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Warren Burt: Cellular Etudes (2012-2013) 
Cellular Automata are a particular mathematic construction in which a set of very simple rules is 
applied to turning on and off the individual squares in a grid, generation by generation over time.  It 
would be just an amusement of math fans, except for the fact that the behaviour of cellular 
automata mimic that of certain biological systems, suggesting that some aspects of living organisms 
actually are not as complex as suspected but do indeed follow very simple rules.  Indeed one of the 
early applications of the theory of cellular automata was called "The Game of Life."  For about 35 
years, CAs have been of interest not only to mathematicians, but also to computer scientists, 
biologists, sociologists and, of course, artists.  There have been a number of wonderful and in-depth 
studies of the behaviour of CAs by artists, such as the masterful PhD dissertation by Dave Burraston, 
but what has frustrated me about these writings, as good as they are, is that they have concentrated 
very much on the functioning of the CAs, and the theory of their operation (and Burraston's thesis 
does this magnificently), but there hasn't been really extensive work turning the functions into data 
for music.  In this piece, I wanted to take the operation of the CAs as a given, and concentrate on 
what artistic results I could get by composing with them.  That is, here I wanted to do more musical 
composing (musical research) than mathematical investigation (mathematical research). 
One of the simpler forms of CA is the one-dimensional cellular automata, which exists in a number of 
flavours, from a "3 neighbour rule" (where the state of 3 adjacent cells determine whether a given 
cell would be "alive" or "dead" in the next generation) up to a many-neighbour rule, which has a lot 
more possibilities.  John Dunn's ArtWonk implements one-dimensional CAs in 3, 4 and 5 neighbour 
flavours.  The behaviour of CAs fall into several categories - repeating patterns,  patterns that die 
out, patterns which produce simple random information, and patterns which repeat but change 
their repetitions in a random manner.  It was this last family of CAs which interested me the most as 
having the greatest potential for musical composition.  Having spent a while exploring these CAs, 
and finding sets of 'rules' which produced this kind of behaviour, I then concentrated on composing 
music with these patterns, one pattern per piece.  
 

I constructed a module in ArtWonk which allowed you to turn the 1s and 0s of the CA grid into 
meaningful numbers in two different ways and have them scaled to any desired range as well.  With 
this, I was now ready to derive many simultaneous streams of values for any musical parameter - 
pitch, duration, loudness, timbre choice, length of musical section, etc. - from a single CA. 
 
Having written a number of very simple (and elegant) pieces in the past, I wanted to get more 
complex here.  I conceived of each of the 12 etudes in this set as multi-layered compositions: 
 
1) Cellular Automata used for basic information of the piece.  For the first 4, I use a 5-neighbour 
Cellular Automata.  For the second 4, a 4-neighbour rule is used, and for the last 4, the traditional 3 
neighbour rule is used.  This gives me lots more patterns (an infinity of them, for all practical 
purposes) than just using the traditional 3 neighbour CA rules. 
2) What I do musically with the information from the CA (canon, melody, textures, etc) 
3) Tuning - I use a different just-intonation scale for each for each of the 12 etudes.  These scales are 
continuations of my longstanding engagement with the tuning theories of Ervin Wilson.  In this case, 
I developed a set of scales based on  a mathematical form known as the 3-2 Mt Meru Triangle.  More 
information on these scales can be found in my PhD dissertation.  For this piece, I extended the 
scales to 16 notes, inspired by the digital values of the CA, which could easily produce sets of 16 
values. 
4) Scale use - for each set of 4 etudes, #1 (the first) uses just the 16 note scale within an octave, 
making melodies with a narrow range; in #2, I multiply the scale by 2 to get "whole-tone" versions of 
the just scales (which don't produce whole-tones, of course); n the third piece (or each set of 4) I 
multiply the scale by 4 to get "augmented" versions of the scales which span 4 octaves (when 
applied to an instrument with a 3 octave range, say, this means certain notes will be dropped - this is 
a kind of "indeterminate" thinning of the texture); and in the fourth piece of each set of four, I 



multiply the scale by 3 to get "diminished" kinds of scales.  Of course neither the "augmented" or 
"diminished" kinds of scales produce augmented or diminished chords in the traditional sense, but 
they DO allow certain kinds of intervals to predominate within the texture.  This is heard most 
clearly in Etude #12. 
5) Timbre-choice.  I wanted to make a many-timbred "chamber music" kind of texture in these 
pieces.  For the first four, I used one timbre each from a) Garritan Jazz and Big Band library; b) 
Cakewalk Dimension Pro, c) Plogue Chipsounds. The Jazz and Big Band sounds give a kind of 
"instrumental" dimension to the pieces - sometimes they dominate, and at others, the "jazz timbre" 
becomes a kind of mordant, lonely outlier, distantly commenting on the other lines in the piece. The 
Dimension Pro sounds are usually chosen to be less "instrumental imitation" sounds, and more 
interesting textures.  The Chipsounds timbres can be crude game-beepy sounds, or interesting lo-fi 
noise sounds.  In the 80s, working with an Aim65 computer, I had made many sounds like this, so 
using these was a trip  down memory-lane (sorry for the pun) for me. With the second set of 4 
etudes I added a Modartt Pianoteq "prepared-something-or-other" sound to each etude, the Pro 
version of Pianoteq allowing you to edit timbre parameters for each individual note, thus making 
"prepared-piano" type sounds very easy to get. For the final set of four, I added a self-made timbre, 
some made with the "Harmonic Noise" generator in Audacity, others being sampled environmental 
sounds - programmed with the Plogue sfz sample player.  This resulted in pieces with 3, 4 and 5 
voices, the number of voices getting greater as the piece progresses. 
6) Overall structuring - none of these etudes simply plays one texture from beginning to end.  They 
all change tempo, timbre, texture, or some element or other.  Some of these changes are live 
improvisations, others use the ArtWonk timeline to determine when things will happen. Some of the 
changes are the same each time (and will be derived from the Cellular Automata) and others will be 
different each time the program is run. I wanted a variety of overall structures and methods of 
structuring over the whole set. All the etudes are 5 minutes long, or as close to that as I could get.  
This is like a painter using the same size canvas for a series of paintings, seeing what variety they can 
get within a certain size frame. 
Notes on the individual pieces: 
#1   The Slowly Gathering Soliloquy. In this piece the same sequence is read at different rates in 
each voice.  It's sort of a canon, where each voice changes its rate, and tempo, in each new section.  
It starts off with a plucked string sound and a very noise timbre.  The noisy timbre disguises the 
canon with the plucked string but it's there if you listen for it.  Later a sampled trombone enters,  
The changing tempo reveals different textures from pointilistic to lively and melodic.  The tuning give 
the piece a bit of a stringent sound. 
#2 Another Accordion March. This is a little march for sampled accordion and strings - 4 bit strings 
at that.  Chords and repeats and lively rhythms make up the accordion part. The strings match up 
with the accordion part and seem to modulate in parallel with it. 
#3 Eclipse and Clocks over Albion. This one is for a very simple game-machine timbre, a sampled 
Baritone Sax, and some "Bells" from Dimension Pro that seem to have a lot of wavesequencing 
sound to them - they have an interesting repeating pattern when held.  The repeating pattern allows 
me to get beyond "just notes" and creates a more interesting texture.  Each voice reads its 
polyrhythms from a single clock, and the tempo and density of each voice changes with each new 
section of the piece. 
#4 A Bureaucrat Tells the Truth is a tone colour melody where the same material gets displayed in 
different lights and disguises.  It's all very jolly, but it keeps tripping up on its own feet and the ways 
of obfuscating the main information keepy varying, just like in a real life bureaucrazy.  But it IS a bit 
loony, which begs the question - why do we take these clowns seriously? 
#5 Remembering Durational Melancholy. A kind of ersatz chamber music for sampled trumpet (with 
bucket mute), sampled pan flute, game-chip timbre, and physically modelled prepared piano 
(programmed by me).  The piece is programmed so the tempo and texture changes happen in the 



same way with each playing of the piece.  The information in the Cellular Automata is used for both 
details (notes) and for larger scale structural changes. 
#6 The Perils of Paulinian Polyrhythyms is a very pulse-oriented piece, except that the speed of the 
pulse changes every few seconds to get a more unpredictable texture while maintaining its identity 
as a pulse oriented timbre melody.  For sampled vibraphone and bass marimba, game-chip sounds 
and prepared virtual  harpsichord. 
#7 The Eighth Wonder of the Learned Alchemists of Macedonia (the title is a quote from Marquez) 
This piece has a chamber music texture - for sampled bass clarinet, bansuri (Indian flute), game-chip 
and prepared Wurlitzer Electric Piano.  The kind of texture shows my love for the kind of texture 
Schoenberg's 1930s chamber music.  The tempo changes add a sense of directionality to the music 
that actually isn't there, but that's ok.  What we call "directionality" might just be the sum of various 
"cues" - like tempo change, and textural change from isolated notes to continuous melody.  Meaning 
seeking creatures that we are, we tend to attribute intentionality to these gestures when they may 
just be byproducts of other decisions. 
#8 After Aida.  This was written after seeing the Metropolitan Opera's 2013 production of "Aida."  
The isolation of the pitches, the slow texture, the funereal air of the beginning is as much a reaction 
to the epic opera as it is an exploration of slow microtonal melody and texture. The timbres are 
tuba, "15 violas legato expressive", sampled Casio VL-1 calculator/synthesizer, and Pianoteq virtual 
hard steel pan (prepared).  The long hanging note played with a very bare electronic timbre is one of 
the gestures that pervades this work.  With the chipsounds game-chip tones, the timbre changes 
from bare sawtooth waves to various kinds of digital noise, giving this patch more timbral 
possibilities and more opportunities for surprise. 
#9  Heat Stressed Pelicans at Swan Bay.  It was 38C (over 100F).  We were at Swan Bay, on the 
Bellarine Peninsula.  We drove to the jetty.  Near the jetty there were a lot of seabirds, including a 
very unhappy tribe of pelicans, sweltering.  So were we.  We retreated to our air-conditioned car.  
They continued to swelter.  This piece was written with that scene in mind.  The choice of noisy 
timbres was  influenced by the memory of those hot birds.  Timbres were tenor sax, a raspy 
electronic tone called "gurgler", another game-chip timbre, Pianoteq virtual church bells treated to 
make an imaginary "prepared church bells" instrument, and a waveform made with the Harmonic 
Noise Function in Audacity, in which the partials of the harmonic noise were tuned to the tones of 
the microtonal scale used for this piece. I like how the sampled tenor sax becomes a kind of 
'background voice' forlornly honking out its repeated note riff behind all the noise and bell-like 
action.  I seldom do "literary" or "depictive" pieces (I wonder if they can really 
exist), but this piece comes pretty close, I think, to evoking a very hot summer day on a barren 
stretch of bay beach.  
#10 for Richard Orton.  Another chamber music ensemble which includes muted trumpet, a 
wavering electronic tone, 4 bit string samples, another Audacity Harmonic Noise timbre, but with a 
less bell-like attack and Pianoteq virtual prepared Walter fortepiano.  Richard Orton suddenly passed 
away.  A dear friend and in recent years, colleague (I beta-tested his Process Pack software), his loss 
is keenly felt.  This piece builds up a kind of chamber music texture, especially with the trumpet riffs, 
that I think he would have enjoyed.  This piece has 3 sections.  The same music is played in each, but 
at 3 different tempi - 120, 40 and 80 bpm.  Variations in each section are provided by the "random" 
feature of the clocks so each voice plays only a certain (specified) percentage of their notes.  On 
each playing, some notes are dropped - different ones each time.  The good quality of the trumpet 
samples is contrasted by the cheap chipsounds 4 bit "melodic strings" sound.  This is a concept that 
interests me - timbral fidelity as a source of timbral  
variety. 
#11 Non-Pythagorean Dance for Felix.  This is a memorial for dear friend Felix Werder.  It has a kind 
of wonky ensemble I think he'd enjoy: Sampled banjo,  fingered bass (Felix played both acoustic and 
electric bass) game-chip sound, a spoon stirring a glass of water, sampled, and a Pianoteq prepared 
xylophone.  This is a pulse piece with a skittering, constant changing of timbre. Different densities of 



events occur - also the original melody in one instrument is accompanied by its inversion in another 
instrument. This kind of relationship is hearable if you know what to listen for.  The piece uses the 
famous "110" rule for a 3-neighbour cellular automata.  This rule makes repeating patterns which 
then unexpectedly change to another pattern, or morph from one pattern to another.  As well, I'm 
continually changing the transposition of the patterns, so within the repetitions, a lot of harmonic 
change takes place.  
#12 This is REAL: Ersatz Concerto for Imaginary Prepared Piano and Virtual Chamber Ensembler - A 
Journey in the Imagination.  For sampled electric organ (playing 3 voice chords), a noiseband string 
imitation, a game-chip sound, a sampled rainstorm  a Pianoteq prepared Schmidt fortepiano.  This 
might be termed a "concerto for prepared piano and chamber ensemble" - and in fact, at times 
when working on this, I was recalling the Cage Concerto for Prepared Piano and Chamber Orchestra.  
All the instruments play the same melody (or inversions of it), but each only plays certain notes of it. 
The exception is the prepared piano, which plays every note. In each section, the density changes, as 
does the tempo. In practice this simply results in various faster passages among a basically slow-to-
medium tempo texture.  The little repeating note riffs are due to the cellular automata plunging 
down to 0 for a while before beginning to generate higher values again.  I like the gentle pointillism 
of this piece which is interrupted by the crude repeating gestures.  In this piece as well, the harmonic 
nature of the scale comes through fairly clearly - there are, to my ear, some luscious harmonies and 
melodic shapes that result.  11 Mar 2013, Warren Burt 
 

 


