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ANNOTATION
For the diploma: "Development of intelligent generative models. Melody generation',

developed by Tcacenco Igor, Chisinau, 2025.

Keywords: neural networks, dataset, data preprocessing, machine learning, LSTM, chords,
generative model

The purpose of this work is to explore the integration of deep learning models, particularly LSTMs,
in generating harmonically coherent and stylistically diverse chord progressions based on established music
theory. To create a system capable of producing musically meaningful outputs that cater to both academic
research and creative industries.

Tools used: Python programming language, Google Colab.

Explanatory note contains: introduction, 3 chapters, conclusions, bibliography with 20 titles, 4
figures.

Chapter 1: Explores the significance, current applications, and limitations of Al in music, setting
the stage for the project's goals.

Chapter 2: Details the architecture, workflow, and theoretical foundation of the chord progression
generator system.

Chapter 3: Describes the development process, including dataset preparation, model architecture
design, training and validation results, and optimization techniques used for chord progression generation.



ADNOTARE

Pentru diploma: "Dezvoltare de modele intelegente generative pentru melodii. Generare de
melodii'",

dezvoltat de Tcacenco Igor, Chisinau, 2025.

Cuvinte-cheie: retele neuronale, set de date, preprocesare a datelor, invatare automata, LSTM,
acorduri, model generativ

Scopul acestei lucrari este de a explora integrarea modelelor de invatare profunda, in special LSTM-
uri, in generarea de progresii de acorduri armonic coerente si stilistic diverse, bazate pe teoria muzicala
consacrata. Crearea unui sistem capabil sa produca rezultate semnificative din punct de vedere muzical care
se adreseaza atat cercetarii academice, cat si industriilor creative.

Instrumente utilizate: Limbajul de programare Python, Google Colab
Nota explicativa contine: introducere, 3 capitole, concluzii, bibliografie cu 20 titluri, 4 figure.

Capitolul 1: Exploreaza semnificatia, aplicatiile actuale si limitarile Al in muzica, creand scena
pentru obiectivele proiectului.

Capitolul 2: Detaliaza arhitectura, fluxul de lucru si fundamentul teoretic al sistemului generator
de progresie a acordurilor.

Capitolul 3: Descrie procesul de dezvoltare, inclusiv pregatirea setului de date, proiectarea
arhitecturii modelului, rezultatele antrenamentului si validarii si tehnicile de optimizare utilizate pentru
generarea progresiei acordurilor.



CONTENTS

INTRODUCGTION ...ttt sttt ettt ettt et e et e e st e s st enseeste st enseeseesseenseesseaseensaensesseeseensesseenseeneas 9
I DOMAIN ANALYSIS oottt ettt ettt e s st e ae e st e s st et e enseeseenseenseeneenseensenneans 12
1.1 Importance Of the theIME .........cc.eiiiiiiee ettt e e e e s e e s beeesnreeenes 13
1.2 EXISHNG SOIULIONS .....eeutiiiiiieiiieete ettt ette ettt et e et e ste e bt e stteesseeesbeeseeesseeseesnseenseeanseenssesnseensseenseenssesnseas 13
L.2.1 OPENAT JUKEDOX ...oouviiiiiiiiieeieeeie ettt ettt ettt et st e bt e et e e seeeabeensaeenseenssesnsaessaeenseenssesnseas 14
L.2.2 MIAEENTA. ....eeeiiiieeiiieeetee ettt ettt et et e ettt e et ee e st e e eatteeenbaeeessaeeenbaeeenbaeeenbeeeenteeennbeeennbeeennbeeenn 15
L.2.3 ALV A ettt ettt e h e bt et et h et a e bt ettt bt e bt et e ehte bt entesaeen 16
1.3 GOAlS ANA TEQUITEIMEIES. ....cutiieitietieeieetie et stte et et te et et e sateestteeaaeesteesateessteeabeasseeenteesneeenseesseesnseennneens 17
1.3.1 Tasks and ODJECLIVES ......ceuiruiiriiiiieiieiiet ettt ettt ettt ettt ettt s sbeeneeaeesae e 17
1.3.2 Functional and Non-functional reqUITEMENLtS .............cccueeeriieeiiiieeiieeecieeereeeieeeeeeeeereeeereeesereeeeenas 18
1.3.3 SYSEEIM SITUCTUTE .....eeiiiiiieeiie ettt ettt ettt st e b e e e bt sateesbeeemneesseesaneennneeas 19
2 SYSTEM MODELING .....ooitiiitieieeiteieeie ettt sttt e esae st e steesseesaenseensaesaenseensesssesseessesssesseensenseans 21
2.1 OVErVIEW Of the SYSTEIM ..cccutiiiiiiiiiiie ettt e et e et eeateestaeestaeesnsaeesnsaeesnseeensseeenns 21
2.1.1 General Description Of the SYStEIM .......ccciiiiiiiiiiiieieeieeceeeee e seneeneees 22
2.1.2 Challenges in Automatic Chord Progression Generation ............c..eceerveeeveereeerieenieeseeseeesseesneenens 23
2.2 SYSLEIM ATCHITECTUIC ... vietieeiiieiieeieeeite et eette et esteeeteesteeebeessaeesseessseasseessaesnsaessseasseessseensaessseenseesssennsens 24
2.2.1 Overall System WOTKEIOW .......oouiiiiiiiiiiieee ettt ettt 26
2.2.2 Dataset Pipeline and Augmentation PrOCESS. .....c..eeveviiriiiiinieniiiicnieeieeeeteest st 27
2.2.3 System Design for Chord Progression Generation .............cueecueerueeeiieriieesiiesieeieesieeeieeseeeeseeseeeeneees 28
2.3 Behavioral Modeling of the SYStEm ......c..coouiiiiiiiiiiiiriiee et 29
2.3.1 Input Data Processing and Preparation .............cccveeriiieiiieeiiiieeniieerieeeieeenee e eeereesneeesseeesnneeenes 30
2.3.2 Behavioral Model of the LSTM-based GEnerator ...........ccccueevueerieiiiiniiiiienieeieeseeeieesiee e 31
2.3.3 Interaction between Dataset, Model, and OUtPUL..........cccuiiiiiiiiiiieeiecee e 33
2.4 Theoretical Basis 0f MUSIC MOAEING......cccuieriuiiiriiieiiie ettt e e e seee e sseeesseeesnneeees 34
2.4.1 Music Theory Fundamentals Applied in the SyStem............cccceeviiiiiiniiiiiiieieeeeeeee e 36
2.4.2 Challenges in Representing Music Theory in Machine Learning .........c..ccoceveeveenienerienieneeniennens 37
3 SYSTEM DEVELOPMENT ...ttt sttt ettt sttt 39
3.1 Dataset Preparation and PreproCeSSING ..........c.eeruieeiieriieriieiieeie ettt eteette e e teesaeebeesaeeseesneeens 39
3.1.1 Dataset Overview and CharacCteriStICS .........euruiiriiriiierieeiieeite ettt ettt ettt et e sieeebeesaeeens 40
3.1.2 Tonality Detection and Matching Chords Identification ............cccccveeviieeriieeiiee e 42
3.1.3 Tokenization and Encoding 0f DEGIEeS .........cceciiieiuiiiiiiieeiieeciie ettt 44
3.1.4 Dataset Augmentation with Theoretical Progressions............cccveeecvieerieeeniieeriee e evee e 46
3.2 Development of the Chord Progression GeneTator..........c..ieccuieeeiieeriieeriieerieeeieeeereeeeeeeeeseeeeeneeeeenes 47
3.2.1 Selection and Justification of Model ArchiteCture..........couivieriiiiinieiiiieeeceeeeeeeee e 48



3.2.2 Implementation of the LSTM Model.........cccooeiiiiiiiiiiiicceeee e e 49

3.2.3 Addition of Regularization TEChNIQUES .........ccociiiiiiiieiiiieciie e 50
3.3 Training and Validation of the MOdel ...........cooieiiiiiiiiiciecceeee e e 51
3.3.1 Training Configurations and Hyperparameter TUNING ..........ccoevieriiieniieniiieniieeieeniee e eiee e eiee e e 52
3.3.2 Validation and Evaluation MELIICS ........ccceoueriiiiriinieiiniesiteieeeseee ettt 53
3.3.3 Analysis of Results and Generated ProgresSions..........c.eeevieeiieriieiieeiiienieeiieeee et eee e sve e eae e 54
3.4 Optimizations and ENhanCemMENtS...........cccieiiieriiiiiieiiecie ettt ettt ae b e saeesaeeaneens 56
3.4.1 Addressing Repetition and Monotony in Generated Progressions ...........ecvveevveeeviveesceieeseneeeecveeeenes 57
3.4.2 Expanding the Dataset with Additional Progressions............eeecvveeeciieerieeesiie e e eeeeeevee e 58
3.4.3 Excluding Tonic Dominance from ProgreSSions ...........cceceeruieriieniieiiienieeite et 59
3.4 Optimizations and ENhanCemMents ...........cooiiiiiiiiiiiiiiiiece ettt e 60
3.5 Demonstrating Generated Results through a Rock CompoSition .........ccccecveveeviervieneenenieneeneeieneene 60
CONCLUSIONS ...ttt ettt ettt st ettt e e bt et e eatese e e bt eaee e bt enbeeaeesse e bt enteebeenbeentesaeenbeeneenseenee 62
BIBLIOGRAPHY ..ottt ettt ettt et a et ea e s ate s bt et e satenbeenteeneenseennenneens 64



LIST OF ABBRIVIATIONS AND DEFINITIONS

Tonality — the sonic characteristic of a musical piece. Tonal music works by establishing a specific
note as a tonal center, creating tension by moving away from the tonal center, then resolving the tension by
returning to it again.

Harmony — two or more notes being heard in unison and usually have a pleasing effect on the
listener. These notes can be played by an instrument or sung by someone, which makes up a sequence.

Functional harmony - a term used to describe the relationships between chords in music. It refers to
the idea that chords have specific functions within a key and that their relationships to each other can be
used to create cycles of tension and resolution that contribute to add movement to a piece of music. The
three most important chords in the context of functional harmony are the tonic, subdominant, and dominant
chords.

Chromaticism - the name given to the use of tones outside the major or minor scales.

Cadence/Chord progression - harmonic movement from one chord to another.

Degree - relative position of a particular note or chord to the tonic.

Diatonic chord — a chord built from notes of the key.

Non-diatonic chord — a chord built from notes, that are not native to the key.

Key — a definite set of notes that are used to create a piece of music.

Modal interchange — a technique that consists in temporarily borrowing chords from a parallel
tonality or mode that shares the same root without abandoning the established key.

Parallel keys/Parallel tonalities - a major scale and a minor scale that have the same starting note
(tonic).

Scale - any consecutive series of notes that form a progression between one note and its octave.

Major and minor - adjectives that may describe an interval, chord, scale, or key. When referring to

scales or chords, major and minor signify the presence of a major third or a minor third, respectively.



INTRODUCTION

The brain is a complex biological neural network capable of receiving information from the senses
and processing it. Scientists have been trying for decades to endow machines with human intelligence, so
that a technical device could perform tasks independently. In 1956, computer scientist John McCarthy
proposed to use the term “Artificial Intelligence”. Artificial Intelligence is a branch of computer science
that deals with solving problems intended for human intelligence using machines. Man cannot possess all
the knowledge of the world, but he can mine and accumulate knowledge, and artificial intelligence to
process them, or, for example, a person is not able to work without rest, monotonous labor is not easy. A
technical device is endowed with artificial intelligence so that a person is freed from certain tasks and
performs what the machine is not capable of. Currently, artificial intelligence solves problems in different
spheres of human life.

Neural networks and neurocomputers is a branch of knowledge that is very popular nowadays. This
is evident, in particular, in the large number of publications, conferences, and various applications. One of
the reasons for this popularity is their remarkable ability to learn from observed examples and to form
acceptable inferences from incomplete, noisy and inaccurate input information. Work on neural networks
was originally started by biologists. With the help of neural networks, researchers sought to study the
properties and peculiarities of the brain. The development and application of neural networks in various
fields 1s an important direction of modern science and technology. Neural networks are computer systems
that model the operation of the human brain and are capable of processing information in the same way as
neurons. One of the industries influenced by the development of neural networks is medicine. Through the
use of neural networks, doctors can make more accurate diagnoses, predict diseases, and develop
individualized treatments. Neural networks are also widely used in neurobiology to study the structure and
functioning of the brain.

In financial services, neural networks are used to analyze the market, predict changes in stock prices,
and determine optimal trading strategies. This helps investors make informed and sound decisions based
on a large amount of data. In the transportation and automotive industry, neural networks are used to control
autopilot systems, analyze the road environment, and predict accidents. Such systems provide safer driving
conditions and improve vehicle efficiency. Neural networks are also finding their application in urban
planning and resource management. They are used to predict traffic, optimize energy consumption, and
develop intelligent systems for managing urban infrastructure. This helps to improve the quality of life of
city dwellers and increase the efficiency of resource utilization. The development and application of neural
networks has a significant impact on various industries and fields of endeavor. This technology continues

to evolve and progress, opening new opportunities for innovation and improvement.
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