find these data in the literature, J. C.
Tenney made a small study. The re-
sults are shown in Fig. 4. Here the
just-detectable difference in the rise
times of two tones is shown as a func-
tion of the shorter of the two rise
times. These data indicate that, for
rise times longer than about 5 milli-
seconds, a ratio of 3 to 2 is just detect-
able. For times shorter than 5 millisec-
onds, a difference of 1.5 milliseconds
is necessary. Using these data, the com-
poser can select a “scale” of attack
functions which are separated by inter-
vals that are equal in terms of the
listener's ability to differentiate be-
tween the attack functions. Such data
are typical of those required by a
composer.

Composing with the Computer

So far I have decscribed use of the
computer solely as a musical instru-
ment. The composer writes one line of
parameters for each note he wishes
played and hence has complete control
of the note. He is omnipotent, except
for lack of control over the noise pro-
duced by the random-number unit gen-
crators. Here a minor liberty is allowed
the computer.

However, composing-programs are
a rcasonable area of computation, and
work in this direction has already been
done by Hiller (5), Olson (6), Brooks
(7), and others. A number of different
approaches can be taken toward com-
position by computer. At one extreme,
the computer can be given a set of
rules, plus a random-number genera-
tor, and can simply be turned on to
generate any amount of music. Hiller’s
work is perhaps closest to this extreme,
In the opposite direction, the human
composer can maintain close control of
the music, using the computer merely
to avoid some of the repetitious and
tedious work involved in representing
his musical ideas. Once a theme with
many notes has been written, a pro-
gram can be devised for repeating the
theme by means of a single instruction.

Furthermore, the theme can be modi-
fied in simple ways: it can be trans-
posed to another pitch range or played
upon a different instrument; its tempo
can be changed or ity loudness modi-
fied. Harmonization of the theme ac-
cording to simple rules is possible.
Other means of modifying or develop-
ing a theme in interesting ways may
be forthcoming. The composer could,
perhaps, form a composition from a
set of thematic material, which he sup-
plied, and a set of fixed transforma-
tions.

At present, the music-playing pro-
gram has been modified so as to make
transformational development of a
theme possible. Certain of the sim-
plest transformations have been pro-
grammed. These include all those men-
tioned above, with the exception of
harmonization. As yet not enough
music has been generated to assess the
significance of this approach.

A slightly different method has been
tried by Tenney. His approach is a
compromise between a purely random
and a completely specified composi-
tion. The parameters of the individual
notes of the composition are generated
as a sequence of independent random
numbers by a random-number routine.
However, the average value and the
variance of these parameters are speci-
fied by the composer as functions
which change slowly throughout the
composition. The “score” of a section
of one of Tenney's works is shown in
graphic form in Fig. 5. The means and
variances of the note-durations, loud-
ness, and other parameters of the vari-
ous voices are controlled. Indeed, the
number of voices playing at a given
time is controlled. By this relatively
simple algorithm, a long-range struc-
ture which can be clearly recognized
by the ear is imposed on the composi-
tion. Thus, one of the characteristic
shortcomings of random compositions
—a lack of long-range structure—can
be overcome. ‘

The use of computers as an aid in
composition is still very new. We hope
that by this means the composer can

avoid having to write out all the indi-
vidual notes in a piece of music in order
to express his ideas—that he will be
able, rather, to write directly in param-
eters that are much more closely re-
lated to his musical objectives, letting
the machine generate the individual
notes. Whether this objective can be
attained remains to be seen,

The Future of Computer Music

I have indicated how almost any
sound can be produced by treating the
numbers generated by a computer as
samples of the sound pressure wave.
A very high sampling rate is required,
and, if this process is to be useful
musically, programs for generating
samples from the parameters of notes
must be written. A broad set of these
programs is now available and has
been used for playing, on an experi-
mental basis, a wide range of music.
Additionally, studies are being made
on possible uses of the computer as an
aid in composing. In such studies the
computer usually plays its own compo-
sitions and constitutes a composer-
player team.

Computer music appears to be very
promising technically. However, the
method will become significant only if
it is used by serious composers. At
present, our goal is to interest and
educate such musicians in jts use. We
believe that competent work in the
field can benefit not only music but the
whole field of psychoacoustics.

References and Notes

1. C. E. Shannon, Bell System Tech. J. 27, 379
(1948),

2. H. Otson, H. Belar, J. Timmens, J. Acoust.
Soc, Am. 32, 311 (1960).

3. A musical output for the csx-1 computer in
the Coordinated Science Laboratory at the
University of Illinois was constructed by J.

Divilbis. No written description is as yet
available.
4. “Music from Mathematics.”” Decca record

DL 9103 Monaurl or DL 79103 Binaurl.

5. L. Hiller, Jr., and L. Isaacson. Experimenial
Music (McGraw-Hill. New York, 1959).

6. H. Olson and H. Belar, J. Acoust, Soc. Am.
33, 1163 (1961).

7. F. Brooks, JIr.,, A, Hopkins, Jr., P, Newmann,
W. Wright, IRE (Iust. Radio Engrs.} Trans.
Electron, Computers EC-6, 175 (1957).




