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Abstract
Commercial adoption of automatic music composition requires the capability of
generating diverse and high-quality music suitable for the desired context (e.g.,
music for romantic movies, action games, restaurants, etc.). In this paper, we
introduce combinatorial music generation, a new task to create varying background
music based on given conditions. Combinatorial music generation creates short
samples of music with rich musical metadata, and combines them to produce a
complete music. In addition, we introduce ComMU, the first symbolic music
dataset consisting of short music samples and their corresponding 12 musical
metadata for combinatorial music generation. Notable properties of ComMU
are that (1) dataset is manually constructed by professional composers with an
objective guideline that induces regularity, and (2) it has 12 musical metadata that
embraces composers’ intentions. Our results show that we can generate diverse
high-quality music only with metadata, and that our unique metadata such as
track-role and extended chord quality improves the capacity of the automatic
composition. We highly recommend watching our video before reading the paper
(https://pozalabs.github.io/ComMU/).
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Introduction

Although musical composition is a creative process, algorithmic approaches for automatic music
composition have been continuously studied [1, 2]. Recently, deep learning has shown great potential
in composition. Bretan et al. [3] and Jaques et al. [4] have introduced deep sequence models into
generating music sequences. After the seminal works, prior works [5–8] have proposed conditional
music generation with initial sequences and musical metadata using language models. Such deep
models have improved the quality of the composition and can create authentic music.
While the models continue to improve and generate authentic music, creating music on a commercially
usable level still remains as an issue. Popular music is mostly a homophony in the sense that one track
∗
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Figure 1: The whole process of Combinatorial Music Generation. In stage1, a note sequence (
green box) is generated from a set (blue box) of metadata. Stage2 then combines note sequences
generated from several metadata sets to create one completed music. The number of bars for a note
sequence and the number of note sequences for a complete piece of music can be flexible (ComMU
mostly has a note sequence of 4, 8, and 16 bars). In this work, we focus on solving stage1.
is in charge of the main melody while remaining tracks harmonically support the main track [9]. As
the main melody and accompanying tracks are strictly separated, the common practice of composing
the homophony music is combinatorial. In other words, tracks including the main melody and its
accompaniments are separately generated and combined afterwards. Despite this lazy combination,
the dissonance between them is prevented by the chord-conditioned generation of each track. In
this context, we propose combinatorial music generation, which mimics the human composition
convention on homophony music. Figure 1 shows the overall process of generating combinatorial
music – track-level note sequences are created with a set of metadata, which are combined later to
create a complete piece of music.
To generate commercially usable music, it is essential to have a detailed control over the generating
process. For example, when a movie director requests fast and tense music suitable for an action
scene, composers tend to pre-set proper musical metadata that affects the mood of the music — chord
progression, key, genre, and rhythm — then compose music based on the metadata. From this point of
view, we design stage1 (Figure 1(a)) that generates note sequences, the elements for combinatorial
music generation, with rich musical metadata to embrace composer’s intention and harmony.
All in all, combinatorial music generation must be harmonized by vertically stacking note sequences
within the homophony scheme and capture the intention of composition. Therefore, generating note
sequences under elaborate musical controls such as track-role, instrument, and chord progression
is necessary. However, previous symbolic music datasets [10–15] do not have enough metadata for
sophisticated control. To tackle this issue, we present ComMU, a symbolic music dataset containing
11,144 MIDI samples that consist of short note sequences that are manually composed by professional
composers with its corresponding 12 metadata (bpm, genre, key, instrument, track-role, time signature,
pitch range, number of measures, chord progression, min/max velocity, and rhythm).
Our rich metadata can embrace desired musical conditions required for combinatorial music generation. It nicely controls the generated music by the given metadata and creates diverse music close
to human creativity, leveraging numerous combinations of metadata at stage1 (Figure 1(a)) and
note sequences at stage2 (Figure 1(b)). While previous tasks on music generation have centered
on music continuation [16], reconstruction [17], style transfer [18], or creating music with a few
metadata [19–24], we focus on composing diverse music with abundant metadata, similar to the way
a composer generates music.
In this paper, we focus on stage1, the combinatorial music generation with the ComMU dataset.
We evaluate the controllability, fidelity, and the diversity of generated note sequences. Our results
show that (1) combination of multiple metadata can generate diverse and high-quality music with an
auto-regressive language model, (2) the unique metadata (e.g., extended chord quality, track-role)
improves the capacity and flexibility of the automatic composition.
Overall, the main contributions of this paper are:
• We propose the combinatorial music generation task with the ComMU dataset for the industry-level
automatic music composition. Diverse and high-quality music is created with our framework and
dataset.
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Table 1: Comparison of ComMU to recent MIDI datasets with various metadata. We compare
ComMU to other MIDI dataset on 4 types of metadata: genre, instrument, track-role, and chord
progression.

Dataset
Lakh MIDI [10]
MAESTRO [12]
MSMD [13]
ADL Piano MIDI [14]
GiantMIDI-Piano [15]
EMOPIA [23]
ComMU(Ours)
1

Genre

Instrument

Track-role

Chord progression

✓
✓
✓
✓

✓
(✓)1
(✓)1
(✓)1
(✓)1
(✓)1
✓

✓

✓
✓
✓
✓

include only one instrument.

• ComMU is the first symbolic music dataset manually created by professional composers for
automatic music composition with 12 metadata.
• We show that our unique metadata such as track-role and extended chord quality are essential
musical metadata for human-like composition, as they play a crucial role in expressing the comprehensive intention of the composer.
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Related work

Conditional music generation. Stage1 of the combinatorial music generation task can be considered
as an extension of conditional music generation in that it generates a track with a given set of metadata.
Many preceding works share similar scheme; for instance, MuseNet [6] creates music sequences in
compliance with the given music style or instruments, and FIGARO [17] generates music with a few
metadata that are extracted from a reference music. There are models [25–27] that can generate note
sequences based on a given chord progression. They can produce music that fits the chord, but do not
convey other important metadata such as rhythm and instrument.
MMM [19] is the closest task to ours, which takes instruments, bpm, and the number of bars as
conditions and produces multiple instrument-tracks. However, MMM differs from our task in that the
generated track cannot be combined into the homophony scheme with coherence, because it cannot
take the track-role and the chord progression as conditions. It is rather specialized towards resampling
or inpainting with a given music.
Symbolic music dataset. Various music datasets with metadata have been introduced with the
development of conditional music generation. Although there are various forms of expressing music
datasets, such as MIDI, audio, and piano-roll, we focus on MIDI-based datasets with metadata for the
comparison with ComMU. Lakh MIDI Dataset [10], MAESTRO [12], and ADL Piano MIDI [14]
have various meta-information such as genre, instrument, key, and time signature, but there is no
chord information for the harmony of track-level composition. On the other hand, MSMD [13],
GiantMIDI-Piano [15], and EMOPIA [23] have chord information that can infuse harmony, but lack
metadata such as genre, and rhythm that can reflect the intention of composition.
Aside from the fact that existing symbolic music datasets do not have rich metadata, there are no
datasets with track-role information. Although some datasets [10, 28, 29] define track as instruments,
ComMU is the first dataset to separate the instrument from the track-role, allowing combinatorial
music generation. We list major differences between ComMU with other datasets in Table 1.
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Figure 2: Illustration of REMI and ComMU representation. ComMU differs from REMI in that it
has metadata, extended chords and increased note resolution, and eliminates tempo token.

ComMU has 11,144 MIDI samples that consist of
short note sequences with their corresponding 12
metadata. Basic information of ComMU dataset is
given in Table 2.

Table 2: Basic information of ComMU.
# SAMPLES
# NOTES

11,144
526,612

T YPES OF AUDIO KEYS
24
Fourteen professional composers have manually
T
YPES OF I NSTRUMENTS
37
made MIDI samples with metadata for 6 months. In
T YPES OF G ENRES
2
detail, the composers were split into two teams. The
T YPES OF R HYTHM
2
first team created composition guidelines for certain
7
T YPES OF P ITCH R ANGE
genres and moods by finding and analyzing refer- T YPES OF T RACK -ROLE
6
ence music. Each guideline then becomes an instruc- T YPES OF T IME S IGNATURE
3
tion (i.e., metadata) for composing samples, such
3
T YPES OF N UM -M EASURES
as instruments, track-role, chord progressions, and
R ANGE OF BPM
35-1601
pitch range available for each sample. The second
R ANGE OF M IN V ELOCITY
2-1272
team composed MIDI samples in accordance with
R ANGE OF M AX V ELOCITY
2-1272
each guideline, taking a total of 6 months to produce
11,144 music samples. The music made with these 1 The range of representation is 5-200.
2
objective guidelines acquires regularity, suitable for Velocity 1 is for keyswitch note which is a
key pressing when changing the playing type
the machine learning system.
for each instrument.

3.2

Pre-processing and representation

When creating the dataset, deciding on the appropriate data representation is one of the most important
considerations. Our representation is based on REMI [30], which encodes music samples in a tokenbased fashion. Throughout 12 metadata, REMI supports representing chord progression among
60 patterns, but we extend them to 108 patterns to hold diverse chord quality. Other 11 metadata
are placed before the REMI representation. We also remove the tempo token as the tempo change
never happens in our samples due to their short length. In addition, we increase the resolution of the
position and the duration token from 32 notes in REMI to 128 notes to improve the quality of the
result. See Appendix D.2 for an empirical study of the representation resolution. We compare REMI
with our revised representation in Figure 2.
Unlike other metadata, the chord progression cannot be encoded as a single token due to its sequential
form. Therefore, we encode the chord progression into a note sequence with position tokens. See
Appendix A for more details about pre-processing and data representation.
3.3

Metadata

We provide the definition of 3 metadata which can be relatively ambiguous. Others including bpm,
key, instrument, time signature, pitch range, number of measure, min/max velocity, and rhythm are
explained in Appendix B.
Genre. We chose the new age and the cinematic genres for our dataset, which are often used in
background music. We define the new age as a melodious genre mainly consisting of keyboard
instruments and small-scale instruments such as acoustic instruments. The cinematic genre is a
large-scale genre with orchestra, especially involving classical instruments such as string ensembles
in charge of the melody and the accompaniment.
Track role. It is a classification of what role the created note sequences have in a multi-track music.
We divide multi-track into main melody, sub melody, accompaniment, bass, pad, and riff.
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Figure 3: Illustration of the distribution in note density and note length, according to the track-role.
Depending on the track-role, the shape of the corresponding notes varies. *accom.: accompaniment.

Chord progression. Chord progression is the set of chords that are used in a sample. Extended chord
quality leads to the improvement in harmonic performance and diversity by letting the model learn
various possible melodies associated with the same chord progression.

3.4

Data analysis

In order to create music that is well-controlled only by the metadata, it is beneficial to have a
distinguishable distribution of note sequences according to the metadata in ComMU. We extract
MIDI-based features and analyze the distribution according to the metadata to observe the correlation
between the metadata and the note sequences. In addition, we analyze the correlation as a heatmap,
showing that a transformer [31] that covers the long-term dependency is suitable as a baseline. Among
various options in our analysis, we present relevant features below.
Analysis between metadata and notes. We measure the characteristics of the note sequence by
note density and length [23]. Note density is the average of the number of notes appearing in one
bar, and note length is the average of the lengths of all notes in a sample. Figure 3 shows the
distribution of note density and length according to the track category. Melody and accompaniment
have short note lengths, whereas bass and pad have relatively long notes. Note density also shows
a well-distinguished distribution of melody/accompaniment, bass/pad, and riff groups. This means
that the musical dynamics of the melody/accompaniment are relatively strong, while the bass/pad
have weak and stable notes. The riff track has a high density as the accompaniment track or higher.
Considering it with the length, we can infer that the sound pattern with repeated short notes is the
characteristic of the riff track.
Analysis between metadata. Figure 4 illustrates the correlation between instruments, track-role, and
pitch range. Figure 4(a) shows that keyboards are frequently employed for the main melody and the
accompaniment tracks, but pluck strings such as guitars are utilized more for the accompaniment and
the riff tracks than for the main melody. In the case of lead instruments, it is rarely used in certain
track roles. It can be seen that there is a significant correlation between track-role and instrument.
Therefore, when music is generated under the condition of a given instrument without the track role
information, the generated sequence is highly likely to be correlated with the track-role. This makes
it difficult to make music with a low correlation track-role and musical instrument combination. For
example, music with a keyboard as a base and a guitar as a main melody is rarely produced without
explicit track-role condition. We conduct an experiment to show this in Section 5.2.
Through the correlation between the track-role and the pitch range, Figure 4(b) demonstrates that
the pitch range primarily used varies depending on the track-role. The pitch of the melody track is
relatively high, while the accompaniment and pad tracks are distributed one level lower. The bass
track has the lowest range of notes, following the common sense, and the riff track has a high pitch
range similar to the sub melody. This is because the sub melody and riff tracks have the same role in
supporting the main melody and mainly use the pitch range that the main instrument does not use.
See Appendix C for more details about data analysis and limitations.
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4

Experiments

In this section, we examine combinatorial music generation with the ComMU dataset. For evaluation,
we set 90% of the data for training and hold out the rest for validation. All the metadata in the
validation set is exclusive to the training set. We apply the data augmentation method defined in
Appendix A.1 to the training set.
4.1

Problem definition

Our task aims to generate music with specific musical metadata. Given a ComMU sample (Appendix,
M
S
S
Figure 8) X = {xM
1 , .., x11 , x12 , .., xN }, where M and S indicate the tokens (xn ) for the metadata
and the note sequence respectively, and xSN is the eos token, we train an auto-regressive language
model by maximizing the following log-likelihood function.

Lθ (X) =

T
X

log pθ (xSt | x<t ).

(1)

t=12

When the training is completed, we can generate diverse note sequences with a specific metadata
 chord K
xM
∈ xS as follows:
1:11 and the chord progression C = xi
i=1
S = g(p (xS | xM , C)),
xc
θ t
t
1:11

(2)

where K is the length of the chord progression, and g is a decoding algorithm. We use Top-k [32, 33]
sampling for the decoding.
In music generation, the auto-regressive language model with the transformer structure has shown to
be very effective [5–8]. Among them, we use Transformer-XL [34] as the baseline to illustrate the
effectiveness of ComMU on stage1 of combinatorial music generation. During the inference phase,
we insert chord tokens in order to infuse chord progression (Figure 5).
4.2

Evaluation metric

It is worth mentioning that the objective evaluation of generated music quality is still an open
issue [35]. However, the goal of our task, which is to generate various high-quality music while
being well controlled by metadata, is clear. In line with these goals, we evaluate the generated music
on three criteria: controllability, diversity, and fidelity. We generate samples one by one from the
validation metadata to measure the controllability. For measuring diversity, we generate 10 samples
per one validation metadata.
Controllability. We evaluate how accurately the given metadata controls the generated music. We
focus on pitch, velocity, and harmony(key, chord), which are clearly measurable among the 12
metadata. The controllability of the pitch is measured by the ratio of notes that meets the given pitch
range among all generated note sequences. The number of notes within the min/max velocity range
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Figure 5: Architecture for the stage1 of combinatorial music generation at inference phase.
Controllability
CV ↑
CH ↑

K, τ

CP ↑

32, 0.7
32, 0.95
32, 1.2
100, 0.95
200, 0.95

0.8798
0.8412
0.7721
0.8609
0.8488

0.9696
0.9102
0.8566
0.9138
0.9043

0.9976
0.9946
0.9910
0.9954
0.9958

Diversity
D↑
0.2626
0.3160
0.3688
0.3195
0.3165

ground-truth

generated

10

(a) Objective metric result

20

30

40

50

60

(b) Win rates of generated vs. ground-truth(%)

Table 3: Evaluation results. Objective metric include pitch control (CP), velocity control (CV),
harmony control (CH), and diversity (D). We measure win rates using generated samples with K: 32,
τ : 0.95.
is used to measure the controllability of velocity. For evaluating harmonies, we check whether the
pitch of note is within the scale of the corresponding audio key. If the pitch is out of scale, we check
whether the pitch matches the chord tone over the duration. If both conditions are not satisfied, the
note is evaluated as dissonant. The number of notes evaluated as not dissonant is used as the metric
to quantify the controllability of the harmony.
Diversity. We define diversity metric as the average pairwise distance between multiple music
generated from the same metadata. Although there is no general way to measure the distance between
music, it can be defined by using chroma [36] and groove similarities [37], which measure the cosine
similarity of pitch class and rhythm between two music [18]. We define the distance and the diversity
metric as follows:
r

(1 − simchr (oi , oj ))2 + (1 − simgrv (oi , oj ))2
,
2
n
n
1 XX
diversity(O) = n
dist(oi , oj ) , i < j,

dist(oi , oj ) =

2

(3)
(4)

i=1 j=1

n

where O = {oi }i=1 , simchr , and simgrv denote respectively n piece of generated music with same
metadata, chroma similarity and groove similarity.
Fidelity. We define the fidelity as win rates of generated samples against real samples. To this end,
we have conducted a survey where participants were asked to select their preference between the
generated and the real sample with the same metadata.
4.3

Results

In the language model, the sampling parameter top-k (K) and the softmax temperature (τ ) [38] affect
the generated sequences. We explore the controllability and the diversity of generated music by
adjusting K and τ . Table 3(a) shows that the controllability declines and the diversity rises as τ
increases. However, the parameter change does not affect the controllability of the harmony because
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Figure 6: Ablation study results of chord quality. We take sus4 and maj7 chord quality for all
chord roots, respectively. Sus4 is a chord quality in which the major 3rd is replaced with a perfect
4th. Maj7 is consisted of the root, major 3rd, perfect 5th, and major 7th. Therefore, compared to the
major chord (root, major 3rd, perfect 5th), the sus4 can produce perfect 4th notes, and the maj7 can
produce major 7th notes.
the explicit chord progression induces accurate musical coherence. Moreover, unlike text generation,
even if K increases, the change in the results is negligible. This is because the vocabulary size
of music (i.e., ComMU) is way smaller than a general language model. Empirical results reveal
discrepancies between language and music, and we hope that research on model architecture suitable
for music generation will be conducted in the future.
For evaluating fidelity, we ask 40 anonymous composers to 30 questions comparing generated samples
to ground-truth samples with the same metadata through Amazon Mechanical Turk. Table 3(b) shows
the average of win rates of generated samples against real samples. This shows how close the
generated music is to the human level. It does not beat the ground-truth samples yet, but it shows a
fairly close performance. See Appendix I for details about Amazon Mechanical Turk. Qualitative
results can be found in https://pozalabs.github.io/ComMU/.
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Discussion

Our rich metadata makes it easy to reflect the composer’s intention and increases the capacity and the
flexibility of the automatic composition. Since track-role and extended chord quality are primary
metadata that distinguishes ComMU from other datasets, we demonstrate the advantage of unique
metadata through ablation studies.
5.1

Extended chord quality

Chord quality of ComMU not only has major(maj), minor(min), diminished, augmented, and dominant but also incorporates sus4, maj7, half-diminished, and min7. Extended chord quality makes it
easier to understand the precise intention of composition and leads to the improvement in harmonic
performance. We experiment with how the extended chord quality affects the note creation.
In this experiment, we compare the note sequence produced by two different models where the
experimental group (ours) holds sus4 or maj7 tokens while the control group does not. The chord
ground truth depends on whether the composer initially intended to write a sus4 or maj7 chord in
a particular position in the sequence. Here we compare the average ratio of perfect 4th and major
7th notes present in those positions depending on their chord ground truth. In other words, the right
halves of both Figure 6(a) and 6(b) refer to the chord ground truth of the major chord, whereas the
left halves of both 6(a) and 6(b) refer to the chord ground truth of sus4 and maj7 chord respectively.
As shown in Figure 6(a), the experimental group better adheres to the sus4 chord scale, where the
average ratio of perfect 4th notes produced is more than 0.2 higher in the experimental than in the
control group. In the case of major chord position, the experimental group produced less perfect 4th
notes than the control group, better conforming to the major chord scale than its counterpart do. Such
is also true in the case of major7 chords in Figure 6(b). This demonstrates that whether the composer
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Figure 7: Response of track-role classification survey. It illustrates that appropriate music is created
when the role of each track is specified as a condition.

intended to write major or extended chords (sus4 and maj7) in a particular position in the sequence,
the model trained with the extended chord tokens better reflects his or her intention.
5.2

Multi-track with track-role

While early literature has configured multi-track with instruments [19, 20], ComMU introduces trackrole to configure multi-track. This can improve the capacity and flexibility of automatic composition
and give more detailed conditions for music generation. For example, we can make music consisting
of piano and guitar without track-role information. However, we cannot make music with piano as
an accompaniment and guitar as a melody track. This is because even the same instrument has a
different note shape, pitch range, and rhythm depending on the track-role(Figure 4).
To demonstrate the impact of the track-role, we conduct experiments comparing generated music,
including track-role, with music that does not. We play 64 generated music samples through Amazon
Mechanical Turk to 20 anonymous professional composers worldwide and ask which track-role is
most appropriate for each music.
According to the survey result in Figure 7, if no track-role information is provided, the response
resembles the track-role distribution by the instrument depicted in Figure 4. This indicates that the
track-role is generated at random. Conversely, when a track-role is given, many subjects respond
that the given track-role is the most appropriate. This indicates that our track-role metadata provides
significant guidance to the generated music.

6

Conclusion

In this paper, we attempted to push the boundaries of automatic composition by introducing combinatorial music generation. We presented ComMU, a dataset for combinatorial music generation
stage1, consisting of 12 metadata matched with note sequences manually created by composers.
Furthermore, we present quantitative evaluations for generated music through fidelity, controllability,
and diversity, and we demonstrate the benefits of unique metadata such as track-role and extended
chord quality. We still need the generated note sequences to be combined by experts in stage2, but
by automating stage1, we have dramatically reduced the time it takes to compose music. With the
development of stage2 in the future, we expect the automatic composition to be close to the human
level. It is worthwhile to notice that combinatorial music generation would be one of the potential
uses of the ComMU dataset. We hope that ComMU opens up a wide range of future research on
automatic composition.
Acknowledgment. This research was supported by Culture, Sports and Tourism R&D Program
through the Korea Creative Content Agency grant funded by the Ministry of Culture, Sports and
Tourism in 2022 (Project Name: AI Producer: Developing technology of custom music composition,
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A
A.1

Pre-processing and representation
Data pre-processing

Data Augmentation. To enlarge the data through augmen- Table 4: Encoding dictionary of ComMU.
tation, we give variations to the BPM (-10, -5, +0, +5, +10) First value of each metadata is an unknown
as well as to the audio key (C, C-sharp, D, D-sharp, E, F, token(e.g., bpm: 560 denote unknown bpm).
F-sharp, G, G-sharp, A, A-sharp, B). Total of 60 variations
are generated from a single raw MIDI file by manipulating
TOKEN
ENCODE VALUE
the BPM and the audio key. Note duration is modified
according to changes in bpm, and note pitch and chord
PAD
0
progression are modified according to changes in audio
EOS
1
key.
BAR
2
NOTE PITCH
3-130
Encoding. Each metadata and note sequence is mapped
NOTE VELOCITY
131-194
to an integer value according to an encoding dictionary deCHORD
195-303
picted in Table 4. REMI [30] code is extended for encoding
304-431
NOTE DURATION
ComMU.
POSITION
432-559
Data Scalability. In addition to ComMU, we are also
BPM
560-600
able to utilize other MIDI datasets. A common MIDI file
KEY
601-625
contains tens to hundreds of bars with multiple tracks. How626-629
TIME
SIGNATURE
ever, we are able to process such files using the steps of
PITCH RANGE
630-637
slice, chunk, and parse.
NUMBER OF MEASURE
638-640
641-649
INSTRUMENT
• slice: segmenting the parts where audio key or time
GENRE
650-652
signature change occur.
653-717
MIN VELOCITY
• chunk: separating tracks and segmenting sections which
653-718
MAX VELOCITY
notes mainly appear as one chunk, and discarding secTRACK - ROLE
719-725
tions where notes do not appear.
726-728
RHYTHM
• parse: splitting a MIDI file into certain number of measures (4, 8, 16) to better fit with ComMU.

A.2

Data representation

ComMU extends REMI by adding 11 metadata excluding
chord, which is already present in REMI [30]. REMI includes a velocity token that denotes velocity, a pitch token that indicates the beginning of a note with a
specific pitch, and a duration token that measures the length of a note. Further, a bar token denotes the start of
a bar, a position token indicates the note or chord position in the bar, and tempo and chord token represent a
tempo change and chord information respectively. Differences between REMI and ComMU are further discussed
below.
First, the most significant difference between ComMU and REMI is that ComMU eliminates the tempo token.
Although change in tempo often occurs in a complete music, it rarely occurs in short note sequences. Hence, we
consider it to be non-essential for generating short music samples. Instead, we fix the tempo of each sample and
then express the difference between samples through BPM.
Another difference is that we add 4 extended chord qualities of major 7th, minor 7th, half-diminished(m7b5),
and sus4 on top of the existing chord qualities(major, minor, dominant, diminished, and augmented) in REMI.
The total number of chord events in ComMU representation is 108.
Lastly, we upscale representation resolution from 32th note to 128th note. High resolution is effective in
representing complex musical expressions such as Arpeggio. See D.2 for experiment about representation
resolution. An example of ComMU representation is shown in Figure 8.

B

Metadata

BPM. BPM stands for beat per minute and is a value that represents the tempo of the music. We quantize the
BPM into 5 units ranging from 0 to 200 and map them to the nearest integer value.
Key. Key is the group of pitches or scales, that forms the basis of a composition in a classical and the Western
pop music. In ComMU dataset, we express the key with 12 root notes (C, C-sharp, D, D-sharp, E, F, F-sharp, G,
G-sharp, A, A-sharp, B) and 2 key types (major, minor). Consequently, the vocabulary size of the key token is
24.
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metadata
note sequence

BPM: 120
G e n re : c i n e m a t i c
Key: c major
Instrument: piano
Tr a c k - ro l e : m a i n m e l o d y
Ti m e s i g n a t u re : 3 / 4
Pitch range: mid-high
N u m b e r o f m e a s u re : 8
C h o r d p ro g re s s i o n : [ C , E m , …, F ]
Min velocity: 40
encode
Max velocity: 85
Rhythm: triplet
Bar_1
Position: 1/128
chord: c
Position: 1/128
velocity: 65
pitch: 60
duration: 32
position: 1/128

[578, 623, 627, 634, 639, 646, 652, 689, 714, 722, 727,
2, 432, 267, 432, 186, 63, 306, 432, …, 1]

. . .
<eos>

Figure 8: An example sequence of the ComMU dataset. We map metadata and note sequence into
integer value using encoding dictionary in Table 4

Instrument. We encode 128 general MIDI programs(i.e., instruments) into 8 categories — keyboard, lead,
idiophone, plucked_string, string, wind, percussion, and others (ComMU has 37 MIDI programs among 128
programs). The idiophone is an instrument that produces sound primarily through its own vibration, without the
use of air flow, strings, membranes, or electricity, such as a bell or a music box. Instruments that are played by
plucking the strings are referred to as a plucked string, such as guitar and bass. A technique called plucking
involves pulling and releasing the string in order to give it an impulse that makes the string vibrate. A wind
instrument is an instrument with a resonator, usually a tube, in which the player blows into (or over) a mouthpiece
placed at or near the end of the resonator to cause a column of air to vibrate, such as flute, trumpet, and clarinet.
The classification is made depending on how the instruments are played or create the sound as well as how they
are used in general in the music industry. For symbolic data representation, this classification is effective in
capturing implicit information about music.
Time Signature. Time signature defines how many beats there are in a bar, and which note value the beats
are. Each sample is tagged with a time signature of 4/4, 3/4, or 6/8, which are three most frequently used time
signatures in pop music.
Pitch Range. We classify samples into 7 different groups of pitch ranges based on the mean pitch of the notes.
The sorting criteria is as follows: very low: C-2 - B0, low: C1 - B1, mid low: C2 - B2, mid: C3 - B3, mid high:
C4 - B4, high: C5 - B5, very high: C6 - G8.
Number of Measures. The parameter number of measures (i.e., bars) specifies the length of the samples.
ComMU typically has 4, 8, or 16 bars of sample, but for incomplete measure, the number of measure can be in
decimal (e.g., 8.25).
Min Velocity. This specifies the minimum velocity of the samples.
Max Velocity. This specifies the maximum velocity of the samples.
Rhythm. We divide types of rhythms in ComMU into standard and triplet. Samples with rhythm quantized in
straight notes are standard, and other samples with rhythm quantized in triplets or swing notes are triplet.

C

Additional data analysis

Figure 9 shows the distribution of ComMU metadata. BPM, velocity, key, pitch range, and track-role are
relatively evenly distributed. Note that genre and key are not severely imbalanced, but the range of choices is
small. This is because we first collected the new age and cinematic genres, which are often used in background
music. On the other hand, rhythm and time signature are highly imbalanced because 4/4 beat music in standard
rhythm is often used in background music. In order to cope with musically complex genres such as jazz in the
future, collection of various rhythms and beats is necessary.
Such imbalance in ComMU metadata with few options brings limitations to generating a variety of music. We
increased the amount of information in ComMU and decreased some of the imbalances without adding data
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Figure 9: Distribution of ComMU metadata. Bpm and velocity are visualized as continuous distributions using kernel density estimation, although they have 40 and 64 discrete values, respectively.
Instruments* (in order): keyboard, lead, idiophone, pluck string, string, wind, etc. Track-role** (in
order): main melody, sub melody, accompaniment, bass, pad, riff.
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Table 5: Standard for subjective metrics.
Points

Controllability

Diversity

Humanness

Richness

Overall

10 ∼ 9
8∼7
6∼5
4∼3
2∼1

in harmony ∼ 1 dissonance
2 ∼ 3 dissonance
4 ∼ 5dissonance
6 ∼ 7 dissonance
8 ∼ dissonance

Highly varied differences
Varied differences
Adequate differences
Few differences
No difference

Very human-like
Natural as human
Average
Not as natural as humans
Not very human-like

Very colorful & rich
Colorful
Average
Not colorful
Poor

Excellent
Good
Average
Below Average
Poor

Table 6: Representation and resolution with the highest score are selected in each of the five metrics.
*score range in 1-10.

Model
XL w/ REMI
XL w/ MIDI-like
XL w/ r32
XL w/ r64
XL w/ r128

Controllability
9.49
2.53
9.51
9.67
9.41

Diversity
6.48
6.67
4.14
4.34
4.07

(a) MIDI with resolution 32

Humanness
6.86
2.05
7.23
7.21
7.43

Richness
6.91
3.71
7.11
7.01
7.37

Overall
6.90
1.91
6.99
7.15
7.31

(b) MIDI with resolution 128

Figure 10: A sample data of two different resolutions. With low resolution, a note expression may be
truncated or placed in an inappropriate position.

through the method of key and bpm augmentation A.1. However, we hope that more diverse data will be added
in future studies to increase the capacity of automatic composition and alleviate the stress of data imbalance.

D

Subjective evaluation

In order to find the representation and resolution that best fit our dataset, we conduct a subjective evaluation
with internal composers who participated in the production of the ComMU dataset. The criteria standard for
subjective evaluation is in Table 5.

D.1

Representation: REMI vs. MIDI-like

REMI representation can capture the sequential information of chord progression. However, even with chord
progression prepended, MIDI-like representation is unable to align the chord information with the note sequence.
A metrical structure can not be formed without a token implying bar and position. This leads to controllability
loss and dissonance, resulting in inferior performance. As shown in Table 6, the results generated with the REMI
representation are higher in all indices but for subjective diversity.

D.2

Data representation resolution

We conduct an experiment with representation resolution by manipulating the duration and position of REMI
representation to 32, 64, and 128. The resolution is an expression of how many pieces a bar is divided into, and
these pieces determine the position and duration of the tokens. The higher the resolution value, the finer the
division.
As shown in Table 6, the result with 128 resolution is slightly lower in terms of controllability. This is due to
an increase in the overall vocabulary size and the occurrence of minute deviations. However, representation
with 128 resolution results in higher scores in overall humanity and richness. Accordingly, we judge 128 as
the reference resolution. One explanation of the result is that various musical elements such as arpeggio, swing
rhythm composed of notes with short duration, and ornaments - trill, appoggiatura, or mordent - can only be
expressed through high representation resolution.
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Table 7: We set default values of top-k (K) and temperature (τ ) to 32 and 0.95, respectively. Augmentation results come from Transformer-XL. We check diversity (D) and controllability. Controllability
metrics include pitch control (CP), velocity control (CV), and harmony control (CH).
Cases

CP ↑

Controllability
CV ↑
CH ↑

Diversity
D↑

No aug.
Key aug.
BPM aug.
Key+BPM aug.

0.8433
0.8270
0.8126
0.8412

0.8194
0.8663
0.7615
0.9102

0.9940
0.9926
0.9914
0.9946

0.4386
0.4238
0.4219
0.3160

Transformer-XL [34]
Transformer-GAN [8]

0.8412
0.8502

0.9102
0.8699

0.9946
0.9911

0.3160
0.4097

In Figure 10, we compare resolution 32 and 128 in the form of a MIDI. The figure illustrates that when the
resolution is low, the intervals between notes are far from smooth, resulting in less humanness and richness in
sound.

E
E.1

Additional Experiments
Augmentation

We experiment with an ablation study on augmentation to observe its effect on the system. Table 7 shows the
increase in controllability of velocity and decrease in diversity of music generated when data augmentation
is done. It can be interpreted as that high diversity in the case of no augmentation is due to the lack of data
information which results in model under-fitting. We choose the case of key and BPM augmentation as baseline
since we are focusing on the controllability of generated music, but we could leverage other cases depending on
the purpose.

E.2

Different models

We compare Transformer-XL and Transformer-GAN to confirm the baseline model. Table 7 shows that the
controllability of velocity is significantly higher in the Transformer-XL model, but the diversity is higher in
Transformer-GAN. This can be interpreted that adversarial loss in Transformer-GAN causes the model to
generate more diverse tokens. We use Transformer-XL as a baseline because we focus on the controllability of
generated music, but we could leverage other models depending on the purpose.

F

Training details

In this section, we describe critical hyperparameters and resources used
here. Training details are descirbed in Table 8. The CPU used here is
Intel core X-series i9-10900X, whose base clock speed is 3.70 GHz, and
its cache is 19.25 MB Intel smart cache. Further, we utilized 4 GPUs
(GeForce RTX 3090 D6X).

G

Societal impact

ComMU can not only complete combinatorial music generation task but
has also freed up the possibility of building a model that back-tracks the
metadata from a given piece of music, and even study the correlation
between each metadata.

Table 8: Training details about
baseline model.
# EPOCHS
# GPU S
BATCH SIZE
# LAYERS
# HEADS
DROPOUT RATE
# PARAMETERS
WARMUP STEP
L EARNING RATE
SCHEDULER
OPTIMIZER

6,0001
4
256
6
10
0.1
13,677,310
100
0.004
INV _ SQRT

ADAM
However, it is crucial to recognize the social and ethical challenges of
1
automatic music generation. When used outside the boundaries of com- We got the lowest validation nll loss
mercial applications specified in the license, infringement of copyright at 6,000 epochs.
and licensing may become an issue. Namely, illegal redistribution of
music and dataset via sound sample platforms such as Splice may occur. It is also notable that music generated
through our dataset, while large in sample size, cannot include the entire music culture, possibly dominated by
the Western genres and instruments. As the scope of the music which can be generated is strictly limited to the
dataset itself, it is impossible to not marginalize any musical culture.
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Figure 11: Human intelligence tasks(Hits) template for track-role classification and music samples
preference survey.

H

Obtained consent from composers

As aforementioned under subsection 3.1, MIDI samples with metadata for constructing ComMU dataset were
manually produced by 14 professional composers. We obtained consent from the composers when we hired
them for their work. Thus, the ComMU dataset is work made for hire and it belongs to the company.

I

Amazon mechanical turk

We use amazon mechanical turk for human studies: preference survey for measuring fidelity(Section 4.3),
and track-role classification for validating the advantage of applying unique metadata(Section 5.2). Figure 11
specifies the details about the surveys such as estimated time required to complete the survey and reward for
their participation. Figure 12 shows specific instructions delivered to subjects in google form.

J

Music terminology

Pitch. A Pitch is a perceptual characteristic of sounds that enables their classification on a scale of frequency, or
more commonly [39], pitch is the ability to identify sounds as "higher" and "lower" in the sense associated with
musical melodies [40].
Note. A note is a symbol for a musical sound in music. In musical notation, notes can stand in for the pitch and
duration of a sound and notes are fundamental units of music.
Key. In music, the key is a group of pitches or scales, that forms the basis of a musical composition in a classical
and the Western pop music.
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Figure 12: Example of google form for track-role classification and music samples preference survey.
Harmony. A Harmony is a process of playing various notes in a way that makes them sound right when played
together. Individual sounds are combined or composed into larger units or compositions through the process of
harmony [41].
Chord. A chord is any harmonic grouping of pitches or frequencies made up of several notes that are perceived
as sounding simultaneously [42].
Root. A root is the base note of a key, scale or chord. For example, in the key of C major, the root note is C.
MIDI. MIDI (i.e., Musical Instrument Digital Interface) is a technical standard that describes a communications
protocol, digital interface, and electrical connectors that connect a wide variety of electronic musical instruments,
computers, and related audio devices for playing, editing, and recording music[43].
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