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ABSTRACT

This project explores the application of Genetic Algorithms (GA) with JFugue, which is a Java-
based music programming library to develop an Evolutionary Music Generator. The challenges
with automating the music composition lies in capturing the complexity, creativity and
emotional expressiveness of music which requires a deep understanding of musical theory.
This project will resolve this problem by applying GAs to evolve musical compositions and
offer a fresh view on computational music generation. It is relevant because it generalizes this
process of music creation and provides instruments to musicians and non-musicians for diving
into new, unique forms of musical expression. Genetic Algorithms will be chosen because they
constantly improve solution, hence appropriate for the development of compositions consistent
with the creative and harmonic principles. In addition, JFugue is an open-source, Java- based
music programming toolkit that has been integrated to efficiently represent and manipulate the
music, hence implementing the evolutionary process. This method proves to be effective by
systematically exploring and generating a variety of musical ideas through iterative
applications of selection, crossover, and mutation genetic operations. The appliance of
harmonic principles, rhythmic patterns, and user feedback provides the basic for fitness
assessment in ensuring that the generated music meets pre-set requirements. Music that has
been generated using JFugue involves real-time generation and user-driven evolution. This will
involve the explanation of the use of evolution algorithms combined with the music

programming to be able to create creative digital music.

Area of Study: Genetic Algorithm, Harmony Search Algorithm

Keywords: Algorithm Composition, JFugue, Music Generation, User Customization,

Evolutionary Computation
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CHAPTER 1: INTRODUCTION

Chapter 1

Introduction
1.1 Introduction

Computational creativity has driven significant progress in recent times in the automation of artistic
processes, and algorithmic music composition is one of the most exciting areas of interest. Music
conventionally requires an erudite understanding of music theory and the intuitive capability to craft
melodies, harmonies, and rhythms that may elicit emotion in listeners. It is this kind of complexity that
appeals as a challenge to automation and propels research into algorithmic approaches to the generation
of music [1].

The most promising method in this direction, perhaps, is GA, inspired by the process of natural evolution
and selection. One creative domain where GAs have been used with various great results includes music
generation [2]. Other recent work has also demonstrated that GAs is capable of composition to the extent
that they evolve sequences according to aesthetic and harmonic rules, providing one novel approach to the

challenge of automatic composition [3].

Coupling GAs with music-programming libraries, like JFugue, which is the most flexible library dealing
with representation and manipulation of musical data in Java, will enable the development of systems that
can systematically generate and evolve musical compositions. Based on such an approach, this project
develops an Evolutionary Music Generator using GA for generating unique musical sequences. Handling

musical structures is efficiently done through JFugue.

This work extends the recent research undertaken in algorithmic composition by introducing a new
paradigm for evolving music using an evolutionary computation and music programming hybrid. Indeed,
this to date provides a further platform for ongoing research into automated composition, extending the

boundary of what can be achieved through a computational approach to the arts [4].

1.2 Problem Statement

In the context of automated music composition, the role of generating melodies, developing harmonies,
and creating rhythms require precision, consistency, and creativity. Nevertheless, there are many
challenges associated with the tools and methods employed for carrying out these tasks. The project's

problem statements are as follows:
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CHAPTER 1: INTRODUCTION

Problem Statement 1: Complexity of Musical Structures and the Subjective Evaluation

Automatic music composition is a challenging task because of the intrinsic complexity of musical
structures and for its essentially subjective aesthetic evaluation. Traditional music composition is
essentially based on a composer's skill in music theory and on his intuition for creativity, which is hard to
emulate by any computational approach. While many methods have been attempted, the current systems
seem to generate music that lacks the profound or even minute balances in terms of melody, harmony, and

rhythm that are so inherent in pieces of human composers [5].

Problem Statement 2: Manual Composition Process is Time-Consuming

The manual composition process for music can be time-consuming. Composers often spend countless
hours, effort to gain inspiration and refining their pieces to make it all perfect. Traditional composition
takes so much time and skill which can be a barrier for people who are new to music composition or those
with limited resources. The time investment needed for manual composition can hinder creativity and
reduces the number of compositions produced. The inefficiency will increase when working on more

complicated or large-scale musical projects where the amount of detail can be overwhelming.

Problem Statement 3: Lack of Flexibility in Automated Music Tools

Automated music tools often lack flexibility, which can support a wide range of creative processes or a
variety of musical styles. Users faces few limitations which is to edit the tracks, such as adjusting the
duration and volume. Furthermore, most users are either unfamiliar with algorithmic music or find the
existing tools too constraining, hence their creativity is limited. Novices might prefer to focus on higher-

level musical properties rather than intricate details for which some automated tools failed to address [6].

1.3 Motivation

The motivation behind this work comes from the difficulties faced by automated music creation. This
project requires an accurate balancing between melody, harmony, and rhythm, with the goal of maintaining
high levels of creativity and emotional expression. Traditional music composition is dependent on human
expertise and feeling and is vulnerable to both explicit time limitations and implicit limits related to the
complex nature of musical structures. The current study seeks to enhance the music generation process by

implementing new technologies.
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CHAPTER 1: INTRODUCTION

First and foremost, the motive behind this work is to overcome present limitations in music composition
systems. Most of the earlier methods face problems in generating high-quality music which always meets
high aesthetic standards and integrates well with modern music programming environments. In this
project, an attempt has been made to fill in the gap by using GAs-evolving musical sequences combined
with JFugue, a flexible Java library for the representation and manipulation of music. This approach
attempts to create the grasping of music generation systems in a more vivid and dynamic way with a
greater variety and quality of the created composition.

The aim is to simplify the process of music composition and broaden access to this art form for more
people. In the past, the process of music composition has required a deep understanding of complicated
music theory and significant physical effort. This made it hard for beginners or people who didn't have a
lot of resources. In this research, GA are used to automate the composition process to achieve optimal
results. The GAs

prioritises minimising complexity and processing time. This would enable anyone, including solo artists
and small teams, to produce unique music in significantly less time and at significantly reduced costs

compared to previous methods.

Furthermore, the project is significant due to the requirements for the invention of new methods in the
field of computational creativity. The use of GAs and JFugue together opens new technical possibilities
for making music and investigates new options for automatic creation. The approach aligns with the
current trend of utilising computational tools to enhance and foster creative imaginative skills. The
objective is to contribute to the ongoing progress in the field of music technology by constructing a system
that can generate unigue and engaging compositions, with the intention of encouraging further research

and development in this area.

1.4 Project Objectives

The main objective of this project is to implement an algorithmic music generator that utilizes GA in
combination with the JFugue library. Based on this assumption, it can be further divided into a few sub-
objectives as follows:

I.  Develop and implement a GA that generates musical sequences with specified melodic,

harmonic, and rhythmic qualities.
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CHAPTER 1: INTRODUCTION

Il.  Integrate JFugue for Simplified Music Interaction.
I1l.  Enhance user Customization of Music Parameters.

Each objective is explained in further detail as follows, and the corresponding problems which they intend
to solve are listed in Table 1.1:

I.  Create an advanced algorithm with aesthetically pleasing and structurally music using
GA. This system will continuously improve the quality of the music it produces over time
while following a set of rules and criteria for music quality.

Il.  This objective enables users to create and manipulate the music through an intuitive
notation in JFugue. The system will be provide an easy-to-use interface where users can
interact with various musical elements through simple commands and visual aids, which
simplify the overall process of composition.

Il.  This objective focuses on enhancing user customization as the system should flexibly
allow for adjustment of key parameters relating to the key and volume, and structure of

the music so that the outputs meet users needs.

Table 1.1 Objectives and the Corresponding Problems to be Solved

Objectives Problems
Develop and implement a Genetic | Challenge of creating music that is rich

Algorithm (GA) that generates | in melody, harmony and rhythm.
musical sequences with specified
melodic, harmonic, and rhythmic

qualities.

Integrating  JFugue’s  simplified | Manual composition is time-consuming.
notation system, reducing the time | Barrier for people who are new to music

spent on manual composition tasks. composition.

Enhance user Customization of Music | Lack of Flexibility in automated music

Parameters tools.
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CHAPTER 1: INTRODUCTION

1.5 Contributions

First, the research improves GA in Composition by creating and refining algorithms for the specific goal
of musical sequence production. GAs let music aspects such as melody, harmony, and rhythm to evolve
through methods of selection, crossover, and mutation in iterations. This project refines how GAs can be
used to create compositions that follow pre-defined aesthetic and harmonic rules using advanced methods
in evolutionary computation. To do this, algorithms will need to be developed that can adapt to different
types of musical styles, which will allow for the creation of new and important music. When combined
with JFugue, this makes the system better at handling even complicated musical input and ensure that the
patterns have a pleasing melodic harmony.

Secondly, the project enhances the usability of automated music composition tools, which solves a big
problem in the way music is usually composed. Many people find it challenging to commit the time and
acquire the music theory knowledge needed for traditional methods of music composition. With GA and
JFugue's features, the project makes music production more accessible to a wider audience by streamlining
the process. This includes self-employed artists, enthusiasts, and small groups who might not have access
to substantial musical resources or expertise. Furthermore, the system's user-friendly interface allows users
to create music of high quality with minimal effort,

thus making the process of music creation easier and enabling persons from many backgrounds to engage

in music composition without requiring special skills or substantial training.

Thirdly, the project introduces a strong and adaptable system for automated music composition that is
designed to be flexible. Numerous elements are incorporated into the system's architecture, such as the
flexible representation of musical data, adjustable musical rules, and ability to manage the musical settings
and styles. This flexibility is made possible by adding GAs to JFugue, which allows the system to be
changed to fit different musical projects, from classical pieces to modern electronic music. Because the
framework is flexible, it ensures that it can be applied across different applications, whether for personal
creative projects, commercial music production, or experimental compositions. This wide range of
applications not only makes the system more useful, but it also advances the continuous advancement of

music technology by offering a workable solution that can be tailored to various musical requirements.
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CHAPTER 2: LITERATURE REVIEW

Chapter 2

Literature Review

2.1  Basic Theory of Music

This section provides an overview of fundamental music theory concepts necessary for understanding
music composition. It covers essential elements such as pitch, musical notes, accidentals, clefs, and scales,
which define the framework of music. It also distinguishes between melody (polyphonic) and harmony
(monophonic), discusses rhythmic elements like note values, rhythms, and tempo, and explores dynamics,

timbre, tone, consonance, and dissonance, which contribute to the expressive qualities of music.

2.1.1 Pitch, Musical Notes, Accidentals, Clefs and Scales Pitch

Pitch refers to how high or low a sound is; it is determined by the rate of vibration that produces the sound
[7]. The higher the frequency, the higher the pitch; the lower the frequency, the lower the pitch. Pitch is
communicated by a series of alphabet: A, B, C, D, E, F, G instead of going onto H, | etc and it starts again
at A. A sequence of 8 notes from A to A, Bto B, C to C, etc., is referred to as an octave [7]. They repeat

in a cycle and so helps musicians to identify notes on an instrument or in written music.

Low pitch - Pitch P High pitch

pdbic ol

Figure 2.1 Overview of Pitch [8]

Musical Notes

In music, notes are named after the first seven letters of the alphabet which are A, B, C, D, E, F, G [9]. It
would follow again after G back to A. As you travel higher or lower in pitch, such a sequence of notes
moves in a circular pattern. The musical notes are written on a set of five horizontal lines called staff. The

position of a note on the staff will tells how high or low the note sounds.
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Figure 2.2 Notes Name on Each Line of Staff [10]

Accidentals

Accidentals are musical symbols that indicate a change in the pitch of a note. They are very helpful for
transposing melody, harmony, and scale. Thus, accidentals introduce pitches that are not part of the key

signature in music composed in either major or minor. Key signature is used to indicate which notes should

consistently be performed sharp ( ) or flat (b) throughout the piece of music to avoid constant usage of the
symbols. An accidental is effective until the end of the measure wherein it has occurred unless cancelled

by another accidental [11].

Types of Accidentals

1. Sharp (#): Raises the Pitch

A sharp raises a note by a half step (semitone)

2. Flat (b): Lowers the Pitch

A flat lowers a note by a half step.

3. Natural (): Cancels a Sharp or Flat

A natural symbol cancels any previous sharps or flats for a note within the same measure.

4. Double Sharp (0): Raises the Pitch by Two Half Steps

A double sharp raises a note by two half steps (a whole step).
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CHAPTER 2: LITERATURE REVIEW

5. Double Flat (O): Lowers the Pitch by Two Half Steps

A double flat lowers a note by two half steps.

[ J [ J [ J
F Sharp F Flat F Natural

)

Figure 2.3 Examples of Accidental Signs [12]

Clefs

A clef is a musical sign placed at the beginning of the staff that defines the pitch of the notes for that
particular staff. Clefs are essential as they indicate which line and space corresponds to each note, allowing
musicians to read music accurately. There are two primary types of clefs which is Treble Clef and Bass

Clef. Both of these clefs is used for different range of notes.

Treble Clef (O0): G Clef

Treble Clef is the one of the most used clefs in music notation. It is also referred to as the G clef because
of the way the staff's G line is encircled by the clef symbol's spiral [13]. The treble clef sits on the second
line of the staff from the bottom, which is the note G above middle C (G4). It is used for higher-pitched

instruments such as violin, flute, trumpet, oboe and piano (right hand).

Bass Clef (O): F Clef

Bass Clef which is also known as F clef is used to indicates sounds with lower pitch. It's called the F clef
because the two dots are around the line of F in the staff. the bass clef is on the fourth ledger line from the
bottom so this is an F below middle C (F3) [13]. It is used for lower-pitched instruments and voices, such
as the cello, double bass, bass guitar and piano (left hand).

Scales

A scale as an ordered set of notes successionally arranged in either ascending or descending pitch, it comes
from the Latin word meaning ladder [14]. A scale consists of intervals; the formation of these intervals
enables scales to produce melodies and harmonies, which serve as the foundation for significant musical
concepts. The most typical of Western music's scales is major and minor: each has seven notes falling
within the pattern of whole steps called tones, and half-steps or semitones [14], which give them their
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unique sound and emotional character. The major scale adheres to the sequence of whole, whole, half,
whole, whole, whole, half steps resulting in its distinctive bright and cheerful tone. On the other hand, a
natural minor scale is of a darker, more gloomy character. The pattern is whole, half, whole, whole, half,

whole, whole steps [14].
Major & Minor Scale

)" 4
i £\
C Major s > s ©® * |
ANV & [ ]
o o @
L 1l Il L ] L L )
‘Whole ‘Whole Half ‘Whole Whole ‘Whole Half
n step step step step step step step
A
A Minor {ay
i ’

e * °
L I L L Il L JL J
‘Whole Half ‘Whole ‘Whole Half ‘Whole ‘Whole
step step step step step step step

Figure 2.4 Examples of Major and Minor scales

Other forms of the minor scale include the harmonic minor and the melodic minor. In each instance,
multiple notes are modified to create various intervals and effects. Besides major and minor scales, there
are also chromatic scales (which have all twelve semitones within the octave), pentatonic scales (which
are five notes and are used a lot in folk music and most non-Western forms) and modes such as Dorian,

Phrygian, Lydian, and others [14].

2.1.2 Melody (Polyphonic) and Harmony (Monophonic)

A melody is a series of musical sounds that create a rhythmic sequence and are heard by the listener as
one linear line or a tune. It is one of the elements that tends to give the listener recognition when hearing
some songs or pieces of music, as it represents one of the major themes. This is accomplished by the
process in which different pitches and rhythms are combined linearly, thereby forming a musical idea that

moves through time.

When we talk about polyphonic melody, it can be defined as the musical texture that holds two or more
melodies which sound independently but simultaneously. With polyphonic music there are multiple
melodic lines which interweave into a dense and complex texture. The different melodies-or voices-of any

polyphonic composition will

be characterized by unique contour and rhythm but they will harmonize with the other voices. This style

is characteristic of many music from the Renaissance and Baroque periods, such as the compositions of
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Johann Sebastian Bach, when the different voices are equally important [15]. In this case, a classic
polyphony refers to a fugue in which several melodic lines are interwoven at different intervals, evolving
independently yet maintaining a relationship with one another. Harmony is a combination of several
different notes in music that is sounded together to come up with chords and chord progressions [16].
Harmony gives music depth and richness, enhances melody, and creates a sense of closure. This is done
through stacking up the notes at designated intervals so that the chords follow each other by the rules of

music theory.

The term "monophonic” is a contradiction when referring to harmony, as "monophonic" denotes a singular
melodic line without of harmony or accompaniment. A purely monophonic texture comprises a singular
note produced at any moment, demonstrated by a solo vocalist or a single musical instrument performing
a solitary melody line without of harmonic accompaniment. However, when it comes to independence,
monophonic music is the easiest to play. Gregorian chants are a good example of monophony [17], which

is a single melodic line played without any harmonic backing or accompaniment.

Melody

. [ s o =
ﬁ i — 1' r
Ll !

2 Do |
: . Z -
i

Harmony

Figure 2.5 Melody and Harmony [18]

2.1.3 Note Values, Rhythms and Tempo

Note Values

Note values indicate the length of time a specific note is sustained in a song, track, or composition. They
are the more basic elements that make reading and writing musical notation possible, just through
designating how long each sound or silence is to last. The notes are inscribed on a musical staff, each

represented by a distinct symbol denoting their duration [19].

Whole Note - Semibreve (0):
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The Longest of the basic note values. Normally lasting for four beats in 4/4 time or Common Time. This
is an open note head, a hollow oval, with no stem.

Half Note - Minim (0O):

Half note is a note half in duration to a whole note. A half note is two beats long. It looks like an open note
head with the stem.

Quarter Note - Crotchet (0O):

A quarter note is half the time value of a half note, holding one beat. It has a note head that is entirely
coloured in, with a stem.

Eighth Note - Quaver (O):

An eighth note is half the value of a quarter note and one-half of a beat. The note head is filled-in but it
always contains a stem and single flag or when used with other eighth notes a beam.

Sixteenth Note - Semiquaver(O):

A note which has half the value of an eighth note. It is also considered a quarter of a beat. It notes a head
with a stem and is filled in with two flags or beams.

Dotted Notes:

A dot after a note adds half of the value of the note to itself. Hence, the dotted half note would be the value

of a half note plus a quarter note - count total of three beats.

Rhythms

Rhythm is the pattern of sounds and silences in music that are created by variation in the values of notes
and rests and using accent. In other words, it is the "beat" behind the music-a structure and flow. Rhythm
gives the impression of flow and groove in music, hence defining how the notes are played in relation to
the beat.

Rhythm is often defined by time signature, a fraction written at the beginning of the music. The top number

tells how many beats are in each measure (that is, a segment of time) and the bottom number tells what
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note value is equal to one beat [20]. Common time signatures include 4/4 (four quarter-note beats per
measure), 3/4 (three quarter- note beats per measure), and 6/8 (six eighth-note beats per measure).

Time Signature

Top Number
_~~ How many beats in each bar

4/

Bottom Number
What type of beats they are

Figure 2.6 Time Signature [20]

In music theory, syncopation is a rhythmic technique that emphasizes unaccented beats or off-beats, or in
general creating unexpected accents and introducing diversity to the rhythm [21]. Syncopation is mostly
used within jazz, funk, and Latin music genres. On the other hand, composers and musicians utilise diverse
rhythmic patterns to create distinct moods and styles. The waltz often employs a 3/4 time signature,

whereas a march is commonly in 4/4 with pronounced downbeats.

Tempo

Tempo refers to the speed at which a certain piece of music is performed. Musical tempos are usually
measured in beats per minute, abbreviated BPM. The higher the BPM, the faster the tempo; the lower the
BPM, the slower the tempo. The tempo plays an important role in setting the mood and giving life to a

particular song.

Traditional tempo markings are often written in Italian on sheet music. Below are some common

indications of tempo [22]:

Largo: Very slow and broad (40-60 BPM).
Adagio: Slow and stately (66-76 BPM).
Andante: Walking pace (76-108 BPM).
Moderato: Moderate speed (108-120 BPM).
Allegro: Fast, quick, and bright (120-156 BPM).
Presto: Very fast (168-200 BPM).
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Composers may change the tempo within a piece of music to create contrast and interest. Terms like
ritardando (rit.) is an Italian word that means a gradual slowing; accelerando (accel.) is an Italian phrase
which means gradually faster. Together with note values, rhythm, and tempo, it forms the rhythmic

framework of music.

What is Tempo? BPM

Allegro (. =132) .

i

-

Time
signature

Figure 2.7 Example of Tempo

2.1.4 Dynamic, Timbre and Tone
The three main components of music's structure are tone, timbre, and dynamics; each one gives the music
a unique expressiveness, colour, and personality. Each of these ideas is used to vary aesthetic and

emotional impact that musicians or composers achieve in a piece of music.

Dynamics
Dynamics are the various loudness levels or softness of the music [23]. It is important in developing
emotion, mood, contrast, and drama in a piece. For dynamics, sheet music generally uses Italian terms

with corresponding symbols to indicate how loudly or softly the musician should play.

Common Dynamic Markings:
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Dynamics
%’&
(50%'6 ________________________ > LoudeS[
™ PP pmpmnf f ff
Italian: | Pianissimo | Piano | Mezzo Mezzo Forte | Fortissimo
Piano Forte

English: | Very Soft Soft | Medium | Medium Loud |Very Loud
Soft Loud

Figure 2.8 Common Dynamics Marking
Figure 2.1.1.8 above shows the dynamic changes across the table. Each symbol and Italian terms have

their specific meaning.

Timbre

Timbre, pronounced "tam-ber," is also referred to as "tone color.” It is a quality or "color" of a sound that
allows us to distinguish it from other sounds of the same pitch and loudness [26]. It is the characteristic
that allows us to distinguish between several instruments or voices, such as a violin and a flute, producing
the same pitch at the same volume. Various elements influence timbre, including the material composition
of an instrument—metal or wood—and its design, which differentiates the timbre of a wooden clarinet
from that of a brass trumpet. The playing technique influences timbre; for example, the distinction between
plucking and strumming a guitar string or employing a bow versus pizzicato on a violin. When a note is
played, it produces not just a fundamental frequency but also a succession of overtones or harmonics,
whose balance and intensity contribute to the instrument's unique timbre. Timbre is frequently employed

to characterize adjectives include bright, dark, warm, mellow, harsh, smooth,

and piercing [24]. These provide a broad spectrum of quality and texture in the sound generated by various

instruments or voices.
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Figure 2.9 Timbre of Different Instruments [25]

Tone

The term 'tone’ contains several meanings depending on the context, but it primarily indicates the character
or quality of a musical sound, influenced by its pitch, intensity, and timbre [26]. Tone covers all aspects
of a note or sound from both technical and expressive perspectives. The tone may refer to the pitch of a
note, for example, when a musician uses the following phrases, "the tone is high" or "the tone is low." In
another context, brightness can also refer to the aspect of quality or timbre. In describing timbre, one would
refer to a "bright tone™ as heavy with treble and overtones, while the "dark tone” may be heavier in bass
frequencies. The term ‘Whole tone’ also describes an interval between two notes separated by two
semitones; for instance, from C to D. Musicians most often refer to "a good tone, a term that may refer to

a desirable quality and one appropriate to the musical situation.

2.1.5 Consonance and Dissonance
Consonance and dissonance are basic terms in music theory, describing the relationship between

simultaneously played sounds and their perceived effect upon the listener. Consonance refers to a
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combination of notes that produces a stable, appealing, and harmonious sound. These intervals or chords
are typically seen as resolved and

complete, evoking a sense of calm or repose. Consonance would include intervals such as the perfect fifth,
major third, with notes like C and G, C and E [27].

4 1 O
15 = X8 o
ho o T O © '
. o 1o o o o o o
Minor Major Perfect Perfect Minor Major Octave

Third Third Fourth Fifth Sixth Sixth

Figure 2.10 Consonant Intervals [27]

On the other hand, dissonance refers to the group of notes that give tension, unsteadiness, or conflict.
Dissonant intervals include the minor second, a tritone: an interval with notes like C and C#, C and F#,
which also often sounds jarring or unresolved to the ear [27]. Dissonance acts more as a crucial ingredient

in making music, since it provides movement, drama, and interest that resolves into consonance.

A
)
y 4 | | Py
| ) T < i
— 1 g (8] M
. S 1 o o o
Minor Major Tritone Minor Major

Figure 2.11 Dissonant intervals [27]

2.2 Inspiration Methods for Composition
2.2.1 Golden Ratio

The Golden Ratio, approximately 1.618 [28], is a mathematical principle found throughout art,
architecture, and music due to its pleasing nature. In the process of composing music, the Golden Ratio
has been applied to provide structure for musical works, often placing key changes, climaxes, or other
important musical events according to this ratio. It is based on the Fibonacci sequence, in which each
number is the sum of the two preceding ones, suchas 0, 1, 1, 2, 3, 5, 8, 13, and so on [29]. The ratio of
successive Fibonacci numbers approximates the Golden Ratio. This ratio is said to create a natural,
harmonious balance; hence, it shall be useful for the composer in evoking in the music a sense of beauty
and symmetry.
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Golden Ratio in Works: Claude Debussy is a renowned composer who employed the Golden Ratio in his
works. For example, his work "La Mer" is organized so that some key changes and climactic moments
occur at points consistent with the Golden Ratio, thereby giving the music organic development and
resolution [30]. Similarly, the famous violin maker Stradivarius constructed his violins so that their
dimensions were in the Golden Ratio, which gives the instrument a very distinctive sound quality [31].
That relation of mathematics with aesthetics is taken further in the paper "The Fibonacci Sequence and the
Golden Ratio in Music™ [29], where the paper presents an original composition based on Fibonacci
numbers. The current paper goes further in exploring how the Fibonacci sequence underlies the structure
of musical intervals and compositions, showing that there's an inherent appeal of this mathematical
phenomenon in music.

2] 3+2=5

34 8+5=13

s 13+8=21
13 21+13=34
8 34+21=55
55+ 34 =89
0,1,1,2,3,5,8, 13,21, 34, 55,89, 144... 89+ 55= 144

nE

Figure 2.12 The Golden Ratio [32]

2.2.2 The Circle of Fifths
The Circle of Fifths is one of the basic concepts of music theory; it describes graphically with a circle the
relations between the twelve notes of the chromatic scale. It is an essential tool in dealing with key

signatures, chord progressions, and harmonic relationships.
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Figure 2.13 Circle of Fifths [33]

In the circle, each note is a perfect fifth from its neighbors; this helps musicians to work out how various
keys and chords relate to one another. Working clockwise from C at the top of the circle, each successive
note is a perfect fifth higher than the last: C, G, D, A, E, B, and so on [34]. This rotation, clockwise,
sharpens key signatures for those keys and may be integral to sight-reading or composition. Conversely,

moving counterclockwise from C, each note is a perfect fourth higher, thus creating the progression C, F,

Bb, Eb, Ab, and so on. In this direction, one will find key signatures that add flats [34].

The Circle of Fifths works exceptionally well in a number of musical contexts. First, the circle can help
identify key signatures, wherein the position of any given key on the circle shows how many sharps or
flats a particular key signature contains. It will be much more convenient when transposing the music or
analysing complex works. Second, the circular structure helps easily create and analyse chord
progressions. Standard progressions-1-1V-V-I, for example-use the relationship of chords a perfect fifth
apart and sound harmonious because of their positioning on the circle. Another use of the Circle of Fifths
is in modulation, or changing keys, within a piece. Keys that are neighbours on the circle are more closely
related and provide smoother transitions, which is one way to modulate without disturbing the harmonic

flow.
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The circle further illustrates the relative majors and relative minors, in which every major key has a minor
key that is a relative to it with the same key signature. For example, C major and A minor use the same
sets of notes but have different tonal centres. Such relationships are more visually obvious on the Circle
of Fifths, from which musicians can learn and employ these relationships in their compositions and

performances.

2.2.3 Polyrhythms

Polyrhythms are all the complicated rhythmic patterns in music that govern the process of simultaneously
combining two or more contrasting rhythms. They are an intellectual form of rhythm and give much
interest, depth, and complexity to the works, creating a three-dimensional sound. Essentially, when two or
more rhythms of different time signatures or beat divisions flow simultaneously, there is an involved
interaction of beats and accents: a polyrhythm. Probably the most common form of polyrhythm is the 3
against 2 patterns [35], where one rhythm plays three evenly spaced notes in the same period that another
rhythm plays two. This gives it a layered texture where rhythmic patterns interlock and complement each
other.

Additionally, polyrhythms are applied to most musical traditions worldwide; from African drumming
through to Indian classical music and to jazz [35], in which musicians apply these rhythmic patterns to
heighten the rhythmic complexity of their music. In much African music, polyrhythms are applied to build
up a complex, driving interlocked rhythmic texture that really provides its groove. Indian classical music
elaborates complex polyrhythmic material in the form of "tala,” which forms the basis of its rhythmic
framework and execution [36]. In jazz, polyrhythms are adopted as a means of creating syncopation and
adding rhythmic interest. These rhythmic interactions are created on the spot and thus are complicated
inside the improvisation. To master polyrhythms, it requires great understanding of rhythm and a high
level of coordination, since there is a need to manage and synchronize more than one rhythmic pattern at

the same time.
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Figure 2.14 3 against 2 Polyrhythm [37]

2.2.4 Cellular Automata

Cellular automata are computational models for simulating complex systems and processes using simple,
discrete rules [38]. They include a grid of cells that can exist in a finite set of states-say, "on™ or "off".
Further refinements of these cells are made at discrete time steps according to a set of local rules defined
about the change in states of a cell based on the states of its neighbours [38]. Cellular automata can generate
patterns that range from totally random to highly ordered and self-organising, depending on the rules used
and the grid's configuration—a line of cells, two dimensions in a grid, or higher dimensions. The
applications using cellular automata range from fluid flow models, traffic flow, biological activities, and

many others within a wide scientific and engineering range of fields.

In the context of computer music, cellular automata can be used as means of algorithmic composition and
sound synthesis, thus creating complex, growing musical patterns. Musical parameters, such as pitch,
rhythm, dynamics, and timbre, can be designed based on the states and rules of cellular automata enabling
the dynamic and developing compositions to be created. In this case, a one-dimensional cellular automaton
may assign a musical note to each cell [38]. Its state would then define the pitch of that note, and its
evolving may create a melody or a harmonic sequence. Within rhythm generation, cells may represent
beats, and their interaction rules could generate complex, developing rhythmic patterns. This enables the
composers to explore new musical textures and structures that introduce elements of surprise and

complexity, which would be hard to attain with conventional methods of composition.

Cellular automata result in particularly striking complex rhythmic patterns and textures [39]. For example,
by representing states of cells with a rhythmic event-like hitting drums or percussive sounds, a composer
can specify rules that determine how those rhythms will develop over time, bringing about involved
polyrhythms and rhythmic variations that would be difficult to achieve manually. These rhythmic

structures can serve as a base for composition in electronic music, percussion ensembles, or as the rhythmic
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foundation for other musical layers. This application is popular in electronic and minimal music genres,
where the creation of rhythmic patterns that are repeating and constantly changing is a characteristic.
Moreover, other cellular automata applications can be found in the realm of sound synthesis, whereby their

evolving states control synthesiser settings, resulting in rich and unique timbres and textures.

2.2.5 Musical Dice Concept

Musical dice refer to the concept whereby dice are used to select, by chance, segments of music that were
previously composed. This concept has been most famously explored by Wolfgang Amadeus Mozart in
the 18th century. The basic principle involved the use of dice rolls to determine the sequence of the musical
phrases for generating different piece for every performance [40].

Firstly, the composer prepares a library of brief musical segments or phrases. The phrases are all normally
in the same key and of the same style for them to fit together. A table is created in which each roll of the
dice corresponds to a specific musical phrase. For instance, a composer who has six phrases to use for
each measure of a 16-measure minuet can have one roll decide which phrase will play at every measure.
After that, the music are put together. The sequence of musical portions is determined by the order in
which the dice are thrown. In theory, this allows for an infinite amount of combinations, allowing each

composition to be unique each time the game is played.

One of the earliest known examples is Mozart's "Musikalisches Wirfelspiel™ ("Musical Dice Game"). He
wrote out a series of 176 pre-composed measures, and arranged them into a grid [41]. The roll of two dice
would determine which measure from a grid should be used at any given point in the composition, enabling

even non-musicians to "compose” music by rolling dice.

2.3 Algorithmic Composition

2.3.1 Evolutionary Music Composing Songs

Evolutionary music composition is an application of biological mechanisms of evolution for creating
music. This can be carried out by various algorithms like GA, Differential Evolution, or any other
evolutionary strategy that applies the principles of biological-based natural selection to come up with

completely new musical ideas.

This process begins with the initialization stage, where a very diverse population of musical "individuals"

is created. Individuals in such a population may each represent one unique combination of musical
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elements, including melodies, rhythms, harmonies, or other components of music. Every musical
individual will be evaluated during the phase of fitness evaluation according to a previously defined fitness
function related to the quality of the music, taking into consideration different features [42]. These range
from harmony or melody, or traditional measures, to rhythmic complexity, and even subjective elements

concerning emotional impact or adherence to user-defined preferences.

The process followed by selection is that of breeding. In this stage, higher-scoring individuals according
to the fitness function are selected toward reproduction. The two major genetic operators that can be used
for reproduction are crossover and mutation. In crossover, segments of two or more high-fitness
individuals are combined to produce offspring that receive features from both parents. Mutation adds
randomness to some of the offspring, increasing variability and possibly new innovative musical ideas.
After that, it is followed by the iteration phase where the process is repeated once more. The new
generation of musical individuals again undergoes selection and breeding as done in the first place. This
iterative process goes forward for several generations, while the quality of the music improves with a
better population. With each such generation, the algorithm refines the musical compositions progressively

to yield a piece of music that achieves a desired level of quality or creativity.

2.3.2 Genetic Algorithm in Evolutionary Music

GA are used to utilize computation techniques inspired by natural evolution to enhance the creation of
music. This method involves representing musical compositions as chromosomes. These could be note
sequences, rhythms, or other musical parameters represented as strings or arrays. In fact, GA enable to

effectively manipulate and evolve the musical elements.

The fitness function is considered, which is a measure that shows how well a work fits into specific musical
requirements. These may range from melodic consonance and harmonic progression to rhythmic patterns
and user-defined aesthetic preferences. In GAs, such evaluation of compositions based on these parameters

facilitates the identification and propagation of the composition toward desired musical qualities [43].

The main operators in GAs include selection, crossover, and mutation. Selection comes into play in the
form of choosing individuals from the population in accordance with their fitness score; the better the
composition, the higher its chances to contribute to the new generation. Crossover creates offspring by
recombining the information carried by multiple parent compositions according to a process inspired by

single-point, multi- point, or uniform crossovers. The mutation applies small random changes to the
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individuals, for example, to the pitches or rhythmic values of notes, in order to discover novel musical

traits and to avoid genetic drift [44].

Various applications of GAs are also considered within the diversity of musical styles, including jazz
improvisation and classical composition to electronic music. They can create new musical ideas,

restructure compositions into various styles, and act as interactive tools for composers.
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Figure 2.15 Flowchart of GA Used for Music Composing [45]

2.3.3 Comparison of Algorithmic Composition Methods
The several approaches to algorithmic composition can be categorised into several methods, each having
a unique set of properties and applications. Rule-based systems, neural networks, cellular automata,

Markov chains, GAs, and others all have distinct advantages and disadvantages.

Rule-based systems use predefined rules and grammars to create music. The system is deterministic,
meaning that what is composed is strictly reliant on the algorithmic and logical steps the composer has set

down. While they can offer a whole lot of consistency and structure, they typically lack the creativity or
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variation of other methods; thus, they cannot easily produce innovative or unexpected results from the
music [46].

For Markov chain, this music generation system is able to use the transitions between musical states to
generate music compositions, representing how the sequence of melodies or rhythms is modelled by
statistical relationships. This stochastic approach can lead to great stylistic imitations and can get coherent
musical sequences, but its new compositions may lack originality since it relies totally on existing

probabilities and patterns [46].

GA build on the principles of natural evolution to create music. By means of mechanisms of selection,
crossover, and mutation, GAs seeks immense musical spaces and produce diversified and innovative
compositions [46]. This flexibility allows GAs to be applied to several styles of music with great efficiency

in novel and unique creations.

Recently, neural networks have gained significance in machine learning, enabling them to foresee new
musical compositions by learning from extensive preexisting datasets of music that represent many styles
and forms. Although the potential for high-quality output, neural networks require large computational

resources and extensive datasets in practice to be really effective for solving practical problems.

Next, cellular automata are used to provide grid-based structures in which cells evolve according to
specified rules. These generate rhythmic patterns and textures and can do a good job of it. However, most
cellular automata are pretty unsatisfactory as generators of melodies and harmonies as compared to other
methods because it focus on the local rule-based interaction-effective for the creation of rhythmic patterns
and textures- problematic for broader musical concepts such as coherent melodic and harmonic
development. Their grid-based structure and local interactions restrict them to nuanced, sophisticated
musical features evident in various compositions developed with the use of other methods including GA

and neural networks.
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2.4 Critical Remarks of Existing Systems

2.4.1 Aimi Studio

Aimi Studio [47] is an innovate platform designed to create personalized music through artificial
intelligence. For custom music creation, the user decides on several musical styles and able to input some
keywords to generate relevant styles they preferred. The platform enables users to change various musical
parameters such as harmony, tops, FX, beats, bass, melody and pads to come up with personalized musical
experiences as shown in figure 2.16. Users can also direct to the ‘Explorer’ page to find various audio
samples from the sound map by clicking on the dots as shown in figure 2.17. At the bottom-right panel,

users can choose to ‘Remove all’ or ‘Add all’ samples in the composition.

In addition, users can also change according to their preferences from the ‘Add Filter’ button which have
a few options: Key, BPM, Instrument, Genre, Voices and Timbre as shown in figure 2.18. When users
clicked the play button, the composed music will play it and show it in the “‘Now Playing’ section. Other
than that, for the experience parameters panel, users are able to customize different aspects of the music
as shown in figure 2.19. However, Aimi studio has limitations in terms of how music can be exported or
shared. Advanced users may want more flexibility in file formats such as MIDI or MP3 file to refine or

rearrange musical elements.

w Window Help
JUNY | stugio  vosis
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Figure 2.16 User interface of Aimi Studio
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View Window Help
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Figure 2.17 Sound Map of Aimi Studio
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Figure 2.18 Add Filter Option

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

26



CHAPTER 2: LITERATURE REVIEW
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Figure 2.19 Experience Parameters Panel

2.4.2 Wolfram Tones

Wolfram Tones is a web-based music generator tool that uses algorithms based on cellular automata and
computational principles created on the year 2005 [48]. The platform allows users to generate music by
selecting musical styles, customizing parameters such as algorithm control, instrumentation, pitch
mapping and time control as shown in figure 2.20. After users done customizing the settings, the play
button is clicked, and music will be generated while different mathematical patterns will appear on top of
the bar. Moreover, users can export music as MIDI, MP3, WAV and FLAC file by clicking the ‘Download’
button and share it to social media platforms like Facebook and Twitter. However, users cannot manually
adjust the generated musical patterns and elements like note duration, dynamics and visual feedback is

quite normal which the platform is purely functional.
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Figure 2.20 User Interface of Wolfram Tones

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 2: LITERATURE REVIEW

2.4.3 Ecrett Music

Ecrett Music [49] is a web-based Al music generator that aims to make the process of making royalty-free
music simple. The design of the homepage is simple. Thus, a user can have an easy start in generating
music. The user interface is shown as below figure

2.21. There are few customization options which is scene, mood and genre. For the scene, users can choose
kind of categories such as adventure, travel or fitness to fit the music preferences. The mood allows users
to select the mood they want for the music they are generating. It could be happy, sad, serious, peaceful
and more. While the genre shows a range of choice, which are 8-bit, EDM, Hip Hop and much more.

Users can also set the tempo and volume followed by duration of music as shown in figure 2.22. Once the
parameters are set, users will be able to listen to a generated track preview and continue with it if it meets
their expectations. Once the track is done, it can be export and download as MP3 file. However, there are
drawback which is the limitations of musical instruments to select while composing music. The

instruments are set as default and cannot be changed.

‘ ecrett music
SCENE MOOD GENRE Favorites
Please to use this feature

SF EDM
chill Tropical House

simulation

Adventure ‘ Fantasy 8-bit

Puzzle
village Dark Techno
Travel uplifting Hip Hop

=]

Fitness Happy Lofi Hip Hop

CREATE MUSIC c

Tempo & Volume v 0:30-100 v

Figure 2.21 User Interface of Ecrett Music
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Figure 2.22 Tempo, Volume and Duration Settings

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 2: LITERATURE REVIEW

2.4.4 Comparison of Existing Systems/\Works

The following table is a comparison table showing the existing systems from sections 2.4.1 to 2.4.3. Most

of the limitations mentioned in previous sections can be resolved by adding additional features within the

system that provides that functionality.

Table 2.1 Comparison of Existing Systems

Feature

24.1
Aimi Studio

2.4.2
Wolfram Tones

24.3
Ecrett Music

Interface Design

Modern, visually
appealing

Basic, focused on
function

Clean, intuitive
and user-friendly

Learning Curve

Low, designed for

immediate use

High, especially for

users unfamiliar with

Low, designed for

content creators with

when generating

computational no musical
terms background
Audio file saving | No Yes, as MIDI, Yes, as MP3
MP3, WAV and FLAC
Responsiveness Basic, some lag Highly responsive Responsive,

generates music

adjustment

new music quickly
Real-time No real-time No real-time control, Extensive, real- time
Control control, only pre- only pre- generation control with sliders
generation options | options for tempo and
volume
Instrument No Yes No
selection
Musical pattern | Yes No Yes
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Chapter 3
System Methodology/Approach

This project will implement a development process methodology based on Rapid Application
Development (RAD). In addition, the application will be built using Java programming language and
integrate the use of Java APIs. This chapter will discuss the methods and approaches proposed to achieve

the deliveries of this project.

3.1 System Design Diagram

3.1.1 System Architecture Diagram

Figure 3.1 shows an overview of the system design which how users interact with the system. Firstly, users
input their preferences and key parameters into the Music Generator interface. After that, the music
generator processes input using the Genetic Algorithm and JFugue library. Once the music is generated,
the system outputs the music and allows user to listen and preview it. If the user is satisfied, the

composition is exported as MIDI file and it can be opened in any music composition studio for further

editing.
Music
User Generator
Music composition
Input S MIDI file Studio
User prefences + | o
GA parameters Export as n Edi?nzc} Mixring
— — —
— MIDI
Generate
Music Preview {MuseScore Studio,
GarageBand)
Genefic JFugure
Algorithm library

Figure 3.1 System Architecture Diagram
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3.1.2 Equations and Fitness Function

In this system, it evaluates each generated melody with multi-criteria fitness function. The overall fitness
F is weighted sum of three components which is Tonality(T), Harmony(H), and Rhythm(R). They sum
to 1.0 to create a normalized weighted average, and listening tests shows that this weighting creates
melodies that sound better than those made with equal or random weights.

Overall Fitness

Ftotal = (Ftonality x 0. 5) + (Fharmony x 0. 3) + (Frhythmic x 0. 2)

Ffinal = max(O. 0, min(l- 0, Ftotal))

The max/min simply clamps the result between 0 and 1.

The weights 0.5, 0.3, 0.2 reflect the higher importance of staying in key, followed by harmonic
compatibility and rhythmic quality.

Tonality Fitness, Fionaticy

Measures how well the melody stays inside the chosen key and how strongly scale notes land on accented

beats.

e Basic scale compliance

scaleNotes_count
totalNotes

Fpasic =

e Strong-beat compliance

strongBeatScaleNotes
strongBeatNotes

Fstrongbeat =

Strong-beat compliance counts how many scale notes occur on the main accents of the bar — beat 1
or beat 3 in common time (e.g., beat 1 and beat 3 in 4/4). The program allows a small timing window
(about 0.1 beat) to include notes that start very close to those accents (equivalent to the code condition
(currentBeat mod 1.0 < 0.1) and (currentBeat mod 2.0 < 0.1) ).
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Combined score

Ftonality =0.7 Fbasic + 0.3 Fstrongbeat

Harmony Fitness, Fparmony

Evaluates how well melody notes fit the active chord progression.

Basic harmony
The percentage of melody notes that match the chord.

F harmonicNotes
basicHarmony ™ 4, talPitchedNotes

Weighted harmony
Each note contributes according to its beat position:

Chord tone on strong beat: +1.5
Chord tone on weak beat: +1.0

Non-chord tone on weak beat: +0.3

. chordToneScore
weightedHarmony = totqlPitchedNotes x 1.5

The 1.5 in the denominator is the highest possible weight for a single note, so this keeps the value

between 0 and 1.

Combined score
The min(1.0, ...) makes sure the final value never goes above 1, even if the weighted part is very

strong.

Fharmony = min[l- 0,0.4 FbasicHarmony +0.6 FweightedHarmony]

Rhythmic Fitness, R

Checks whether rhythm of melody is interesting but not messy. It rewards variety which provides a

steady overall pattern and gives a bonus for a little syncopation (off-beat accents).

Variety
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uniqueDurationTypes

Fvariety - 5.0

uniqueDurationTypes = how many different note lengths appear (e.g., quarter note, eighth note,
half note).
Dividing by 5.0 keeps the score between 0 and 1, assuming five or more types is “enough

variety”.

e Consistency

maxDurationCount |
totalNotes

maxDurationCount = how many times the most common note length occurs

Letr =

r measures how dominant that one duration is

0.5, r > 0.7(too repetitive)
Feonsistency =11.0, 0.4 <r < 0.7 (balanced)
0.7, r <0.4 (too chaotic)

- If one note length is used over 70% of the time — rhythm is repetitive — score 0.5
- If the most common length is 40-70% — good balance — score 1.0

- If no duration stands out (< 40%) — feels random — score 0.7

e Syncopation
Moderate syncopation adds to the score:

syncopationScore

ratio,s = - :
beatAnalysisCount

syncopationScore = points given when notes fall slightly off the strong beat

beatAnalysisCount = total beats checked.

0.6, s > 0.3 (too much syncopation)
Fsyncopation = 11.0, 0.1 <s < 0.3 (ideal amount)
0.8, s <0.1 (too little)

e Combined rhythmic score

Frhythmic =0.4 Fvariety +0.4 Fconsistency +0.2 Fsyncopation
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Example Calculation
For a melody of 16 notes:
e Tonality, Fionaiicy =0.70
e Harmony, Fpgrmony = 0.60

o Rhythm, Frhythmic =0.90

Fiotar = (0.7 % 0.35) + (0.6 x 0.3) + (0.9 x 0.2) =0.35+0.18 + 0.18 = 0.71

The above calculations shows that the genetic algorithm uses this final fitness, F to rank individuals, as
higher-scoring melodies have greater probability of selection for crossover and mutation in the next

generation.
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3.2 Use Case Diagram and Description
The use case diagram for the Evolutionary Music Generator is shown as below:

Evolutionary Music Generator

] <<Include>=..-» Set GA Parameters
Configure o
Parameters

. eessinclude>>
o set Scale & Key

<<Include>5-.__

Set Tempo &
Instruments

i <<Include=>>

User
Generate Chord
Progression

| <<Include>>

Generate
Accompaniment
Bass/Drums

<<Inclitiaé‘>x .
4/ Play and preview ‘
Music Library

Playback
Control

Export & Save
View Fitness
<<|nclud(?i?,_..'-’ Evolution
Analysis & e <<Include>>
Visualizations HRe L TEEemrasRee Analyze Results ‘

.. _<<Include>>

"% Compare Generations

Figure 3.2 Use Case Diagram

From above diagram, the main actor who interacts with all system functionalities is the user. Users can set
up musical generation parameters such as setting GA parameters, Scale, Key, Tempo and Instruments
before initiating the music generation process. Users can playback and preview generated music and
analyze the evolutionary fitness progression and results quality, compare different generations and export

satisfied music to MIDI format.
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3.3 Activity Diagram

The activity diagram for each activity in the use case diagram are shown below:

User System
Olsplay }
Enterbars ane oy
(magoriminee)
I e
ik |
“Gonmrate Music' ‘ -
A. C J
v...i.m.
ot oy
Chain
Mtszs pogresiion = O]
st i onicchoed)
Gk hey e
C J
\Fum
Vo
Use bright, hapgy \Use darker sadder chord
e i
Suiing chord ssquence
Far sach chord position, |
e whathar sl have &mety
| nenarossten |
\
o —
\ R—
Ml
bnd Is this near
ha so?
e it e
chord (srong
o)
T,
Choosa strang mush
leadng croid orobsbiny pansme
bt eron) opik next
¥
r— R—
it m.w_l e |
v
D |
) E
P — | poss pragrsssion o ety
prograssion ‘ generator

Figure 3.3 Activity Diagram for Generate Chord Progression
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User System

Display error -
message

Eﬂter Genetic and
Muswc F’aramelsrs

Invalid Input
- -
PR S & Input validation
Play button P!

.

Valid Input

>
Generate an initial
melody

-

Last

Evolves pupulahonH Evaluate fitness
Selection
J
‘ Crossover

Ganerate new melody "
,41—

Mutation

L—

_;/

Last Gengration

Ry

Generate melodies
pattern

+

Play Final Melody } Add";::\;dy ®

iy

-

Select Action ‘
- @@
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new malady
\v( Don't play
s -
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Melody
\.*'7./
Plfy
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@

Figure 3.4 Activity Diagram for Music Generation
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User System

Select melody from Is melody selected

table and library not empty?

%ﬁu—){ No melody selected
-
[ Choose action | Y

J

Return to choose actior

Option 1
J/i\
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Delete selected -| Delete Melod
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e
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save MIDI file
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Display error
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Figure 3.5 Activity Diagram for Music Library
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User System

{ Review Music tab Displayf Review Music
interface

3] Browse melody Load available melody
dropdown list
Select melody from list Populate drapdown
menu
Click load Receive melody
Melody button L selection
\ /

l

Load melody data from
storage

Extract melody
metadata

Generate note-by-note
table

Render piano roll

visualization
v
Study melody Display complete
information ‘ analysis
R

Analyze visualization
table

Examine piano roll view

-

Review ancther melody

Figure 3.6 Activity Diagram for Review Music
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User

System

{1 Load malody library

Poguata dropdomn J
monus

|

i
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Figure 3.6 Activity Diagram for Visualizations
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Chapter 4
System Design

In this chapter, the design of the system will be discussed and outlined. This system utilizes two types of
algorithms which are Genetic Algorithm and Markov Chain to generate music’s populations. Next, several
details parameters will be explained and what parameters are used and the methods of evolving the

generated sequences of notes.

41  System Flow
4.1.1 General Flow for Music Generation

User sets parameters

2
(Markov Chain)

l

Initialize Population
(Random Musical Sequences)

Evaluate Fitness.
(Assess Musical Quality)
Salaction
(Selact Best Sequences)

Crossaver
(Gombine Sequences)

Mutation
(Alter Sequences)
Create New Generation
(Replace Population)

Max generation

No

Yes

Output Melody
@

Figure 4.1 Flowchart of Music Generation
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Figure 4.1 shows the flow for the evolutionary algorithm. First, users enter music parameters and choses their musical
preferences through the interface. The system begins creating the musical foundation by generating chord progression
using Markov Chain, which is essential way for the computer to learn and understand which chords naturally sound
good together. With the chord structure in place, population of random melodies are randomly initialized serve as
initial gene pool for evolutionary optimization. The melody in this population undergoes fitness evaluation using a
multi-criteria fitness function. User preferences captured through previous interactions influence these fitness
calculations, allowing the system to adapt to individual musical tastes over successive generations. Then it proceeds
through genetic algorithms operations which is selection, crossover and mutation. After the operations complete, the
system creates a new generation by replacing the current population with the evolved individuals, ensuring more
improved melodies. The algorithm continues this evolutionary cycle until reaching the predetermined maximum
generation limit. Upon termination, the system outputs the highest-fitness melody from the final generation which

represents the optimized musical composition.

4.1.2 Markov Chain
Chord Transition Probability Table
| ii ii v \Y vi Vii°

| 15% | 10% |25% |20% |25% |35%
ii 10% 20% | 50% |15% |5%
i | 15% | 15% 20% | 15% |30% |5%
IV | 20% |25% | 10% 30% |10% |5%
V [60% |5% 5% 10% 15% | 5%
vi |15% |20% |10% |30% |20% 5%
vii® | 70% | 5% 5% 10% | 5% 5%

Table 4.1 Major key transition matrix

i ii° Il v \Y VI vii®
| 10% | 15% |25% |20% |25% |5%
i° | 15% 25% | 45% |10% |5%
I | 20% | 10% 15% | 15% |35% |5%
iv [25% |20% |10% 30% |10% |5%
V [ 65% |5% 10% | 10% 10%
VI [15% |10% |20% |25% |25% 5%
vii® | 75% | 5% 5% 10% | 5%

Table 4.2 Minor key transition matrix
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Figure above shows the Markov Chain algorithm logic. This matrix was derived from common chord
usage patterns such as (pop/classical/jazz examples). The algorithm creates chord progression by choosing
each new chord based on the current chord via probabilities from the transition matrix above. It begins on
the tonic (I in a major key/ i in a minor key). At every step it checks the table to see which chord is most
likely to follow and selects one of those options. This process repeats until the progression reaches the
desired length.

Algorithm Flow:
Example Run (4 Bars, Major Key)
Start: [I] algorithm always begins on tonic.

e b=1:From I, random number falls in the 1V range (25% chance) — progression: [l, 1V]
e b=2:From IV, random number falls in the V range (30 % chance) — progression: [I, 1V, V]

e b=3: FromV, random number falls in the I range (60 % chance) — progression: [I, 1V, V, 1]

Result: I — IV -V — 1, a classic pop/cadential pattern generated entirely by the transition matrix.

4.1.3 Genetic Algorithm Evolution

Table 4.3 Genetic Algorithm Parameters and Implementation Details

Parameter Implementation Details
Population The number of melody individuals (musical sequences) that

are generated in each generation. The system creates a
population of random musical sequences where each
individual represents a complete melody with notes
containing pitch, duration, and velocity information.
Population size is configurable through the GUI interface,
typically ranging from 20-50 individuals. Each melody is
structured as bars containing arrays of musical notes
formatted as strings (e.g., "C4q a85" representing pitch C4,

quarter note duration, velocity 85).

Fitness Evaluation Fitness is calculated using a weighted multi-criteria function
with three main components, Tonality Fitness (50% weight),
Harmony Fitness (30% weight), Rhythmic Fitness (20%
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weight). The final fitness score ranges from 0.0 to 1.0 and
calculated as: Fitness = (Tonality x 0.5) + (Harmony x 0.3)
+ (Rhythm x 0.2) [Refer to Section 3.1.2].

Selection Selection is performed using tournament selection method
where random subsets of the population compete based on
fitness scores. The best individuals from each tournament are
selected as parents for reproduction. Elitism is implemented

to preserve the top 10-20% of highest-fitness melodies.

Crossover rate The system uses single-point crossover at the bar level.
Default crossover rate is set at 0.7. The resulting offspring
inherit musical characteristics from both parents while

maintaining playable musical sequences.

Mutation rate The default mutation rate is set between 0.15. Multiple
mutation types are implemented such as pitch mutation
(changing notes to different scale degrees), duration
Mutations are

mutation (altering rhythmic values).

constrained to maintain scale adherence and musical

playability.
Single-Point Crossover
Bar1 Bar2 Bar3 Bar4
Parent 1: C4q E4q G4h F4q A4q CSh G4q B4q D5h Caw
Parent 2: A4qC5qESh | D4qF4qAdh | E4qGaqBdh Adw
Crossover
Point
Bar1 Bar2 Bar3 Bar4
Child 1 C4qE4q G4h | F4qAd4qC5h | EdqG4qB4h Adw
Child 2: A4qC5qE5h | D4qF4qAdh | GdqBdqD5h Caw

Figure 4.2 Single-Point Crossover

Figure above shows an example of single-point crossover, the crossover happens at the point between Bar
2 and Bar 3 of each parent melody. At this point the system splits both parent sequences into two parts:
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the first half (Bars 1-2) and the second half (Bars 3-4). Next, it swaps the second halves to create two
children.

Mutation Types

Original Melody:

Bar1: C4q a85 E4q a80 G4h a%90

Bar2: F4q a85 Adq a80 C5h a90

Pitch Mutation (50% chance)

Before: Cdq a85 E4q a80 G4h a90

After: C4q a85 D4q a80 G4h a%90

Duration Mutation (50% chance)

Before: F4q a85 Adq a80 C5h a90

After: F4q a85 A4h a80 C5q a9%0

Figure 4.3 Mutation

The system applies mutation in two steps. First, mutation rate set by users decides how many child
melodies will be mutated. If a note is chosen, the second step decides how to modify it: there is 50 percent
chance of pitch mutation, which swaps the note for a different pitch within the same musical scale, and a
50 percent chance of a duration mutation, which changes the note’s length such as from a quarter note to
a half note (example from above figure) while keeping the pitch. This mutation introduces variety without

making the sound too random while fitting the key.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

47



CHAPTER 4: SYSTEM DESIGN

Table 4.4 Music Parameters and Description (Generate Music)

Parameter

Type

Description

Scale

String

The musical scale that determines the notes available for
melody generation. Contains predefined scale arrays
with note sequences like "C4", "D4", "E4" for different
scales (Major, Minor, Pentatonic, Blues, etc.)

Instrument

Combo

String

Pre-configured instrument combination name that
automatically sets melody, chord, and bass instruments

to proven combinations for specific musical genres

Melody

Instrument

String

The MIDI instrument number for the primary melody
line. For example, Acoustic Grand Piano is 0, Electric
Guitar Clean is 27, Violin is 40

Chord Instrument

String

The MIDI instrument number for chord accompaniment.
For example, String Ensemble is 48, Electric Piano 1 is

4. Can be -1 for no chords

Bass Instrument

String

The MIDI instrument number for bass line. For example,
Electric Bass Finger is 33, Synth Bass 1 is 38. Can be -1

for no bass

Drum Pattern

String

The rhythmic pattern name that defines kick, snare, and
hi-hat sequences. Examples: "Basic Rock", "Four on the

Floor", "Trap Beat

Bars (1-16)

Integer

The number of musical bars (measures) to generate in the
final composition. Each bar contains a fixed number of

beats based on time signature

Tempo (80-160)

Integer

The speed of music playback in beats per minute (BPM).

Determines how fast or slow the generated music plays

Volume

Double

The playback volume level as a decimal value between
0.0 (mute) and 1.0 (maximum). Controlled through
predefined levels: 0.25, 0.60, 0.90
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4.2

User Requirements

Functional Requirements

1.

The system should generate musical sequences using Genetic Algorithm (GA) operators including
selection, crossover, and mutation.

The system should evaluate musical sequences based on melodic, harmonic, and rhythmic quality.
The system should convert genetic outputs to JFugue-readable formats for real-time playback and
manipulation.

The system should allow users to configure musical parameters such as instruments, tempo and
melody length.

The system should support audio playback of generated compositions with options to play, save
and delete.

The system should provide functionality to export generated music in MIDI formats.

The system should provide a graphical user interface (GUI) for setting parameters and reviewing

the output music.

Non-Functional Requirements

1.
2.

The system should be simple and intuitive to use.
The system should respond to user actions (e.g., generation or playback) with a minimal delay in
maintaining interactivity.

The software should run on Windows 11 systems with Java 21 and Eclipse IDE compatibility.
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4.3  System User Interface Design

The user interface of the system design is shown below. Typically, the main controls are divided into a
few sections. The top section will be the title, the left section will be the navigational panel which directs
Generate Music, Music library and Review Music and Visualizations. The center section is the content
area for configuring parameters and displaying panels.

Evolutionary Music Generator

Header Label

Header Label

Header Label

Figure 4.4 User Interface Design for Music Generation
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Evolutionary Music Generator

Header Label

Header Label

Header Label

Header Label | Header Label

Header Label

Header Label

Figure 4.5 User Interface Design for Music Library
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Chapter 5

System Implementation

This project will implement a development process methodology based on Rapid Application
Development (RAD). In addition, the application will be built using Java programming language and
integrate the use of Java APIs. This chapter will discuss the methods and approaches proposed to achieve
the deliveries of this project.

5.1  System Methodology

Requirem

uBiseQ

Software /
System Development d
Life Cycle - SDLC

Figure 5.1 Software Development Life Cycle
Software development life cycle (SDLC) is an organized procedure utilized by software engineers and
developers to conceive, design, develop and test high-quality software and the software product. It is a
systematic approach that allows teams to run through the software development life cycle, from planning
and requirements to system maintenance and retirement. In this project, the SDLC was particularly
appropriate for the Evolutionary Music Generator project, which integrated a genetic algorithm (GA) with
the Jfugue library to create a user-friendly music creation tool. The SDLC’s phased approach matched the
complexity of the project which requires clear requirements for GA-based music generation, modular
design of the GA and Jfugue integration, rigorous testing to ensure musical and functional accuracy, and
ongoing maintenance to incorporate user feedback and enhance creativity. By delivering a prescriptive
framework, the SDLC helped to guarantee that the project would meet its objectives of producing an

accessible, novel system for making pleasure music.
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5.2  Project Workflow in Iterative Process

Requirements Analysis & Design
= O
Planning Ly

Implementation

U Iterative
Initial Planning Process @

Development

e

-m
Evaluation

Testing

Figure 5.2 Iterative Model
Figure 5.2 shows the process of an iterative model. The model involves developing the system in small,
manageable cycles, or iterations, each time producing a working prototype that is refined through feedback

and testing.

Planning

Firstly, the project goal was to create a music generator that evolves musical compositions using a genetic
algorithm (GA). Resources, timelines, and tools were chosen, such as the JFugue music library for MIDI
generation and Java. Planning also included identifying the target users such as music lovers, composers,

or Al enthusiasts and setting measurable goals, such as melodic quality and uniqueness.

Analysis and Design

Next, the system architecture was outlined. The genetic algorithm (GA) process is divided into several
components, including initialization of population, evaluation, crossover, and mutation. The integration
with JFugue is designed to enable seamless conversion from genetic data to musical output. UML diagrams
or flow charts can be used to visualize how the genetic algorithm interacts with the music generation

component. Eventually, this phase will show the overall concept of the system.

Implementation
During the implementation phase, the genetic algorithm will be coded in Java. Chromosomes represent

musical sequences and are interpreted and played using JFugue. Key components, such as fitness
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functions, crossover logic, and mutation are coded. Development is done in an iterative way, features
being added and tested little by little.

Testing

For instance, the GA components were unit-tested to check for correctness on crossover results and
mutation effects. Integration tests tested that JFugue played the generated melodies correctly. Subjective
testing (listening to the music) was also needed to test creativity, variation and quality. All glitches or
musical mistakes were repaired by then.

Evaluation

Several methods were used to assess the success of the music generator. User assessment of the
attractiveness and novelty of the melodies was solicited. Results were also contrasted with those generated
via conventional or random based music generating techniques to prove better performances of genetic
algorithm. The robustness and accuracy of the GA were evaluated to achieve consistent behaviours among
generations. In addition, performance criteria (e.g., generation time and memory utilization) were
examined to assess the efficiency of the system. On the basis of the evaluation results, some possible
directions for improvement were considered, such as enhancing the musical quality with improved fitness

function and increasing the variation by adding rhythm-based rules.

5.3  Project Timeline

For Final Year Project 1, it begins with setting up the development environment followed by the
implementation of the genetic algorithm, and the integration of music playing using JFugue. This GUI is
then built and rolled out in incremental steps, tested and refined. For Final Year Project 2, the tasks
continue with develop and enhancing the GUI functionalities, integrating with new algorithm (Markov
Chain) and refine the system more effectively. Lastly, the system is test thoroughly and ready to write the

final report and submission. Below outlines each detailed tasks which are listed in the Gantt chart:
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Evolutionary Music Generator
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Figure 5.3 Gantt Chart of Final Year Project

54  Technologies and Tools Involved

The project of the Evolutionary Music Generator requires an advanced software environment to be
developed, able to integrate GA smoothly with the library JFugue used for music generation. Java has
been preferred basically as the main programming language for the implementation of this project, since
it ensures full compatibility with JFugue. The Java environment is pretty good with object-oriented
programming, and it supports extensive libraries that are suitable for the implementation of GA. As a

result, it will be more accessible and user-friendly as it can run on several operating systems.

Eclipse IDE is chosen as the integrated development environment for this project. Eclipse is an effective
and easy environment to work with in which it can enable things like code refactoring, debugging, syntax
highlighting, and version control systems such as Git. These will make it easier to code and keep a tidy,
effective codebase. Furthermore, Eclipse supports numerous plugins allowing for the automation of builds
with the use of such tools as Maven simplifies dependency management and project builds, it will make

sure all the libraries needed including JFugue and GA libraries are properly included and up to date.

JFugue API-from version 5.0 and above-is designed for music composition, generation, and playing in

Java. Therefore, the project will employ the services of this API in the programming of music. JFugue
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provides a higher abstraction to handle musical notes, chords, rhythms, and patterns, making it simple to
apply operations and GA for evolution in musical compositions.

Unit testing and integration testing of the Java code will be done using JUnit, Version 5 or higher, to ensure
a robust development process. This would be helpful in validating the correctness of the genetic operations
and integrating the GA with JFugue. Application of a coherent testing framework like JUnit integrates
well with the Eclipse IDE, hence is helpful in maintaining the quality and reliability of the code through
the development life cycle.

MuseScore Studio provides a professional environment to visualize and evaluate the melodies generated
by the evolutionary music system. This software supports the import of MIDI file exported from the

evolutionary algorithm music system which allows detail inspection of each musical phrase.

For the development and execution of this project, the hardware specifications utilized as below:

1. Hardware
Table 5.1 Specifications of laptop
Description Specifications
Model ASUS TUF Gaming F15
Processor 12th Gen Intel® Core (TM) i5-12500H
Operating System Windows 11 Version 23H2 for x64-based Systems
Graphic NVIDIA GeForce RTX 3050 Laptop GPU
Memory 16.0GB RAM
Storage 512 SSD
2. Software
e JavaZ?l
e Java APIs — Jfugue 5.0.9, JUnit
e Eclipse IDE

e MuseScore Studio
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Figure 5.4 Software Involved

55  Setting and Configuration
The development of the Evolutionary Music Generator required configuring a complete Java-based
environment and installing necessary libraries and tools to integrate the Genetic Algorithm with the JFugue

music library.

1. Java Development Kit (JDK)
The latest Java SE Development Kit (JDK 17) was installed to provide the compiler and runtime
environment. The environment variables (JAVA_HOME and system PATH) were configured so

that the Java commands can be executed from any directory.

2. Eclipse IDE Configuration
It was chosen as the primary development environment. After installation, a new Java project was
created and set to use the installed JDK. Some Eclipse plugins such as Maven support were enabled
to the dependency management. The Eclipse workspace was configured with proper build paths,
compiler compliance levels set to Java 23, and debugging configurations to support the complex

genetic algorithm execution.

3. Dependency Management
Maven was configured in the Eclipse project’s pom.xml to automatically download and manage
external libraries to ensure that JFugue are correctly included and remain up to date. It was also
integrated for dependency management and version control capabilities. The project structure
follows Maven conventions with source code organized under src/main/java/genetic_music and

test files under src/test/java/genetic_music.
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Figure 5.6 Maven Compiler Plugin

5.6 Implementation Outcome

This section shows the results of the developed system. The main music generation feature lets users create
melodies with evolutionary algorithms. From the interface users can choose from several musical styles
such as Classical, Jazz, Folk, Electronic, Ambient and World Music. Each style comes with preset
parameters, so the system is automatically tuned for that genre. Users can also select the instrument they
want to feature in their composition. Options include Piano, Acoustic or Electric Guitar, Violin, Flute,
Trumpet, Saxophone, Drums, Bass, and Synthesizer. Melody Instrument is chosen for the melody, and an

optional Chord Instrument can be added for harmonization.

The musical settings are fully customizable, users can pick a key from all major or minor scales, set the
tempo anywhere between 80 to 160 beats per minute (BPM) and decide how many bars to generate. By
default, the genetic algorithm uses balanced parameters where population size of 80, mutation rate of 0.15,
crossover rate of 0.7 and 25 generations. The system also includes adjustable volume presets (Mute, 25%,

60%, 100%). Hence, users can select a preferred volume level before generating or playing the music.
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¥ Evolutionary Music Generatar =

Evolutionary Music Generator

Generate Music

Music Library

Review Music

Visualizations

Musical Style & Quick Setup
Musical Style: Pop
Select a styie to see description and automatic conﬁguranon|
Apply Style Settings Random Style
Genetic Algorithm Parameters
Population Size (20-200): 20
Crossover Rate (0.0-1.0): 0.7
Mutation Rate (0.0-1.0): 0.15
Generations (10-100): 25
Music Parameters
Scale: A Major
Instrument Combo: Custom (Select Individual)
Melody Instrument: Acoustic Grand Piano
Cherd Instrument: String Ensemble
Bass Instrument: Electric Bass Finger
Drum Pattern: Basic Rock
Bars (1-168): 8
Tempo (80-160): 128
Actions
Generate & Play Play Initial Play Final View Report
Volume: 70% Mute 25% 6085 0%

Figure 5.7 Screenshot of Generate Music panel
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¥ Evolutionary Music Generator

Generate Music

Music Library

Review Music

Visualizations

Evolutionary Music Generator

Saved Mel
Name Timestamp Style Scale Tempo Bars

Initial - Neo-Soul 2025-09-21 14:31:31 |Neo-50ul D Minor 87 g
Final - Neo-5oul 2025-08-21 14:31:31 |Neo-50ul D Minor 87 g
Initial - Folk 2025-09-21 14:32:05  |Folk D Major 118 :3
Final - Folk 2025-09-21 14:32:05  |Folk D Major 118 8
Initial - Pop 2025-09-21 14:32:10 |Pop C Major Pentatonic  |127 3
Final - Pop 2025-09-21 14:32:110 |Pop C Major Pentatonic  |127 3
Actions

Play Selected

Rename Melody

Delete Selected

Export MIDI

Figure 5.8 Screenshot of Music Library Panel

Every generated melody is automatically saved in a music library with complete timestamp, selected

style, and their musical parameters. The library’s tabular view makes it easy to browse, play, rename,

edit, delete and export the saved pieces.
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&b Evolutionary Music Generator

Generate Music

Music Library

Review Music

Visualizations

Select Melody

Evolutionary Music Generator

Melody: tFinal - Neo-Soul (Neo-Soul, D Minor, Tempo: 87)
Load Melody
Melody Info
Mame: Final - Neo-Soul
Style: Neo-Soul
Scale: D Minor
Tempo: 87
Bars: 8
Melody Visualization
Bar Beat 1 Beat2 Beat 3 Beat 4
Bar 1 D4 [quarter) F4 [quarter] A4 [quarter) E4 (4q)
Bar 2 E4 [dq) E4 [4q)
Bar 3 G4 [quarter) ES [quarter] G4 [quarter]
Bard ES [quarter] 4 [quarter) ES (quarter] 5 [quarter)
Bar 5 A5 (quarter] 5 [quarter) A5 [quarter) 5 [quarter)
Baré A5 (quarter] F4 (half} 5 (half)
Bar7 F4 [quarter] 5 [quarter) A4 (quarter) F5 [quarter]
Bars A4 [eighth) F5 (eighth) A4 (quarter) F5 [quarter]

Piano Roll View

Final - Neo-Soul

Bar1(34) Bar2 (34) Bar3 (3M) Bar4 (@) Bar5(3M) Bard (3H4) Bar7 (34) Bar8 (34)

Figure 5.9 Screenshot of Review Music panel

In the Review Music panel, users can load the selected melody for a more detailed view of the musical

structure, including the individual melody notes, rhythm patterns and the overall arrangement. A piano-

roll view shows the composition visually which allows preview where notes are laid out across the bars

and pitch, to inspect the harmonic relationships for deeper musical insights.
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¥4 Evolutionary Music Generator = o X

Evolutionary Music Generator

Select Melody for Visualization

Generate Music

Seiect Initial and Final melodies from the same key/scale for evolution visualization
Music Library
Primary Melody: Initial - Neo-5oul (Meo-5oul, D Minor, Tempo: 87) ~
Review Music
Visualizations
Secondary Melody: Final - Neo-5oul (Nee-5oul, D Minor, Tempo: 87) ~

Visualization Option

2 to analyze your melodies

Meledy Analysis Compare Melodies Evolution Timeline Fitness Progression

results and visuaiizations

Analysis Report Export All Open Folder

Status
Select a melody from the library to visualize.

Figure 5.10 Screenshot of Visualizations panel

In the Visualizations panel, an analysis dashboard provides more detailed information into each
composition. The system measures the characteristics like scale, melodic smoothness, rhythmic variety
and harmonic content, these metrics are presented through progress bars and note-usage charts so users

can quickly assess the musical quality of their work.
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gj Visual Melody Analysis

Melody Analysis Dashboard
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Figure 5.11 Screenshot of Melody Analysis Dashboard

The melody analysis dashboard gives evaluation to each musical composition. Users can check on the

scale adherence, melodic smoothness and the rhythmic diversity to quickly measure the overall quality of

a generated melody. For additional visuals like note-usage frequency charts, it highlights which pitches

occur most often and helps understanding the melodic contour and the using root key.

gj Melody Compariscn

r Primary Melody

Melody Comparison

Select Bar to Compare: Bar 5

Secondary Melody

Primary - Bar 5

Hotes in this bar: 3

Hote 1: F4 {Duration: Half)
Hote 2: C5 {Duration: Half)
Note 3: F4 {Duration: Quarter)

Bhythm Pattern:
PRV

Secondary — Bar 5

Hotes in this bar: 4

Note 1: CS {Duration: Quarter)
Note 2: ES {Duration: Quarter)
Note 3: AS {Duration: Quarter)
Note 4: RA#4 (Duration: Quarter)

Bhythm Pattern:
rrrd

Bar 5 Comparison: Primary (3 notes) vs Secondary (4 notes) - Secondary has more notes

Overall Comparison Metrics

« Primary melody: 25 notes across & bars

«» Secondary melody: 23 notes across & bars
» Scale: F Major

» Primary fitness: 0.808

«» Secondary fitness: 0,957

« Better melody: Secondary

Figure 5.12 Screenshot of Melody Comparison
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The Compare Melodies dashboard gives users side by side detailed evaluation. Any two saved melodies
can be loaded into color-coded panels for easy distinction. A bar-by-bar view allows users to step through
each measure using a dropdown selector. For every bar, the system displays a full note sequence with pitch
names, durations and a rhythm pattern rendered with musical notations symbols (whole, half, quarter notes,

and so on). Both melodies are scored using the same evaluation criteria, so their fitness scores are directly
comparable.

Evolution Timeline Chart

Evalution Timeline - F Major

Moz Evalian Dvar Time

EVOLVES
=l A VAVIN
Initial Random Final Evolved
0.808 D857
Evolution Color System: Melody Contour Graph:
: Gen 0 (Light Blue) = Initial Random Melody
I e 10 {Dark Teal) = Evalved/Optimized Welody SN

- Line shws pitch movement over lime
« Highar = higher pihed notes

* Lower = lower piched notes

* Dets = indhidual noles in sequence

Fitness Progression
0.957

FITNESS 0.882

0.808

Evolution Summary:
+ Generations. 0 — 24

+ Inttial finess: 0.8076

+ Final ftness: 0.8570

* Improvement: 18.5%

Figure 5.13 Screenshot of Evolution Timeline Chart

The Evolution Timeline tracks how each composition’s fitness improves across generations during the
genetic algorithm process. From figure above, a graph plots the fitness scores against generation numbers,
for clear visualizations to see the steady progress as the score gradually rises with each generation showing
that the melodies are consistently getting better. Next, the “breakthrough’ moments which is the sudden

jumps upward on the graph indicate a good mutation, crossover event where the algorithm discovered a
much better melody than before.
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Fitness Progression Chart X

Fitness Evolution - F Major Scale

@ BestFitnass @ Average Fitness @ WorstFilness Standard Deviation

Generations: 25
Best Fitness: 0.8105 — 0.9570 {A0.1465)

Figure 5.14 Screenshot of Fitness Progression Chart

Beyond overall fitness, the Fitness Progression panel shows how the musical quality of composition
improves as the genetic algorithm evolves. Generation numbers are shown along the horizontal axis and
fitness scores which are normalized from 0.0 to 1.0, appear on the vertical axis. The multiple-colored lines
represent different musical metrics, while the best fitness (green line) represents the highest performing
melody in each generation. The average fitness (blue line) shows the mean fitness across the entire
population. The worst fitness (red line) follows the lowest-performing melody. The standard deviation
(light blue vertical bars) measures the fitness variance within each generation. Together, these metrics
reveal how well the algorithm discovers stronger solutions which maintain genetic variety and gradually

converges toward higher quality music.
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Comprehensive Analysis Report *

=== COMPREHENSIVE MUSIC ANALYSIS REPORT ===

Generated: 2825-89-21 156:41:22
Scale: F Major

=== BEFORE/AFTER EVOLUTION ANALYSIS ===
BEFORE (Initial Random Melody):
Fitness: 8.8876
Bars: 8
Total notes: 43

AFTER (Evolved Melody):
Fitness: @.9578
Bars: B8
Total notes: 29

IMPROVEMENT ANALYSIS:
Fitness change: 18.5%
Result: E Better

=== MELODY LIBRARY STATISTICS ===
Total melodies in library: 2
Average bars per melody: 3.8
Scales used: [F Major]

Styles used: [Trap]

=== FITNESS PROGRESSION SUMMARY ===
Generations tracked: 25

Starting best fitness: @.8185

Final best fitness: 8.3957@

Figure 5.15 Screenshot of Analysis Report

Finally, the system can produce an analysis report for summarization of all views which includes the full
fitness metric with numerical and percentage scores, generation-by-generation evolution data, parameter
settings used during melody creation, comparative results for multiple compositions and detailed musical

structure analysis such as note-frequency distributions, interval patterns and rhythmic measurements.
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Figure 5.16 Screenshot of Output Folder

After clicking the export all feature, the system allows users to save a complete set of visual representations
of their generated melodies. When activated, the system creates a dedicated “visualizations” folder in the
project directory and generates several key files. These include piano_roll_comparison.png,

melody_analysis.png, evolution_timeline.png and fitness_progression.png from the visualization options.
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Figure 5.17 Screenshot of Piano Sheets in MuseScore Studio

The generated melodies are exported as MIDI files and directly imported into MuseScore Studio to
produce standard piano sheet music. This functionality allows users with high musical knowledge to not
only read the compositions but also analyze their structure, edit notes or rhythms, and perform them on a

piano or other compatible instruments.
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Chapter 6

System Evaluation and Discussion

This chapter will discuss the results obtained after several testing times, challenges faced while developing

the system and how the system has met the project’s objectives.

6.1  Testing Setup and Result

The following shows the verification plans for scenarios such as Music Generation, Save Music, Load
Music, Play Music and View Music Library.

1. Music Generation

Table 6.1 Verification Plan P1 (Music Generation)

Procedure Number P1
Method Testing
Purpose/Scope To ensure the system can generate music based on user-specified

parameters, including scale, instruments, bars, tempo, and

genetic algorithm parameters.

Special Users may provide invalid inputs (e.g., non-integer values for

Conditions/Limitations bars, tempo outside 80-160, or genetic parameters outside valid
ranges).

Acceptance Criteria The system generates a valid music pattern using the JFugue

library, stores initial and final melodies in the library, and plays

the final melody.

Prerequisites The application must be launched, and the "Generate Music"

panel must be accessible.

Procedures 1. Launch the application.

2. Navigate to the "Generate Music" panel.

3. Select a scale from the dropdown (e.g., "C Major™).

4. Select a melody instrument (e.g., "Acoustic Grand Piano").
5. Select a chord instrument (e.g., "Warm Pad") or "None".
6. Select a bass instrument (e.g., “Synth Bass 1) or “None”.

7. Select a drum Kit (e.g., "Standard Kit™) or "None".
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8. Input valid values for:
a. Bars (1-16, e.g., "8").
b. Tempo (80-160, e.g., "120").
c. Population Size (100-200, e.g., "100").
d. Crossover Rate (0.0-1.0, e.g., "0.8").
e. Mutation Rate (0.0-1.0, e.g., "0.01").
f. Generations (10-100, e.g., "100").
9. Click the "Generate & Play" button.
a. If inputs are valid, proceed to step 9.
b. If inputs are invalid (e.g., non-integer bars, tempo < 80),
verify that an error message is displayed.
. Verify that:
a. The final melody plays.
b. A dialog shows initial and final fitness scores.

c. Initial and final melodies are added to the library.

Troubleshooting

Revise written code and ensure correct parameters parse and
converts melodies to JFugue patterns.
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2. Save Music

Table 6.2 Verification Plan P2 (Save Music)

Procedure Number

P2

Method

Testing

Purpose/Scope

To ensure the system can save generated music as a MIDI
file.

Special
Conditions/Limitations

Errors may occur due to invalid file paths, permissions, or

attempting to save without generating music.

Acceptance Criteria

The system saves the last played melody as a MIDI file with
the correct name and content, displaying a success message.

Prerequisites

A melody must have been generated or played.

Procedures

1. Generate or play a melody using Verification Plan P1 or
P5.

2. Click the "Export MIDI" button in the "Generate Music™

panel.

a. If no melody has been generated/played, verify that an

error message is displayed.
b. If a melody exists, proceed to step 3.

3. Inthe file chooser dialog, specify a file name (e.g.,

"test_melody.mid").
4. Click the "Save™ button.
5. Verify that:
a. A success message is displayed.

b. The file is saved in the specified location with the correct

name and .mid extension.

6. Open the file in a MIDI player to confirm it contains the

correct music.

Troubleshooting

Revise written code, ensure the correct data is written into the

file and the file path permissions are correct.
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3. Load Music
Table 6.3 Verification Plan P3 (Load Music)

Procedure Number P3

Method Testing

Purpose/Scope To ensure the system can load a previously saved melody
from the music library for viewing or playback.

Special The melody library may be empty, or the selected melody

Conditions/Limitations may be corrupted.

Acceptance Criteria The system loads the selected melody, displays its details in
the "Edit Music" panel, and allows playback.

Prerequisites At least one melody must be saved in the library (via P1 or
P2).

Procedures 1. Navigate to the "Edit Music" panel.
2. Select a melody from the dropdown menu.
3. Click the "Load Melody" button.

a. Ifno melody is selected or the library is empty, verify
that an error message is displayed.

b. Ifa valid melody is selected, proceed to step 4.

4. Verify that:

a. A success message is displayed.

b. The melody details (name, timestamp, scale,
instruments, tempo, bars, sequence) are displayed in the text
area.

5. Click the "Play" button in the "Music Library™ panel to
confirm the loaded melody plays correctly.
Troubleshooting Revise written code and the logics, ensure correct files are

loaded when selected.
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4. Play Music

Table 6.4 Verification Plan P4 (Play Music)

Procedure Number

P4

Method

Testing

Purpose/Scope

To ensure the system can play generated or saved melodies,
including initial, final, and library melodies.

Special
Conditions/Limitations

No melody may be available, or the JFugue player may

encounter errors.

Acceptance Criteria

The system plays the selected or last generated melody using
the JFugue player.

Prerequisites

A melody must be generated (via P1) or loaded (via P3).

Procedures

1. Perform one of the following:

a. Generate a melody (P1) to enable "Play Initial* and

"Play Final" buttons.
b. Select a melody in the "Music Library" panel.
2. Click one of:
a. "Play Initial" to play the initial melody.
b. "Play Final" to play the final evolved melody.
c. "Play Selected" to play the selected library melody.

d. "Play" in the playback controls to play the last played

melody.
3. Verify that:
a. The melody plays correctly.

b. No error message is displayed (unless no melody is

available).

4. If no melody is available, click a play button and verify an

error message is displayed.

Troubleshooting

Revise written code or ensure the correct music file is played.
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5. View Music Library

Table 6.5 Verification Plan P5 (View Music Library)

Procedure Number

P5

Method

Testing

Purpose/Scope

To ensure the system displays all saved melodies in the music
library and allows interaction (play, delete, rename).

Special
Conditions/Limitations

The library may be empty, or table updates may fail to reflect
changes.

Acceptance Criteria

The system displays a table of melodies with correct details
and supports play, delete, and rename actions.

Prerequisites

A melody must be generated (via P1) or loaded (via P3).

Procedures

1. Navigate to the "Music Library" panel.
2. Verify that:

a. The table displays all saved melodies with columns:

Name, Timestamp, Scale, Tempo, Bars.
b. If the library is empty, the table is empty.
3. Select a melody and:
a. Click "Play Selected" to confirm playback (P4).

b. Click "Delete Selected™ and confirm deletion; verify the

melody is removed from the table.

c. Click "Rename Melody" and enter a new name; verify
the table updates.

4. Generate a new melody (P1) and verify the table updates

with new entries.

Troubleshooting

Revise written code is properly synchronized with table

updates.
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6. Delete Music

Table 6.6 Verification Plan P6 (Delete Music)

Procedure Number

P6

Method

Testing

Purpose/Scope

To ensure the system can delete selected melodies from the
music library and update the interface accordingly.

Special
Conditions/Limitations

No melody may be selected, library may be empty, or
deletion may fail due to system errors. User may accidentally
delete important melodies.

Acceptance Criteria

The system removes the selected melody from the library,
updates the table display, and shows confirmation of deletion.

Prerequisites

At least one melody must exist in the library (via P1 or P3).

Procedures

1. Navigate to the "Music Library" panel.

2. Verify that melodies are displayed in the table.
3. Select a melody from the table.

4. Click the "Delete Selected"

a. If no melody is selected, verify that an error message is

displayed.
b. If a melody is selected, proceed to step 5.
5. Confirm deletion in the confirmation dialog.
6. Verify that:
a. A success message is displayed.
b. The melody is removed from the table.
c. The table count decreases by one.
d. The deleted melody cannot be played or accessed.

7. Attempt to delete when no melodies exist and verify

appropriate message is shown.

Troubleshooting

Revise written code to ensure proper melody removal from
data
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structure and table synchronization.

7. Review Music

Table 6.7 Verification Plan P7 (Review Music)

Conditions/Limitations

Procedure Number P7

Method Testing

Purpose/Scope To ensure the system can display detailed melody
information, visualization table, and piano roll view for
selected melodies from the library.

Special Melody library may be empty, selected melody data may be

incomplete, or visualization rendering may fail. Piano roll

display may not render correctly for complex melodies.

Acceptance Criteria The system loads and displays complete melody information
including metadata, beat-by-beat visualization table, and
piano roll view with accurate note positioning and timing.

Prerequisites At least one melody must exist in the library (via P1 or P5).

Procedures 1. Navigate to the "Review Music" panel.

2. Inthe "Select Melody™ section:
a. Click the melody dropdown to view available melodies.
b. Select a melody (e.g., "Initial - Neo-Soul").
c. Click the "Load Melody" button.

3. Verify "Melody Info™ section displays:

a. Name: Correct melody identifier (e.g., "Initial - Neo-
Soul").

b. b. Style: Musical style classification (e.g., "Neo-Soul").
c. Scale: Musical scale used (e.g., "A Minor").
d. Tempo: BPM value (e.g., "93").
e. Bars: Number of bars in melody (e.g., "8").
4. Verify "Melody Visualization" table shows:
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a. Bar column: Lists all bars (Bar 1, Bar 2, etc.).
b. Beat columns: Shows 4 beats per bar (Beat 1-4).

c. Note entries: Displays notes with duration (e.g., "A4
(quarter)™, "C5 (whole)™).

d. Empty cells: Show blank for rests or no notes.
5. Verify "Piano Roll View" section displays:

a. Piano keyboard: Shows note names (C8, B6, A#6, etc.)
on left side.

b. Grid layout: Time-based grid for note placement

c. Coloured blocks: Notes appear as coloured rectangles at
correct pitch and timing.

d. Note duration: Block width represents note duration.
e. Scrolling: Horizontal scroll bar for navigating through time.

6. Test with different melody types (Initial vs Final, different

scales).

7. Verify data consistency between visualization table and

piano roll display.

8. Test error handling when no melody is selected or library is

empty.

Troubleshooting

Revise written code to ensure proper data loading from
melody library. Check visualization table population and
piano roll rendering accuracy. Verify note positioning

calculations and grid alignment.
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8. Visualizations

Table 6.8 Verification Plan P8 (Visualizations)

Procedure Number P8

Method Testing

Purpose/Scope To ensure the system can generate various visual
representations of melodies including comparison charts,
evolution timelines, fitness progression, and piano roll
displays.

Special Insufficient melody data, file permission errors, or

Conditions/Limitations visualization rendering failures may occur. Large datasets
may cause performance issues.

Acceptance Criteria The system generates accurate visual representations and
exports them as PNG files to the visualizations folder with
correct content and formatting.

Prerequisites Two melodies must be available for comparison (via P1 or
P3). Evolution data must exist for timeline visualizations.

Procedures 1. Generate melodies using P1 to ensure evolution data exists.

2. Navigate to the "Visualizations™ panel.

3. Select primary and secondary melodies from dropdown

menus.
4. Click "Compare Melodies™ and verify:

a. Interactive comparison dialog displays bar-by-bar

analysis.
b. Fitness scores and melody metrics are shown.

5. Click "Export All Visualizations™ and verify creation of;
a. melody_analysis.png (melody structure analysis)
b. evolution_timeline.png (genetic algorithm progression)

c. fitness_progression.png (fitness scores over generations)

d. piano_roll_comparison.png (Vvisual note representation)
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6. Click "Open Visualizations Folder" and verify:
a. Al PNG files are created in visualizations directory.
b. Files contain correct visual content.
c. Image quality and dimensions are appropriate.

7. Test "Export Specific Visualizations" to verify selective

export functionality.

8. Test visualization with different melody combinations and

scales.

Troubleshooting Revise written code to ensure proper image generation, file
saving permissions, and data accuracy in visualizations.

Check memory usage for large datasets.

6.2  Junit Test on Genetic and Markov Chain Algorithm

The Evolutionary Music Generator uses Junit 5 as the main testing framework to ensure system works
correctly. The testing covers individual components through unit tests, it checks how different parts work
together with integration tests and validates the core algorithms of Genetic and Markov Chain. This

approach ensures the outcome performs as expected under a variety of conditions and edge cases.

® Errors: 0 ® Failures: 0

Figure 6.1 Successful Test by Junit 5
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6.2.1

Genetic Algorithm Components Testing (4 Tests)

The genetic algorithm testing focuses on validating the fundamental operations that drive the evolutionary

music generation process. The key test categories include:

6.2.2

Should evolve population successfully: Test that verifies the complete genetic algorithm pipeline
of population initialization, evaluation of fitness, selection processes, operations of crossover,
processes of mutation, and evolution of generations.

Should handle different scales correctly: Tests the system's ability to generate melodies that
follow several musical scales (C Major, A Minor, G Major, D Minor). That way produced music
will remain in accordance with proper musical theory and will have harmonic coherence for a range
of musical contexts.

Should create melody with valid note format: Ensures generated songs contain properly
formatted musical notes according to the JFugue music library. This prevents playback errors and
ensures seamless integration with the music generation pipeline.

Should handle edge cases gracefully: Tests system behavior under boundary conditions such as
single-bar melodies and minimal evolution parameters. This ensures robust operation under real-

world usage scenarios and prevents system failures with unusual inputs.

Markov Chain Algorithm Testing (5 Tests)

The Markov Chain focuses on the system that generates music probability and follows logical transitions

based on training data. The key test categories include:

1.

Should train on note sequence without errors: It checks the training process by which Markov
Chains learns musical patterns from input sequences and ensures the algorithm will perform
training data with no technical errors.

Should generate note sequence: Tests the core functionality of generating musical note sequences
based on learned transition probabilities.

Should produce valid note format: Ensures that proper musical notation structure for sequences
produced by Markov chain, maintaining compatibility with downstream processing and playback
systems.

Should work with different Markov orders: This tests the system's capacity for performing
operations of varied order values (1st-order, 2nd-order) while supporting levels of musical
complexity and sophistication of pattern recognition varying accordingly.

Should handle insufficient training data gracefully: Validates system behavior when provided

with minimal or inadequate training data and preventing system failure.
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6.3  Project Challenges

During the development of this project, there are several challenges encountered. Firstly, designing a
genetic algorithm that could perfectly evolve musical compositions is complicated. Mapping musical
features such as pitch, rhythm and chord progressions into a chromosome representation required careful
design to maintain musicality while allowing crossover and random mutations. For the fitness function
design, music quality is subjective so determining a fitness function that reflects human musical
preferences is difficult. The numerical scoring of melody, harmony, and rhythm involved repeated testing
and fine-tuning of parameters such as melody range, interval variety and chord consonance. Besides that,
other challenges include time restrictions and lack of experience with algorithms which required additional
self-learning and research were necessary and careful scheduling to meet the project timeline.

6.4  Objectives Evaluation

According to Chapter 1, the three primary objectives were outlined for the development of the
Evolutionary Music Generator. This section revisits those objectives and assesses how effectively each
objective has been met based on the results. The evaluation highlights the system performance, and the

experience for end users and the successful integration of genetic algorithm and music-generation tools.

1. The first objective was to develop and implement a Genetic Algorithm (GA) that generates musical
sequences with specified melodic, harmonic, and rhythmic qualities. The objective was met as the
GA was tuned with appropriate selection, crossover, and mutation operators that allow the system
to consistently evolve melodies with balanced melodic, harmonic and rhythmic qualities.

2. The second objective focused on integrating JFugue’s simplified notation system to reduce time
spent on manual composition tasks. It was also achieved as the JFugue enabled automatic
conversion of evolved sequences into playable music, which also can be converted into standard
piano sheet music using notation software such as MuseScore Studio. Hence, it is accessible for

anyone who wants to compose a music with just entering only a few simple inputs.

3. The third objective is to enhance user customization of music parameters. This was accomplished
as the system allows users to adjust key parameters such as population size, mutation rate, and
number of generations along with direct settings for tempo, key and overall volume. Users can
modify these options before generating music, enabling them to influence the intensity and

structure of the final composition.
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Chapter 7

Conclusion and Recommendation

7.1 Conclusion

In conclusion, this project presents a thorough overview of automated music generator creation. Chapter
1 discusses the problem statement regarding capturing musical creativity using computational models, the
time-consuming nature of manual composition, and lack of flexibility in existing automated music tools.
To overcome these obstacles, the project aims to create a composition tool that is more accessible and
creative. Here are the key objectives, (1) Develop and implement a GA that generates musical sequences
with specified melodic, harmonic, and rhythmic qualities; (2) Integrate JFugue for Simplified Music
Interaction. (3) Enhance user Customization of Music Parameters. Some of the key contributions identified
in the project are the enhancing of GAs for music composition and improving its usability for non-experts

by making it more flexible with various styles of music.

For chapter 2, it describes the basic theories of music, algorithmic composition methods, and existing
systems in the domain. The music theory basics presented here include melody, harmony, rhythm, and
tempo, and the algorithmic methods include rule-based systems, Markov chains, and neural networks. It
ranges from evolutionary computations, especially GA, which are appropriate for music generation given
their capabilities to explore large musical spaces for the creation of diverse compositions. The chapter
critically analyses existing systems like Aimi Studio, Wolfram Tones, and Ecrett Music for their respective
strengths and limitations, thereby helping gain insights for appropriate positioning the Evolutionary Music

Generator as a novelty in the field.

Furthermore, Chapter 3 explains the system architecture which shows how user inputs flow through the
Genetic Algorithm to produce and export music. The fitness function was explained in detail showing how
they are combined into a weighted score to guide the evolutionary process. Moreover, a use case outlines
the user interactions, and the activity diagram illustrates the step-by-step flow of operations from

parameter input to music generation and export.

In Chapter 4, the system design is discussed as it began with the general flow of music generation. A
Markov Chain first builds the chord progression by selecting chords based on transition probabilities. With
this harmonic foundation, the system initializes a population of random melodies and applies a Genetic

Algorithm to evolve the melodies over multiple generations until the best composition reached. Functional
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requirements include musical sequences generation by GA, quality evaluation of musical pieces in terms
of melody, harmony and rhythm, user configuration support whereas non-functional one’s target
consideration for usability and reactivity. Next, the user interface design was outlined to illustrate the main
layout that serves as a visual guide for implementation.

For Chapter 5, it explains the proposed approach for the Evolutionary Music Generator project,
highlighting the main design and implementation phase. It follows Rapid Application development
(RAD) methodology with Iterative model to be flexible due to continuous feedback, which can be observed
from the SDLC and Iterative Diagrams. Furthermore, the project timeline was stated clearly in the Gantt
Chart for both FYP1 and FYP2 project. The technologies and tool used in this project including the
configuration and linking, are stated in this chapter. The system operation describes how users launch the

application, input parameters, generate music and other function as well.

Besides, Chapter 6 focused on evaluating the system through several testing of the functionalities. The
Junit 5 tests confirmed the correctness of both the Genetic Algorithm and Markov Chain components to
ensure the generated melodies are properly formatted and response to user parameters. Problems and
challenges are also described in this chapter. Other than that, the system also successfully met its

objectives.

In conclusion, the goal of this project is to create an accessible Evolutionary Music Generator that allows
everyone to generate melodies in simple way. The system was successfully integrated with Genetic
Algorithm and Markov Chain to automate composition which enables users to generate, play, review and
export music, saving time and effort in the creative process. While the fitness function guides the algorithm
to produce smooth musical sequence, there are still have potential for further refinement to enhance the

musical quality and diversity of the generated compositions.

7.2  Recommendation

Based on the current implementation of the evolutionary music generator, there are few improvements,
and future enhancements are recommended to further strengthen the system. It is recommended to
integrate an Al-driven feedback system to gather direct feedback from users to complement the system’s
algorithm analysis. After users provide ratings or comments on generated melodies, an Al model could
analyze this feedback to identify common patterns and references. The system could then adjust genetic

algorithm parameters automatically based on users’ responses. Another useful enhancement would be
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developing a lightweight mobile app or web-based interface making it easier for users to experiment with
music generation anywhere and share results instantly.
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APPENDICES

APPENDICES
Code Sample

package genetic_music;

import java.util.*;
import java.util.stream.Collectors;

public class GeneticMusicGenerator {
private static Random random = new Random();

private static final double ELITISM_RATE = 0.15; // Increased elitism to preserve good melodies

private static final int TOURNAMENT_SIZE = 3;

public static class Melody {
public List<List<String>> bars;
public List<Integer> chordRoots;
public Melody(List<List<String>> bars, List<Integer> chordRoots) {
this.bars = bars;
this.chordRoots = chordRoots;

¥
k

/l MAIN GENETIC ALGORITHM EVOLUTION METHOD
public static List<Melody> evolve(String scaleName, int bars, int populationSize, double
crossoverRate,
double mutationRate, int generations) {
String[] scalePitches = MusicConstants.SCALES.get(scaleName);
/I Select ONE consistent time signature for entire evolution process
String timeSignature = MusicConstants.selectRandomTimeSignature();
int beatsPerBar = MusicConstants.getBeatsPerBar(timeSignature);
MusicUtils.PitchManager pm = new MusicULtils.PitchManager(scalePitches);

List<Melody> population = initializePopulation(populationSize, scaleName, bars, pm,
beatsPerBar);

Melody globalBestMelody = population.get(0);
double globalBestFitness = Double. NEGATIVE_INFINITY;

/[ EVOLUTION LOOP - Multiple Generations

for (int gen = 0; gen < generations; gen++) {
List<Melody> nextGeneration = new ArrayList<>();
final List<Melody> currentPopulation = population;

I/ Sort population by fitness (best first)
List<Melody> sortedPopulation = currentPopulation.stream()
.sorted(Comparator.<Melody>comparingDouble(m -> FitnessFunctions.fitness(m,
scaleName,
bars, currentPopulation)).reversed())
.collect(Collectors.toL.ist());
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/[ Track global best melody across all generations
double bestFitnessThisGen = FitnessFunctions.fitness(sortedPopulation.get(0), scaleName, bars,
population);
if (bestFitnessThisGen > globalBestFitness) {
globalBestMelody = sortedPopulation.get(0);
globalBestFitness = bestFitnessThisGen;

hy

/ ELITISM: Keep top 15% of population

int eliteCount = (int) (populationSize * ELITISM_RATE);

nextGeneration.addAll(sortedPopulation.subL.ist(0, eliteCount));

nextGeneration.add(new Melody(new ArrayList<>(globalBestMelody.bars), new
ArrayList<>(globalBestMelody.chordRoots)));

/l REPRODUCTION: Create offspring to fill rest of population

while (nextGeneration.size() < populationSize) {
/l SELECTION: Tournament selection for parents
Melody parentl = tournamentSelection(sortedPopulation, scaleName, bars);
Melody parent2 = tournamentSelection(sortedPopulation, scaleName, bars);

/I CROSSOVER: Create children from parents
Pair<Melody, Melody> children = random.nextDouble() < crossoverRate ?
crossover(parentl, parent2, bars) :
new Pair<>(new Melody(parentl.bars, parentl.chordRoots),
new Melody(parent2.bars, parent2.chordRoots));

/I NORMALIZATION: Ensure correct bar count
children = normalizeBars(children, bars, pm, beatsPerBar, scaleName);

/I MUTATION: Apply mutations to children

mutate(children.getFirst(), mutationRate, scaleName, pm, beatsPerBar);
normalizeBars(children.getFirst(), bars, pm, beatsPerBar, scaleName);
mutate(children.getSecond(), mutationRate, scaleName, pm, beatsPerBar);
normalizeBars(children.getSecond(), bars, pm, beatsPerBar, scaleName);

/I Add children to next generation

nextGeneration.add(children.getFirst());

if (nextGeneration.size() < populationSize) {
nextGeneration.add(children.getSecond());

¥
¥

population = nextGeneration;

}

/I Return final sorted population
final List<Melody> finalPopulation = population;
List<Melody> finalSortedPopulation = finalPopulation.stream()
.sorted(Comparator.<Melody>comparingDouble(m -> FitnessFunctions.fitness(m, scaleName,
bars,
finalPopulation)).reversed())
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.collect(Collectors.toL.ist());

/I Ensure global best is in final population

if (FitnessFunctions.fitness(globalBestMelody, scaleName, bars, population) >
FitnessFunctions.fitness(finalSortedPopulation.get(0), scaleName, bars, population)) {
finalSortedPopulation.set(0, globalBestMelody);

¥

return finalSortedPopulation;

ks

// POPULATION INITIALIZATION: Hybrid approach (50% intelligent + 50% random)
private static List<Melody> initializePopulation(int populationSize, String scaleName, int bars,
MusicUtils.PitchManager pm, int beatsPerBar) {
List<Melody> population = new ArrayList<>();
boolean isMajor = MusicUtils.isMajorKey(scaleName);

/1 50% intelligent initialization + 50% random for balance
int intelligentCount = populationSize / 2;
int randomCount = populationSize - intelligentCount;

/I Generate intelligent melodies using Markov chains
for (int i = 0; i < intelligentCount; i++) {
try {
List<List<String>> intelligentBars =
MarkovTrainingData.generatelntelligentMelodyAutoStyle(
scaleName, bars, beatsPerBar);

if (intelligentBars = null && lintelligentBars.isEmpty()) {
List<Integer> progression = MusicUtils.generateChordProgression(scaleName, bars,
isMajor);
population.add(new Melody(intelligentBars, progression));
}else {
/I Fallback to random if Markov fails
population.add(createRandomMelodylnternal(scaleName, bars, pm, beatsPerBar,
isMajor));
}
} catch (Exception e) {
/I Fallback to random generation
population.add(createRandomMelodylnternal(scaleName, bars, pm, beatsPerBar, isMajor));

¥
¥

/I Generate random melodies for diversity
for (int i = 0; i < randomCount; i++) {
population.add(createRandomMelodylnternal(scaleName, bars, pm, beatsPerBar, isMajor));

return population;

¥
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/[ SELECTION: Tournament Selection
private static Melody tournamentSelection(List<Melody> population, String scaleName, int bars) {
List<Melody> candidates = new ArrayList<>();
for (int i = 0; i < TOURNAMENT _SIZE; i++) {
candidates.add(population.get(random.nextInt(population.size())));
}
return candidates.stream()
.max(Comparator.comparingDouble(m -> FitnessFunctions.fitness(m, scaleName, bars,
population)))
.0rElse(candidates.get(0));
}

/I CROSSOVER: Phrase-based crossover (exchanges 4-bar phrases)
private static Pair<Melody, Melody> crossover(Melody p1, Melody p2, int bars) {
List<List<String>> o1Bars = new ArrayList<>();
List<List<String>> 02Bars = new ArrayList<>();
List<Integer> 01Chords = new ArrayList<>();
List<Integer> 02Chords = new ArrayL.ist<>();

int phraseLength = 4;
for (int i = 0; i < bars; i += phraseLength) {
if (random.nextDouble() < 0.5) {
/[ Parent 1 -> Offspring 1, Parent 2 -> Offspring 2
for (int j = i; j < Math.min(i + phraseLength, bars); j++) {
if (j < pl.bars.size()) {
olBars.add(new ArrayList<>(pl.bars.get(j)));
01Chords.add(p1.chordRoots.get(j));

}

if (j < p2.bars.size()) {
o2Bars.add(new ArrayList<>(p2.bars.get(j)));
02Chords.add(p2.chordRoots.get(j));

¥
¥

}else {
[/ Parent 2 -> Offspring 1, Parent 1 -> Offspring 2

for (int j = i; j < Math.min(i + phraseLength, bars); j++) {
if (j < p2.bars.size()) {
olBars.add(new ArrayList<>(p2.bars.get(j)));
01Chords.add(p2.chordRoots.get(j));

}

if (j < pl.bars.size()) {
02Bars.add(new ArrayList<>(pl.bars.get(j)));
02Chords.add(pl.chordRoots.get(j));

¥
¥
¥
¥

return new Pair<>(new Melody(o1Bars, 01Chords), new Melody(o2Bars, 02Chords));

¥
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/I MUTATION: Note-level and chord mutations
private static void mutate(Melody melody, double mutationRate, String scaleName,
MusicUtils.PitchManager pm, int beatsPerBar) {

String[] scalePitches = MusicConstants.SCALES.get(scaleName);

/[ NOTE-LEVEL MUTATION: Gentle mutation instead of bar regeneration
for (int barlndex = 0; barIndex < melody.bars.size(); barindex++) {
List<String> bar = melody.bars.get(barindex);

for (int notelndex = 0; notelndex < bar.size(); notelndex++) {
if (random.nextDouble() < mutationRate) {
String currentNote = bar.get(notelndex);
String currentPitch = MusicUTtils.getPitch(currentNote);
String currentDuration = MusicUtils.getDuration(currentNote);

/1 70% chance to mutate pitch, 30% chance to mutate duration
if (random.nextDouble() < 0.7) {
/[ PITCH MUTATION
String newPitch;
if (random.nextDouble() < 0.6) {
/1 60% chance: stay in same octave, just different scale note
newPitch = scalePitches[random.nextInt(scalePitches.length)];

}else {
/I 40% chance: ensure high octave for melody
newPitch =
pm.ensureHighOctave(scalePitches[random.nextInt(scalePitches.length)]);
}
bar.set(notelndex, newPitch + ":" + currentDuration);
}else {
// DURATION MUTATION
String[] durations = {"qg", "i", "h", "q.", "s"};

String newDuration = durations[random.nextInt(durations.length)];
bar.set(notelndex, currentPitch + ":" + newDuration);
}
}
}
}

/I CHORD PROGRESSION MUTATION: Less aggressive chord changes
for (int i = 0; i < melody.chordRoots.size(); i++) {
if (random.nextDouble() < mutationRate * 0.3) { // Reduced rate
/I Move chord by %1 step for smoother progressions
int currentChord = melody.chordRoots.get(i);
int newChord = Math.max(0, Math.min(6, currentChord + (random.nextInt(3) - 1)));
melody.chordRoots.set(i, newChord);
}
}
}
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/[ POPULATION STATISTICS: For monitoring evolution progress
public static PopulationStats calculatePopulationStats(List<Melody> population, String scaleName,
int
bars) {
if (population.isEmpty()) {
return new PopulationStats(0.0, 0.0, 0.0);

¥

double[] fitnesses = population.stream()
.mapToDouble(m -> FitnessFunctions.fitness(m, scaleName, bars, population))
toArray();

double avgFitness = Arrays.stream(fitnesses).average().orElse(0.0);
double maxFitness = Arrays.stream(fitnesses).max().orElse(0.0);
double minFitness = Arrays.stream(fitnesses).min().orElse(0.0);
return new PopulationStats(avgFitness, maxFitness, minFitness);

¥

public static class PopulationStats {
public final double averageFitness;
public final double maxFitness;
public final double minFitness;

public PopulationStats(double avgFitness, double maxFitness, double minFitness) {
this.averageFitness = avgFitness;
this.maxFitness = maxFitness;
this.minFitness = minFitness;

¥

@Override
public String toString() {
return String.format("Stats{avg:%.3f, max:%.3f, min:%.3f}",
averageFitness, maxFitness, minFitness);
}

}

/l HELPER CLASSES

public static class Pair<F, S> {
private final F first;
private final S second;

public Pair(F first, S second) {
this.first = first;
this.second = second;

}

public F getFirst() { return first; }
public S getSecond() { return second; }

¥
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?/\ Introduction

This project is an Evolutionary Music Generator that provides users to generate
music using the genetic algorithm concept.

Objective

To develop a Genetic Algorithm, integrate JFugue, and enhance
customization to generate and interact with musical sequences.

Proposed Method
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algorithm guided by a fitness
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melodies JFugue, reducing complexity for non-
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parameters and edit melodies
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