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Infroduction: Welcome to The
Spiral and the Circle

Music is already a world of numbers. Every piece of music lives in
time, measured in beats and bars. Every pitch vibrates at a
frequency that can be expressed as a ratio. Every interval between
notes is a ratio of two frequencies. The major third that makes us feel
resolved exists because 5:4—a simple ratio between two integers.
The perfect fifth that anchors melody exists because 3:2. Even the
chromatic scale, which feels inevitable to our ears, represents a
mathematical compromise: twelve equal divisions of an octave,
each separated by the ratio '%/2. Numbers are not abstract when
you are composing; they are the substance of music itself.

But there is a profound difference between the hidden architecture
that underlies all music and the deliberate use of numeric methods
to shape composition. A listener does not consciously count
frequency ratios, yet these mathematical principles shape what feels
inevitable and beautiful. The difference is agency: intentionality. A
composer who understands both music and mathematics can
consciously design using numbers what would otherwise require
months of trial and error.

Numbers are tools. Not dictators. They are ways of making decisions.
They can answer "what happens nexte" when you are stuck. They
can generate options quickly when you need to fill a form. They can
encode patterns that would take hours to invent from scratch. They
can help you finish pieces. And crucially, they can be overridden. If
a number suggests something that sounds wrong to your ear, you
change it. The ear is the court of appeal.
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The Spiral and the Circle: Two Approaches

This textbook teaches the Spiral and the Circle Method, which
combines two complementary approaches to number-driven
composition.

The Spiral: Growth Systems

The Spiral represents patterns that evolve and expand. Fibonacci
sequences spiral outward, each term larger than the last, following @
rule of organic accumulation. The golden ratio creates proportion
that feels alive and dynamic—this is why so much music by Bartok
and later composers feels inevitable when it uses ¢-based section
lengths. Fractals show how patterns repeat and transform across
scales, making a four-note motif become a four-bar phrase
structure, which becomes a four-section movement. These systems
grow.

The Circle: Cycle Systems

The Circle represents patterns that return to themselves. Pi digits
never repeat but form endless variation—useful for creating endless
detail over a stable center. Modular arithmetic wraps numbers
around like a clock: after twelve pitch classes, you return to the first.
Euclidean rhythms distribute hits evenly across a cycle, creating
rhythm patterns that feel both orderly and alive. These systems loop.

The best compositions use both. A form that grows (spiral) needs a
center it returns to (circle). A harmonic progression that evolves
(spiral) needs tonal gravity (circle). The spiral and circle are
complementary, not opposed.

The Architecture + Shimmer Method

This textbook infroduces two foundational concepts that form the
backbone of the method: Architecture and Shimmer.
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Architecture: The Stable Foundation

The Architecture layer is what remains when you remove all
ornament. It is the silent structure that the ear builds a model of,
often without conscious awareness. Architecture consists of:

e Tonal center: The note or chord the ear expects to return to

* Harmonic loop: The repeated chord progression that grounds
the piece

* Form template: The plan for how sections relate (AABA, rondo,
theme and variations)

* Rhythmic grid: The pulse and meter that organizes time
e Motif: A short, memorable musical unit
e Density arc: How full or sparse the texture is at each moment

Architecture is invisible when done well. You do not hear it as a list;
you hear it as inevitability. A listener does not say "l notice a
harmonic loop in G major with a vi-IV-I progression repeated eight
times." They hear music that feels rooted, that has direction, that is
going somewhere. Architecture creates that feeling.

Shimmer: The Detail Layer

The Shimmer layer is everything that decorates the architecture. It is
the moment-to-moment detail that makes music interesting.
Shimmer consists of:

e Digit-stream melody that dances over stable harmony

* Accent patterns that make rhythm feel alive and idiomatic
e Timbral texture that makes phrases distinctive

e Register movement that creates shape

 Ornamentation and rhythmic variations

Shimmer is where numbers work hardest. Number systems generate
shimmer beautifully because shimmer needs to be detailed, varied,
and plentiful. The shimmer layer is bounded by the architecture
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layer: all that detail happens within a stable form, harmonic loop,
and fonal center.

The Seven Composer's Safety Rails

When working with number systems, it is easy to generate output
that is mathematically correct but musically lifeless. To guard against
this, use the Seven Safety Rails. These are not rules to follow rigidly;
they are constraints that protect you from generating noise.

e Safety Rail 1: Anchor the Ear. Ground music in a clear tonal
center. Even if everything else is algorithmic, the listener must
know where "home" is.

» Safety Rail 2: Make a Motif. Create a short, memorable unit (2-8
notes). Repeat it. Transform it. The ear builds identity and
memory around motifs.

» Safety Rail 3: Control Density. Silence is as important as sound.
Algorithm-generated music often fills every moment. Silence
creates rest. Silence makes sound more powerful.

o Safety Rail 4. Cadence with Intention. Use harmonic resolutions
to create landmarks. Cadences are waypoints. They tell the ear
"something just ended."

o Safety Rail 5: Use Soft Targets. Treat mathematical suggestions
as ranges, not laws. If the algorithm says "climax at bar 61," it
might mean bars 58-64.

e Safety Rail 6: Let Orchestration Work. Use timbre to shape what
numbers generate. The same digit stream sounds utterly
different on solo cello vs. shimmerering bells.

» Safety Rail 7: Break the Rule Once. If a rule creates something
that sounds false or predictable, break it intentionally. The
exception is where music lives.
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Who This Book Is For

This book is for composers, arrangers, and musicians who want to use
mathematics as a creative tool—not as dogma, but as a
collaborator. You might be:

* A tfrained composer looking to expand your toolkit with
algorithmic methods

* An Al music producer wanting to work with systems that are
understandable and musical

e A film composer needing to generate cues quickly using
number-driven methods

e A musician curious about the mathematics hidden in music

e A person who wants to understand how Bartdk, Ligeti, and
other 20th-century composers used mathematics in
composition

You do not need advanced mathematics. You need to understand
basic arithmetic: sequences, sums, remainders, and ratios. You need
to read music or at least understand scale degrees. You need to
trust your ear.

How to Use This Book

This textbook is structured to build from foundational tools to
integrated systems.

Chapters 1 and 2 teach the basic toolkit and the architecture +
shimmer method. Read these first. They establish vocabulary and the
two-layer approach that everything else depends on.

Chapters 3-11 explore individual number systems: Fibonacci, the
golden ratio, fractals, pi, modular arithmetic, primes, the harmonic
series, polyrhythms, and Euclidean rhythms. Each chapter is self-
contained, so you can jump to systems that interest you.
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Chapters 12-14 teach symmetry operations, probabilistic methods,
and integration. These show how to combine systems and add
humanistic variation to algorithmic output.

At the end of each chapter is a worked example—a study or cue
that demonstrates the chapter's concepts. Read the examples. Try
to compose them. Modify them. The learning lives in the making, not
the reading.

The Principle at the Heart of This Book

In the 1950s and 1960s, composers like Milton Babbitt and lannis
Xenakis created music using rigorous mathematical systems. Some of
this music was beautiful. Some was austere. Some was almost
unlistenable.

The difference between good number-driven music and bad
number-driven music is not the mathematics. It is taste. It is the
composer's ear deciding what works. The mathematics is
infrastructure. The ear is the court of appeal.

This book teaches infrastructure. It teaches you how to build systems
that generate options, ensure coherence, and speed up
composition. But every suggestion in this book can be overridden. If
it sounds wrong, it is wrong. Change it.

The spiral grows outward, always expanding. The circle returns to its
center, always looping. Together they describe the motion of music:
develop and evolve, yet loop and return. The best pieces are both
spirals and circles. They grow and they return. They surprise you and
they feel inevitable.

Now turn the page. The toolkit awaits.
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Chapter 1: The Translator's Toolkit

Mapping Numbers to Pitch, Rhythm, Harmony, and Form

Music begins as mathematics in the listener's ear long before you
begin composing. A major third is a ratio (5:4). A perfect fifth is a
ratio (3:2). When you sing three notes in a melody, you are implicitly
choosing pitch ratios. When you divide a measure into eighth notes,
you are dividing time into proportions. But these mathematical
relationships are usually invisible. You make choices by ear, not by
calculation. The goal of this chapter is to make the translation
between numbers and music explicit and systematic. Once you
understand how to map, you can use any number system as a
compositional tool.

What Is a Mapping Rule?

A mapping rule translates from the language of numbers to the
language of music. A number stream becomes a pitch stream, a
rhythm stream, or a harmonic stream. Mapping is the bridge
between abstract mathematics and concrete musical decisions.

Consider a simple example. Suppose you have the Fibonacci
sequence: 0,1,1,2,3,5,8, 13, 21, 34. This is a number stream. But
numbers alone are not music. You need a rule that says: "This digit
maps to this note." Without that rule, you have nothing. With that
rule, you have a generator.

Every mapping rule has two critical jobs. First, it must make the
system usable: turn abstract numbers info concrete musical choices
that can be written down, played, and recorded. Second, it must
make the result coherent: generate music that sounds like music, not
like random noise or pure mathematics.

A good mapping rule is simple, consistent, and musical. It should be
possible to write it down in one sentence. "Take each digit of the
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sequence, reduce it using modulo 7, add it to the note C, and you
get the scale degree in C major." That is a mapping rule. It is
unambiguous. It generates melody. Anyone who reads it will
produce the same result.

The Four Musical Targets

Before you create a mapping rule, you must decide what musical
element you will drive with numbers. Four targets dominate most
music.

Target A: Pitch (Melody, Motif, Counterline)

Use pitch mapping when you want to generate a melodic line.
Numbers become scale degrees, pitches, or registral positions. This is
the most common target for mapping rules. When you compose a
shimmer layer, you are usually mapping numbers to pitches. The
result is a melody that dances over a stable harmonic foundation.
This melody can be sparse (one note every beat) or dense (multiple
notes per beat). It can stay in a narrow register or leap wide. All of
that is controlled by your mapping.

Target B: Rhythm (Durations, Accents, Rests)

Use rhythm mapping when you want to drive durations or accent
patterns. Numbers become note lengths: 1 = sixteenth note, 2 =
eighth note, 3 = dotted eighth, 4 = quarter, 5 = dotted quarter, and
so on. Or numbers become accent markers: "place a strong accent
on beat 1 of measures where the digit is 5 or higher." Rhythmic
mapping is excellent for creating polyrhythmic layers or for building
Euclidean patterns. Most pieces need at least one rhythmic system,
even ifitis simple.

Target C: Harmony (Chord Roots, Progression Logic)

Use harmony mapping when you want to generate a chord
progression or determine harmonic rhythm. Numbers become chord
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degrees: 1 =1,4=1V,5=V. Or numbers map to a sequence of
inversions, voice-leading constraints, or harmonic function. Harmonic
mapping is the foundation of architecture. It creates the stable loop
that the shimmer layer dances over. Many pieces have one
harmonic loop that repeats throughout, generated by a single
mapping rule.

Target D: Form (Section Lengths, Climax Placement)

Use form mapping when you want to decide how long sections last
or where the climax occurs. Numbers become bar counts: 13 bars
for section A, 21 bars for section B. Or numbers become a
percentage: "climax at 61.8% of the total duration." Form mapping
operates at the largest time scale. It creates the overall shape of a
piece. You typically create only one or two form-mapping rules per
composition, but they are crucial.

Choose Your Target First

Before you choose a number system and before you create a
mapping rule, ask yourself: What do | want the numbers to drive?
Melody? Rhythm?e Harmony?2 Form<e Be explicit. Write it down. This
clarity will save you hours of confused composition later. Many
composers make the mistake of choosing a number system (like
Fibonacci) without deciding what musical target it will address. The
result is aimless generation.

Most pieces use multiple targets. A piece might use Fibonacci for
melody (Target A), a simple metronome pulse for rhythm (stable), a
repeating chord loop for harmony (Target C), and the golden ratio
for overall form (Target D). Each system has its own mapping rule.
Each rule is simple and clear.
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The Four Core Translation Techniques

Once you have chosen your target, you need to choose a
translation technique. Four core techniques dominate practical
composition. Each has strengths and weaknesses. Most experienced
composers use all four, depending on what musical result they want.

Technique 1: Digit-Stream Mapping

Take the raw number stream as it comes. Map each digit or number
directly to a scale degree, pitch class, or rhythmic value. This creates
maximum melodic detail—excellent for shimmer layer.

Example: The Fibonacci sequence is0, 1, 1,2,3, 5, 8, 13, 21, 34, 55,
89, ... If you map using modulo 7 (to get scale degrees in C maijor),
you get: 0—C, 1-D, 1-D, 2—E, 3—F, 5—>A, 8-B, 13—F, 21-D, 34-F,
55—E, 89—A. This creates a detailed melodic line. The advantage is
that every number becomes a note, so you get density. The
disadvantage is that the result can feel overactive, especially if you
use raw large numbers.

When to use digit-stream mapping: You want a detailed, busy
melody. You are comfortable with the shimmer layer being ornate.
You are mapping numbers to a scale with many degrees (7 or
more). You have a strong harmonic foundation to support the detail.

Technique 2: Reduction (Digital Root, Sum, Range
Compression)

Reduce numbers to something simpler before mapping. Digital root
(repeatedly sum digits until a single digit remains), sum of digits,
range compression (map to percentiles), or threshold bins (group
numbers into categories). This creates cleaner, more memorable
results—excellent for harmony and form.

Example: The digital root of 13 is 1+3=4. The digital root of 34 is 3+4=7.
For Fibonacci, you compute the digital root of each term: 0—0, 1—-1,
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1-1, 22, 3—3, 55, 8-8, 13—4, 213, 34—7, 55—1, 898, 144-9.
Now instead of mapping mod 7, you map the digital root directly
(1=I, 3=iii, 4=V, 5=V, 7=vii°). This creates a harmonic progression that
is clean and memorable.

When to use reduction: You want simple, clear results. You are
creating harmony or form. You want the result to be memorable and
human-scaled. You have lots of data points and want fo compress
them.

Technique 3: Modulo (Wrapping Numbers)

Use modulo (remainder after division) to force numbers intfo a
specific range. mod 7 for scale degrees, mod 12 for pitch classes,
mod 8 or mod 16 for rhythmic grids. This is clean, cyclic, and
universally applicable. Modulo is the workhorse of digital mapping.

Example: 34 mod 12 = 10 (the remainder when 34 is divided by 12).
55 mod 12=7.89 mod 12 = 5. So if you are mapping to chromatic
pitch classes (C=0, C#=1, D=2, ... B=11), large humbers wrap around.
Modulo ensures that even huge numbers stay in a usable range.

When to use modulo: You have unbounded number streams (like pi
digits, which go on forever). You want cyclic behavior. You need a
simple, mechanical rule. You are mapping to any system with a fixed
period (12 pitches, 7 scale degrees, 16 sixteenth-note subdivisions).

Technique 4: Weighting (Making the Mapping Musical)
Bias the mapping so it creates tonal gravity and emphasizes
musically important notes. Instead of a straight modulo mapping,
assign weights: the tonic gets weight 2 (appears twice as often), the
fifth gets weight 1.5, and other notes get weight 1. Then when a
number maps to a note, you apply the weights to decide what
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actually sounds. This humanizes number systems by making them
melodically and harmonically sensible.

Example: Instead of mapping 34 mod 7 = 6 (which might be Fin C
maijor), you apply weights: F has weight 1.0, so it stays F. But if the
unweighted mapping had suggested B (weight 1.0), you might flip a
weighted coin: B appears with probability 1/(1+2) = 33%, and C (the
tonic with weight 2) appears with probability 2/(1+2) = 67%. This
creates melody that gravitates toward the tonic, which sounds more
musical.

When to use weighting: You want to avoid mapping that feels
random or arbitrary. You want melody that gravitates toward
musically important notes. You are willing to add a little bit of extra
logic to make the result more refined. You have control over the
implementation.

Creating Your Personal Mapping Table

Before composing, create a reference table showing your
mappings. This is your "Rosetta Stone" between numbers and music.
It saves time, ensures consistency, and lets you see what the
mapping will produce before you write any music. A mapping table
has columns for the input (digit, number, or reduced value), the
output (note name, chord, duration), and any secondary
information (octave, voice, register). Consult the table as you
compose. It is your map.

Here is a sample mapping table for E major using Fibonacci digit-
stream mapping. Note that this table uses zero-based indexing (O
through 6), where 0 maps to D# (the leading tone, scale degree VIl).
This means scale degree | (E, the tonic) falls atindex 1. If you prefer
the tonic at index 0, simply shift all mappings up by one position—but
the table below is internally consistent and will produce correct
results as shown.

© 2026 Museca Page 18



The Spiral and the Circle

Fibonacci Note in E Chord
Term Maijor Function

0 0 0 D# VIl leading tone

1 1 1 E I tonic

1 1 1 E I tonic

2 2 2 F# Il supertonic

3 3 3 G# 11 mediant

5 5 5 B \ dominant

8 8 1 E I tonic

13 1+3=4 4 A v subdominant

21 2+1=3 3 G# 1l mediant

34 3+4=7 0 D# VIl leading tone

This table shows: the Fibonacci term, the digit stream (each term as
raw digits), the result of mod 7, the corresponding note in E major, its
scale degree, and its harmonic function. With this table, you can
instantly decide: "l need the éth Fibonacci term, which is 5. The digit
sfreamis 5.5 mod 7 is 5. The 5th scale degree in E major is B. B is the
dominant." You compose B.

Example Mapping: Scale Degrees, Chord Roots, and
Durations

Here is another example mapping table, this time for harmony and
rhythm. It uses a simpler input: the digits 0-9, each with a specific

mapping.

Harmonic Duration Harmonic

Function | (Denominator) Rhythm

0 C | (fonic) 4 (quarter note) 1 beat
1 D ii (supertonic) 8 (eighth note) 1/2 beat
2 E i (mediant) 8 (eighth note) 1/2 beat
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3 F v 4 (quarter note) 1 beat
(subdominant)

4 G V (dominant) 4 (quarter note) 1 beat

5 A vi (relative 8 (eighth note) 1/2 beat
minor)

6 B vii® 16 (sixteenth note) 1/4 beat
(diminished)

7 C | (fonic) 2 (half note) 2 beats

8 F Y 2 (half note) 2 beats

(subdominant)
9 G V (dominant) 1 (whole note) 4 beats
This mapping controls both what chord plays and how long it lasts. A
digit of 7 gives you a C major chord (the tonic) as a whole note. A
digit of 6 gives you a B diminished chord as a sixteenth note (very
brief). This creates harmonic variety and rhythmic texture from a
single digit stream.

The Eight-Step Translator's Workflow

The process of creating a mapping rule and using it to compose
follows a consistent pattern. Most experienced composers follow
these eight steps, even if they do not name them explicitly.

e Step 1: Choose your number source and your musical target.
Decide: Am | using Fibonacci or primese Am | driving melody or
harmony?¢

» Step 2: Write out your number sequence (20-50 terms). You
need enough numbers to see patterns.

o Step 3: Choose a translation technique. Will | use digit-stream,
reduction, modulo, or weighting?

o Step 4: Create your mapping table. Write down every mapping
rule. Be explicit.

» Step 5: Apply the mapping. Use your table to generate music.
Write it down.
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e Step 6:Sing or play it. Listen. Seriously. Play it aloud. Your ear is
the court of appeal.

» Step 7: Adjust if needed. If it sounds bad, change the mapping.
Do not blindly follow the numbers.

» Step 8: Integrate it into the architecture. Embed the result into
harmony, form, and orchestration.

Key principle: Literal tfranslation is rarely the best translation. The goal
is not to translate every digit faithfully. The goal is to translate the
function of the system so that it serves your music. If the algorithm
says "place a high note here" but your melody needs a low note for
contour, place alow note. If the system suggests a chord that
clashes with your harmonic direction, pick a different chord.
Numbers generate structure. Your ear decides what works.

Four Mini-Studies in Mapping

Study 1: Fibonacci Digits as Pitches (C Maijor)

Use the Fibonaccisequence: 0, 1,1, 2, 3,5, 8, 13, 21, 34, 55, 89. Take
each digit (before the Fibonacci value gets large), and map to
scale degrees in C major. O—rest, 1-C, 2—-D, 3—E, 4-F, 555G, 6—-A,
7—B (using mod 7, with 0 as rest). Result: REST-C-C-D-E-G-B-REST-D-E-
G-B (reading off "0,1,1,2,3,5,8,13,21,34,55,89" and applying mod 7).
This creates a simple melody.

Study 2: Pi Digits as Chord Changes (C Maijor)

Use pidigits:3,1,4,1,5,9,2,6,5 3,5 8,9,7,9, ... Map each digit to
a chord function. 1-l, 3—iii, 41V, 55V, 2—ii, 6—-vi, 7—-Vii°, 8-l (using
mod 7, 0—l). One chord per measure, or one per phrase. Result: iii-I-
IV-I-V-ii-ii-vi-V-iii-V-I-ii-vii®-ii. This creates a harmonic progression. The
advantage of pi over Fibonacci: pi never repeats, so the progression
never repeats exactly, creating hypnotic endless variation.
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Study 3: Prime Numbers as Rhythmic Groupings

Use prime numbers: 2,3, 5,7, 11,13, 17,19, 23, 29. Map each to a
rhythmic grouping. 2—2 eighth notes, 3—3 eighth notes (a triplet),
5—05 sixteenths, 7—7 sixteenths (a seplet), etc. Arrange as: 2 eighths,
then 3 eighths, then 5 sixteenths, then 7 sixteenths, then 11 sixteenths.
In 4/4 time, this might fit as: 2+3=5 eighths (one measure and one
eighth), then fit 5+7=12 sixteenths (three quarters), then 11 sixteenths
(doesn't fit neatly; wrap to next bar). Result: iregular but bounded
groupings that create syncopation.

Study 4: Golden Ratio as Section Lengths

The goldenratiois 1.618... Use this to divide a piece. Total length: 144
bars (a composite number with rich factors). Climax placement: 144
x 0.618 = 89 bars (a Fibonacci numberl). Section A: 55 bars. Section
B: 34 bars. Section A again: 21 bars. Bridge: 13 bars. Coda: 8 bars.
Total: 55+34+21+13+8=131, plus climax at 89. This creates a form
where proportions feel alive and golden. The sections feel related
because they use Fibonacci lengths. The piece feels like it has a
direction because the climax s precisely placed.
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Chapter 2: Hybrid Composition—
Architecture vs. Shimmer

Why Algorithms Need Foundations

Many composers discover that pure algorithmic composition
produces music that is mathematically correct but emotionally
hollow. Every note is justified by the algorithm. Every phrase follows
the rule. Yet something is missing: a sense of intention, direction, and
inevitability. The ear knows something is wrong, even if it cannot
articulate why.

The problem is simple: numbers alone do not make music. Numbers
make shapes. An eye traces the contour of a shape, seeing peaks
and valleys, curves and angles. But that eye cannot hear. Sound is
not shape; sound is meaning. And meaning requires context,
reference, and return. Meaning requires two layers: a stable
foundation and ornament on top of it.

This chapter teaches the Hybrid Method: the use of two
complementary layers called Architecture and Shimmer.
Architecture is the stable, repeating, anchoring layer. Shimmer is the
ornamental, algorithmic, detailed layer. Together they create music
that feels both generated and intentional.

What Is Architecture?

Architecture is the invisible structure that holds a piece together. It is
the listener's model of "what is happening now?e" and "what happens
nexte" Architecture consists of six elements.

1. Tonal Center

The note or chord the ear expects to return to. This is usually the
tonic. Listeners are exquisitely sensitive to tonal center, even if they
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do not know music theory. Play a phrase and end on the wrong
note: the ear knows. End on the ftonic: the ear feels resolved. Tonal
center is gravitational. Everything else orbits around it.

2. Harmonic Loop

A chord progression that repeats (or cycles slowly) underneath the
entire piece. Classic examples: the 12-bar blues (I-I-I-I-IV-IV-I-I-V-IV-I|-
V), a simple pop progression (I-vi-IV-V), a baroque progression (I-IV-I-
V-l). The harmonic loop is the engine that drives coherence. Even if
the melody is algorithmic, the harmony stays the same. The listener's
ear fracks the harmony and feels the music making sense.

3. Form Template

The plan for how sections relate. Sonata form (exposition-
development-recapitulation). Rondo form (ABACA). Theme and
variations (A-A'-A"-A"'-coda). Strophic (verse-verse-verse-chorus-
verse-chorus-bridge-chorus). The form template is the macroscopic
shape. It tells the ear what to expect. Even if every phrase is unique,
if the form is clear, the ear knows where it is.

4. Rhythmic Grid

The pulse and meter that organizes time. 4/4, 3/4, 5/8, whatever. The
grid is usually steady and predictable. It is the clock. Even if the
melodic rhythm is algorithmic and complex, if the downbeat is
steady and clear, the ear feels oriented in time.

5. Motif

A short, memorable musical unit (2-8 notes). The motif is the identity
of the piece. Listeners remember motifs. They track how the motif
changes. When you return to the motif, the listener feels "l have
come home." A motifis the opposite of pure algorithm; it is instantly
memorable and human.
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6. Density Arc

How full or sparse the texture is at each moment. Early in a piece:
sparse and clear. Middle: gradually fuller. Peak: maximum density.
End: back to sparse for resolution. The density arc is an emotional
arc. It creates shape. Silence is as important as sound. A piece that is
dense everywhere is exhausting. A piece with dynamic density feels
alive.

When you have all six elements of architecture, the piece feels
intentional, even if every melody is algorithmic.

The Architecture Test

Before you add any shimmer layer, before you generate any
melodies, strip your piece down to pure architecture. Remove all
ornament. Keep only the harmonic loop, the motif, the form
template, and the rhythmic grid. If this naked skeleton feels musical
and intentional, your architecture is strong. If it feels empty, rebuild it.

Test: Reduce your piece to block chords on the root, no melody, no
passing tones, no voice-leading. Just the tonic, then the
subdominant, then the dominant, then back to the tonic. Write out
the form. Mark where the climax is. If this skeleton already feels like a
piece of music (even a simple one), your architecture is ready. If it
feels like random chord changes, you need to redesign.

What Is Shimmer?

Shimmer is everything that decorates the architecture. It is the
moment-to-moment detail that makes music interesting. Shimmer
lives within and on top of the architecture. It is bounded by the
architecture. Shimmer consists of:

* Melody over stable harmony

© 2026 Museca Page 25



The Spiral and the Circle

* Accent patterns that make rhythm feel alive
* Timbral texture and orchestration

* Register movement and contour
 Ornamentation and passing tones

e Rhythmic variations and syncopation

Shimmer is where number systems work hardest. Algorithms generate
shimmer beautifully. A Fibonacci digit stream creates a detailed
melody. A prime-number accent pattern creates rhythmic
asymmetry. A pi-digit harmony creates endless, non-repeating
variation. These are all shimmer. The algorithm generates detail. The
architecture contains it.

A piece with strong architecture but no shimmer is boring: bare
chords and repeated motifs. A piece with rich shimmer but no
architecture is incoherent: interesting moments but no sense of
direction. The best pieces have both. Strong bones underneath.
Ornament on top.

The Shimmer Rule: Bounded Detail

The most important rule of shimmer is this: shimmer must be
bounded. Unbounded detail is noise. Bounded detail is music.
Shimmer lives within constraints set by the architecture.

* Register bounds: Shimmer melody stays within an octave, or a
register zone you specify. Melodies that leap randomly across
the range feel incoherent. Melodies that stay in a register feel
intentional.

* Density bounds: Shimmer fills a fraction of the time, not all of it. If
every beat has a new note, it is noise. If every bar has one note,
itis sparse. If every beat has varying activity, it is shimmer.

* Motif bounds: Shimmer uses and varies the mofif. It does not
ignore it. Random melody is not shimmer. Variation on the motif
is.
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* Harmonic bounds: Shimmer melody conforms to the harmonic
loop. A melody that clashes with the chord underneath
undermines architecture. A melody that traces the chord tones
and adds passing fones is shimmer.

e Form bounds: Shimmer follows the form template. If you
decided on AABA form, sections A and B are different, but they
feel related. Shimmer is new and interesting, but within the
form.

When shimmer is bounded, it sounds beautiful. When it is
unbounded, it sounds like random noise. The algorithm does not
know the difference. You do. The ear does. Your job is fo constrain
the algorithm to stay within bounds.

The Seven Safety Rails (Revisited)

The Seven Safety Rails from the Introduction deserve more detail
now that you understand architecture and shimmer.

Safety Rail 1: Anchor the Ear

Ground music in a clear tonal center. The listener's brain builds a
model of pitch center within 1-2 seconds of hearing music. Once the
model is built, it is hard to change. So decide on your tonal center
early and make it clear. Play the tonic in the first bar. Reference it
frequently. End phrases on it. Even if your melody is completely
algorithmic, the harmony underneath should constantly reinforce the
tonic. This gives the ear an anchor. Algorithmic melody over stable
harmony is beautiful. Algorithmic melody over algorithmic harmony
(with no center) is noise.

Safety Rail 2: Make a Motif

Create a short, memorable unit (2-8 notes). Repeat it. Transform it.
The ear builds identity and memory around mofifs. Listeners
remember motifs more than chord changes, more than overall form.
A motif is memorable because it is short and distinctive. An algorithm
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can generate variations on a motif. Those variations sound
intentional because the motif is recognizable. A piece without a
clear motif feels formless, even if it has a strong harmonic loop.

Safety Rail 3: Contirol Density

Silence is as important as sound. Algorithm-generated music often
fills every moment. Every beat has a note. Every bar has activity. This
is exhausting. The listener's ear needs rest. Silence creates contrast. A
rest in the middle of a phrase makes the notes around it louder. A
silent section in the middle of a piece makes the dense sections feel
alive. Shape your piece so that density is dynamic: sparse early, full in
the middle, sparse again at the end. Or sparse-full-sparse-full.
Anything but flat density.

Safety Rail 4: Cadence with Intention

Use harmonic resolutions to create landmarks. Cadences are
waypoints. A perfect authentic cadence (V-I) is a powerful
punctuation. A plagal cadence (IV-l) is a gentle landing. A half
cadence (I-V) is a question mark. A deceptive cadence (V-vi) is a
surprise. Every section should end with a clear cadence. The
algorithm can generate melody, but you must control the
cadences. They are the waypoints that tell the ear "something just
ended."

Safety Rail 5: Use Soft Targets

Treat mathematical suggestions as ranges, not laws. If the golden
ratio says "climax at bar 61.8%," it means bars 58-64. If an algorithm
generates a pitch, and the nearest scale tone is an octave away,
move it. If a number suggests a rhythm that does not fit the meter,
adjust it. Mathematics is infrastructure. It generates suggestions. Your
ear decides whether to accept, modify, or reject.
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Safety Rail 6: Let Orchestration Work

Use timbre to shape what numbers generate. The same pitch stream
sounds utterly different on solo cello vs. shimmering bells. The same
rhythm is march-like on drums and dance-like on strings.
Orchestration is not decoration; it is compositional. Use it to clarify
architecture (play the harmonic loop on bass, to anchor it) and to
shape shimmer (play the algorithmic melody on higher, brighter
instruments).

Safety Rail 7: Break the Rule Once

If a rule creates something unsatisfying or predictable, break it
intentionally. The exception is where music lives. A piece that follows
every rule is boring. A piece that follows most rules, then violates one
for effect, is interesting. Decide which rule to break before you break
it. Do not break it by accident."l planned a perfect authentic
cadence here, but | am going to use a deceptive cadence instead,
because the ear expects the resolution." That is a break with
intention.

The Five-Step Hybrid Blueprint

Use this workflow every time you compose with numbers.

o Step 1: Define your architecture. Choose tonal center,
harmonic loop, form template, rhythmic grid, motif, and density
arc. Write these down. Sketch them. Create a blueprint.

» Step 2: Choose your number systems and create mapping
tables. Decide which number system drives which musical
element. Create explicit mapping rules.

» Step 3: Generate your shimmer layer using the mappings. Use
the algorithm to create melody, accents, or variation. This is
mechanical. Let the algorithm do the work.
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o Step 4: Combine shimmer with architecture. Layer the
generated melody over the harmonic loop. Fit the algorithm's
rhythm into the metric grid. Embed the result into the form.

* Step 5: Humanize and refine. Listen. Adjust. Break rules if
needed. Let your ear decide what works.

Three Templates for Hybrid Composition

Template 1: Architecture + Shimmer (Default)

Use this most often. Strong harmonic loop (stable architecture).
Fibonacci melody on top (algorithmic shimmer). Fixed form. Clear
motif. Result: feels both generated and intentional.

Best for: film score cues, ambient pieces, pieces where you want a
memorable melody over a clear harmonic foundation.

Template 2: Circle Engine

Harmonic loop is very simple or absent. Rhythm is the architecture.
Algorithm generates pitch and texture based on rhythmic systems
(polyrhythm, Euclidean rhythm). Result: hypnotic, cyclic, rhythmically
driven.

Best for: dance, electronic, minimalist, pieces that build from rhythm
rather than harmony.
Template 3: Nature Resonance

Architecture is based on natural growth patterns (fractal, harmonic
series). Shimmer is also based on natural patterns. Result: feels
organic, not mechanical.

Best for: ambient, atmospheric, pieces where you want to feel found
in nature rather than constructed.
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The Hybrid Ear-Check Diagnostic

If your piece does not feel right, use this diagnostic. Something is
wrong with either your architecture or your shimmer, or how they
interact.

Does the piece have a clear tonal centere If not, anchor it. The ear
needs to know where "home" is. Can you hear the harmonic loop? If
noft, strengthen it. Make it simpler or more prominent. Is there a
motife If not, create one (2-8 notes, memorable). Does the piece
have dynamic density (sparse-full-sparse)¢ If not, redesign the
texture. Are the melody and harmony aligned (melody traces chord
tones, adds passing tones)¢ If not, adjust the melody. Does the form
feel intentional? If not, clarify the sections. Should any rules be
broken?¢ If yes, break one rule intentionally, for effect.

Use this diagnostic whenever a piece feels incoherent, hollow, or
boring. Architecture and shimmer are the cure.
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Chapter 3: Fibonacci—The Spiral
Engine

The Fibonaccisequence (0, 1,1, 2,3, 5,8, 13, 21, 34, 55, 89, 144,
233...) is perhaps the most useful number system in composition.
Each term is the sum of the two preceding terms. In nature,
Fibonacci appears everywhere: flower petals, spiral shells, leaf
arrangements, galaxy spirals. For composers, Fibonacci generates
organic-sounding melody and creates proportions that feel alive.

Fibonacci is a spiral. It grows continuously, never repeating, always
expanding. Terms grow roughly as " (where ¢ = 1.618 is the golden
ratio). This growth property makes Fibonacci useful for form: sections
of Fibonacci length feel proportioned. Phrases of Fibonacci length
feel natural. And melodies generated from Fibonacci digits feel
flowing and organic.

The Sequence and Seeds

The Fibonacci sequence can be seeded in different ways. The most
common seed is (0, 1), which gives 0, 1, 1,2, 3, 5, 8, 13, 21, 34, 55, 89,
144, ... Anotherseedis (1, 1), which gives 1, 1, 2,3, 5, 8, 13, 21, 34, 55,
89, 144, ... (identical except it skips the leading zero). You can also
seed with any two starting numbers to create a Fibonacci-like
sequence: (2, 3) gives 2, 3, 5, 8, 13, 21, 34, 55, ... The mathematics is
identical; only the starting point changes.

For composition, the seed choice affects the melodic result. Seed (0,
1) infroduces a zero early, which maps to a rest or tonic (depending
on your mapping). Seed (1, 1) starts with repeated tones, creating a
motif-like beginning. Choose the seed based on the musical result
you want.,
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The Stuck-at-Zero Problem

If your mapping treats 0 as "rest," then every time a zero appears, the
melody stops. This can be good (creates sparsity) or bad (creates
awkward silence). Solutions: Map 0 to tonic (a note rather than a
rest), giving the tonic constant presence. Or use digit-stream
mapping: break the Fibonacci term into its individual digits. The term
13 becomes "1" and "3", neither of which is zero. Digit-stream avoids
stuckness while creating more melodic detail.

Two-Step Translation: Digit Stream + Scale
Mapping

The most effective Fibonacci mapping for melody uses two steps.
First, convert each Fibonacci term to its digits. Then map each digit
to a scale degree.

Example: The Fibonacci sequence isO, 1, 1, 2,3, 5, 8, 13, 21, 34, 55,
89. Using digit-stream: 0—-"0", 1-"1", 1-"1", 2-5"2", 3-"3", 5-"5",
8—"8", 13—"1,3", 21-5"2,1", 34—-"3,4", 55-"5,5", 89—-"8,9". Now map
each digit to a scale degree in C major (using mod 7, with
O—tonic=C, 1-D, 2—E, 3—F, 4G, 5—A, 6—B). Result: C,D, D, E, F, A,
B (one note for each digit up to 8), then F-D (from 13), E-C (from 21),
F-G (from 34), A-A (from 55), B-rest (from 89, where 9 might map to C
an octave higher or rest). This creates a flowing melody with many
notes per term.

Three Encoding Methods
Method 1: Digit-Stream (Raw)

Break each term into digits. Map each digit to a note. Advantages:
maximum detail, flowing melody. Disadvantages: lots of notes, can
feel busy.
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Method 2: Digital Root

Reduce each term to a single digit using digital root (repeatedly sum
until one digit remains). Map the digital root to a note. Advantages:
simple, one note per term, good for harmony. Disadvantages: less
melodic detail, some terms collide (13 and 22 both reduce to 4).

Example: 13—1+3=4, 21 -52+1=3, 34—-3+4=7, 56—-5+5=10—1+0=1,
89—8+9=17—-1+7=8, 144—1+4+4=9.

Method 3: Modulo (Wrapped)

Apply mod 7 (for scale degrees) or mod 12 (for pitch classes) directly
to each Fibonacci term. Advantages: simple, clean, one note per
term. Disadvantages: large numbers wrap unpredictably (82 mod 12

1 n

= 5, but this is arbitrary relative to 89's "size").

The Hybrid Approach: Use digital root for harmony (clean,
memorable chords), and digit-stream for melody (flowing detail). This
combines the strengths of both.

Fibonacci Phrasing and Section Lengths

Beyond melody, use Fibonacci for structure. Phrases of Fibonacci
length feel natural: 5 bars, 8 bars, 13 bars, 21 bars. Sections of
Fibonacci length feel proportioned: A section is 13 bars, B section is
21 bars, A returns as 13 bars, coda is 8 bars. Total: 13+21+13+8=55
bars. All Filbonacci numbers. This creates a form where proportions
echo each other. The ear senses the relationship, even if
unconsciously.

Form using Fibonacci lengths: Early sections are short (5, 8 bars),
building tension. Middle sections are longer (21, 34 bars), developing
theme. Late sections compress again (13, 8, 5), returning to brevity
and resolution. This creates a form that feels inevitable.

The golden ratio appears: If your total piece is 144 bars (a Fibonacci
number), the climax at 0.618x144=89 bars (also Fibonacci) creates a
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golden proportion. The ear feels this as "right," even without
mathematics.

Study: "Spiral Arithmetic" in E Major

Here is a complete worked example. Piece title: "Spiral Arithmetic."
Duration: 89 bars (Fibonacci). Key: E major. Architecture: repeating |-
IV-I-V progression (4 bars = one cycle, repeating throughout).
Harmonic rhythm: one chord per bar.

Melody layer: Use Fibonacci digit-stream mapped to E major scale
degrees. Fibonacciseed: (1, 1), giving 1,1, 2,3, 5,8, 13, 21, 34, 55, 89,
144. Using the digital root method for each term, then mapping to E
major scale degrees (1=E, 2=F#, 3=G#, 4=A, 5=B, 6=C#, 7=D#, with 8
and 9 wrapping back viamod 7). 1-1-E, 1-1-5E, 2-52-F#,
3—-3—-G#, 5-55-B, 858 mod 7=1—E, 13—-1+3=4>A, 21 -2+1=3->G#,
34—3+4=7—-D#, 55—-5+5=10—-1+0=1—-E, 89—-8+9=17—-1+7=8—E,
144—1+4+4=9—-9 mod 7=2—F#. Creating melody: E-E-F#-G#-B-E-A-
G#-D#-E-E-F#. This 12-note melody repeats as the piece unfolds.

Rhythm: First 5 bars are slow (quarter notes). Next 8 bars are medium
(eighth notes). Next 13 bars are faster (sixteenth notes). Next 21 bars
layer two rhythms (eighths and sixteenths). Final 42 bars gradually
simplify. This creates a density arc: sparse-medium-full-layered-
simplifying.

Result: A piece that grows (Fibonacci), feels organic (digit-stream
melody), uses clear harmonic architecture (I-IV-1-V loop), and has
dynamic texture (density arc). The Fibonacci proportions are invisible
to the listener but create a sense of inevitability.
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Chapter 4: The Golden Ratio (¢p)—
Proportion as Musical Destiny

The golden ratio, ¢ (phi), is approximately 1.618. It is the limit of
consecutive Fibonacci ratios: F(n+1)/F(n) approaches ¢ as n
increases. Mathematically, ¢ is the solution to the equation x2 =x + 1,
which gives ¢ = (1+V5)/2. Visually, the golden ratio appears in the
proportions of faces, shells, galaxies, and classical buildings. For
composers, ¢ is a tool for placing climax and creating section
proportions.

The most useful property of ¢ for composers is the golden section: if
you divide something into two parts such that the ratio of the whole
to the larger part equals the ratio of the larger part to the smaller
part, you get 1:¢. This means: if your piece is 100 units long, the
golden section divides it at approximately 61.8 and 38.2 (because
100/61.8=1.618 and 61.8/38.2 = 1.618). The number 0.618 (or
equivalently, 1/¢p) is the magical fraction.

The 61.8% Rule for Climax Placement

The most direct compositional application: place your climax at
61.8% of the total duration. If your piece is 100 bars, climax at bar 62.
If your piece is 3 minutes (180 seconds), climax at 1 minute 51
seconds (about 1:51). If your piece is 8 pages of score, climax at
page 5 (approximately).

Why does this worke The ear perceives time non-linearly. The climax
feels "in the right place" when it arrives at 61.8% because this
proportion mirrors natural growth. Too early (at 40%), the climax feels
premature and the rest of the piece deflates. Too late (at 80%), the
climax feels rushed and the ending feels abrupt. At 61.8%, the climax
feels inevitable.
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Soft targets: Do not place the climax at exactly bar 62. Place it in the
range 58-65 bars, with 62 as the central target. This flexibility allows
you to align the climax with meaningful harmonic or formal points
while staying close to the golden proportion.

Section Design Using ¢-Based Durations

Use Fibonacci or ¢p-derived numbers for section lengths. Example:
total 144 bars (Fibonacci). Section A: 55 bars (Fibonacci). Section B:
34 bars (Fibonacci). Section C: 55 bars (return of A). Coda: 0 bars (no
codaq; piece ends in section C). Total: 55+34+55=144. The proportions
are 55:89 (where 89=144-55), which is close to the golden ratio
(565/89=0.618).

Another example: total 233 bars (Fibonacci). Section A: 144 bars.
Section B: 89 bars. Total: 144+89=233. Climax at 233x0.618=144 bars,
which is exactly the end of section A. The climax aligns with the
return to A.

Tempo Relationships

Use ¢ to relate tempos. If movement 1 is at 60 BPM, movement 2 at
60x1.618=97 BPM (approximately). Or from fast to slow: 144 BPM to
144/1.618=89 BPM. The perceptual basis for this: tempo is
experienced logarithmically (doubling the BPM feels like a roughly
equal perceptual step at any speed), which means ¢-related
tempos sit in a natural proportional relationship that is distinct from
simple doublings (2:1) or halvings, creating a sense of relationship
without exact repetition. Listeners may not consciously identify the
ratio, but the proportions create a subtle coherence across
movements—particularly when combined with Fibonacci-length
sections, so that both the speed and the duration of each
movement echo the same mathematical family.
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Soft Targets vs. Strict Targets

Golden ratio suggests 61.8%, but do not become enslaved to
precision. Use the golden section as a soft target. Aim for the 60-66%
zone. Within this zone, place the climax where it makes harmonic
and formal sense. The magic of the golden ratio works within a
range, not at a single point.

¢ and Emotional Architecture

The golden ratio works because it mirrors emotional pacing. In a
typical dramatic arc, tension builds slowly, reaches a peak late in
the piece, then resolves quickly. The golden section (61.8%) places
the climax right where the ear expects it emotionally. It is not magic;
it is alignment with natural human perception of time and tension.

Study: "Golden Cut" Cue

Here is a short, complete example. Piece: "Golden Cut." Duration:
144 bars total. Key: A minor. Architecture: steady pulse, minimal
harmonic change (mostly Am and Em, alternating every 4 bars).

Form: Intfroduction (8 bars), A section (55 bars), B section (34 bars),
return to A (34 bars), Coda (13 bars). Total: 8+55+34+34+13=144 bars.
Climax placement: 144x0.618=89 bars. This falls at the end of the first
A section and beginning of B section (bars 55+34=89), creating a
natural tfransition point.

Texture: Intro is sparse (ambient pad only). A section gradually fills
(add strings, then percussion, then melody). B section is full (all
instruments). Return of A thins out again (remove percussion, simplify
strings). Coda is sparse (pad only, return to start). This creates an
emotional arc: quiet-building-full-resolving-quiet. The climax of
texture (fullness) aligns with the 61.8% point.
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Result: A piece that feels paced naturally, with climax in the right
place, proportions that echo each other, and overall coherence.
The listener does not know the mathematics, but feels the
inevitability.
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Chapter 5: Fractals—Self-Similarity
Across Time Scales

A fractal is a pattern that is self-similar at multiple scales. Zoom in,
and you see the same pattern. Zoom out, and the pattern repeats. A
coastline looks jagged at any zoom level. A tree looks like a small
version of itself in each branch. A river system branches the same
way at every scale. Fractals appear everywhere in nature. For
composers, fractals are a way to create coherence: the same idea
appears at multiple tfime scales, creating unity despite diversity.

The classical example is the Mandelbrot set: a mathematical object
where the overall shape (a shape with bulbous regions and spiky
branches) appears again when you zoom intfo any region. The
complexity at small scales mirrors the complexity at large scales. This
is fractal self-similarity.

It is important to distinguish true fractal structure from simple motivic
repetition. Mere repetition (playing the same idea twice) is not
fractal. What makes a structure fractal is that the same generative
rule produces recognizably similar shapes at multiple scales
simultaneously—so that a listener zooming in or out hears the same
organizing principle at work. In musical practice, this most commonly
appears through L-systems (branching rewrite rules, used by
composers like Ligeti to generate nested phrase structures) and
through recursive processes where a short melodic contour governs
both note-to-note motion and bar-to-bar motion. The key test: if you
removed all the notes and looked only at the shape of the phrase,
would it mirror the shape of the section? If yes, you have fractal
structure. If the repetition is at only one scale, it is motivic
development—valuable, but not fractal.
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Motif as Fractal Generator

The simplest musical fractal is: one motif, three tfime scales. Create a
4-note motif. That motif becomes the shape of a 4-bar phrase. That
phrase becomes the shape of a 4-barx4-bar (16-bar) section. This
creates fractal structure: the same shape appears at three scales.

Example motif (4 notes): C-E-G-F (scale degrees 1-3-5-4 in C major).
This is the rhythmic shape: down-up-up-down (in intervallic direction).
Now create a 4-bar phrase where each beat has a note matching
this shape: beat 1 down, beat 2 up, beat 3 up, beat 4 down. Then
create a 4-bar section where each bar has a phrase matching this
shape: bar 1 moving down, bar 2 up, bar 3 up, bar 4 down. And
finally, create a 4-section piece: section 1 descending, section 2
ascending, section 3 ascending, section 4 descending. The same 4-
note shape governs all three scales.

Fractal Orchestration

Apply fractal principles to orchestration. A motif is scored for a single
instrument (say, oboe). The same motif at the phrase level is scored
for two instruments (oboe + flute, in unison or close intervals). At the
section level, the same motif shape is scored for three instruments
(oboe + flute + clarinet) in wider harmony. At the piece level, all
instruments together trace the motif contour. The orchestration
fractalizes: more and more instruments join as you zoom out, all
tracing the same shape.

Recursive Harmony

Fractalize harmony the same way. A chord progression at the micro
level (4 chords): I-IV-V-I. At the phrase level (4 chords spanning 4
bars): establish |, modulate to IV, visit V, return to |. At the section

© 2026 Museca Page 41



The Spiral and the Circle

level (4 sections, each exploring a harmony): section 1 in |, section 2
in 1V, section 3inV, section 4 returns to |. At the overall piece level:
the same harmonic journey. Each time scale tfraces the same
harmonic outline: I-IV-V-I.

Study: 4-Note Seed at Three Levels

Seed motif: G-B-D-C (scale degrees 5-7-2-1 in C maijor). This has a
characteristic shape: up-up-down.

Level 1 (4 notes): G-B-D-C. Duration: 4 quarter notes. This is the
atomic motif.

Level 2 (4 bars): Each baris a variation on the 4-note shape. Bar 1: G-
B-D-C (original). Bar 2: G-B-D-C transposed to G (G-B-D-C). Bar 3: G-
B-D-C inversion (C-A-G-B, keeping the up-up-down contour). Bar 4:
G-B-D-C retrograde (C-D-B-G, down-down-up).

Level 3 (4-bar sections): Section 1 (4 bars as above). Section 2: same
4-bar design but tfransposed and in a different key. Section 3: same
design inverted. Section 4: same design retrograde and returning to
the original key.

Result: A 16-bar piece where the same 4-note motif governs all three
scales. The piece feels unified despite surface variety. Listeners sense
the self-similarity, even without conscious awareness of the fractal
structure.
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Chapter 6: m—The Endless Digit
River

Pi (17) is the ratio of a circle's circumference to its diameter:
approximately 3.14159265358979... The digits never repeat. Piis
infinite and non-terminating. For thousands of years, mathematicians
have computed pi to millions of digits, and no pattern has emerged.
This makes pi unique among mathematical constants: it is both
deeply meaningful (it is 11, not arbitrary) and utterly non-repeating.

For composers, piis a source of endless variation. Unlike Fibonacci,
which grows and settles into proportions, pi simply continues: 3, 1, 4,
1,5,9,2,6,53,58,9,7,9,3,2,3,8,4, 6, ... An algorithm driven by pi
digits will never exactly repeat. It will generate endless detail without
falling intfo predictable patterns. Piis the tool for hypnotic, evolving
music.

Pi as a Digit Stream

Use pi digits directly as a melody. Pi: 3.14159265358979... Digits: 3, 1,
4,1,5,9,2,6,5,3,5,8,9,7,9. Map each to a scale degree in C
major (mod 7, with 0—-C, 1-D, 2—E, 3—F, 4G, 5—A, 6—B): F, D, G,
D,A, B E G,A F A, B, B, G, B. This creates a flowing melody that
never quite repeats.

Why does this work musicallye Pi digits behave statistically like
random numbers—a property mathematicians call normality
(though this has not been formally proven for 11). They are not truly
random; they are deterministic and fixed. Yet no repeating pattern
has been found, so the ear hears endless, unpredictable variation.
The melody feels found (discovered in 1) rather than invented,
giving it a quality of inevitability that purely composed melodies can
lack.
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Pi vs. Fibonacci: A Comparison

Fibonacci: grows, creates proportions, repeats none of its digits but

has structure (each term is the sum of the previous two). Pi: does not
grow, has no internal structure (digits are essentially random), never
repeats exactly.

For melody: Fibonacci creates flowing, motif-like lines. Pi creates
endless, wandering lines. Use Fibonacci for pieces that develop and
evolve. Use pi for pieces that cycle and return (even if they never
repeat exactly).

For harmony: Fibonacci digits reduce to clean progressions (via
digital root). Pi digits create unpredictable harmonic movement. Use
Fibonacci for clear harmonic loops. Use pi for ambiguous, floating
harmonic texture.

Pi as Rhythm and Accent

Use pi digits as grouping sizes. Pi: 3, 1,4, 1,5, 9,2, 6,5, 3. Asrhythm: 3
sixteenth notes, then 1 sixteenth note (skip), then 4 sixteenths, then 1,
then 5, etc. This creates irregular syncopation. Or use pi as accent
markers: accent every 3rd note, then every 1st note (every note),
then every 4th note, etc. This creates changing accent patterns that
feel organic.

Circular Form Using 1

Pi suggests circles: loops, returns, cycles. Even though pi digits never
repeat, you can use them cyclically. The first N digits are one section.
The next N digits are another section. The next N are another.
Listeners experience endless variation within a cyclic form. Repeat
the first section after all others to create a sense of return, even
though the intervening sections did not repeat.
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Structure: Section A (pi digits 0-9: 3,1,4,1,5,9,2,6,5,3). Section B (pi
digits 10-19: 5,8,9,7,9,3,2,3,.8,4). Section C (pi digits 20-29:
6,2,6,4,3,3,8,3,2,7). Section A again. This creates a cycle: A-B-C-A.
Within each section, the digits are pseudo-random and non-
repeating. Across sections, the form is clear.

Study: "Pi Canticle" in E Major

Piece: "Pi Canticle." Duration: 31 bars (a prime close to 32 = 2°,
chosen for its asymmetry). Key: E major (5th scale degree, related to
T through digital root: 17 first digit is 3, 3 mod 7 = 3, E major = 4th key,
close enough). Architecture: steady 4/4 pulse. Harmonic loop: Em-B-
Em-B (minor to dominant, hypnotic, circular).

Melody: Pi digits mapped to scale degrees in E major. Pi:
3,1,4,1,5,9,2,6,53,58,9,7.9,3,2,3,8,4,6,2,6,4,3,3,8,3,2,7,9. Mapped (mod
7). F#,C#,G#,C#,A,B, D, F#, A, F#, A, B, B, G#, B, F#, D, F#, B, G#,
D, D, D, G#, F#, F#, B, F#, D, G#, B. This 31-note melody plays once, a
quasi-random walk through the scale.

Texture: Harmony stays Em-B. Over top, the pi-driven melody plays
(sparse, on higher instruments). Underneath, a steady bass pulse (Em
and B roots). Result: hypnotic, meditative, the melody feeling "found"
in the mathematical constant. Listeners experience both structure
(steady harmonic loop) and boundless detail (never-repeating
melody).
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Chapter 7: Modular Arithmetic—
Clock-Systems

Modular arithmetic is "clock thinking." On a 12-hour clock, 14 o'clock
is 2 o'clock (because 14 mod 12 = 2). On a 7-day week, day 10 is day
3 (because 10 mod 7 = 3). In music, pitch classes work modulo 12
(there are 12 chromatic pitches; after C, we return to C an octave
higher). Scale degrees work modulo 7 (there are 7 scale degrees;
after B in C major, we return to C). Modular arithmetic is the
mathematics of cycles and returns.

The power of modular arithmetic for composers is this: any number
sequence can be made cyclic. A huge number like 987 (a
Fibonacci number) wraps around using modulo. 987 mod 12 = 3 (the
pitch class G# or Eb). 987 mod 7 = 0 (the scale degree C). No matter
how big the input, the output is bounded. This makes modular
arithmetic the universal tool for mapping any sequence to any
cyclic range.

Clock Thinking in Music

Three key moduli for music:

Modulo 12 (Chromatic)

There are 12 pitch classes in Western equal temperament. After B,
you return to C. Use mod 12 to map any number to a pitch class:
0=C, 1=C#, 2=D, 3=D#, 4=E, 5=F, 6=F#, 7=G, 8=G#, 9=A, 10=A#, 11=B.
A Fibonacci term like 89 maps to 82 mod 12 =5 (F). A pi digit like 9
maps to 2 mod 12 =9 (A). This is clean, mechanical, universal.

Modulo 7 (Diatonic)

There are 7 scale degrees in a major or minor scale. After B, you
return to C. Use mod 7 to map any number to a scale degree: 0=C
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(or ), 1=D (orii), 2=E (or iii), 3=F (or IV), 4=G (or V), 5=A (or vi), 6=B (or
vii°). A Fibonacci term like 34 maps to 34 mod 7 = 6 (B or the seventh
scale degree). This keeps melody inside the scale, ensuring no
"wrong" notes.

Modulo 9 (Digital Roots)

Digital root is essentially modulo 9 (with a convention: if the result is O,
treat it as 9). Use mod 9 to map any number to a digit 1-9. This is
useful for harmonic mapping: 1=I, 2=ii, 3=iii, 4=IV, 5=V, 6=vi, 7=Vii°, 8=
(octave), 9=V (repeat). A Fibonacci term like 987 maps to 287 mod 9
= 3 (iii chord). Digital root is clean and musically meaningful.

Making Any Sequence Composable

The magic of modulo: any number sequence (Fibonacci, pi, primes,
whatever) can be mapped to any cyclic range. You do not need to
reduce, limit, or filter. Just apply modulo. 987 becomes 3. 1597
becomes 4. 2584 becomes 7. All of them are in the range 0-11 (or 1-
12, or 0-6, depending on the modulo you choose).

This means: you can take an infinite sequence (like pi: 3.14159... or
any prime sequence: 2,3,5,7,11,13,...) and instantly turn it into a finite,
cyclic, musical sequence. The algorithm is simple: number — modulo
— musical element.

Modular Voice-Leading

Apply modulo to voice-leading. If a chord progression should avoid
awkward leaps, use modular distance. The chromatic distance from
pitch class 0 (C) to pitch class 7 (G) is 7 semitones up or 5 semitones
down. The modular distance is min(7, 12-7) = 5 (the shortest path).
Use modular distance to create voice-leading that is economical
and smooth. Jump by 7 semitones (up) or 5 semitones (down),
whichever is shorter. In practice, here is a quick reference for the
shortest chromatic path between common pitch classes (each
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number is the minimum semitone distance, moving whichever
directionis shorter): CtoD =2, CtoE=4,CtoF=5 CtoG=5,Cto
A =3, CtoB=1.Apply the same principle to any pair. the modular
distance between pitch classes X and Y is always min( | X=Y |,

12— X=Y | ). When assigning voices to a generated chord sequence,
sort the candidate notes so that each voice moves by the smallest
available modular distance to its next note. This produces smooth,
step-wise or near-step-wise voice-leading automatically, even when
the underlying number system generates large or unpredictable
intervals. The modular shortcut prevents the algorithm from creating
impossible leaps that would break the musical texture.

Study: One Motif, Three Clocks

Motif: C-E-G-C (scale degrees 0-2-4-0 in C maijor).

Clock 1 (mod 7, scale degrees): Apply to the motif. 0-2-4-0 stays as is
(all under 7). Now extend: 7,9,11,7 mod 7 = 0,2,4,0 (same as original,
cyclic). The motif repeats every 7 degrees.

Clock 2 (mod 12, pitch classes): Map scale degrees to pitch classes
(0—0, 2—4, 4—7 in cents, or 0—0, 2—2, 45 if using scale degrees as
chromatic pitches). The motif repeats every 12 pitches, not 7.
Different cycle.

Clock 3 (mod 5, rhythm): Map the motif to a rhythm. C—1 note, E—2
notes, G—3 notes, C—4 notes, then repeat. In the context of mod 5
rhythmic groupings (groups of 5), this creates changing rhythmic
texture.

Result: The same 4-note motifis viewed through three different clocks
(mod 7, 12, and 5). Each clock creates a different cycle and a
different musical result. The motif is unified (it is always C-E-G-C), but
it behaves differently in each clock. This creates coherence with
variety.
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Chapter 8: Prime Numbers—
Irregular Beauty

Prime numbers are integers greater than 1 that are divisible only by 1
and themselves: 2, 3,5,7, 11,13, 17,19, 23, 29, 31, 37, 41, 43, 47, 53,
59,61,67,71,73,79, 83,89, 97, ... Primes are infinitely numerous
(proven by Euclid). Their distribution is irregular; there is no formula
that generates only primes. This irregularity makes primes musically
useful: phrase lengths that are prime create asymmetry, preventing
predictability. Accent patterns based on primes create syncopation
that feels alive.

Musically, primes offer the opposite of Fibonacci regularity: they are
unpredictable. A phrase of 5 bars followed by a phrase of 7 bars
followed by a phrase of 11 bars creates irregular structure. The ear
does not expect the irregularity, so each phrase feels fresh. This
asymmetry is the compositional power of primes.

Prime Phrase Lengths

Use primes for section and phrase lengths instead of regularly
divisible numbers. Instead of 4+4+8+8 (boring), use 5+7+11+13. The
asymmetry keeps the piece from feeling metrical and predictable.
Listeners do not consciously count bars, but they sense the
iregularity. Iregular phrase lengths create tension because the ear's
expectations are violated.

Structure: Section A 'is 13 bars (prime). Section Bis 17 bars (prime).
Section Cis 11 bars (prime). Section A returns at 13 bars. Coda is 7
bars (prime). Total: 13+17+11+13+7=61 bars (also primel). The entire
form uses primes. No section aligns with the common 4-bar or 8-bar
phrase lengths. The result feels organic, not mechanical.
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Prime Harmonic Rhythm

Use prime numbers to space harmonic changes. Instead of one
chord per bar (predictable), change harmony every prime number
of beats. A clean working example: Harmony A lasts 2 beats (prime).
Harmony B lasts 3 beats (prime). Harmony C lasts 5 beats (prime).
Harmony D lasts 7 beats (prime). This 2+3+5+7 = 17-beat cycle sits
inside a 4/4 grid, crossing barlines in ways that feel organic rather
than mechanical. The key principle is that prime durations resist
subdivision—because a prime number of beats cannot be divided
evenly into halves or quarters, each harmony sounds like it arrives on
its own terms rather than on a predictable metric subdivision. The ear
experiences forward motion without being able to predict exactly
when the next chord will land.

Tension Curves Using Primes

Design density and silence around prime intervals. Sparsest at the
beginning: just a motif. Gradually add voices at prime intervals: after
2 beats add harmony, after 3 more beats add counter-melody, after
5 more beats add rhythmic accompaniment, etc. This creates a
density arc that feels inevitable rather than mechanical.

Avoiding Randomness with Cadential
Anchors

Prime-based systems can sound random if they have no anchor.
Solution: use clear cadences (harmonic landmarks) at important
points. A prime-length phrase (7 bars) still ends with a perfect
cadence (V-l). The cadence creates a sense of conclusion, even if
the phrase length is iregular. Cadences are the ear's anchors. Use
them intentionally, even in prime-based music.
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Prime Numbers as Accent Markers

Use primes to determine accent placement. In a 16-beat measure,
place strong accents on beats 2, 3,5, 7, 11, 13 (prime numbers).
Place lighter accents on even numbers. This creates syncopation
that feels alive and asymmetrical. The rhythm is no longer
predictably metronomic; it is organic.

Study: Prime-Length Phrases

Piece: untitled study. Duration: 97 bars (prime). Key: G minor.
Architecture: steady pulse, clear form (intfroduction, A, B, A return,
coda).

Intfroduction: 7 bars (prime, small). Sets up the motif: G (tonic).

Section A: 23 bars (prime). Develops the motif over a Gm-Eb-Bb
progression (looped). Harmony changes every prime number of
beats: 2 beats Gm, 3 beats Eb, 5 beats Bb, 7 beats Gm (returning).

Section B: 31 bars (prime). Modulation to Blb major. Different motif
(inversion of A's motif). Harmony: Bb-F-Bb, changing every prime
interval.

Return to A: 23 bars (same as first A).

Coda: 13 bars (prime). Returns to Gm. Motif dissolves into silence.
Last 3 bars are just the tonic G (sparse, sparse, sparse).

Total: 7+23+31+23+13=97 bars. The form is intentional (clear sections),
but the phrase lengths are prime (irregular). Result: a piece that feels
both structured and organic. The ear follows the harmonic loop and
the form, but the irregular lengths prevent predictability.
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Chapter 9: The Harmonic Series—
Nature's Chord Ladder

When any instrument sounds a note, it does not produce a single,
pure frequency. It produces a fundamental frequency (the pitch
you hear) plus overtones—vibrations at integer multiples of the
fundamental. A string vibrating at frequency 100 Hz also vibrates at
200 Hz (1st overtone), 300 Hz (2nd overtone), 400 Hz (3rd overtone),
500 Hz (4th overtone), and so on. These overtones are the harmonic
series: 1f, 2f, 3f, 4f, 5f, 6f, 71, 8f, ...

The harmonic series is not a scale you invented; it is a natural
acoustic phenomenon. An open string on a violin produces the
entire harmonic series automatically. A bell ringing produces its
harmonic series. A voice singing produces its harmonic series. This
universality makes the harmonic series compositionally powerful: it is
not an arbitrary system but a reflection of acoustic reality. Music built
on the harmonic series sounds natural because it is natural.

The Overtone Series and Its Intervals

Starting from a fundamental frequency of 100 Hz, the harmonic
series produces:

felyile] Frequency Ratio to Interval Note (C as
(Hz) Fundamental fundamental)
1 100 1:1 unison C
(fundamental)

2 200 2:1 octave C (higher)

3 300 3:1 perfect fifth G

4 400 4:1 octave C (higher still)

5 500 5:1 major third E

6 600 6:1 perfect fifth G
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10
11

12
13
14
15
16

700

800
900
1000
1100

1200
1300
1400
1500
1600

7:1

8:1
9:1
10:1

12:1
13:1
14:1
15:1
16:1

The Spiral and the Circle

harmonic 7th
(minor 7th + 2
octaves
above
fundamental)

octave
major second
major third

sharp 4th
(quarter-tone
off)

perfect fifth
sharp 6th
minor seventh
major seventh

octave

Bb (lower than
equal temp)

C (even higher)
D

E

F# (off pitch)

G

A# (off pitch)
Bb

B

C (highest)

The lower partials (1-8) are familiar intervals: octave, fifth, fourth,
maijor third. The higher partials (?-16) start to include intervals that
equal temperament "tempers" away: major seconds, minor sevenths,
major sevenths. The series is a journey from simple, familiar intervals
toward complex, exotic ones. This gives composers a natural

gradient from consonance to tension.

Building Chords from Partials

Harmonies can be derived directly from the harmonic series. Select
any contiguous partials and you have a chord. Partials 4, 5, 6 (with 4
as the lowest) give you a maijor triad (the ratios are 1:1.25:1.5, which
reduce to 4:5:6, a just-infonation major chord). Partials 8, 10, 12 give
you another major triad. Partials 7, 9, 11 give you a more exofic,
dissonant chord (since partials 7 and 11 are out of equal
temperament).

For composition: you can build progressions from harmonic series
chords. Start with a fundamental (say, C). A C major chord is partials
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4,5, 6 (C-E-G, with frequency ratios 4:5:6). To build a chord rooted on
G (a fifth higher), you do not continue up the same C harmonic
series—you start a new harmonic series using G as the fundamental.
G's series produces its own 4:5:6 partials (G-B-D), giving you a G
major chord. This is why the circle of fifths feels natural: each chord is
the 3rd partial of the one below it, making the relationships
acoustically grounded. Alternatively, select different groups of
partials from the original series: partials 8, 10, 12 from the C series give
another C major chord an octave higher; partials 10, 12, 15 give C-
G-B (a major seventh sonority). Exploring contiguous partial groups
generates progressively more exotic but acoustically coherent
harmonies.

Speciral Gravity and Tonal Gravity

The harmonic series creates a natural sense of tonal gravity. Lower
partials are felt as more fundamental, more stable. Higher partials
are felt as more ornamental, more complex. This is not a cultural
artifact; it is acoustic. A major third (partial 5) is more stable than a
major second (partial 9) because the third is lower in the series.
Progressions that follow the logic of the harmonic series—moving
from low partials (stable) to high partials (complex) and back to
low—feel natural.

Just Intonation Gateway

The harmonic series is the gateway to just intonation: tuning based
on pure frequency ratios rather than equal temperament. A C major
chord played in just infonation (with frequencies in ratio 4:5:6) sounds
pure and transparent compared to equal temperament. However,
just intonation becomes complex with many notes because different
intervals have different ratios and do not tfranspose as easily as equal
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temperament does. Understanding the harmonic series is the first
step toward exploring just infonation, if you choose to.

Study: "Overtone Hymn"

Piece: "Overtone Hymn." Duration: 64 bars (a power of 2: 2¢). Key: C.
Architecture: very simple. Harmonic loop: C major throughout. No
modulation. Melody: derived from the harmonic series.

Melody (harmonic series pitches, using C as fundamental): C (partial
1), C (partial 2), G (partial 3), C (partial 4), E (partial 5), G (partial 6),
Bb (partial 7, but tune to nearest pitch, so Bb), C (partial 8), D (partial
9). E (partial 10), F# (partial 11, approximate), G (partial 12), A#
(partial 13, approximate), Bb (partial 14), B (partial 15), C (partial 16).
This 16-note melody is the spine of the piece.

Structure: Intfroduction (8 bars): the 16-note melody plays once (one
note every half bar). Section A (16 bars): the melody repeats,
accompanied by simple C major chords. Section B (16 bars): the
melody is ornamented, small variations added, harmony still C maijor.
Section A returns (16 bars): original melody and chords. Coda (8
bars): melody dissolves into silence, final C.

Result: The piece feels ancient and pure because it is derived
directly from the harmonic series. The melody is not composed in the
usual sense; it is discovered in acoustics. Listeners feel something
profound, even if they do not understand the mathematics. The
harmonic series is made audible.
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Chapter 10: Polyrhythm Ratios—
3:2,54,7:3

A polyrhythm is the simultaneous use of two or more rhythmic grids. A
simple example: one instrument plays in triplets (three notes per
beat) while another plays straight eighths (two notes per beat).
These two grids interact, creating a 3:2 polyrhythm. The relationship
between the grids (the ratio) determines the complexity and tension
of the polyrhythm.

The most musically useful polyrhythms use simple ratios: 3:2 (triplets vs.
eighths), 5:4 (quintuplets vs. sixteenths), 7:4, 7:3, 11:8, etc. These ratios
can be mapped to compositional tension: simpler ratios (like 3:2) feel
less complex, while more complex ratios (like 7:3) feel more complex.
A composer can layer polyrhythms to build tension across time.

Ratios as Tension Levels
e Raftio 3:2 (triplet vs. straight): Foundation level. Listeners easily
hear both grids.

e Raftio 5:4 (quintuplet vs. sixteenth): Moderate tension. The grids
interact less regularly.

* Ratio 7:3 (septuplet vs. triplet): High tension. The grids rarely

align.

e Ratio 11:8: Very high tension. The grids are almost independent.
As a compositional tool: start with ratio 3:2 (simple, accessible).
Gradually intfroduce 5:4 (more complex). Build to 7:3 (very complex).
Then return to 3:2 (resolution). This arc of polyrhythmic complexity
creates a sense of development and climax.
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Layering Strategies

Layer multiple polyrhythms to create richer texture. One voice in
straight eighth-notes (the "2"in 3:2), another in triplets (the "3"), and a
third in quintuplets (the "5" in 5:4). The three grids interact in complex
ways. Or layer progressively: infroduction with one instrument (simple
pulse), then add a second instrument in polyrhythm (3:2), then add a
third in 5:4, then a fourth in 7:3. The texture gradually becomes more
complex.

Metric Modulation

Use polyrhythms to change tempo smoothly. If a note in a triplet is
the same duration as a note in the next measure in a different meter,
you have created a metric modulation. The tempo appears to
change (faster or slower), but it is actually confinuous. Example: 4/4
in triplet eighth-notes (6 notes per measure), then switch to 4/4 in
regular eighth-notes (8 notes per measure). The tactile pulse
changes, but the continuous eighth-note pulse stays the same. This is
metric modulation via polyrhythm.

Polyrhythm as Narrative

Use polyrhythmic ratios to tell a story. Opening: simple 2:1 ratio (just
octaves, very simple). Build: introduce 3:2 (two independent grids,
but relatable). Climax: layer 5:4 and 7:3 simultaneously (very
complex). Resolution: return to 3:2 (simpler), then to basic duple
meter (rest). The polyrhythmic complexity mirrors the narrative arc.

Study: "Breathing” (from 3:2 to 5:4)

Piece: "Breathing." Duration: 32 bars. Concept: explore the
relationship between 3:2 and 5:4 ratios.
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Bars 1-8 (3:2 polyrhythm): Two instruments. Instrument A plays in
straight eighths (two notes per beat). Instrument B plays in triplets
(three notes per beat). The 3:2 polyrhythm is simple and accessible.
Listeners easily hear both layers.

Bars 9-16 (transition): Instrument A stays in eighths. Instrument C
enters in quintuplets (five notes per beat). Now we have 5:2 and 3:2
layered. The texture is denser.

Bars 17-24 (5:4 polyrhythm): Instrument A now plays in sixteenths (4
notes per beat). Instrument C in quintuplets (5 notes per beat). Pure
5:4 ratio. This is more complex than 3:2.

Bars 25-32 (resolution): Return to 3:2 polyrhythm. Then simplify to
straight eighths (just duple meter). Breathing out after breathing in.
The piece demonstrates how polyrhythmic ratios can be combined
and gradually made more or less complex.
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Chapter 11: Euclidean Rhythms—
Even Distribution

A Euclidean rhythm distributes k hits (notes) evenly across n steps
(beats). The result is a rhythmic pattern that sounds both orderly and
alive. The classical example is the tresillo: 3 hits across 8 steps,
distributing them as evenly as possible. Another is the Cuban
cinquillo: 5 hits across 8 steps. These patterns are not arbitrary; they
are generated by a mathematical algorithm (the Euclidean
algorithm, which finds the greatest common divisor of two numbers).
Yet they sound organic and musical.

The surprising fact is this: Euclidean rhythms are found everywhere in
world music. The tresillo is used in Spanish flamenco and Cuban
music. The cinquillo is used in Cuban and Brazilian music. The
necklace pattern E(5,12) appears in Persian music. These cultures
discovered these rhythmic patterns through musical practice, not
mathematical theory. The Euclidean algorithm simply explains why
these patterns are universal.

The Bjorklund Algorithm (Plain Language)

The algorithm to distribute k hits across n steps: Start with k hits
(represented as 1s) and n-k silences (represented as 0s). Repeatedly
take the smaller group and distribute it as evenly as possible among
the larger group. Continue until you cannot divide further. The result
is a pattern where hits are as evenly spaced as possible.

Example: E(3, 8) — 3 hits across 8 steps. Start: 111 00000 (three 1s, five
0s). Append the smaller group to each element of the larger: [1-0]
[1-0] [1-0] 00. Rearrange: 1010100 0. Continue: [10-1] [10-1] [10-0].
Result: T00T10010. This is the tresillo: hits on steps 0, 3, and 6
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(humbering from 0), creating rests of 3, 3, and 2 steps between hits—
an uneven but naturally balanced distribution across the 8 steps.

The algorithm is complex to describe but simple to implement in
code or even pencil-and-paper. The key point: the result is a
rhythmic pattern that is perfectly even given the constraints. This
evenness is why Euclidean rhythms sound natural.

Common Euclidean Patterns

Notation Hits/Steps Pattern Musical Use

E(3.8) 3/8 X.X.X... Tresillo (Cuban,
flamenco)

E(5.8) 5/8 X.X.X.X. Cinguillo (Cuban,
Brazilian)

E(2.5) 2/5 X..X. Sparse,
syncopated

E(3.5) 3/5 X.X.X Additive rhythm (3
equal parts of 5)

E(4,7) 4/7 X.X.X.X African rhythm
(Bembe-like)

E(5.12) 5/12 X, X X XL Persian rhythm

E(7,12) 7/12 X.X.X.X.X.X Metric grid

Applications to Melody Gating and
Percussion

Use Euclidean rhythms to gate a melody or texture. A continuous
melodic line that is "played" only on the beats defined by a
Euclidean rhythm creates a gated effect. The melody is always there
conceptually, but only certain notes are audible. The Euclidean
pattern determines which notes are heard.

On percussion, use Euclidean patterns for kick drum, hi-hat, or hand
drums. E(5,8) on kick drum creates a driving, relentless groove that is
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both mechanical (the math) and organic (the rhythm feels natural).
Layer multiple Euclidean patterns on different percussion to create
polyrhythmic texture.

Study: One Pattern, Three Genre Skins

Pattern: E(5,8) — the cinquillo. Five hits across 8 steps. Standard
notation: X . X . X . X . (with one step empty at the end; total 8 steps).

Skin 1 (Cuban): The cinquillo is played on a clave drum, driving the
rhythm. Harmonic background: son montuno progression (Dm-G-
Dm-G). Melody: simple line (dos and does) over the rhythm. Result:
authentic Cuban rhythmic feel.

Skin 2 (Electronic/Minimal): The cinquillo is played on a synthesizer
kick drum (sub-bass frequencies). No harmonic background; just the
rhythm. Melody is synth arpeggio (sparse, following the rhythm).
Result: hypnotic, mechanical, modern.

Skin 3 (Jazz/Swing): The cinquillo is played on a ride cymbal with
swing eighth-notes (not straight eighths). Harmonic background: ii-V-
I-VI progression looped. Melody: head (simple tune) over the rhythm.
Result: swinging, syncopated, jazz feel.

The same mathematical pattern (E(5.8)) produces three entirely
different-sounding pieces when dressed in different orchestration
and harmonic contexts. This demonstrates the power of Euclidean
rhythms: the pattern is the skeleton; orchestration is the skin.

© 2026 Museca Page 61



The Spiral and the Circle

Chapter 12: Symmeiry
Operations—Mirror, Rotation,
Transposition

Symmetry operations are fransformations that preserve essential
structure while changing surface details. In music, there are four
classical symmetry operations: fransposition (shift all pitches by a
constant interval), inversion (flip pitches around a center pitch),
retfrograde (play the sequence backwards), and permutation
(rearrange elements). These operations are not new; they are the
foundation of musical development in Western classical
composition. But understanding them mathematically allows you to
apply them systematically and combine them in ways that might not
occur through intuition alone.

The power of symmetry operations is this: they take an existing
musical idea (a melody, rhythm, or harmonic progression) and
transform it in a way that preserves its essence (you recognize it as a
transformation of the original) while changing its surface (it sounds
new). This creates coherence with variety. The listener hears
development, not repetition or arbitrary change.

Four Core Symmetry Operations

1. Transposition

Shift all pitches by the same interval. If a melody is C-E-G-A-G-E-C,
transposing up a fifth gives G-B-D-E-D-B-G. Transposition preserves
interval relationships perfectly. It is the simplest symmetry operation.
Use transposition o modulate to related keys or to repeat material at
different pitch levels.
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2. Inversion

Flip pitches around a center pitch. If the center is C and the original
melody is C-E-G (up 4 semitones, up 3 semitones), the inversion is C-
A-F (down 4 semitones, down 3 semitones). Inversion creates a
"mirror" effect. The interval sequence is inverted (up becomes down,
large becomes small, small becomes large). Melodically, inversion
creates a new melody that is recognizably related to the original but
dramatically different in contour.

3. Retrograde

Play the sequence backwards. If a rhythm is short-short-long-long-
short, retrograde is short-long-long-short-short. If a melody is C-E-G-A,
retfrograde is A-G-E-C. Retrograde preserves interval relationships but
in reverse order. It creates a time-reversed reflection. Rhythmically,
retfrograde can create surprising syncopations.

4. Permutation

Rearrange elements in a systematic way. If a chord is C-E-G,
permutations are C-E-G, C-G-E, E-C-G, E-G-C, G-C-E, G-E-C. Oir, for a
sequence of three elements, generate all six orderings. Permutation
is less commonly used than the other three but can create
systematic variations when combined with other operations.

Combining Operations: Retrograde-Inversion, Transposed
Retrograde

These operations can be combined. Retrograde-inversion: invert the
melody, then play it backwards. This creates a double
transformation. The result is usually quite different from the original,
yet it is mathematically related. Transposed retrograde: play the
melody backwards at a different pitch level. This combines
transposition and retrograde. The twelve-tone composers
(Schoenberg, Berg, Webern) used these combinations
systematically.
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Creating "Inevitable Development" with
Symmetry

When a transformation of a motif appears, the listener
(unconsciously) recognizes it as related. The ear thinks: "This is new,
but it is connected to what came before." This creates a sense of
development and inevitability. A piece structured as: original motfif,
transposition, inversion, retrograde, retrograde-inversion feels
developed and coherent, even though only one idea is explored in
four different ways.

Study: Theme and Three Transformations

Theme (original melody): C-E-G-A-B-A-G-E-C (9 notes). This is the
spine of the piece.

Variation 1 (Transposition): Transpose up a fourth (5 semitones): F-A-
C-D-E-D-C-A-F. Same contour, higher pitch. Recognizable as the
theme but shifted.

Variation 2 (Inversion): Invert around C: C-A-F-E-D-E-F-A-C. Upward
intervals become downward (and vice versa). The contour is
mirrored. Still recognizable as related to the theme.

Variation 3 (Retrograde): Play the theme backwards: C-E-G-A-B-A-G-
E-C. Wait—this theme is palindromic (symmetrical), so retrograde
gives the same melody. Choose a different theme: C-D-E-G-A-B-C.
Retrograde: C-B-A-G-E-D-C. The rhythm is "time-reversed."

Structure: A 32-bar piece. Bars 1-8: original theme. Bars ?-16: variation
1 (transposition). Bars 17-24: variation 2 (inversion). Bars 25-32:
variation 3 (retrograde or different transformation). Harmonic loop: |-
IV-I-V, repeating throughout. Result: one core ideaq, explored through
four transformations, all over stable harmony. This is classical theme-
and-variations form married to mathematical fransformation.
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Chapter 13: Probabilistic
Composition—Markov Chains and
Weighted Choice

Deterministic systems (like Fibonacci, modulo, or Euclidean rhythms)
generate exactly the same output every time. But strict mapping
can sound mechanical or predictable. Probabilistic systems add
randomness, breaking determinism while preserving structure. A
Markov chain is a probabilistic system where the next event depends
only on the current state. This allows you to encode rules like: "After
note C, usually play D (70% probability), sometimes E (20%
probability), rarely G (10% probability)." The result is variation within
structure.

The goal of probabilistic composition is not pure randomness (which
sounds like noise) but controlled randomness (which sounds human
and alive). You use probability to add variation and unpredictability
to an otherwise deterministic system. The listener hears both structure
and spontaneity.

Markov Chains in Composition

A Markov chain has states (musical elements like notes or chords)
and transitions (probabilities of moving from one state to another).
Create a transition table that encodes the rules. Example:

Current
[\ [o] (]
C 10% 40% 30% 10% 10%
D 10% 10% 50% 10% 20%
E 30% 20% 10% 10% 30%
F 20% 20% 10% 10% 40%
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G 40% 10% 10% 10% 30%
This table says: if the current note is C, the next note is D 40% of the
time, E 30% of the time, and C, F, or G 10% each. This encodes
melodic grammar: the algorithm "learns" which note transitions are
common and which are rare. Use a random number generator to
pick the next note based on these probabilities.

Weighted Choices

Instead of a full Markov table, use weighted choices for simpler
control. Example: for every note generated, decide: "Repeat the
previous note (20% probability) or move to a new note from the
scale (80% probability)." If moving to a new note, favor notes close in
pitch (small intervals have high weight) and the tonic (it has extra
weight). This creates melody that is coherent (nearby notes are more
likely), gravitates toward the tonic, and has occasional repetition for
motif-like quality.

Balancing Determinism and Randomness

The key to good probabilistic composition is balance. Too much
determinism: predictable, boring. Too much randomness:
incoherent, chaotic. Aim for probabilistic systems where the most
likely outcomes create structure and the less likely outcomes create
surprise. A melody that is 80% likely to follow the Fibonacci digit-
sfream mapping but 20% likely to deviate creates variation while
maintaining the Fibonacci essence.

One powerful technique: use a deterministic algorithm (Fibonacci,
modulo, harmonic series) for the base melody, then apply
probabilistic variation on top. Fibonacci generates A. With 10%
probability, it changes to a nearby note. With 5% probability, the
rhythm doubles (a note holds longer). With 3% probability, the
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octave changes (a leap up or down). The result is a melody that is
recognizably Fibonacci-derived but with human-like variation.

Study: Probability Skin Over Fibonacci
Material

Base material: Fibonacci digits mapped to C major scale degrees
(from Chapter 3). Sequence: D-D-E-F#-B-E-A-F#-D#-D-E-E.

Probabilistic variations: For each note, apply the following rules: 1)
10% chance the note repeats (stays on the same pitch). 2) 5%
chance the note jumps to the same pitch an octave higher. 3) 3%
chance the note lasts twice as long (a half note instead of a quarter
note). 4) 2% chance the note changes to a neighboring scale
degree (D becomes C# or E) instead of the Fibonacci suggestion.

Result: Ten different performances of the same Fibonacci material
will sound different (due to probabilistic variation) but recognizably
the same (because the Fibonacci base is preserved). The algorithm
humanizes the pure Fibonacci output. Listeners hear variation that
feels natural rather than mechanical.

This technique is powerful for generative music and Al music
production: encode the structure deterministically (Filbonacci,
modulo, etc.), then apply probabilistic variation to avoid
predictability and add life.
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Chapter 14: The Spiral and Circle
Method—Integration and
Capstone

This chapter brings together everything you have learned. The
individual number systems (Fibonacci, 1, modulo, etc.) are tools. The
architecture and shimmer method is a framework. Now you
combine them. You create a complete workflow for composing
music that is simultaneously mathematical, musical, and human. This
is the Spiral and the Circle method in full.

The Six-Step Hybrid Workflow

Use this workflow every time you compose with numbers. It ensures
that your composition is structured, intentional, and musical.

» Step 1: Choose your form driver (what sets the overall shape).
Options: golden ratio (climax at 61.8%), Fibonacci section
lengths (13, 21, 34 bars), prime phrase lengths (irregular), or
Euclidean form distribution.

» Step 2: Choose your harmony driver (what determines the
chord progression). Options: harmonic loop (I-IV-I-V, repeating),
harmonic series (derived from overtones), modular harmony
(mod 7 or 9 chords), or minimal harmony (one chord
throughout).

e Step 3: Choose your melody driver (what generates the pitch
sequence). Options: Fibonacci digit-stream, 1 digits, harmonic
series, motif variations, or pure algorithm.

e Step 4: Choose your rhythmic engine (what drives rhythm and
accent). Options: polyrhythm ratios (3:2, 5:4), Euclidean rhythms
(k hits in n steps), prime-based accents, or algorithmic
syncopation.
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e Step 5: Choose your transformation and humanization. Options:
symmetry operations (transposition, inversion, retrograde),
probabilistic variation (Markov chains, weighted choice), or
fractal self-similarity.

o Step 6: Assemble and test. Layer the melody over harmony. Fit
the rhythm into the form. Check using the hybrid ear-check
diagnostic. Adjust and refine.

Three Capstone Templates

Template 1: Architecture + Shimmer (Default)

Form driver: golden ratio (climax at 61.8%). Harmony driver: simple
harmonic loop (I-vi-IV-V). Melody driver: Fibonacci digit-stream or 1
digits (ornamental shimmer). Rhythmic engine: Euclidean rhythms
(background pulse + algorithmic layers). Humanization: probabilistic
variation on melody. Result: a piece with clear structure, memorable
harmony, ornamental melody, and rhythmic aliveness. Best for film
cues, ambient, pop-influenced pieces.

Template 2: Circle Engine (Hypnotic, Cyclic)

Form driver: repetitive sections (8 bars, 8 bars, 8 bars, 8 bars).
Harmony driver: one or two chords (looping harmony). Melody
driver: minimal or absent (rhythm is the focus). Rhythmic engine:
layered polyrhythms (3:2, 5:4, 7:3 simultaneously) or Euclidean
rhythms (E(5,8) kick drum, E(7,12) hi-hat, E(3,8) clave simultaneously).
Humanization: probabilistic timing variation (micro-delays, swing
feel). Result: hypnotic, driving, cyclic. Best for electronic, dance,
meditation.

Template 3: Nature Resonance (Organic, Fractal)

Form driver: fractal self-similarity (same 4-note seed at three time
scales: motif, phrase, section). Harmony driver. harmonic series
(chords derived from overtones). Melody driver: harmonic series
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pitches. Rhythmic engine: natural growth patterns (accelerando,
ritardando). Humanization: minimal; let the natural mathematics
speak. Result: feels discovered rather than composed, organic and
ancient. Best for ambient, nature-inspired, meditative.

The Complete Workflow Example: "Number
Study #7"

Here is a complete, worked example using the six-step workflow.

Step 1 (Form): Fibonacci section lengths. Total duration 144 bars
(Fibonacci). Section A: 55 bars. Section B: 34 bars. Section A returns:
34 bars (compressed return—using the next Fibonacci number down
from 55, creating a sense of acceleration toward the coda). Coda:
21 bars. Total: 55+34+34+21=144. Climax at bar 89 (144x0.618), which
falls at the end of first A section, beginning of B. The asymmetric
return (34 bars rather than the original 55) is intentional:
recapitulations that are shorter than their first statement create
momentum, pushing the listener toward the resolution rather than
restating it in full.

Step 2 (Harmony): Simple harmonic loop. Em-B-Em-B (looping every 4
bars). Steady, hypnotic, non-changing throughout the piece. This is
the anchor.

Step 3 (Melody): Fibonacci digit-stream. Seed (1,1). Digits:
1,1,2,3,5,8,13,21,34,55,89,144. Digit-stream:
1,1,2,3,58,1,3,2,1,3,4,5,58,9,1,4,4. Map to E minor scale degrees
(using mod 7). Result: 31-note melody that plays over 55 bars of
section A, repeating as needed.

Step 4 (Rhythm): Euclidean rhythms. E(3,8) kick drum (tresillo pattern,
drives the pulse). E(5,8) hi-hat (cinquillo, more complex rhythmic
texture). Main melody in straight eighths (clear, exposed). Result:
rhythmic complexity in the background, clarity in the foreground.
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Step 5 (Humanization): Probabilistic variation. Melody: 10%
probability that a note repeats, 5% that it jumps an octave, 3% that it
changes to an adjacent scale degree. Kick drum: 2% probability of
a delayed attack (micro-syncopation). Hi-hat: random swing feel
(10-20% variation in eighth-note timing). Result: the Fibonacci and
Euclidean structures are recognizable but sound natural, not
mechanical.

Step 6 (Assembly): Layer the melody (Fibonacci digit-stream) over
the harmonic loop (Em-B). Place the Euclidean rhythm patterns in
the background (kick and hi-hat). Follow the Fibonacci section
lengths (55+34+34+21=144 bars total). At bar 89 (the climax point),
add all layers at full density. In the coda, thin out the texture (fewer
drum layers, melody simplifies). Final 3 bars: just Em (tonic), sparse
and resolved.

Ear-check: Does the piece have a clear tonal center? Yes (Em
throughout). Clear harmonic loop?¢ Yes (Em-B repeating). Motife Yes
(the Fibonacci 31-note melody, recognizable and memorable).
Dynamic density2 Yes (building to climax at bar 89, then thinning).
Form? Yes (clear sections using Fibonacci lengths). Good.

Result: A 144-bar piece that uses Fibonacci (form, melody), harmonic
loop (architecture), Euclidean rhythms (shimmer), and probabilistic
variation (humanization). The piece feels both mathematically
structured and musically alive. The ear hears development
(Fibonacci growth), return (harmonic loop), and inevitability (golden
ratio climax placement).

Final Thoughts: Agency and Ear

You now have the complete toolkit. Fibonacci, golden ratio, fractals,
T, modular arithmetic, primes, harmonic series, polyrhythms,
Euclidean rhythms, symmetry operations, and probabilistic methods.
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You know how to map numbers to music. You know how to build
architecture and shimmer. You know how to humanize algorithms.

But remember the core principle: numbers generate structure. Your
ear decides what works. If an algorithm suggests something that
sounds wrong, change it. If a rule would produce something
beautiful, break it intentionally. Mathematics is infrastructure. Y our
ear is the court of appeal.

The spiral grows outward, always expanding (Fibonacci, golden
ratio, fractals). The circle returns to its center, always looping (1,
modulo, cycles). Together, they describe music itself: develop and
evolve, yet loop and return. The best pieces are both spirals and
circles. They surprise you with growth, and they feel inevitable in their
return.

Now go finish a piece. Use these methods. Use your ear. Create
music that is mathematically coherent and humanly alive.
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Conclusion: Make Meaning Out of
Time

We have journeyed through thirteen mathematical system:s.
Fibonacci, which grows in proportion to itself. The golden ratio, which
places climax at the invisible point where time feels right. Fractals,
which repeat themselves at every scale. Pi, which spirals without
repeating. Modular arithmetic, which wraps numbers in cycles.
Primes, which resist predictability. The harmonic series, which is the
physics of sound itself. Polyrhythm ratios, which layer independent
grids. Euclidean rhythms, which distribute hits evenly. Symmetry
operations, which transform while preserving essence. Probabilistic
systems, which add controlled randomness to deterministic structure.
And the architecture + shimmer method, which separates stable
foundation from ornamental detail.

These are not rules. They are collaborators. Ways to think about
music that free you from habit, generate options quickly, help you
finish pieces. Each system is a lens through which to view
composition. Use the lens that helps you see what you want to
compose.

The spiral and circle are complementary, not opposed. The spiral
grows (Fibonacci, golden ratio, fractals, increasing complexity). The
circle returns (11, modular, cycles, loops). The best compositions use
both. A form that grows (spiral) needs a center it returns to (circle). A
harmonic progression that evolves (spiral) needs tonal gravity
(circle). A rhythm that accelerates (spiral) needs a return to the
basic pulse (circle). Listen to any great piece of music: it spirals
outward, then circles back. It expands, then contracts. It surprises,
then safisfies.
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The deepest truth of this book is simple: music is already
mathematics. You do not need to force mathematics info music.
You need to make mathematics conscious. To understand the
numbers that are already there, inherent in pitch, interval, rhythm,
and time. Every piece of music you hear uses mathematics invisibly.
This book makes that mathematics visible and usable.

The earremains the court of appeal. Numbers generate structure.
Your ear decides what works. If an algorithm suggests a progression
that feels false, change it. If a rule would create something
unsatisfying, break it. If a number suggests a climax placement that
does not align with the harmonic turning point, adjust it.
Mathematics serves music, not the reverse.

And finally: the goalis not to compose like a computer. The goalis to
use the computer (or mathematical thinking) as a tool, the way a
composer uses an instrument. A tool is not a master. A tool is a
collaborator. Work with these methods, not for them. Let your taste
guide the outcome. Let your ear be the final arbiter. Create music
that is coherent, intentional, and human.
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Glossary of Terms

Term Definition

Architecture layer The stable, invisible foundation of a
piece: tonal center, harmonic loop, form
template, rhythmic grid, motfif, density
arc.

Shimmer layer Ornamental, algorithmic detail: melody,
accent patterns, timbral variation,
register movement.

Digit-stream Raw number sequence mapped directly
to scale degrees, creating detailed
melody.

Digital root Sum digits repeatedly until asingle digit
remains (13—1+3=4). Used for harmonic
reduction.

Fibonacci sequence Each term is the sum of the two
preceding (0,1,1,2,3,5,8,13,21...). Spiral
system; growth pattern.

Golden ratio () Approximately 1.618. The limit of
Fibonacci ratios. Used for 61.8% climax
placement.

Modulo Remainder after division (n mod m).
Maps large humbers to a bounded
range.

Mapping rule Consistent rule franslating numbers to
music (pitch, rhythm, harmony, form).

Modular arithmetic Clock-thinking: numbers wrap around
(mod 7 for scale degrees, mod 12 for
pitches).

Prime numbers Divisible only by 1 and themselves
(2,3,5,7,11,13...). Create asymmetry in
form and rhythm.

Fractals Self-similar patterns at multiple scales.
Motif—»phrase—section shows same
structure.
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Soft target

Euclidean rhythm

Harmonic series

Polyrhythm

Markov chain

Transposition

Inversion

Retrograde

Permutation

Just infonation

Cadence

Density arc

Tonal center

Harmonic loop
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A suggested value treated as a range,
not an exact target. (Climax at 61.8%
means 58-64%.)

k hits distributed evenly across n steps.
Example: E(3,8) is the tresillo.

Natural overtones (1f, 2f, 3f, 4f, 5f...).
Foundation of just infonation and
spectral gravity.

Multiple rhythmic grids layered (3:2 ratio,
5:4 ratio, etc.). Creates tension and
complexity.

Probabilistic state machine: next event
depends on current state. Used for
humanizing algorithms.

Shift all pitches by a constant interval.
Symmetry operation.

Flip pitches around a center pitch.
Symmetry operation (up becomes
down).

Play the sequence backwards. Symmetry
operation.

Rearrange elements systematically (all
orderings of a chord, for example).

Tuning based on pure frequency ratios
(3:2, 5:4, etc.) rather than equal
temperament.

A harmonic resolution marking the end of
a phrase or section (V-l, IV-l, etc.).

How full (dense) or sparse the texture is
over fime. Important for shaping
emotional arc.

The note or chord the ear expects to
return to (the tonic). Provides
gravitational anchor.

A chord progression that repeats (or
cycles slowly) underneath the piece.
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Mapping Tables and One-Page
Worksheet

Use this worksheet to plan your composition. Print it and fill it in before
composing.

Element Choice Details

Key Major or minore Tonic
note?¢

Tonal center Where does the ear
returne

Harmonic loop Which chords repeat?
How many bars?

Form template AABA, sonata, rondo,
theme+variations,
strophic?

Motif Noftes, duration, contour?

Total duration Bars¢ Seconds?

Form driver (humbers) Fibonacci, golden ratio,
primes?2

Melody driver Fibonacci, 1T, harmonic
series, modulo?

Harmony driver Harmonic loop, harmonic
series, modulo?

Rhythm driver Euclidean, polyrhythm,
prime accents?

Humanization Probabilistic, symmetry
operations, fractals?

Density arc Where is fulleste Where is
sparsest?

Climax placement Golden rafioe At bar?
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Recommended Listening and
Further Reading

Composers Using Mathematical Methods

The following composers have explicitly used number systems in
composition. Studying their work will deepen your understanding.

e |annis Xenakis: Used probability theory, stochastic processes,
and computer algorithms. Pieces like "Pithoprakta" use
mathematical rule-based composition.

* Milton Babbitt: Pioneer of twelve-tone serialism and parametric
composition. "Three Compositions' demonstrates systematic
number mapping.

» Karlheinz Stockhausen: Used proportion, form-generating
numbers, and harmonic series. "Studie " is entirely based on
sine wave frequencies.

* Olivier Messiaen: Used permutation techniques, mode and
rhythm systems. “Chronochromie” uses symmetrical
permutation of durations and birdsong franscription, not
additive rhythm in the conventional sense.

e Conlon Nancarrow: Explored complex polyrhythms and
irrational ratios using player piano. Achieved music that could
not be performed by human hands.

e Bartok: Analyst Erné Lendvai argued that Bartdk used the
golden ratio for form and harmonic proportions, though this
interpretation is contested by some musicologists. Many works
show fractal self-similarity and symmetry operations.

e Arvo Part: Minimalist, uses simple mathematical systems
(tinfinnabuli technique). Music feels both computed and
deeply human.
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e Steve Reich: Phasing: using process and gradual change to
create complex rhythm. "Piano Phase" and "Clapping Music"
are pure algorithmic process.

Further Reading
e "Formalized Music" by lannis Xenakis: The foundational text on
stochastic and mathematical composition.

* "The Listening Eye" and other works by Hanson and others:
Studies in proportion and golden ratio in music.

* "The Timeless Way of Building" by Christopher Alexander: Not
about music, but discusses deep pattern and fit (applicable to
composition).

* Books by Joseph Schillinger on "Mathematical Basis of the Arts":
Early systematization of compositional technique.

* Academic papers on Fibonacci in music, harmonic series
composition, and Euclidean rhythm applications.

Recommended Listening

e Xenakis: “Pithoprakta” [Listen on YouTube] | “ST/10-1.080262"
[Search on YouTube]

e Stockhausen: “Studie II" [Listen on YouTube] | “Momente”
[Search on YouTube]

* Messiaen: “Chronochromie” [Search on YouTube] | “Mode de
valeurs et d’intensités” [Search on YouTube]

* Nancarrow: Studies for Player Piano [Search on YouTube]

e Bartok: “Mikrokosmos” [Search on YouTube] | “Concerto for
Orchestra” [Search on YouTube]

e Part: “Tabula Rasa” [Search on YouTube] | “Fratres” [Search on

YouTube]

* Reich: “Piano Phase” [Listen on YouTube] | “Clapping Music”
[Search on YouTube] | “Different Trains” [Search on YouTube]
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https://youtu.be/nvH2KYYJg-o
https://www.youtube.com/results?search_query=Xenakis+ST10+1+080262
https://www.youtube.com/watch?v=_qi4hgT_d0o
https://www.youtube.com/results?search_query=Stockhausen+Momente
https://www.youtube.com/results?search_query=Messiaen+Chronochromie
https://www.youtube.com/results?search_query=Messiaen+Mode+de+valeurs+et+intensites
https://www.youtube.com/results?search_query=Nancarrow+Studies+Player+Piano
https://www.youtube.com/results?search_query=Bartok+Mikrokosmos
https://www.youtube.com/results?search_query=Bartok+Concerto+for+Orchestra
https://www.youtube.com/results?search_query=Arvo+Part+Tabula+Rasa
https://www.youtube.com/results?search_query=Arvo+Part+Fratres
https://www.youtube.com/results?search_query=Arvo+Part+Fratres
https://www.youtube.com/watch?v=AnQdP03iYIo
https://www.youtube.com/results?search_query=Steve+Reich+Clapping+Music
https://www.youtube.com/results?search_query=Steve+Reich+Different+Trains
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* Pierre Schaeffer: Early electroacoustic explorations using
musique concrete [Search on YouTube]
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