A practical study of the application of Computer Techniques

in processes of musical composition

by

Kevin John Jones

A thesis submitted for the degree of Master of Philosophy
in the Computer Centre of the

University of Aston in Birmingham

May 1978



40 MAY 979 z
.;’Dq_?\'hb\a
oA 73\“‘\ st

AV



SYNOPSIS

A practical study of the application of Computer Techniques

in processes of musical composition

Master of Philosophy

Kevin John Jones

May 1978

Computers have invaded every sphere of man's activities, and music is
no exception. Their assistance has proved valuable in analysis and
archiving, sound synthesis and in musical composition. After initial
doubts, many composers and commentators now recognise how important,
and sometimes even indispensable, the computer can be in certain
types of composition.

A number of compositional projects in which the computer plays the
most significant rb6le are described. These are based largely on
stochastic, probabilistic systems, and seem to lead to generally
satisfying results. Such techniques as those developed in this study
could usefully be incorporated into a general composing system.

Computer
Music

Composition
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PART ONE

THE COMPUTER, ART AND STOCHASTIC MUSIC

In the twentieth century, a great variety of compositional techniques
have been developed in music; as composers have experimented, differ-
ing styles have been adopted and subsequently dropped or adapted in
search of more powerful means of expression. It now seems that musical
composition is entering a period of consolidation as composers are
reviving techniques which had previously been rejected in a period of

experimental fervour.

One method which still remains to be developed is that of statistical
manipulation of elements, which is potentially a powerful addition to
the available repertoire of techniques, but to be used effectively it

is really necessary to use a computer.

Xenakis is the only composer to have made much use of these techniques,
even though others such as Penderecki have copied the superficial sound
image less convincingly. (Penderecki's music may initially have instant
appeal, being used in a programmatic context, but Xenakis' has a greater
pregnance, being open to a wider range of interpretation, with a con-
stantly varying sound image which grows richer on repeated hearings.)
Xenakis found that his use of statistical techniques in plotting large
scale structures led naturally to enlisting the assistance of the com-

puter in making calculations.



Some other attempts to use the computer in musical composition seem to
have been made merely for the sake of using a computer and have been

failures or of little more than mere novelty interest.

Before going on to consider statistical techniques and other uses of
the computer in music its r6le in art generally will first be

considered



; Computers a Creativi
LUCRETIUS : 'Nil posse creari de Nilo"
("Nothing can be created out of nothing'')

(De Rerum Natura I.155)

The idea of a computer being used in art or to make music causes most
people to react with stunned amazement and often anger. Lejaren Hiller
tells of the occasion when an English music professor chanced to meet
him coming out of a supermarket in New York, and viciously rated him for
his work in computer music saying that he deserved to be shot! Comments
such as " Where is the creativity in that?'" are typical; whilst many
entertain sinister visions of a world taken over by vast armies of click-
ing machines attended by an army of busy white-coated operators. Even
though such a picture is obviously wildly inaccurate it is nevertheless
puzzling why most people should feel threatened by computer art, and be

doubtful about its validity.

It is essentially a useless exercise to attempt to vindicate computer
creativity, for any answer lies buried in the terms used to pose the
question: '" If that's what you mean by creativity that's not what I
meant. " Any output from a computer could be considered creative -

even constantly repeated material - for that might be thought of as
original by some. On the other hand, the result of following a deter-
minable, albeit unknown path through a computer program could be thought
of as not creative at all. If creativity is considered to be the ability
to bring something new into existence, the question remains: ' What is

new? " which is the cue for an endless bout of word wrestling. This is



precisely what is happening when Boulez writes:

"Ordering the course of a certain group of events - methodically,
empirically or by the intervention of chance - is not at all the
same as giving them the coherence of a form.'" !

This is a classic non-statement, a mere argument about labels.

The Czech scientist, Nemes, under the influence of official communist
party thinking, argues that every experience must be part of a closed
system, and can ultimately be revealed in a logically plottable form

given sufficient time and research:

""Any inspiration, any sudden insight, considered 'supernatural',
coming from nowhere, 'like a shooting star', can be reduced to
deterministic thinking processes. " 2

However, quite apart from any need for metaphysical explanations, contem-
porary thinkers have moved beyond such an idealistic view to recognise
that any understanding of our experience is in a constant open-ended

state of progression in which new and sometimes improved models of thought

are continually suggested. Karl Popper writes:

"In science, we never have sufficient reason for the belief that we
have attained the truth. .... In so far as scientific statements
refer to the world of experience, they must be refutable; and in so
far as they are irrefutable, they do not refer to the world of
experience. ' 3

Even the assumed values of conventional logic are based on non-provable

axioms.

1 Boulez p. 30
2 T.N. Nemes p. 209
3 Karl Popper p.13



It is foolish to make great claims about computer creativity and computer
art; it is equally foolish to ignore the exciting opportunities offered
by the computer in extending the composer/programmer's ideas in methods
which can be enjoyed for their own sake. The computer itself can not
really claim to be creative, the programmer surely can, but exactly where

the label is fixed is irrelevent.

Numbers have always been a significant aid to composers throughout his-
tory. It is not difficult to find examples of composing devices or
systems which have been used in the past: Samuel Pepys (1639 - 1703)
possessed a musarithmica mirifica consisting of number and sign tables.
The Prague Cistercian monk, Mauritius Vogt, in '"Conclave Thesauri magnae
artis musicae'" (1719) described a system of composing using bent hob-
nails to represent melodic turns. William Hayes, an Englishman, in "The
Art of Composing Musick by a method entirely New, Suited to the Meanest
Capacity" (1751) proposed a composition method using ink blots and play-
ing cards. Mozart's 'Dice Game' compositions, K294 D (1795), offer
various alternative bars from which selction can be made by throwing
dice and consulting a chart. This is probably the best known amongst
the various approaches to 'automatic' composition. Many other similar
treatises have appeared: ars inveniendi, artificia heuristica, ars

combinatori, etc. !

But quite apart from these totally determined systems of, in general, a
few eccentric individuals, of interest only in their oddity and of no

real artistic merit or significant practical effect, musical history is

I Nemes p. 211



full of examples of successful mainstream composers making use of mathe-
matical techniques in plotting structures in their compositions. This is
evident in the carefully balanced symmetries of the Medieval Chanson and
Isorhythmic motets, through the precise counterpoint of Bach and even in
the music of such an arch-Romantic as Wagner, apparently as far removed

from 'Formalism' as one could get. He wrote:

"The work of art produced non-consciously belongs to ages far removed
from our own. "

Evidence suggests that Wagner made significant use of formal arithmetical

calculations in structuring and balancing sections of his work. !

All composers have always employed commonly used forms and systems to aid
their composition. The rules themselves do not produce great works of
art, but the use which is made of them (and the ways in which they are
broken!). By making use of a computer today, the composer is only fcllow-
ing a time-honoured tradition, but with more powerful resources at his

disposal.

In recent years, there have been many changes in composing methods. In
particular, many composers have introduced chance elements into their

.
music. Composers like Berio, Stockhausen and Boulez have produced com-
positions where the order in which individual sections of the piece may
be performed is variable, or where 'mobile' elements of the composition
may be freely combined, or where only vague instructions are given to

the performer who has a large amount of freedom in interpreting the

score. John Cage has made greatest use of chance procedures within the

1 Stuckenschmidt p. 193



compositional process itself. In describing his methods he concludes:

"It is thus possible to make a musical composition the continuity of
which is free of individual taste and memory (psychology) and also
of the literature and '"traditions'" of the art. The sounds enter the
time-space centered within themselves, unimpeded by service to any
abstraction, their 360 degrees of circumference free for an infinite
play of interpretation. Value judgments are not in the nature of
this work as regards either composition, performance of listening.
The idea of a relation (the idea : 2) being absent, anything (the
idea : 1) may happen. A "mistake" is beside the point, for once any-
thing happens it automatically is."

In listening to pieces constituted within such an ideology, the audience
has to assume a much more significant r6le in interpreting or re-creating

what they hear.

The American composer Steve Reich has extended the process approach to
control easily perceptible changes in the actual sounds of the music
itself. The way in which he describes his method is very similar to a

composer's approach to the computer:

'""Though I may have the pleasure of discovering musical processes and
composing the material to run through them, once the process is set
up and loaded it runs by itself.'" 2

One of the aims of computer music composition is to devise systems to

generate the maximum amount of pattern with the minimum of instructions.

Exactly what 'pattern' means is again disputable. Even absence of pattern,
a totally random distribution of objects, is itself a type of pattern.
But once a totally random distribution of objects has been produced as a

work of art, then any other random distribution is essentially the same;

1 John Cage p.59
2 Steve Reich



the point has been made, and it can not be repeated. It is the task of
the artist to produce new and interesting arrangments of objects, at
appropriate points between the extremes of total order and total dis-
order; pattern structures which can be appreciated by our natural

perceptive abilities.

The examples below illustrate how minimal constraints can impose order
upon apparently randomly arranged objects, and so create an easily

observable form:

A. This sequence of numbers appears to have no meaning:
73470911-3658624654180537292

But if the constraint of selecting three adjacent numbers is

imposed they assume a creative potential:

6i 5 8

B. Similarly, it is difficult to find a pattern in a random distri-

bution of circles:

0 0.0 (6156 8 4 i i
0 00 (0]
00 00 0 O
006 O D06 O
o O 0} Q 0
0 0 00O 0
0 @0 0000
0 Q. 0 0



But if just one corner is considered, it has appreciable form:

0] (0]
0]
0 O
() The following words, selected at random, make little sense:

catch the with number to it he

but if a simple grammar is used to generate a sentence something of

the following nature appears:
the moon quietly slips over the whispers

Sentences of this sort were produced in the text pattern experiments

which are described below. !

In producing such patterns, the computer itself is not aware of the feel-
ings it might engender; the reader responds to the visual or verbal
stimulation. Furthermore, the computer is not making its own choices

to order such objects but is only operating under the instructions of

the programmer who makes a creative decision in deciding what the con-

straints are to be.

Pierce gives examples of 'Stochastic English' which include the sentence:
It happened one frosty look of trees waving against the wall.

He considers that the interest and amusement provoked by such material is

sufficient justification for calling it a contribution of mathematics to

the arts. 2

l see page 62
2 Pierce p.52
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Sometimes the computer may come up with something entirely unexpected:
the case of a theorem-proving program demonstrating that base angles of
an isosceles triangle are equal by showing AABC is congruent to AACB,
apparently unthought of before, is well known. It was found in working
on the program PIANOCOMP that one piece resulted based largely on
trills, frequently doubled at multiples of an octave, which are to be
played with varying and contrasting intensities, which can produce an
interesting effect. This was a contingency only subconsciously allowed

for in writing the program.

It is tempting to say that if creativity can be taught, then a computer
can be creative. But in teaching creativity, one is merely bringing out
what is there already. Using a computer helps to bring out possibiliites
which the composer/programer allows for, but of which he may not be

consciously aware.

And so, aspects of creativity in computer compositions can be seen to
rest in the pregnant logic of the program, the way in which the composer
makes use of it, and in the reaction of the listener to the finished

work.
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2 Computers in Music

Before dealing specifically with musical composition, it is worthwhile
to consider briefly some of the other ways in which the computer has been
used in musical applications, all of which have significant implication

in compositional techniques.

The computer has been proved useful in the field of musical analysis.

As in most disciplines, it has greatly facilitated information handling
where large amounts of data are involved. In ethnomusicological research,
the computer has been used to sort, order and compare the results of
field work; similarly it has assisted in the archiving and verifying of
historical records. Examples of such applications are given by Harry
Lincoln in his general survey ! , but it is not relevant to this enquiry

to pursue this subject in any greater depth.

More significant in its implication on compositional techniques is the
application of statistical analysis in music, to analyse the distribution

of particular notes, note combinations or other musical elements.

The writer has carried out a small experiment using the computer to count
the frequency distribution of intervals in certain recitative passages by
Bach and Handel, which gave some useful results 2: it appeared from the
passages used, that Handel tended to use smaller intervals most of the

time, reserving larger ones for occasional effect, whereas Bach made use

1 Lincoln
2 Kevin Jones



12

of a more even spread of intervals - in listener's terms this is likely
to mean that Handel's music is more predictable and easier to listen to,
whereas Bach's music has greater variety (in note by note terms) and

needs more aural effort to be appreciated.

This in no way passes any value-judgement on the composers but it is a
point with which most listeners would probably agree. The analysis of
Bach, from his St. John Passion, also revealed the fact that Christ's

part contains a comparatively large number of perfect fifths. This is
something which ought to have been expected from Bach, but which might

not otherwise have been immediately obvious but for the computer analysis.

One of the earliest experiments in computer music was carried out using

a computer to analyse Stephen Foster songs, based on the occurence of
two-note and three-note patterns. ! The values derived were then used to
generate new songs, with notoriously poor results. The experiment none
the less, was useful in proving the inadequacy of simple 'counts' to
define a style or any of the real form of a composition and anyone making

use of such methods should be well aware of their limitations.

Little work has been done on direct computer analysis of musical form and
syntax. The nature of any general musical syntax itself is in dispute
even before it could be usefully applied in a general analysis. The many
parameters of musical interpretation make musical syntax at least as
complicated as that of natural language and it is likely that develop-
ments in this field will follow developments in computer analysis and

interpretation of natural language.

1 Olson and Belar
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Some limited basic work has been pioneered. In Edinburgh, M. J. Steadman
and H. C. Longuet-Higgins have analysed certain aspects of the fugue sub-
jects in Bach's 48. ! The program attempts to establish the tonality and
metre of the naked melody input devoid of any tonal or metrical context.
This is achieved by formulating a special set of rules against which suc-

cessive checking takes place.

Frankel, Rosenchein and Smoliar have made use of the computer language
LISP to describe the syntax of part of Beethoven's Ninth Symphony which

may be useful in further analytical experiments. 2.3

The most important application of the computer to music is in sound syn-
thesis. Work done in this field has made an impact way beyond the
boundaries of music alone, for example in digital speech transmission and
storage. Computer music composition is likely to be most effective and

significant in the context of digital sound synthesis.

There are basically two types of sound synthesis systems developed. Com-
puter controlled analogue studios, and direct digital sound synthesis.
The former maintain computer control over synthesizers. This gives the
user the advantage of much greater speed of operation, but the basic
sounds which can be produced are sometimes inaccurate and limited, though
some composers prefer to work in such an environment. A number of these
systems exist, particularly in many United States' Universities, but each

system is generally unique to its installation. EMS in London market a

! Longuet-Higgins and Steadman
2 Frankel, Rosenchein and Smoliar
3 Smoliar
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small computer controlled studio, and there are also studios in Stockholm

and Utrecht.

In direct digital synthesis, the computer uses a program to manipulate
sound data and prepare a sequence of numbers which define a sound pressure
wave, which is then fed through a digital to analogue converter, at the
rate of some 20000 samples per second, so that the resulting signal can

be used to drive a loudspeaker.

Various programs have been developed to effect the translation of instruc-
tions into digital sound samples, again, mostly in the United States.

These mainly belong to a family of variations on a basic program developed
by Max Mathews and others: MUSIC V 1, MUSIC IV BF 2, MUSIC 360,
MUSIC XI , and SOUND 3.  Other programs such as John Clough's TEMPO %
have been developed. Some of these programs are in machine code and can
only be run on a particular type of computer, others are in FORTRAN and
can be implemented more widely. This is now being done at a few centres

in Britain and the rest of Europe.

The possibilities engendered by direct digital synthesis are theoretically
unlimited, but in practice are restricted by the poor imagination of the
user, inadequate acoustical knowledge and lack of programming skills. But

attempts are being made to remedy the situation.

Hybrid studios are also being developed to highlight the advantages of

both systems, which incorporate both digital and analogue sound sources

1 Mathews
2 Howe p. 175 ff
3 Byrd

% Clough
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under overall digital control.

Digital sound synthesis systems have proved valuable in sound research.
Conventional understanding of acoustics of musical instruments has been
shown to be inadequate as a result of attempts to synthesise these sounds

digitally.

It is to be hoped that work done on composing units incorporated into
sound synthesis systems will be useful in making the system more access-
ible to composers. Compositional algorithms of the type described in
this study could be incorporated into a computer music system and thereby
reduce the phenomenal number of instructions needed from the composer at

present; and at the same time ensure maximum variety in sound output.
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Zs The Computer in Composition

The highly abstract nature of musical language makes it a more suitable
;andidate for synthetic computer composition that the other arts. However,
many attempts to use the computer along lines suggested by 'classical'
approaches to composition have met with little success. It is only in
using the computer in new methods, in compositional techniques otherwise
impossible to attempt without the computer's assistance, that more success
has been acheived. Before considering these new compositional styles,

some of these earlier uses of the computer will be described. They fall

into a number of main categories:

a) programming rules of harmony and couterpoint

The earliest, well-publicised experiments in computer composition were
conducted by Hiller and Isaacson at the University of Illinois. ! They
programmed a computer with elementary rules of counterpoint, based on the
work of the seventeenth century theorist, Fux, and generated sequences

of random numbers which could be tested against the rules and accepted or
rejected. A number of experiments were conducted in which various rules
were removed until the constraints of final experiments were minimal.

The music produced in this way showed a gradual progression of styles,
finishing with scores looking very much like the music of Bartok. A
suite of pieces for string quartet was assembled and named the Illiac

Suite, after the computer used for the experiment.

! Hiller and Isaacson
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In very small sections, music prepared in this way can sound reasonably
convincing, but on a broader level, the music has no appreciable form

and merely meanders on in a meaningless string.

Working quite independently, the Russian engineer Zaripov programmed a
computer with Basic rules, based on his observations of the form of simple
folk songs. ! These took into account overall form patterns., Some inter-
esting melodies were generated which he called Ural AZrs. Zaripov

achieved a certain fame in the USSR for his work.
Champernowne has synthesized Victorian hymn tunes with apparently reason-

able success; 2 and more recently, Robert McMahan has reconstructed

examples of late Brahms piano music. 3

b) statistical analysis and synthesis

Some early attempts at re-synthesizing melodies by analysing the trans-
ition probabilities inherent in given note sequences were made in the
United States with varying types of material. Klein and Bolitho analysed
popular songs in their " Push Button Bertha" experiments (1956); “
Brooks, Hopkins, Neumann and Wright worked similarly with Hymn tunes, °

Olson and Belar with Stephen Foster melodies. ©

Zaripov

Hiller p. 82 'Music Composed with Computers'
Vinton; article on 'Computer Applications'
Hiller p.45 'Music Composed with Computers'
ibid p. 46

Olson and Belar

O F ow N -
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Such efforts as these can not produce compositions valid in their own
right but are useful ways of establishing the sufficiency of methods of
form analysis. A parallel can be drawn with an equivalent situation in
sound synthesis where to synthesize natural instrumental sounds merely
for the sake of the superficial sound, is pointless, since the original
instrument would do the job far better, but in attempting to synthesize
natural sounds accurately, great insight can be gained into their nature
and then this knowledge can be used to generate new and more interesting
ones. Research already done in this area has demonstrated the inability
of conventional acoustics to describe musical sounds adequately.
Similarly, the inadequacy of methods of analysis has been demonstrated

by attempting to use those methods to reconstruct musical pieces.

In the Computer Cantata of 1963, Hiller and Baker attempted to use the
techniques of analysis and synthesis to produce a substantial composition.
An appropriate text was used, examples of 'Stochastic English', which

was accompanied with music derived from successive approximations to
Charles Ives orchestral work Three Places in New England . The piece

begins totally at random and more and more order is gradually introduced.

The Fantasy for ten winds, percussion and Tape makes use of the prob-
abilities of note occurances in the hymn tunes 0ld Hundredth and Now

thank we all our God .

For the large scale composition HPSCHD , in which Hiller collaborated
with John Cage, tapes were generated based on an analysis of Mozart's
music. The actual notes to be used, however, were chosen from scales

derived from programming the I Ching oracle, used in many of John Cage's
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compositions, and which turns out to arrange chance elements within a

binomial distribution. !

c) Mozart's Dice Game

This has been a source of stimulation as a fairly easy combinatorial exer-
cise for computers. D. A. Caplin programmed the game on a Ferranti computer

in 1955, 2 and this was also used as the basis of experiments in Glasgow.

The harpsichord parts of Hiller and Cage's HPSCHD, mentioned above, were

constructed from the game.

d) collage

Hiller's Avalanche for Pitchman, Prima Donna, Player Piano, Percussionist,
and pre-recorded tape contains a computer plotted piano-roll, formed from
a shuffled assortment of ninety nineteenth century symphonic themes which

gradually build up and thicken in texture. 3

Work on this piece exposed a flaw in the computer plotter, which had
hitherto remained undetected by computer personnel. Hiller knew what sort
of output he expected. The computer staff admitted that they were all too

unaware of possible enormous errors which may have occured in the work of

1 Hiller 'Programming the I Ching Oracle'
2 Hiller p.47 'Music Composed with Computer'
3 ijbid p.61
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nuclear scientists and biologists who had trustingly accepted the computer
output without question! This is yet another example of computers used in

the arts being of service to scientists.

e) Twelve-note serial composition

Twelve-note composition is something which seems to have dominated
American interests, and most work has probably been done in this area.
The basic serial tenet: of always stating a twelve-note series in its
entirity before proceeding to the next compositional act, seems to be a

convenient starting point upon which further pattern may be superimposed.

In his CSX-1 Study of 1963, Baker employed systematic permutation of
twelve-note material. ! Brun, in composing Soniferous Loops (1965),
added additional probability distributions. In this piece, expression

marks were added afterwards.

An article by Kobin and Ashford discusses the problems of computer com-
position and imposition of extra constraints governing pitch, note-duration,
number of instruments playing at one instant and the nature of intervals. 2

Studies of this nature are not uncommon.

In England, Stanley Gill, responsible for the first conference on computer

music, produced a string trio based on serial compositional techniques. 3

! Hiller p.52 'Music Composed with Computers'
2 Kobin and Ashford
3 6ill
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In addition to the basic rule of serial composition: using a twelve-note
row in its entirity, a few other simple constraints were introduced.

Each voice was limited to a range of two octaves, and should rest for
approximately one bar in four or five, but no two voices should rest
together. One voice should move quite rapidly whilst the other moves
slowly, and parallel octaves were to be avoided. No attempt was made to
introduce any overall structuring of the whole piece, part of which was
used as background music for a BBC TV programme Machines like Men broad-

cast in 1962.

Koenig apparently uses twelve-note composing programs in his computer

music work in Holland. !

More recently, Donald Byrd has described a twelve-note based composing
program MUSC available as part of the computer music facility at
Indiana. 2 The user of the program supplies a line segment function,
called a " Contour function'" which, along with the alternative of its
inversion, is used to control the pitch, rhythmic and dynamic structure
as a function of time for each voice. The way in which this is done
varies with each parameter. Exact pitches are chosen using twelve-note
technique, but the contour function is used to determine the register
(or octave position) of each note within the instrument's range. In this
way, he claims, the melodic line should have coherence at both micro and
macro levels. The user needs to supply a number of rhythmic patterns

arranged progressively according to average note duration, from which the

1 Hiller p.86 'Music Composed with Computers'
2 Byrd
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contour function is used to make choices. A simpler method is used to
choose dynamics. In addition to the above constraints the user can
specify an amount of randomness to vary the control of each parameter.

Each instrument's part is composed independently.

f) stochastic composition

Stochastic composition, and Xenakis' work in particular are considered

later, but brief mention is made here of some other compositions.

In Non-Sequitur VI (1966), Briin fed probability distributions into the
computer. ! These were then changed according to the actual environment
being generated. The simple heuristic implications of this working method
are of some interest. Cuomo in his pieces Zetos 1 through &5 makes use
of probabilistic control of density, 2 similar techniques to those of
Xenakis. James Tenney has generated pieces constructed around mean values
of key parameters which are changed in the course of the composition. 3
His Four Stochastic Pieces (1962) and Ergodos I and II (1963 and 1964)

used these techniques.

In France, Pierre Barbaud has used Stochastic matrices to control chord
sequences in producing music with more traditional associations.“ But
again, hybrid approaches of this sort are not calculated to produce

particularly inspiring results. - In his programs, which are written in

1 Hiller p.58 'Music Composed with Computers'
2 ijbid p. 64

3 ibid p. 68

% Barbaud
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ALGOL 60, Barbaud adopts the rather charming arrangement of labeling

the procedures with girl's names!

g) miscellaneous

To complete the list, certain other approaches can be mentioned. John
Myhill in his Seherzo a Tre Voce (1965) makes use of different time
functions controlling the main parameters, whithin certain constraints. !
This approach seems to anticipate a similar method incorporated in the

MUSC program of Donald Byrd described above.

Papworth has used the computer to plot permutations in systems of change
ringing. 2 Hiller took up the idea, and exploited the permutation tech-
nique in controlling pitch, dynamics and rhythmic variation in the

composition Algorithms II. 3

Alan Sutcliffe, in England, has developed a composing language ZASP

which permits the user to specify limits within which randomly generated
patterns are organised. * Lejaren Hiller has also developed a more gen-
eral composing language MUSICOMP which offers a selection of procedures
to help composers. It has been used in some of the compositions already

mentioned, in particular in his own Computer Cantata . 3

Hiller p.57 'Music Composed with Computers'
Papworth

Hiller; 1lecture at City University, London.
Sutcliffe p. 37

Von Foerster and Beachamp; article by Hiller.

v Fow N
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Of the experiments listed above, many are simply games, but of interest
and value none the less, others have greater integrity as interesting
pieces of music. In general, any effort to re-create the complex hier-
archic structures of traditional music using stochastic or any other
simple techniques are likely to fail. It is rather silly to dismantle
an old building and attempt to reassemble the bits in a different way,
but so that the old building is still recognisable; far better to leave
the old building standing, and construct something entirely new with
fresh materials. It is in breaking new ground, in original approaches

to composition, that the computer is most useful.
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4., Stochastic Composition

In an early lecture on computer music, Lejaren Hiller affirmed that the
most important and significant applications of computer music composition
are those in which the computer works out its own compositional structure
and establishes new compositional methods. ! It is in this situation
that stochastic processes are useful, when the computer can assume a

heuristic réle.

Many early compositions failed in this respect, as attempts were made to
emulate other styles, but without success. Xenakis, however, in using

the computer has broken new ground and produced interesting and exciting
pieces of music which have achieved success on the concert platform and
established a considerable following amongst both performers and audiences.
His methods have received frequent airings in the popular press, on radio
and television, and concerts of his work are regularly promoted, though
not all of his pieces make use of the computer in their design. The
English Bach festival has regularly featured Xenakis' music, and a number

of recordings of his works are available. Adrian Jack writes:

"the sound image of Xenakis' music is as strikingly recognisable and
therefore as reassuring as the feel of one's slippers." 2

Praise indeed; though not all critics' comments have been so favourable

by any means!

l Stuckenschmidt p. 191
2 Jack
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The essential nature of stochastic composition is a process of defining

a number of sound elements which are then sequentially arranged according
to defined probabilities governing their juxtaposition. A stochastic
matrix is used to establish that a given type of element will follow
another within a regular pattern of occurence. In this way, the linking
of each object to its neighbour defines implicit relationships within

the entire structure.

Two simple examples will serve to illustrate this:

If four symbols are considered: I, O, X and a space; the following

stochastic matrix can be defined:

I 0 X space
I 0-0 0+0 0+0 1-0
0 0-0 0-6 0-3 0-1
X 00 0+25 0-5 0-25

space 0-2 06 0-2 00

This matrix suggests that I will always be preceded by, and followed

by a space, and that O's and X's will tend to occur in groups of the
same symbol. It is also possible to see that O's will occur most often,
and I's hardly at all. When called upon to 'perform', the matrix will

produce a pattern such as the following:

000 0000 OXXXO0 XXOX
0O I 00 XXXXO00 0000
I OXXX00X OXO 00 I
XXX X00 00000 0000

000 OXXO0X000 O I O



The repertoire of symbols can now be extended to include H,

matrix be constructed as below:

H
H 0+6
I 0-3
0 0-0
X 0-0
space 0-2

0.7
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space

and another

This matrix essentially produces three main types of pattern: sequences

of H's and I's - usually in blocks, sequences of O's

and X's -

usually alternating, and a large number of spaces, with the chances of

passing from one type to another being slim.

below is likely to result:

11 T HHERIITH

HHT I 11 1HH
OX0XO0XO0X
H OXO0XO0OXXO0OXO0XO00X

ILIFTIEITHHIHHHH

0X OX0X00XO0XO0XX

HHH

A pattern such as the one

HHH

Xenakis has tended to use stochastic matrices to order what he calls

'screens' of sounds.
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P, = 0-5488
P, = 0-3293
P, = 0-0988
P, = 0-0198
P, = 0-0030
P. = 0-0004

w

where Iﬁ is the probability of an i-fold event occuring in any cell.
The table is then used to work out how events will be distributed in the
196-cell matrix defining the composition's structure (28 time divisions

x 7 instrumental classes).

This gives another table showing the number of cells for each i-fold

event:

it number of cells= 196 x Pi
0 107
1 65
2 19
3 4
4 il

The events are then distributed over the two-dimensional plane, with

efforts being made to keep the distribution uniform within each row and
column as well as over the plane as a whole. The result is shown in the
diagram overleaf (fig 1). This is only the first stage of an unfolding

compositional process exploiting the Poisson distribution.

All of the computer assisted works written by Xenakis seem to have been
generated from one basic program, completed in 1962 and run on an IBM

7090 machine in Paris.
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Each screen is defined itself according to a probabilistic framework of
different sound densities and sound types, with points of sound plotted
on a pitch/intensity cartesian plane. These are then assembled in time
like the pages of a book, with the progression of sonic variation con-

trolled stochastically by matrices of transition probabilities.

_instants of time

/ L, 2h
42;22-”#’_‘_ sound densities, shapes etc.
B W £ (TR plotted within discreet divi-
[ " R e O sions of the pitch/intensity
| W s plane
..-1-.-_____,..

Xenakis frequently makes use of standard probability distributions in

organising his material,

For example, in an early work. Achorripsis for orchestra, the Poisson
distribution is used to distribute regions of varying sound density on
the instrumental/time-class plane. Xenakis does this by arbitrarily

adopting a mean density:of:
A = 0+6 events/cell

and using the Poisson formula:

to work'out the table of probabilities:
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These compositions are based on a structure split into small time blocks

of varying size, between one and ten or more bars. In each block the sound
shape is defined in terms of density, degree of order (which he calls
'ataxy'), rapidity of change, and similar concepts which are quite differ-
ent to those normally associated with traditional music. In this way, his
approach has similarities with contemporary theories about the physics of
small particles whose behaviour is described using stochastic laws which
define probable states of systems and general distributions of phenomena

rather than absolute deterministic patterns.

Xenakis feeds in data concerning the density patterns required and then
for the sound in each sequence the computer calculates its time of occur-
ence, class of timbre, instrument, gradient of glissandi (if present),
duration and dynamic. The method permits licences taken afterwards by

the composer on the machine output.

The first piece produced in this way was ST7/48-1,240162. The title
means: Stochastic music for 48 instruments, first piece, run on the 24th
January 1962. Subsequently S7/10-1,080262 was produced and
ST/4-1,080262 which is simply a string quartet arrangment of ST/10 -
effected by taking the string parts, and freely incoporating the more
important of the remaining instrumental parts where the string parts would
otherwise be silent. Other compositions based on the same program are
Atrees for ten instruments: flute, clarinet, bass clarinet, horn, trumpet,
tenor trombone, violin, cello and percussion (maraccas, suspended cymbal,
gong, five temple blocks, four tom-toms and vibraphone); morsima-amorsima
for piano, violin, cello and double bass; and amorsima-morsima for ten

instruments.
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Xenakis also used a computer to write the opening piano solo of Fonta
for piano and five brass instruments (1964), and apparently in the orches-

tral piece Strategie.

It is quite simple, having written one composing program, to generate a
whole family of compositions from it. To an unfamiliar ear the composit-
ions might appear to sound the same, for they are all couched in a strange,
but nevertheless consistent language. The average Englishman would no
doubt be unable to distinguish between a tax demand or a love letter in
Chinese. And similarly, a visiting African monarch on hearing an orches-
tral concert of European music ranging from Bach to Bartok is reported to

have asked why the orchestra kept playing the same piece!

Because Xenakis' music is concerned with such parameters as density, pitch
relationships may be insignificant and the overall dynamic level is often

very high; for this reason many people often find it oppresive.

The writer's own work has make use of 'computer-defined' sound structures
and used quasi-random techniques to generate stochastic matrices and thus
produce new and unexpected form patterns. Xenakis, in feeding in his own
data concerning density structure, and in using standard probability dis-
tributions claims to emulate the natural processes of nature, and this

does indeed often seem to be evident in the sound of his music.

Xenakis' recent work has been to extend his approach to macro-structures
to the area of micro-sound and the definition of sound-pressure waves in
probabilistic terms to arrive at authentic 'natural sounding' timbres;

but this area is only just beginning to be explored as appropriate hardware
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and programming resources are developed.

The use of stochastically-controlled, continually varying sound patterns,
with no literal repetition of sound material, is consistent with the

general development of musical technique.

In early music, literal repetition was the common major source of form-
building. As music progressed, patterns for varying repetition were
developed, sound material re-appeared in new contexts according to stan-
dard polyphonic schemes, or later classical forms. Subsequently techniques
of repetition became completely fragmented in the work of Romantic and
Impressionist composers until Schoenberg introduced the use of constant
variation and anti-repetition of dodecaphonic serial music. This process
naturally leads on to music based on Markov chains where constant variation
appears on a 'theme' implicit in a stochastic matrix of transition

probabilities.

Xenakis has strongly criticised serial music. He pointed out that in com-
plex polyphonic serial music, the very complexity destroys its form. The
individual lines are no longer recognisable or appreciable so that the
whole sound complex becomes a vague formless mass; meaningless and irrat-
ional. The ear percieves the sound as a whole and is only aware of the
textural changes. This, Xenakis claims, justifies his statistical approach

to composition.

What Xenakis has to say is quite true about large scale serial structures,
but does not hold for the delicate, open and easily recognisable structures

of many more common serial compositions, for example those of Webern, which
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clearly maintain a definite identity in which the function of the row is
preserved. Nevertheless, new forms of composition must be developed and

stochastic techniques have much to offer.

Such a compositional tool is potentially far more powerful than serial
composition, as the composer freely chooses and varies his own parameters;
but it needs skilful use, and such unwieldy resources can only really be

managed with the assistance of a computer.

A useful comparison is with systems where one's own scale system can be
defined. As in Indian music, where the player improvises on a set Rag
with its implicit melodic fragments and resultant probability structure,
so the computer 'improvises' on the pattern implicit in the stochastic

matrices.

For many years, Western culture has been dominated by sequential ideas

of time. Ideas which have not only dominated musical structures, but

also politics, social activities and science. Today, a move is being

made away from the dominating influence exerted by a concept of sequen-
tial structured time, perhaps partly as a result of Einstein's Theory of
Relativity and its influence on our understanding of separate events and
irreversability of time, and this move, back to concepts which have always

remained dominant in Eastern cultures, is reflected in our own music.

Yehudi Menhuin writes of Indian culture:

""Life and death are not all and nothing, but stages in a process, epi-
sodes on an infinite river to which one trusts oneself and all other
phenomena. So it is that Indian music reflects Indian life, having no
predetermined beginning or end but flowing without interuption through
the fingers of the composer-performer: the tuning of the instrument
merges imperceptibly with the elaboration of the melody, which may spin
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itself out for two, three or more unbroken hours. " !
and then goes on to affirm:

"Melodically and rhythmically Indian music long ago achieved a complex
sophistication which only in the twentieth century, ... has Western
music begun to adumbrate." ?

In sound sculpture, the sequential ordering of 'melodies' becomes unimpor-
tant. The overall effect is what matters, and the way in which individual
elements contribute to the whole. Significance is attached to density,
intensities, rates of change, time-independent pitch states, spatial
position and other parameters which have not been as significant in music

historically.

Pulse and rhythm are not being made to disappear, indeed, their nature
and function have become enhanced as one is made more conscious of their
intrinsic presence by attempts at masking or removal. The work of such
figures as Murray Schaeffer have made people more aware of the natural
sounds of the environment which have musically unfamiliar rhythmic

qualities. 3

A listener approaching stochastic music should not listen for what could
be conveniently be termed 'coherent melodies' but should allow his ears
to loose themselves in a sea of sound, to enjoy the general atmosphere,

out of which balancing patterns and forms will emerge.

1 Menhuin p. 257
2 ibid
3 Murray Schaeffer
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Initially, to the unaccustomed ear, it is difficult to appreciate the
variety and structure of these unfamiliar sounds as music. Being used
to perceiving and enjoying such classical functions as inversion, retro-
gression and transposition - albeit unconsciously - with little more
difficulty than it appreciates simple repetition, the ear finds that the
constant linear variation of stochastically generated material has no

obvious anchoring points.

In the following projects, an attempt has been made to organise stochastic
material within a framework which will offer additional support to the
development of a coherent form and a more immediately obvious and

identifiable sound image.
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PART TWO

PROJECTS

""Now let me roll beneath the hooves of chance"

Norman Cameron

54 Common basic technigués in method

All the programs were written in ALGOL 60.

Similar basic procedures and programming techniques have been used in most

of the pieces, and these will be considered first of all.

A simple pseudo-random number generator was exploited of the form:

decimal
xi i part of [ A0 (axl—l *b)

where X; is a real number in the range (0,1).
The value of b is used as a parameter of the procedure call, so this

changes according to the path followed through the program and fractures

the sequence.

The generator was defined as a functional procedure which can be sub-

stituted in the program wherever a random number is required:
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real procedure rndec(b);
comment generates a random real number in the range (0,1) ;

real b;
begin

20 =00 2351 w4 b3

rndec := x := 100*x - entier(100 *x);
end;

X is given an initial value to start the sequence. This can be a useful
way of storing a compositional sequence, since if the same initial value

of x 1is used, the program will always follow an identical path.

A further functional procedure, rnd(n), was defined to generate a pseudo-

random integer in the range [1,n]:

integer procedure rnd(n);
comment generates a random integer in the range [1,n] ;
integer n;
begin
rnd := entier ( rndec(3.7511) *n) + 1;
end;

In this particular application, absolute randomness is not important.
Since the computer generates its own probabilities in the stochastic mat-
rices, any bias in the number sequence will merely have the effect of

-varying the value of these probabilities.

It is obvious on examining the output of the programs that certain types
of pattern do seem to emerge which are not anticipated in programming and
are unlikely to be the result of mere chance. In these cases, it is prob-
able that the numbers generated in the sequence are cycling: or falling
within non-random boundaries. These effects add to the interest of the

results and .are to be welcomed rather than avoided.
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In choosing values for the constants 'a' and 'b', digits were generally
limited to such integers as 1,3, 7,9 which produce a variety of result-
ing digits; rather than 0, 5 and even numbers, which tend to be self-

propagating.

Stochastic matrices were generated by working through the matrix a line
at a time, and setting each element equal to 0 or a random number in
the range (0, 1) . A certain amount of experiment was necessary to
arrive at appropriate probabilities to determine which of the two options
to follow. Too many elements equal to 0 produce a very rigourously
defined structure which is too predictable and potentially boring. Too
few elements equal to 0 produce too many options in the matrix, which
will introduce too much variety in the resulting output and obscure any
evident pattern. On completion of each line, each element was once again
divided by the sum of the elements on that line to arrive at the final

probabilities which should all total unity.

In some later experiments, with the probability set in favour of many
zeros, it sometimes happened that all elements ended up equal to 0; in
which case it was necessary to insert a test to detect if this happened

and avoid subsequently attempting to divide by 0.

The following block demonstrates the construction of the 12 x12 stochastic

matrix macros :
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comment matrix macros constructed;
for i := 1 step 1 until 12 do
begin

sum := Q3

for j := 1 step 1 until 12 do

if rnd(3) >1 then macros[i,j] := O

else
begin
macros[i.j] := rndec(3.57);
sum := sum + macros[i.j];
end;
for j := 1 step 1 until 12 do
macros i,j := macros[i,j]/sum;
end;

The stochastic matrices were used to generate sequences by taking a random
number in the range (0, 1) , progressively summing the probabilities along
the line of the matrix corresponding to the current value until that sum
exceeded the random number, at which point the loop was abandoned and the
current value subsequently became the number of the column at which that
occured. This is probably clearer in an actual example of the technique
being used to select appropriate numbered operations under the direction
of the macros matrix. (The block would be executed many time during an

actual run of the program.)

i holds the current value, and j the following value, which is being

computed:
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begin

comment macros matrix in action;

sum := 03
a := rndec(8.517);
for' i := 1 step 1 until 12 do
begin
sum := sum + macros[i,j];
if sum >a then goto work;
end;
work:
. (rest of program in which value of j 1is used)
i= 3
end (control is returned to the beginning of the block)

At the beginning of the program the initial value of i is chosen at

random.

It can be seen that in the case where all elements in a line of the matrix
are equal to zero, the loop will be completed, and the 'next' value will
be equal to the number of the last column, in the above example that would

be 12 . This seems to be an adequate default arrangement.

The length of the piece is established at the beginning of the program,

then blocks are added on until this required length is reached.

The first block length is chosen at random; subsequent lengths may be
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related to the previous length by deliberately being chosen to form a con-
trast: for example the probability is increased for a long section to be
followed by a short one. The current block length is stored in the

variable secs:

if rnd(3) = 1 then secs :
else secs :

rnd(20 - secs) + 1
rnd(20) + 1;

n o

In the above case the maximum block length is 21.

The different blocks are arranged stochastically, and the elements inside
each block are further generated according to stochastic schemes. These
are detailed in the following descriptions of the appropriate pieces in

which they are used.
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6. The Individual Compositions

leap, maytricks and pursuit

For these three pieces, the same basic micro-structuring blocks were used,

being of the following types:

1 a single sustained note, the pitch chosen at random

2 a single repeated note, the pitch chosen at random and with rhythm

constructed with a bias towards smaller durations using the function:

rnd(rnd(8))
3 pitches chosen by the performer
4 short pitches, played pizzicato by stringed instruments, notated

graphicelly and positioned at random

5 glissandi, or their nearest wind equivalent, notated graphically and

positioned at random

6 ascending chromatic runs, starting note and length determined at
random

7 a rest, i.e. silence

8 0 - order stochastic melody

i.e. notes chosen at random
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9 1 - order stochastic melody
i.e. notes chosen according to simple probabilities which are stored

in a one-dimensional array

10 2 - order stochastic melody
i.e. notes chosen according to digram probabilities governing the
arrangement of adjacent note pairs. The probabilities are stored
in a two-dimensional stochastic matrix which is used in the same

way as the maeros matrix above.

11 3 - order stochastic melody
i.e. notes are chosen according to trigram probabilities which are
stored in a three-dimensional matrix, extending the methods used
above, which produces an even more clearly defined pattern as the

note occurences are determined in overlapping groups of three.

12 shapes of random size, position and colour, to be used as a basis

for improvisation by the performer

Computer music coming at the point where two apparently totally opposite
ideas merge in the total organisation of planned and structured randomness,
it seemed not unreasonable to admit opportunity for structured improvisat-

ion as part of the formal process.

In practical terms, this would probably work well in a solo or very small
chamber combination, giving an opportunity for a performer to show off

his skills and favourite techniques in cadenza-like fashion; but even
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though it decorates the score nicely, it is unlikely to be effective in
larger groups; and in any case, most orchestral players cataplectically
dislike improvisatory parts which lack clear cut, traditionally notated,
playing instructions. Consequently, this idea was dropped in subsequent

experiments.

In each case of stochastic melody generation, a fourteen element basis is
used. This corresponds to a melody within a range of twelve semitones,
and the remaining two elements are used to define the rhythm. The thir-
teenth indicates the note is to be held over for another rhythmic unit,
represented as two stars (**) in the computer output; the fourteenth

indicates a rest, represented as two dashes (--) .

A procedure makes the necessary adjustments for this, and also puts the

melody in the chosen register for the instrument:

here, f is the current note value
regist is the lower bound of the melody range, which
is evaluated from the appropriate range for

the instrument which is read in as data

procedure prinst(f,regist);
coment prints out note values and rests;
integer f,regist;

begin
if £ = 13 then writetext ('('%**%%')')
else if £ = 14 then writetext ('('%--%%')"')
else print(f + regist,2,0);
end;

Dynamics were evaluated on the random walk principle. This was not pro-

grammed in terms of a stochastic matrix, which would be inefficient as
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the matrix would consist mainly of zeros, but simply by moving the value

up or down a unit reflecting it off the upper and lower bounds.

A scale of eight dynamic values was used (transcribed as ppp, pp, p, mp,

mfs f» Ffs fFF):

comment dynamics evaluated;
dyn := dyn + rnd(3) - 2;

if dyn <1 then dyn := 1

else if dyn >8 then dyn := 8;

For maytricks up to four different dynamic systems were defined and one

system alloted to each instrument.

In the solo piece Zeap, the performer literally undertakes a random walk
following a sequence of positions evaluated and plotted in a similar way

to the dynamic system described above. !

For the orchestral piece maytricks, a density pattern was superimposed
to vary the intensity of instrumental sound and provide relief for the
ear. When many instruments are playing together, the ear whould be able
to perceive within the dense sound continuum, the relative densities of
the various micro-structures in combination; but only in a general sense,
as the nuances of the wrything sound mass make themselves evident and it
is possible to observe the dominance of some structures over others. When
fewer instruments are playing, the subtle variations in the micro-

structures themselves become more evident and it is possible to be aware

1 see appendix IIa
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of continual interplay of melodic detail as the parts are married in a
capricious counterpoint where a different sort of attention is required.
There are various shades of intermediary experience between the two

extremes.

The flow-chart overleaf (fig 2) gives the broad outline of the logical

structure of the compositional process.

The following list of instruments and ranges, was read in as data:

piccolo 39 71
flute 37 73
oboe 35 66
cor anglais 36 65
clarinet 29 73
bass clarinet 28 65
bassoon il 47

double bassoon 11 40
alto saxophone 35 66

trumpet 31 61
cornet 21 61
horn I 19 61
horn II 19 61
horn III 19 61
horn IV 19 61
trombone i 5 47
bass trombone 14 44
tuba 6 42
harp 1 81
piano 1 82
celeste 25 73
xylophone 30 73
violin Ia ) 72
violin Ib 32 72
violin IIa 32 72
violin IIb 32 72
viola I 25 61
viola II 25 61
cello I 15 49
cello II 13 49

double bass 17 46
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The notes are coded as integers, beginning with 1 on the C three

octaves below middle C :

and covering the whole range of semitones up to the A three and a half

octaves above middle C, which is note 82:

The data and output are given in terms of written ranges, not actual

sounding pitches.

It might be noticed on looking at the program, ! that there are certain
inconsistencies in the names of variables. This has arisen where the
program has been adapted and expanded causing a variable to assume a new
role. For example, the variable movt initially stored the current move-
ment number, when the program was dealing with a number of movements for
one instrument; but in the program version listed here, it stores the cur-
rent instrument number as the program is now constructing a number of

instrumental parts for just one movement.

1 see appendix Ia
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Since each instrumental part is constructed unsing the same probabilities,
it is quite valid and consistent to omit any instrumental parts and still
preserve the overall probability structure and integrity of the piece,
though as the number of instruments diminishes, the character of the music

changes as explained above. !

In particular, six string parts were extracted to make the piece pursuit,
which is more practical from a performing point of view. The title
pursuit was chosen to represent the sense of seeking the overall design
in listening to the piece, to describe the way in which the parts appear
to chase each other about, and to convey the idea of a general search

for the elusive.

Examining the scores, various patterns are evident. One rather startling
observation, is that the structure defined by the l-order stochastic

array corresponds exactly to a pentatonic scale. The chances of this

occuring were slim: from the computer program, the probability of any

given five-note combination occuring is:

5 7 :
i 2
[3] [i] = 0-000 240 855

Any pentatonic scale will fall into one of the following three interval

patterns showing the number of semitones between adjacent notes:
= S B B S 18t 1 2.2 1552 152

Thus there are 3x12 = 36 different pentatonic scales, which gives an

overall probability of 0-008 671, or just under 1 in 116.

1 see also appendix IIb

h—__-_;
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The aural result of this is that pleasant, possibly folk-song like or
eastern-sounding sections could occur occasionally, perhaps even producing
Balinese Gamelan-like effects: for example in the last few bars of

pursuit. !

Other noticeable motifs are rocking groups of alternating minor sevenths,
generated by the 2-order stochastic matrix, and prominent intervals of

the augmented fourth.

Pattern generated by 3-order techniques may be difficult to spot in a
small sample. It is possible that a sequence will never 'break through'
into what may be a very structured section waiting for exploitation in
some unused area of the matrix, where almost-closed sub-systems might
occur. This could be represented by the diagram on the following page

(£ig 3):

see Appendix IIc
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fig 3: an example of possible paths of patterning processes

implicit in a 3-order stochastic matrix.
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light

The structures described above are effective for fairly short pieces of
music, of a particular character, but in an extended composition, the ear
quickly tires through lack of evident, dramatic change. The above pro-
grams were adapted and extended to include provision for imposing a
composed structure upon the composition. In this way descriptive or

programmatic pieces can be produced.

The imposed form is set out as a sequence of ten numbers corresponding to
the order of structure types required, and this is read into an array.
The computer decides whether to make use of the imposed form at a parti-
cular instant in the composition or whether to stick to the stochastic

form also potentially present.

The probability governing this decision can be varied by the program

user. The lines below, from the program, illustrate this process:

comment structure type determined;

if rnd(2) = 1 then

goto type [ form[(10 k-1)'/'totsecs + 1]]
else if rnd(den[k]) = 1 then goto rest
else goto type[j];

type is a switch variable directing computer control to
the appropriate part of the program according to

the value of the subscript

form is the array containing the ten values of the imposed

form
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k is the current time position in working through the

piece

totsecs is the total length of the piece

den is an array of values defining the density structure

of the piece

5 is the current micro-structure type which has been
evaluated from the macros matrix in the same way

as has been described above

rest labels the instruction to print out silence for the

length of the current block

Since block lengths are variable, and block beginnings are therefore
unlikely to coincide in different parts, the change from one form type
to another is consequently staggered between the various instruments in

a complete movement.

For the composition ZiZght , certain structure types were redefined:

1 a single sustained note
2 a single repeated note, but with a steady unchanging rhythm
3

short, graphically notated pitches

5 random pitches
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6 descending chromatic runs
7 ascending chromatic runs

8 silence

9 1 - order stochastic me?rody
10 2 - order stochastic melody
11 3 - order stochastic melody

12 double another part

Using these type numbers, appropriate sets of data were defined for a
seven movement work on the theme of light, taking as a basis various
Biblical references to light which possess expresive potential. Perhaps

this betrays shades of Messiaen?

The source for each movement is quoted below, and followed by the corres-
ponding ten-element array of structural types chosen from those listed
above, which attempt to define a musical form corresponding to the ideas

implicit in the words.

1 coming of light ""Arise, shine; for your light has come."
(Isaiah 60:1)
iy T (1T A I Iy AL (e

2 creation of light "and God said, ' Let there be light ' ;
and there was light. And God saw that
5559511111 the light was good; and God separated

the light from the darkness. "
(Genesis 1:3-4)

3 light of God "God is light and in Him is no darkness
at ald. !
9919 93 9T (1 John 1:5)
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4 light of the world " the true light that enlightens every
man was coming into the world."
1 191116 2 1 2 (John 1:9)

""Jesus spoke to them saying, ' I am the
light of the world;'"

(John 8:12)

5 light of life "he who follows me will not walk in
darkness, but will have the light of

910 T Il 1 1111011y 1ite " (John 8:12)
6 children of light "while you have the light, believe in

the light, that you may become sons
-1 1 1091 610 1 10119 ofslaohts!
(John 12:36)
"walk as children of light."
(Ephesians 5:8)

7 light of eternity " the Lord will be your everlasting
light."
L B T = e LSy e [ [l G (2 | (Isaiah 60:19)

It can be seen that the first movement, representing the coming of light,
begins with ascending chromatic scale passages, which are gradually inset
with a series of long sustained chords. The second movement starts off
totally at random, the disorder representing the chaos of darkness, out
of which emerges the ordered, 'combed', linear strands of light. And so
on in the subsequent movements. These musical forms can be perceived

quite clearly. 1

An ensemble of instruments was chosen appropriate for the theme of light:
two flutes, trumpet, harp, vibraphone and strings, which may be solo or

ensemble.

1 see appendix IId
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In the earlier pieces, no attempt was made to introduce any variety in

the metre. The time space was merely, for convenience, divided into units
of eight. However, since it is inevitable that performers will introduce
some sense of metre, to add greater variety, the metre and speed are
varied over the greater time span in [Zght. The time signatures were

chosen at random from the set:

and the tempo is set with the beat unit occuring between sixty and one
hundred and eighty times per second. These large variations in speed

and metrical pattern add a lot of variety to the structure.
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symposTum

€
PLATO : ' Siagepouevor avro avTw ovudepeatat, (fmwrep apuovway 7o fov T€ Kat \vpag "
(The symposium)

('"a unity agrees with itself by being at variance, like the
harmony of a bow or lyre")

symposium makes use of the same program, but the aim in defining the
form array for each movement was to maximise contrasts, both within each
movement and over the piece as a whole, in order to bring out even more
clear-cut structural differentiation. The idea of a 'symposium', a dis-
cussion of opposing viewpoint which can potentially lead to either
reconcilitaion or increased conflict, was chosen as the basis for the

piece.

It is scored for a group of ten musicians who should ideally be seated

around a table:

horn trumpet
bassoon violin
clarinet vio;in
oboe | viola
flute bass

Each movement presents an outworking of a dialectic defined between two

(or in the case of the third movement, three) structural types.
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With the types numbered as above, ! the data was defined as follows:

1. 5 5 12 0 A2 5 12 12 5 5 12
2. 2 1 1 1 2 1 2 2 2 1
3. 11 10 9 10, il 9 11 9 10 9
4. 4 8 4 4 8 8 4 4 8 4
S 7 7 6 7 7 6 6 7 6 6

The five movements are:

) alignment

Tensions are created by variations between points of total agree-

ment, coalescences, ( ayopohoynowpefa ) and total variance.

2 assertion

The dialogue is between insistant repetition of a heavy-handed pre-
sentation of opinions, and the calm affimation of passive, gentle

interludes.

3a imbroglio

This is a dense and complex three-fold iqtermingling of melodies

of varying states of complexity.

1 see pages 54 and 55



60

4, excursus

A gentle, off-the-point aside; a textural experiment which contrasts

hesitant points of sound against contemplative silence.

5% dissent

Here is set up the direct oppositon of descending and ascending

phrases. There is no reconciliation ( kat dtadlayn ).

No single argument is associated with a particular instrument, but as

time passes, one particular argument will tend to dominate the structure.

The form patterns are illustrated diagrammatically overleaf.(fig 4).
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fig 4: diagrammatic representation of the form structures

used in symposium .
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Text studies

An experiment was carried out to investigate a method of superimposing
pattern on to a grammatical structure. It was decided to make use of a
grammar to generate sentences of English which can then be easily examined
straight away and obviates the need for lengthy and tedious transcription
of music into standard notation. In effect it could be considered to be
a species of music, as forms of sounds are being generated; the pattern is
what is important rather than the meaning of the words, although any unex-

pected resultant combinations provide an extra dimension of interest.

A lexicon of words were stored in the three-dimensional array Zex . This
stores eleven word-classes, each containing up to twenty five words of up

to twelve letters. The eleven word-classes used are:

1 adjective

2 adverb

3 article

4 preposition

5 conjunction

6 noun

7 auxiliary

8 pronoun objects

9 pronoun subjects
10 past tense verbs

1 present tense verbs
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These classes do not necessarily correspond to those used in conventional
grammars. The 'conjunction' class, for example, includes punctuation marks,
and the 'article' class includes possessive pronouns. The lexicon is read
into the matrix using the character handling facilities in the 1900 ver-
sion of ALGOL 60. The words are separated by a slash (/), the eleven-

element array words holds the number of words in each word-class:

for i := 1 step 1 until 11 do

begin
words[i] := read;
for j := 1 step 1 until words[i] do
begin
for k := 1 step 1 until 12 do
begin
on: char := readch;
if char = code('('el')') then goto on;
lex[i,j,k] := char;
if char = code('('/')') then goto nextj;
end k;
nextj: end j;
end 1i;

At appropriate points in the program, words were selected from the lexicon
using the procedure choose(72) where <2 is the number of the word-class
as listed above. The procedure includes provision for leaving a 'slot'
empty in choosing from the first four word-classes, where the appearance of
a word in the grammar is optional. The control probabilities for those

cases are stored in the four-element array mnm :

procedure choose(i2);
begin
integer i2,j2,k2;
if i2 <5 then
begin
if rndec(2.11341) >mn then goto fina
end;
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j2 := rnd(words[i2]);
for k2 := 1 step 1 until 12 do
begin
if lex[i2,32,k2] = code('('/')') then goto fina
else printch(lex[i2,32,k2]);
end;
fina: end;

The diagram on page 65 (fig 5) shows the basic grammar which was used.

The probabilities controlling the decisions in the grammar are stored in
the array n. The procedure ss adds the letter 's' on to the end of the

previous word. In ALGOL 60 the grammar appears so:

for lines := 1 step 1 until length do
begin
choose(2);
if rndec(8.459) >n[1] then
begin
choose(3) ;choose(1);
if rndec(7.623) >n[2] then
begin
choose(6);
if rndec(4.251) >n[3]
then choose(10) else
begin
choose(11);ss;
end;
ends
else
begin
choose(6);ss;
if rndec(3.1899) > n[4]
then choose(10) else choose(11)
end;
end;
else
begin
choose(9);
if rndec(5.2771) >n[5] then
begin
choose(7);
choose(11);
end;
else choose(10);
end;
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fig 5 grammar used for text studies.
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choose(2);

choose(l4);

if rndec(1.2939) >n[6]

then choose(8) else

begin
choose(3);
choose(1);
choose(6) ;ss;

end;

if lines = length then goto fin;

newline(1l);

choose(5);

end;
fin: writetext('('.')');

Additional patterning can be imposed by varying the setting of the variable
rn. If this is set near to 1, it causes the pseudo-random number gener-
ator rndec to deliver a constant value most of the time, so the program
will tend to cycle through the same paths, and frequently make the same

decisions. If rm is set near to 0, this will not happen:

real procedure rndec(b);
begin
real b;
X 1= 3.4561 *x + by
if rndecb(6.237) <rn then rndec := x1
else rndec := x := 100 *x - entier(100 *x);
end;

Setting of the othe variables produces the effects listed below:

mnl mnear 0 implies few adjectives
near 1 implies many adjectives
similarly the setting of mm2, 3 and 4 controlls the number of adverbs,

'articles' and prepositions respectively.
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nl near 0 implies many nouns as subjects

near 1 implies many pronouns as subjects

n2 near 0 implies more single nouns

near 1 implies more plural nouns

nd near 0 implies more past tense verbs used with single nouns

near 1 implies more present tense verbs used with single nouns

n4 near 0 implies more past tense verbs used with plural nouns

near 1 implies more present tense verbs used with plural nouns

n5 near 0 implies more past tense verbs used with pronouns

near 1 implies more present tense verbs used with pronouns

n6 near 0 implies more pronouns as objects

near 1 implies more nouns as objects

The following examples of the output illustrate these controlling

mechanisms.

All values set evenly:

our pleasure creeps around on me

their silver cloud passed softly through its soft lights,

where it might feel on drifting breezes,
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whilst these approached above past lovely heavens,
whilst some quiet shadows sparkle above by its moons,
and around he shall haunt by breezes;

hardly those went through some moons.

In the following examples, nl is set at 0 implying many nouns as subjects.

Then firstly, contrasting values of mnl are compared.

mnl = 0, which implies few adjectives:

around our rests escape over my mists
whilst hardly heavens creep into shades

yet slowly the wonders flew overhead through you

but mn = 1, implying many adjectives:

for ever patient breezes walk over her

whilst soon lovely clouds caught by my gentle powers

Now comparing differing values of mn2.

With m»mn2 = 0, implying few adverbs, output like the following appears:

her shimmering lights melt into drifting shadows
drifting vapours feel over dear shades

fair breaths rest by the dear heavens

our shifting wonder passed over shimmering shades

cool distance moved by drifting mists
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and with mn2 = 1, implying many adverbs:

overhead intense surfaces move around withing my fair seas
around dear rests went freely through me
yet her dear breeze approached freely below us

and once gentle shade escapes soon in deep wonders

Finally, setting »nl = 1, implying many pronoun subjects, and with

mnl = 0, (few adjectives) produces:

freely it should float freely inside him
and hardly we might float above past this

as often they flew seldom over their forms

Certain developments and uses of the program have suggested themselves.
For example, using a second lexicon of 'harder' words and forming a series
of contrasting episodes. It ought to be possible to produce a play-like
structure where the styles of different characters can be defined using
carefully differentiated definition of the grammar parameters - for
instance exploiting such contrasts as vague/precise, verbose/succinct ,
consistent/changeable ; and by adopting an appropriate lexical balance
between 'gentle' and 'aggressive' or indeed any other contrasting vocab-
ularies which it may be desirable to introduce. The use of a particular
pattern in one section could provoke an appropriate response in a

following section.
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These techniques seem to have considerable similarity to the process
of building musical structures, and exhibit significant potential.
Nevertheless, their development was put aside in favour of pursuing

another alternative approach from a specifically musical angle.
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pranocomp

The nature of the instrumental parts produced with the maytricks/light
programs was not really suited to the piano which, for example, does not
have great sustaining powers. It was decided to work on a program which
would produce output specifically pianistic in its nature by stochastic
ordering of suitable sound shapes such as repeated chords, arpeggios and

'scale' passages.

The number of possible forms available was increased by defining

basic procedures with variable parameters to change the form. Provision
was also made for defining specific vertical relationships between form

types, rather than continuing to rely only on implicit relationships as

occur in the foregoing pieces.

Also in the previous experiments, each instrumental part or layer of the
composition was related to a core skeleton, in that it could either adopt
the skeleton pattern, or not. In pZanocomp , the form type of each
instant is related directly to its partner in time through the form matrix
which controls not only the probabilities of sound events occuring one

after another in a particular sequence, but also their co-incidence.

The five form procedures defined are:

1 Chords (cl, c2, c3, c4, c5) where the parameters cl,...,c5 stand

for:

cl the number of notes in the chord (G2 el i<s)
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c2 the nature of repetition of the chord:
c2 =1 : a repeated chord
c2 = 2 : alternating chords
c2 =3 changing chords, but previous notes may be used

c2

n
=y

all different

c3 the speed of repetition of a chord:

(e S s
c3 =2 : medium
¢ imnd s slow

c4 the spacing of a chord (related to cl):
c4 =1 : clusters
c4d = 2 : two notes together, others spaced
cd =3 : no restriction

Co the nature of the rhythm (related to c3):

¢S5 =1 : a constant re-iterated rhythm
c5 = 2 : a repeating rhythm
¢S5 =3 : a changing rhythm

This procedure can potentially produce up to 540 different pattern
structures. For example, a call of the procedure with parameters as
below:

chords(1,2,3,1,2)

would produce a sequence of two alternating notes with a fast ostinato

pattern.
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Melodies (ml, m2)

This procedure produces stochastic melodies within a restricted

range of 17 semitones.

ml

m2

indicates the order of organisation, from 0 = random, to

third order structure

indicates whether the melody should be doubled in

octaves (if =2) or not (if =1)

Runs (rl, r2, r3, r4, r5) where the parameters rl,...,r5 stand

rl

T2

o

r4

s

for:

whether scales (if =1) or arpeggios (if =2)

whether diatonic (if =1) or chromatic scales (if =2)

This is ignored if rl = 2.

the number of notes in the arpeggio (1sr3<5)

ignored if rl =1

the range in octaves (E<rd <6)

the direction of movement:
=1 ¢ up
=2  » down

=3 : both up and down
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4. Trills (tl1)

where tl indicates the depth of the trill in semitones (1 or 2)

5 Silence

no parameters!

At the beginning of the program, the length of the piece is established
(in bars) and the number of different form units calculated related to

the length:

length: rnd (600) ;

units: rnd(length'/'60) + 3;

There will be between 3 and 13 form units used. At this stage the form

units are merely numbers and are not yet associated with actual form types.

The stochastic matrix controlling the form structure, stmf 1is created.
This is worked out so that there is a greater bias towards 0 entries when
the number of units, and hence the matrix, is larger , to maximise the

structure:
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for i := 1 step 1 until units do
begin
sum := 0.000001;
for § := 1 step 1 until units do
if rnd(units/4 + 1) > 1 then stmf[i,]j] := O else
begin
stmf[i,j] := rndec(1.9733);
sum := sum + stmf[i,j];
end;
for j := 1 step 1 until units do
stmf[i,j] := stmf[i,j]/sum;
end;

Using the procedure nxfm(element) which produces the next form element
from the matrix simf (using the same technique as has already been des-
cribed above, page 40), the form matrix is constructed. Again this is
related to overall length, so that in a longer piece, form changes will

occur less frequently than in shorter ones.

The form of the first layer is worked out to start with:

form[1,1] := rnd(units);
for j := 2 step 1 until length do
begin

if rnd(length/150 + 8) < 7

then form[1l,j] := form[l,]j-1]

else form[1l,j] := nxfm(form[l,j-1]);
end;

Then the form structure of susequent layers is worked out related to the

first layer:

for i := 2 step 1 until layers do
for j := 1 step 1 until length do
begin

if rnd(length/150 + 8) < 7

then form[i,j] := form[1l,]j]

else form[i,j] := nxfm(form[1l,3]);
end;
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The following diagram illustrates the structure of the relationships used

in building up the form:

layer 1 a, —— b1 »Cy - d1 -
layer 2 a, b2 c, d2
layer 3 a, b3 Cq d3
e etc.

Next, actual form types are alloted to the unit numbers. The form types
are stored in the array t%ype and the parameters associated with each

in the matrix param .

Provision is made for the user to specify the weighting of form types by

feeding in data to a thirteen element array datatype containing the

numbers of the form types in an appropriate ratio. For example:

would give a bias towards structures built from the chords procedure.

The types are allocated by choosing at random from the datatype array:

for i := 1 step 1 until units do
type[i] := datatype[rnd(13)];
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The values of type parameters are then chosen at random within the bounds
appropriate for each. ! Obviously, in the case of some types, 5 (silence)

for example, spaces reserved in the param matrix will be redundant.

The stochastic matrices for the various stochastic melodies are defined

as in parevious programs.

A beat structure is worked out for the whole piece. The number of beats
in each bar is made to change on average every 10 bars and the resulting

pattern is stored in the array beats.

After defining the dynamic system, composition of each layer is then begun
by working through the form array and directing control of the program
to the appropriate procedure each time the form type changes. As each
change is established, the position is stored in the variable Zower , and
the next change in hZgher ; after completing the section, the new Zower
position takes the value of the old Aigher , the search procedes for the

next #Aigher bound, and so on until the array is exhausted:

1 see ‘pianocomp program in Appendix Id, statements 257 - 280
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comnent i is the current layer number;

lower := 1;
for upper := lower +1 step 1 until length do
begin
if form[i,upper] ne form[i,upper - 1] then
begin
f i= form[i,lower];

goto swtype[type[f]];
swchor:  chords(param[f,1],param[f,2],param[f,3],param[f,4],param[f,5]);

goto nxstp;
swmelo: melodies(param[f,1l],param[f,2]);
goto nxstp;
swruns: runs(param[f,l],param[f,2],param[f,3],param[f,4],param[f,5]);
goto nxstp;
swtril: trills(param[f,1]);
goto nxstp;
swsile: silence;
nxstp: lower := upper;
end;

end;

In operating each procedure, the procedure beatcount is used to work

out how many beats there are in the section; the result is stored in nobs :

procedure beatcount;

begin
nobs := 0;
for j := lower step 1 until upper -1 do
nobs := nobs + beats[j];

end;

The procedure rhythm is used to generate a rhythmic pattern for a speci-
fied number of beats, and with controllable bias of durations. If speed
is set high, longer durations will occur and the speed of the rhythm will
be faster. The procedure counts the number of actual notes it produces,
the result appearing in notes; and using summ provision is made for

fitting the rhythm exactly into the required length:



79

procedure rhythm(lenth,speed);
value lenth,speed;
integer lenth,speed;

begin

integer kl,summ;

summ := notes := 0O;
newkl: k1l := rnd(rnd(2 + speed));

summ := summ + kl;

notes := notes + 1;

if summ > lenth then

begin

kl := k1 - (summ - lenth);
if k1 = 0 then notes := notes-1;
print(kl,1,0);
goto last;

end;

else print(kl,1,0);

goto newkl;

last: newline(1l);
end;

In each procedure type the rhythm is established first, and the appropriate

number of pitches are worked out afterwards.

In the chords procedure, use is made of the beatcount and rhythm
procedures to work out rhythms appropriate to the constraints of the para-
meters. ! To generate ostinato patterns, the procedure ostinato is used
which produces a rhythm for one bar, and is called whenever the number of
beats in a bar changes. The temporary variable wnotemp 1is introduced to
get round the automatic re-calculating of the new value of notes, so
that an automatic record is kept of the number of notes which will be

needing pitches:

1 see Appendix Id, statements 41 - 81
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if ¢5 = 2 then
begin
integer notemp;
procedure ostinato;
begin
writetext('('ostinato%at')');
print(j,3,0);
writetext('('with%rhythm:')");
rhythm(beats[j],c3);
notemp := motemp + notes;
end;
notemp := 03
j := lower;
ostinato;
for j := lower +1 step 1 until upper -1 do
if beats[j] ne beats[j-1] then ostinato;
notes := notemp;
end;

The pitch of the first base note is chosen at random within the limited
range of 71 semitones, which leaves room for a chord to be built above
it if necessary; subsequent base pitches are chosen to follow at smaller

intervals apart, the fuller the chords to be used:

P +—Pj.; + tnd(14 - 2+x¢;) - 7 * (1s¢<5)

The notes are reflected back, should they cross the upper and lower

barriers.

On each base note a chord is built. The following relation makes sure

that this falls within the span of the hand:

Pg P4y * rnd(13 - ¢, + j - Pj-;1* p) -1
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This relation also ensures that the higher the value of C the more
restricted the initial range of choice, and that as the chord is built
up, notes continue to be chosen from within the remaining gap between

the last note and the octave above the first note.

All the above constraints when programmed into ALGOL 60 appear as

follows:

begin
integer q;
integer array pitches 1:5 ;
pitches[1l] := rnd(71);
for q := 1 step 1 until notes do
begin
pitches[l] := pitches[l] + rnd(14 - 2 cl) - 7 + cl;
if pitches[1l] <1 then pitches[l] := rnd(14 - 2 cl)
else if pitches[1] > 71
then pitches[1l] := 71 - rnd(14 - 2 cl);
for j := 1 step 1 until cl1 do
begin
if j 1 then
pitches[j] := pitches[j-1] + rnd(13 -cl + j - pitches[j-1]
+ pitches[1]) - 1;
print(pitches[j],2,0);
end;
newline(1l);
end;
end;

The melodies procedure operates more or less as the similar stochastic
melody generators in the previous programs, except that the rhythm is
generated separately to begin with, and the note selection processes

have been condensed into one procedure, stock :
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procedure stock(order);
integer order;

begin
switch sworder := sol,s02,s503;
if order = O then
print(range + rnd(17),2,0) else
begin
sum := 03
a := rndec(2.9147);
for p3 := 1 step 1 until 17 do
begin
goto sworder [order|;
sol: sum := sum + stml[p3]; goto soskip;
502: sum := sum + stm2[p2,p3]; goto soskip;
so3: sum := sum + stm3[pl,p2,p3];
soskip: if sum >a then
begin
print(range +p3,2,0);
goto finst;
end;
end;
finst: pl := p2; p2 := p3;
end;
end;
runs procedure works similarly to chords .

determined from the type parameters.

The nature of the runs

The notes in arpeggio patterns

chosen in the same way as the notes in the chord are determined in

chords procedure, so as to fit well under the hand.

trillse and silence procedures are self-explanatory.

The examples of output from this program should be consulted in

Appendix Id and

i iy oS

This program has produced some quite interesting and worthwhile results,

which, if incorporated within superimposed pattern systems like the

light
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and symposium pieces above, ought to have potential for developing into
substantial and worthwhile compositions. They could easily serve as the
basis of valuable technical studies for pianists, quite apart from the

possibility of any higher aspirations in its use.
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i Extensions and Conclusions

When the use of computers to compose was first mooted some twenty years
ago, it aroused a lot of attention and it seemed that computers were going
to play a significant rdle in the development of new music; but interest
soon waned as the early experiments were unable to sustain their impact.
However, work in computer music did not stop, but all efforts were diver-
ted into the development of digital sound synthesis facilities. A lot has
been accomplished in that area, but now, interest in composing systems has
re-awakened as it has been recognised how valuable, and indéed essential,

their use is, to make efficient use of new digital sound sources.

Very specific instructions are necessary in using computer sound synthesis
programs, and to produce even short lengths of sound invariably needs an
inordinately large amount of data. Using a computer to assist in the com-
positional process, a composer can delegate a lot of tedious tasks to an
automatic routine. This is in no way abdicating the composer's respons-
ibilities. Compare, for example, writing for the piano, when a composer
makes use of a ready-made sound source, along with the pianist who inter-
prets the sound for him. He may make six or seven conscious structuring
decisions in composing five seconds of sound. 1In using a computer, aiming
for the same richness and variety, it may be necessary to program hundreds
of simple instructions to achieve a similar effect. If the composer
designs an 'automatic' algorithmic environment in which he wishes to work,
he can then concentrate on those aspects of the compositional process which
he considers more important. He need not necessarily design a complex tim-

bral 'instrument' which he wishes to use in composition, but may employ,
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for example, an automatic pitch environment on to which he superimposes
other compositional ideas; or he may design a complex environment which
logically interrelates many different control parameters, in which case
he may decide that such a system is a sufficient musical statement in

itself.

The stochastic programs which have been described, are examples of compo-
sitional algorithms which can usefully be incorporated into synthesis
systems. Discussing the use of such programs in this way, shows how they
can be intrinsically valuable in their own right, in approaching musical
composition in an open and uncluttered frame of mind. There is some
value in a composer being forced to take nothing for granted; it offers
him valuable mind-expanding experience to have to penetrate his technique

with the accuracy and clarity required by a computer.

Work has already begun on designing integrated computer systems. Donald
Byrd descibes a system being developed at Illinois ! which incorporates
Xenakis' stochastic program, and his own MUSC composing program
(described above 2) which can be interfaced to sound synthesis and music
plotting facilities. A system with a fairly sophisticated compositional
facility at the Institute of Sonology, Utrecht, has also been described

by Truax. 3

Lejaren Hiller has compared a composer using the computer to various
artistic practices in the past. He suggests a parallel with such an

artist as Tintoreto in Venice, who would merely sketch out a design for

1 Byrd
2 page 21
Truax
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a painting and leave his pupils, well schooled in his style, to finish
off the details. A similar practice is the Baroque composers' custom of
writing a figured bass on which keyboard players would expand according
to customary practice, allowing them a little scope for subtle invention
of their own. And more recently, it is common for composers of  popular
music to leave the instrumentation and arrangement of their work to
'lesser mortals'. These are valid comparisons, but the use of a computer
can go much further than that. Where a composer has developed a program
which is a definite reflection of a particular style and approach, and
another composer makes subsequent use of it, imposing his own personality

on the system, a genuine composers' co-operative is achieved.
P

It is possible to write compositional algorithms, describable in non-
technical, subjective terms, and to develop heuristic systems which can
be used by complete novices. Such systems would be of value not only to
experienced composers and musicians, but also to children, and anyone who
wished to create his own sounds. With the speedy dissemination of ideas
and new developments over the media, the listening ears of contemporary
society are expanding in their horizons and growing more aware. There is
probably more exposure to music today than there has ever been in history,
and in most people there is a desire to create sounds as well as to listen
to them. The sound shapes of electronic music, of 'space' sounds, are
familiar to everybody. These sounds are not replacing the sounds of his-
tory, but are expanding with them. Bach and Mozart have benefited from

commercial television as well!
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As man's leisure time increases, so his need for appropriate diversion
does also. In the United States, simple digital sound modules are already
being marketed to plug into domestic microprocessor systems. Soon these

could become more than mere toys.

Way back in 1963, Xenakis wrote the following words. His aspirations are

now all but realised:

"With the aid of electronic computers the composer turns into an
astronaut pressing the buttons of his musical spaceship to intro-
duce co-ordinates and keep the course of his cosmic vessel,
sailing in the space of sound, across sonic constellations and
galaxies, controlling from the ease of an armchair what his imag-
ination could formerly glimpse only as a distant dream. " 1

1 Xenakis p. 144
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APPENDIX I

PROGRAMS
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la. -lea

This program is the same as that used for maytricks and pursuit.

The resulting output is very similar to that of the I<ght program, an

example of which is on page 106 .
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VREGIN!
TRFALV'ARRAY'MACROSI1:12,1:12)+STMI[1:14),5TM2L1:16,7314),
STMI[1:14,1:16,1:14]
VINTEGERYT 4 JsK,P,Q,)SFCSsMOVT  NOMOV ) NOTYMES/TT o JJrKKPREG,
TOTSECS,PART ) DENS/HIGH,LOW,TNSTS;
VIRTEGERYVARRAVIDENLT 380G0
YREALISUM, X, A}
VREALY'PROCEDURERNDEC(B) }
'"REAL'B; 4
VREGIN' X329, 2351 %X 4k :
ANNDEC s=Xs=100%X=ENTIERC(I00*X)
teants
VILTEGERYIPRONCEDURE'RNUIN) G
VINTEGERIN}
VEEGIMVRND s =ENTIER(RADEC(3,572)%n)+1"END';
VPROCEDURE'PRINST(FIREGIST)
VINTEGEFR'F,REGYIST

'REGINY ‘
TIFYE=13 P THEN"WRITETEXTC(Y (P %wsXz")")
VELSFY IR YF=14  THEN  WRITETEXT(' (T Y==X%"')")
VELSE'ERINT(F+REGIST290) 3
YEND'
VQWITCHYTYPF:=LONG,PEP ,PLHYsPCHZ,PCH3,RUNT,RUNZ,REST,ST1,5T2,ST35,c0Ll
X:=0,260852;
TEOR'J3=1'STFR'I'UNTILY12'DO!
'BEGIN' ]



23
23
26
26
28
27
30
31

32
35
L5
35
35
36
36
37
37
39
)
40
40
L2
43

A
45
46
46
47
47
49
50

50
50
52
53
54
5%
56
56
57
57
57
40
60
b0
62
X
b4
65
46
67
68
69
70
71
72
-
74
75
76
77
78
77
79

80
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SUms=0;
PEQORY Js=Y'STEPY1YUNTIL"12'DD!
PIFYRND(3)>IITHEN"MACROSET ,0):=0
VELSE''REGIN'MACROS[YJ)s=RNDEC(3,.56);
SUM3;=SUM+*MACROSI(1,9):
YEND'}
YFORY Jy=1'STEP'1'UNTIL'2'DO!
MACROS[1,J):=MACROSITI,J)/SUM}
YEND!;
'BEGIN'
YREAL'SUMT,SUMZ,S8UM3;
SUM1:=0;
TFORYIT.=s1'STEFPYMIYUNTIL!14'D0Y
VREGINMY

TIEYRNN(3)D>T1YTHEN?

'BEGIN!
VIFYLID12 1 THENI'GOTO P,
STMTL11)s=0;

VENDYIELSFE!
P1: "REGINY
STM1L11):=RNDEC(4_89);
SUMY3=SUMT+S8STMI([1]1]}
YEND'}

SUM2:=0;
YFORVYJs=T1'STEP"TYUNTIL"14'DO!
IRE;!\‘I
TIF'RAD(S)>1"THEN!
PBEGIN?
TIFYJJP12'THEN'IGODTD " PE}
STM2(11,4J03=20;
. VEND''FLSE!
P2 TREGIMY
STM2(11,JJ)3=RNDEC(2,47);
SUM2 s=SUMZ2+STM2[I1,0J):
IEMD!;
SuM3s=n;
YEORVKK ST YSTEPYT'UNTIL"16' DO
YEFGIN?
PIFYRND(AI>TIVTHEN!
'REGIN?
PIFYKKD>T12'"THEN'YGOTO'PS;
STM3L11,0JrkK)2EN0;
YEND''ELSE!
P3: YREGINY
STMI[II,JJskK):=ENDEC(Y,89);
SUME:sSUMB+STMI[T] ,dJ,KK];
YEND!;
YEND']
VENRYKK:=1'STEPYTYUNTIL"164'DO?
STMI[IT,JJ,KK];=STMBLTIT,JJ  KK)/SUMS;
VENDT
YFORYJJ:=1'STFP " IYUNTILY 40O
STv2([1Y,JJ)i=sTmM21],Jd]1/sUuMé;
YENDY;
YEORYI1s=1"STEPY1IUNTIL 14D
STMI[1Y):=STMILIT]/SUMT;
thDI=
TNSTS:1=READ;
TOTSECSs=RND(6N0);
NOMOV.g=RND(S)
DEN[T1):sRNDCFATIER(INSTS/2));
"FOR"Pa= P STFPITYUNTILYTOTSERSYDN!
ABEGIN!

VIFYRADIZI=T'THEN'DENIP) 1 SDFEN[P=1]+RND(5)=5

"FLSE'DPFNIPY:=DENLP=1];
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PIFYDENTPISYI)'THEN'DENLPY3=1"ELSE!
"IF'DENIPI>ENTIERCINSTS/2) " THEN"DENLP);=ENTIERCINSTS/2)

1EnND;
'FOR'MOVT ;=21 'STFP'T'UNTIL'INSTS'DN!
'EEGININEWLINE(S);
WRITETEXT(V'('PART') 1),
PRINT(MOVT,1.,0)}
COPYTEXT( Y ('3')1);
NEWLINE(1)
WRITETEXT(V' ('USEXDYNAMICXSYSTEM')');
PRINTCRND(NOMOV) ;1,0):
LOW:=READ]
HIGH:=READ]}
SECS:=RND(20);
13=RND(12);
VFOR'Ke=1"STEPYSECS'UNTIL'TOTSECS'DO?
"BEGIN?
SUMs=03;

A;=RNDEC(B,557);
VFOR! Jg=1"'STEP'TIUNTIL'M2'DD!
TREGI N
SUMESUM+MACKROSLTI ,J];
VIFISUMPAVYTHEN''"GOTO'"WORK}
TEND!:

WARK § NEWLINECT)
WRITETEXT( " (" *aunnaySECTION')");
PRINT(K,3,0);
WRITETEXTC " CVXXTYPE") ") PFINT(J,3/,0)}
WRITETEXT( " ("X, .LASTSAFNR"'") ") :PRINTCSECS,3,0);
WRITETEXY("CVYSECS wwnrrnt)ty,;
VIF'RNDC(DENIK] )= ' THENIVGOTO'REST YELSE®
NFIWLINECY) S
FGOTO'TYPFLY)?

LONG 3 TREGIN?

WRYITFTEXTC' ("X LONGX:2pPITCHY) ),
PRINT(RANPR(HIGH=LOW)«LOW,2,0);
"GOTOD'KNEXTE
1EuDY
REP, VRIEGINY
WRITFTEXTC' ("XREPEATEDYNOTEAIXPITCH ') ') ;
PRINTC(RANN(HIGH=LOW)*LOW,2s0)
WRITETEXTCYC' Y LIC) P XRHYTHM:I1) )
"EORYPISTIISTERP"T'UNYIL"B+SECSIDO?
'8EGIN!
Qe=PADCREND(B)Y);
Pi=p+i=1;
PRPINT(G,T1,0);
YEnpt: :
'oNTOYNEXTK
: TENDY
PrHT "AEGI N
WRITFTEXTC"C'SELFXCHNSENKPITCHES?Y) ") ;
'GHTNINEXTKS
PEND! g
PEA2: "REGIN?
WRITETFXAT('("XSOUNDSYATATHFEAFOLLOWINGYTIME= PlTCh
XCO=ORDINATFS:") V)
"FOR'Ps=1'STEPYTYUNTIL'KADC(S*SECS) 'DOQ?*
"REGIN!
"IF'p/B=P'/'B'THEN!
NEWLINECT)
PRINT(RNDC10%SECS);3,0);
WRITETEXTCICY , 1))
PQINT(RND(DU),& 0)1}
I;&'nlu
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"GOTO'NEXTK
VENDY;

PCr3; 13EGINT |
WRITFTEXT('("%XSOUNDSYASXFOLLOWS') ")
NEWLINEC1)?

SPACEC(4LD) ]
'FOR'"PI=1YSTFP'M1YUNTIL'"SECS'DO!
'"BEGIN!
VIF'P/2=PV'/ "2VTHEN'NEWLINE(T)
VELSE'WRITETEXTCY (' XX%3%') 1)}
YFOR'Op=1"'STEP'T1'UNTIL'&'DO'
'REGINTYINTEGER'R}
Re=RND(3);

"1F'R=1"THEN"!
PRINT(RND(HIGH=LOW)+LOW,s2,+0)
VELSFITIFIR=2VTHENYWRITETEXTCr CoXwnxXy)r)
TELSEY"IF'KE3'THEN"WRITETEXTC(Y(TX==XX1)")}

YEND'Q}
YENDIP;
TGOTOINEXTY
PENDIR| OCK?
RUnT 13EGINY
VINTEGFR'XX,YY;
WRITETEXTCY CYXNOTEARUNSXATYXTHEXFOLLOWINGATIME=PITCH
XCO=ORDINATES:") 1)}
NEWLINE(T)?
'"FOR'P:=TISTERP"MVUNTIL'RND(SECS)'DO!
'REGIN?

VIF'P/R=PY /VBVTHENINEWLINEC(])
X¥3=RND((10*SECS)=20);
YY:i=kAD(30)]
WRITETEXTC(Y A" XX2%%FRUR") )}
VIF'XXSOYTHEN'XX =03
PRINTC(XX,3,0))
WRITETEXT('CY,4)"');
PRINTCYY,3,0)}
WRITETEXTLYLCYYD ") VY
PRINT(XX+RND(20),2,0)}
WeLTETEXT (YL )Y Yys
PRIMTCYY+RNDC10),3,06);

IE\DI:
TGOTOYNEXT R}
tEADD g :
RUND VREGTINY
"INTFGER!'TS;TS:=0;
WRITETFXTC(' (' XRUNSZASLFOLLNWS "))
VFORYPy=1'STEPIIVUNTLLYA*SECSTDO?
TEEGIN'
PYFITS/4=TS " /PG "THEN'NEWLINECT) ?
VIFYRNDULZ2) =T "THENY
"REGINT
O:=RND(12)}
WRITFETEXTCY (" AZALEXRFROM' ) YD)}
PRINT(RND(HIOGH=LOW=12)4L0Wp2,0);
WRITETEXTC'("XFOR"Y ")}
PRINT(O,2,0):
YEND!
VELSED
TREGINT
D:=RND(30)}
WRITETEXT('("A#YRESTAXFURI) 1) ;
PRINT(QY /'R ,2,0)/
WRITFTEXTCY'C'ASECSY) V)
PRINT(Q=C(Q"/'"8Ywb,2,0)}
"END':
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201 Pr=P+0}

20¢ TS:=TS+1;

203 VENDY

204 . YGOTONINEXTX

205 1END!

2006 RFST IGEGIN?

206 WRITETEXTC(" (" XXXXREST') ')

208 'GOTOINEXTKE S

2079 1END?;

210 ST 'REGINY

210 WRITETFXT('('1=0ORDERYSTUCHASTICXTUNE'('C')"")1);
212 SPACECLL) }

213 REG:=RND(HIGH=LOW=12)+LUW}

214 "EOR'PI=T1ISTERP"MYUNTIL'SFCS'DOD!

P i 'AFGIN!

213 VIFYP/2=PY /"2 " THERYNEWLINE(T) YELSE?
216 WRITETEXTCY('X%XXXx2)1)}

217 "EOR'Q;=1'STEP'T1'UNTI| '8'DO"

218 '‘REGIN!

213 Sumi=o;

220 A:=RNDFC(2,9);

221 TFOR'"IT1s=1'STEP'"1'UNTIL?T14'DO?
222 "EEGIN?

222 SUMs=SUMSTMILIT];

224 TR ISUMDA'THEN?

ek TBEGINY

224 PRINSTC(II,KEG);

¢26 1GOTOYNUOT

27 TEND!

228 YEND?';

23 NIRRT g YEND'}

230 TENDY;

251 '1SOTNIYNEXTE

232 TE4D I :

233 ST YREGINY

235 WRITETFXT(' ('2-0ORDER%STUOCHASTICATUNE ('C')*" ") ")
¢35 SPACF(4C):

236 11:=RNDC14);

237 REGs=RND(HIGH=LOW=12)eL0W]}

238 VEARYP=1'STER 1 UNTIL'SFCS' DO’

237 'YSEGIN!

239 VIFYP/2=PV /P2 VTHEN'NEWLINECT) PELSE!
240 VRITETFEXTCY('XYXLEY) )}

241 "EOR'0=1P'STEP*TYUNT]IL'S8'DO’

2462 ' : 'REGIN!

242 : A:=2RNDEC(4,267)

PN SUMe=0}

245 C O OVEDR'JJg=1'STERPYIYUNTIL!I4Y DO
Lo YEEGIN?

2456 ' SUMs=SUMSSTM2LTIT,JJ);

2458 VIFYSUMM»AY THEN?

2LA "AEGIN!

4B PRINSTCJJ,REG)}

250 _ . 11:=4J7

251 - S YGOTOYNURZ?

252 i VENDY

258 ) VEND';

2564 NIW2 s 1ENDY;

253 ' YErp';

256 IGOTOINEXTK;

25t YEnNDUY:

258 573, "REGINDG
258 WRITETEXRTC" ("3=0ORDERYXSTUCHASTICATUNE" ("CY)'1)1);
260 . SPACF(CLO)} .

261 ; T1e=PNR(14) 00 SRND(14) ]
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NEATK

VEND Y
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REGs=RANDC(HIGH=LOW=12)+L0W}
"FORYP:=1ISTEP'"T1'UNTIL'SECS'DO!
IREGIN'!

VIF'P/E=PV /Y2 THEN'NEWLINE(T) "ELSE?
MRITETEXTCYC"X%x%%%')")}
VFOR'QG:=1'STEP'"T'UNTIL'B'DO®
'REGIN!
A;=RNDEC(9,5):
SUM:i=(;
YFOR"KK:=1"STEP"T'UNTIL!T14'DO!
TBFGINY
SUMpsSUMGSTMIILIT,J0Jd,KK)}
TIFVSUMM»AYTHEN?
TREGIN?
PRINST(KK,REG);
i A0 3R
JJi=KK]
1GOTOYNUQS;
VEND'Y}
YEnpY s
"EnD':
TEND'}
'GOTOYNEXTK
VENDI g
TREGINY

"INTFGER'SHAPE»S12E;

WRITFTEXTCY (VXCOLOURFODAZSECTION'CYCY) 1)),
1FOR1Pe=1YSTEPITIYUNTIL'ENP(SECS)'DO?
PREGINT

SHAPE s=knD (&)}
S12E:=RND(20) 3
VIFYP/2sF /Y2 THENYNEWLINECT)YELSE!?
WRITETEXTCY("%x%') ')}
VIF'SKAPE=Y"THEN"WRITETYFXTC(' C'ZXAXCIRCLE%") ")
PEFLSFIIIFYSHAPE=2"THEN'WRITFTFXT( " ("XXA%XSQUAREX") ")
VFLSE' " IF'SHAPEZR'"THENIWRITETEXT("(YAXTRIANGLEXY) ")
PELSEY " YE'SHAPE=L "THEN"WRITFETEXT('CYXAXSPLODGEX") ")}
WRITETEXT('C'OFXS1ZE")Y ")}
PRYINT(SIZE,2.0);
WRITETEXTCYC(YAT "))
PRIMT(RAD(IURSECS=SIZF)+STIZ2FV/'2,5,0);
WRITETEXT OGN g0y y
PRINT(RND(SU=2«S12F)+s12E,3,0);
WRPITETEXT (' CVYANDXOFACOLOURY)I ) ;
PRINT(RHD(2U),2+0);
PEMDY S
YGOTOINEXTE
tENDU:
VIFYeuD(3)=1 ' THEN'SECS :=RhD(E2N=SECS)
TELSE'SECS:=RMD(2D) )
1:2J}
YEnDY:
'
"FOR'"¥ss1'STFRIIVUNTILINOMOV DO
"REGIN?
PINTEGERYDYM LG
NEWLINECR)
WRITETEXT( (P LR h*ue XXXDYNAMICLSYSTEM') ")
PRINT(K,1,0)7
DY&:=PND(R);
LS:=0:
WRPITETEXT( ' (PAAXXSTAKRTRAT ) ) ;
PRINT(DYN,1,0):

VFOR'Ps=2'STEP'"1VUNTIL'TOTSFLS'DO!
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'"TF'RND(2)=1'THEN'

IREGIN!
TIFVLS/6=LS Y /YL THENYNEWLINEC])
DYNs=DYN+KND(3) =2}
"1EY'DNYNCIYTHFEN"DYNI=T1'FLSE!
YIF'DYN>BITHEN"DYNE=AR}
WRITETEXT('('XXATL)"))
PRINT(PeL,0)
WRITETFXTC'("XDYNAMICXISY) )}
PRINT(DYN 2,00)3
LSy=LS+1;
YEND':

"END';

YEND!
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1bs--Light

The same program was used for symposium .

An example of the type of output produced follows the program.
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'BEGIN'

'REALY'ARRAY'MACROS([1112,1812),STM1(1314),STM2([1114,1:14),
STHE[1314,1114.,1:14);
'INTEGER'I,J,K,P,Q,SECS,MOVT, NOMOV,NOTIMES. I11,JJ,KK, REG,
TOTSECS,PART,DENS,HIGH,LOW, INSTS,PLACE}

"INTEGER''ARRAY'DEN[13600)FORM[1:10)3;
tREALISUM, X243 :
'REAL''"PROCEDURE'RNDEC(B)}

'‘REAL'B};

'‘BEGIN'X1=9,2351«X+B}

RNDECi=Xi=100#X-ENTIER(1D0#X)3

*ENDY 3
*INTEGER ' 'PROCEDURE'RND(N) 3

"INTEGER'N}

'REGIN'RNDJ=ENTIER(RNDEC(3.572)«N)+1'END?;
{PROCEDURE'PRINST(F,REGIST);

"INTEGER'F,REGIST}

'*BEGIN'

VIFI'F=13'THEN'WRITETEXT (1 ('Z#nXKt)")
YELSE''IF'F=14'THEN'WRITETEXT( (v %-=%%1)1)
"ELSE'PRINT(F+REGIST.2,0)}

YEND'}
*SWITCHYTYPES=LDONG,REP,PCH1,PCH2,PCH3, RUNY,RUN2,REST,ST1,ST2,ST3,COLR
X:{=READ; ' 3
'FOR'13=1'STYEPY1 'UNTIL"2'DO"
'BEGIN?
SuMiL=0}
‘FORYJI=4 'STEP'{'UNTIL12'DO?
*IFYRND(3)>1 ' THEN'MACRUSII,J) =0
Y‘ELSEY'BEGIN'MACRDOS[1,J):=RNDEC(3.56)1}
SUMI=SUM+MACROS[1,J1}
TEND'}
‘FOR'JI=A*STEP'1 Y UNTIL"12'D0O"
MACRUS[1,J)1=MACROS[1,J)/SUM;
YEND1
'BEGIN'
'REALYSUNY,SUM2,5UM3;
SUM11=0)
'FORYI1:=24'STEP'1'UNTIL'14'DO"
TREGIN!
tIFPRNDCI)>1 ' THEN
VREGINY
YIFYII212YTHENYYGOTO'P1
STH1(I1)1=03
: 'ENDYYELSE!
P '*BEGIN?
4 STMY[I11)3=RNDEC(4.89);
SUMY 1 =SUM1+STM1([11)3
TENDY ;.
SUM21=03;
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'FOR'JJ3=1'STEP'"1'UNTIL'14'D0D!
'BEGIN?
VIFYRND(5)>1 'THEN?
TBEGINY
TIFYJI>12'THEN' 'GOTO'P2)
STM2(11,JJ)8=03
"END''ELSE!
TBEGIN?Y
STM2LI1,JJ) 1=RNDEC(2,47)}
SUMR23=SUM2+STM2(11.JJ]);
YENDY )
SUM3;:=0;
1FOR'KKy=1'STEP 9 'UNTIL'14D0?
'KEGIN'

VIFYRND(6E)>1 ' THEN!?

'BEGINY
VIF'KK>»Y2'THENY'GOTO'P3 3
STM3[11,JJ,KK]§=03

1ENDY1ELSE

tBEGIN?

STM3[11,JJsKK) :=RNDEC(5.89);
SUM3 §=SUM3+STHMI[11,JJ,KK)}
TENDY}
'ENDY}
"FOR'KK}=1'STEP*4 *UNTIL'141D0"

STMI(I1,JJ,KK)3=STM3[11,JJ,KK]/SUM3;

vEND Y
'"FOR'JJ;=1"'STEP'1'UNTIL'14'DO?
STMRII11,0J)8=STM2111.,JJ)/SUM2)
'END']
tFORYIT13=41STEP 1 UNTILv14D0?
STM1[II1)s=STMI(I1)/SUM;
'ENU”
WRITETEXT( ' ('LIGHT%%E%XMOVEMENT Y ) 1)}
Xi=READ}
PRINT(READ,1,0)}
NEWLINE(2);
WRITETEXTC'"('FORME®EE') ) ;
'FOR'Pi=1'STEP'1'UNTIL'"10'DO!
'BEGIN?
FORMIP) i =READ}
PRINT(FORMIP)»2,0)3
tEND Y}
INSTS!=READ}
TOTSECSI=RND(140)+60;
NOMOV§ =RND(5)}
DENL1)s=RUD(ENTIERCINSTS/2))}
'"FOR'P}=2'STEP'1'UNTIL'TOTSECS'LD!
'BEGIN?

YIF'RND(3)=1 ' THEN'DEN[P) :=DEN[P=1])+RNL(5)-3

'ELSEVYDEN[P)$=LEN[P-1);
*JF'DEMN[P)<1'THEN'DEN[P):=1'ELSE"

'*ENDY
tFORIMOVT 3 =1 tSTEP 14 sUNTIL ' INSTSDOY
'BEGIN'NEWLINE(3)}
WRITETEXT('('PART') ')}
PRINT(MOVT»4,0);
COPYTEXT('(13')1);
NEWLINE(1)3}

v;F'nE~[P1>EwT1ERtINSTS/za'THEN!nEN[PJ::sNTlER(INST512>1
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WRITETEXT('(YUSEXDYNAMICESYSTEM!) )}
PRINT(RND(NOMOV),1,0)}
LOWI=READ]}
HIGH}=READ}
SECS3=RND(12)+1}
PLACE1=1}
I13=RND(12);
'"FOR'Ki=1'STEP'SECS'UNT|L'TOTSECS'DO"
'BEGIN'
SUMi=0}
A} =RNDEC(8.557)}
'"FORYJI=1'STEP'Y'UNTIL"*12'DO"
'BEGIN!
SUM=SUM+MACROS[I1,J]);
"IFYSUM>A'THEN'"GOTU'WORK
'END '}

WORK : NEWLINE(Y);
WRITETEXT('('es®xas%SECTION') ')}
PRINT(PLACE,3,0);

PLACEIsPLACE+SECS}

WRITETEXT('('%XTYPE'")")IPRINT(U,3,0)}

WRITETEXT('("'%. -LASTSxFBR')');PRINT(SECS 3,0);

WRITETEXT('('SECS #%*xexn')t);

NEWLINE(1)3

tJFYRND(2)=1 1 THEN?
'GOTO!'TYPE[FURMI(10%K=-1)'/'TOTSECS+1))

"ELSE'YIF'RND(DENIK))=1'THEN''GOTO" REbT

'ELSE''GOTOYTYPE([J)

LONG? 'BEGIN?

WRITETEXT('('"4LUNGR:XPITCH')");
PRINT(RND(HIGH-LOW)+LDW»2,0)}
'"GOYO'NEXTKS
'ENU'}
REP: TBEGIN?
WRITETEXT(Y'('"SREPEATEDSNOTESISPITCH ) );
PRINTCRNDCHIGH=LOW)+LUWs2,0)3

"GOTOI'NEXTK}
'YEND'}
PCHY :
PCH2: 'BEGIN!
WRITETEXT(Y'('SSUUNDSKXATETHEXFOLLOWINGXTIME=-PITCH
FCO-ODRDINATES:') )
'FOR'YPI=1'STEP'1"UNTIL'RND(5*SECS)1LD?
'BEGIN!
'IF'P/B=PY/ V'8 THEN?
NEWLINE(1))
PRINT(RNLU(10#SECS),3,0)}
WRITETEXT( Y Cra1)1);:
PRINT(RND(50),2,0);
'END'}
'GOTUYNEXTK
TEND?'}

PCHY: 'BEGIN?
. HRI1ETEXT('('%SDUNDS%AS%FULLUNS')'I.

NEWLINEC1)}

SPACE(40);

'"FOR'P3=1'STEPY1'UNTIL'SECS'DO"

'"BEGIH! : )
VIF'P/2=PV/'2YTHEN'NEWLINE(1)
VELSE'WRITETEXT (' (' %3%%%')1);

-
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155 'FOR'Qt=1'STEP'Y*UNTIL'8'DOD"

156 'BEGIN''[NTEGER'R}

156 Rt=RND(3)}

158 "IFYR=1'THEN!

158 PRINT(RND(HIGH=LOW)+LOW,»2,0)

158 'ELSEV ' IFYR=2'THEN'WRITETEXT( ('gesgg))
158 '"ELSEYVIFYR=3'THEN'WRITETEXT( ' ("%==%%1)1);
159 TEND'Q)

160 'END'P}

161 'GOTO'NEXTKS

162 'END'BLOCK}

163 RUNY ¢ '"BEGIN!

163 "INTEGER'TS}TS=0}

165 HRITETEXTI'tlDESCENDING%RUNS%AstULLDNS;') )3
166 '‘FOR'PI=1'STEP'1'UNTIL'8B«SECS'DO"
167 'BEGIN?®

167 tIF'7S/4= TS'/'4'THbN'NEHLINE(1!l
169 + VIF'RND(2)=1"'THEN"

169 'BEGINY

169 Qi=RND(12)}

171 WRITETEXT('('%X%XXEXFROM' ) ")}
172 PRINT(RND(HIGH-LOW=12)+L0OW+12,2,0)}
173 WRITETEXT('('gFUR')");

174 PRINT(Q,2,0)}

B e tENDY

175 'ELSE!

179 '"BEGIN!

175 Q31=RND(30);

177 WRITETEXTC!'('"XXREST%FOR')')}
178 PRINT(Q'/'8,2,0);

179 WRITETEXT('('®¥SECS') ")}

180 PRINT(G-(Q'/'8)%8,2,0)}

181 YEND?}

182 Pizp+Qi

183 : TS1=TS+1;

184 YEND '}

185 - '‘GOTO'NEXTK;

186 YEND'}

187 RUNZ2 *BEGIN!

187 VINTEGER'TS;TS1=0;

189 , WRITETEXT(' ('SRUNSHASXFOLLOWS ) )}
190 _ 'FUR'PI"1'STEP'1'UNT1L'B*SECS'DU'
164 '"BEGINY

191 '"IF'TS/4= TS'/'4'THtN NEWLINEC1)}
193 VIFYRND(2)=1 ' THEN?

193 tBEGINY

193 ' Q:=RND(12)3

195 HRITETEXT('('z:zsx%xFRDM')'!l
196 PRINT(RND(HIGH=LOW=12)+L0W:220);
197 WRITETEXT('('$FOR') ")

198 : PRINT(Q,2.0)}

199 TENDY

199 YELSE!

199 : YBEGIN!

199 : Q1=RND(30);

201 WRITETEXT(' ('%¥RESTRFORY) ")}
202 PRINT(Q'/'8,2,0)}

203 _ © WRITETEXT('('%SECS') ')}

204 PRINT(Q-(Q'/'g)%8,2,0)}

205 WeLEND Y3



206
207
208
209
210
211

211

213
214
215
215
217
218
219
220
220
221

222
223
223
225
226
227
227
229
229
229
231

232
233
234
235
236
€37
238
238
240
241

242
243
244
244
245
246
247
247
249
250
251

251

253
253
253
255
256
257
258
259

60
61

REST

ST1 4

NUQY S

ST21

NUQ2'S
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Pi=P+Q}

TS1=7S+1}
*ENDY}
'GOTO'NEXTK

'ENDYy

'BEGIN!

WRITETEXT(!('XSXXXREST') ")}
'"GOTO'NEXTK

'END'}

'BEGIN?
WRITETEXT('('"1~UORDER¥STOCHASTICETUNE('C')rr)1);
SPACE(40);

REGI=RNU(HIGH-LOW=-12)+L0OW;
" 'FOR'Pi=1'STEP'1'UNTIL'SECS'DO"
1BEGINY
VIFYP/2=PY /2 THEN'NEWLINE(1) 'ELSE"
WRITETEXTCY ('5%%%%')');
'FOR'Q)=1'STEP'1'UNTIL'8'DO"
'BEGIN!
SUMi=0}
A} =RNDEC(2.9);
'FORYII1§=1"'STEP'1'UNTILY14'D0
'BEGIN!
SUMI=SUM+STM1[11]}
VIFISUMMAYTHEN?
'"BEGIN'
PRINST(I!,REG)}
tGOTO'NUQ1 ;
tENDY}
*END1
TENDY
YEND }
'GOTOINEXTK;
YEND'}
'BEGIN!
WRITETEXTC1 (1 2-0RDERESTOCKASTICETUNEY('Ct)Y 1))
SPACE(40D); :
1135RnD(14)
REGI=RNU(HIGH=LOW=12)+L0W;
'FOR'P:=1'STEP'"1'UNTIL'SECS'DO!
'BEGINY
VIF'FPy2=P1 /121 THEN* NEWLINE(1) "ELSE
WRITETEXTOr (rxgs%%')'))
'FOR'Q3=1'STEP'1'UNTIL'8'DD?

YBEGIN?
AI=RNDEC(4.267);
SUMI=0} :
"FORYJJE=ST'STEP" M YUNTIL'14 DO
'BEGIN?

SUMI=SUM+«STM2(11,JJ);
VIFYSUMAYTHEN!
TBEGIN?!
PRINST(JJ,REG)}
1118dJs .
1GOTONUG2;
YEND'
1ENDY;
' YEND '}
YEND 1)
'"GOTD'NEXTK3;
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lEND!’
ST31 'BEGIN?
WRITETEXT('" ('3~ DRDERSSTUCHASTIC%TUhE'('C')")')i
SPACE(40);
I11=RND(14)3JJi=RND(14)3
REGI=RND(HIGH=LOW=-12)+L0wW;
'FOR'P ;=9 *STEPYY{'UNTIL'SECS'DO"
'BEGIN®
VIF'P/2=P'/'2'THEN'NEWLINE(1) 'ELSE?
WRITETEXT('('3%X%%')")}
'FOR'Q1=1"'STEP'1'UNTIL'8'DO!

'BEGIN?
A3 =RNDEC(9.5);
SUMI=0}
'"FOR'KK3I=1'STEP'1'UNTIL'14'D0O?
'BEGIN?

SUMi=SUM+STM3([11,JJ,KK])3;
YIFYSUM>AYTHEN!
'BEGIN!
PRINST(KK,REG)}
118=20J)
JJ§=KK}
'GOTO'"NUGS;
tEND Y
tENDVY;
NUQR3: 'END'}
YENL' S
'GOTO'NEXTK
'END'}

COLR: 'BEGIN?
WRITETEXT('('¥DOUBLEXTHEXPART') ")}
PRINT(RND(INSTS),2,0)3
WRITETEXT('('ABOVE'")')}
'GOTO'NEXTK;

lEan’
NEXTK?3 YIF'RNU(3)=1 ' THEN'SECS:=RND(12~SECS)+1
1ELSE'SECS:=RND(12)+1;
li=J)
YEND'S

'END '}

NEWLINE(S);

WRITETEXT('('BEAT'") ")}

NEWLINE(2)3

'FOR'K3=1'STEP RNUI?U:'UNTIL TOTSECSDOY

TBEGIN!
WRITETEXT('('%XXXAT")");
PRINT(K,3,0);
PRINT(KND(2)+2,4,0)}
WRITETEXT('('%%%%¥TEMPO%') ")}
PRINTC(RND(120)+60,3,0);

YENDY}

'FORIK: =4 'STEP 'Y tUNTIL'NOMOVYDDY

'BEGIN! :
" INTEGER'DYN, LS}
NEWLINE(Z);
NRIT&TEXT('('Sﬁzii*SXKDYNAHlCSSYSTEM'"’:
PRINT(K,1,0)}
DYN; =RND(B) ;
LS1=0;



319
320
921
3522
322
322
324
325
325
326
327
328
329
330
331
332
333

lENDI’
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HRITETEXT('('S%¥XSTARTEAT) 1)}
PRINT(DYN,1,0)}
'FOR'P1=2'STEP'Y'UNTIL'TOTSECS'DO"
*JF'RND(2)=1"'THEN!

'BEGIN'!
VIF'LS/4=LS"/'4"'THEN"NEWLINE(1)3
DYNI=DYN+RND(3)-2;
"IFYDYN<Y'THEN'DYNI=1'ELSE"'
"IFYDYN>BYTHEN'DYNI =83
WRITETEXT(Y('3XAT')");
PRINT(P,4,0)}
WRITETEXT('('SDYNAMICXIS') ')}
PRINT¢DYN,2,0)3;

LSi=LS+1}

YEND'}

'END 1}
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lc. text
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0 "BEGIN'
1 : EREALY XY RN XY
1 "INTEGER'"1,J,K,CHak,LINES,LENGTH,STANZA}
2 "INTEGER""ARRAY'WORDSI[T1:11),LEX[1:11:1:25,1:12);
3 "RFEAL'"ARRAY'MN[1:4],nl1361)3
[ "REAL"'PROCEDURE"RNDECB(A); *REAL"A;
7 "HEGIN'Y:=2 4179+Y+A;
Y RNDECB:=V:=100*Y=ENTIER(100%Y) ;
10 'END':
10 'REAL'"PROCEDURE'RNDECKCB);"REAL'H;
13 "HEGIN'X:=5,4561 %X48B;;
15 ' VIF'RNDECR(6.237)<KRN'THEN'RNDFEC:=X1
15 VELSE'"RNDEC:=X:=T00wX=ENTIERCI00*X);
14 'END';
16 "INTEGER'"'"PROCEDUREYRND(M)}"INTEGER"M;
19 "BEGIN?
19 RND:=ENTTER(RNDEC (4 B2P)%M)+1;
YEND': : :
"PROCEDUREYCHOOSEC(CIZ2);"INTEGER'"IZ;
'"BEGIN? '
"INTEGER'J2,K2}
YIFYI2<5 Y THEN?
"BEGIN'?
VIFYRANDEC(2,113641)>MNLIZ)'THEN*'GOTO'FINAj
LENDYS .
JZ:=RND(WORDS([I2]))}
"FOR'"K2$=1"STEP'T'UNTIL"12'DO"
"BEGIN' .
CTFYLEXLTI2,02,K2)=COnFC (" /") ") " THEN""GOTO'FINA
"ELSE'PRINTCHCLEX[IZ2,J2:,K21)}




32
33
33
34
35
38
40
42
L
45
45
47
48
48
50
50
52
53
54
55

56
57
58
59
60
60
62
65
64
64
6é
617
68
69
70
&
72
’3
74
75
75
77

44
80
80
80
82
82
82
86
86b
86
89
89
89
90
90
90
92
g
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PEND';
FINA: YEND!;
"PROCEDURE'SS}

'"BEGIN'WRITETEXT('C('S")'")YEND"';
LENGTH;=READ;STANZA:=READ;
X1:=Y:1=X:=READ:RN:=READ;
"FOR'I:=1'STFP'1"UNTIL'4'DO'"MN[I1:=READ;
"FOR'1:21'STEP*Y'"UNTIL'6'DO'N[(1):=READ]}

"FORYI «+=1'STEP'"Y'UNTIL*"11'DO?
'BFGIN?

WORDSLI]:=READ;

'FOR'J:=1'STEP'1'UNTIL'WUORDS([I)'DO!

'"BEGIN'

"POR'K:31'STEP'1'UNTILY12'DO?
"BEGIN?
ON: CHARy=READCH;
*IFYCHAR=CODE(C'('ELY)r ) THEN"bOTO ON;
LEX[!,J,K);=CHAR;
"IF'CHAR=CODEC'"(C"/ ") 'Y'THEN'"'GOTO'NEXTJ;
PENDEX?

NEXTJ:'END'J;

YENDYT S
YFOR'J:=1"'STEPRP?TYUNTYIL'A?'DO"
"FOR'N[J):=Q'STEP'0Q,25'UNTIL'3'DO?
"BEGIN®
"FOR'"Is=1"'"STEP'"T'UNTIL'4'DO?
"FOR"MNLI]::=01STEP'Q.Z25'UNTIL*1'DO!?
NEWLINF(3):
"BEGIN'
WRITETEXT('('N") ")
PRINT(Js1,0);
WRITETEXTC( () ")
PRINT(NLJI»1,2)2
WRITFTEXTC " CPAAAXMNYD) ")
PRINTCI,1,0); .
WRITETEXT('(?'=s')"');
PRINT(MNLI),1,2):
MEWLIMECZ) }
YFOK'"LINES:=1'STEP"1'UNTIL"RND(S)+5'D0O!
'BFHIN'

CHOUSE(Z2):

'"IF'RNDECC(R.459)>NLT]

PTHEN'

'BEGIN'LHOOSE(3)iCHOOSE(1) !
"IFYRNDEC(7.023)>N[2])
'THEN'
" 'BEGIN'CHUOSE(S);

AT FORNDEC(CS 25T 22N (18]
"THEN'CHOUSEC10)
YELSE''BEGIN'CHOOSECT11)iSS;YEND';

IEan

YELSE"

"BEGIN'CHOOSE(6) 1SS
"IF'RNDFC(3,1899)>NL4]
'"THEN'CHOOSEC10) 'ELSE'CHOOSE(11)

YEND?Y;

'END'
HELSE®
'"BEGIN'CHOOSE(9):
"1F'RNDECES, )?Z1J>lel
'THEN'



92
94

95
96
98
98
98
98
101
103
1064
105
106
167
108
109
110
14
112

111

'"BFGIN'CHQUSE(7);CHOOSEC11)'END"
YELSE'CHOOSE(10)

IENDI :

CHOOSE(2);CHOOSE(4);
'"IF'RNDECC(Y.2939)>NL6]
"THEN'CHOOSF (&)

VELSES

'"BEGIN'CHOOSE(S);CHOOSEC(Y);

CHOOSE(6):S8S;

IENDI H
"IF'LINES=LFNGTH'THEN''GOTO'FIN;
NEWLINEC1)}
"IF'RND(STANZA)=1"THEN'NEWLINE(1)}
CHOOSEC(S);

YEND';
FINIWRITETEXTC(YCY 1))

YEND';

PAPERTHROW;

YEND!;

VEND';



ld. pZanocomp

An example of the type of output produced follows the program.



113

'"BEGIH"
'"COMMENT '"PROGRAM FOR PiANO CcOMpPpOSITION
DATA 1IN FORM: RANDOM NUMBER STARTER (0.0000 7O 0,9999)>
MAXINUM LENGTH IN SECONDS
NUHRER OF LAYERS (2 TO &)
13 NUMBERS DEFINING FORM BIAS
€86 Y A1 Y Y2 22 3 § 3 ks
"REAL"X.,SUN, AT
"INTEGER'LAYERS , LENGTH, UNITS,I,4,F, LOWER,UpPER,NOBS,NOTES,KNDCOUNT
DYN:
'RFAL"ARRIV’STMF[?913,1:13]:STH1[1:17]:STH?{1:1?v1!1?3.
SYMI[1o87 1:47,1117)
"IUTEGER' "ARRAY FOuMI1:4,1:6001,TYpEL1:13),PARAMIT:13,1:5],
DATAYVYPE 1:131,BFATS[1:600);
'BOOLEAN'"ARRAYST(CTIO-3];
"CUFTCH"SWTYPE . =SW HOR, SWMELO, SWRUNS  SWTRIL,SWSTLE;

"RIEAL''PROCFDURE'RDEC(R) ;
'"WALUE'":
'REA[ 'B;
'"REGIN'
X127 ,293 7 Xp
RNDEC:=X:=100eX=ENTIER(TOOWX) ?
RNDCOQUKT . =RNHeOUT+1 ;
tENni;
"1TEGER ' "PRUCENUREZYRNDIN) ;
'"WALUE'"N:
*INTEGER'N;

*BEGIN'
RHD:=FNTIFR{RNDEL(3,49971)whN+4)
"END';
"PLOCEpDURE'REATCOUNT
'BEGIN'
NOBS . =0;

VEORY ) ;s OWER'STEP"1"UNTIL'UpPPER-1"DO!
HOBS ; =NORS+*BEATS (0]
lENDI’;

‘PROCEDURE'PHYTHMC(LFNGTH,SPFED)
"VALUE ' LENGTH,SPFED:
"INTEGER'LENGTH,SPEED;
'"GEGIN' :

© VINTEGER' K1 ,51NMM;
SUMM. =NOTES ::0;
NEWKT - K1:=RND(RND (24SPEFED) ) ;

4 UMM, =SUMM+KT ?
NOTEgS :=NOTES <1
PTF'g MM | ENGTHY YHEN ¢
"BEGIN'

K1:=K1e (S| MM= _ENGTH) ;



35
36
37
358
38
39
40
41
41
41
43
43
43
43
43

44
45
45
L6
46
4«8
49
49
49
51
52
52
-

o

54
55
55
55
55

56
58
59
2
5%
61
62
62
62

62
62
62
63
63
65
66
67
68
69
69
71
72
(4
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"IF'K1=U"THEN'NOTES:=NOTES=1:
PRINT (k1,1.0),
'GOTO | AST!
"END?
ELSE'PRINT(X1:,1,0);
'GOTOQ'NEWK1:
LAST: NFWLINEC1):
tENpY: 7

'PROCEDURE'cHORNS (C1+€2.C3,04,C5) !
"COYMENT' €1 = HUMBER OfF NOTES IN CHORD
Cz DFGREF OF REPFTITION
SPEED OF REPETITION
5PAC NG
RHYTHMIC NATURE:
'VA UE'C1,C2,C3,04,(C5;
"INTEGER'C1,02+03+C4.C5;
‘REGIN'
*1F'CS5=1'THEN!
'‘pEGIN'
BEATCOUNT:
WRITETEXT (*('RHYTHM:CONSTANT ' %ZFACHYNOTEZONEX ) v)
"1IF'C3=1"'THEN"
"BEGIN'
WRITETEXT("("HALF~REAT')');
NOTES . =NOpS»2;
iENDl
'ELSEV ¢ IF 'n3=2 'THEN'
"BFGIN'
WRITETEXTC(*C'BEAT") )
NOTES : =NORY ®
"END
'ELSE ' IF 0323 YTHENT
"BEGIN'
"TF'RNDCZY =1 " THEN?
'BEGIN
URIZFTEXT('('"DOURLE=-BEAT')"):
NOTES:=1NBS  /"'24+1:
"END'"EILSE
"BEGIN'
WRITFTEATC(' ("BAR') ")
NOTES:=UPPER=LOUER?
"Enp’
'END’
'END!
IPLSE'"1I5"CO=2"THEN"
"REGIN'
"INTEGRR'NOTENPR;
'PROCEDURETOUSTINATO:
"BEGIN
URITFTEXT(' ('OSTINATOXAT')");
PRINT(J,3,0): L
CURTTFTEATC  ("WITHARHYTHM ") ") ; . [
pHYTHM(BEATSIJI ,3);
NOTEMP:=NOTEMP+NOTES
‘END': ‘ |
NOTEMp -0, !
J:=L0uprR:
OSTINATO!
CFOR'J-FLOVERL1'STEP'1'UNTIL'UPPER-1"DO!

OO0
wope N
T %3 3
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"1F'BEATS(JI'HE'BEATS(J=11'THEN'OSTINATO?
NOTES : =NOYTEMP;
"END
YELSE''IF'C5=3"THEN'
'"BEGIN'
BEATCOUNT;
uRlTETFXT_'('RHYTHHXPATTERN%(INXHALF-BEAT33:‘}'):
NEWLINFCT)
RHYTHI(2*NNBS,03);
TEND " &
'COMHENT! THE RHYTHM HAS REEN DEALT WITH =
HOW FOp THE PITCHES:!
NEWLINECA)
WRITETEXT ' C'WITHYFOLLOWING%PITCHES:') ")
NFWLINEC4Y:
'BEGIN'
'INTEGFR'Q?
"INTEGFR' 'ARRAY'PITCHES[1:5])}
PITCHESLN 1 :5RNDP(71)Y;
"FOR'G-S1"STEP'M'"UNTIL'NOTES'DD!
'BEGIN'
PITAHESF1) . =PITCHESI11+RND(14-2%C1)-12;
"1 'PITCHEST1)I<1 "THEN'PITCHES[11:SRND (14=2+C1)
'ELQE"]F’p]TCHES[11>71'THEN‘P}TCHES[1]:=?1-RND(16-?*C1)
"For'J . =1'STEP'1'UNTIL'C1'DO'"REGIN?
"T1E'J>7'THEN'
PITrHESTJ) . =PITCHESIJ=1]+RND(13-C1+0~PITCHESTJ=1]
+pTTCHFS[11) =4
PRINT(PITEHES[U)4,.0) I YEND'
SPARE (Y]
'END?
YEND?
'ENp*CHOPDS PROCFDURE:

‘puOCEpUREYMELODIES €M1 ,M2) ;

Sults
SH2s
503:

SNSKIp.

*VALUE "1 1 M2 -

*INTEGER'"MY ,ne;

'*BEGIN'
'ThTEGER'OZrHR!QQ-RﬁNGE:P1aPZrPSE
'PROCFDURF'STNCK . NRDER) ]

"INTEGFETORDER !

'BEGIN'
'SUiTCH'SWORDER:=801,802,503;
"TF'ORDFR=DFTHEN!
PRINTC(RANGE+RND(¢17),2,0) 'ELSE!
'BegIN:

sUM .=V ;
A:=RNDEC(2.€947);
'"FOR'P3.=1"STEP*1"UNTIL17"'n0!
'"BEGTIN®
'GOTO'SUORDERIORDER) :
qUM-=SU11+STH1[P3T:'GOTO'SOSKIP?
QUM . =85UNaSTH2IP2,P3]1;'60TO"'SOSKIP;
SUM.=SUH+STHU3LP1,P2,P3);
'1F QUMSA'THEN'
'"BEGIN'
PRINT(RANGE+P3,2,0);
‘GOTO'FINST!
YEND':
TEND Y
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122 FINST pli=p2:p2:=p3}

124 "Enn'

1264 'END'STUCK PROGEDURE}

124 pRINT;H1.1; 4

126 URITETEXT(' (‘—URDFRA%sTDCHASTIC%HELODY,')').
127 "TF'H2= Z'THEN'

127 WRITETEXT('C  ,DOUBLED%AT%THE%OCTAVE%ABOVE ')')}
128 NEWLINE(2):

129 BEATCOUNT

130 WRITETEXT (' (' RHYTHMYPATTERN%(INXHALF~BEATS) ') ") ;
131 NEWLINE(2)Y

132 RHYTHM(2+«NOBS ,RND(3) )}

4335 WURITETEXT'(*PITCHES')Y'");

1354 NEWLINEC(2Y

138 RANGE +=RND(71= (12w (M2=1)))

136 Q3:=NOTEs~C(NOTESY/'20)%20):

137 P1:=RND(Y7)p2i=RND(17)

139 'FOR'Q2:=1"STEP" 1 'UNTIL'"HOTES/20'pO"

140 'REGIN'

140 "FOR'QA:ST'STEP'"1'UNTIL'20'DO

142 STOCK (M) ;

143 NEWLIyF(1):

“hh rENDDY .

145 YFOR'QA4:=1"S FP' T '"UNTIL'Q3'DN!

146 gTOCK (M) :

t47 "ENp'MELODIES PROCELURE;

147 "PRNCEPUKRE'RUNS?RT,R2, 13 +R4,R5 !

149 '*"VALUE'R1+/R2.R3.R4,RS5;

150 "INTEGER'R1,n2,R3/R%.R5;
451 "COMMENT'R1- SCALFS/ARpPFGGINS

451 R2 « DIATONTC/CHROMATIC

151 R3Z - NUMBEH®R OF NOTES

151 R4 - RANGE

151 RS - DIRECTION:

151 'BEGIN'

151 y HMEWLINE Cay .

153 WRITETEXT('( RUN5%=")1);

154 PRINTC(RND(7)+141,0)

155 URITETEX T ' (*NOTESETOYAXBEAT )Y ') ;

1567 HEWLINEC1)Y )

157 VIF'RASTETHEN?Y

157 'REGIN!

157 "1F'R2=%1"THEN"

158 "REGIN' :
158 WRITETEXTC'('DIATONICHgCALEXINSLKEY 'Y 1)
160 ' ; PRINT(RND(i2)=1,2:0):

161 WRITETEXT ¢ ¢! %%(C O)ZZS?ARYING?DNXDFGRer ) I
162 PRIHTf“ND(75:1 0);

163 "END' vELS;

163 "BFGIy:

163 WRITETEXT( ¢'"CHROMATICYSCALEXXBREGINNINGXON')Y ') ;
165 PRI#WTIRNDCA2)=1,2,0)}

166 'END!

166 - YEND

166 ‘ 'FLSE!

166 "REGIN' ;

166 'INTEGFR' "ARRAY'PITCHES[T1:5]:

166 _ WRITETFXT (" (' ARPEGGIO%%NOTES::") ") ;

168 PITCHESTLT I »=RUND(13)=1:

169 : : "EOR'J-F1STER' 1Y UNTIL'R3 ' DO’
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"BEGIN'
"If8'J>1 ' THEN!
PITRHESIJ) :=PITCHESIJ=11+RND(13=-R3+J~PITCHES[J~1]
*pITCHES[11) =1
PRINT(pITCHESLUY,2,0);
BENH'S
'END';
NEWLINF(2):
WRITETEXT (' ('"THROUGH") ")
PRYNT(rRG,9.0);
WRITETFXT (' ('"nOTAVESXYASTARTINGXINLOCTAVE"') ')}
PRINT(¢aND¢7), ,0):
NEWLINF (T
WRITETEXT('('GOING'") ")
"TF'RENFE ' 2"THEN'"WRITETEXT (' (*XUP') ") ;
'TF'R5=3"THEN"WRITETEXT( " ("%AND') ')
"TF'RSST'THENTWRITETEXT (' (' %DOWN")Y ")
NEWLINECZ) !
"END'RUNg PROGEDURE?

"PROCEDURE'"TRILLS(Ta)
IVALDE'T1:
"INTEGER'T1:
'BEGIN'
NEWLINEC(1)Y
WRITETEXT( ' (A% ") ;
VIF 711 THEH "WRITETEXT( ('SEM]I ") ") ¢!
WRITETEXT /' C TONE%TRILLXON'Y ")
pRINT(RNp(B2),2,0);
HEWLINEC1Y .
*ENp*'TRILLS PROCEDURF;
'PROCEDURE'STLENCE ;
"BEGIN'WRITETEXT¢' (*SILENCE') ") YEND!';

X:=READ:
PRINTCx=100000G,6,0):
NEULINECY);
KNacOUyT:=0; ’
LENGTH ; =RND (READ I §
UNITS:t=RND(LENGTH' 71100+4)+3;
WRITETEXTC  ('"PIANOCONPY %A% LENGTHE"Y")
PRINTCLENGYH,3,0);
* NEHWLINEC3); :
WRITETEXT (' (" %4%%NUMBFREZOFZUNITS ") Yy
PRIiNTCUNITS,2e00N
LAVERS: =READ; _
"CHMHMENT' STHMF MATRTIX (WITH PRORABILITIES RELATED Tn Ng OF UNITS
CREATFD;
NEVLINECZ2) ;
WRITETEXTCr (" FoRMEZMATRIX®) ')}
NEWLINE(2);
"FOR'Is=1"STEP1"UNTIL'UNITS'DO!
'BI:G.IN'
SiUM,=0,.0600004;
'FOR'"J:=1"STFP"{'UNTTIL'UNITS'DOY
"IFYRND (UNTTS /441>
'THEN STMFIL),J1.=01E)1SE
'"REGIN' :
STMFI1,J) - =RYNEC(1,9773);
SUMs=SUMsaTMErI,u1;
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"END';
"FOR'J:=1"STFP'4'UNTIL'UNITS'DO!
"BEGIN'
STMErI»JY:=srHFI1,J]/SUM;
PRINT(STMFL1,J1,1,3):

YENp':

NEWLINE(C1)

'Eun':
'COMMENT 'FORrRM crEATED USING STHMF;
"BEGINY

WorkK:

' INTEGER' 'PROCEDURE * NXFIM(ELEMENT) !
"WALYETELFEMENT
'"INTEGER«FLEMENT;

'‘REGIN'
"INTEGFR'K:!
SUM:=0:
A.=RNprC(0 _¢€133);
"FOR"x:=1"STEP'1'UNTIL'UNITS 'pO'
"BFGIN'
SUW . =SUM+*STMFILELEMENT K]}
"TE'SUNSATTHEN''GOTO"WORK?
'"END':
K:=UN1TS!
NXEMe=ys
YEND':

NEWLINE(D) ;

WRITFTEXT(' (*FORMASTRUCTURE') ') ;

NEWLINE(?):

WRITYETEXT(' ('LAYFRY“ "))

NEWLINE(2):

FORMIT1r1Y:=RNDCUNITEY

PRINT(FORML1,11,2:0;

tFOR "1 =2"STFP"4"UNTIL'LENGTH' DO

*BEGIN'

'"TF'RMDCLENGTH/150+8) <7
VTHEN'FORMLY, 0] s =FORMIT1 ,4=-1]
'ELSE'FORMET 0l e=NXEMCFORMIT ,0=10);
PRINT¢FORM(1,01,2,0);

'END';

"FOR'I1:=2"STEP' 4 *UNTIL' LAYERS'DO!

"REGIN'

NEWLINEC2)Y )
WRITETEXY (' (' LAYER') ')}
PRINTC(I,1.0);

NEWLINEC( )Y,

VFORY 1 :=4"'STEP" 1" UNTIL"LENGTH'DO?

'BEGIN'

"IF'RNDCLENGTH/150+8)<7
"THEN'fORlrI,uY:=FORM[1.,0]
"ELSErpORNIT, Y s=NXFM(FORMIT01)
PRINT(rFORMII,1,2,0)}
YENDD
'END'

"EnND "4

"COMMENT'UNIT pARAMETERS CHOSEN?

"FOR'14=1'STEP 4 'ULTIL 13"'n0'DATATYPEL1]:5READ;

"FOR'1:=0'gTEP+4'UNTIL ' 3'D0OSTCTII):="FALSE";
"ForR'1:=1"'STEPa'UNTIL UNITS'DO!
"BrGINY :
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272 VINTEGER'T:

272 "FOR'J:=1"STFP"5'"UNTIL'S'DO'pARAMLI ,J]:=
200 T:=TYPE[1):=nATATYPETRND(13)]);

276 "IF TR ' THEN'

276 "BEGIN'

276 PARAMII»11:=xND(5);

278 VFORY =2 STEP'"T'UNTIL'SDO?
279 PARAMIT 31 :i=RND(3)

280 'ENp!

280 SELSE'"TE' T=2"'THEN?

280 "BEGIN!

280 PARAMII 11:ERND(4)=1;

282 STCTIPARAMII A1) :="TRUE';

283 PARAMII »21:8RND(2)

283 "END'

283 'ELSE'"1F'T=3'THEN?

283 '"BEGIN'

283 PARAMII 11 :=yND(2)

285 PARAMII»21:=RND(2);

286 PARANTITI 31 :=pND(5)

287 PARAMTII , 417 :=kNDC(RND(6Y) !

288 PARAMI I, S51:=RgND(3)

289 "END"®

289 "ELSFE''"IF'T=4'THEN'

289 _ PARAMIY 1) :=nrND(?);

290 "Enp' s

9591 NEWLINE(2);

292 WRITETEXTCr (' Tvas"AuD“UNIT?PARAMETFRS')')-
293 MFulnﬂpral-

294 "FOR'I ;=1 'STERP 1 "URTIL UNTITS'DO?

295 "BEGINY

295 PRINT(TyPEL11+1,07;

297 WRITETEXTC ¢t 22

298 'FOR*Jt=1"STEP"{'UNTIL'S5'DO"

299 PRINT(PARAM Y+ J ], 1,03

200 NEWLINE(1);

701 "EnD' ¢

302

202 "COMMENT 'CREATE STi11.2,3;

302 *BrGgIN

202 "REAL"SUMT,sUM2,8UM3:

302 VINTEGER'IT, 4J KK}

%03 . SUMY :=SUM2 :=qUMT =0 _n00GNT;

z0S VIFYSTCTEY1 ) 0oR'STCT{2)'0R'STCTIZY! THEN'
305 "BEGIN'

305 ' vEOR'TY1:=4"STEPY "UNTIL'17'DO"
307 "REGIN'

207 "IFPRNDCA; >

308 "THEN'gTMITII;:=0"FLSE'

208 . "BEGIN'

208 STHMs[I11:=RNDEC(3,617):
310 . SUMA :=5MT«STMATIL):

314 ' "END':

312 : "1F'STCTI2V'OR'STCTI3)'THEN"
X3 2. - "BEGIN®

Zhe '"For'JJ =1 'STEp'1'UNTIL'"17'DO"
314 "BEGIN:

314 “vIF RND(7)>1 .

215 ‘THEN'ST MZ[I!.JJ]:=0'ELGE'

315 "BEGTN!
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STH2(11,0J)1=2RNDEC(2,.473);
SUM2 . 2SUMP2+STM2T11,JJ])
TEND?
PIF:QTETI3)'THEN!
*BEGIN!
'FOR'KKe=1"STFP"4'UNTIL'"17'DO"
*REGIN'
"IF'RNND(9)>1
"THEN'STM3[I1,JJ,KK):=0"ELSE"
"REGIN'
STH3[I1,JJ,KK):=RNDEC(1 911);
SUM3:=SUM3&STMZ[IT, ) ,KK]?
TEND':
"END "¢
'"FOR'KK:=1'STEP"1'UNTIL"17'D0"
STNILVT, 00, KKY1=STH3LIT,J0,KK1/SUMS;
*END':
"Ennp’
'FOR'JJI =1 STEP'TYUNTIL'17D0O"
STM2LT1.JJJe=8STM201T,JJ1/8UM2;
"END':
TENDY
'FOR'JI:=1"'STEP!'s "UNTIL"47'D0D°
STHICII).=STN1lr 1/sun1;
*END':
"Enun's

'COMHENT *WopK ot!'T pBFAT SECTIONS RELATED TO LENGTH;
NEULINECZ2) ;

WRITETEXT(" ¢'BeAT%IS") )}

PRINTCRND(2Y%& 1,0

WRITETEXTC' ('AT%SPERD! ) 1)

PRINTC(RND(S5)Y,1,0):

'"BFGINY

'"PROCEDURE ' WRB(pI);
'WALUE'PL:
VINTEGERIpL:
'BEGIN'
BEATSIpL) :=RND(T7) w13
WRITETEXT(*(YAT") ')}
PRYNT(¢pL,5.0);
PRINT(REATSIPLY+1.,0):
WRYTETEXT (' ("GFATS1) ")
WRITETEXT (Y (VAN RXLAL )?) ¢
VEND?
NEWLINECq
WREB (1)
'EORYT:52'STERP"1'"UNTIL'LENGTH'DO?
"TF'RNDCANI =T Y THEN'WRR(T)
'"FLSE'BEATST 1 V1:=3FATSII=1;
'END';

'COMMENT' cOMPNSITINN EFFECTED FOR FEACH LAYER:?
"FOR'I+=1"STEP -1 "UNTIL LAYERS'DN'
"BEGIN?
CNEWLTINE(2): :

'"FOR'J:=1"STFP'"1'UNTIL'100'D0O"

MRITETEXT( "('*',"):

NEWLTHE(?):

WRITETEXTC('"('LAYER':');
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PRINT(I,4,0):
NEWLINE(2) !
'COMMENT' WorK 0uUT pYNAMICS;
WRITEFTEXTC' ("DYNANICS') ")}
NEWLINE (1)
n:g,=RNnr8);
‘FOR'y1=1'STEP"1'UN y !
i T 9 NTIL'LENGTH'DD®
*IF'"RND(5Y>TTHEH''G ¥
lELSEi'IF-RNprZ)Eq'Tg;g'GFN
'‘BEGIN'
'IF'RND(2, =1 " THEN®
"BEGIN?
DYN:=DVYN*1,;
"TE'DYN=P " THEN'DYN:=8;
"EnMD''ELSE!
"BEGIN'
DYN:+=DYN=1;
: 'IF'DYP=U'FHEN‘DYN:=1=
EnD'
'END?
1ELSE'DYN-SRiINCB; 1
WRITETEXT (' (" RX%* )V )
WRITETEXT ¢ (AT Y 1) ¢
PRINT!J;X.U);
PRINT (DY, 1.0V
"END"':

'COMMENT* OPERAT} FoiuM M
i ATRIX AN u

LOWER:=1: Py

'FOR'UP ’ :

'BEEIN'pFR._LOthﬁﬁ STEP'M"UNTIL'LENGTH'DO!

"IF'FEORMIT+UPPER"NE'FORMTII
s b f rM,UPPER=11"'THEN'

F.=FOgmlI.,10WgR]:
NEULInNFCT )
WRITETFXT ' ('EROM* Y ') ;
PRINT (1 OWER,3,0)
WRYTETEXT v (*r0')*ry;
PRINT (IJPPER=1,3,0,:
WRYITETFXT ('"C'"TVPE*Y");
PRINT¢TYPETFY,?2,0);
NEWLINF (7))t
'GOTO'sWTYPE[TVPE[F]];

: CHORDS ¢PARAMIFE.1).PARAMIF, ?JaPARAHrFf§1.

PARAMIF.4),PARAMLF,5]);

"GOTOHXSTP,

SWUMELD MELODIES (pARAIITF,11,PARAMIF,21)}

SWRUN:, »

SWTRIL:

SWslLg:

N¥sTPp -

'GOTO*uXSTP;

RUNSC(pARAIIFF,41,PARAMIF,2],PARAMIF,3]
PARAHrF,q1,PnnAHLF:5])F :

'GOTOuXSyp;

TRILLE (PARAMIF 1]

GOTO I NXST P

SIVENCF

NEWLINFECT, ¢

'POR'J : B! STERP*1T'UNTIL'100'DO!

WRITETEXT (" ('w')"y;p -

LOWER, =UPpER;
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tEND';
'END';

'END'LAYER;
NEULINEC(3);
WRITETEXT (¢! RnncounT-') ):
PRINTCRNDCOUNT , 8,03 i
NEULINEC3) ;
"FOR'Js=1"STEP'1 " U}

' qTIL*10'po!
PRINT(RNDCI10)™9,1.00)
NEUWLINE(3);

'END*pPROGRAM
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RUNS -~ & NOTES TO A REAT
DIATONIC SCALE IN KEY 11 (C=0) STARTING ON DEGREE 2

THROUGH v OCTAVES STARTING IN OCTAVE 2
GOING DOWN

AR A STE A LR L S TR LR TR A F T R SRR R R R R L I A e v
FROM 131 7T0 132 TYPE &

A SEMITONE TRILL ON 10

AR R R R 2 B RS A B EE R FEE A BRI SR R e P L e A T R A R R

FROM 435 710 134 7TYPE 1
REYTHM PATTERN (IN HALF~BEATS):

1 2 1 1 2 1 0

WITH FOLLOWING PITCHES:

55
49

“?
35
30
20

Yok e W W e e I e T e e T e e T e W W L e R e o g e S W e W ol e e e o g W g e e o e ok

FROM 135 TO 136 TYPE &

A SEMITONE TRILL ON 1

ek e W o g Wk e etk e e e o e N e e W W o ek Wl T ke W o e o o o e W ke o e o
FROM 137 T0 137 TYPE ]

RUNS = 3 NOTES TO A REAT :
DIATONIC SCALE IN KEY 6 (0=0) STARTING ON DEGREE 3

THROUGH 1 OCTAVES STARTING IN OCTAVE 2
GOING DOWN

LR R e e R e Al 2k L L T o v aupraumprgry

"FROM 138 TO 139 TYPE 1
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RHYTHM PATTERN (IN HALF=BEATS):

1 1 1 1 2 1 1

WiTH FOLLOWING PITCHES:

-
= e RV RS R

deox e o o e e T e e e e R g W e e W e ok e o e g e W o ok e W e ok W e g ok e e Y
FROM 140 TO 142 TYPE 4

A SEMITONE TRILL ON 12

S cu ol N e R e o e e e e ok W R e e e T e e e U e e e e e s ok T e e e W e e e W e e e e e e Y

FROM 143 Y0 343 TYPE 3

RUUNS -~ 6 NOTES TO A BEAT
DIATONTC SCALE IN KEY 0 (r=0) STARTING O)N DEGREE 6

TLHROUGH 1 OCTAVES STARTING IN OCTYAVE 2
GOTING pOWN

LR T R S TR SRR TR R e Wokow S e Wbk ke e W ok ok g ek
FROM 144 TO 145 TYPE &

A SEMITONE TRILL ON 56

R B R o T Ao PR U R R e
FROM 146 TO 147 TYPE 5

RUNS = 7 NOTES TO A REAT _
DIATONIC SCALE IN KEY 11-  (C=0) STARTING ON DEGREE 5

THROUGH 1 OCTAVES STARTING IN OCTAVE 1
GOING DOWN

Wk e kR e b e g W W R W R e W e e W kR e sk e W ok ke W
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I11a leap

This piece is for solo clarinet,

The five lines lower down each page indicate the player's

movements,

This extract is the first movement of four.
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APPENDILX "l

SCORES
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IIb may tricks

The first 66 bars of maytricks for orchestra.



ey q

Piceolo

Flote

oboe

cor Malsic
clarinet

bass clasinet
bassoon

dovble bassoon
alto saxophone

tumpet

comet (or humpet ll)
hom |

hom 2
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I1c pursutt

Scored for 3 violins, viola, 'cello and double bass.

This extract is from the end of the piece, bars 301 - 381,
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I1d  light

Scored for two flutes, trumpet, vibraphone, harp, two violins,

viola, 'cello and double bass,

This extract is the first movement of seven: Coming of light.
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Ile symposium

Scored for flute, oboe, Bbp clarinet, bassoon, horn, Bb trumpet,

violin, viola, 'cello and double bass,

This extract is the first movement of five: alignments.
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11f pilanocomp

This extract shows the first 87 bars of a piece for piano,

(tentatively titled: sonatzse).
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