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Abstract. This review paper presents an exploration of the deep
learning-based music generation literature, designed to offer undergradu-
ate researchers an initiation into the field. This study illustrates prevail-
ing generative models and datasets currently influential in music gener-
ation. Four publications have been selected for detailed discussion, rep-
resenting a spectrum of salient concepts in music generation and poten-
tial areas of further inquiry. By focusing on key studies and significant
datasets, this review aspires to serve as a guide for undergraduate schol-
ars keen on investigating the intersections of deep learning and music
generation.
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1 Introduction

Deep learning, in recent years, has seen transformative progress across various
disciplines, notably in the sphere of AI music generation. Current music gen-
eration research focuses on generating original and high-quality compositions,
which relies on two key properties: Structural awareness and interpretive ability.
Structural awareness enables models to generate naturally coherent music with
long-term dependencies, including repetition and variation. Interpretive ability
involves translating complex computational models into interactive interfaces
for controllable and expressive performances [106]. Furthermore, Al music gen-
eration exhibits generality, allowing the same algorithm to be applied across
different genres and datasets, enabling exploration of various musical styles. [6]

The landscape of music generation presents a unique opportunity for novice
researchers to explore and contribute to the field of generative AI. However,
navigating the vast amount of research and staying up to date can be challenging.
Our survey aims to assess the accessibility and feasibility of music generation
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algorithms, providing guidance for undergraduate researchers to establish a solid
foundation in this exciting area of study.

We have collected notable research on automatic music generation to pro-
vide a starting point for researchers to further investigate. By systematizing each
study’s algorithms and datasets, researchers can identify effective architecture-
data pairings. We also select and explain four papers that best represent fun-
damental ideas and popular techniques in music generation. By engaging the
factual information in our resources, researchers can learn and further explore
the structural awareness properties of music generation.

Moreover, we include content about the interpretive ability of music genera-
tion, allowing connections to be made with the area of human interaction. There
is vast potential that lies within the user experience and interfaces side of Al
music generation: Researchers can explore how algorithms can be designed to
be user-friendly and accessible to a human composer, as well as how these algo-
rithms can be integrated into a creative workflow as a powerful tool to expand
and enhance musical ideas.

By studying our resources and content, researchers can find new ideas and
draw original connections, enabling them to make significant contributions to
the music generation field.

1.1 Related Works

Several review papers provide valuable insights into the trends and methodolo-
gies for music generation, such as [6,42,99,106]. We further expand our analy-
sis by exploring a range of scholarly articles that employ analogous time-series
data [4,11,18,19,29,46,50,57-62,73,75-77,84,87,97,101-104,107-109]. The lit-
erature highlights that algorithmic performance depends on various factors,
including the training data’s quality and diversity, the model’s complexity, and
the strategies employed by the model. When it comes to training data, music
can be represented in two main formats: Symbolic and raw audio files.

Symbolic audio refers to encoding music information through symbols that
represent different aspects of music. The most common form of symbolic music
data is MIDI (Music Instrument Digital Interface) which uses discrete values to
represent the note pitches and their duration [106].

Raw audio refers to any music file format which encodes an actual audio
signal. Such file formats include MP3 files, WAV files, .FLAC files, and others,
which can be used for training algorithms. Raw audio has the advantage of
representing expressive characteristics inherent to the original music data, at
the cost of being computationally demanding. [6]

1.2 Research Questions
Our investigation seeks to answer the following questions:

— What are recent trends in music generation research?

— Which papers should undergraduate researchers read to gain a thorough
understanding of Al music generation?

— Which algorithms and datasets are suited for undergraduate-level research?
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2 Methods

2.1 Search Methods for Identification of Studies

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) method was employed to select relevant studies for this review. The
search was conducted between January and March 2023 on Google Scholar,
Papers with Code, and arXiv. A combination of keywords was used: ("Deep
Learning’ OR 'Generative Model’ OR 'LSTM’ OR ’"GAN’ OR "VAE’ OR ’"Trans-
former’ OR ’Attention’) AND (*Time Series’ OR 'Music’ OR "Music Theory’ OR
"jazz’ OR "MIDI’ OR ’Audio’). The process of identifying and refining the study
collection is illustrated in Fig. 1.
The criteria for selecting appropriate papers are as follows:

— Task: Focus on studies with the objective of Al music generation, specifically
those that create new music with high fidelity and long-term consistency using
existing data. Research on outside areas and tasks such as genre classification,
computer vision, and medical applications are excluded.

— Deep Learning: Limit the scope to studies that employ deep learning, defined
in this review as having multiple layers with more than one hidden layer.
Single-layer generative models are excluded.

— Transformers: To assist researchers in their exploration of music generation,
we recognize the potential for innovation in transformer-based algorithms.
As such, we select prominent papers for researchers to learn more about the
advancements and capabilities of transformers.

Papers found through databases
and bibliography search
n=101

—

Results screened = 101

Papers after removing duplicates: > Excluded for irrelevance of task:
n=81 n=19
Papers of relatively smaller
Papers useu’:o:r g\gomnm table: R resullllr:;\?pacl
n=

Papers introduced for
recommendation:
n=25

removed

Duplicates and older articles
n=20

Fig. 1. Selection process for the papers
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Model Selection

Number of used research from 2017-2023

Transformer AutoEncoders  GAN LSTM CNN RNN Other

Architecture

Shifts of the Basic Architecture Usage over Year 2017-2022
8 @ Transformer
@ AutoEncoders
GAN
6 ® CNN
® RNN
LSTM
4 Other

Fig. 2. Visualizations

— Model Availability: Prioritize research with publicly available models and
datasets. This excludes public music generation websites, as their data and
architectures are often undisclosed and subject to change.

— Target Awudience: The review is tailored for those interested in
undergraduate-level research of the intersection of computer science and music.
We provide an overview of music generation for students to conduct their own
research, developing their skills and knowledge in the field while considering
the limited time and experience available to them.

— Time: The review only includes studies published in 2017 and onward to
account for the rapid progress of the field.

3 Results

We categorize 62 papers’ essential algorithms and draw an overall conclusion
on their strengths and weaknesses towards the task of music generation. The
trends in the model selection are visualized in Fig.2; transformers have gained
significant attention since 2018, while LSTM has shown a decline over the years.
AEs and GANs are widely and steadily utilized. This information is summarized
in Fig. 3; transformer-based architectures were most commonly used, followed by
AEs, GANs, and LSTM neural networks. We also created a list of prominent
datasets, in Fig. 4.
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4 Discussion

4.1 Papers

We have identified four essential papers that we recommend undergraduate stu-
dents read to gain an understanding of popular generative architectures.

— Huang et al. [44] introduce a foundational architecture using transformers on
MIDI data. Specifically, their architecture is similar to that of the original
transformer paper, except they add an innovation they call relative attention.
Relative attention modifies the attention mechanism by taking into account
how close or far apart two elements of the midi sequence are when determining
attention coefficients. This allows for the transformer to generate music which
makes more coherent sense on small timescales.

— Dhariwal et al. [21] present an effective combination of the transformer and
VAE which operates on raw audio. The overall architecture of their Jukebox
model is that of a VQ-VAE. The model has three levels of VQ-VAEs, each
of which independently encodes the input data. Thinking of these levels as
being vertically stacked, the topmost level is the coarsest, encoding only high

Algorithms Paper (year published) Strengths Weaknesses

Hawihome ctal. (2018)

Huang et al. 2018)

Donahue et al. (2019)

Ens and Pasquier (2020)

Palea et al. (2020)

Jiang et l. (2020)

Dhariwal et al. (2020)

ﬁ":ﬂé (‘zn‘({zg)mg (2020) - Highly parallelizable, cnabling fast
raining - Can require significant amounts

o and Yaog (2020) of memory and computational

Wu and Yang (2021) .- Strong long-range dependency resources. "

Transformer | Verma and Chafe (2021) odeliog o 1o e i

st oeat G221 modeling due to attention mechanism

Choi et al. (2021)

Di ctal. (2021)

Santos et al. (2022)

[Min et al. 2022)

Santos et al. 2022)

Yuetal. (2022)

Shih et al. (2022)

Dong et al. (2022)

Sarmento et al. (2023)

| Agostnelli et al. (2023)

Engel etal. (2017)

Dicleman et al. (2018) - Unsupervised leaming, requiring no

Akbari and Liang (2018) labeled data - Can struggle to generate high-

Roberts ct al. (2018) quality outputs, especially with

Liang ctal. (2019) - VAE can generate diverse, novel |complex data like music

Liang etal. (2019) outputs by sampling from latent space

Lattner and Grachten (2019) - Latent space may not capture all

Huang and 5 essential features

Choi et al. (2020) leaming

Grekow and Dimitrova-Grekow (2021)

[Yang etal. 2017)

Dong et al. (2018)

Dong and Yang (2018)

Thamtani and Berg-Kirkpatrick (2019)

GAN Guan et al. (2019)

Nistal et al. 2020)

- Often require large-scale pre-
- State-of-the-art performance in training for best performance
various tasks

| AutoEncoders

- Ability to generate high-quality
o - Training can be unstable and

challenging to converge
- Adversarial training enables implicit

| modeling of data distribution - Mode collapsc: GAN may only

leam to generate a limited set of

[rroafroriromtaed - Encourages creativity in gencrated [P
Tomaz ctal. (2022) U
Brunner etal. (2017) ~Capable of leaming long-range.
Mao et al. (2018) | dependencies better than plain RNNs |- Training can be slow and
Défossez et al. (2018) resource-intensive
Zhao et al. (2019) - Widely used and proven effective in
LST™M Wang et al. (2019) ~Canbe ©
Mangal etal. 2019) implement and optimize compared
Gillick et al. (2019) . Mitig: i to simpl like RNNs or
) gradient i i ONNs

Ferreira and
Keerti et al. (2022)

- Limited in modeling long-range

- Effective in capturing local and dependencies due to fixed-size

Elbayad et al. (2018) hierarchical features

o Schimbinschi et al. (2019) convolutional ilters
Wang and Yang (2019) 5
Nishihara et a. (2023) Invariant o tranlations, which can be |\ cxpricity designed for

helpful to certain musical tasks cquentialdata like music

- Struggle t0 leam long-range

- Designed for sequential data, making [dependencies due to vanishing or
for

Hadj d Nielsen (2017) ploding
RNN  Carr and Zukowski (2018)
Jagannathan et al. (2022) - Can model arbit hinput and |-
output sequences [ models, as processing is inherently
sequential
Yanchenko and Mukherjee (2017)
Oter Andreux and Mallat (2018) Includes: State Space Model; WaveNet; Moment Matching-Scattering
Manzell et al. 2018) Inverse Network (MM-SIN)
| Goel etal. (2022)
*Categorizati ive, as many rescarch i i lize parts of a model.

Fig. 3. Algorithm usage by papers
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Citation Number

Datasets Description Original Paper (as of Apr. 2023)

MIDI versions of Bach
ISB Chorales Chorales, short pieces of
4-part vocal music

Boulanger-Lewandowski
Bengio, and Vincent 2012

200 hours of both MIDI

MAESTRO and raw audio versions of [Hawthome etal. 2019 (333
piano picces
Lakh MIDI dataset | 176,581 unique MIDI files |Raffel 2016 279

200 hours of music audio, )

MagnaTagATune | consisting of 29 sccond | Loith Law and Downie |, cq
" " 2009

clips (raw audio)

MIDI-based event
REMI sequences; converted files |Huang and Yang 2020 [122
of many popular songs

Raw Audio recordings of

Beethoven 32 Beethoven piano Neuwirth et al. 2018 69
sonatas
Multiple versions of piano

POP909 arrangements of popular | Wang et al. 2020 60

songs

The Weimar Jazz | MIDI transcriptions of Jazz

Database Solos Pfleiderer et al. 2017 49

10,855 MIDI files of

GiantMIDI-Piano > >
classical piano music

Kong et al. 2020 46

5,521 music samples, each

MusicCaps labeled in English

Agostinelli et al. 2023 31

A MIDI dataset of over
EWLD 5000 music lead sheets Simonetta et al. 2018 28

5287 songs from 397 NES
NES-MDB games soundtrack in a few |Donahue et al. 2018 23
symbolic formats

26,181 Guitar Pro files in
DadaGP 739 genres, a symbolic Sarmento et al. 2021 12
dataset

840 Piano covers of
popular songs, ranging | Verma and Chafe 2021 |11
over 56 hours (raw audio)

840 Piano covers of
popular songs

196 pairs of midi files
having a piano and Crestel et al. 2018 1
orchestral version of music

Projective
Orchestral Database

Fig. 4. Datasets used by papers

level essential information, while the lowest level encodes the fine details of
the music. With these latent spaces, they then train sparse transformers that
upsample from a higher level latent space to a lower one. So, to generate
music, a sample datapoint from the latent space of the uppermost VQ-VAE,
uses transformers to up-sample the datapoint to the latent space of the lower
level VQ-VAEs, and then once at the lowest level, use the VQ-VAE decoder
to turn the upsampled datapoint into raw audio.

Dong et al. [27] introduce MuseGan, a GAN architecture for symbolic multi-
track piano roll data. MuseGan employs a WGAN-GP framework, which
includes modified objective functions and a gradient penalty for the dis-
criminator, leading to faster convergence and reduced parameter tuning. The
model consists of two components: the Multitrack model and the temporal
model. The Multitrack model incorporates GAN submodels based on three
compositional approaches: jamming, composing, and a hybrid of both. Dis-
criminators within these submodels evaluate the specific characteristics of
each track. The temporal model comprises two submodels: one for generation
from scratch, capturing temporal and bar-by-bar information, and another
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for track-conditional generation, using conditional track inputs to generate
sequential bars. By combining these models, MuseGan produces latent vec-
tors that incorporate inter-track and temporal information. These vectors are
then used to generate piano rolls sequentially.

— Huang and Yang [47] provide a promising direction of data conversion with
their introduction of REMI (revamped MIDI-derived events). Instead of the
traditional MIDI-based music representations, REMI describes musical events
with further details to represent the original music with more information.
Specifically, REMI adds tempo and chords as part of the data, reinterprets
the time grid of the music data from second-based to position- and bar-based,
and describes the note duration instead of the ending position of the note
for note lengths. REMI helped a transformer-based model output samples
with stronger sense of downbeat and natural and expressive uses of chords.
The paper also introduces Pop Music Transformer, a transformer-based archi-
tecture for music generation. This model differs from traditional transformer
models in that it learns to compose music over a metrical structure defined
in terms of bars, beats, and sub-beats, through the application of the afore-
mentioned REMI. This approach allows the model to generate music with a
more salient and consistent rhythmic structure, and produce musically pleas-
ing pieces without human intervention.

4.2 Algorithms

Our survey suggests that the main algorithms used for music generation in the
last five years are transformers and autoencoders such as VAEs, GANS, and
LSTMs, with transformers being by far the most popular. Due to the popularity
of transformers and their success with music generation, we have decided to
focus on them for much of our analysis.

Transformers are applicable in symbolic and raw audio domains with convinc-
ing results, offering flexibility for researchers to pursue their research interests.
Also, the literature shows transformers have broad functionalities and involve
specific components and mechanisms makes them worth exploring individually.

These components can be fine tuned and altered to match the needs of a
given task. For example, [41,43] use a modification known as relative attention,
which modifies the attention coefficients based one how far apart two tokens are.
There is also the transformer-XL modification used by [24]. This modification
adds a recurrence mechanism to hidden states within the Transformer, and has
been shown to increase performance [17]. Others, such as [21] used sparse trans-
formers. Sparse transformers introduce sparsity to the attention heads of the
transformer, reducing O(n?) time and memory costs to O(ny/n) [13].

4.3 Datasets

A variety of both symbolic and raw audio datasets have were used by trans-
former papers. We observe that certain datasets work best with transformers in
capturing complex and long-range dependencies within music sequences:
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The LakhMIDI dataset, the largest dataset of symbolic data available, has
great potential due to its large training size and MIDI-audio pairings, and was the
most popular among transformer papers we surveyed, with five different papers
using it. In [26,34, 78], the authors use LakhMIDI to derive token sequences from
MIDI files to create multitrack music transformer models. In [94], a multi-track
pianoroll dataset derived from LakhMIDI is used for a transformer as well. [24]
maps LakhMIDI tracks onto instrumentation playable by the NES, and then
uses a transformer to generate NES versions of songs.

Similar in size and function is the MAESTRO dataset, which is used by the
transformer models of [41,67], and is the second most popular dataset among
transformer papers. The MAESTRO dataset contains over 200 h of piano perfor-
mances, stored in both raw audio and MIDI formats. The MIDI-audio pairings
enables music information to be retrieved from the MIDI files and be used as
annotations for the matched audio files. Every file is labeled, allowing for easy
supervised training.

Besides LakhMIDI and MAESTRO, every other transformer paper we found
used a different dataset. In fact, a popular choice among them was to create or
scrape their own dataset, which was done by [21,47,89,100].

Overall, for undergraduates working with Transformers, if working with sym-
bolic data we would recommend using the Lakh MIDI dataset due to its large
size and relative popularity among other users of transformers. For those who
want to use raw audio, we would recommend the MAESTRO dataset, similarly
for its large size and popularity.

4.4 Future Work

The future development of music generation technology is increasingly focused on
enhancing the ability to control models structurally. In later work, more research
and analysis could investigate the data and model decisions behind each study,
as well as increase the target research, to better comprehend factors contributing
to successful music generation outcomes.

Moving forward, we encourage undergraduate researchers to engage in more
experimental and collaborative work, exploring the combination of different algo-
rithms and datasets to develop new approaches to music generation.

5 Conclusion

In conclusion, our review provides a survey of deep learning algorithms and
datasets for music generation, with the aim to assist undergraduate researchers
interested in the field. Our findings suggest that in the last five years, trans-
formers, GANS, autoencoders, and LSTMs have been the primary algorithms
used for Al music generation, with transformers gaining significant popularity
in more recent times. We find that the papers use a wide variety of datasets,
meaning there is no one single, predominant dataset being used. We suggest
four papers that we believe are important for undergraduates to read to get a
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solid grasp of the field, and also recommend an algorithm along with datasets
for undergraduates to use for their initial adventures into Al music generation.

Author contributions. Isshin, Guy, Nicholas, and Yuhua are the first four authors
of this paper, and they contributed equally. Professor Xiaodong Qu is the mentor for
this research project.
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