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Computer music is music that cannot be created
without the use of computers. There are many ex-
amples of computer music that use the term in a
less narrow sense, however. The performance of
baroque music on digital equipment employs com-
puters, but the very same compositions might be
performed on other more suitable instruments.
This article focuses on the use of computers for
generating algorithmic compositions. I will define
different categories of algorithmic compositions
and discuss which of these deserve the designation
computer music.

If one considers various methods of algorithmic
composition, considerable importance can be al-
lotted to differentiating between construction and
resultant form, i.e., between compositional idea,
its realization in the musical score, and its audi-
tory perception. Computer-aided algorithmic com-
posing consists of constructing or selecting
algorithms to generate a composition. These con-
structions are then evaluated and assessed accord-
ing to whether the resultant forms seem to work
musically. To put it another way, computer-driven
differentiation between algorithm and resultant—
that is, the received form—is a peculiarity of com-
puter-aided algorithmic composition. Only rarely
is the process of generating the composition, and
thus the construction of the algorithm, intention-
ally made visible.

The theory of algorithmic composition usually
distinguishes between score synthesis (the com-
puter-aided working out of a composition, usually
for traditional acoustic instruments) and sound
synthesis (the computer-aided working out of a
synthetic sound that can only be heard through
loudspeakers). This distinction has its roots in the
traditional differentiation between score and in-
strument, but a computer-generated continuum be-
tween two different sounds, however, is both score
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and sound synthesis. In both types of synthesis, the
appearance of events in time is structured, both
globally (form) as well as locally (sound, timbre).

The present text is concerned for the most part
with various methods of computer-aided score
synthesis for orchestral instruments. It does not
deal with the wide area of computer-aided interac-
tive composition in real time, nor does it deal with
algorithmic sound synthesis.

The term score synthesis is closely related to
computer music, computer-aided composition,
CAO (composition assistée par ordinateur, i.e.,
composition assisted by computer), and automatic
composition or algorithmic composition. Algorith-
mic composition does not necessarily require the
application of a computer. Algorithmic processes
have also been shown to be at work in certain pro-
cedures in analog electro-acoustic music studios,
where they were called semi-automatic and auto-
matic composing (Stockhausen 1971). On the other
hand, Arvo Pirt does not use a computer and calls
those of his pieces in which a pattern is extended,
shortened, or otherwise permutated according to
an algorithm ”computer music”(La Motte-Haber
1996a, p. 158; La Motte-Haber 1996b, p. 23). This
illustrates how closely related both terms are.

The selection or construction of algorithms for
musical applications can be divided into three cat-
egories:

1. Modeling traditional, non-algorithmic
compositional procedures

2. Modeling new, original compositional
procedures, different from those known
before

3. Selecting algorithms from extra-musical
disciplines

I will discuss each of these categories in terms of
individual procedures and compositions. The third
category receives greater weight, because, in my
opinion, it contains the more recent developments
in computer music.
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Modeling Traditional, Non-algorithmic
Procedures

The composer Lejaren A. Hiller's approach to form
is characterized by a traditional attitude. In his
early computer-generated compositions, which
number among the earliest experiments in score
synthesis, he simply borrows traditional forms and
uses the computer to make the composing easier.
But he works so skillfully with the computer that
new dimensions are revealed. Hiller's first three
experiments produced not just single pieces, but
whole classes of compositions equivalent to the se-
lected form. His fourth experiment generated new,
unpredicted forms for the first time, which directly
changed his own formal understanding. From these
experiments arose the Illiac Suite for string quartet
(1955-1956), by Hiller and Leonard M. Isaacson.
The suite's four movements document the four ex-
periments Mr. Hiller and Mr. Leonard carried out
to find out how a composition might be generated
by computer. The first one (”Monody, Two-Part,
and Four-Part Writing”) programmed 16 different
rules in three categories: what is allowable, what is
forbidden, and what is required. These included the
rules for simple polyphony. Within this rule-based
structure, individual musical events were deter-
mined by chance procedures. The results were
simple cantus firmus melodies of varying lengths.
The second experiment (”Four-Part First-Species
Counterpoint”) extended the insights of the first to
generate different musical styles. The third ("Ex-
perimental Music”) was programmed with serial
structures and techniques. The methods of the
fourth experiment ("Markov Chain Music”) influ-
enced later works that used computer-aided score
synthesis. Hiller and Isaacson worked here not
with rules of composition, but with sequences of
dependent random parameters.

The listener can hear traditional musical forms,
but the algorithms used by Hiller and Isaacson to
generate them remain hidden. The listener cannot
distinguish whether the piece has been generated
by means of algorithmic or traditional composition.

Other important representatives of early score
synthesis are Gottfried Michael Koenig and Iannis

Xenakis. Koenig began to develop his composition
program Projekt 1 (PR1)in 1963. In 1966, he began
work on Projekt 2 (PR2). Both programs are rooted
”in serial thought . . . which attempts to structure
symbolic spaces” (Koenig 1993). Projekt 1 describes
a general serial compositional strategy that deliver-
ies various results with the help of chance genera-
tors. With Projekt 2 Koenig developed a composition
that must be built step by step: individual dimen-
sions for the different parameters of the composi-
tional structure (instruments, division of time,
harmonic/melodic area, volume); rules for selecting
these dimensions (specifically or at random, singly
or in groups, with or without temporal develop-
ment); and rules of combination. Using Projekt 2,
one must justify one's actions at every step and ana-
lyze one's intentions before beginning to compose.

Modeling New Procedures

The aforementioned compositional algorithms by
Gottfried Michael Koenig are intended to solve
general musical problems and to be able to be used
by other composers. The algorithms of the com-
poser Clarenz Barlow, on the other hand, have the
character of a private language, and each was de-
veloped for a single piece only. Here the algo-
rithms are not simply compositional tools, but are
themselves—at an abstract level—an aspect of the
music's concrete manifestation. Barlow claims
that he would obtain the same results without the
help of a computer and defends himself against the
term ”computer music.” He notes that "One
doesn't talk about “pencil music'” in focusing on
the way a piece has been composed.

His numerical examination of tonality and
meter has found its expression in the piano piece
Cogluotobiisisletmesi. Several sound layers run si-
multaneously in 14 different tempi. Quarter-tone
intervals can be heard in the change from one
scale to the next, but not within each scale. In
Cogluotobiisisletmesi, the metric and harmonic
intensity, thythmic and melodic uniformity,
chordal density, density of attack, dynamics, and
articulation were calculated according to a com-
posed meta-structure: the algorithms (Barlow

Supper 49



1980; Wilson 1985). The actual piece is only one of
many possible realizations.

Selecting Algorithms
from Extra-musical Disciplines

The use of extra-musical algorithms is varied.
Popular are L-systems, developed by the biologist
Aristid Lindenmeyer. Lindenmeyer's L-systems are
based on grammars by the linguist Noam
Chomsky. But while Chomsky formalizes the pro-
duction of sentences in a language, Lindenmeyer
models the growth processes of plants
(Prusinkiewicz and Lindenmayer 1990).

The use of L-systems is interesting to composers
for two reasons. First, the often very complex
growth processes can be formulated by the con-
struction of very simple derivatives that develop an
aesthetically challenging opposition. Second, non-
predictable, mainly self-similar resultant forms
arise which cannot be achieved by usual composi-
tional methods. The buzzword "self-similar,” made
popular by chaos theory, plays an enormous role in
the discussion of computer-aided composing. In
fact, a tendency can be observed to regard self-simi-
larity alone as the solution to formal problems.
However, the use of compositional rules derived
from L-systems is usually not enough to generate a
structurally coherent composition.

The following replacement rules are a simple ex-
ample of an L-system:

a—>b

b — ab

Here, a is replaced by b, and b by ab. The symbol
beginning the derivation is called the axiom. If one
starts with a, the following sequence results:

a
b

ab

bab

abbab

bababbab
abbabbababbab
bababbababbabbababbab
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The length of the chains of symbols extends rap-
idly and can be calculated in this example as a Fi-
bonacci sequence: the length of each line is the
sum of the lengths of the two preceding it.

L-systems are a popular choice for compositional
algorithms because they generate self-similar
structures, i.e., similarities arise between the mi-
croscopic and macroscopic aspects of a possible
composition. These similarities can clearly be
seen in the following complex example using ten
different replacement rules:

0—10
1532
2 — 3(4)
3 >3

4 — 56
5 —> 37
6 —> 58
7 — 3(9)
8 —» 50
9 — 39
) =)

(=

If we begin with the axiom 4, the following se-
quence emerges:

1 4
2 56

3 3758

4 33(9)3750

5 33(39)33(9)3710

6 33(339)33(39)33(9)3210
10

33(3%9133(3°9)33(39)33(33(9)3750)33(3758133(56)33(4/3210

Even a non-mathematician will be able to recog-
nize self-similarity as the essential feature of the
resulting sequences. Artists and musicians have
been interested in this concept since the 1980s.
L-systems are used to generate musical struc-
tures, although of course the musical parameters
represented by the individual symbols in a se-
quence remain perfectly free. The simplest of
these attempts are those in which the symbols
are taken to represent pitch and duration
(Prusinkiewicz 1986).
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phone and ensemble (1993—
1994) by Hanspeter Kyburz.

Third movement, fourth
section, alto saxophone

Figure 1. Cells, for saxo-
part.
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Table 1. Rules used in producing the musical
excerpt shown in Figure 1

Axiom Rule

1(a) if (a < 4), then apply Axiom 1(a + 1)
1(a) if (a = 4), then apply Axioms 1(1) 2(1)
2(a) if (a < 3), then apply Axiom 2(a + 1)
2(a) if (a = 3), then apply Axioms 2(1) 3(1)
3(a) if (a < 2), then apply Axiom 3(a + 1)
3(a) if (a = 2), then apply Axiom 3(1)
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Since attending a conference on chaos theory in
1989, the composer Hanspeter Kyburz has been in-
vestigating the use of L-systems for compositional
processes. The piece Cells, for saxophone and en-
semble (1993-1994), was one of the first results.
Kyburz at first composed small musical objects—
small motifs—which are stored independently of
one another in the computer and can be used as
variables in the application of L-systems. The rules
of derivation constructed by the composer define
when a particular musical object is called. These
rules define the compositional procedure, and they
are not known to the listener, nor can they be
heard. However, the process-oriented syntax of the
L-systems produces the audible, self-similar struc-
ture of the composition. This method of composi-
tion might actually be perceived by the listener.
When using L-systems, the composer has to define
when the derivation should stop, as they tend to
spool on indefinitely (Supper 1997, pp. 106-108).

Figure 1 shows an excerpt from the score. It
demonstrates the formal concept—in this case
self-similar structures—automatically determined
by the use of L-systems.

The rules for producing the excerpt are shown in
Table 1.

Here, a is a variable which is replaced by the fig-
ures 1, 2, 3, or 4. The tree divides, for example, if
in 1(a) the variable a is replaced by 4, or if in 2(a) it
is allotted the parameter 3. The structure of the
tree arising from these rules is shown in Figure 2.
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Figure 2. Tree structure
arising from the rules
shown in Table 1.

1(1)
1(2)
1(3)
1(4)
1(1) 2(1)
1(2) 2(2)
1(3) 2(3)
1 /\
2(1) 3(1)
1(1) 2(1) 2(2) 3(2)
1(2) 2(2) 2(3)

13)  203)

1(4) /\
A /
2(1)

4
20 (1) 32) 4

etc.

Kyburz uses the first 13 generations. They are
marked in the score as G1, G2 ... G13.1have also
indicated the current derivative, for example 1(2)
or 3(1). These markings relate directly to the
above-mentioned musical objects.

Cellular automata are other algorithms from ex-
tra-musical disciplines used for algorithmic com-
position. They have been developed to simulate
dynamic systems, such as the movements of flu-
ids. For example, in fluid dynamics, a fluid particle
would be represented by a cell. Individual particles
influence each other by knocking against one an-
other or changing places, etc., thereby defining the
movement of the fluid as a whole. The easily com-
prehensible, elementary effects within a cell's im-
mediate area can have an unexpected effect on the
system as a whole, because each cell can simulta-
neously influence and be influenced by several of
its neighbors. The behavior of dynamic systems
has been described by cellular automata since the
early 1980s.

The ideas behind cellular automata have encour-
aged various musicians to use them as models for
compositional processes. Beyls notes, ”As a com-
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poser I am interested in models of evolution and
growth rather than in theories for structural de-
sign” (Beyls 1989). For Xenakis, they are a tool for
constructing complex structures with minimum
means. The developmental processes of cellular
automata define the dynamic course of orchestral
clusters in Horos (1986) (Hoffmann 1994).

The application of extra-musical algorithms simu-
lating natural phenomena raises the question
whether composers secretly see algorithmic compo-
sition as a way of generating natural forms natu-
rally—forms which are taken to justify themselves
by their naturalness alone. In any case, the modeling
of natural processes requires the use of computers
owing to the large number of mathematical calcula-
tions needed. The computer is not only used as a
compositional facilitator—it becomes a necessity.
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