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RESEARCH ON THE CONSTRUCTION OF Al COMPOSITION SYSTEM

BASED ON HMMS
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ABSTRACT

The era of Artificial Intelligence (Al) in music has truly arrived. Since the groundbreaking success
of “Genesis,” the first Al-composed album released in 2016 by the world’s inaugural Artificial
Intelligence Virtual Artist (Aiva), the music industry has witnessed an Al revolution. This
momentum continued with the remarkable launch of Suno Al V3 in early 2024, capable of
generating publishable music within minutes based on simple prompts. Al composition has now
become a focal point of interest for scholars around the globe. Currently, there are many automatic
composition algorithms in the interdisciplinary research field of musicology and computer science,
and Markov chain is a representative automatic accompaniment algorithm for intelligent computer
systems. With the advent of the big data era, Markov chain, an automatic composition method
based on probability theory, has gradually been ignored by everyone, but research on artificial
intelligence music generation based on Hidden Markov model (HMM) is still very valuable. This

Lor. Weijia Yang, Department of Global Music, Graduate School of Kyonggi University, 24, Kyonggidaero 9-gil, Seodaemun-gu
03746, Republic of Korea, vjkisa520@gmail.com, https://orcid.org/0009-0007-8400-9449 .
2 Corresponding Author, Assist.Prof.Dr. Inho LEE, Department of Applied Music, Kyonggi University, 24, Kyonggidaero 9-gil,
Seodaemun-gu 03746, Republic of Korea, soulinno@kgu.ac.kr, https://orcid.org/0000-0001-7096-0670 .

216



https://doi.org/10.51576/ymd.1536267
mailto:vjkisa520@gmail.com
https://orcid.org/0009-0007-8400-9449
mailto:soulinno@kgu.ac.kr
https://orcid.org/0000-0001-7096-0670

Research On The Construction Of Ai Composition System Based On Hmms

paper proposes a method for constructing an Al composition system based on the HMM. This
system achieves the goal of automatically generating accompaniment music from score data. The
proposed system has achieved relatively stable results in the generation of musical elements such
as form and harmony, accompaniment texture, and instrumentation, and has scored well in
evaluation experiments. This study hopes to explore the technical boundaries of musicology
research in the Al era through the construction of algorithmic composition engineering cases in an
empirical way.

Keywords: Automatic accompaniment algorithm, Artificial Intelligence, composition, popular
music, Hidden Markov Model.

HMMS TEMELLI YAPAY ZEKA BESTECILiGI SISTEMI INSASI
UZERINE ARASTIRMA

O0Z

Miizikte Yapay Zeka (YZ) ¢agi gergekten bagladi. Diinyanin ilk YZ Sanal Sanatgist (Aiva)
tarafindan 2016 yilinda yayimlanan ve biiyiikk bir basar1 elde eden “Genesis” adli alblimden,
2024’iin baglarinda yalnizca birkag kelimelik bir komutla dakikalar i¢inde yayimlanmaya hazir
miizik tiretebilen Suno Al V3’iin dikkat ¢ekici ¢ikisina kadar, miizik enddistrisi bir YZ devrimi
yasamaktadir. YZ ile beste yapimi, artik diinyanin dort bir yanindaki akademisyenler i¢in ilgi odagi
haline gelmistir. Su anda, miizikoloji ve bilgisayar bilimi disiplinler aras1 arastirma alaninda bir¢cok
otomatik besteleme algoritmasi bulunmaktadir ve Markov zinciri, zeki bilgisayar sistemleri i¢in
temsil edici bir otomatik eslik algoritmasidir. Biiyiik veri ¢agmin gelmesiyle birlikte, olasilik
teorisine dayali bir otomatik besteleme yontemi olan Markov zinciri yavas yavas géz ardi edilmeye
baglanmistir. Ancak, Gizli Markov Modeli (HMM) temelli YZ miizik {iretimi lizerine yapilan
aragtirmalar hala ¢ok degerlidir. Bu makale, popiiler miizik tarzi icin HMM’ye dayali bir YZ beste
sistemi insa etme yontemini Onermektedir. Bu sistem, nota verilerinden otomatik olarak eslik
miizigi iiretme hedefini gerceklestirmektedir. Onerilen sistem, form ve uyum, eslik dokusu ve
enstriimantasyon gibi miizikal unsurlarin {iretilmesinde gorece istikrarli sonuglar elde etmis ve
degerlendirme deneylerinde iyi notlar almistir. Bu calisma, YZ c¢aginda algoritmik besteleme
miihendisligi 6rneklerinin ingas1 yoluyla miizikoloji arastirmalarinin teknik sinirlarini deneysel bir

sekilde kesfetmeyi amaclamaktadir.
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Anahtar kelimeler: Otomatik eslik algoritmasi, Yapay Zeka, beste, popiiler miizik, Hidden
Markov Model.

INTRODUCTION

Artificial Intelligence (Al) has emerged as a new scientific research field in recent years within the
realm of computer science. The research on (Minsky, 2007) and (Gurkaynak et al., 2016) indicates
that it encompasses the relevant theories, methods, technologies, and applications for constructing
human intelligence systems and has consistently been a focal point of research. Professor (Zhu,
2017) and professor (Tang, 2021) express that the development of artificial intelligence is built
upon the mutual permeation of foundational disciplines such as computer science, philosophy, and
linguistics. (Farbood & Schoner, 2001), (Allan & Williams, 2004) and (Bell, 2011), among others,
multiple studies have pointed out that Al composition stands as a representative intersection
between computer science and musicology. (Sako et al., 2014)’s research points out that the
markov chain has been a foundational aspect of Al composition research. As early as (Simon et al.,
2008)’s research, it particularly emphasized the research perspective of “following limited melodic
score data and generating accompaniment in real-time”. Simultaneously, both studies on (Luque,
2009) and (Fernandez & Vico, 2013) indicate that Al composition can be regarded as an advanced
method of intelligent accompaniment and an important part of the algorithmic composition system.
The construction of algorithms based on music composition theory is the core of its technology.
The artificial intelligence automatic accompaniment has developed very rapidly in recent years due
to the progress of science and technology (Oliwa, 2008), especially on the international level,
where artificial intelligence accompaniment already has a relatively systematic approach (Xia &
Dannenberg, 2015). The following research case on Al Composition and Hidden Markov Model
(HMM) is the basic reference for this study. This study also focuses on algorithm modeling
research on this topic.

About the Al Composition, (Dannenberg & Grubb, 1994) published intelligent accompaniment of
real-time music, marking an early initiation of real-time intelligent accompaniment experiments.
(Backman, 2009)’s optimal harmony progression and (Doush & Sawalha, 2020)’s accompaniment
system based on polyphonic rock music are both anchored in the performer’s ‘score,” analyzed by

a computer program, and then synthesized into the accompaniment. Examples such as (Thom,
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2000) and (Linson et al., 2012)’s improvisation system using artificial intelligence are also
relatively well-known.

About the HMM, Markov Chain and Hidden Markov Chain are crucial algorithms in the Al
composition domain, especially in the field of intelligent accompaniment, where these algorithms
are frequently employed for data analysis or function matching. The rule-based knowledge base
system algorithm, also known as an expert system (Dannenberg & Hu, 2003), such as tonal
harmony rules (Chong & Ding, 2014), can be cumbersome due to a large number of rules and a
huge database. (Rohrmeier & Graepel, 2012) and (Herremans et al., 2017) built a database based
on Bach Chorales and performed harmony matching operations based on the Hidden Markov
Chain. Additionally, (Shan & Chiu, 2010) and (Zarro & Anwer, 2017), based on the alignment
work of Palestrina, employed the Markov Chain for harmony matching operations. Furthermore,
the accompaniment system of (Orio, 2001) and (Jordanous & Smaill, 2008) also utilizes Hidden
Markov Models.

In the aforementioned research, the Hidden Markov algorithm is employed to predict the next
harmony or texture. Whether the music scores follow the algorithmic composition system or
popular tools like “(Band-in-a-Box, 2024)” and “(Music Memos, 2024)”, they all represent the
standardization trend of the composition process. The methods used in the mentioned literature
mostly rely on the theory of artificial intelligence model. After analyzing the melody of the song,
the result of the generated harmony and accompaniment is executed. Therefore, this article aims to
implement the Al Composition System based on HMM (HMM-AICS) in a more innovative and
convenient way. This experimental work aligns with the trend by focusing on “Al Composition”
and “HMM.”

This article proposes HMM-AICS based on the existing research on Al composition, combined
with the music theory of pop music style and the application of orchestration. The first step involves
melody identification, analyzing the tonality, phrases, rhythm, tempo, and other features of the
melody. The second and third steps focus on program theme content, and the final part involves
accompaniment output. The system is divided into four parts: music element analysis, harmony
matching, orchestration matching, and accompaniment output, as illustrated in Figure 1. Based on
this structure, this study completed the construction of a database based on music theory, and
further integrated the HMM into this system. In the last part of this study, the experimental

verification of musical works was also set up.
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Music Element Analysis

Y

Harmony Matching

Orchestration Matching

Accompaniment Mapping

Figure 1. The Structure of HMM-AICS.

METHOD

Popular Music Style Database Construction

The database of the proposed HMM-AICS is based on music theory, which can make the
accompaniment more consistent with the rules of music creation and optimize the operation of the
program. There are two concepts in pop music, namely broad and narrow. In this study, it
specifically refers to the “non-classical” commercial music style. In the accompaniment of pop
music, notes, harmony, and rhythm are crucial structural components (Wright et al., 2012). This
section revolves around the construction of three databases: “Notes, Harmony, and Rhythm.” The
Notes Basic Database explains fundamental data about the music, such as tone color, pitch, and
duration. The Pitch Database specifically focuses on major and minor tonalities of harmony or
melody, as well as other special pitches. The Harmony Database serves as the foundational corpus
for automatic accompaniment, including common triads, seventh chords, suspended chords, etc.
Additionally, it can enhance the richness of harmonic vocabulary through algorithms related to
random probabilities. The Rhythm Database serves as a reference for the musical bass and drum
sections. Based on note duration and values, musical rhythms are composed, and after grouping

several rhythms, they are stored in the rhythm database.

Notes database
Note data utilizes universal MIDI information as the architectural standard. This paper defines the
representation method for each note, including P (pitch), D (duration), R (rhythm), V (velocity), T
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(timbre), as shown in Equations (1) to (6). Here, “a” represents the MIDI pitch number, “b”
represents the MIDI note duration, “ ¢ ” represents the combined MIDI rhythm grouping of “a”

and “b”, “d” represents the MIDI velocity, and “e” represents the MIDI instrument number.

Tone=F (P,V,D,T) 1)
P(Pitch) = 12k + a (2)
D(Duration) = b 3)
R(Rhythm) = ¢ 4)
V(Velocity) = d )
T(Timbre) = e (6)

Pitch is the musical element that needs to be defined first. By defining pitch, the arrangement of
scales can be determined. Based on the different arrangements of scales, different modes and
tonalities can be formed. Scales and modes are the foundation of harmony. The correspondence
between pitch and scales is shown in Score 1. Here, “k” represents the octave pitch position, a
represents the relative pitch position within the same octave, and “12k + a ” can accurately
represent any pitch position. It is important to note that both k and k’ are integers and are adjacent
octaves.

128 (12K +2 12K +4 {12K 45 §

© [® )

©

SIS

©- L34
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> <
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Score 1. Correspondence chart of natural major scale and pitch.

Six major tonality databases, including natural, melodic, and harmonic scales, can all be defined
and stored using this method. Other commonly used scales such as blues, medieval, and ethnic
scales can also be extended based on this approach. By considering pitch and scales, chords can be

deduced, completing the establishment of the harmonic progression.
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Harmony database

Setting harmonic data involves calculating adaptable harmonic combinations based on the
identified melody. This section focuses on summarizing the mapping methods between harmonic
theory and data. Due to program limitations, this paper uses the common tonality in popular music,
specifically the harmonic major tonality, as a case study. Starting from functional harmony, Table
1 reflects the basic harmonic functional attributes. From popular music to classical music, harmonic
movement unfolds as T (Tonic) - S (Subdominant) - D (Dominant). Therefore, the harmonic
database is extended based on these three fundamental functional groups. Comparing with Score
2, each chord corresponds to pitch expression parameters based on the natural major tonality. The

subsequent variations in harmonic color and progressions are derived from this.

Tonic Function | Hin
Subdominant Function v Hm
Dominant Function V Him

Table 1. Basic Harmony Function Property Sheet.

12k +7 12k+9 12k + 11 12k 12k’+2 12k’+4 12k’ +5
12k+4  12k+5  12k+7 12k+9 12k+11 12k° 12k’ +2
12k 12k+2  12k+4 12k+5 12k+7 12k+9 12k+11

%9 9 0 ) 0 ﬁi_

IIIm 1A% VIim vIr

Score 2. The Corresponding Position is the Chord Storage Parameter Based on Natural Major.

(1) Chord Color Transformation

Expand harmonic color beyond basic functional harmony. Functional harmony only satisfies basic
harmonic combinations, and by adding or replacing pitches, harmonic color can be further
enriched. As shown in Table 2, all colors can be classified into major chords, minor chords,

suspended chords, and dominant seventh chords, these being the four basic colors. Then, by adding
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notes, 13 commonly used compound chords such as seventh chords and ninth chords can be

formed. Eight alternative chords can also be obtained by replacing the third note.

Basic Color Augmented Chord Altered Chord (3rd Tone)
Major 6th, M7, M9, add2 sus2, sus4

Minor 6th, m7, m9, m11, add2 m, sus4

Suspended sus2 None

Dominant 7 9th, 13th, #9th 6th, 7th sus4, 11th

Table 2. The Basic Chord Color and Conversion Table.

Map the chords of the four basic colors. By replacing and adding notes, a rich harmonic color
palette can be achieved, and the data can be represented by three types of actions: replacing pitches,
adding pitches, and adding materials for compound chords. It can be understood as changing the
third note based on the triad, or directly using seventh chords, ninth chords, and eleventh chords.
Refer to the three tables below, which are further extensions of Table 2. The left column represents
the indication of replacing, adding, or stacking chords, while the right column expresses pitch or
chord codes. In this context, “a” represents the third note, belonging to a pitch position within an

octave, and “b” is an additional pitch, excluding the pitch of the triad, in the same octave range.

Alter the 3rd Tone/ 12k + a a={2, 34,5}
Add a Pitch/ 12k + b b={2,8, 11}
9th Chord 12k + 11; 12k + 13

Table 3. Major Chord Basic Harmony Color Deformation Representative Code.

Alter the 3rd Tone/ 12k + a a={3,4,5}

Add a Pitch/ 12k + b b={2, 8,11}

9th Chord 12k +11; 12k + 13

11th Chord 12k + 11; 12k + 13; 12k + 17
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Table 4. Minor Chord Basic Harmony Color Deformation Representative Code.

Suspended Chord: Alter the 3rd Tone/ 12k + a a={2}

Dominant 7 Chord: Alter the 3rd Tone / 12k + a a={9, 5}

9th Chord / 12k + b; 12k + ¢ b={11};c={2, 3}

13th Chord 12k +11; 12k + 2; 12k + 5; 12k + 9

Table 5. Suspended Chord and Dominant Chord Basic Harmony Color Deformation Representative Code.

(2) Harmony Progression Settings

Based on the harmony degrees, summarize the matrix related to harmony degrees. The harmony
degree matrix represents the probability of each harmony degree appearing in the song. This
probability is not fixed and is influenced by factors such as the overall musical structure, rhythm,
and cadence. Throughout the process of harmony progression, in addition to considering the degree
of melodic matching, additional explanations for the overall direction of harmony are needed. The
probability of harmony progression in major keys is shown in Table 6. The matrix at the
intersection of the X and Y axes is organized based on the frequency of occurrence of various
degree harmonies in popular music, and similar methods can be used to define probability matrices
for other modes. Based on the harmony database and chord probabilities, matching harmonies can
be calculated. After determining the harmony degrees, the harmonic colors can be expanded, but it
is important to adhere to common harmonic patterns in popular music. The probability of chromatic
harmony substitution can fluctuate around 30%, and it is important to limit the number of chromatic

harmony substitutions to three times in the same musical section.

VII° Vim \Y v IIm IIm I
I 0.3 0 0.3 0 0 0.3 0
IIm 0.2 0.3 0.06 0.2 0.2 0.02 0.01
Iim 0.3 0.2 0.2 0.1 0.05 0.1 0.05
v 0.3 0.15 0.15 0.08 0.3 0.01 0.01
\% 0.02 0.2 0.06 0.2 0.2 0.3 0.02
Vim 0.2 0.06 0.2 0.2 0.3 0.03 0.01
VII° 0.07 0.18 0.18 0.18 0.18 0.18 0.03

Table 6. The Major Key Chord Progression Probability Transition Matrix based on Popular Music Theory.
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Rhythm database

Rhythmic components determine the rhythm of a pop song. Based on the formulas 1 and 3
mentioned earlier, musical rhythms can be compiled according to the defined durations, and several
rhythms can be grouped and stored in the rhythm database. Duration is the primary focus. The
duration of notes is divided based on time, and rhythm and beats are based on this division.
Duration is measured in milliseconds. In regular calculations, a rhythm of 60 BPM (beats per
minute) means 60 vibrations per 1000 milliseconds (1 minute), and other speeds can be calculated

accordingly. If a whole note corresponds to 4000 milliseconds, the note values in Table 7 can be

calculated.
Note Whole Half Quarter 8th 16th 32th
Duration (ms) 4000 2000 1000 500 250 125

Table 7. The Numerical List of the Note Duration.

Based on the duration, the rhythmic section for the bass can be composed. The bass is the
fundamental part of harmony, defining not only the harmonic functions of the music (root position,
inversion) but also establishing the foundation of the texture. The bass’s range is preferably
between 30 and 50 (MIDI pitch range). The system classifies the bass into three types: regular bass,
melodic bass, and patterned bass. Regular bass uses the root (sometimes the fifth) of the chord as
the bass. Melodic bass is often created by adding passing tones, introducing a melodic quality to
the bass line. Patterned bass is based on the decomposition and semi-decomposition structure of
the chord, also relying on the root and fifth. Each type of bass is associated with 10 common
rhythmic patterns, serving as templates for the system. In units of short phrases, these rhythmic
patterns are called upon, looped within the same section, and undergo slight variations.

The bass voice database can be synchronized with the percussion voice database. When
consolidating the databases, the drum groups in the percussion voice database are sorted by
rhythmic complexity. Based on the bass voice, similar bass groups are selected. The bass voice
database includes multiple categories of rhythmic combinations. Once the pitch is determined,
rhythmic combinations are automatically matched and stored in a temporary buffer, awaiting

subsequent calls from the system.
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In summary, this section focuses on the music theory database, revolving around the construction
of the “notes, harmony, and rhythm” databases. It specifically defines algorithms for musical
elements such as pitch, rhythm, and duration. Regarding dynamics and timbre, MIDI CC data can
be temporarily utilized, and future extensions for sound quality can be achieved through third-party
VST sources. This study aims to discuss musical content, avoiding further exploration of sound
quality. The database is not only applicable to the analysis of musical elements but can also be

invoked in harmony matching, orchestrator matching, and other areas.

RESULTS

Al Composition System for Popular Music

The proposed HMM-AICS architecture includes the harmony matching part and polyphonic
matching part. The harmony matching part is composed of fundamental harmony matching, altered
chord matching, and inversion/origin. The polyphonic matching part is composed of percussion
part matching, low-pitched part matching, harmony texture part matching, and secondary melody
part matching. As shown in Figure 2, the proposed AISFSPM can automatically generate chords
and accompaniment textures based on MIDI file data. The harmony arrangement process is mainly

shown in Figure 3, which is also the accompaniment generation database application process.

| Begin

Fundamental
Harmony Matching
Harmony Maitching Part
Altered Chord
Matching
Inversion / Origin
Select
Percussion Part
Matching
Low-Pitched Part
Matching
Polyphonic Matching Part ¢

Harmony Texture
Part Matching

v

Secondary Melody
Part Matching

| End )
~.. “

Figure 2. The Proposed HMM-AICS Architecture.
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Melody

Mode Identification

Structure Analysis Database: Music Theory Rule
Harmony Database Summarization
Polyphony Database

/ Probability Calculation

Harmony Generation

|

Voice Part Adjustment 1 —» Polyphonic Part Generation

}

Voice Part Adjustment 2

/

Accompaniment Generation

'

End

Figure 3. The Flow Chart of Accompaniment Generation Database Application.

Hidden Markov Model Harmony Matching Analysis

Hidden Markov Model (HMM) includes 2 state classes and 3 probability matrixes. The probability
matrixes includes hidden state S, observable state O, and initial state probability matrix 7, hidden
state transition matrix A, observed state transition probability matrix B. HMM can be expressed as
A=(A, B, m) three elements, or A=(N, M, A, B, n) five elements.

In harmony matching, each harmony states Dn (D1, D2, D3, D4,...Dn) can be matched from the
melody, and the HMM can calculate the visible final state. The five elements corresponding to
harmony matching are a hidden state within the same measure available chorus state. The initial
state matrix is the hidden state matrix, and is retrieved from the database, can finally obtain the

matched chord output.
(1) Hidden State Class N

S is the harmony state class, which can be directly called from the database. The n states are

01,62, ...6n , and at time t , the Markov state is gt, and qt € {61,62,...6n}.
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(2) Observable State M
The melody trend can be analyzed from the database, and divided m into t + 1 measures, where
t duration determines the chord density, change a chord every t. This time is the observable state
at time t, and the number of possible chords corresponding to each state. The number of chords
matches the corresponding state in the database. Let n states be V1,V2, ... Vn. The observable state
attimetis Ot {V1,V2,..Vn}. B = {bj(k)}, which represents the probability of harmony between
the observed state and the hidden state. From the melody trend of the previous step, calculate the
possible harmony hidden state:

Bj (k) = P(Ot = vk|qt = 6)) (7)

(3) Initial state probability matrix =, = = {i}, and:
T, =P(qt=0j),1<ij<M (8)

Most of the initial chords of popular music start from the tonic key, and the probability refers to
the matrix in the database.

(4) Hidden state transition probability matrix A = {aij}.
aij = P(qt+1 = 6j|qt = 6i) 9)

Where aij > 0. State at the previous moment t is gt, and the chord q(t + 1) is at the next time

)

“t + 17, the Markov chain chord state transition as shown in Figure 4.

R
Y&

Figure 4. The Markov Chain Chord State Transition.
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Accompaniment Matching Analysis Notes and harmony parts matching

In this paper, in terms of algorithmic programming, first, select possible chords for the melody,
and then provide the probability of the current chord according to the previous chord state. In the
melody limited chorus option, generate the required basic harmony and proceed to the next step.
In the melody limited chorus option, generate the required basic harmony and proceed to the next
step. Hidden Markov chains are used in basic chord generation. The latter includes probability
generation ofs altered chords and suspended chords. The above chords can be obtained from the

dataset. The harmony generation system flow chart is as illustrated in Figure 5.

(= )

b

{ Melody Input Original Chord

l l

Chord Output
Divided H(t)

qt/q(t+1)...q(t+n)

Harmony Generated _
(HMM) t=t+1 -+
qt

e \\\\
<_Change Chord? >

™~ - -

Y\f/ O e )

Altered Chord
Generated

1

Inversion / Origin
Select
Based on Note Time
Distance

|

Figure 5. Harmony Generation Flow Chart.

For harmony texture part matching, keyboard and guitar can perform in a complementary role for
both. When the keyboard performs a long tone for the harmony texture, the guitar can perform a

rhythmic tone for the harmony texture, vice versa.
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Chord progression example: 17 - VIm7 — | — IV - VIm7 — V - V7 — |. Keyboard performs a long
tone as the background, and Arpeggio part can be performed by guitar, I7 chord including “C, E,
G, B,” as the four parameters: 12k, 12k+4, 12k+7, 12k+11. Bass part matching uses original, and
the second pitches from high to low are 12k, 12k+4, 12k+7, and 12k+11. And the pitch 12k+7,
from low to light is 12+11, 12+12, 12+16, 12+12, 12+11, and 12+12.

Bass and percussion parts matching

Bass and percussion are representatives of the rhythm section of pop music. The bass part includes
conventional bass, melody bass, and figured bass. The genetic algorithm can automatically
compose music when provided with a bass line (De Prisco et al., 2010). According to previous
research, the genetic algorithm can automatically generate the required bass-part according to the
ready-made melody and chord progression direction data.

(1) Conventional Bass: according to the dataset to generate a conventional bass line.

(2) Melody Bass: decreasing big jump and increasing stepwise.

(3) Figured Bass: repeating pitches to avoid exceeding the range.

The example chord progression: 17 —VI7 — 1 — IV —VI7 -V — V7 —I. In the case of I7 — V17, the
first note is the root note of the original, and C can be connected with one of A, C, E, G notes from
VI7. If change these notes to digits, 0 can be connected with one of 9, 12, 16, 18. Melodyized
harmony uses the database to generate regular rhythms, so that the pitch goes up and down, not
exceeding the range. After the above algorithm determines the pitch of the accent position, other
parts use more passing tones.

The percussion section of pop music exhibits strong patternicity and belongs to the arrangement of
the looping type. In the looping rhythm pattern, adding some drum group variations in each section
can enhance the music’s agility. Therefore, in every 3-4 cycles, slight changes can be made on the
basis of the original rhythm pattern to meet the changing needs. A piece of music typically changes
its sectional texture in different parts, and the drum group rhythm pattern follows suit. The drum
group generation process rules are shown in Figure 8.

(1) Drum Set Loop: with drum set loop rhythm.

(2) Drum Set Subtraction: in the basic drum set to delete separate strong beats.

(3) Drum Set Fine Tuning: in the basic drum set to change the note slightly.

(4) Embellishment Ending: in the ending part to add some embellishment notes.

230



Research On The Construction Of Ai Composition System Based On Hmms

Drum Set Drum Set Embellishment
Subtraction Fine Tuning Ending

Drum Set Loop

Figure 6. The Rules of Drum Set Generation Flow Chart.

In summary, this section centers around the architecture approach of the Al Score Following
System based on the HMM. Starting from the system and database construction process, it provides
a detailed introduction to the principles of setting up the two classes and three probability matrices
of HMM. Furthermore, it explains the accompaniment matching methods for notes, harmony, and
rhythm, emphasizing melody, texture, bass, and percussion sections. It can be understood as a
mapping construction scheme for the Al Composition System based on HMM and music theory

databases.

DISSCUSSION

The following experiment compares the original accompaniment of the three pieces: Love
Transferred (Eason Chan, 2013), Rice Field (Jay Chou, 2013), and Glory (TFBOY'S, 2021) with
the proposed HMM-AICS in this article as an example. Table 8 shows the basic music attributes.

Pieces Tempo Key

Love Transferred 54 F Major
Rice Field 82 A Major
Glory 62 A minor

Table 8. The Basic Music Attributes.

Tables 9, 10, and 11 show the chord generation cases of the original chords, music memos, and
HMM-AICS of three pieces of music.

Piece Chord Direction
Original Chord Direction (1 Grid 1 Measure)
I v Im Vim -V I
Love Transferred Vim IIm IIm7 \V VIim
Il V-V I VIm IIm — IIm7
[Im7 VI Vsus4add9 |
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Music Memos

V V-1 VI-1Im I I
-V I IIm I VIm
VIim v-V I I I
VIim I IIm-V I
HMM-AICS
IIm 1 V7 Vim -V VIm
Vsus2 IIm 1Im7 Vv IHHim
[H170mit5 1 IHIm I Ilsus2
V "7 Vsus4 I
Table 9. Love Transferred.
Piece Chord Direction
Original Chord Direction (1 Grid 1 Measure)
ladd9 — V VI7 - 117 17 — Vsus4 ladd9 ladd9 — V
VI7 - 117 IIm7 — Vsus4 ladd9 ladd9 — V VI7 - 1117
IIm7 — Vsus4 ladd9
Music Memos
Rice Field I—1m V IHIm Vim -V IIm
VI7 - 1117 VI HIM7 — 11 V V —1Im
V-1V I
HMM-AICS
-1l -1 n-vi Il |
1l IIm7sus2 — V | V7 VI-—1
IIm 17 |
Table 10. Rice Field.
Piece Chord Direction
Original Chord Direction (1 Grid 1 Measure)
Vm7 — | VIim7 - VII7 IHHIm7omit5 — VIM7 Hm—11
Vm7 — | VIim7 - VII7 IHHIm7omit5 — VIM7 Hm
Music Memos
Glory Vm —lIm #VI - lm | — Vinr #VII
Hm—#VII Hm—Vin Vm—Vln Hm
HMM-AICS
I Vm7omit3 — 117 IV7 —1Im7 I
I —1n Vm7 blllm—VI; VIl
Table 11. Glory.
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We also conducted a comparative analysis of the musical content of the three versions of the

aforementioned three pieces:

(1) About the Love Transferred
a. Original: mainly uses MIDI keyboard, strings, and Jazz drum set. Keyboard includes
Arpeggio, strings secondary melody, and percussion is more regular.
b. Music Memos: uses bass, Jazz 2-part drum set, and drum kit accompaniment for the bass
part, with a fixed form more rigid.
c. HMM-AICS: uses MIDI keyboard, guitar, and bass to perform the polyphonic
accompaniment. Keyboard uses column chords, guitar accompaniment, and the bass uses a

long bass tone.

(2) About the Rice Field
a. Original: mainly uses drum set, percussion, vocal choir, and synthesizer accompaniment.
The abundant percussion timbres make the performance lively. The synthesizer in addition to
arpeggio uses a bright high-frequency timbre.
b. Music Memos: uses bass and drum set, with some texture variance.
c. HMM-AICS: uses drum set, synthesizer, and guitar for the arrangement. Guitar performs
arpeggio, drum set fixed rhythm is more rigid, and synthesizer supplements guitar texture and
low-pitched parts.

(3) About the Glory
a. Original: uses drum set, percussion, vocal choir, synthesizer accompaniment. The
arrangement is more regular, percussion uses loops texture, vocal choir uses choir harmony,
and synthesizer uses high-pitched plucked for secondary melody.
b. Music Memos: uses bass and drum set. Texture has some variance.
c. HMM-AICS: uses drum set, synthesizer, guitar, and bass. Synthesizer performs plucked
arpeggio, drum set performs looped texture with approximate variance. Bass performs low-

pitched tones, and the guitar uses variant arpeggio for the supplement.
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Based on the comparison results above, the proposed HMM-AICS in this paper can essentially
accomplish the conventional arrangement of popular music styles. However, it is also evident that
there is still considerable room for improvement with HMM-AICS. The accompaniment generated
based on the melody in this study may benefit from further optimization using alternative

algorithms, particularly in aspects such as harmony and texture.
CONCLUSION

This study developed an Artificial Intelligence Composition System (AICS) based on Hidden
Markov Models (HMM) and a music theory database, achieving certain results in the generation
of accompaniment music. The discussion on the construction of the music theory database revolves
around the three databases: “Notes, Harmony, and Rhythm,” with a particular focus on defining
algorithms for musical elements such as pitch, rhythm, and duration. The architecture of HMM-
AICS is explained starting from the process of system and database construction, providing a
detailed introduction to the principles of setting up two classes and three probability matrices within
HMM, and further explaining the methods for matching notes, harmony, and rhythm in
accompaniment. HMM-AICS performed well in experiments and can serve as a case study for Al

music generation for researchers.

Recommendations

This study belongs to the interdisciplinary research content of computer science and musicology,
and can provide reference cases for researchers in these two disciplines. This study simulates the
complete orchestration process in popular music and generates music through hidden Markov
chains through machine learning. The main focus of this study that can provide reference for
relevant researchers is as follows.

(1) The Architecture Method of HMM-AICS.

(2) Establish a music theory database - note database, harmony database, and rhythm database.
(3) The Principle of Four Step Generation Setting for Hidden Markov Chains

(4) Matching Method between HMM and Harmony Sound Part

(5) The mapping and matching method of accompaniment parts - notes, harmonies, bass, and
Percussion parts.

From the perspective of accompaniment assistance, the proposed HMM-AICS still has significant

room for development. Al Composition belongs to the challenging field of artificial intelligence,
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requiring interdisciplinary integration of artificial intelligence, machine learning, and music theory
to achieve certain research results. This study references the complete process of music
composition in an Al manner and then imitates and generates accompaniment styles, providing
insights into new arranging and music generation methods. The proposed HMM-AICS is still in a
relatively new stage. Due to various limitations, there are still many shortcomings. The fixed nature
of accompaniment texture, the need for database expansion, and the improvement of music rules

are challenges that need to be addressed and are directions for future research.
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GENISLETILMIS OZET
Bu calisma, Gizli Markov Modelleri (HMM) ve bir miizik teorisi veritabanina dayali bir YZ

Besteleme Sistemi (AICS) gelistirmis ve eslik miizigi liretiminde belirli sonuglar elde etmistir.
Miizik teorisi veritabaninin insasi, “Nota, Armoni ve Ritim” olmak iizere ii¢ veritabani etrafinda
aciklanmis, 6zellikle perde, ritim ve siire gibi miizikal unsurlarin algoritmalarla tanimlanmasina
odaklanilmistir. HMM-AICS nin mimarisi, sistem ve veritabani olusturma siirecinden baslayarak,
HMM igindeki iki smif ve ii¢ olasilik matrisinin ayar prensiplerine ayrintili bir giris saglamis ve
ardindan nota, armoni ve ritmin eslikte nasil eslestirilecegini agiklamistir. HMM-AICS, deneylerde
iyi performans sergilemis ve Al miizik tiretimi i¢in ilgili aragtirmacilara bir vaka galismasi olarak

hizmet edebilir.
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HMM-AICS, popiiler miizik tarzlarinin miizik teorisi ve orkestrasyonunu bir araya getirerek, teori
tabanli bir veritabani ingasini tamamlamis ve bu sisteme Gizli Markov Modellerini entegre etmistir.
HMM-AICS veritaban1 miizik teorisine dayanir ve bu sayede eslik, miizik kompozisyonunun
kurallarina daha uygun hale getirilir ve programin isleyisi optimize edilir. Bu insa, “Nota Armoni
ve Ritim” olmak {izere ti¢ veritabani etrafinda gergeklesir. Nota veritabani, miizigin tinisi, perde ve
stire gibi temel verileri saglar. Tonal veritabani, armoni veya melodinin major ve mindr skalalarina
ve diger Ozel tonal yonlere odaklanir. Armoni veritabani, otomatik eslik i¢in temel bir veri
kaynagidir ve yaygin {i¢lii akorlar, yedili akorlar, aski akorlar1 vb. igerir. Ayrica, rastgele olasilikla
ilgili algoritmalarla birlestirerek armonik kelime dagarciginin zenginligini artirabilir. Ritim
veritabani, miizigin diisiik sesli boliimlerine referans olarak hizmet eder ve bas ve davul
boliimlerini igerir. Nota siirelerine ve degerlerine gore miizik ritmi yazilir, birkag ritim gruplanir
ve ritim veritabaninda saklanir. Dinamikler ve tin1 boliimii i¢in gegici olarak MIDI CC verileri
kullanilabilir ve daha sonra liglincii parti VST eklentileriyle ses kalitesi genisletilebilir. Veritabani,
miizikal unsurlarin analizi, armoni eslestirme, orkestrasyon eslestirme gibi boliimlerde
kullanilabilir.

HMM-AICS’nin ¢ekirdegi veritabani ingasidir ve mimari haritasi, HMM i¢indeki iki smif ve ii¢
olasilik matrisinin ayarina odaklanir. Nota, armoni ve ritim eglik yontemleri, HMM nin ay1rt edici
bir 6zelligidir ve 6zellikle melodi, doku, bas ve vurmali ¢algilar boliimlerine vurgu yapar. HMM-
AICS, MIDI dosya verilerine dayanarak otomatik olarak akorlar ve eslik dokular1 olusturabilir.
Armoni diizenleme siireci, akor eslestirme ve armoni eslestirme boliimlerini igeren eslik tiretim
veritabani uygulama siirecinin bir parcasidir. Akor eslestirme boliimii, temel akor eslestirme,
degistirilmis akor eslestirme ve ters ¢evrim/kok pozisyonundan olusur. Armoni eslestirme bolimii
ise vurmali ¢algilar boliimii eslestirme, bas boliimii eslestirme, armoni dokusu eslestirme ve ikincil
melodi boliimi eslestirmeden olusur. Gizli Markov algoritmasi, bir sonraki armoni veya akoru
tahmin etmek i¢in kullanilir. Besteleme siirecinin standardizasyon egilimini, algoritmik
kompozisyon sistemini takip eden bir nota veya “Band-in-a-Box” ve “Music Memos” gibi klasik
araclar temsil eder.

Bu calismanin son bdliimiinde, miizik eserlerinin deneysel dogrulamasi da yapilmistir. Deneyler,
bu ¢alismada 6nerilen HMM-AICS’yi bir tiretim modeli olarak kullanmistir. Eason Chan’in 2013
yilinda yayinlanan “Love Transfer”, Jay Chou’nun 2013 yilinda yayinlanan “Rice Field” ve

TFBOYS’un 2021 yilinda yayinlanan “Glory” adli ii¢ sarkisinin orijinal eslikleriyle
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karsilastirmalar  yapilmistir. Miizik igeriginin niteliksel arastirma sonuglarina dayanan
karsilagtirmalara gore, onerilen HMM-AICS temel olarak pop miizik tarzinin rutin diizenlemelerini
gergeklestirebilmektedir. Bununla birlikte, HMM-AICS’nin hala 6nemli bir ilerleme kaydetme
potansiyeline sahip oldugu da gozlemlenmistir. Bu ¢alismada melodiye dayali olarak iiretilen
esliklerde, armoni, doku gibi detaylarda diger algoritmalarin kullanilarak daha fazla optimize
edilmesi diistiniilebilir.

HMM-AICS, deneysel ortamlarda gii¢lii bir performans sergilemis ve YZ miizik iiretimi
konusunda aragtirmacilar i¢in degerli bir vaka ¢alismasi olarak konumlandirilmistir. Bu disiplinler
aras1 ¢aligma, bilgisayar bilimi ve miizikoloji arasindaki kopriiyli kurarak her iki alandaki
arastirmacilara referans ¢ergcevesi sunmaktadir. Calismanin ana katkilar1 sunlardir:

(1) HMM-AICS’nin mimari metodolojisi.

(2) Nota, Armoni ve Ritim veritabanlarinin olusturulmasi ve yapilandirilmasi.

(3) Gizli Markov Zincirleri igin dort adimli tiretim ayar ilkeleri.

(4) HMM ile armonik ses bilesenlerinin eslestirilmesi yontemleri.

(5) Eslik unsurlar1 olan nota, armoni, bas ve perkiisyonun haritalanmasi ve eslestirilmesi stratejileri.
HMM-AICS modelinin, eslik miizigi yardimi alaninda 6nemli bir gelisim potansiyeline sahip
oldugu diistiniilebilir. YZ destekli besteleme, bir¢ok disiplinle yakindan iligkili bir ¢apraz disiplin
alanidir ve bu durum, HMM-AICS’nin bir disiplinler aras1 entegrasyon sonucu olarak gelisiminin
de YZ, makine 6grenimi ve miizik teorisi gibi alanlarda derinlemesine igbirligi gerektirdigini
gostermektedir. Bu calisma, zorlu bir alan olan YZ destekli bestelemeyi temel alarak, miizik
yaratim siirecini referans almakta ve eslik tarzlarinin taklidi ve liretimi lizerine yogunlagmaktadir.
Bu, miizik iiretiminde yenilik acisindan 6nemli bir anlam tasimakla birlikte, miizik iiretim
yontemlerine de yeni bir yon sunmaktadir.

Ancak, HMM-AICS su anda baz1 sinirlamalar ve zorluklarla karsi karsiyadir. Sistem, miizik
igeriginin yalnizca armoni kismina odaklanmakta ve tini, kontrpuan gibi alanlarda daha fazla
tartismaya yer vermemektedir. Ozellikle, eslik dokusunun nispeten sabit kalmasi sorunu, diger
algoritmalarla ¢oziilmesi gereken bir durum olabilir ve giincellemelerle daha zengin ve esnek
miizikal ifadeler saglanabilir. Ayrica, veritabaninin zenginligi, YZ 6grenme siirecini dogrudan
etkiler; daha kapsamli bir miizik veritabani, HMM-AICS’nin performansini artirmaya yardimci
olacaktir. Ayn1 zamanda, miizik teorisinin biitiinliigii de kilit bir faktordiir ve daha dogru miizik

yaratimi ve eslik liretimi i¢in miizik teorisi ile Aapay Zeka algoritmalarinin daha derin bir sekilde
239



LEE, I., YANG, W. Yegah Musicology Journal (YMJ) Volume 7 Issue 3 2024- p.216-240

birlestirilmesi  gerekmektedir. HMM-AICS’nin  gelecekteki  arastirmalarda, algoritma
optimizasyonu, veritabani genisletme ve miizik teorisinin derinlestirilmesi gibi konularda daha
fazla gelistirilmesi gerekecektir. Siirekli kesif ve yenilikler sayesinde, HMM-AICS’nin YZ destekli

miizik yaratimi alaninda daha biiyiik atilimlar yapmas1 beklenebilir.
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