
CONTENTS 

 

APPROVAL PAGE ................................................................................................ ii 

PREFACE ................................................................................................................ v 

CONTENTS ........................................................................................................... vi 

LIST OF FIGURES................................................................................................ iv 

LIST OF TABLES ................................................................................................ ivi 

ABSTRACT ............................................................................................................. x 

CHAPTER I INTRODUCTION .............................................................................. 1 

1.1 Research Background ....................................................................................... 1 

1.2 Research Problem ............................................................................................. 4 

1.3 Research Scope ................................................................................................. 4 

1.4 Research Objective ........................................................................................... 4 

1.5 Research Benefits ............................................................................................. 5 

CHAPTER II LITERATURE REVIEW .................................................................. 6 

CHAPTER III BASIC THEORY........................................................................... 12 

 Data Representation ........................................................................................ 12 

 MIDI .............................................................................................................. 12 

 Music Theory .................................................................................................. 13 

3.3.1 Musical Notes& Intervals ........................................................................... 13 

3.3.2 Pitch............................................................................................................ 14 

3.3.3 Duration ...................................................................................................... 14 

3.3.4 Note ............................................................................................................ 14 

3.3.5 Chord .......................................................................................................... 15 

 Recurrent Neural Network .............................................................................. 15 

3.4.1 Forward Pass .............................................................................................. 16 

POPULAR MUSIC COMPOSITION USING LSTM NEURAL NETWORKS
JEHEZKIEL MARCIEL M, Nur Rokhman, S.Si., M.Kom.,Dr
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



3.4.2 Backward Pass ........................................................................................... 17 

 Long Short Term Memory .............................................................................. 18 

 Gradient Descent............................................................................................. 20 

3.6.1 Gradient Clipping ....................................................................................... 22 

 Orthogonal Initialization ................................................................................. 23 

 One-Hot Encoding .......................................................................................... 23 

 Evaluation ....................................................................................................... 24 

CHAPTER IV ANALYSIS AND DESIGN .......................................................... 25 

4.1 Research Description ...................................................................................... 25 

4.2 Tools and Materials ........................................................................................ 25 

4.2.1 Tools ........................................................................................................... 25 

4.2.2 Materials ..................................................................................................... 26 

4.3 Research Phases .............................................................................................. 27 

4.4 System Design ................................................................................................ 28 

4.4.1 Data Preprocessing ..................................................................................... 29 

4.4.2 Model Creation ........................................................................................... 30 

4.4.3 Model Training ........................................................................................... 31 

4.4.4 Music Generation ....................................................................................... 31 

 

CHAPTER V IMPLEMENTATION ..................................................................... 35 

5.1     Dataset ............................................................................................................... 35 

5.2     Pre-processing dataset ........................................................................................ 35 

5.2.1 Examining Data .......................................................................................... 35 

5.2.2 Preparing Data ............................................................................................ 36 

5.2.3 Preparing Sequences ................................................................................... 37 

5.2.4 Splitting Data .............................................................................................. 38 

5.3 Model Functions ............................................................................................. 38 

POPULAR MUSIC COMPOSITION USING LSTM NEURAL NETWORKS
JEHEZKIEL MARCIEL M, Nur Rokhman, S.Si., M.Kom.,Dr
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



5.3.1 Orthogonal Initialization ............................................................................. 39 

5.3.2 One-hot Encoding ....................................................................................... 40 

5.3.3 Sigmoid Function ....................................................................................... 40 

5.3.4 Tanh Function ............................................................................................. 41 

5.3.5 Softmax Function ....................................................................................... 41 

5.3.6 Gradient Clipping ....................................................................................... 42 

5.4 Neural Network Model Functions ............................................................... 43 

5.4.1 LSTM Initialization .................................................................................... 43 

5.4.2 Forward Passing ......................................................................................... 44 

5.4.3 Backward Passing ....................................................................................... 45 

5.4.4 Parameter Update ....................................................................................... 46 

5.5 Model Training Loop ................................................................................... 46 

5.5.1 Initializing New Network ........................................................................... 47 

5.5.2 Loop for Validation Dataset ....................................................................... 47 

5.5.3 Loop for Training Dataset .......................................................................... 48 

5.5.4 Saving Updated Weights and Parameters ................................................... 48 

5.5.5 Plotting Loss Graph .................................................................................... 49 

5.6 Song Generation ........................................................................................... 49 

5.6.1 Generating New Sentences for Trained Model ........................................... 49 

5.6.2 Converting Sentences into MIDI ................................................................ 50 

5.7 Screening and Partial Turing Test .............................................................. 51 

CHAPTER VI RESULTS & DISCUSSION ......................................................... 52 

6.1 Results from Trained Model ........................................................................... 52 

6.2 Music Creation................................................................................................ 54 

6.3 Partial Turing Test .......................................................................................... 58 

CHAPTER VII CONCLUSION AND FUTURE WORK ..................................... 60 

POPULAR MUSIC COMPOSITION USING LSTM NEURAL NETWORKS
JEHEZKIEL MARCIEL M, Nur Rokhman, S.Si., M.Kom.,Dr
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



7.1 Conclusions .................................................................................................... 60 

7.2 Future Work .................................................................................................... 60 

REFERENCES ....................................................................................................... 62 

  

LIST OF FIGURES 

Figure 3.1: MIDI file structure (Oliviera & Oliviera, 2017) ................................. 13 

Figure 3.2: A Musical Staff ................................................................................... 13 

Figure 3.3: Unfolded Recurrent Neural Network (Graves, 2012) ........................ 16 

Figure 3.4: Structure of an LSTM Unit ................................................................. 19 

Figure 3.5: Gradient Descent Visualizations ........................................................ 21 

Figure 3.6: Difference of Big and Small Learning Rate ....................................... 21 

Figure 3.7: Gradient Clipping Visualization ......................................................... 23 

Figure 3.8: One-hot Encoding ............................................................................... 24 

Figure 4.1: MIDI excerpt of a song file (Skuli, 2017............................................ 26 

Figure 4.2: Research Flowchart ............................................................................ 28 

Figure 4.3: Code Flowchart................................................................................... 29 

Figure 4.4: Preprocessing Flowchart..................................................................... 29 

Figure 4.5: Creating Functions for the Model ....................................................... 30 

Figure 4.6: Training the Model ............................................................................. 31 

Figure 4.7: Generating Music ............................................................................... 31 

Figure 4.8: Network Architecture ......................................................................... 32 

Figure 5.1: Extraction of a MIDI file .................................................................... 33 

Figure 5.2: Getting Notes and Chords of each song ............................................. 34 

Figure 5.3: Getting notes and Chords of Each song ............................................. 34 

Figure 5.4: Counted amount of note and chord in dataset .................................... 35 

Figure 5.5: Sequence Preparation ......................................................................... 36 

Figure 5.6: Dataset Split ........................................................................................ 36 

Figure 5.7: Orthogonal Initialization..................................................................... 37 

Figure 5.8: Defining One-hot encode funtion ....................................................... 38 

Figure 5.9: Applying one-hot encode function ..................................................... 38 

POPULAR MUSIC COMPOSITION USING LSTM NEURAL NETWORKS
JEHEZKIEL MARCIEL M, Nur Rokhman, S.Si., M.Kom.,Dr
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Figure 5.10: Defining Sigmoid Function .............................................................. 39 

Figure 5.11: Defining Hyperbolic Tangent Function ............................................ 39  

Figure 5.12: Defining Softmax Function .............................................................. 40 

Figure 5.13: Defining Gradient Clipping Function ............................................... 40 

Figure 5.14 LSTM Cell Initialization.................................................................... 41 

Figure 5.15 Initializing weight matrixes for gates ................................................ 42 

Figure 5.16: Forward Passing ............................................................................... 43 

Figure 5.17: Forward Pass Loop ........................................................................... 43 

Figure 5.18: Backward Passing ............................................................................. 44 

Figure 5.19: Parameter Update Function .............................................................. 44 

Figure 5.20: Initializing New Network ................................................................. 45 

Figure 5.21: Loop for Validation Dataset ............................................................. 45 

Figure 5.22: Loop for Training Dataset ................................................................ 46 

Figure 5.23: Parameter Saving .............................................................................. 46 

Figure 5.24: Plot Loss Graph ................................................................................ 47 

Figure 5.25: Creating Function to Generate New Music ...................................... 47 

Figure 5.26: Freestyle loop ................................................................................... 48 

Figure 5.27: Creating MIDI .................................................................................. 48 

Figure 5.28: Conversion Conditions ..................................................................... 49 

Figure 6.1: LSTM Loss Graph .............................................................................. 50 

Figure 6.2: RNN Loss Graph ................................................................................ 51 

Figure 6.3: Loss on Full Dataset ........................................................................... 51 

Figure 6.4: Test Output 1 ...................................................................................... 52 

Figure 6.5: Test Output 2 ...................................................................................... 52 

Figure 6.6: Test Output 3 ...................................................................................... 53 

Figure 6.7: Test Output 4 ...................................................................................... 53 

Figure 6.8: Sample Dataset ................................................................................... 54 

Figure 6.9: Variant Song ....................................................................................... 54 

 

 

 

POPULAR MUSIC COMPOSITION USING LSTM NEURAL NETWORKS
JEHEZKIEL MARCIEL M, Nur Rokhman, S.Si., M.Kom.,Dr
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



 LIST OF TABLES 

 
Table 2.1 Comparison between methods for music composition ......................... 11 

Table 6.1 RNN and LSTM Result Comparison .................................................... 50 

Table 6.2 Partial Turing Test Results .................................................................... 55 

POPULAR MUSIC COMPOSITION USING LSTM NEURAL NETWORKS
JEHEZKIEL MARCIEL M, Nur Rokhman, S.Si., M.Kom.,Dr
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



 

 

POPULAR MUSIC COMPOSITION USING LSTM NEURAL NETWORKS
JEHEZKIEL MARCIEL M, Nur Rokhman, S.Si., M.Kom.,Dr
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/


