect to work at
this new frontier of the development of sound structure.
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This article documents the labor and the technology' involved in the crea(ioq of
nscor—a computer music composition recorded on tape. The documentation
takes the form of traces left over a long period of work in different locations.
No full score to nscorexists. Partial scores and notes survive, but because of the
extensive mixing, editing, and processing techniques used, they tell only part
of the story.

nscor is the third piece in a cycle of four related works, composed over the
period 1975 to 1981.

Construction (1975-76)
Objet (1977)

nscor (1980)

Field (1981)

Construction used purely analog electronic sound material; in Objet, nscor
and Field, both analog and digital sounds were mixed. (In any case, all the
pieces used processing that obscured the original source of the sounds.) All
four compositions were formed out of individually generated sound objects
that were mixed and edited into polyphonic textures on a multichannel tape
recorder. In all the works, the polyphonic textures were ultimately remixed tod
two-channel broadcast and concert version.

. Compositional decision-making took place in the presence of sound. Deci-
sions were taken intuitively, rather than being guided by a predctermi“Cd
formal system. Much listening, selecting, tuning, mixing, and editing went 0
tha.t could not have been planned away from the studio environment. This is 1ot
to imply that I consider more formal approaches to composition less valid.
Indeed, I have used such techniques in other pieces.

1. See Appendix A for a list of the equipment used 1o creae nscor.
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THEORY

The composition theory behind nscor emerged from the mode of production.
This involved a search for special sounds or short sequences. These sounds
were “tuned” to a desired state and then stored for future use.

Since the inception of my work in electronic music studios in 1970, I ha\fc
gathered sounds in this manner. An advantage to working this way is that one 1s
free (for a time) from the constraint of having to fit each sound into a preex-
isting framework. The organizational work comes later, influenced by the
sounds generated during the initial, exploratory stage. e

This approach was influenced by the conditions that prevail in computer
music studios. Although composers work with sophisticated equipment and
techniques of sound production, they also cope with a paucity of music t.hcory
that encompasses the practices made possible by the technc?lf)gy. Specifically,
inatime of freshly expanded sound resources, little compom}:onal theory deals
with the gamut of sounds and musical processes obtainable m.the modc.m sy'n—
thesis laboratories. Traditional music theory offers only partial help, since its
tenets do not extend very far into music that is based on a broad palette of
sound.

Several studies on the synthesis and microstructure of sgunds hz?ve appeaicfi.
The texts by Schaeffer (1966) and Grey ( 1975) are cxhausuve_ studies qf musical
tones in isolation. Jean-Claude Risset’s Catalogue (1968) 1s a t}nonal on tl}e
synthesis of many interesting and useful sounds. Even these studies only begin
to explore this largely uncharted musical territory.

Sound Objects

One of the more compelling musical concepts im'r.oduced in this cem;x;y is l::
notion of sound objects as a substitute for the trac!monal note C?P?CFI’;' 2 so::m_
object is a unit of composition in a musical un{vcrse where “timbrally 'Ct A
plex” (in the absence of a better term) and mutauona‘l sound'e\{ents can Iexns : :
fundamental limitation on the concept of a note is that 'n. lS. a sing e-deven_
abstraction. Thus it does not well describe the complex entities and tsours\ 0?:;:6
cesses possible in computer music. The static, single-event connotation

oS sound masses—
note concept make it difficult to apply to what Varese ter.mec‘ilems oy
sounds that are made up of thousands of smaller acoustic €

compositional unit, such as clouds of granular sounds (Roads 1978a).

ssi : ited meaning to the term in his book
- s origi i ffer, assigned a limite : r his bo
;&m;crms s Plc[:zqsfxl:zc‘co:lhc term today does .nm 1m'[:co;| :‘I:‘ ;:‘:,'f:.f,:f;:,f;&':
Sch"“::'r":k’f’é’l)).ct}\tz::‘t{;:func:tior; of notes in traditional music and the fu 5

In musique concrete.
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In music theories based on the note concept, such as common-practice har-
mony, counterpoint, and serial music, a note’s properties are assumed to be
static (e.g., the pitch does not change). In traditional music, the amplitude
envelope of a note was variable only through the addition of crescendo and
dccresyerydo markings. By contrast, a sound object can have a rich and
dynamic internal development, with separate envelopes on any number of
parameters. The note concept also becomes problematical when one considers
the spatial and spectral properties of computer-generated sound. Here again,
¥h».crc may be one musical event, with a definite beginning and end but of no def-
inite pitch, that undergoes a variety of spatial and spectral mutations.

Sound Object Heterogeneity

Soun‘d ()bject.s are heterogeneous, whereas notes are homogeneous. That is,
33;‘;:12;" tayrz:l‘:tlllj):i :Sz(l:ziz‘l.l'{d :ill:l. a uniform set of properties (such as pitch.
s "Il P Hllm re”). A:ssur'mng. as note-based music icqnc&
am’ l‘d ; notes have the same properties (i.e., every note has a specific pitch,
Canpel\::n f)‘r::::i z(c) :n)},\ one can compare eth note directly with another; on¢
v Sresn ey :g ; .?Tgpfrty in al')stra'cuon.. The consistency (such as it 15)
theories that mani ul;lb e Serial and stochastic muse
i propcrticg lnc‘ note “‘parameters also depend on each note having
it two dif-fcrccor?trast. objects are not so homogeneous. Two objects
ferent set of pro ertient -‘::fmd-symhcm techniques may have an entircly o
B s is;; simsi s an exz‘lmple. consider two objects: apple and
envelope and a short dx:) e trumpetlike sound, with a short attack and decay
rich, long, constantl shl'-?t‘l(m (e.g., 0.3 sec). The second sound, orange, 1s &
quency, which ‘glide SY . 1 l]mg. inharmonic cluster, centered at a very high fre-
R S(:)\: ):i (():wnwarq. breaking up into two crackling, noisy
ties is like comparing a vi!:)l‘. omparing the values of their common proper
LA S m_W.llh a bass drum. Although the violin and the
prehend them is to undp i o (e.g., made of wood), the only way to com-
B it t.:r;tand the many properties they do not share.
nscor was workeg ouflipn::u(i)f Sotmd Obj‘eu g Y S pues
extend the sound object concévf \);, ?]ut - thc. future it should be possible ©
composers and researchers to rl:xani“ul?)tlmkoIlc l()().ls. e tools'would o
manipulation programs that access flnd‘i Z?Of‘nd objects more cas:ly.. Databas:f
properties are presently in use b‘ . c S éounds acco@mg to their acousti
y speech researchers (Shipman 1983).

Amplitude

THE REALIZATION OF nscor 145

Time —»

Onset of sound 3
Onset of sound 2
Onset of sound 1

Fig. 8.1. A compound object made by mixing three sounds (derived three different
ways) into one. The bold line indicates the overall amplitude envelope.

Compound Objects

Many sounds in nscor are created by mixing separate objects produced by dif-
ferent synthesis techniques into one compound object. This is one escape route
from the predictable spectral morphologies inherent in some synthesis tech-
niques. For example, the dynamic spectra of sounds produced by simple fre-
quency modulation are condemned to follow the curves of the Bessel functions.
In a compound sound object, & sound can begin witha harpsichord attack, then
mutate into a waveshaped spectrum, and end with a reverberated granular-
synthesis sound. Figure 8.1 shows a compound sound constructed from a mix-

ture of three separate sounds.

OVERVIEW OF THE REALIZATION OF nscor

labor, the rest of this text focuses on the

Having discussed the theory behind the -
ss occurred in two major stages, with

practice of realizing nscor. The proce
several substages:
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1. Synthesis of source sounds
Realization of Objet for tape at UCSD (1976-77)
Synthesis at the Center for Music Experiment, UCSD (1976-77)
Synthesis at the Institute of Sonology (August 1978)
Synthesis at the University of Toronto (October-November 1979)
Synthesis at MIT (March-September 1980)
2. Mixing and editing: the organization of nscor
e Mixing at MIT (March-September 1980)
e Remixing at Suntreader Studio (September 1980)
¢ Editing at MIT (September 1980)
e Revision and final editing at MIT (October-November 1980)

Synthesis of Source Sounds

Realization of Objet for Tape (1976-77). Objet served as an initial “base
track™ for the organization of nscor, as I explain in more detail later. Objet was
realized at the Electronic Music Studios and the Computer Center at the Uni-
versity of California, San Diego (UCSD), in La Jolla, California. The source
sounds used in the piece had three origins: a Moog 111 analog synthesizer, &
Buchla 100 Series analog synthesizer, and computer-generated sounds from &
Burroughs B6700 computer. A single interconnection *“patch™ generated all
the analog electronic sounds in Objet (fig. 8.2). The patch was adapted to both
the Moog and Buchla synthesizers.

Computer Sound in Objet. Portions of Objet were produced with a computer
technique called granular synthesis (Roads 1978a). In this method, thousands
of very short (less than 20 ms) grains of sound are combined to form sound
spectra. The samples were computed on a dual-processor B6700 machine at the
UCSD Computer Center. Digital-to-analog conversion took place at the Center
for Music Experiment, UCSD.

{Qealization of Objet. 1 began by recording brief sequences of stereo sound
objects, which were edited and elaborated into successively longer passages. In
many studio sessions, I experimented with combinations of the passages DY
necorc.hng.them on different tracks of a four-track tape recorder. Out of such
combinations, some sections were chosen for further work. New sound objects
were mlx.ed over existing ones, or new objects were inserted, as needed.

After six months of studio work, a four-track master tape was completed. |
prepared a remixing score and remixed the piece to two tracks at Beggs/

American Zoetrope Recordin i i i
: g, San Francisco. The piece was edited at the 1750
Arch Street Studio, Berkeley, in June of 1977. o ¢
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Synthesis at the Center for Music Experiment (1976-77). The principal
computer sound synthesis system at CME in 1976 and 1977 was the Timbre
Tuning System (TTS) on a DEC PDP-11/20 computer. TTS was a suite of pro-
grams written by Bruce Leibig, then software director of CME. The programs
communicated with each other through common files on the disks.

Specifically, TTS consisted of four subprograms:

GENERATE—Produced amplitude envelopes and waveforms for the soft-
ware instruments

NOTES—Defined notes and parameter field (pfield) specifications
SAVE/UNSAVE—Stored or deleted created files

COMPUTE—Computed the sound samples

JBL 4320  Sony
loudspeaker condenser

microphone(s)
Filter _.m
bank
Moog 1IP
synthesizer
Voliage Voltnge- Reverberation Mixer
12 voltage Mixer controlled contro’l.led prees
2 e amplifier
controlled filter Pl
oscillators
=
Ampex AG440-C
2-track
tape recorder

he realization of Objet. The additive-
p to 12 audio oscillators into a
he individual oscillators was
hen sent to two parallel filter banks
the filters were summct:‘.j"il'hc
ichc combined: addin;

summed signal was spatially proces: : hich ;:;:u)ulg::)ceakcr _— somcg.
reverberation, re-recording in stereS the sound playt?d (T‘(.c:f dircct.ionalily and presence
times moving the microphones to achieve a varying scn.s:j (I~ gy with the mixer.

of the sound), and panning the sound (moVing the sound 12

Fig. 8.2. Additive-subtractive patch used in th fu
subtractive synthesis technique mvolved B G0 2
single sound or frequency clustcr..T nd t
tuned in a mixer (this was the additive stage) a

(this was the subtractive stage). ThcAoutputs fm_m
;sed in three ways, W
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Since the PDP-11/20 was a machine of limited performance, and was not suit-
able for general Music V-type software synthesis,’ TTS provided four efficient
software instruments.

TTS Synthesis Tasks. The most interesting instrument in TTS was based on
frequency modulation (FM) with an optional noise-modulation component
(fig. 8.3). Table 8.1 is a listing of the inputs to these instruments. Despite the
limitations of relying on a single instrument, quite a wide variety of sound
could be produced, because I could supply both the waveform and envelope
functions in addition to 28 instrument parameters. Also, some of the com-
plexity of the sound could be embedded in the score rather than in the instru-
ment. I usually mixed multiple, simultaneous notes to create one compound
sound object. Because of memory limitations on the PDP-11/ 20, however, only
16 notes could be specified at a time. Thus, by far the most useful mode in
working with TTS was the specification and tuning of individual sounds
and short phrases. As sounds were created, they were recorded on tape and
cataloged.

Synthesis at the Institute of Sonology (August 1978). In the summer of
1978 I participated in a UNESCO-sponsored workshop on computer music at
the Institute of Sonology, Utrecht, The Netherlands (Roads 1978b). [ used two
software systems at the institute: the Project 1 composition program (Koenig
1970, 1978) and the SSP sound-synthesis program (Berg 1978).

Project I. Project 1 was written by G. M. Koenig in the late 1960s and early
1970s for the composition of instrumental music according to “serial proce
dl{l’CS, Cologne style”—as Koenig put it. In 1978 the program was interfaced
with VOSIM generators for digital sound output (Tempelaars 1978). The
VOSIM generators could be tuned in a separate phase of composition, using the
VOSACS program (Roads 1978¢). Project 1 composed by applying selection
pm?czples to musical-event parameters such as instrument, rhythm, harmon,
register and dynamics.* In working with Project 1, the composér first prepared
an input file containing specifications for six tempi and 28 entry delays
expressed as a subdivision of a given meter. (Entry delay was concerned with
whether events overlap or follow each other. In practice, the concept boils
do‘\,vvn toa nu.merical weighting for various sizes of chords.)

e l_1en Project 1 was run, a.series of questions were posed to the user at the
rminal. The full range of dialogue between the composer and the Project |

3. The PDP- # o .
sy a:dl:u/) Z&X:f a l(f)-bn computer with a total address space of 64 Kbytes of magnetic cor®
S Uhn & Goctel are for multiplication or division; 2.4 Mwords of disk storage were availa

: 1scussion of the details of Project 1 here. See Koenig (1970 ‘1978).

THE REALIZATION OF nscor 149

system is shown in figure 8.4. One could either waive questions by typing 0, in
which case default settings prevailed, or typing 1 and responding to each ques-
tion with a specific directive. I wanted a rich variety of sounds, so I created a
score for 15 VOSIM instruments with vibrato (fig. 8.5). Several parameters of
the VOSIM instruments could be tuned, including the center frequency on

P23
RAH
P22
P21
PI3  PI4 P17 P18
1 Select:
P24 —»| RAN/RAH s
P16
L RAH
P9
P8
P11 —»| RAN/RAH l5,°7‘°“:

il

S e RSP

Fig. 83, TTS instrument 3
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B! BRANCHING BY RANDOM? (0)
0
TABLE 8.1 Parameter Fields (pfields) for 1 This repeats 5 times for the parameters: instrument,
Timbre Tuning Instrument Number 3 entry delay, pitch, register, and dynamics. O means
— random branching is desired; 1 means branching is to
E"aramctcr Type* Explanation be changed
o AlAb A SR
0 R Peak ampliludc(FB) STANDARD LIST OF INSTRUMENTS? (0)
1 H.B Amplitude envelope duration irivi)
2 X Initial phase of amplitude cnvclopc(bcginning point 1 NUMBER OF INSTRUMENTS? (9)
of cycle) e : g .
3 H Carrier frequency L’S‘A.‘WARD DEFINITION OF INSTRUMENTS? (0)
. e 0
4 H Carrier frequency pgak.dcv1atlon lr_l All indications per instrument
5 H,B Carrier periodicdevistionrate | | | | eeeeeeesscecccmcccccemccemccnococcooes
6 X Phase of deviation function GLISSANDO (0)
7 I 0 for random-hold, 1 for random-point Refers to fundamental, less than 2521 Hz
8 H Carrier random peak deviation frequency MODULATION (0)
9 H,B Carrier random frequency deviation rate & Refers to fundamentael, 0 = sine, 1 = random
NITT AT N FREOUEN )
10 H.B Carrier random rate deviation MODULATION FREQUENCY (0) § : i
§ L Refers to fundamental, less than 64 Hz
11 X Carrier random frequency deviation phase NOOULATION. VIDTH (0)
12 R Modulation index (MI) lower bound e A percentage of the fundamental frequency, less than
13 R Peak MI bias, difference between peak and minimum 514
14 B MI envelope duration | FORMANT (3, 5, 7, 3, 5, 75 3, 5, 7)
pe ‘ X
15 X MI envelope phase (beginning point of cycle) ! Specify one value per instrument; refers to parameter
t SIM; t = le formant (number of
16 H Modulating frequency (Mod) | t in VOSIM; positive ;variabxe ‘o:r.-.a.w»‘.. b‘e Lp
' part ) tive = nt, number of note
17 H Modulator peak periodic deviation ‘ Ea.l.iil,, ?egig)é;e fixed forman umber of no
-1 through -
18 H.B Modulator periodic deviation rate FORMANT CHANGE (()é?
i A Phase of deviation function Ranges from positive or negative 2521 Hz
20 I 0 for random-hold, 1 for random-point | NUMBER OF IMPULSES (2, 2, 2, % 5, 5 8, 8, 8)
21 H Modulator random peak deviation frequency : In the VOSIM signal, less than 16; specify one value
22 H,B Modulator random frequency deviation bias per instrument
23 H,B Modulator random frequency rate deviation | NETI. CORFRLGIRE (5?/ uestion, slope of the pulse
g fers ¢ revious question, slop f the pul
24 X Modulator random frequency deviation phase :ifeievici r mask ;a!_‘ 101
4 (bcgm.mng p«?int of cycle) \ CRESC /DECRESC DISTRIBUTION IN GROUPS OF 3 (0 0 1)
< X Modulating oscillator phase [ A welighted distribution of three numbers:
26 X Carrier oscillator phase the first number represents rising amplitudes;
i epresents steady amplitudes;
27 I 0 for different random values in modulator and the second number represeis ,S,.e?i' ey ;ﬂes
arri = ne third number represents falling amplitudes
carrier, 1 for the same random values S ' (D)
R = = v xie DURATION = EN YELAY? (U)
R real value, I = integer value, X = value in dcgrc:s (0-360), H = value in hertz, \\—f_’///,—-_——

=
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which the VOSIM formant focused, specified as a harmonic of the funda-
mental frequency. To avoid simple harmonic sounds, I stipulated the relatively
distant ninth harmonic as the formant for this study. Specifying 15 impulses in
the VOSIM signal (with no damping) ensured a rich spectrum.

SSP. G. M. Koenig’s Sound Synthesis Program (SSP) was a means of
building up waveforms from time and amplitude point specifications (Berg
1978). After specifying an initial data set, SSP provided a number of selection
principles that allowed me to elaborate this set into sound objects and phrases.
Since the selection principles were based on serial, logical, and random opera-
tions to generate sound (rather than traditional signal-processing operations
such as oscillators and filters), SSP was well suited to the production of jagged
waveforms and rich, amplitude-modulated textures, juxtaposed in series.

The SSP program ran interactively on the DEC PDP-15 computer. Because of
the direct and uncomplicated method of sound synthesis, the typical sample
computation time was a few seconds.

Synthesis at the University of Toronto (October-November 1979). Inthe
autumn of 1979 I was a visiting scholar at the University of Toronto, affiliated
with the Structured Sound Synthesis Project (SSSP) led by William Buxton.

The SSSP Digital Synthesizer. The SSSP digital synthesizer (Buxton ¢l al.
1978) was a 16-voice system with four synthesis methods in hardware:

® Fixed-waveform additive synthesis

¢ Frequency modulation (FM)

* Nonlinear distortion or waveshaping
* VOSIM .

t[;]lghl different waveforms could be stored in the wavetable memory of the sy1-
\s T QP Y » Vol “ 1 i "

esizer. These could be used as amplitude envelopes or audio waveforms If
oscillators,

_Software. The SSSP software was a powerful complement to the synthe-
sizer. The majority of this software was graphics-based, allowing a musi;‘ian to
c‘ioda‘ g‘r%*ul deal of work interactively, without the heavy burden of typing
Zc()it(;:(l;“t::(::l::rr‘Li(_vlm;‘)l‘ncr mu_sic systems (Buxton et al. 1979). Typing Was
” C(mjunmos w;hh;r:.udon’a Bit-Pad digitizer and hand-held pointing devic,
o imi? (m -and-menu-oriented graphics software (fig. AS.O)-
actions, displayed as |11L.rdql.ﬂn' thc user was presented with a set of optional

as menus in various windows of the screen. By pointing atd
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Fig. 86. The SSSP Laboratory workstation in 1978. Interaction tools included (from

solution terminal with a digitizer tablet and
erminal with a digitizer tablet and
amplifier, and tape recorders were

left): a slider mixer and switch box, a low-re
pointing device, a high-resolution vector display t
pointing device. An oscilloscope, loudspeakers, an
also provided

selected item on a menu and
selected the menu item and the
| made extensive use of several major softw

pressing a button on the pointing device, the user
operation associated with it was performed.
are packages in generating

sounds in nscor, including:
* SCRIVA—a graphics-based score editor (fig. 8.7)
* OBJED—a graphics-based sound object editor that allowed the composcr
to create and edit waveforms, tune digital sound objects, and test the

iety of .al contexts (fig. 8.8)
sounds in a variety of musical contex : . 1
ORCH—a 'ruphics-nrlcnlcd program that allowed the composer o select
s : layed on the screen and attach an instrument 10

various musical events disp
them

y . any options
* PLAY-a sound playback system with many Op
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Fig. 8.7. Screen image of a score fragment produced by scriva in “symbolic object”
format (no staves). All of the sound objects have been circled. This encirclement defines
the scope of the next operation to be performed—for example, **Play.”

Besides these main programs, a collection of one-line commands existed for

!ra?sgozjma“(’“ of subscores or scores. Some commands used in my Work
included:

. IP:iéx---mix scores together to produce a new score
. S :
TRO-—create a new score as the retrograde of an existing score
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object editor

* SETVOL—set the volume of a score

* SPLICE—splice scores in sequence ;

* TRANSP—transpose the pitches 10 another freq
TSCALE—shrink or expand the time sculcinl a score

* SETCHAN—set the number of channels of sound output

[ created small scores with the SCRIVA
limited by the size of the frame buffer
ored in the frame buffer as lists of vec-

uency base

Synthesis Methodology. At first,
score editor. (The size of the scores was
of the graphics hardware. Scores were st : :

g ' ] - Qo > ro s O oCls
tors used to reconstruct the graphic image.) Second, 1 _‘”“"d “';'l‘:u};‘:?':d\
using OBJED and orchestrated the score with lhc. lupcd inst r‘u.rir;igc \u o c_\ ’cm_\
all accomplished with graphics techniques. by pointing at spec s
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and pressing a button or by circling or “tapping”™ a collection of score events
with the cursor and pressing a button on the pointing device.

I would then exit SCRIVA, returning to the UNIX shell command level. At
this level, it was possible to invoke transformations on scores (for examplg.
shrink or expand the time scale, transpose, reverse, etc.). I worked systemali-
cally on this level, creating variants of the original score fragment while
retaining the original. Then, returning to the SCRIVA editor, I mixed and
spliced the variants with the original score. This new score could be trans-
formed like the original was—time-scaled, transposed, reversed, and so on.
Within minutes, I could “telescope” a simple score fragment into an enormous
and complicated score structure, because the transformations could be applied
to entire scores as easily as to single notes.

The sequence of operations: *“transform, play, transform, play . . . occurred
over and over. Because the work was done on an exploratory basis, it was
impossible to predict far in advance where I would ultimately “land” aftgr a
sequence of steps. Eventually, I entered a more detailed editing mode, pruning
the results of numerous operations and deleting files of intermediate stages a‘nd
dead ends. In one month of working with the SSSP system, | produced 40 min-
utes of sound material worth recording.

Synthesis at MIT (March-September 1980). Computer sound synthesis at
the Experimental Music Studio was oriented around Music 11 (Vercoe 1980),
running on a PDP-11 computer system. This non-real-time software, modeled
after the well-known Music V program (Mathews et al. 1969), presented (W0
main facets to the user:

* A score language for specifying the sequence of musical events in time
® An orchestra language for specifying the signal processing network used
to synthesize sound

The score was simply a list of instrument names, starting times, durations, and
parameter fields (called pfields) that supplied numerical values 1© e
orchgstra. An orchestra was designed out of individually defined instrume o
The instruments were signal processing networks constructed by linking wunit
generators with audio and control signals.

Unit generators were the primitive components of the Music 11 orchest™
language. They included the following types:

Oscillators

Soundfile inputs

First-order filters

Second-order recursive filters

Impulse generators

Envelope generators
Random-signal generators
Delay units
Reverberators
Spatial-output generators
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Using Music 11. Because the Music 11 system was based on software, it
allowed many different synthesis algorithms. However, the Music 11 language
itself was not extensible. (For example, it was not possible for a user to add a
new unit generator or a new data type.) Music 11 was well suited for pin-
pointing a preconceived sound and synthesizing it, provided one had an acute
grasp of how to translate a sound heard in the mind’s ear into unit-generator
code and Music 11 control structures—not always an easy task.

By the time I began to use Music 11 for nscor, a major portion of the piece
was already constructed. I used 8 small orchestra files and 12 score files to syn-
thesize individual sounds and short fragments, tailored to specific moments in
the piece. (Not all of these scores were ultimately used in nscor.) The sm{nd-
synthesis techniques used in these orchestras included frequency modulanon.
waveshaping, fixed-waveform synthesis, and processing of concrete sound.

I carried out many experiments with digitized percussion instruments (cym-
bals, snare drum, tom-toms, bass drum). These sounds had been recorded and
painstakingly edited in 1980 by Christopher Fry, then a member of the tech-
nical staff at the Experimental Music Studio. In nscor, digitized cymbal sour}d.s‘
were processed through the Music 11 unit generator SOUNDIN, wtuch
allowed signals from stored sound files to be passed through a uscr—dchncd
instrument. The cymbals were given new envelopes, and were filtered and
reverberated.

Processing Soundfiles. Music 11 synthesis computation.s: pmducql sm_mdt
files stored on disk memory units. These files could be man.lpulatcd in various
ways, providing another level of sound processing. In pan.:cular. a comn@nd
called SOUND allowed me to alter the playback sampling .rate of a given
soundfile, shifting the soundfile up or down in frequency, with concomitant
stretching and shrinking in time.

Mixing and Editing: The Organization of nscor

Mixing at MIT (March-September 1980). By March 1980, many of th(cj
basic sound materials to be used in fabricating nscor had been gcncr'atcdhan‘
cataloged (see Appendix B). The task befo'rc' me then was to‘orgamzc. :‘ ::l::
sound objects into a functioning composition. Qpcommg c.o:cens i o
autumn placed a six-month deadline on the comwsnlnonal labor.d sa n;:ira‘_:n “»
consideration, I decided to work with the new digitally generate o:::,- |S \:, o
context of the composition Objet. Using a four-channel tape n?cl : l.a iy
record Objet on two tracks, Jeaving two tracks for new matgr;a\‘;ag;;ntc i
rearrange and delete major portions of Objet as new material was g

into the piece.
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Phrase Structure in nscor. Objet is a continuum, without a rest. In nscor, |
hoped to achieve a more exaggerated phrase structure than in Objer. The
obvious device for delineating phrase structure was the insertion of silences
between phrases. In nscor, phrases have an inner structure, with an opening. &
development, and a closure. The notion of “‘development™ in nscor usually
consists of a contrapuntal sequence involving objects of similar synthesis
origin (e.g., waveshaping).

The Realization. The first realization step, in March 1980, was to record
Objet on two channels of a four-channel tape machine. The next step was to
alter the original syntax of Objet by separating out self-contained sections and
finding points where new material could be inserted. I began to layer new dig-
ital sounds onto the four-channel tape. Up to two sound streams could be lay-
ered in parallel with Objet before it was necessary to transfer the four signalsto
the two-channel tape recorder. Such sounds could be mixed back onto WO
channels of the four-channel machine for more complicated textures. Also at

this stage I began work on a new beginning section for nscor built out of digital
sound objects.

Pam:tioning the Tape. After initial editing steps, I partitioned the piece into
17 sections separated by leader tape. The point of partitioning was to concen”
trate further editing work within a section. It still required many reordering

experiments to sort out and reorder a sequence of incorrectly ordered objects i1
a section.

Editing the Tape. Much of the work from late March to August of 1980 wasd
process of editing: inserting, deleting, and modifying. Each time a new object
was added to the piece, the functions of the objects near it were affected. AS
new objects were mixed in or inserted, more and more old objects from Objéf

,S::-de out of place and were deleted. As planned, there is little left of Objef in
e

Select.i(fn and Adjustment. In the final stages of organization, the process of
‘:noi';‘ef:°s“(';’ﬂ became one of honing rough edges, balancing levels with the
contri‘b ?th‘eds::l:g;ng loose ends—sclectiflg only those events whose properties
Nt synthesizr::rp:ﬁlogy of a particular passage. When an cmirc'phrl“
organized this way) :v i (man.y of the sounds from the Toronto studio “_ff“
events to ¥), It was occasionally necessary to first delete intermedial®

compress the phrase or add foreign events to expand it. The four

channel m
g aster tape of nscor was completed in early September 1980, in prep
ration for an immediate remix process
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Remixing nscor at the Suntreader Studio (September 1980). 1 planned
the production of the four-channel master tape as an intermediate phase in the
realization of nscor. To obtain the highest possible sound quality, I wanted to
remix the four-channel tape to a two-channel master at a professional recording
studio. The goals of the remixing included:

I High-quality, low-noise mixing of the four-channel version to a standard
two-channel performance format

. Fine adjustment of dynamics

. Spatial distribution of the sounds in two channels

. Addition of reverberation and short signal delays at selected points

. Adjustment of timbre through fine-tuned equalization of the spectrum at
selected points

LV S

Items 2 through 5 were planned to add “finish” to a raw source tape. The
adjustments possible in the mixing studio were to add nuance and color not
achievable by any other means. In September 1980 1 visited the Suntreader
Studio in Vermont to remix nscor. Before the remixing session, I prepared
written notes that included specific directives for each section (fig. 8.9). These
notes served as a starting point for creative mixing. Additional adjustments
made in the studio are not reflected in the notes. _

The mixing was carried out systematically. Each section was auditl(){led:
then the mixer was set up for that section. The mix was rehearsed, and various
takes of the mix of a section were recorded. After a day of work, I had a two-
track tape with 17 separate sections of nscor recorded on it.

Editing at MIT (September 1980). The primary goal of lhc editing was to
delicately reconnect the 17 remixed sections, separated bx silences and out-
takes, into a finished composition. The work was not as straightforward as one
might assume. First, I had to eliminate minor glitches (clicks) and 'other audio
flaws that remained as the residue of hundreds of hours of studio work. A
variety of splices were created to cope with them, and the piece was success-
fully deglitched. :

In addition, because each of the 17 sections was mixed separately, t.he .audm
level of the end of an antecedent section did not always match_ the begmmng f)f
the consequent section. I adopted two surgical solutions to this problem. Flll;sl(i
instead of connecting the two endpoints fixed on the master tape, I backtrac ;:a
slightly on each tape section to a point of better }gvcl balance. lhthcn pn:;::xrcend_
long diagonal splice, which smoothed the transition beyweent e twokne -
points, The second solution involved additional recording, when backtracking
was deemed too radical. The section fragments were re-recorded on tape at a




Section 6]:50)

Material: Starts with processed cymbal object
Amplitude: Slightly lower than the 4-track tape
Balance: Lower channels | and 2 slightly
Equalization: Flat

Reverberation: Medium wet

Delay: None

Section 7 |:58]

Material: Starts with waveshaped sound mass
Amplitude: Start at very low level, gradually increase
Balance: Lower channels | and 2 slightly
Equalization Add 3 dB at 12.5 kHz

Reverberation: Dry

Delay: None

Section 8 |:48]

Material: Waveshaped phrases
Amplitude: Expand the dynamic range of the envelopes on the tape
Balance: Equal
Equalization: Flat
Reverberation: Sclectively add reverberation, especially
to the final crescendo
Delay: None

Section 9 [:39]

Material: Analog synthesizer textures, then granular synthesis
Amplitude: Increase amplitude slightly at the crescendo
Balance: Equal

Equalization: On channels 1 and 2, subtract 4 dB at 7.5 kHz
Reverberation: Dry

Delay: None

Section 10 [:23)

Material: Additive synthesis textures

Amplitude: Start at moderately high amplitude; as tone in channels
1 and 2 enters, bring to a crescendo

Balance: Lower channel 3 slightly

Equalization: Flat

Reverberation: Medium wet

Delay: None

Section 11 |:53]

Material: Granular-synthesis textures

Amplitude: Keep low

Balance: Lower channels 3 and 4 at the beginning and
gradually raise them

Equalization: Flat

Reverberation: Dry

Delay: Gradually add 50 ms delay to high-frequency
grains, then fade the delay out

Fig. 89. Excerpt from the remix notes for nscor,

sections 6 to 11
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more balanced level and then spliced. (The sound quality of the master was
very good, so re-recording did not pose a major noise-buildup problem.) This
produced a smooth and seamless transition to the new section.

Juxtaposition plays an important structural role in nscor, and not all of the
section transitions were meant to be seamless. Using these same techniques,
articulated some section transitions as sharply as possible. The work was com-
pleted on 4 September 1980. The resulting spliced version of nscor reduced the
length of the piece from 11 min, 9 sec (combined length of the 17 sections on the
four-channel master) to 10 min, 41 sec. To meet a deadline, the September ver-
sion of nscor was shipped to Varese, Italy, for performance at the second **Con-
corso Internazionale ‘L. Russolo.’ "

Revision and Final Editing at MIT (October-November 1980). The revi-
sion surgery began with the same techniques of splicing and rc-rcc.ordmg as
before, applied toward structural problems remaining in the piece. Eor
example, I wanted to add considerable new material to the work ?vhllc cutting
some passages wholesale; this involved reworking certain sections 10 mgkc
them all fit together properly. Problematical passages inclgdcd thg opening
section, the ending, certain long stretches of additive synthesis material in sec-
tion 12, and remaining fragments of Objet that had grown out of place as the
rest of nscor developed around them.

Many resources were brought to bear on these problems. New sounds were
synthesized using the Music 11 software, and the four-channel tape .rccordcr
was again used for the manipulation of compound sour'ld:f. Classical tape
looping and splicing techniques were extended to their limit to produce the
massed sounds of the ending. :

The resulting November version of nscor lasts 8 min, 45 sec, in contrast (o
the September version of 10 min, 41 sec. Although much new m?lcnal was
added to the piece, the overall length was cut by just under two minutes. The
American premiere of nscor 100k place at the 1980 International Computer
Music Conference, Queen’s College, New York, 13 November 1980.

CONCLUSION

Tocompose with sound objects means to selectone object from a vast palelltC. to
shape its evolution in time, and t0 combing it with othcr objecls.hl':xllon(; s we
use to select, shape, and combine sound objects unavoidably sett aries
of t Sic sreate. g

T:ist?::ll:etsacl: rt‘h‘;:r::imuhancoussly “advanced” and yet also limited 5““";’;
computer music tools. They were advanced, bccaqsc lhcy»offcm; b‘ctlt':y s«:vuc "
Quality and a wider selection of sounds than previous systems. u
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also limited—and even primitive in some ways. To venture beyond this state of
affairs, a new generation of more flexible systems is needed. The integration of
real-time sound synthesis and sound mixing is essential to the produclion_of
complex sound objects. One shouldn’t have to work in a separate mixing studio.

As it becomes possible to store large sound catalogs, the need to generale
every sound anew should disappear. Part of the burden of the musician-
machine interface can shift from the invention and reinvention of synthesi
instruments to techniques for symbolically accessing and manipulating cai
loged sound objects—creation of high-level structure and process.

The tremendous range of material explored in nscor—from metallic, inhar-
monic splashes to smooth and distant textures, cloudbursts of sound and shin*
mering sound rays—forces new ways of thinking about composition. Although
current trends might take decades to fully unfold, we stand in the midst of an
ongoing expansion of musical thought to encompass the sounds, structures,
and processes made possible in this century.
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APPENDIX A: STUDIO EQUIPMENT USED
IN THE REALIZATION OF nscor

Electronic Music Studios (2), UCSD, La Jolla: 1976

Moog I1Ip synthesizer with Bode ring modulator
2 UREI 565 filter sets

Ampex AG440-C 4-track tape recorder

2 Ampex AG440-C 2-track tape recorders

2 Sony electret microphones

2 Macintosh amplifiers

4JBL 4320 loudspeakers

Buchla 100 series synthesizer with 4 sequencers
| Sony 2-track tape recorder

2 Teac 2-track tape recorders

Macintosh amplifier

2JBL 4311 loudspeakers

: 6
Center for Music Experiment, USCD; La Jolla: 197

DEC PDP-11/20 computer with 64 KB of memory
2 DEC RKO0S disk drives (1.2 MB each)
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2 16-bit DACs

14-bit ADC

Tascam mixing console

Ampex AG440-C 4-track tape recorder
Ampex AG440-C 2-track tape recorder
Sony 4-track tape recorder

4 JBL 4311 loudspeakers

2 amplifiers

Beggs/American Zoetrope Recording, San Francisco: 1977

Auditronics mixing console

Ampex MM1100 16-track tape recorder
Ampex AG440-C 4-track tape recorder
Ampex AG440-C 2-track tape recorder
3 JBL 4311 loudspeakers

2 amplifiers

1750 Arch Street Studio, Berkeley: 1977

MCI mixing console

3M M79 B8-track tape recorder

Ampex AG440-C 2-track tape recorder
Revox HS77 2-track tape recorder

4 JBL 4310 loudspeakers

2 amplifiers

Institute of Sonology, Utrecht: 1978

2 DEC PDP-15 computers
2 DEC disk drives

2 DEC DECtape units
Teletype terminal

DEC VTOS terminal

2 12-bit DAC units

6 VOSIM generators
Plotter

Revox A700 tape recorder
4 loudspeakers

2 amplifiers

SSSP Laboratory, Toronto: 1979

DEC PDP-11/45 computer with 256 KB of memory
2 DEC disk drives (60 MB each)
Three Rivers Graphics Processor

THE REALIZATION OF nscor 167

Hewlett-Packard vector display terminal
Bit-Pad digitizer tablet

SSSP digital synthesizer

Teac mixer

Teac 4-track tape recorder

Teac 2-track tape recorder

Advent loudspeakers

Advent amplifier

MIT Experimental Music Studio, Cambridge: 1980

DEC PDP-11/55 computer with 192 KB of memory

2 DEC RLO2 disk drives (10 MB each)

DEC PDP-11/34 computer with 64 KB of memory

Control Data Corporation 300-MB disk drive

Analogic AP400 array processor ,
Imlac vector display terminal :
6 DEC VT52 terminals

Scully 280B 4-track tape recorder

Otari 4-track tape recorder

Otari 2-track tape recorder

4 15-bit DACs

Tascam mixer

4 Klipschorn loudspeakers

2 Crown DC300A amplifiers

Suntreader Studio, Vermont: 1980

Automated Processes mixing console

Studer A-80 24-track tape recorder

3M M79 4-track tape recorder

Studer A-80 2-track tape recorder

Eventide digital delay unit

UREI 565 filter set

Acoustic echo chamber :
EMT 240 gold foil stereo reverberation unit
4 Crown DC300A amplifiers

Altec 9846 loudspeakers (biamplifie

d) with UREI crossovers

PES USED

NDIX B: SOURCE TA

APll:ﬂETHE REALIZATION OF nscor

ute granular-s_vnlhcsl.s sections. AGS

. .. n
Granular synthesis examples (1975). One-mi puter system. UCSD.

program and Music V. Burroughs B6700 com
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TTS-1 (1976). Noise-modulated FM textures. Additive-synthesis textures. Timbre
Tuning System software. PDP-11 computer. Center for Music Experiment, l'('SD:
TTS-2 (1976). FM noise bands. Additive-synthesis tones. Timbre Tuning System soft-

ware. PDP-11 computer. Center for Music Experiment, UCSD.

TTS-3 (1976). FM noise bands. Timbre Tuning System software. PDP-11 computer
Center for Music Experiment, UCSD.

TTS-4 (1976). High-frequency FM glissandi. FM textures with varying frequency
curves. Additive-synthesis tones. Timbre Tuning System software. PDP-11 computer.
Center for Music Experiment, UCSD.

Source 77 (1977). Stereo granular-synthesis sections. Digital FM gongs. Analog FM
sounds. Timbre Tuning System software. PDP-11 computer. Moog [11p synthesizer.
Center for Music Experiment, UCSD, and Electronic Music Studio, UCSD.

Objet (1977). Master tape of the composition, produced at Beggs / American Zoetrope
Recording.

Utrecht sources (1978). Project 1 experiments with output from 6 VOSIM generators.
SSP textures from PDP-15 computer. Institute of Sonology.

Toronto Source 1 (1979). Short and fast score sections using waveshaping. Slowed ver-
sion of score file scor__I0] using fixed-waveform synthesis. SSSP digital synthesizer.
PDP-11 computer. University of Toronto.

Toronto Source 2 (1979). Experiments with the score file tscor, using the waveshaping
technique with hand-drawn waveshaping functions. SSSP digital sy nthesizer. PDP-1
computer. University of Toronto.

Toronto Source 3 (1979). Experiments with score file scor_y4, using waveshaping
SSSP digital synthesizer. PDP-11 computer. University of Toronto.

Toronto Source 4(1979). Fixed-waveform textures with waveforms built by sine summé
tion. Score file nscor__I01 at tempo 1000. nscor__101 transposed to 230 Hz and played
at tempo 1000. scor_y! played with fixed-waveform instruments at tempo 200.
scor_yl and scor_y4 played at tempo 3000. SSSP digital synthesizer. PDP-11 com-
puter. University of Toronto.

Music 11 Sources (1980). Additive-synthesis textures. Reverberated additive-synthesis
textures. Reverberated FM noise bands. Delayed noise-burst textures. Processed per-
cussion sounds. Music 11 software. PDP-11 computer. MIT Experimental Musi¢
Studio.




¥V

IANNIS XENAKIS

MUSIC
COMPOSITION
TREKS

Jannis Xenakis




172

MUSICAL UNIVERSES

The universes of music—classical, contemporary, pop, folk, traditional, a\.'dnl'
garde, etc.—seem to form units in themselves, sometimes closed, sorpcumcs
interpenetrating. They present amazing diversities, rich in new creations but
also fossilizations, ruins, wastes, all in continuous formation and transformé-
tion like the clouds, so differentiated and ephemeral.

This is explained by the proposition that music is a sociocultural p}?cno.m-
enon subordinated to a given instant in history. However, one can distinguish
parts that are more invariant than others and thus form materials of h‘ardncss
and consistency, resulting from diverse epochs of civilizations, matcna[s that
move in space, created, hurled, and driven by currents of ideas, clashing, influ-
encing, annihilating, and fecundating each other. :

But of what essence are these materials made? This essence is the i.ntelh-
gence of man solidified in a way: intelligence that seeks, questions, infers,
reveals, and foresees at all levels. Music and the arts in general seem neces-
sarily to be a solidification, a materialization of this intelligence. Naturally,
this intelligence, though humanly universal, is diversified by the individual, by
talent that distances one individual from the others. _

Talent is therefore a kind of qualification, a gradation of the vigor and rich-

ness of intelligence. For intelligence is, fundamentally, the result, the expres®
sion of billions of exchanges, of reactions, of transformations of energy in lhf
cells of the brain and the body. One could, taking astrophysics as an image, s&
that intelligence is the form taken by the minimal acts of cells in their conden-
sations and their movement, as happens with the particles of the suns, planets.
galaxies, and clusters of galaxies born of or turned back into cold interstellar
dust. This image, however, is reversed (at least on one level) because this cold
dust, in condensing, becomes hot, contrary to the intelligence that is a cold
result of the exchanges between the hot cells of the brain and of the body—#
“cold fire.”

It results that music is a strong condenser, perhaps stronger than the other
arts. It is for this reason that give a table of comparisons between certain 0"
quests of music and several realizations of mathematics taught to us by history
(see Appendix A). This table shows one of the paths that music has taken sinc¢
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its origin (since antiquity) and that it has held wiFh remarkable f inllly thro'l:'gh
millenia with a strong acceleration in the twcnucfh century. This proves t ?t'.
far from being a fashion, this faculty of condensation toward abstracu‘onc is 0, a
profound nature that belongs to music no doubt more than to other art: ortlsct-
quently, it seems that a new kind of musician l\ necessary, that (T"‘ .e ar 1.sd
conceiver of free and abstract new forms, tending toward complications an.
generalizations on several levels of sound organi.zation..For examplc‘. a folrm .( ).;
construction, an organization built on Marko.wan chan}s or (m‘a Lfl)mp c:c e
interlocked probability functions may be carried over sm}qltax?wus y:)n . -
eral levels of musical micro-, meso-, and macrocomp.osmons. One can als
extend this remark to the visual domain—for example, in a spectacle made o:t
of laser beams and electronic flashes like those of the Polytope of Cluny and the
DIATOPE of the Centre Georges Pompidou (fig. 9.1). e
Nothing prevents us from foreseeing from now on a-rllew n-:l‘;,“::;:icf
between the arts and sciences, particularly between the arts ar.\d mat c\ . «,
in which the arts would consciously *pose™ problems for which mathematics
é it forge new theories. 3
OuTg':Icl:r:lr:?cT:zlc&/g will have to possess knowledgc.and rczsourccf ulncs:cl:l
domains as varied as mathematics, logic. physics, Chc"“_“‘")fb"“k‘;gz‘_ g::r‘c__m
paleontology (for the evolution of forms), human sciences, and history

e —

;h:t_'rlhc DIATOPE

Fig. 9.1. Author’s handmade lithogra
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short a kind of universality, but a knowledge founded, guided, pnemcd by an(j
toward forms and architectures. It is also time to found a new science of‘gener‘z.:
morphology that will deal with forms and architectures of icsc dff\'crsc :ﬂ;:
plines, studying their invariant aspects and the laws of their trans orma | |
which have sometimes lasted millions of years. The backdrop of this ne\f sC
ence should be the real condensations of the intclligcncc.—lhat is, the at;s.lr:l;:
approach cleared of the anecdotes of our senses and habits. For cxdn.\;‘) ltd .
formal evolution of the vertebrae of dinosaurs is one of the paleontological doc
uments to add to the dossier of the science of forms. ‘ : .
Let us plunge now into the fundamental system on whlch art msf;. Art m;-
something in the nature of an inferential mechanism, w!nch con.su’t‘t‘n‘cvs'nd
ground on which move all the theories of mathematical sciences, physics, @ :
those of living beings. Indeed, the games of proportions reducible to garm'?sl‘ ;
numbers and metrics in architecture, literature, music, painting, thca(cr. dance
and so on—games of continuity, of proximity, in- or outsidg of time, of mpt;l
logic essence—are all made on the terrain of the inference, in the strict logic :
sense. Besides this terrain exists the experimental mode that challenges or con‘
firms the theories created by the sciences, including mathcmatic.'_s. Since lhf
development of non-Euclidean geometries and the theorem of Godel, malﬁ‘:
matics has also proven to be an experimental science, but over a longer umv.
span than the other sciences. The experiment makes and breaks theories,
without pity and without consideration for them. Now, the arts are also gov-
erned, in a manner still more rich and complex, by the experimental MC-
Indeed there are not, and without a doubt never will be, objective critgna'fqr
absolute and eternal truths of validity of a work of art, Jjust as no scncnuflt
“truth” is definite. But in addition to these two modes of actiﬂly—infcrynu;l
and experimental—art lives in a third, that of immediate revelation that is nei-
ther inferential nor experimental. The revelation of beauty is made at once,
directly, to the person ignorant of art just as to the connoisseur. Revelation
makes the force of art and, it seems, its superiority over the sciences because.
living in the two dimensions of the inferential and experimental, art possesses
this third possibility, the most mysterious of all, the one that makes the objects
of art escape any aesthetic science all the while indulging in the caresses of the
inferential and the experimental. _
But on the other hand, art cannot live only by means of revelation. Art must
have, as shown us by the history of art of all times and all civilizations—indeed.
it has an imperious need of—organization (including that of randomness).
therefore of inference and of its confirmation, therefore of its cxpcrimcmal
truth.
The two modes of inference and experimentation are today almost always
closely related to the computer. Just as the wheel was once one of the greates!

175
MUSIC COMPOSITION TREKS

B rther
products of human intelligence, a mechanism that allowed one to lrﬁvcllriz:‘ g
and faster with more luggage, so is the computer, \h'hlkh tud;{ ald:tt’ ponaios:
mation of human ideas. Computers resolve Ioglcalhpr'o c:l\.min o
. sible fi e introdu
S ally responsible for the in ;
methods. But computers are not rea ) e &
ematics into musicp' rather. it is mathematics that makes use of th;‘c"mcpugcful-
composition. Yet if people’s minds are in general rc.ady to reu:’gn; imi“g) o
ness of gcorr'\ctry in the plastic arts (such as architecture an p)r ming.mmc
have only one more stream to cross to be able t.o C()nLLlY(i a(l Cm.npmm(m.
abstract, nonvisual mathematics and machines as aids to music
which is more abstract than the plast.ic an.\s‘.l e e st e
' science has .
Since World War II, computer science o
activities. The arts, and in particular music, h.avc not been 0:::5; = pglriph_
tidal wav.c Slowly in the 1950s, then accclcr:fung. the umTpuf ok s,
erals havc. been spreading like mushrooms in the centers ohan d‘id B
upsetting the attitudes of composers to a far grc:tc;;::e:}l] ; reir——
| hi iginated the firs s .
t ape recorder, which orig ‘ . : Pt A
;:‘;)z';;‘(‘; :ogrc;d The danger is great of letting oneself b;‘. t[rz:l;;;:eco n):c vy
: v tha $
i i ds of a technology :
and of becoming stuck in the san O et s
inlru(::le:)?mo thegrclativcly calm waters of the thought in 1nstr

it the computer. But
For we have already a long list of attempts at composition by the p

1S [hc q y . o d a
g
“luSlcal ual“ (,f ‘hc.se allcn]pl.\ l‘ has 1o bc aCkll()W lcd C th t ﬂlC

R g YN ofba es{gcuci::tr:a?;dinary technology is a cruel

. = ] ———" e SC on 3 5 ¥ in
extraordinary aesthetic success ba ot rich findings
deceit. lndzd. little of this music goes beyond the rece

ings ic music in the
instrumental music or even beyond the babblings of electron

1950s. g
Why? In my opinion, the reasons for these failures are m

single out two essential ones:

ultiple, but we can

i i eral theoretical ideas,
i re cripples in gen
icians using computers a ‘ e
1. The "_‘Ulsllc'_?‘“;\:xher%\alics. physics, and acoustics. Tt:ie;:nt:in iy
SopoTn Y.‘, owerless in penetrating t.he virgin i
"bCKlSlS.hls pht would be capable of guiding their expe
abstract thoug

and it grasps but shadows. :
2. The scientists having access
sort of inferiority complex in
not having had to struggle ont

idea where the Eo ith the net
- - havg :v(;t;\dzathcmatical and technical gadgets wit
they fool aroun

"luslcal resu \4 y y istic i s y a not able,
‘ f er li‘tlc ifan , ar tistic lntcres‘ since t!lc e

i < to ’ t ,

and 8]

to computer technology are sucked i.n l:'):d a
front of the aesthetic aspect of muixccd an&
i en
thetic plane, are inexperi
. ac; shoulg be heading. Consequently,
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In these two cases, artistic talent, as it can clearly be seen, plays—and must
play—a determining role.

To escape from these impasses, the remedies are obvious: the first category
of musicians should make an apprenticeship in the necessary sciences, and the
second category should plunge into the delicate questions of talent and aes-
thetics, constantly experimenting with them by composing. But this will not
suffice. It seems to me that the moment has come to attempt to penetrate more
profoundly and at the same time more globally into the essence of music to find
the forces subjacent to technology, scientific thought, and music.

I am going now to confine myself to sketching a single line of approach-
since there are many—that appears to me to be very important. Indeed,
research in the coming years must explore diverse levels, from microcomposi-
tion, which deals with sound synthesis starting from durations of the order of
the microsecond (one millionth of a second), all the way to macrocomposition,
which treats musical discourse for durations in terms of hours.

The methods and theoretical approaches may be distinct according to one
level, or they may be used on more than one level. To throw more light on the
problem, we are going to discuss two near-extreme levels: microcomposition
and macrocomposition in the above-defined sense, by giving central ideas that
serve as springboards for the coming years of research and composition aided
by computers.

MACROCOMPOSITION

a. Explore compositions starting from the macroscopic ST(ochastic) pro-
gram in FORTRAN (published in Formalized Music, 1971, Indiana University
Press), which is stochastic in orientation and uses sound elements (1) of
orchestral instruments, (2) designed on the UPIC', and (3) produced by the
methods and theories of microcomposition (see description further on).

b_‘ Explore the method of polygonal variation, the term we have giventoa
series of sound realizations. Roughly, this is a step-by-step construction of a
pres.s:u.rc curve that is modified at each step (period) by a stochastic device,
modified in the sense of time and also in the sense of the [;rcssurc values at each
sample. Acoustical experiments using a computer and a digital-to-analog con-
- ter have shown that, for special values of the mathematical device, there
arises a sort of probabilistic resonance that engenders rhythmic multiplicities
of timbres, dynamics, attacks, and macroforms. The principal distributions

l;ytlnjplt(crwtnd:j for Unil_'c Polyagogique Informatique du CEMAMu. UPIC is a graphics-based
puter sound-sy p(hcxl_s system at the Center d’Etudes de Mathematique et Automatique Musi
cales (CEMAMu) in Paris. : J
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used until now are the logistic and Cauchy distributions (fig. 9.2). (See
Appendix A.)

¢. Explore a sort of “*palindromization™ with stochastically variable ampli-
tudes, of the polygonal variation that makes possible a modulation of the pre-
ceding macroform on a higher level.

d. Explore clonings (in the etymological sense, arborescences) of polygonal
variation; given a polygonal variation, a point stochastically chosen becomes a
germ that engenders a new branch (a new polygonal variation) for which the
characteristics are defined stochastically. This process may be applied to sev-
eral trunks at the same time. (For realizations for instrumental music, see
Appendix B.)

e. Explore Markovian processes on several interlocked levels. For example,
we can consider clouds (configurations) of points, such as the Gabor grains
(Formalized Music, p. 54) or grains that have been designed on the UPIC, and
link them with the help of transition probability matrices in the discrete case or

o
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‘with the z transform in the continuous case. We may then consider these link-
ings, in turn, as states and link these states by a Markovian process distinct in
general from the preceding one. Therefore we need to explore chains that are
nested, one inside the other. (See Appendix B.)

f. Explore Cartesian products of sets of points taken from the spaces of
sound characteristics, using the structures of finite and infinite groups.
Exgmple: take a subset of clouds (conf igurations) of points (notes) or of
de.sngns made on the UPIC and consider the Cartesian product of these points
w1th.the points taken from a three-dimensional space (e.g., intensity, duration,
density), but taking as a model the hexahedral group of the cube (subset of
cc_)uPlcs‘ of Cartesian products provided with symmetries of transformations
f:l‘lstm'ctlve_ to the cube). This would occur in the outside-time domain. (By

outside time” I mean the domain in which time plays no role whatsoever. For
examplc‘, the pitch intervals of the white piano keys form a structure that is in
tl'le outside-time domain. On the other hand, a melodic pattern based on the
piano keys lies in the time domain, because their temporal order matters.)
(({)lther examples on a higher level of complexity are the structures of Nomos
- pha. and Nom_os Gamma, desc.:ribed in Formalized Music. For the inside-time
omain, we will use the relations of the hexahedral group by following its
structure, given by the cubic group table. (See Appendix B.)
p rgérgxg::)sre su;lve th.eor}". which generalizes the notion of the scale to all
s g s(.) it:lc as:j t.ll’l"le mstz'ints. dura‘tions. intensities, densities, degrees of
s f" » and inject t.h|§ thec?ry into the preceding areas of research in
lrsf stage, then inject it into itself and/or use it independently. (See
Appendix B.) o
h. Explore logical functi i isti
of .al ready stru::)tgured setsft I?S'LS:K[;’I;:;?XS:? zemd;:a;athrlStlcs =
so:;n dE);plore;he generation of lines in any two-, three-, or n-dimensional
pace by defining each point as a function of probability functions

(random walk, B i :
Appendix B.) rownian movement [Formalized Music, p. 246]). (See

MICROCOMPOSITION

Outside of
work on the UPIC, we are exploring the region of algebraic micro-

composition accordin i
£ to non-Fourj ier-ty
me.thods such as Music V, to which mer P b

This is what distinguishes our work
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Sound Synthesis Outside Fourier Synthesis (Analysis)
The central idea is based on the following two points:

1. A sound may be completely represented by its curve of atmospheric pres-
sure variation in time. It is this curve that strikes our ears and nothing
else. Consequently, to judiciously construct pressure-time curves (linear
forms) goes back, in theory, to fabricating any desired sound through
digital-to-analog conversion. This curve and its corresponding sound
(music) will be considered as an entity.

2. The principle of repetition and of more or less faithful duplication is gen-
eral and aids the comprehension of music at all its levels, from the micro-
scopic to the macroscopic. On the microscopic level, for example, the ear
not only detects faithful repetitions in the form of timbre but also takes
into account their densities in the form of pitch. On the macroscopic
level, canons, variations, and so on are equally immersed in this principle
of renewal. Each event, wherever it occurs, is in a sense unique, sepa-
rable, and not exactly reproducible because of the loss (even when it is
almost negligible) in the fidelity of a possible duplication. This could be
because of the time that has elapsed between two reproductions. But with
a sufficient “approximation,” they can “appear” identical (within the
zone of approximation), forming equivalence classes in which the indi-
viduals are separable in general while merging in particular cases. The
absence of repetition in the pressure-time curve is heard as noise, there-

fore as an extreme entity.

The dialectic union of these two basic points may be accomplished in three

ways:

1. Starting from harmonic synthesis—that is, the strict periodicity of an ele-
mentary trigonometric form [sin(wr)] produced by uniform circular
movement and of its appropriate superpositions (Fourier)—one can con-
struct, in theory, any more or less periodic waveform in the pressure-time
space. :

2. Starting from a deliberately nonperiodic waveform (Brownian move-
ment) in the pressure-time space, one may proceed to 1.nj'cct
periodicities—that is, duplications—either of fragments of the original
wave or of sections set up separately, leading to a curve that is more or less
periodic. We can see clearly the symmetry of these fi‘rst two pr9cesses:

3. Starting froma pressure-time curve defined by some given function, be it
probabilistic, algebraic, or trigonometric, one may _conum'xc_ by .rcpc.:atm'g
this curve and at the same time injecting a stc.>c'has.tlc n:lOdlf ication into it
after every repetition. This stochastic modification is chosen so as to
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produce the statistically continuous negation of the original period,
affecting the timbre, pitch, rhythm, intensity, and general evolution
simultaneously. Now, in general, for any entity, let us suppose that the
reproduction strays more and more from the entity of origin—in other
words, that the deviation is applied at the same time to all parts of the
entity. The entity will be pulverized into a statistical cloud of constituent
elements. On the macroscopic level, we will have an amorphous cloud of
sounds, rhythms, timbres, and dynamics; on the microscopic level we
will obtain a Brownian curve that will be perceived as white noise. So we
are introducing here the stochastic element as the limit of periodicity in
the broad sense—in other words, renewal of the entity and at the same
time a greater and greater negation in the reproductions.

At each reproduction of any entity, the entropy of the entity increases
according to a certain delta—that is, the information describing the entity
degrades partially at each renewal, irretrievably. It becomes the job of the com-
poser to master, with intuition and reason at the same time, the doses of these
entropy-deltas circulating through all the macro-micro-intermediate levels of
the musical composition. In other words, one establishes an entire range
between two poles—determinism, which corresponds to strict periodicity, and
indeterminism, which corresponds to constant renewal—that is, periodicity in
the large sense. This is the true keyboard of musical composition. Thus we
emerge ina domain of multiple scientific and philosophic resonances. The con-
tinuity and discontinuity of the mathematicians and of the time-space of
quantum physicists are such resonances.

The question that arises in all its generality is to know which mathematical
cor.lstruction to specify to the computer so that what is heard will be as inter-
e:stmg as possible—new and original. Without dwelling too long on this, I will
cite an interesting example belonging to a case I was able to discover sometime
ago by using the logistic probability distribution. For certain values of its
parameters « and 8 and its elastic barriers, this distribution goes through a sort
of stochastic resonance, through a most interesting statistical stability within
Fhe sound produced. In fact it is not a sound that is produced, buta whole music
in macroscopic form. This form is the result of rhythmic transformations,
giving a polyrhythm of events with variable timbre, changing pitches and
intensities—in short, rhythmic strands of meeting and jostling sounds. I have
us.ed this procedure in the music of the DIATOPE at the Centre Pompidou
(fig. 9.3).

g e i ity s, the it nd ol
e e s sskeres el v
) g question in the specific case of sound
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Fig. 9.3. The DIATOPE, rear view. Plastic dismountable construction in front of the

Centre Georges Pompidou, Paris, 1978
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Here is another expression of this universal duality, this time in philosophy,
formed by the entity and its negation: the duality of the conflict opposing the
thesis of Parmenides to that of Heraclitus. Parmenides decided that Being must
exist always and everywhere, homogeneous without variation. Heraclitus
decided that nothing is immutable, that everything changes. Thus cxpresscd.
these two positions are not compatible. They become compatible, however, if
one decides that the Being of Parmenides is the entity that we invoke at the
beginning. But it is an entity that would not last—as if time were formed of
strings of cells and the entity inscribed in this bounded set of cells would not be
able to avoid disappearance and death, once all the limits were reached in
exchange for an imperfect reproduction. Then the perpetual change of Hera-.
clitus is precisely realized by the reproduction of this entity in a chain of
renewals—that is, in periodicity in the large sense. Thus, in this way, the Being
of Parmenides conserves its integrity in the entity but is stained with temporal,
spatial, and homegeneity limitations. Change, in general, cannot be instanta-
neous and total but is obtained progressively by a periodicity that is synony-
mous with varied reproduction, although it can be explosive at times. The uni-
verse of genetics is a beautiful and clear incarnation of this marriage between
Parmenides and Heraclitus. Music is another.

COMPOSING WITH LIGHT

Composing with sounds for the ear leads us to compose with light for the eyes.
The laser beam and the electronic flash are the equivalents of beautiful sounds.
To make them gleam in space is to create music for the eyes—visual abstract
music that would put galaxies, stars, and their transformation within the reach
of humanity, on a terrestrial scale, of course (fig. 94). This music for the eyes s
created with concepts and procedures stemming from musical composition.
The result is a new art of vision and hearing that is neither ballet nor opera, but
really an abstract spectacle in the sense of music, of the astral or terrestrial
type. Movements of galaxies (sped up), storms, and aurora borealis are exam-
ples of what this new art not just recreates—this would be without interest—but
truly creates with the means put at its disposal by the present technology.

Presently a new type of artist can master events of the size of a large city if
given the means. And soon the artist will be able to go out into the cosmos. This
is realized with and in the DIATOPE. I conceived and designed the DIATOPE
in its plastic-fabric tent (a special architecture in hyperbolic paraboloids) for
the inauguration of the Centre Georges Pompidou in Paris. Being itinerant, it
could represent the Centre Pompidou in other cities in France or other coun-
tries. After Paris, it went in 1979 o Bonn, West Germany, where it was invited
by the mayor of the city (fig. 9.5).

Fig. 94. Computer-generated flash patterns during the DIATOPE spectacle (fish-eye

snapshot)

b

and entrance, Bonn, 1979

Fig. 9.5. The DIATOPE, front view
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In the DIATOPE, four laser beams (4 watts each) are equipped with optical
devices that produce varied light effects. With these laser beams, 400 special
mirrors create multiplicities of luminous spider webs in movement. Moving
pools of light or sprays of luminous arrows trace in the space and on the black
fabric of the tent trajectories of shooting stars or mosaics of bursts of light.
Swirling configurations surround the spectator seated or lying on a glass-tile
floor that lets through other events underneath (fig. 9.6). In addition, 1600
electronic flashes form revolving spirals, forms invading or disappearing in
total blackness. These flashes are mounted on a metallic net suspended under
the plastic shell. The music, recorded on seven tracks, is distributed automati-
cally by the machine-program score (fig. 9.7), in continuous movements, to the
11 high-quality loudspeakers. The commands come from a nine-track digital
tape drive that decodes an image of the set of simultanecous commands (around
2000), each twenty-fifth of a second. The commands are dispatched by cableto
their destination in the space. The 46-minute spectacle consumes 140,500,000
binary commands. Naturally, to control and coordinate all these configura-
tions, their transformations, and their movements, it is necessary to use the
computer either interactively or by writing a digital tape according to a special
light-machine program score. This digital tape, decoded each twenty-fifth of a
second, commands the states of thousands of 1 ight sources or optical devices of
this visual music. The light composition and the digital tape were realized at
the CEMAMu; the music was realized at the CEMAMu and then completed at
the electronic studio of the Westdeutscher Rundfunk (WDR) in Cologne, West
Germany.

dpIC

To think music as composer, as craftsman, and as creator, it is first necessary 10
study ..snlfcgc. notation, music theory, and even an instrument over a long time.
And since, in addition, musical creation is considered superfluous, very few
people are able to attain it. Thus the individual and the society are deprived of
the formidable power of free imagination that musical cur'upusilion offers
them. We are able to tear down this iron curtain, thanks to the technology of
computers and their peripherals. The system that has succeeded at this tour-de-
l(.)l‘CC is the UPIC (Unité Polyagogique Informatique du CEMAMu). The prin-
ciple is the following: on a special drawing board one traces designs with an
electromagnetic ball-point pen. (fig. 9.8). These designs are read by the mini-
computer to which the table is connected. The designs are in.lcrprch‘d‘
according to the choice of the user. as pressure curves, dynamic envelopes.

DI 4‘[})}’},‘ spectacle with the public on the translucent glass-

|‘Ig9.6: View during the
tile floor
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Fig. 9.7. Computer simulation of flash patterns for the DIATOPE spectacle (complex
conformal transformations).

scores in the time-pitch domain, and so on. The computer calculates graphic
command data, and the result, after being sent through a digital-to-analog con-
verter, is heard immediately on the loudspeaker and recorded on a tape
recorder or a digital tape drive. In this way one may create banks of waveforms,
envclopes. and graphic scores. One may mix, delete, and realize many of the
opf:raftxons of a traditional electronic music studio by nothing more than
pointing with the electromagnetic pen to various parts of the table that are sen-
sm_zed like keys or buttons of an ordinary electronic device. Children may draw
a fish or a house and listen to what they have made and correct it. They can
lqrn, progressively through designing, to rhink musical composition without
being tormented by solfége or by incomplete mastery of a musical instrument.
But as they are led to construct rhythms, scales, and more complex things, they
ar;: also forced t(? combine arithmetic and geometric forms: music. From
x : len:;:f:j)l;\cs ;n l‘rnterdlsciplinary p?.dagogy through playing. All this is natu-

¥ valid for the “man on the street” and a fortiori for the researcher and the

professional composer, since the sound is i in sli
' Ser, s s is calculated in slices of the
thickness of 1/50 000 of a second. g

MUSIC COMPOSITION TREKS 187

Fig. 98. Page from Mycenae-Alpha (1978) by lannis
on the UPIC computer/graphic system of the Centre
Automatique Musicales, Paris.

Xenakis. First music composed
d'Etudes de Mathematique et

CONCLUSIONS

What emerges from all this is that for music. uqd t_hc visual arts of tomorrow it
will be necessary to form artists in several dlsg|pl|ncs at the same time, such as
mathematics. acoustics, physics, computer science, electronics, and the theo-
retical history of music or the visual arts. They will qccd fundamcn.tal knowl-
edge of a theory of forms and of t.hc‘lr transformations, whether in pale(.m-
tology, genetics, or astrophysics. It is important to encourage t.hcm and to give
them the means to create with a system such as UPIC for musicians and an anal-
al artists.

f this evolution will lie in the training of a large number,
of masses, as artist-creators right fmn‘] the start of kindergarten fﬂl lhc. way
through the present national cducat. ion in the ﬁamc w_a.y as the massive tlrammg
in the scientific disciplines in the high schools. .To this end u'lmn.am-s w1ll'havc
s 's“fmm = . by making possible for the first time immediate creation at
astrong ‘“ﬂucm.L |,) . terminals. It will enable distribution and public com-
::‘m? ”:r (:lﬂlnil:‘r;:jback of individual realizations with the aid of a system

unicatio

ogous one for visu
But the touchstone O
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like the UPIC at home. A device like the UPIC will soon become inexpensive

enough to be purchased by anyone.

POSTSCRIPT

Some parts of this article are taken from a text that appears in the book The Art
of Music: Tradition and Change by William B. Christ and Richard P. Delonc.of
the School of Music, Indiana University, Bloomington, and are used here with

their kind permission.

APPENDIX A: CORRESPONDENCE BETWEEN CERTAIN
DEVELOPMENTS IN MUSIC AND MATHEMATICS

MUSIC
500 B.C.

Pitches and lengths of strings are being related.
Music gives here a marvelous thrust to number
theory and geometry. Music invents the incom-
plete scales.

No correspondence in music.

300 B.C.

Invention of the ascending, descending, and null
intervals of pitches, in the additive language intro-
duced by Aristoxenos, who also invents, in theory,
a complete, equally tempered chromatic scale
with the twelfth of a tone as the modulus (step). In
parallel, there is a continuation of work with the
multiplicative (geometric) language of the string
lengths, which in fact is a translation of the addi-
tive pitch language (Euclid). Thus, music theory
highlights the discovery of the isomorphism
between the logarithms (musical intervals) and
exponentials (string lengths) more than 15 centu-
ries before their discovery in mathematics: also a

premonition of group theory is suggested by Aris-
toxenos.

MATHEMATICS

Discovery of the fundamental
importance of the natural num-
bers and invention of the positive
rational numbers (fractions).

Positive irrational numbers—
e.g., square root of 2 (Pythago-
rean theorem).

No reaction in mathematics.
Number theory is left behind in
respect to music theory and its
practice, and it lies dormant in
the west during more than 15 cen-
turies in spite of the concept of
infiniteness and of differential
and integral calculus, first felt by
Archimedes.
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MUSIC

1000 A.D.

[nvention of the two-dimensional spatial represen-
tation of pitches linked with time by means of
staves and points (represented by Guido
d'Arezzo), in advance by three centuries of the
coordinates of Oresme and by seven centuries
(1635-37) of the magnificent analytical geometry
of Fermat and Descartes.

1500

No response or development of the preceding con-
cepts.

1600

No equivalence, no reaction.

1700 and 1800

Rediscovery, through practice, of_thc well-
tempered chromatic scale (acme with Jn.hann
Sebastian Bach). Music is now left behind in the
field of basic structures. But, on th.c con}rary.
tonal structures, polyphony, and the invention of
macroforms (fugue, sonata) are in advans‘c of ar}d
bring to light the seeds that mos.t certainly will
inoculate a new life in the music (.wf today and
tomorrow. The fugue, for example, 1s an atfstract
automaton used two centuries bcforc.thc birth of
the science of automata. Also, there is an uncon-
scious manipulation of finite groups (chm gmup)
in the four variations of a melodic line used in
counterpoint.
1900

al yoke. First acceptance

. > ton 2
Liberation from the otality (Loquin

of the neutrality of the chromatic t
[1895], Hauer, Schoenberg)-

MATHEMATICS

No parallel in mathematics.

Zero and negative numbers are
adopted. Construction of the set
of rationals.

The sets of real numbers and of
logarithms are invented.

Number theory is ahead of but
has no equivalent yet in temporal
structures. These structures will
come later with stochastic pro-
cesses, game theory, automata,
etc. Invention of the field of com-
plex numbers (Euler, Gauss),
quaternions (Hamilton), the defi-
nition of continuity (Cauchy),
and the invention of group struc-
tures (Galois, Abel).

The infinite and transfinite num-
bers (Cantor). Peano axiomatics
of the natural numbers. The beau-
tiful measure theory (Lebesque,
Borel, Heine).
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MUSIC
1920

First radical formalization of macrostructures
through the serial system of Schoenberg.

1930

Reintroduction of finer pitch gradations through
the use of quarter tones, sixth tones, etc., although
still immersed in the tonal system. (Vyschne-
gradsky, Haba, Carillo).

1950

Second radical formalization of macrostructures
with permutations, pitch modes of limited trans-
positions, and nonretrogradable rhythms (Mes-
siaen).

1953

Introduction of the continuous scale of pitches and
time (use of real numbers) in calculating the char-
acteristics of sound, even if, for reasons of percep-
tion and interpretation, the real numbers are
approximated with rationals. (This is my own con-
tribution, theoretical as well as musical, which
included as well the use of various domains of
mathematics such as probabilities, logic calculus,
and several structures including group structure.
These will play an important role later in macro-
and microcomposition).

1957

New formalizations in music on the macrostruc-
ture level: stochastic processes, Markov chains,
though used in quite different ways (Hiller,
Xenakis), and also the use of computers (Hiller).

1960
Axiomatics of the musical scales with the sieve
theory and introduction of complex numbers in
composition (this is also a result of my work).

MATHEMATICS

No new development of the
number theory. A discussion of
some older contradictions in set
theory. (Music will catch up in
the coming years.)
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MUSIC

1970

New proposals in the microstructure of sounds Py

the introduction of continuous discontinuity with
the aid of probability laws (random wulk.. Brf)wr?-
ian movement). This continuous discommuny: is
extended to macrostructures, thus introducing
another architectural aspect on a macmlcvcl—.for
example, in instrumental music (this also is a
result of my work).

APPENDIX B: MOSAIC OF COMPOSITIONS BY IANNIS XENAKIS

ST Gl‘nup
Akrata
ST/4-2
ST/10-080262 Nomos Al[)h(l
ST/48 Nomos Gamma
Morsima-Amorsima
Atrees
Strategie
Polytope of Cluny
(sound synthesis:
ST + Cos-G
Gabor signal)
S Random Walks
ieves
Mikka

Persephassa Mikka-S
Nomos Alpha Cendrees
.:;fmos Gamma N'Shima

ists
Nekuia
Ais
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MATHEMATICS

Logical Operations

on Classes

Herma
Eonta

Arborescences

Evryali
Erikhthon
Cendrees
Empreintes
Noomena
Phlegra
Khoai
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Polygonal Variations Markov Chains UPIC
Legend of Er (DIATOPE) Syrmos
Jonchaies Analogiques A & B Anemoessa
Ikhoor :

Spectacles of Light and Music

Polytope of Cluny: first fully automated spectacle of light
DIA?‘OPE: fully automated spectacle of light and music
m.takmg use of all the other composition means on the macm:
micro and the intermediate levels.

These two spectacles intertwined with other spectacles such
as the Polytopes of Montreal, Persepolis, and Mycenae.

Mycenae-Alpha

INDEX

Abrams, Muhal Richard, 77-78
Acousmatic situation, 115
Active processes, xviii
Adderly, Cannonball, 18
Adderly, Nat, 18
Additive synthesis, 94
Affligemensis, xiv
Algorithmic composition, Xiv-Xv
Amacher, Maryanne, 81
Amy, Gilbert, 135
Analog and hybrid synthesizer, xiii,
117, 130-31, 142, 146
Buchla 100 Series, 146
GROOVE, 130
Moog III, 146, 168
Analysis-synthesis, 133
Anderson, Laurie, 87
Anderson, Ray, 76
d’Arezzo, Guido, xiv
Arfib, Daniel, 133
Artificial intelligence, 80-81, 128
Ashbery, John, 34
Ashley, Robert, 78
Assembler, 23, 34
Association for the Advancement of
Creative Musicians (AACM),
76-78
Aurora borealis, 182
Automated composition, Xiv-XV

Babbitt, Milton, 28

Bach, J. S., 82
Bacon. Francis, book: The New
Atlantis, xii

Bailey, Derek, 87
book: Musical Improvisation, 81, 85

Barbaud, P., xvi

Barlow, Clarence, Xiii

Bayle, Francois, 115

Beauchamp, James, 120

Beethoven, Ludwig van, 82, 106
composition: Missa Solemnis, 106

BEFAP assembler, 34

Behrman, David, 79

Bekaert, Jacques, 78

Bennett, Gerald, 121

Berger, Arthur, 29
composition: Five Piano Pieces, 29

Berio, Luciano, xiii, 18-19, 24, 114
composition: Circles, 18

Berlin, 21

Bischoff, John, 79

Bit-Pad digitizer, 154-55

Boulanger, Nadia, 18

Boulez, Pierre, xiii, xvi, 18, 81
composition: Trope, xvi

Bowden, Mwata, 80

Braxton, Anthony, 78, 87

Brown, Earle, xvi
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Brownian curve, 180-8l1
Brownian movement, 178-8l
Briin, Herbert, xv
background, 3-4
communicative language, on, 8
compositions:
A Mere Ripple, 2
Dust, 2
Dustiny, 2
I Told You So, 2
More Dust, 2
More Dust with Percussion, 2
U-Turn-1o, 2
computer graphics, 5, 9, 11, 13, 14
record, 3
tape, 2
Buchla, Donald, xiii, 82-83
Buchla 100 Series synthesizer, 146
Buchla 400 Series synthesizer, 83
Buxton, William, 154

Cadoz, Claude 134
Cage, John, 81
book: Silence, xvi
Canons, 179
Carrier-to-modulator ratio, 20, 92
Carter, Elliot, xiii
Cartesian product of sets, 178
Center for Advanced Visual Studies at
MIT, 43
Centre Georges Pompidou, 173, 180,
182
Chadabe, Joel, xvii
Chicago, South Side of, 77
Choreography, xviii
Chowning, John, xv, 36, 105, 119,
121-22, 127-28
composition, on, 20-21, 23-25
compositions:
Phéne, xv, 22
Sabelithe, 20
Stria, xv, 21, 122
Turenas, xv, 20
fantasy in composition, on, 24

INDEX

frequency modulation (FM),
research on, xv, 20-22
loudness, research on, 25

performance of computer music, on,

24
programming languages, inspiration
from, 23
singing, research on synthesis of,
22-23, 121, 127
space, research on sounds in, 19-20,
122, 128
Coleman, Ornette, 28, 81
Coltrane, John, 81, 84
Communist party, 32
Componium, Xiv-xv
Composer’s Forum, 77
Composition, procedural, xiv-xv
Compound sound objects, 145
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