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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 réle 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. 
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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 réle in art generally will first be 

considered



x. Computers a Creativi 

LUCRETIUS : "Nil posse creari de Nilo" 
("Nothing can be created out of nothing") 

(De Rerum Natura 1.155) 

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 op. 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, K294D (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 

  

1 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 follow- 

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 réle 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: 

DSA 7 O93 6 S78 6024-6 5 401 s0 5 3 7 20912 

But if the constraint of selecting three adjacent numbers is 

imposed they assume a creative potential: 

65 5° 8 

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

bution of circles: 

@) | (OX) O70'O~*0: 

90 O0'O © © 

00 0 0000 

Oo Oo ° oO 0 

e@ 0'0'0 ° 

° o 0000 

°



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

° oO 

oO 

oO 

Gy 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 

  

1 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.



id 

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 *: 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
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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. 253 

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 

  

1 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 V1, 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 
4 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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3 The Computer in Composition 

The highly abstract nature of musical language makes it a more suitable 

candidate 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 Ill¢ac 

Suite, after the computer used for the experiment. 

  

1 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 Airs. Zaripov 

achieved a certain fame in the USSR for his work. 

Champernowne has synthesized Victorian hymn tunes with apparently reason- 

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

examples of late Brahms piano music. 9 

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
n
F
w
N
n
H
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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 Old 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 Pitehnan, Prima Donna, Player Piano, Percusstionist, 

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 ibid 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 Sontferous 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 

  

l Hiller p.52  'Music Composed with Computers’ 
2 Kobin and Ashford 
3 Gill
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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. ? 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



22 

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. 

£) stochastic composition 

Stochastic composition, and Xenakis' work in particular are considered 

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

In Won-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, 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. 2 

His Four Stochastie Pieces (1962) and Ergodos I and IT (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 ibid p. 64 
3 ibid p. 68 
4 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 IT. 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. ° 

  

Hiller p.57 'Music Composed with Computers' 
Papworth 
Hiller; lecture at City University, London. 
Sutcliffe p. 37 
Von Foerster and Beachamp; article by Hiller. O
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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! 

  

1 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 xX space 

i 0-0 0-0 0-0 10) 

0 0-0 0°6 0°3 Or1 

x 0-0 0°25 O°5 0"25 

space 0-2 0°6 0-2 0-0 

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 OXXXO XXOX 

O I 00 XXXxX00 0000 

I OXXxXO0OX OXO 00 I 

XXX XOO 00000 0000 

000 OXxOx000 0 I O
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The repertoire of symbols can now be extended to include H, 

matrix be constructed as below: 

H I 0 

0-6 03 0-0 

0-3 0-7 0-0 

0-0 0-0 O-1 

0-0 0-0 0-8 

space O-1 0-0 O-1 

x
 
O
n
 =
 0°0 

0-0 

0-9 

0°0 

space 

0-1 

0-0 

0-0 

0°8 

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: 

iit PRA ae 

Hen 2 List te 

OXOXOXOX 

H OXOXOXXOXOXOOX 

HHH 

1 elise eb eer S Ter HoH 

A pattern such as the one 

HHH 

Ox OxOXO0OXOXOXX 

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 a 

where PE 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: 

z number of cells = 196 xP; 

0 107 

1 65 

2 19 

3 4 
4 1 

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 

sound densities, shapes etc. 
plotted within discreet divi- 
sions of the pitch/intensity 
plane 

  

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 S17/48-1,240162. The title 

means: Stochastic music for 48 instruments, first piece, run on the 24th 

January 1962. Subsequently ST/10-1,080262 was produced and 

ST/4-1,080262 which is simply a string quartet arrangment of ST7/10 - 

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. " 2 

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 pp. 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 

Ss Common basic techniques 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 
ie part of {00 # (axy=; +75) 

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 

mea 0. 2oode* x DS 

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 is 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)3; 
comment generates a random integer in the range [1,n] 3 
integer n; 
begin 

ynd := 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 12x12 stochastic 

matrix macros:
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comment matrix macros constructed; 

for i := 1 step 1 until 12 do 
begin 

sum := 03 

for j := 1 step 1 until 12 do 
if rnd(3) >1 then macros[i,j] := 0 
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 := pndec(8.517); 
for j := 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_ is used) 

> 

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 := rnd(20- secs) + 1 
else secs := rnd(20) + 13 

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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Oy The Individual Compositions 

leap, maytricks and pursuit 

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

being of the following types: 

ls 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 

a a rest, i.e. silence 

8 0-order stochastic melody 

i.e. notes chosen at random
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9 l-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 macros matrix above. 

nus 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, £ 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); 
comment prints out note values and rests; 
integer f,regist; 
begin 

if f = 13 then writetext ('('%**%%')') 
else if f = 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, Ds mp, 

mf, fs ff, 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 Ila
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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 a. 
flute ST, 73 
oboe 35 66 
cor anglais 36 65 
clarinet 29 73 
bass clarinet 28 65 
bassoon id 47 
double bassoon 11 40 
alto saxophone 35 66 

trumpet SA 61 
cornet 31 61 
horn I 19 61 
horn II 19 61 
horn III 19 61 
horn IV 19 61 
trombone Ly 47 
bass trombone 14 44 
tuba 6 42 

harp 1 81 
piano 1 82 
celeste 2 i. 
xylophone 30 73 

violin Ia 32 72 
violin Ib 52 72 
violin Ila ae 72 
violin IIb 32 72 
viola I 25 61 
viola I 25 61 
cello I 13 49 
cello II 13 49 
double bass 17 46
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The notes are coded as integers, beginning with 1 onthe 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 ee ' 
(4] [2] = 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: 

oll oS) zee 1 222. Pele? 122. 

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 

i Ee os,
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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 

(fig 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 

j 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 Zight, certain structure types were redefined: 

1 a single sustained note 

2 a single repeated note, but with a steady unchanging rhythm 

2 
short, graphically notated pitches 

S: random pitches
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6 descending chromatic runs 

a ascending chromatic runs 

8 silence 

9 l1-order stochastic metody 

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) 

YTS ILD LG 

a creation of light "and God said, ' Let there be light ' ; 
and there was light. And God saw that 

5 5°5 9°51 1224 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 all." 

SoS IES Sicha Ohl (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." 

dy AST 0h 6 42, TZ (John 1:9) 
"Jesus spoke to them saying, 'I am the 
light of the world;'" 

(John 8:12) 

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

S10 Ine a) 1 Ue ae life," (John 8:12) 

6 children of light "while you have the light, believe in 
the light, that you may become sons 

111101 6 101 10 10 of light." 
(John 12:36) 

"walk as children of light." 
(Ephesians 5:8) 

7 light of eternity "the Lord will be your everlasting 
light." 

Uy awit Ow dt dee (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 Zight. 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 : ' dtagepouevoy adro abrep ovudepeobat, coamep apuoviay To Kou Te Kat AVpas " 
(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 violin 

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 AZ 5 1212 5 > a2 

2. 2 1 ui + 2 1 2 2 2 1 

3. di 10 9 40) O31 ) 11 a 10 9 

4. 4 8 4 4 8 8 4 4 8 4 

Se 7 7 6 7 7) 6 6 7 6 6 

The five movements are: 

ds alignment 

Tensions are created by variations between points of total agree- 

ment, coalescences, ( ayouo\oynowye#a ) 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. 

Bs imbroglio 

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

of varying states of complexity. 

  

1 see pages 54 and 55
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4. excursus 

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

hesitant points of sound against contemplative silence. 

Se dissent 

Here is set up the direct oppositon of descending and ascending 

phrases. There is no reconciliation ( kat 6uad\ayn ). 

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 sympostun.
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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 lex. 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 

z adverb 

3 article 

4 preposition 

> conjunction 

6 noun 

7 auxiliary 

8 pronoun objects 

9 pronoun subjects 

10 past tense verbs 

11 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 i; 

At appropriate points in the program, words were selected from the lexicon 

using the procedure choose(i2) where 72 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 mn: 

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,j2,k2] = code('('/')") then goto fina 
else printch(lex[i2,j2,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)3 
if rndec(4.251) >n[3] 
then choose(10) else 
begin 

choose(11)3;ss; 
end; 

ends 
else 
begin 

choose(6)3ss; 
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)3 
choose(11)3 

end; 
else choose(10); 

end;



  
fig 5: 
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choose(2); 
choose(4) 5; 
if rndec(1.2939) >n[6] 
then choose(8) else 
begin 

choose(3) 5; 
choose(1); 
choose(6)3;ss3 

end; 
if lines = length then goto fin; 
newline(1); 
choose(5)5 

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

Additional patterning can be imposed by varying the setting of the variable 

m. If this is set near to 1, it causes the pseudo-random number gener- 

ator yndec 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 yn is set near to 0, this will not happen: 

real procedure rndec(b); 
begin 

real b; 
x := 3.4561 %*x + b; 

if rndecb(6.237) <rn then rndec := xl 
else rndec := x := 100*x - entier(100*x); 

end; 

Setting of the othe variables produces the effects listed below: 

ml near 0 implies few adjectives 

near 1 implies many adjectives 

similarly the setting of m2, 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 O 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 

né5 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, mJ is set at 0 implying many nouns as 

Then firstly, contrasting values of mm1 are compared. 

ml = 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 mm =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 mm2. 

subjects. 

With mm2 = 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 ml = 1, implying many pronoun subjects, and with 

m1 =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 ptanocomp, 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: 

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

for: 

el the number of notes in the chord (0<cl<5)



c2 

ice 

c2 

2 

c2 

c3 

cS 

3 

c3 

c4 

c4 

c4 

c4 

co 

cS 

cS 

eS 

72 

the nature of repetition of the chord: 

= 1 : a repeated chord 

= 2 : alternating chords 

=3 changing chords, but previous notes may be used 

" - all different 

the speed of repetition of a chord: 

=1 : fast 

= 2 : medium 

#3 3 Slow 

the spacing of a chord (related to cl): 

=1 : clusters 

= 2 : two notes together, others spaced 

= 3 : no restriction 

the nature of the rhythm (related to c3): 

= 1 : a constant re-iterated rhythm 

= 2 : a repeating rhythm 

= 3 : a changing rhythm 

This procedure can potentially produce up to 540 different pattern 

structures. 

below: 

For example, a call of the procedure with parameters as 

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

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

pattern.
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Melodies (m1, m2 ) 

This procedure produces stochastic melodies within a 

range of 17 semitones. 

ml indicates the order of organisation, from 0 = 

third order structure 

m2 indicates whether the melody should be doubled 

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

Runs (rl, r2, 173,74, 75) where the parameters rl,... 

for: 

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

r2 whether diatonic (if =1) or chromatic scales ( 

This is ignored if rl = 2. 

25 the number of notes in the arpeggio (lsr3<5 

ignored if rl =1 

r4 the range in octaves (1s 1r4 <6) 

+75 the direction of movement: 

r5=1 : up 

r5=2 : down 

r5 = 3 : both up and down 

restricted 

random, to 

in 

»rS stand 

if =2) 

)
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4. Tritts (t1) 

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

Ste 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 is 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 j := 1 step 1 until units do 
if rnd(units/4 + 1) > 1 then stmf[i,j] := 0 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 mxfm(element) which produces the next form element 

from the matrix stmf (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[1,j] := form[1,j-1] 
else form[1,j] := nxfm(form[1,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[1,j] 
else form[i,j] := nxfm(form[1,j]); 

end;
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The following diagram illustrates the structure of the relationships used 

in building up the form: 

layer 1 a —— b, ——+ c¢, ———> 4d, ——> 

layer 2 a, by cy d, 

layer 3 a, b3 ry d, 

ees} is etc. 

Next, actual form types are alloted to the unit numbers. The form types 

are stored in the array type 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 JZower, and 

the next change in higher; after completing the section, the new lower 

position takes the value of the old higher, the search procedes for the 

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

  

1 see ‘pianocomp program in Appendix Id, statements 257 - 280
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comment i is the current layer number; 
lower := 13 

for upper := lower +1 step 1 until length do 
begin 

if form[i,upper] ne form[i,upper-1] then 
begin 

£ := 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,1],param[f,2]); 

goto nxstp; 
swruns: vruns(param[f,1],param[f,2],param[f,3],param[f,4],param[f,5]); 

goto nxstp; 
swtril: trills(param[f,1]); 

goto nxstp; 
swsile: silence; 

mxstp: 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 O§ 

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 withcontrollable 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 motes; and using swnm provision is made for 

fitting the rhythm exactly into the required length:
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procedure rhythm(lenth,speed); 
value lenth,speed; 

integer lenth,speed; 
begin 

integer kl,summ; 
summ := notes := 03 

newkl: kl := rnd(rnd(2 + speed) ); 
summ summ + kl; 
notes notes + 1; 

if summ > lenth then 
begin 

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

end; 
else print(kl,1,0); 
goto newkl; 

last: newline(1); 
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 mnotemp is 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: 

  

l see Appendix Id, statements 41-81
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if c5 = 2 then 
begin 

integer notemp; 
procedure ostinato; 
begin 

writetext('('ostinato%at')'); 
print(j,3,0); 
writetext('('with%rhythm:')"); 
vhythm(beats[j],c3)5 
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: 

Pi toy Pi) rnd 4 = 2c) = 7 Fey (1s¢)s 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: 

Pj *— Pj. + rnd(13- c+ j - pj_y+P,) - 1
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This relation also ensures that the higher the value of Cy» 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[1] := rnd(71); 
for q := 1 step 1 until notes do 
begin 

pitches[1] := pitches[1] + rnd(14 - 2 cl) - 7+ cl; 
if pitches[1] <1 then pitches[1] := rnd(14 - 2 cl) 
else if pitches[1] >71 
then pitches[1] := 71 - rnd(14 - 2 cl); 
for j := 1 step 1 until cl do 
begin 

if j 1 then 
pitches[j] := pitches[j-1] + rnd(13-cl+j-pitches[j-1] 

+pitches[1]) - 13; 
print(pitches[j],2,0); 

end; 
newline(1); 

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:



The 

are 

are 

the 

82 

procedure stock(order); 
integer order; 

    

begin 
switch sworder := sol,so2,so3; 
if order = 0 then 
print(range + rnd(17),2,0) else 
begin 

sum := Q3 

a := rndec(2.9147)3; 
for p3 := 1 step 1 until 17 do 
begin 

goto sworder[order] ; 
sol: sum := sum + stml[p3]; goto soskip; 
so2: sum sum + stm2[p2,p3]; goto soskip; 
so3: sum sum + stm3[pl,p2,p3]3 
soskip: if sum>a then 

begin 
print (range + p3,2,0)3 
goto finst; 

end; 
end; 

finst: pl := p23; p2.:= p33 
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. 

trills and silence procedures are self-explanatory. 

The examples of output from this program should be consulted in 

Appendix Id and Lita 

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 symposiwn 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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Z 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 réle 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 indeed 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. In 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. 

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 

could become more than mere toys. 

Way back in 1963, Xenakis wrote the following words. 

now all but realised: 

microprocessor systems. Soon these 

His aspirations are 

"With the aid of electronic computers the composer turns into an 
astronaut pressing the buttons 
duce co-ordinates and keep the 
sailing in the space of sound, 
galaxies, controlling from the 

ination could formerly glimpse 

of his musical spaceship to intro- 
course of his cosmic vessel, 

across sonic constellations and 
ease of an armchair what his imag- 
only as a distant dream. " 

  

1 Xenakis p. 144
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la.--tea 

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

The resulting output is very similar to that of the light program, an 

example of which is on page 106.
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"REGING 
TREALETARRAYV!IMACROSLAG12-,1212) ¢STMILAS14)¢STMSL1E14 01314 dy 

STMEE1S16 91214092145 
VINTEGER Lede Ky Pe Qe SECSeMOVT sNOMOVINOTIMES FIT pedir KK PREG? 

TOTSECS, PART P DENS HIGH LOW, INSTS§ 
VLRTEGERTTARRAVIDENLT S50093 
"REALISUM (eX, AS 
VREALIY' PROCEDUREERNDEC(B)S 

"REAL*B; ‘ 

TREGIN' Xs 39 2351 #X 4b; E 

RNNECS AOO¥XMENTIERCTOURX)| 
TEND’; 

VIRTEGER! PROCEDURE 'RNUCN)S 
VINTEGERING 
HSEGINIRNDs SENTIERCRADEC(C 3,572) 40) +1 ENDIG 

"PROCEDURE PRINSTCFAREGIST)§ 

TINTEGERTF,SEGIST; 

  

    

'REGIN! : 
UIEV EST 39 THENIWRITETEXTON CHK HRKEID ND 

TELSEUPIEY FST GITHENIWRITETEXT CHC %mncat yt) 

YELSETPRINTCFFREGIST #2905 
TEND" s 

"SWITCHITYPE S=LONG, PEP, PCHT se PCH2,PCHS,RUNT pRUNZ REST »ST1,ST2eSTS/COL 

X:=0,260852; 
"FORT ss4°STFPITTUNTILIV2' DO! 
"BEGIN'
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SUMss03 

HFORV sat 'STEPPTIUNTIL'12'DO! 
TTFIERNDES)>OTITHEN'MACROSEI,J3):=0 
VELSE**REGINIMACROSEIsJIs=RNDEC(S,56)35 

SUMZS=SUM*MACROS(I/ J)? 

TEND'? 

TFORT J gst STEP' TI UNTIL'42' DOF 
MACROSCY sd) :=¥ACROSET eI) /SUME 

"END! 

"BEGIN! 
TREAL'SUM1¢SUM2,SUM3}3 
SuUM13=03 

VFORM Test 'STEPIT UNTILI14'DO 
"BEGING 

"TEVRNNCS)>TITHEN? 
"BEGIN! 

HTFVTT>T29THENHtGOTONPT: 
STMICII);=0; 

YENDUVELSE! 
Pl: "BEGING 

STMILTI]s=RNDEC(4,89)3 

SUMP SeSUNT+STMICIII3 
TEND? 

    

   

SUM23=07 
"FORVISSETISTEP'TIUNTIL'14' DOF 
"REGIN' 

TTEIRAD(S)>T' THEN! 
*REGIN' 
HIFISI>12° THEN  IGOTO Pe; 

STM2E11L, Jd} ,207 
"ENDI'ELSE! 

P2s "REGIN! 
STM2LT1,Jd) :=RNDEC(2,47) 3 
SUM2S=SUM24STM2LIT Id)? 

"END'G 
Sums ; 
"FORIKKSSTISTEP TT TUNTILI169 DOF 
"BEGIN! 

VIFURNDC6I>TETHEN® 

"BEGIN! 

TIEKK>T2' TRENT IGOTO' PS? 
STMSCIL se Jd eKK) SEN; 

PENMTTELSE? 

P33 "REGIN? 
STM3SLIT edd e KKISSENDEC (9, 89) 

SUMS SESUMB+STMSLTI JI, KKIG 
VERDSG 

YEND'S 
TEORIKKEETISTEPITIUNTIL'149D08 

STMSCI Tedd ,KKJ geSTMSLI Te IIe KKI/SSUMS; 

"ENDNS 
VFORT I ESIISTEP'TIUNTIL E14 not 

STM2CIT-JIJEESTMeLII JII/SuMe?Z 
END! ? 

TFORTT Pes USTEP TP UNTILIG4' D0! 

STMICTY J seSTMILITJ/SUM15 

"END'; 
TINSTSS=READ$ 
TITSECS s=RND(600)3 
NOMOVSSRNDOS)? 

DENLIT Vr SRNDCERATIFROCINSTS/2))3 

"FOR'Pger*STFEPETPUNTILITOTSELS ION! 

"BEGINE 
STEURADCSDET' THEN DENLPIsEDENT Pe J+RND(5S) = 5 
VELSEIDENEPJ2SDENLP=4)5 

      
 



WORK: 

LONG? 

REPY 

POAT: 

Pen2s 
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"ITFIDENECPISTITHEN'DENLPJS=1'ELSE? 
"TE'DENEPI>ENTIERCINSTS/2)'THEN'DENLPI 3 2ENTIERCINSTS/2) 

"END 
"FOR'IMOVTsa1'STFPI1? 
HREGININEWLINEC3)3 

UNTILYINSTS'DN! 

WRITETEXTCHCIPART!) 9D] 
PRINTCMOVT, 1,098 
COPYTEXTCH CHE IDG 
NEWLINE C1) 3 
WRITETEXTCHCTUSESDYNAMICXSYSTEM!)")3 

PRINTCRNDCNOMOV) 71 

LOW:=READS 

READ? 
RND (20) 

TgeRNOC12)3 

  

1005 

"FOR'Ks24'STEPISECS' UNTIL! TOTSECS'DO! 
"BEGIN? 

SUM:s03 

AS 

  

RNDEC(B,557); 
VFORM pat ISTEPTTIUNTILI42° DO! 
tREGINE 

SUMpESUM+MACROSLI,J)3 
TIENSUMDATTHEN''GOTOMWORKG 

TEND! 
NEWLINE CI) 
WRITETEXTOC' Cle kew eae ZSECTIONI) 805 

PRINT(K, 3,093 
WRITETEXTC'CUXKTYPE DD EPFINT CUS 005 
WRITETEXTC' CHA, LASTSZFOR") FDS PRINTCSECS, 3,093 
WRITETEXTC'CISECS wenwteul 5 
"TET RND (DENK) 
NEWLINE CVE 
"GOTO'TYPFCJIF 
"SEGINE 

WRITETEXTC! 

JET THENTHGOTO*RESTTELSES 

CUXLONGXEXPITCHIDDG 
PRINTCRNMACHIGH=LOW) +LOU,2s0)7 

"GOTOTNEXTK; 
TERDIS 

YREGING 
WRITETEXTC! 

PRINTCRANDCH 
ARTTETEXTC! 

CURREPEATEDZNOTEASSPITCH')!); 
IGH"LOW)#LOW, 20003 
CHPClG)) xR hy THs CMI 

"FORtPLETISTEP'TIUNTIL'B¥SECSIDY? 
"BEGIN! 

QreRnncse 
PraPptGel 

PRINT(G, 
"ENots 

"GOTOINEXTK 
TEND! 

"SEGING 
WRITETEXTC! 

"GOTO INEXTK 
TEND! 
YREGING 

WRITETEXTC? 

  

"REGING 

"IRUP/BEPY/'8 
NEWLINECT) 3 

NOC8))5 

1,007 

; 

C'SELFXCHOSENKZPITCHES!) "D5 

CHASOUNDSZATATHEAFOLLOWINGXTIMER PITCH 

ZCOMORDINATES!: 9997 
OR'PS=TISTEPITIUNTILIRANCS*SECS) DO?! 

‘THEN! 

PRINTORNOCTO#SECS) 534997 
WRITETEXT CNC 
PREM CES Des 

Yennts 

TALC 

420099



RUNTS 

RUN2: 

; ‘ 94 

"GOTO'NEXTKE 
VEND'S 
'SEGIN' 

WRITETEXT('C!SSOUNDSYASKFULLOWS') "DG 
NEWLINE (1)2 
SPACEC4LOD} 
'FOR'PLETESTFP'TIUNTIL'SECS'DO' 
"BEGIN! 
TIEIP/2=Pt/' 2) THEN I NEWLINE(1) 
VELSE'WRITETEXTONCHXRE REID NDGE 
VEOR'OZETISTEPITIUNTIL'R'DO! 
"REGINITINTEGER'R; 

Rr=RND(3); 

"TE'R=4 "THEN! 
PRINTCRNDCHIGH@=LOW) +LOW12¢0) 
VELSENVITFIR=2ITHENTWRITETEXT CH Crew eaet 1) 

VELSENTIFIEKESITHENTWRITETEXTOCI CIARA AKED NDS 

"END'Q? 
"ENDIPS 
"GOTOINEXTKS 

VENDIRLOCK; 
TREGING 

VINTEGERIXX VV? 
VRITETEXTC! CUXNOTEARUNSZATXYTHESFOLLUWINGATIME@PITCH 

KCOPORDINATES: 2107 
NEWLINE C1)? 

"FOR'PSETISTER'TIUNTIL'KNDCSECS) 'D0" 
"BEGGING 

VT EEP/RSPYE/SISITHENtNEWLINE CY )3 

X¥geRNOCCVO*SECS)-20)7 
VV rEKNDCSO)3 
WeILTETEXTCHECIXEAZY FROM’) DG 

YE UXX<OTTHENTXX 

PRINTCXX,3,0)3 
WRITETEXTCHC*, FD" )§ 
PRINTCYY,3,0)9 

WRITETEXTChCHTOND ID; 
PRINTOXX#RNDC20),2,0)3 
WRITETEXTCHCH,")"); 
PRINTCYY#RnD(10),3,0)3 

YEnnt; 

IGOTOUNEXTRS 

  

TENDONS 
VREGINE 

"INTEGERT TSS TSs=03 
WRETETEXTOC' CUXRUNSZASKFOLLOWS 3 ')')G 
VFORMDeHETPSTEPITIUNTILIS*SECSI DO! 

"BEGIN! 
TYEUTS/GETS STG" THENT NEWLINE (1) ¢ 

TLEIRND C2) ETITHER? 
'REGIN' 

OL=RND(12)3 
WRITFTEXTONCTALKEZYMFROM'D NDE 
PRINTCRNOCHIGH=LOW=H12)4LOW? 200) 5 
WRITETEXTCUC'XFORN DDG 

PRINT(O,2,0)F 
‘enn? 
TELSE? 

*REGINE 
Qs=RNDC3S0O)5 
WRITETEXTChC'AYRESTHEURIDNDG 
PRINTCQU/9R, 2,077 

WRITFTEXTC'C'ASECSI) D5 

PRINT CQ*CQM/ BY HOD AL ODE 
TEND?



204 
202 
205 
204 
205 
206 
206 
208 

209 
210 
210 
212 
213 
214 
219 
245 
216 
247 
218 
218 
220 
224 
222 
e22 
224 

eek 

224 

226 

227 
228 

62? 
230 
251 
ese 
253 

Cae 

eso 
236 
es? 

238 
237 
23? 
240 
24) 

242 

che 

244 
245 
246 
246 

248 

243 

248 
250 
254 
252 
ess 

254 
Cas 
256 
eof 
258 

258 
260 
261 

REST? 

ST14 

NUQ4s 

Ste: 

NUQ2: 

ST34 

95 

PeePto} 

TSseTS+13 
TEND! 
"GOTOTNEXTK? 

TEND! Ss 

'BEGIN! 
WRITETEXTOC' CI XAKXREST!D DG 
'GOTOINEXTK? 

TENDIY 
TREGING 

WRITETEXTC' C8 T=ORDERXSTUCHASTICAKATUNENCIC') Fy NG 

SPACEC(AU)} 
REGrERNOCHIGH@LOWA12)4+LUW; 
TEoR'PrETISTEP'TIUNTIL'SFCS'DO' 

"SFGIN' 

TYFUP/2=PH/"2'THENTNEWLINE(1) "ELSE? 

WRITETEXTOCUCTAXKZAND OE 
TEOR'OZEI'STEP'TIUNTII'AR' DOT 
"REGIN! 

SuUME50; 
AS=RNDEC(2,9)97 

TFORVITSSTISTEPITIUNTILIVG* DO? 
"BEGIN® 

SUM;sSUM+STMILIT); 

TTEESUMD>ATTHEN! 
'BEGIN' 

PRINSTCII,REG)? 
'GOTO'NUOT; 

TEND ET? 
TEWDES 

TEND’: 
Yennt; 

"SOTOINEXTKE 
VEuDeS 

UREGING 
WRITETEXTC' CH 2-ORDERYSTOCHASTICATUNECICH) tH) tT 

SPACE(40)i 

TIsSRNDC14); 
REG sHRNOCHIGH@LOWR12)4LOUF 

TRORVPLETISTEPTITUNTIL'SFCS'DO 
'SEGIN' 

TTEUP/ZEPT/ S'THENTNEWLINE(T) ELSE! 

URITETEXTOCUCUREK ZRH UDG 

"FOR'O231'STEPITFUNTIL'S'DO? 
"BEGINS 

AreRNDEC(4,2607);3 
SU Of 

TEOR II sETISTEP'TFUNTILIVG* DO! 
"REGING 

SUms=SUM*+STM2LI1T0JI13 

VIFOSUMD>A'THEN? 
'REGING 

PRINSTCJUsREGI§ 

TL3SJdF 
'GOTO'NUQ2? 

YEND'; 
TEND'? 

TEND; 
tenpty 
'GOTOINEXTK? 

VEnDes 

"SEGINE 
WRITETEATC' Ch S“ORDERKSTUCHASTICATUNE'C*CH) ON DIDG 
SPACF(LO)} 
TErePNNC14) FIITERND(14)3 

 



267 
268 

268 

270 
274 
bine 
He 
274 
274 
274 

276 
ene 
278 
ane 
£80 
281 
2R2 
283 
2B4 
285 
28> 
285 
267 
2B8 

268 

290 

294 

4 
cwe 
92 
oe 
29 ¢ 
298 
294 
295 
298 

7 
298 
oF 
300 
$04 
$02 

$08 
S04 
$04 
$05 
$16 
507 

$08 
$07 

509 

509 

514 
12 
$13 
$14 
51> 
b16 

17 

96 

REGr=RNDCHIGH=LOW=12)4LOWd 

"FORIPSETISTEP’TTUNTIL'SECS'DO! 
'REGIN! 

LET P/EEPI/"2 THEN NEWLINE (1) T ELSE? 
WRITETEXTCUCTXEXZKID NDE 

TEOR'OSE1'STEPTTIUNTIL'B' DOT 

"REGIK?! 

As=RNDEC(9,5)3 

SUM3=07 
"FOR'KKSETISTEP'TTUNTILIT4'*DO® 
‘BEGIN! 

SUM; sSUMSSTMSLIT, Jd, KKIE 
VIFISUM>ATTHEN? 
PREGING 

PRINSTCKKSREG)?3 
WhesJJ7 

JJ SSKKE 

'GOTO'NUQS; 

END? 
TENDS; 

NUQ3y TEND"; 
TENDS 
'GOTOMNEXTK; 

VENDES 
COLR; MREGING 

TINTFGER'SHAPESSIZE; 

WRITETFATC'CHXCOLOUREDASSECTIONTCICHI ENDED); 
"FOQIPs=TPSTEPITIUNTILIRNA (SECS) DOF 

"REGING 

SHAPE s=knD(4)3 

SIZEr=RND(20)5 
HTFEP/Z=PI/ St THENIHEWLINE CTI ELSE?! 

WRITETEXTOC*C™AXID YG 
VYE'SHAPEST'THENTWRITETEXTOC  CHASAKCIROLES!) 1) 

YELSEVITEI SHARP "THENTWRITETEXTOC® C'XRAXSQUARERI) FD 
TELSET VT RISHAPESS'THENTWRITETEXTCUCHAATRIANGLEX!#) !) 

TELSEMTTEISHAPESG'THEN'TWRITETEATCECIXARSPLODGERYD D5 

WRITETEXTCECIOFSSIZE'D "DE 
PRINTCSIZE,200)3 
WRITETEXTCHECHAT! ) Y)3 
PRINTCRHOCTORSECS@SIZFI+SIZE'/ "245,003 
WRITETEXTOCHCH, OD 8) 3 
PRINTOCRND(SU-2eS17FI+512E,350005 
WRITETEXTCICTANDEOFACOLOURID IDG 

PRINTCRHD(2U) ¢200)F 
VENDY?: 

"GOTOINEXTHS 
YEND'; 

NEATKS ITEM ENDCEDETITHEN SECS =RND(EN=SECS) 

TELSE'SECSs=RND(20)3 

     

T:=J3 
"EnD!; 

VEADSS 
"FORK est ISTERPIT UNTILINOMOV IDO! 
"REGIA? 

TINTEGEREDYA LSS 
NEWLINE C22 
WRITETEXTC' CELE EAHA RE KDYNAMICKZSYSTEM'D' DY 

PRINT(K eT U)F 
DYN S=PND(R)E 
LS: 

WEITETEXTCECHAAXESTARTHATID UDG 
PRINTCDYN«120)3 

  

  
TFOR  DesP*STEPITIUNTILITOTSFCS* DO?



$18 
316 
316 
$20 
S24 
Sant 
see 
323 
324 
325 
326 
met 
328 
52? 

mip et Ea 
IGE 

END! ? 
"End's 

"ENDING 

o7 

"RNDOZDETITHEN' 
GIN! 
TIENLS/GELST/I4'THENT NEWLINE C4 DG 
DYN peDYN#+KND (3) = 25 
"TEIDYNSTETHEN'DYNE=T ELSE! 
"TEN DYN>BITHEN'DYNEERG 
WRITETEXTC'CIXRATHD DE 
PRINTCP hy O)4 
WRITETEXTC' CI ZDYNAMICKIS#) "D5 
PRINTODYN 2003 
LSyeLS+17 
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1lb.--Light 

The same program was used for symposium . 

An example of the type of output produced follows the program.
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‘BEGIN! 
VREALUHARRAY *MACROS(1112+18121,STM1(1314),STM21519,15194), 

STHS01514,1914,1531415 
INTEGER'I,J,K,P.0,SECS,MOVT,NOMOV, NOTIMES, 11,dJ,KK,REG, 

TOTSECS,PART,DENS,HIGH,LOW, INSTS,PLACE$S 
"INTEGERt*ARRAY'DEN(1#600)+FORM([1:10)3 
*REALYSUM, Xe AS 
"REAL! 'PROCEDURE'RNDEC(B)3 

"REAL 'B} 
"BEGIN'X$=9,2354«X+B3 

RNDEC#=Xt5100*X-ENTIER(100#X)3 

"END'G 
‘INTEGER? 'PROCEDURE'RND(NDS 

"INTEGER'NG 
"REGIN'RNDESENTIERCRNDEC(3.572)4N) +1 "END'; 

'PROCEDURE'PRINST(F,REGIST)3 

"INTEGER'F,REGIST3 
'BEGIN' 

"ITF YFETSITHENtWRITETEXT (8 (1S ¥ee%9) 1) 
"ELSE TIF I Fel 4*THENtWRITETEXTOC' C1 e--889)9) 
"ELSE'PRINT(F+REGIST»2,0)3 

*END'3 
"SWITCH'TYPES LONG, REP, PCH1, PCH2,PCHS,RUN1,RUN2,REST,ST1,S1T2,ST3,COLR 

Xt=READ} 
"FOR sS4*STEP MTP UNTIL 42¢*pUF 
'BEGING 

SUMt=03 
"FOR Jb=4 STEP 4 UNTIL 421DO8 
TIF YRND(S)>4 1 THEN MACROSL I,J) 320 
‘ELSE! BEGINIMACROS(1,J] :=RNDEC(3.56)3 

SUM#=SUM+MACROS[1,J}3 
"END'} 

FORM JIS4 STEP HT HUNTILIV2'D08 
MACROS (1.4) ;=MACROS[(1,4)/SUM; 

TEND! 3 

"BEGIN! 
"REAL'SUN4,SUM2,SUM3; 
SUM11=05 
(FORT 1354 'STEP'4*UNTIL*14°D0! 
‘REGIN! 

'IF PRND(S)>4 1 THEN? 
"BEGING 

IFN TT a12'THEN' 'GOTO'P13 
STA C11) 1203 

c "END' ELSE! 
P13 "BEGIN! 

: STM4 C11) s=RNDEC(4,.89)3 
SUM1:=SUM1*STHI(I1)3 

‘END 13 
SUM2y=03



P23 

PS: 
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'FOR'JJse1'STEP'T UNTIL '14'DO! 
‘BEGIN 

"IF YRND(5)>4'THEN® 
"BEGIN! 

HIF tJJ>q2'THEN' *GOTO'P2) 
STM2UII,-JJ)t=03 

TEND! ELSE?! 
YBEGIN® 

STM2U11,JJ) }=RNDEC(2,47)3 
SUM2S=SUM2+STM2[11-JJ)3 

TENDYS 

SUM3;=03 
tFORMKKy=4'STEP 14 UNTIL 1141D0t 
"BEGIN! 

TIFYRND(6)>1* THEN? 
‘BEGIN 

VIF IKK>T2°THEN''GOTOIPS3 
STMS[I1+Ju-KK) 4 =03 

tENDITELSE? 
‘BEGIN! 

STMSC 11+ JJe KK) $=RNDEC(5.89)3 
SUMS 4=SUM3+#STMS[I1,+dJ, KK) 

TENDS 
TEND ES 

'FORKKZS4!STEP'4 "UNTIL 9741DO! 
STMSCI1,JJe KK) F=STMSEIL 1, Sue KK) /SUMS; 

‘END '3 
"FOR'JJs249STEP'TUNTIL1149D01 
STM2UII, uJ) t=STM2U11, su) /SUM2) 

tEND'3 
tFORVILp=4 STEP +4 UNTIL #949008 

STMICIIT) ¢=STM4 C11) /SUM15 
"END'3 
WRITETEXTC 1 C1 LIGHT%%XSMOVEMENT')1)3 
Xt=READ3 
PRINTCREAD»4,0)3 
NEWLINE(2)3 
WRITETEXTC'CtFORMSSRID' DG 
"FORIPSET9STEPITIUNTIL'10'DoG! 
'BEGIN' 

FORMIP)$=READ3 
PRINT(FORM(P],2,0)3 

"END 3 
INSTS!=READ) 
TOTSECS1=RND(140) +603 

NOMOV$=RND(5)3 
DEN({) ¢=RNDCENTIERCINSTS/2))3 

'FORIPS=2'STEPIVTUNTIL'TOTSECS' DO! 
"BEGIN®’ j 

HIF YRND(S$)=4 9° THEN DENEP) s=DEN[P=4) +RNU(5)-3 
"ELSE'DEN(P) s=DENEPH14)3 
‘IF tDEN(P) <1! THEN'DEN[P) :=1"ELSEt 
'IF*DENEP) >ENTIERCINSTS/2)"THEN'DEN[P) $=ENTIER(INSTS/2)3 

"END 3 

HFORMMOVTs S41 tSTEP M4 HUNTILVINSTS#DOF 
*BEGIN'NEWLINE(C3)3 

WRITETEXTCNCYPART®) 193 
PRINT(MOVT»4,0)3 
COPYTEXTC§CHs 9 0)3 

NEWLINE(C193



WORK? 

LONG: 

REP; 

PCH4; 
PCHa: 

PCHS; 
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WRITETEXTC' (1) USESDYNAMICRSYSTEM!)?#)3 
PRINTCRND(NOMOV) 21,093 
LOWS=READS 
HIGH}=READ$ 
SECSS=RND(12)+13 
PLACES=13 

Ty=RND(4203 
'FOR'Ki=4'STEP'SECS'UNTIL'TOTSECS'pO! 
'BEGIN® 

SUM;=03 
AL SRNDEC(8.557)3 
"FOR'JP=4'STEP'4 UNTIL *12'DO! 

'BEGINt 
SUMS=SUM+MACROS[1,J)3 

‘TF 'SUM>A'THEN'T'GOTU'WORKS 
‘ENDS 
NEWLINE (4)3 
WRITETEXTC' (Ch eeeeeeSSECTION D3 
PRINT(PLACE,3,0)3 
PLACEt®PLACE+SECS} 
WRITETEXTC'CISSTYPET)Y)DSPRINT(U23,0)9 
WRITETEXT('( 1%. sLASTSRFOR')*);PRINT(SECS,3,0)3 
WRITETEXT('C('SECS ##eenet yt ys 
NEWLINE (4)3 
'TFeORNDC2)84 1 THEN? 

'GOTO'TYPELFORM(E(19*K-1)'/'TOTSECS+1)) 
"ELSEN IFO RND(DENCK) = TITHEN''GOTO'REST 
"ELSENIGUTONTYPE[ J); 
‘BEGIN' 

WRITETEXT('CtRLONGSISPITCH!)')3 
PRINT(RNDCHIGH-LOW)+LOW22,0)3 
"GOTO'NEXTKS 

‘END? 
'BEGIN?® 

WRITETEXTCNCISREPEATEDRNOTERIEKPITCHYD DS 
PRINT¢RNOCHIGH~LOW)+LGW22,0)35 
"GOTOMNEXTK: 

END") 

"BEGIN! 
WRITETEXT OC" ('8SUUNDS®ATSTHEXFOLLOWINGSTIME-PITCH 

&CO-ORDINATES$")1)3 
'FOR'PH=19STEP'4'UNTIL*RND(S*SECS)tUG! 
"BEGIN! 
"TFIP/6=P 9/16" THEN! 
NEWLINE(1)) 
PRINT(RND(10#SECS),3,0)3 
WRITETEXTONCH, 899905 
PRINTCRND(50)+2,0)03 
TEND! 
'GOTU'NEXTK3 

'END'} 
‘BEGIN! 
WRITETEXT( 1 ( 'SSOUNDS®ASHFOLLOWS')1)3 
NEWLINEC1)3 
SPACE(40)3 - 
'FORIPs=19STEPYTUNTIL'SECS'DOt 
"BEGIN! i 

VIF UP/2=P IT 21 THEN T NEWLINE (1) 
"ELSENWRITETEXT( 1 ( *®%RRID TDG 

me



155 
156 
156 
158 
158 
158 
158 
152 
160 
164 
162 
163 
163 
165 
166 
167 
167 
169 
169 
169 
7A 
172 
473 
474 
475 
475 
A795 
475 
172 
178 
179 
180 

184 
182 
183 
184 
185 
186 
187 
187 
189 
190 
194 
194 
193 
493 
193 
195 
196 
197 
4198 
199 
499 
199 
199 
204 
e202 
203 
204 
205 
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'FOR'QS=1'STEP'4*UNTIL'8'DO! 

'BEGINIFINTEGER'RS 
Rt=RND(3)3 
TIFYR=1' THEN? 

PRINT(RND(HIGH-LOW)+LOW> 2,0) 
TELSENtIFPR=2tTHEN'WRITETEXTON (I geage de) 

"ELSEMTIFIR=SITHENIWRITETEXTO NC e881) NDS 
END'Q) 

"END! PS 
'GOTO'NEXTKS 

tENDIBLOCK3 
RUNGS "BEGIN! 

"INTEGER'TSSTS}=03 
WRITETEXT( 1 CI DESCENDINGSRUNSKASSFOLLOWS;"')1)5 
'FORIPZ=1 ISTEP IT IUNTIL'8*SECSIDO! 
"BEGIN 

HIF ITS/4=TSI/'4'THEN' NEWLINE (199 
"IF*RND(2)21' THEN! 
'BEGING 

Q'=RND(42)3 
WRITETEXTO' C'S ®SRERXFROM'D' DS 
PRINT(RND(HIGH-LOW=42)+LOW+42,2,0)5 
WRITETEXTC'(CtRFUR'D DS 
PRINT(Q,2,0)3 

YEND? 

"ELSE! 
‘BEGIN?! 

OseRND(30)3 
WRITETEXTC'C'S®RESTHFOR')' DS 
PRINT(Q1/'6,2,0)3 
WRITETEXT('C'RSECS')')3 
PRINT(Q~(0'/'8)*8,2,0)3 

"END! 

Pt=p+a) 

TStsTS+13 

"END" 
'GOTOMNEXTK3 

"END'S 
RUN23 ‘BEGIN! 

VINTEGER'ITS;TS3=0; 
WRITETEXTOC NCI ZRUNS®SASKFOLLOWSS 9494 
"FORTPE=1'STEP'1 TUNTIL'B*SECSIDO! 
‘BEGIN 
"LF'TS/4=TSI/'4' THEN NEWLINE C193 
TIFORND(2)=1'THEN? 
*BEGIN® 

OF=RNDG12)93 
WRITETEXTO' Ct S®RSSREFROMID IDS 
PRINT(RND(HIGH-LOW~12)+LOW,200);5 
WRITETEXT('NCIRFOR') "D3 
PRINT(Q,220)3 

YEND! 

"ELSE! 
‘BEGIN! 

Qt=RND(30)3 
WRITETEXTO'N(C'S®RESTRFOR') "DE 

PRINTCO'/'8,2,0)3 
WRITETEXT( NC HXSECS')')4 
PRINT(Q-(01/18)*8,2,0)3 

"END;



206 
207 
208 
209 
240 
e141 
211 
213 
214 
215 
215 
247 
218 
219 
220 
220 
221 
222 
223 
223 
225 

226 
227 
227 
229 
229 

229 

234 
232 
233 
234 

235 
236 
@37 
238 
238 
240 
244 
242 
243 
244 
244 
245 
246 
c47 
247 
249 
250 
254 
251 
253 
253 
253 
255 
256 
257 
258 
259 
60 
64 

REST? 

ST14 

Nugts 

ST2i 

Nug2} 
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PS=P+Q3 
TSP=TS+13 

"END'§ 
'GOTO'NEXTK3 

"END "3 
"BEGIN! 

WRITETEXTCV C'S RRRESTY) D3 
"GOTO'NEXTK3 

"END') 
'BEGINt 

WRITETEXTOC'('1-URDER®STOCHASTICSTUNE!(ICtyt yt); 
SPACE(40)3 
REG}=RND(HIGH-LOW-12)+LOW3 

“TFORIPS=1'tSTEP'TIUNTIL* SECS DO! 
'BEGINe 

‘TF 'P/2=P'7'2'THEN'NEWLINE(1) "ELSE? 
WRITETEXTCUC 1S RRR RID TDG 

tFOR'Qs=1!STEP'4*UNTIL'6'DO! 
'BEGIN?! 

SUMP=0) 
AS=RNDEC(2.9); 
"FORTIT$=4'9STEP'Y*UNTIL144°DO? 
‘BEGIN! 

SUMS=SUM+STM1(11]3 
VIF ISUM>AITHEN? 
"BEGIN" 

PRINST(I1,REG)3 
'GOTONUO1s 

YEND'3 

"END; 

YEND'3 
"ENDS 
'GOTO'NEXTK; 

‘END'3 
‘BEGIN? 

WRITETEXT( 10 12-GRDER®SSTOCKASTIC&TUNE NC ICH) Ht) e); 
SPACE(40)3 
11¢FRVDC14)3 
REGH=RND(HIGH-LOW-12)+LOW; 
'FOR'Ps=19'STEP'T'UNTIL'SECS*DO! 
'BEGIN' 

"IF OPsZ2=P1792'THEN*NEWLINE(1) "ELSE 
WRITETEXTO' Ct xx meet )y 

'FOR'OS=19STEP'V*UNTIL'8*po! 
‘BEGIN! 

At=RNDEC(4.267)3 
SUM}=03 
"FORNUSS=d9STEP'T UNTIL '14¢DO8 
"BEGIN? 

SUMP=SUM+STM2(11,45)3 
VIF USUM>ANTHEN?! 
‘BEGIN? 

PRINST(JJ,REG)3 
T1teJus 
'GOTO*NUQ2; 

YEND'3 
9END'S 

’ 'END'3 

TEND) 

"GOTO'NEXTKS



262 
263 
263 
265 
266 
268 
269 
270 
270 
274 
272 
273 
273 
e772 
276 
277 
e77 
879 
279 
279 
284 
282 
283 
284 
285 
286 
287 
288 
289 
290 
290 
292 
293 
294 

ST33 

NUQS? 

COLR: 

NEXTK} 
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TENDS 
"BEGIN! 

WRITETEXTON(1S- ORDERSSTOCHASTICKTUKE! (1G!) #69 "95 
SPACE(40)3 
TTs=RND(14)3Jdt=RND(44)3 
REGt=RND(HIGH-LOW-12)+LOW3 
'FORIP,=49STEPIY!UNTILYSECS' DOF 
'BEGIN® 

"IF 'P/2SP'/'12'THEN'NEWLINE(1)"ELSEt 
WRITETEXT(' C1 a%eRR1D TDG 

"FOR'Qt=e1'STEP'4 "UNTIL 8'DO! 

‘BEGIN? 
Ay=RNDEC(9.5);3 
SUMI=03 
"FORIKKSST'STEP'T UNTIL I14*DOt 
‘BEGIN 

SUMH=SUM+STMS(II,JI,KKI3 
TIF YSUM>A'THEN! 
‘BEGIN! 

PRINST(KK,REG)3 

T1t#Jus 
JIE=EKK 
'GOTO'NUGS; 

TENDts 

TEND 3 
‘END') 

TEND S 
'GOTO'INEXTK3 

"END'S 
"BEGIN! 

WRITETEXTC'( 'SDOUBLEXTHEXKPART')')3 
PRINTCRNDCINSTS),2,0)3 
WRITETEXTC'CTABOVE') 9 )3 
"GOTO'NEXTK3 

SEND") 
‘IF YRND(S)=4 * THEN' SECS: =RND(42-SECS)+4 

NELSE'SECS;=RND(12)413 

Tiss 

"END'3 
YEND'3 

NEWLINE(5)3 
WRITETEXTC'C*BEATID D3 
NEWLINE(2)3 
"FORK 354 9STEP*RND(70)'UNTIL'TOTSECS*DOt 

"BEGIN! 
WRITETEXT(*CPRRBKATID' DG 
PRINT(Ks3,0)3 
PRINT(RND(2)+2,4,0)3 
PRINTCRND(2)#4,1,0)3 
WRITETEXT(' (189% TEMPOR') DS 
PRINTCRND(120)+60,5,0)3 

"END'3 
"FORIKs;s4 ¢STEP YT PUNTILINOMOVIDO? 
"BEGIN? 

'INTEGERIDYN, LSP 
NEWLINE(2)3 
ARITETEXT(? (182Ree4RxRYNAMICHSYSTEM!) 195 
PRINT(K94,003 
DYN} SRND(B)3 
LS}=05



3419 
320 

$24 
$22 
322 
$22 
324 
$25 
325 
$26 

327 
328 
$29 
$30 
334 
332 
333 "ENDS 
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WRITETEXT(' (1 SRBRSTARTBRATID IDG 
PRINT(DYN,1,093 
'FORIPS=2ISTEPIVIUNTIL'TOTSECS'DO! 
'TF*RND(2)=4' THEN! 
"BEGIN! 

"IF'LS/4=LS'/'4"THEN*NEWLINE(1 D3 
DYNtSDYN+RND(3) 723 
"LFIDYN<4'THEN'DYNS=4 "ELSE! 
'TF'DYN>8'*THEN' DYN =65 
WRITETEXTCHCIRSATI DY DS 
PRINT(P,4,0)3 
WRITETEXTCICISDYNAMICRIS') D9 
PRINT(DYN,2,0)3 
LSt=elS+13 

"END'S 
"END '3
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0 "BEGIN 
4 "REAL'XeYsRNoX13 
1 "INTEGER'L rd eK, CHAR, LUNES, LENGTHs STANZA 
2 TINTEGER''ARRAY'WORDSLUS11ILEXC12110122501212)3 
3 "REAL''ARRAY'MNE1:4)¢NL1:6)2 
4 "REAL' "PROCEDURE'RNDECBCA)?'REAL'A; 
7 "BEGIN' Y:=2,.41794Y4A; 
y RNDECB:=¥:=100*YENTIERCT008Y)? 

"END? 
"REAL''PROCEDURE'RNDEC(B)7'REAL'B? 

"REGIN'X:=5,4561*X+B; 
"TFURNDECR (6.257) <RN'THEN'RNDEC 32X14 
"ELSE'RNDEC=X:2100*#X=ENTIERC10U*X) 3 

"END! 
"INTEGER 'PROCEDURE'RND(M);'INTEGER'M; 

"BEGIN! 
RNDSEENTIER(RNDEC(4,B29) eM) +1; 

"END'G 
"PROCEDURE'CHOOSE(T2);" INTEGER! 123 

"BEGIN? 
"INTEGER'J2+K23 
"IF'I2<5'THEN? 
*BEGIN! 

VIFYRNDEC (2411541) >MNCI2]'THEN'#GOTO'FINAG 
"END'; : 
J2rSRNDCWORDSCI2))3 
"FOR'K2¢51'STEP'T'UNTIL'12'DO! 
"BEGIN! : 
"TPULEXC12,d2,K2)2COMEC*C'/") "THEN! 'GOTO'FINA 
TELSE'PRINTCHCLEXCI2,J2e0K2])3 
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YEND'S 
FINA: "END; 

*PROCEDURE'SS} 
"BEGIN'WRITETEXTC'C'S')')TEND'G 

LENGTHSSREADZ STANZA; =READZ 
X1:8Y T=READIRNSSREAD 
"FOR'TS=1'STEP'T*UNTIL'G'DO'MNEI];=READ} 
"FOR'TSS1'STEP'T'UNTIL'6O'DO'NE TI: SREADF 
"FOR'T S17 'STEP*T*UNTIL'11"DO! 
"BEGIN! 

WORDSLIJ;=READ; 
"FOR'S sS7'STEP'TTUNTIL‘WORDS(IJ'DO! 

‘BEGIN' 
NEORIKPRIASTEP A CUNT IL a en00t 
"BEGIN! 

ON: CHAR Z=READCH; 
"TF ICHARSCODE('(tEL') 1)" THEN? *GOTOYON; 
LEXC1,J,K];=CHAR; 
"TF ICHARSCODEC'C'/')")*'THENT'GOTO'NEXTJ; 

TEND IK? 

      

NEXTJ: END! 7 
"END! 

"FORT: "STEP)1*UNTIL'6'DO' 
"FORIN[J]sS0'STEP'U,25*UNTIL'79DO! 

"BEGIN! 
"PORTTSS1'STEP'T"UNTIL'4'DO! 

*FOR'MNLITJsSO'STEP'O,25'UNTILI4'DO! 

NEWLINE C3)3 
"BEGIN' 

WRITETEXTC'CIN' DDS 
PRINT(J71-0); 
VRITETEXTC§ Chet) "D3 
PRINTCNGS I 6452)3 
WRITETEXTC! C*XKXAKMNID DG 

PRINT(I,1,0)3 
WRITETEXTC' Ch st) "95 
PRINTCMNE IJ) ,41,2)03 

NEWLINE C2])3 

TFORTLINESS S1'STEPIT'UNTIL'RND(5)4#5'DO! 
"REGING 

CHOOSEC2)3 
"TEERNDEC (8.459) >NL1) 
*THEN' 
"BEGIN' CHOOSE (3) CHOOSE (1)3 

TIFIRNDEC(7.925)>9NL2) 

TTREN® 

"BEGIN'CHUOSE (6)3 
"TFIRNDEC (4,251) >NL3) 

"THEN'CHOUSE(10) 
TELSE''BEGIN'CHOOSE(11)7SS;"END'S 

‘Enp?! 
TEUSEF 

"BEGIN'CHOOSE(6)7SS; 
"TFYRNDEC 63,1899) >NL4) 
"THEN'CHOOSE(10) "ELSE 'CHOOSE (11) 

"END'; 

‘END? 
VEUSE 

"BEGIN' CHOOSE (9)? 
"TFEURNDEC(S, 2771) 2>NL5) 
"THEN! 
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"BEGIN'CHOUSE 

"ELSE'CHOOSE(10) 
"END! ; 

CHOOSE (2); CHOOSE (4); 
"TFIRNDEC C1. 2939) >NL6) 
'THEN' CHOOSE (8) 
SELSE® 

"BEGIN'CHOOSE(S);CHOOSE(1)7 
CHOOSE (6)3SS3 

"END! ? 

TREY LINESSLENGTH'THEN'*GOTO'FING 
NEWLINE C1)5 
"TEI RNOCSTANZA)=1'THEN' NEWLINE (1) $ 
CHOOSE(S); 

( 
; 

"ENDS? 
FIND WRITETEXTOUS 1) 4); 

"END'; 
PAPERTHROW; 

MEND® 3 

"END'; 

7)3CHOOSE(11)'END®



ld. ptanocomp 

An example of the type of output produced follows the program.
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'peGiy' 
"COMMENT'PROGRAM FOR Pi ANO COMPOSITION 

DATA IN FORM: RANDOM NUMBER STARTER 60,0000 TO 0.9999) 
MAXIMUM LENGTH IN SECONDS 
NUNBER OF LAYERS (2 TO 4) 

493 NUMBERS DEFINING FORM BIAS 
CELG; 11. 127 Vie e323 5 S04) aoe 

"REAL'X, SUN, AE 
"INTEGER LAYERS, LENGTH, UNITS, I,d/F, LOWER, UPPER, NOBS NOTES + RNDCOUNT 

DyNi 
REAL’ SARRAY'STMEL 1 +13,42453/STH104:479,8TH2E1247049479, 

STMsC1Te17, Asi 7 Peas 
"TNTEGER' TARRAY'FORME4=4,1:6003,TYpEL1:13),PARAM[1:1361:5), 

DATATYPE, 1:131¢BEATS(1:600]; 
"BOOLEAN 'ARRAV?STCTLO:337 
"SUTTCH'SWTYPE.=SWOHOR, SWMELO,SWRUNS,SUTRIL,SWSILE? 

"REALT UPROCFDURE'RENEC(R)?: 
"VALUE'B: 

"REAL 'B 
'REGIN’ 

X87, 29 372 K2 Be 
=TOG*KRENTIERCTO0%X) ? 

Te aRNpneOUyT+4 ; 

   
‘INTEGER ‘PROCEDURE IRND ON) : 

"VALUE'N: 
TINTEGERIN; 

      

'BEGIN' 
RNDISENTIFRORNDEC (3.1971) wN+4) 

TEND'G 
"PROCEDURE 'REATCOUNT: 

'BEGIN’ 
NoOBS 
'eORe LOWER'STEP'T'UNTIL'UPPER-1'Do! 

NOBS;=NORS*+BEATS (AJ? 
"END'; 

“PROCEDURE'PHYTHMN CL ENGYH, SPEED)? 
"VALUE'LENGTH«SPFED: 
"INTEGER' LENGTH, SPEEDS 

BEGIN’ 

VINTEGER' Ki> SNe 
SUNM; =NOTES: 

NEWK4 - Breit abiceneceony 
. SUMM; =SUMM*K4 + 

NOTES OTES44; 
TTF Sy MMs LENGTH! YHEN: 
"BEGIN' 

Ky. eKi— CSyMM@LENGTH) 
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"TeE'K1=U0'THEN'NOTES: SNOTES@41? 
PRINT(K1/1.0), 

"GOTO'LAST: 
"END! 
"ELSE'PRINTCK101,0)3 
'GOTO'NEWKI: 

Last: NEWLINE (4) 3 
'END': * 

"PROCEDURE CHORDS (64+62-C3,064,05)! 
"CONMENT' C4 = HUMBER Of NOTES IN CHORD 

Ce DFGREF Of REPFTITION 
C3 SPEED OF REPETITYON 
ne = SPACING 

CS -_ RHYTHMIC NATURE? 
"VA, NE'C1,02,C3,04,C5; 
TINTEGER'C1,c2+03+04.C5; 
'BEGIN' 

"TF'CS=1' THEN? 
'BEGIN' 

BEATCOUNT: 
WRITETEXT #C' RHYTHM: CONSTANT + %YEACHXNOTEXZONEK') 1) 7 

"rR'C3s1' THEN: 
BEGIN’ 

WaRITETEXTC'C'HALF-REAT!) ') 

NOTES. =NOpS #2; 
"END! 
"ELSE+ IF c¢3e2'THEN' 
'REGIN' 

WRITETEXTC'C'BEAT!)*)? 
NOTES ssNORS? 

"END? 
"ELSE+ IF Q3s3'THEN! 

"BEGIN' 
"TRERND (2) 24" THEN! 
"BEGIN 

URI-FTEXTC'(C'POUBLE=BEAT')')?: 

NOTES: 5)0BS'/'2447 
TEND' 'ELSE* 
“BEGIN: 

WURITETEXTOC'CIBARTD Ty? 

NOTES: SUPPER@LOUER® 
TEnp? 

‘END’ 
REND? 

‘ELSE ' TE C522" THEN 
"REGIn' 

“INTEGER 'HOTENP; 
"PROCENURE' OSTINATO? 

"BEGIN? 

URITETEXTC'CHOSTINATO“ZAT')'); 
PRINT(CI,3,0)3 

CURT SRTERT OC! CUWLTHYRHYTHM ED DG : } 

RHYTHMCREATSEJI,03); 

NOTEMP?=NOTEMP#+NOTES? 
‘END! ? : | 

NorEMp | 
JrelOur 
OSTINATO; 
"FORTS +S LOUERS1'STEP'T"UNTIL'UPPER@-1'po! 

a 
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"TE'BEATS(J)'NE'BEATS(J“11'THEN'OSTINATOS 
NOTES: shOvEMP; 

tEND! 
YELSE! 'TF*CS=3'THEN' 

"BEGIN' 
BEATCQOUNT; 
WRITETEXT .' C!RHYTHMZPATTERNKCINZHALFOBEATS) 2") "0? 

NEWLINE (1) ® 
RHYTHM C2*NOBS,03); 

TEND! 
‘COMMENT! THE RHYTHM HAS REEN DEALT WITH = 

NOW FOR THE PITCHES: 
NEWLINE (4)# 
URITETEXT(! COWITHXFOLLOWING%PITCHES! ')')5 
NEWLINE (407 

"BEGIN' 
"INTEGER'Q? 

"INTEGER'' ARRAV'PITCHES(1:5]3 
PITCHESL13sFRNDC7497 
"FOR'Q-=1°STEP'T'UNTIL' NOTES pO! 

"BEGIN! 
PIpCHES 1): =PITCHESL1T+RND(14-2%C1)-12; 
"TE'PLTCHEST11<4 "THEN PITCHES(4 J:2RND(14~2*C1) 
TELCE'yE'prTCHESCAI>714' THEN 'PITCHES(1) 2=71=RND (14-2404) 

"For'J-s1'STEP'4*UNTILIC1'DO''REGIN' 

"Tptd>4'THEN' 

PITCHES td], =PITCHESLd=4]#RND(13-C14+d-PITCHES(J=4) 
+PITCHES(AI) Ki: 

PRINTCPTTCHESLUI+4,0)2 ENDS? 
SPAPE CSF 

"END* 

tEND? 
TEND ' CHORDS PROCEDURE? 

PROCEDURE MELODIES (44 M2) = 

$or3 
$o2:— 
S03: 

SoOSKkIp: 

"VALUE "46 M2- 

TINTEGERING Ne; 
"BEGIN' 

VINTEGER' 0273 4Q4+RANGEsP1 1 P2,PS! 
PROCEDURE ' STOCK (ORDER) 

"INTEGER ORDER? 

"peGin' 
Sui TCH! SWORDER+*S01+S02,803; 
'TEYORDFREO'THEN' 
PRINT(RANGE*RND (17) 2/0)" ELSE! 
'"BeGIN 

SUM: 50; 
ALFRNDECC2,9947) ¢ 

"FORT PZ. 24° STEP TAT UNTILIGZ' DOF 
"BEGIN! 

'GOTATSWORDERCORDER): 

SUM-=SUsSTM1CP31E'GOTO'SOSKIP? 
SUM: =SUNsSTM2CP2,P3];'GOTO'SOSKIP: 
SUM; =SUH4+STH3EP4,P2,P31; 
'IF’SUM>A'THEN' 
"BEGIN" 

PRINT CRANGE*+P3/2,0)? 
*GOTO'FINST? i 

"END? 
"END'G
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FINST Plr=P2rp2:=p3} 

‘Enn' 
"END'STOCK PROCEDURE? 

PRINT (M1 ,170)2 
URITETEXT('(C' -ORDERZYSTOCHASTICAMELODY, ')')? 
"TE'NH2S2' THEN! 

URITETEXT('C)  ,DOUBLEDZATYTHEYOCTAVESABOVE |") "D5 
NEWLINE (2) 
BEATCOUNT 
WRITETEXTC' CO RHYTHMXPATTERNKZCINKAHALFeBEATS) £99'); 

NEWLINE (293 
RHYTHM (2*NOBS ,RND(3)) 3 
WRITETEXT“(' (PITCHES) '); 
NeWLINEC23; 
RANGES ERND C71 — (4 Pw (N21) dF 

Q3:=NOTESe ((NOTES'/'20)¥20)7 
PUIFRND(17) FP2sERND(17)3 
"cORQ2:=4'STEP'  UNTIL'NOTES/20'pO! 
'REGIN' 
"FORTGA: S71 *STEP'TUNTIY'20'DO! 
STOCK M1) ; 

NEWLINE (1)? 

"END! 
"FOR Q4r=4' STREP 4 UNTIL'Q3'DO! 
sTOCK CH) 

TEND "MELODIES PKOCEPURE; 
"PROCEDURE" RUNS /RT,REAR3eR4 RSD E 

"VALUE'RIARE-R3.R4AK5F 
"INTEGERIR1G ,ReeR3deRGARS; 

"COMNMENTIRI SCALES/ARPEGGIONS 
R2 = DIATONTC/CHRONATIC 
R3 - NUMBER OF NOTES 

R& - RANGE 
RS = DIRECTION: 

  

'BEGIN' 
NEWLINE (4); 
WRITETEXT('C RUNSKR"D DG 
PRINTORND (7) 4409,0)3 

VRITETEXT(' C'NOTESATOXARBEAT!) 1); 
NEWLINE (4)¢ 
TTF 'RIEV THEN! 

"BEGIN! 
"TeE'R2=1' THEN’ 
"BEGIN' 

WRITETEXTC* C'DIATONICR SCALEXING KEY!) "D7 
PRINTCRND(( 2291-20093 
WRITETEXTC'C'S% (CEO) KASTARTINGZONADEGREF')')§ 

PRINTCRND(7941,0)3 
"END! ELSE! 
"BEGIN? 

WRITETEXTC C'CHROMATICYSCALEZXBEGINNINGXON!)'); 
PRINTCRND(42)94,200)7 

"END! 
END? 
"ELSE! 

'REGIN' : 
"INTEGER 'ARRAY'PITCHES(1:5]7 
WRUITETEXT CTC ARPEGGIOXZYNOTES!')'); 
PrrCHesl4) *=Rup (13) 943 
"FORTS ET'STEDTTTUNTILAR3 D0!
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"BEGIN' 
"re'J>4'THEN' 
PITCHES FJ): =PITCHES(J=41+RND(13-R34d—-PITCHES( I-41) 

+prTCHesliJ=43 
PRINTCPITCHES(I1-72,0)3 

"ENn'G 
"END'; 
NEWLINE (2)? 
WRITETEXTC' C'THROUGH') "D3 
PRINT (R4?4.0): 
WRITETEXTC' Ch TAVESKYSTARTINGZINKOCTAVE') ')3 
PRINTcRND¢7),4,0); 
NEWLINE C1)? 

WRITETEXTCUCI'GOING!) "D3 
"TEIRS'NE' 2'THENTURITETEXTC'C'XUP') '): 
"TE'RS=S'THEN'WRITETEXTC'C'XAND'D ')3 
"TE'RS>T'THENTURITETEXTCECUXDOWN') DE 
NeWLIne(2)? 

"END' RUNS PROCEDURE? 

  

"PROCEDURE'TRILIS(T4)? 

"VALUE'T41i 
TINTEGER'TI: 
'BEGIN' 

NEWLINE (4) ¢ 
WRITETEXTC' Chast)" ) 2 

"TR TT ET THEN WRI TETEXTC'C'SEMI') ')E 
WRITETEXTS' CP TONES TRILLSON'I ING 
PRINTCRND (82) 2,097 
NEWLINE (4)¢ 

TEND ITRILLS PROCEDURE; 

"PROCEDURE 'SILENCE: 

'BEGIN'WURITETEXT OC’ C*SILENCE') ') "END; 

Xt=REAp: 
PRINT CK #1000005, 6759)F 
NEWLINE (1); 
RNOCOUNTSA0; 
LENGTH: sRND (READ): 
UNITS: =RNDCLENGTH'/'10044)4+3;3 
WRITETEXT OC! C'PLTANOCONPZAZZ LENGTH!) "DF 
PRINTCLENGTH,3,0)3 

~ NEWLINE (3); 
URTV ETEXTC' CTZKYZNUMBERZOR “UNITS: 9) '); 
PRINTCUNITS,200%+ 
LAVERS:=READ; 
"CyMMENT? STMF MATRIX (WITH PROBABILITIES RELATED TO No OF UNITS 

CREATED: 
NEVLINE (2); 
WRITETEXTC IC’ FORNZMATRIX') DE 
NEWLINE (2); 
‘ForR'T,=1'STEP 1 UNTIL'UNTTS'DO! 
"BEGINY 

SUM, 30,0000047 
FORT J tad STEP'TIUNTIL'UNITS' DOF 
"IFURND CUNT TS/444)>4 
'THEN'STMFL) J]. en OtELSE: 
"BEGIN' b 
STME Ly ed): =RHNEC(1,9773)3 
SUMs=SUM4STMEPI 1;
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229 
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260 
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263 
264 
26% 
265 

269 

2r1 
272 

END": 
‘FORTS 
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rat 'STEP'S*UNTILIEUNITS # POF 
BEGIN’ 
sTMerl 
PRINT( 

TEND ': 

eJDIRSTMF ET eI] /SUME 
STMFE1,d1,103)3 

NEWLINE (4) 3 
LENDT 
COMMENT! 

"BEGING 

Fort CREATED USING STMFF 

TINTEGER' PROCEDURE ‘NXFICELEMENT) 3 
'VALUFTELEMENT; 
VINTEGER* ELEMENT; 
'pEGIN' 

WoRK: 

"INTEGER K? 
SUM:50: 
Are RNpF0(9 2133)3 
"EOR'K:=1'STEP’T'UNTIL'UNITS' pO! 

"BEGIN® 
SU. =SUM*STMFCELEMENT+ KE 

"TE'SUD>ATTHEN' 'GOTO'WORK? 
"END': 
K:sUN] 7S? 
NXEMf=Ke 

  

"END!s 
NEWLINE (2) ¢ 
VRITETEXTC' COC! FORMKSTRUCTURE')'); 
NEWLINE (2)? 
WRITETEXTC' CP LAYERE* ")') 3 
NEWLINE (2)7 
FORME 
PRINTCFORNE4.11,270) 
tpOR'GS 

eV :FERNDCUNITSYG    
reP'STFP'A"UNTIL'LENGTH' DO! 

"BEGIN 

"TF 'RNDOLENGYH/15048) <7 
'THENTFORMLI, I) 
"ELSE'FORML1,| 

   sFORNE1¢3-11 
t=NXPMCFORMET,Jn1I)F 

  

PRINTCFORML1,0],2,0); 
TEND'? 
TFOR TT re2'STEP'{ tUNTIL'LAYERS'DO! 

"REGIN' 
NEWLINEC2)3 

WRI 
pri 

TETEXTC! Ci LAVERT) S93 
NT CI91,0)2 

NEWLINE C2)¢ 
: VFOR'G:=7'STEP'T UNTIL LENGTH! DO! 
'BEGIN' 

"TE'RNDCLENGTH/15048) <7 
"THEN FORT FI a) ORME 4+Jd1 
"ELSE cORMFI, 39 XPM CFORME1+dI)F 
PRINTCFORMTI+I1,2,0)% 

  

TEND? 

‘END! 

"END '# 

"CoMMENT' UNIT PARAMETERS CHOSEN? 
"FOR'Ty24'STEP' 4 UNTIL‘13'nO'DATATYPELI1:=READ; 
"For'],aO'sTEP a UNTIL' 3S'DONSTCTEI]:="FALSE'? 
*For'ly= 
"BEGIN' 

  

"STEP a UNTIL* UNITS DO!



272 

272 
275 
276 
276 
276 
278 
279 
280 
280 
280 
280 
282 
283 
283 
283 
283 
283 
285 
286 
287 
288 
289 
289 
289 
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308 
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344 
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a14 
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345 
345 
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VINTEGER'T? 
"PORTS: s4'STEP'TTUNTIL'S#DO'PARAMLI,JJ:=0; 
TIETYPELIJ :=nATATYPETRND (13) 13 
"IFITS "THEN 
"BEGIN' 
PARANT 147 17:=KNDCS)¢ 
"FOR: e2°STEP'TIUNTIL'S' pO! 
PARAM I,J 13=RND(3)F 

‘END! 
tELSEE TE Tae* THEN? 
"BEGIN' 

PARANE 141725 RND (4) 91; 
STCTCPARAHMEI, 17:5" TRUE'; 
PARANI1,27:=RND (2) 

TEND? 

tELse' Te * tas! THEN? 
'BEGIN' 
PARAME I, 11: =RNDO2)F 
PARAL] r203=RNDC 205 
PARANT I 31: =RNDCSDS 
PARAMTIZ 413 =RNDORND(G))$ 
PARAME 1s 512 =KNDC3)3 

1END! 
‘ELSE''IF'TSA'THEN' 
PARAMCI, 1) :=RND(2)? 

“Enp's 
NEWLINE (C2); 
WRITETEXTOC'C' TYPESYANDYUNITYPARAMETERS!)"): 
NEULINE C2); 
FoR Tye "STEP 1 UNTIL HINT TS! DO? 
"BEGIN 

PRINTCTyPELCI1+1,07¢ 
WRITETEXT OCU CFE) 02 
'FOR'J221'StreP' 1 *UNTIL'5*D0! 

PRINTCPARAM( edd 15098 
NEWLINEC4); 

"END"? 

  

  

"COMMENT ' CREATE STi1102,35 
"BrGINe 

"REAL 'SUM1,SUM2,SUM3? 

INTEGER'IT, Jd, 
SUM4 +=SUM2:=2SUM5+=0 1000015 
TLFYSTCTEA OR STCT C2] OR! STCTIZ)! THEN 
"BEGIN' 

TEOR TTT a4 STEP YY tUNTIL'47'DO! 
"REGIN' 

TET RWD(45>4 
"'THEN'STMIF IIT) + S0' ELSE 

"peGIN’ 
STMICTIV:=RNDEC(3,697) 
SUM1 SSUAT<STMA TID? 

"END': 

Tre 'Srortet OR STcTisi? THEN* 

"BEGIN' 
"Fon'Ju-281'STEpti'UNTIL'17'DO' 
"BEGIN: 

VTE RND(7)>4 5 
'THEN'STM2E11/dd] 250° ELSE! 
"BEGIN! 

 



315 
317 
317 
318 
318 
318 
320 
320 
321 
321 
321 
323 
24 
325 
326 
227 
328 
329 
330 

331 
332 
333 

334 
335 
336 
237 
338 
338 
338 
339 
240 
341 

342 
243 

343 
34h 
245 
346 
346 

348 
349 

320 
354 
352 
353 
393 
355 

356 
357 
257. 
358 
359 
B59 

459 
360 
360 
362 
363 
364 
365 

120 

STM2CVI¢ dd]: sRNDEC(2.473)3 
SUM2 ;sSUM24STM2C1T,JJ] 

TEND! 
‘IF ¢sTore3)* THEN! 
"BEGIN! 

SFOR'KKrsd'STEP'4"UNTIL'47'DO! 
*REGIN' 

"TF'RND(9)>41 
'THEN'STM3CIy,dd,KK1:50' ELSE! 
"REGIN! 
STHBCTI,d3,KKI:=RNDEC(4 914997 
SUM3:=SUM34STMZCIT, Jd KKI? 

TEND! : 
PENDS? 
"FOR'KKr=4'STEP'4*UNTIL'47'DO' 
STMBCUL Ide KKIS=STMS CIT dd KKI/SUM3; 

TEND 
"Enn'’? 
"For Jy e=1*STEPIT UNTIL‘ 17'DO! 

STMPCT 1 -dJisSSTM201%eduI/SuM2; 
'END': 

TEND: 
tROR'yTsa4'SyRP's UNTIL'47'DO' 
STMICTIV- 2STia(ri1/sumis 

"END': 
"Etn 

"COMMENT WORK oT BFAT SECTIONS RELATED TO LENGTH: 
NEWLINEC2); 
WRITETEXTC’C'BEATSIS') 0G 
PRINTCRND(2)*4,74-0)8 

WRYTETEXTC'C'ATYSPERD!) ')5 
PRINTCRND(5)41,0)7 
"BEGING 
"PROCEDURE WRB Cpt); 

"VALUF'PL: 
"INTEGER! pL; 

"BEGIN' 
BEATS pLJ:sRNDC7) +47 

WRITETEXTC* ChAT!) 593 
PRINT(PL «+3 -0): 
PRINTCREATSCPL1+61,0)7 
WRITETEXTC HC 'BFATSI) ')s 

WRITETEXT CVC SE KEEUUK') dE 
TENDeEs 

NEWLINEC 43> 

WRBCHDE 
"FOR'T 352 '°STEP'TTUNTIL  LENGTH'DO! 
"TFT RNDC(OI=7 9 THEN'WRACT) 
"ELSE'BEATSC I 1:=BFATSCIe113 

"END'; 

  

"COMMENT' COMPOSITION EFFECTED FOR EACH LAYER: 
"For I ssi "STEP: 4" UNTIL: LAYERS'pO! 
"BEGIN 

NEWLINE C2)? 
"FOR'J:54'STFP'T'UNTIL'400'DO! 
WRETETEXT CT (Oh)? 
NEWLINE C2): 

WRITETEKTC' CT LAVER' 3") 3
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381 
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383 
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386 
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386 

287 
388 
388 
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405 
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407 
-408 
409 
410 

411 
412 
a4 
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PRINT(I,4,0): 
NEWLINE (207 
"COMMENT! WorRK WUT pYNANICS; 

WRITETEXTC' C'DYNANICS')' 5 
NEWLINE (4)? 
DYN;=RND(8); 
"FOR yre4'STEP TT UNTIL LENGTH'DO' 
"BEGIN! 
'TF'RND(S)>1° THE! 'GOTO'GEN 
"ELSE! 'IEYRNpC2)=4' THEN! 

'REGIN' 
"TE'RND(2) 57!" THEN 
"BEGIN' 

DYN EDYNE4; 
TTEIDYNS9 'THEN' DYN: 38; 

"END''RLSEt 
"peGINn' 

DYN: SDYN"4; 
"ITE'DYNFO' THEN’ DYNe=1; 

‘END’ 
‘END?! 
TELSE' DYN: FRNNCB) ? 

WRITETERTC' CP ERK! 1) 
WRITETEXTONCPAT II): 

PRINT(CJ,3.9); 
PRINTCDYH, 1°09? 

SEND YL 

  

"COMMENT OPERATE FORM MATRIX AND RUN? 
LOWER: =4; 
'FOR'UPpERi=LOWER*4 STEP'T UNTIL’ LENGTH! DO! 
'BEGIN’ 

'TE' FORME UPPER) 'NE*FORNIT,UPPER=11]'THEN' 

*REGIN' 
FraFORmMLI, LOWER]? 
NEWLINE C1)! 
WRITETFATCHCTEROM')'); 

PRINT(HOWER?3,0)3 

WRITETEXT CHC? TO!) hy3 
PRINTCUPPER@1,3-0)3 
WRYITETEXT(' C'TVPE*)'); 
PRINTCTYPETFI,2¢0)73 
NEWLINE (4) + 

"GOTO'SWTYPEL TYPE FJ); 

  

SycHOrs CHORDS ¢PARAMLE,+ 11, PARAMCF,2)+PARANIF e371 
PARAMEE.47,PARAMCF,5])3 

"GOTO'NXSTP? 
SWMELo? MELODIES CPARATICF +17 ¢PARAMTF 12 1)F 

SURUN: 

SYTRIt 

"GOTOPNXSTP? 
a RUNS CpARAIIIF.41,/PARAM(F,21,PARAM(E, 31, 

PARAHIF,41/PApAM(F +5197 
"GOTO'HAST PF 

Le TaYLLs¢PARAMCE,14)3% 
"GOTOINXS YP? 

SWSILE: SILENCE? 
NxSTP NeULINe(1)¢ 

"FORTS: S71‘ STEP'T'UNTIL'100'DOF 
WRITETEXT CI Che ye: 

LOWER, =UPPER;
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413 "END! ? 
414 "END! 3 
415 "END'LAVER; 
416 NEULINE (3); 
ai? WRITETEXTC1C! RNDCOUNT: ais 
418 PRINTCRNDCOUNT,&-0)! 
419 NEWLINE (3); 
420 “FoR'd:=i'STEP't'UNTIL?10'po!t 
421 PRINTCRND(40)"4, T6092 
422 NEWLINE (3); 
423 "END 'pROGRAM?
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RUNS - & NOTES TO A REAT 

DIATONIC SCALE IN KEY 41 (C=0) STARTING ON DEGREE 2 

THROUGH 1 OCTAVES STARTING IN OCTAVE 2 
GOING DOWN 

FO TIF IR FR RO I I II IOI Oi i ge toi te 

FROM 131 104132 TYPE & 

A SEMITONE TRILL ON 10 

FOI IO IO II IOI IT I OIRO da IOI ii Woe ie ioe 

FROM 435 7O 434 TYPE 1 

REYTHM PATTERN (IN HALF-BEATS): 

4 2 1 1 2 4 9 

WITH FOLLOWING PITCHES: 

55 
49 

42 
35 
30 
20 

Fe I TO TOI I IO IF tO Hi FOI OI ii i iia tot 

FROM 435 70 436 TYPF 4 

A SEMITONE TRILL ON 4 

RE eR ee ae ee RY Pet aVamRiE teen 

FROM 137 170 437 TYPE 5 

RUNS + 3 NOTES TO A REAT . 
DIATONIC SCALE IN KEY 6 (C0) STARTING ON DEGREE 3 

THROUGH 1 OCTAVES STARTING IN OCTAVE 2 
GOING DOWN 

FI II a IO ge Fg a i te FE Ne de i ie eli tet 

“FROM 438 170 439 TYPE 1
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RHYTHM PATTERN (IN HALF=BEATS): 

i 4 1 1 2 4 4 

WITH FOLLOWING PITCHES: 
A
A
W
U
N
A
-
=
N
 

I TI FO i IOI FOR tI OR I tO III ORK Hg OIG EHO ge te tey 

FROM 140 70 442 TYPE & 

A SEMITONE TRILL ON 12 

Fe TO II TOI FI I I IO EO II I RO III i i lege dato 

FROM 4455 TO 443) TYPE. 5S 

RUNS = 6 NOTES TO A BEAT 
DIATONTC SCALE IN KEY 0 (F500) STARTING ON DEGREE 6 

THROUGH 1 OCTAVES STARTING IN OCTAVE 2 

GOING pOWN 

FI II TOI OR IO ROI IO Ee BOR I si I IG ele ge dei 

FROM 444 T0445 TYPE & 

A SEMITONE TRILL ON 56 

FI II HR Rl IO I IOI I IOI it i ge det 

FROM 146 T0447 TYPE 5 

RUNS =» 7 NOTES TO A REAT . 

OTATONTIC SCALE IN KEY 41- (C=0) STARTING ON DEGREE 5 

THROUGH 1 OCTAVES STARTING IN OCTAVE 1 
GOING DOWN 

Fe I I I HOE EOI aM ii i oe i i ik ai ae
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Ila 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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IIb may tricks 

The first 66 bars of maytricks for orchestra.
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IIc 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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Ild 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 sympostum 

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

violin, viola, 'cello and double bass, 

This extract is the first movement of five: alignments.
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lif ptanocomp 

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

(tentatively titled: sonatse).
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