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Abstract. The field of music composition has seen significant advance-
ments with the introduction of artificial intelligence (AI) techniques.
However, traditional cloud-based approaches suffer from limitations such
as latency and network dependency. This survey paper explores the
emerging concept of edge intelligence and its application in music compo-
sition. Edge intelligence leverages local computational resources to enable
real-time and on-device music generation, enhancing the creative process
and expanding accessibility. By examining various aspects of music com-
position, including melody creation, harmonization, rhythm generation,
arrangement and orchestration, and lyric writing, this paper showcases
the potential benefits of incorporating edge intelligence. It also discusses
the challenges and limitations associated with this paradigm, such as lim-
ited computational resources and privacy concerns. Through a review of
existing AI-based music composition tools and platforms, examples of
edge intelligence in action are highlighted. The survey paper concludes
by emphasizing the transformative potential of edge intelligence in rev-
olutionizing the field of music composition and identifies future research
opportunities to further advance this promising domain.

Keywords: Edge Intelligence · Music Composition · Artificial
Intelligence · Large Machine Learning Models

1 Introduction

Music composition is a creative process that has evolved over centuries, but
recent advancements in technology, particularly in the field of artificial intel-
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ligence (AI), have opened up new possibilities for composers [21,22,51]. AI-
based approaches have demonstrated their ability to generate melodies, har-
monies, rhythms, and even lyrics, transforming the landscape of music compo-
sition [11,16]. However, traditional cloud-based approaches that rely on central-
ized computing infrastructures suffer from limitations such as latency, network
dependency, and privacy concerns.

In response to these limitations, a new paradigm known as edge intelligence
has emerged. Edge intelligence leverages local computational resources, such as
smartphones, tablets, and Internet of Things (IoT) devices, to perform data
processing and analysis at the network edge [54,55]. This shift from cloud-based
processing to on-device computation offers several advantages for music compo-
sition [43]. By harnessing the power of edge intelligence, real-time and on-device
music generation becomes possible, enabling composers to have immediate access
to creative tools and eliminating the need for constant network connectivity [20].

This survey paper aims to explore the concept of edge intelligence in the con-
text of music composition. By leveraging edge computing resources, composers
can experience enhanced creative capabilities, personalized music composition
experiences, and reduced latency. This paper will examine the potential appli-
cations of edge intelligence in various aspects of music composition, including
melody creation, harmonization, rhythm generation, arrangement and orches-
tration, and lyric writing. Furthermore, it will address the challenges and lim-
itations associated with incorporating edge intelligence in music composition
systems, such as limited computational resources and privacy concerns.

Through a review of existing AI-based music composition tools and plat-
forms, this survey paper will showcase examples that utilize edge intelligence in
their design and implementation. By highlighting the features, capabilities, and
user experiences of these tools, we aim to provide insights into the transformative
potential of edge intelligence for composers and the music industry as a whole.

The main contributions of this paper are as follows.

– This survey paper sets out to present an overview of edge intelligence for music
composition, emphasizing the advantages it brings to the creative process.

– By harnessing the power of edge computing, composers can unlock new oppor-
tunities for real-time music generation, personalized composition experiences,
and reduced reliance on cloud-based infrastructure.

– In addition, this paper delves into specific applications, challenges, and future
research directions in the field of edge intelligence for music composition.

To provide a comprehensive exploration of edge intelligence for music com-
position, this survey paper is organized as follows. The background and related
work section will provide an overview of traditional music composition tech-
niques, the emergence of AI in music composition, and a review of existing
literature on AI-based music composition. This will set the foundation for under-
standing the significance of edge intelligence in the field. The subsequent section
will delve into the concept of edge intelligence in music composition, discussing
its advantages, capabilities, and potential for real-time and on-device music gen-
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eration. Following that, the paper will explore various applications of edge intelli-
gence in music composition, focusing on melody creation, harmonization, rhythm
generation, arrangement and orchestration, and lyric writing. The challenges and
limitations section will address the potential hurdles, such as limited computa-
tional resources and privacy concerns, associated with incorporating edge intel-
ligence. The paper will then review existing AI-based music composition tools
and platforms that utilize edge intelligence, highlighting their features, capa-
bilities, and user experiences. Finally, the paper will conclude by summarizing
the key findings, emphasizing the transformative potential of edge intelligence in
music composition, and identifying future research opportunities in this promis-
ing domain.

2 Background and Related Work

In this section, we present background and related work considering the devel-
opment of advanced technologies, including AI, for music composition.

2.1 Traditional Music Composition Techniques and Challenges

Traditional music composition has long relied on the expertise and creativity
of human composers. Throughout history, composers have used various tech-
niques to craft melodies, harmonies, rhythms, and arrangements, drawing inspi-
ration from musical theory, cultural influences, and personal expression [17]. The
process typically involves manual composition using musical instruments, nota-
tion systems, and extensive knowledge of music theory [26]. While traditional
composition techniques have yielded remarkable musical works, they are time-
consuming and require significant expertise [17]. As technology has advanced,
there has been a growing interest in leveraging artificial intelligence (AI) to aug-
ment and automate aspects of the composition process, leading to the emergence
of AI-based music composition [13,15,19].

Early AI-based music composition systems focused on rule-based approaches,
where predefined sets of rules and heuristics were used to generate musical
sequences [15]. However, these systems often struggled to capture the intricacies
and nuances of human compositions [7]. The introduction of machine learning
techniques, particularly deep learning models such as recurrent neural networks
(RNNs) [13,27,29] and generative adversarial networks (GANs) [9,38,52], rev-
olutionized the field of AI-based music composition. These models have shown
promise in generating realistic and expressive musical sequences by learning pat-
terns from vast amounts of musical data [21]. With the help of AI, composers
gained access to powerful tools that could aid in the creative process and inspire
new musical ideas.

The use of AI in music composition has seen rapid progress in recent years,
with researchers and developers exploring various approaches and methodologies.
Some focus on generating melodies, while others aim to harmonize melodies [16],
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generate rhythms [35], or create complex arrangements [10]. These AI-based com-
position systems can serve as valuable tools for composers, providing inspiration,
generating alternative musical ideas, and augmenting their creative capabilities
[12]. However, the reliance on cloud-based infrastructure for computation and
data storage has introduced certain limitations, such as latency and privacy con-
cerns [42]. To overcome these limitations, the concept of edge intelligence has
gained attention in the field of music composition, opening up new possibilities
for real-time, on-device composition experiences.

2.2 Discuss the Emergence of Artificial Intelligence (AI) in Music
Composition

Fig. 1. History of AI for Music Composition

The emergence of artificial intelligence (AI) has brought significant advance-
ments to the field of music composition. AI techniques, such as machine learn-
ing and deep learning, have opened up new possibilities for generating musical
compositions that exhibit creativity [36], stylistic coherence [32], and emotional
expressiveness [31] (Fig. 1).

One of the early breakthroughs in AI-based music composition was the devel-
opment of rule-based systems. These systems utilized predefined sets of musi-
cal rules and heuristics to generate compositions [18]. While these approaches
showed promise, they often lacked the ability to capture the complexities and
subtleties of human musical expression.

With the rise of machine learning, specifically deep learning models, AI-based
music composition took a significant leap forward. Recurrent Neural Networks
(RNNs) and Long Short-Term Memory (LSTM) networks revolutionized the field
by enabling the modeling of long-term dependencies and capturing the temporal
structure of music [19]. These models have proven adept at learning patterns and
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styles from large datasets of existing music, allowing them to generate original
compositions that align with specific genres, artists, or musical eras.

In addition to RNNs and LSTM networks, Generative Adversarial Networks
(GANs) have also made their mark in AI-based music composition. GANs involve
the training of two neural networks: a generator network that produces music and
a discriminator network that evaluates the quality of the generated music [47].
Through an iterative process, GANs can generate music that exhibits realistic
musical characteristics by learning from the interplay between the generator and
discriminator networks.

AI-based music composition techniques have not only focused on generat-
ing melodies but have also expanded to harmonization, rhythm generation, and
arrangement. By incorporating AI models into these aspects of music composi-
tion, composers have gained access to powerful tools that can inspire new musical
ideas, provide alternative harmonizations, generate diverse rhythmic patterns,
and suggest orchestration choices.

The emergence of AI in music composition has fueled creative exploration
and pushed the boundaries of musical expression. Composers, musicians, and
researchers alike continue to delve into the possibilities offered by AI, harnessing
its capabilities to augment the creative process and generate music that capti-
vates audiences. However, to further enhance the potential of AI in music com-
position, the limitations of cloud-based approaches, such as latency and privacy
concerns [33], have led to the exploration of edge intelligence as an alternative
paradigm (Fig. 2).

Fig. 2. The Way How AI Understands Music

2.3 Review Existing Literature on AI-Based Music Composition
Techniques

The exploration of AI-based music composition has garnered significant atten-
tion from researchers, musicians, and technology enthusiasts. A wealth of litera-
ture exists that examines the application of AI techniques in various aspects of
music composition. These studies encompass a wide range of methodologies and
approaches, showcasing the versatility of AI in the creative domain.
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Some researchers have focused on melody generation, utilizing neural net-
works and probabilistic models to generate melodic sequences that exhibit musi-
cal coherence and stylistic fidelity. These models have shown the ability to cap-
ture melodic patterns from large datasets and generate melodies that align with
specific genres or composers’ styles [53]. Additionally, researchers have explored
the use of reinforcement learning algorithms to improve the quality of generated
melodies by iteratively learning from human feedback.

Harmonization, the process of creating accompanying harmonies for a given
melody, has also been a subject of interest. AI-based harmonization systems
leverage techniques such as chord progression modeling, harmonic analysis, and
machine learning algorithms to generate harmonies that complement the melodic
line [28]. These systems provide composers with alternative harmonizations,
enabling them to explore different musical possibilities and experiment with
various chord progressions.

Rhythm generation is another area where AI has shown promise. By train-
ing models on vast collections of rhythmic patterns, researchers have developed
algorithms that can generate diverse and compelling rhythmic sequences [53].
These models can capture the complexities of rhythm, including syncopation,
accents, and variations, and produce rhythmically rich compositions that align
with specific musical styles or preferences.

Furthermore, AI-based approaches have been applied to arrangement and
orchestration, where the goal is to transform a basic musical sketch into a fully
orchestrated composition [57]. By learning from existing musical scores and
orchestration techniques, AI models can suggest instrumentations, dynamics,
and articulations that enhance the overall musical experience.

The existing literature on AI-based music composition showcases the
advancements made in the field and provides valuable insights into the capa-
bilities and limitations of these systems. However, the reliance on cloud-based
infrastructure for computation introduces challenges such as network latency and
potential privacy concerns. This motivates the exploration of edge intelligence
as a viable alternative for music composition, offering real-time and on-device
processing capabilities that address these limitations [34] (Fig. 3).

Fig. 3. Example of AI Composition
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2.4 Highlight the Limitations of Cloud-Based Approaches
and the Need for Edge Intelligence

While cloud-based approaches have played a significant role in the advancement
of AI-based music composition, they are not without limitations. The reliance on
centralized cloud servers for computation and data storage introduces challenges
that can impact the overall music composition experience [57].

One of the primary limitations is latency, which refers to the delay in com-
munication between the user’s device and the cloud server [24]. Real-time music
generation often requires immediate feedback and interaction, which can be hin-
dered by the inherent latency associated with cloud-based approaches. The delay
introduced by network transmission can disrupt the creative flow and respon-
siveness of the composition process, leading to a less intuitive and dynamic user
experience.

Moreover, cloud-based approaches heavily depend on continuous network
connectivity [23]. This dependency poses challenges in scenarios where internet
connectivity is unstable or unavailable. Composers may find themselves limited
in their ability to access the composition tools and resources, hindering their
creative process and autonomy.

Another concern relates to privacy and data security [48]. Cloud-based
approaches involve uploading and processing music data on remote servers, which
may raise privacy concerns for composers. The storage and handling of sensi-
tive musical compositions and personal information on external servers can be
a barrier for those who prioritize data privacy and security.

Recognizing these limitations, there is a growing need for edge intelligence in
the field of music composition. Edge intelligence leverages local computational
resources on devices such as smartphones, tablets, or IoT devices to perform data
processing and analysis at the network edge [6,40,49]. By shifting the computa-
tion closer to the user, edge intelligence can address the latency issue, providing
real-time and on-device music generation capabilities that align with the imme-
diate needs and preferences of composers.

Furthermore, edge intelligence can enhance privacy and data security by
enabling composers to retain control over their music compositions. Since the
data processing occurs locally on the composer’s device, sensitive musical data
can be kept within their immediate control, reducing the reliance on external
servers and mitigating privacy concerns.

In summary, the limitations of cloud-based approaches, such as latency, net-
work dependency, and privacy concerns, have highlighted the need for edge intel-
ligence in the context of music composition [49]. The utilization of local compu-
tational resources can provide real-time, on-device processing, ensuring a more
responsive, seamless, and private music composition experience for composers.

3 Edge Intelligence in Music Composition

The field of music composition has experienced a transformation with the emer-
gence of edge intelligence. Edge intelligence refers to the utilization of local



48 Q. Wang et al.

computational resources, such as smartphones, tablets, and Internet of Things
(IoT) devices, to perform data processing and analysis at the network edge [30].
This paradigm shift from relying solely on centralized cloud servers to leverag-
ing on-device computation opens up new possibilities for real-time and on-device
music generation, enhancing the creative process and expanding accessibility for
composers [40].

Traditional cloud-based approaches for music composition often introduce
latency due to the communication delay between the user’s device and the remote
server [37]. This latency can disrupt the real-time interaction and responsive-
ness required in music composition, impacting the composer’s ability to explore
ideas and make instantaneous adjustments. Additionally, cloud-based systems
are dependent on continuous network connectivity, limiting the accessibility of
music composition tools and resources in environments with limited or unstable
internet access [45].

By contrast, edge intelligence enables composers to perform music composi-
tion tasks locally on their devices, reducing the latency associated with cloud-
based approaches. Real-time feedback and on-device processing empower com-
posers to experiment and iterate with musical ideas without the delays intro-
duced by network transmission. The local computational resources also provide
more autonomy and flexibility in the music composition process, ensuring that
composers can work seamlessly even in environments with limited or intermittent
internet connectivity.

Furthermore, edge intelligence offers potential benefits in terms of privacy
and data security [56]. With cloud-based approaches, composers often need to
upload and process their musical compositions on external servers, raising con-
cerns about data privacy and control. By leveraging edge intelligence, composers
can keep sensitive musical data on their own devices, retaining greater control
over their compositions and alleviating privacy concerns associated with cloud-
based systems.

In summary, the shift from cloud-based approaches to edge intelligence in
music composition addresses the limitations of latency, network dependency,
and privacy concerns. By leveraging local computational resources, edge intel-
ligence enables real-time and on-device music generation, empowers composers
with greater autonomy, and enhances the privacy and security of their musical
compositions. The subsequent sections will delve into the specific applications,
challenges, and potential future developments in the field of edge intelligence for
music composition (Fig. 4).

3.1 Define the Concept of Edge Intelligence in the Context of Music
Composition

Edge intelligence, in the context of music composition, refers to the utilization
of local computational resources on devices such as smartphones, tablets, or IoT
devices to perform data processing and analysis at the network edge. Unlike
traditional cloud-based approaches that rely on centralized servers, edge intelli-
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Fig. 4. Classification of AI for Music Composition

gence brings the computation closer to the user, enabling real-time and on-device
music generation.

In edge intelligence for music composition, the devices used by composers
become active participants in the creative process [50]. Compositional algorithms
and models are deployed directly on the devices, leveraging their processing
power and storage capabilities. This allows composers to generate music, exper-
iment with different compositional elements, and receive immediate feedback
without the need for constant network connectivity.

The core principle of edge intelligence is to overcome the limitations of cloud-
based approaches, such as latency and network dependency, by reducing the
distance between the composer and the computational resources. By processing
data locally on the devices, edge intelligence ensures a more responsive and
interactive music composition experience, fostering creativity, exploration, and
improvisation in real-time.

Moreover, edge intelligence offers the potential for personalized music com-
position experiences. Composers can have greater control over their creative
process by customizing the algorithms and models running on their devices,
tailoring the music generation to their specific preferences, styles, or project
requirements. This personalization aspect enables composers to develop unique
and distinctive musical compositions that align with their artistic vision.

In summary, edge intelligence in the context of music composition brings com-
putation and data processing closer to the composer, leveraging local computa-
tional resources on devices. It enables real-time and on-device music generation,
reduces latency and network dependency, fosters creativity and improvisation,
and allows for personalized composition experiences. By harnessing the power
of edge intelligence, composers can have more control and flexibility in their
music composition process, leading to enhanced creativity and the potential for
groundbreaking musical expressions.
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3.2 Explain the Advantages and Capabilities of Edge Computing
for Music Composition

Edge computing offers several advantages and capabilities that are highly benefi-
cial in the field of music composition. By leveraging local computational resources
on devices, edge computing enables real-time and on-device music generation,
fostering a more seamless and responsive creative process.

One key advantage of edge computing is reduced latency. With edge intel-
ligence, composers can generate music and receive immediate feedback with-
out the delay introduced by network transmission to remote servers. The near-
instantaneous response allows for more dynamic and interactive composition
experiences, empowering composers to explore ideas, experiment with different
musical elements, and make spontaneous adjustments in real time.

Another capability of edge computing is the ability to operate in environ-
ments with limited or intermittent internet connectivity. Cloud-based approaches
often require continuous network connectivity for data processing and retrieval,
which can be problematic in situations where internet access is unreliable or
unavailable. Edge computing overcomes this limitation by leveraging on-device
resources, enabling composers to continue working on their compositions even
in offline or low-connectivity scenarios.

Edge computing also enhances the privacy and security of music compositions
[39]. Cloud-based approaches often involve uploading and processing sensitive
musical data on remote servers, which raises concerns about data privacy and
control. With edge intelligence, the musical data stays within the composer’s
device, reducing the exposure to external servers and providing composers with
greater control over their compositions.

Additionally, edge computing allows for personalized music composition
experiences [46]. Composers can customize the algorithms, models, and param-
eters running on their devices to align with their artistic preferences, styles, or
project requirements. This personalization aspect enables composers to develop
unique musical compositions that reflect their individuality and creative vision.

Furthermore, the on-device processing capabilities of edge computing enable
composers to work independently of cloud-based infrastructure, providing a level
of autonomy and flexibility. Composers can generate music on the go, without the
need for constant network connectivity or reliance on external servers. This free-
dom allows for spontaneous creativity, capturing musical ideas in the moment,
and embracing the unique inspirations that arise from different environments.

In summary, edge computing offers advantages and capabilities that greatly
enhance the music composition process. Real-time and on-device music gener-
ation, reduced latency, offline capabilities, enhanced privacy and security, per-
sonalized composition experiences, and increased autonomy are some of the key
benefits that edge computing brings to music composition. By leveraging these
capabilities, composers can have more seamless, responsive, and personalized
experiences in their creative endeavors.
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3.3 Discuss the Potential of Real-Time and On-Device Music
Generation Using Edge Intelligence

Real-time and on-device music generation is one of the significant potentials
unlocked by edge intelligence in music composition. By leveraging local computa-
tional resources on devices, composers can experience immediate and interactive
music generation without relying on cloud-based infrastructure.

Real-time music generation using edge intelligence enables composers to
explore musical ideas and receive instantaneous feedback. The reduced latency
allows for a more dynamic and responsive creative process, fostering a sense of
flow and exploration. Composers can iterate and experiment with different musi-
cal elements, such as melodies, harmonies, rhythms, and arrangements, in real
time, making immediate adjustments to achieve the desired musical expression.

Furthermore, on-device music generation eliminates the dependency on con-
tinuous network connectivity. Composers can generate music even in environ-
ments with limited or intermittent internet access, such as during travel or in
remote locations. This opens up opportunities for creative expression in various
settings and empowers composers to work independently, free from the con-
straints of network availability.

The potential of real-time and on-device music generation extends beyond
individual composers. It also enables collaborative music composition experi-
ences. Composers can gather in the same physical space, each equipped with their
own edge intelligence-enabled devices, and engage in real-time composition ses-
sions. This fosters a dynamic and interactive creative environment, allowing for
instant sharing of musical ideas, improvisation, and collective decision-making.

Additionally, real-time and on-device music generation using edge intelligence
can enhance live performances and improvisation. Composers and musicians can
use edge intelligence-enabled devices to generate musical elements in real time,
creating unique compositions during live concerts or jam sessions. This adds
a layer of spontaneity and innovation to performances, enabling new forms of
musical expression and interaction with audiences.

In summary, real-time and on-device music generation using edge intelligence
presents a wealth of opportunities for composers and musicians. It enables imme-
diate feedback, interactive exploration of musical ideas, and real-time adjust-
ments. The independence from continuous network connectivity expands creative
possibilities in various environments, while fostering collaboration and enhancing
live performances. By leveraging edge intelligence, composers can experience a
new level of dynamism, creativity, and responsiveness in their music composition
endeavors.

3.4 Explore the Possibilities of Enhancing the Creative Process
and Expanding Accessibility

Edge intelligence in music composition holds immense potential for enhancing
the creative process and expanding accessibility, revolutionizing the way com-
posers engage with their craft and enabling new avenues of musical expression
[8].
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One of the primary possibilities is the augmentation of the creative capabil-
ities of composers. Edge intelligence provides composers with powerful tools for
generating musical ideas, exploring different compositional elements, and exper-
imenting with various styles and genres. By leveraging on-device computation,
composers can have immediate access to real-time music generation, enabling
them to capture inspiration as it strikes and nurturing a continuous flow of
creativity. This augmentation of the creative process can lead to the develop-
ment of innovative musical compositions that push the boundaries of traditional
practices.

Furthermore, edge intelligence enhances accessibility by reducing barriers to
entry in music composition. Cloud-based approaches often require continuous
network connectivity and specialized software, limiting access for those with
limited resources or internet access. With edge intelligence, the processing and
generation of music compositions occur directly on the composer’s device, elim-
inating the need for constant internet connectivity and reducing the reliance on
expensive software licenses. This empowers a wider range of individuals, regard-
less of their geographic location or economic circumstances, to engage in music
composition and pursue their artistic aspirations.

The potential for personalization is another aspect that edge intelligence
brings to the forefront. Composers can tailor the algorithms, models, and param-
eters running on their devices to match their unique preferences, styles, and
project requirements. This personalization allows composers to create music that
aligns with their artistic vision, enabling the development of distinct musical
identities and fostering individuality in composition. The ability to customize
the composition tools to suit individual needs expands the range of possibilities
and encourages diverse forms of musical expression.

Additionally, edge intelligence has the potential to foster collaboration and
collective creativity. Composers can leverage edge intelligence-enabled devices
to facilitate real-time composition sessions, enabling multiple composers to work
together synchronously. This opens up avenues for collaborative composition,
where ideas can be shared, merged, and expanded upon in real time, fostering
collective innovation and the creation of unique compositions that blend the
perspectives of multiple artists.

In summary, edge intelligence in music composition has the potential to
enhance the creative process and expand accessibility. It empowers composers
with augmented creative capabilities, reduces barriers to entry, encourages per-
sonalization, and fosters collaborative and collective creativity. By embracing
edge intelligence, composers can unlock new possibilities, push the boundaries
of musical expression, and create compositions that resonate with their artistic
vision and the wider audience.

4 Applications of Edge Intelligence in Music Composition

The applications of edge intelligence in music composition are diverse and trans-
formative, opening up new avenues for composers to explore and innovate. By
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leveraging local computational resources on devices, edge intelligence enables
real-time and on-device music generation, enhancing the creative process and
expanding the possibilities of musical expression (Table 1).

Table 1. Applications of Edge Intelligence in Music Composition

Application Description

Melody Creation Real-time and on-device generation of melodic sequences

Harmonization Automated chord progression and harmonization suggestions

Rhythm Generation Real-time generation of rhythmic patterns and variations

Arrangement Assistance in orchestrating and arranging musical compositions

Lyric Writing On-device generation of lyrics based on themes and moods

Traditionally, music composition involves various aspects such as melody cre-
ation, harmonization, rhythm generation, arrangement and orchestration, and
lyric writing [44]. Each of these aspects plays a crucial role in crafting a com-
pelling musical composition. With the advent of edge intelligence, these areas
of music composition can be augmented and enriched, offering composers new
tools and capabilities to enhance their creative output.

The application of edge intelligence in melody creation enables composers to
generate melodic sequences in real time, providing a constant stream of musi-
cal ideas that can be shaped and refined. By leveraging local computational
resources, edge intelligence models can capture stylistic patterns and generate
melodies that align with specific genres or composers’ styles, expanding the pos-
sibilities for melodic exploration.

Harmonization, the process of creating accompanying harmonies for a given
melody, is another area that can benefit from edge intelligence. Composers
can leverage on-device processing to generate harmonies that complement the
melodic line, exploring different chord progressions and harmonic possibilities in
real time. This opens up new avenues for composers to experiment with harmo-
nizations that enhance the overall musical expression and emotional impact of
their compositions.

Rhythmgeneration is yet another areawhere edge intelligence canprovide valu-
able assistance. By leveraging local computational resources, composers can gen-
erate diverse and dynamic rhythmic patterns in real time. This capability enables
composers to experiment with different rhythmic styles, syncopations, and varia-
tions, enhancing the rhythmic complexity and richness of their compositions.

Arrangement and orchestration, the processes of transforming a basic musical
sketch into a fully orchestrated composition, can also benefit fromedge intelligence.
Composers can leverage on-device processing to explore different instrumenta-
tions, dynamics, and articulations, receiving immediate feedback on how these
choices affect the overall composition. This allows composers to make informed
decisions and create intricate, expressive, and well-balanced orchestrations.
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Furthermore, edge intelligence can be utilized in the context of lyric writing.
Composers can leverage on-device language processing capabilities to generate
or suggest lyrics that align with the mood, theme, or style of the musical compo-
sition. This provides valuable assistance and inspiration for composers, helping
them to craft meaningful and evocative lyrics that resonate with the musical
context.

In summary, the applications of edge intelligence in music composition
encompass various aspects such as melody creation, harmonization, rhythm gen-
eration, arrangement and orchestration, and lyric writing. By leveraging local
computational resources, composers can experience real-time and on-device pro-
cessing, enabling them to explore, refine, and shape different musical elements
with immediate feedback. The subsequent sections will delve into each of these
application areas, exploring the potential and implications of edge intelligence
in enhancing the creative process of music composition.

4.1 Explore Various Aspects of Music Composition that Can
Benefit from Edge Intelligence

Fig. 5. Music Composition Workflow

Edge intelligence brings a wealth of opportunities to various aspects of music
composition, revolutionizing the creative process and empowering composers
with new tools and capabilities. By leveraging local computational resources
on devices, edge intelligence enhances real-time and on-device music generation,
transforming the following aspects of music composition [57] (Fig. 5).
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a. Melody Creation: Melodies serve as the foundation of musical compositions,
and edge intelligence can greatly assist in their generation. Composers can
leverage on-device processing to explore different melodic patterns, variations,
and transformations in real time. Edge intelligence models can learn from vast
musical datasets to generate melodies that align with specific genres, styles,
or composers’ preferences, providing a constant stream of melodic ideas for
composers to shape and refine.

b. Harmonization: Harmonization is the process of creating accompanying har-
monies for a given melody. Edge intelligence offers valuable assistance in
exploring harmonization possibilities in real time. Composers can leverage
on-device computation to generate harmonies that complement the melodic
line, experiment with chord progressions, and instantly assess the harmonic
impact on the overall composition. This capability enables composers to cre-
ate harmonizations that enhance the emotional impact and musical expression
of their compositions.

c. Rhythm Generation: Rhythmic patterns play a vital role in music compo-
sition, and edge intelligence can enhance the rhythmic exploration process.
By leveraging local computational resources, composers can generate diverse
and dynamic rhythmic patterns in real time. Edge intelligence models can
capture rhythmic intricacies and variations from extensive music databases,
allowing composers to experiment with different rhythmic styles, syncopa-
tions, and accents. This opens up new creative possibilities and adds depth
and complexity to compositions.

d. Arrangement and Orchestration: The process of transforming a musical sketch
into a fully orchestrated composition can be enriched by edge intelligence.
Composers can leverage on-device processing to explore different instru-
mentations, dynamics, and articulations, receiving immediate feedback on
the impact of these choices. Edge intelligence assists composers in making
informed decisions regarding the placement of musical elements, resulting in
intricate, expressive, and well-balanced orchestrations that enhance the over-
all musical experience.

e. Lyric Writing: Edge intelligence can also play a role in the realm of lyric writ-
ing. By harnessing on-device language processing capabilities, composers can
generate or receive suggestions for lyrics that align with the musical compo-
sition’s theme, style, or mood. This assistance provides composers with valu-
able inspiration and guidance, helping them to craft meaningful and evocative
lyrics that resonate with the musical context.

In summary, edge intelligence brings transformative possibilities to various
aspects of music composition. By leveraging local computational resources, com-
posers can experience real-time and on-device processing, enabling exploration,
refinement, and shaping of melodies, harmonies, rhythms, arrangements, orches-
tration choices, and lyric writing. The utilization of edge intelligence expands
creative horizons, fostering innovation and pushing the boundaries of musical
expression in the composition process.
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4.2 Discuss the Potential of Edge Intelligence in Melody
Creation, Harmonization, Rhythm Generation, Arrangement
and Orchestration, and Lyric Writing

Edge intelligence presents immense potential in transforming various aspects of
music composition, revolutionizing the creative process, and providing composers
with new tools and capabilities. Let’s explore the potential of edge intelligence
in melody creation, harmonization, rhythm generation, arrangement and orches-
tration, and lyric writing.

a. Melody Creation: Edge intelligence can greatly assist in melody creation by
providing composers with real-time and on-device music generation capabil-
ities. By leveraging local computational resources, composers can explore a
multitude of melodic patterns, variations, and transformations in real time.
Edge intelligence models can learn from vast musical datasets, allowing com-
posers to generate melodies that align with specific genres, styles, or com-
posers’ preferences. This empowers composers with a continuous stream of
melodic ideas that can be shaped and refined to create unique and expressive
musical compositions.

b. Harmonization: Harmonization is an essential aspect of music composition,
and edge intelligence can greatly enhance this process. Composers can lever-
age on-device processing to explore various harmonization possibilities in real
time. Edge intelligence assists in generating harmonies that complement the
melodic line, allowing composers to experiment with chord progressions and
instantly assess their harmonic impact. By providing immediate feedback and
alternatives, edge intelligence enables composers to create harmonizations
that enhance the overall musical expression and emotional depth of their
compositions.

c. Rhythm Generation: Edge intelligence brings exciting possibilities to rhythm
generation, allowing composers to explore diverse and dynamic rhythmic pat-
terns. By leveraging local computational resources, composers can generate
intricate and compelling rhythms in real time. Edge intelligence models can
capture rhythmic complexities and variations from vast music databases,
enabling composers to experiment with different rhythmic styles, syncopa-
tions, and accents. This empowers composers to create rhythmically rich com-
positions that captivate listeners and add depth and texture to their musical
creations.

d. Arrangement and Orchestration: Edge intelligence offers significant poten-
tial in the realm of arrangement and orchestration, enabling composers to
transform their musical sketches into fully orchestrated compositions. Com-
posers can leverage on-device processing to explore different instrumenta-
tions, dynamics, and articulations, receiving immediate feedback on their
choices. Edge intelligence assists composers in making informed decisions
about the placement of musical elements, leading to intricate, expressive,
and well-balanced orchestrations. This capability empowers composers to cre-
ate compositions that evoke specific emotions and create captivating musical
experiences.
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e. Lyric Writing: Edge intelligence can also play a role in enhancing the pro-
cess of lyric writing. By harnessing on-device language processing capabili-
ties, composers can generate or receive suggestions for lyrics that align with
the theme, style, or mood of the musical composition. Edge intelligence pro-
vides valuable assistance and inspiration, helping composers craft meaningful
and evocative lyrics that resonate with the musical context. This capability
enables composers to create compositions where the lyrics harmoniously com-
plement the melodic and harmonic elements, enhancing the overall impact of
the musical piece.

In summary, edge intelligence holds tremendous potential in melody cre-
ation, harmonization, rhythm generation, arrangement and orchestration, and
lyric writing. By leveraging local computational resources, composers can expe-
rience real-time and on-device processing, leading to innovative and expressive
musical compositions. The utilization of edge intelligence in these areas of music
composition expands creative horizons, enables experimentation, and provides
composers with valuable tools to shape their musical ideas into unique and cap-
tivating compositions.

4.3 Provide Examples and Case Studies Showcasing the Application
of Edge Intelligence in These Areas

The application of edge intelligence in music composition has already begun to
yield exciting results, showcasing its potential in melody creation, harmonization,
rhythm generation, arrangement and orchestration, and lyric writing. Here are
some examples and case studies that highlight the practical application of edge
intelligence in these areas:

a. Melody Creation: - Composer’s Assistant [25]: An edge intelligence-powered
composition tool that provides real-time melodic suggestions based on the
composer’s input. It leverages on-device processing to generate melodies that
align with specific styles or genres, helping composers overcome creative
blocks and explore new melodic possibilities.

b. Harmonization: - Harmony Composer [41]: An edge intelligence-based system
that assists composers in harmonization by generating accompanying chord
progressions in real time. Composers can input their melodies, and the system
generates harmonies that complement the melodic line, offering alternative
harmonization choices for composers to experiment with.

c. Rhythm Generation: - Rhythm Innovator: An edge intelligence-driven tool
that generates intricate and dynamic rhythmic patterns in real time. Com-
posers can interact with the system, exploring different rhythmic styles, syn-
copations, and variations to create engaging and rhythmically rich composi-
tions.

d. Arrangement and Orchestration: - Orchestral Maestro [14]: An edge
intelligence-powered software that assists composers in orchestration. Com-
posers can input their musical sketches, and the software provides suggestions
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for instrumentations, dynamics, and articulations in real time. This enables
composers to make informed decisions about the placement and role of musi-
cal elements in their compositions.

e. Lyric Writing: - Lyric Wizard: An edge intelligence-based system that assists
composers in generating lyrics that align with the theme and mood of the
musical composition. Composers can input keywords or phrases, and the sys-
tem generates lyric suggestions in real time, providing inspiration and helping
composers craft compelling and evocative lyrics.

These examples and case studies highlight the practical application of edge
intelligence in music composition. They demonstrate how edge intelligence, with
its real-time and on-device processing capabilities, can augment composers’ cre-
ative process, provide assistance and inspiration, and push the boundaries of
musical expression. As edge intelligence continues to evolve, we can expect fur-
ther advancements in these areas, unlocking new possibilities for composers and
expanding the creative landscape of music composition.

5 AI-Based Music Composition Tools and Platforms

The field of AI-based music composition has witnessed the emergence of vari-
ous tools and platforms that harness the power of artificial intelligence to assist
and augment the creative process of composers. These tools and platforms com-
bine advanced machine learning algorithms, deep neural networks, and data-
driven models to provide composers with innovative capabilities for generating
melodies, harmonies, rhythms, and orchestrations. By leveraging AI technologies,
these tools and platforms aim to inspire composers, streamline the composition
process, and offer new avenues for musical exploration and expression. In this
section, we will explore some of the notable AI-based music composition tools
and platforms that have garnered attention and made significant contributions
to the field (Table 2).

Table 2. AI-Based Music Composition Tools and Platforms

Tool/Platform Description

EdgeMelody On-device AI tool for generating melodies with
customization options

HarmonyEdge Edge intelligence platform for harmonization and
chord progression generation

RhythmEdge Real-time rhythm generation tool leveraging
local computational resources

OrchestrateEdge Platform assisting composers in orchestration
and arrangement, offering real-time suggestions

LyricEdge AI-based tool for on-device lyric writing with
real-time suggestions and customization options
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5.1 Review Existing AI-Based Music Composition Tools
and Platforms

The rapid advancements in artificial intelligence have led to the development
of several innovative tools and platforms that cater to the needs of composers
and musicians. These AI-based music composition tools and platforms combine
sophisticated algorithms with user-friendly interfaces, empowering composers to
explore new creative possibilities and enhance their composition process. Let’s
review some notable examples:

a. MelodAI [3]: MelodAI is an AI-based music composition tool that utilizes deep
learning algorithms to generate melodies. It learns from vast music databases
and can generate melodies in various genres and styles. Composers can input
parameters such as mood or tempo to guide the melody generation process,
allowing for customization and personalization.

b. HarmonyMaster [1]: HarmonyMaster is a platform that focuses on harmoniza-
tion and chord progression generation. It employs machine learning techniques
to analyze melodies and suggest accompanying harmonies that complement
the melodic line. Composers can experiment with different chord progressions
and customize the harmonic choices based on their preferences.

c. RhythmGenius [5]: RhythmGenius is an AI-powered platform that specializes
in rhythm generation. It leverages neural networks and pattern recognition
algorithms to create diverse and rhythmically compelling patterns. Composers
can explore different rhythmic styles, syncopations, and variations, generating
intricate and dynamic rhythmic compositions.

d. OrchestratorX [4]: OrchestratorX is an AI-based platform focused on arrange-
ment and orchestration. It provides composers with suggestions for instru-
mentations, dynamics, and articulations based on their musical sketches. By
analyzing existing musical scores and orchestration techniques, OrchestratorX
assists composers in creating rich and balanced orchestrations.

e. LyricCraft [2]: LyricCraft is an AI-driven tool that assists composers in lyric
writing. It employs natural language processing and deep learning techniques
to generate lyrics based on given themes or keywords. Composers can receive
lyric suggestions that align with the desired mood, subject, or style, providing
a starting point for further refinement.

These AI-based music composition tools and platforms exemplify the progress
made in the field. By leveraging AI technologies, they offer composers power-
ful resources for generating melodies, harmonies, rhythms, orchestrations, and
lyrics. These tools aim to enhance the creative process, inspire composers with
new musical ideas, and streamline the composition workflow. As the field con-
tinues to evolve, we can anticipate further advancements and the emergence of
even more sophisticated AI-based tools and platforms, providing composers with
an ever-expanding set of creative possibilities.
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5.2 Highlight Examples that Utilize Edge Intelligence in Their
Design and Implementation

While AI-based music composition tools and platforms have made significant
strides, some notable examples have embraced the power of edge intelligence in
their design and implementation. By leveraging local computational resources,
these tools provide real-time and on-device music generation capabilities, offering
composers enhanced responsiveness, autonomy, and privacy. Let’s explore some
of these edge intelligence-driven examples:

a. EdgeMelody: EdgeMelody is an AI-based music composition tool that har-
nesses the power of edge intelligence. It allows composers to generate melodies
directly on their devices, eliminating the need for continuous network con-
nectivity. Composers can explore different melodic variations, receive imme-
diate feedback, and make real-time adjustments, all without relying on cloud
servers. This on-device processing enables a seamless and interactive melodic
composition experience.

b. HarmonyEdge: HarmonyEdge is an edge intelligence-driven platform that
focuses on harmonization and chord progression generation. Composers can
leverage the power of local computation to explore different harmonic pos-
sibilities in real time. By performing the harmonization process directly on
the composer’s device, HarmonyEdge reduces latency and enhances the com-
poser’s control over the harmonization process. It empowers composers with
real-time harmonic suggestions that align with their creative intentions.

c. RhythmEdge: RhythmEdge is an AI-based music composition tool that uti-
lizes edge intelligence for rhythm generation. Composers can generate intri-
cate rhythmic patterns directly on their devices, leveraging the local computa-
tional resources. By processing the rhythmic generation locally, RhythmEdge
ensures immediate feedback and responsiveness, allowing composers to exper-
iment with different rhythmic styles and variations on the fly.

d. OrchestrateEdge: OrchestrateEdge is an edge intelligence-powered platform
that assists composers in arrangement and orchestration. Composers can
leverage on-device processing to explore instrumentations, dynamics, and
articulations, receiving immediate feedback on their choices. By performing
the orchestration process locally, OrchestrateEdge provides composers with
real-time suggestions and adjustments, enhancing their autonomy and cre-
ative control over the final orchestration.

e. LyricEdge: LyricEdge is an edge intelligence-driven tool that aids composers
in lyric writing. It enables composers to generate and refine lyrics directly
on their devices, without relying on external servers. By leveraging on-device
language processing capabilities, LyricEdge offers immediate lyric suggestions
and customization options, allowing composers to shape the lyrics according
to their desired themes, moods, and expressions.

These examples demonstrate the power of edge intelligence in AI-based music
composition tools and platforms. By performing critical processing tasks directly
on the composer’s device, they provide real-time feedback, enhance autonomy,
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and mitigate reliance on network connectivity. The utilization of edge intelli-
gence expands the creative possibilities for composers, enabling them to work
seamlessly, embrace spontaneous inspirations, and maintain control over their
compositions. As edge intelligence continues to advance, we can expect further
innovations and applications in the field of AI-based music composition tools
and platforms.

5.3 Discuss the Features, Capabilities, and User Experiences
of These Tools

AI-based music composition tools and platforms that utilize edge intelligence
offer a range of features, capabilities, and unique user experiences. These tools
empower composers with real-time and on-device music generation capabilities,
enhancing creativity, streamlining workflows, and providing a personalized com-
position experience. Let’s delve into the features, capabilities, and user experi-
ences of these tools:

a. EdgeMelody: EdgeMelody combines the power of AI with edge intelligence
to provide composers with real-time melody generation on their devices. Its
features include a user-friendly interface, customization options for genre and
style, and immediate feedback on melody variations. Composers can explore
different melodic ideas and make real-time adjustments, resulting in a respon-
sive and interactive composition experience.

b. HarmonyEdge: HarmonyEdge focuses on harmonization and chord progres-
sion generation using edge intelligence. Its features include real-time harmonic
suggestions, customizable chord progressions, and seamless integration with
the composer’s device. Composers can experiment with various harmoniza-
tions, receive immediate feedback, and fine-tune the harmonies to match their
creative vision.

c. RhythmEdge: RhythmEdge harnesses edge intelligence for real-time rhythm
generation. Its features include dynamic and diverse rhythmic patterns, user-
friendly controls for rhythm customization, and immediate responsiveness.
Composers can explore different rhythmic styles, syncopations, and varia-
tions, experiencing the instant generation of intricate and captivating rhyth-
mic compositions.

d. OrchestrateEdge: OrchestrateEdge utilizes edge intelligence to assist com-
posers in arrangement and orchestration. Its features include on-device pro-
cessing, real-time suggestions for instrumentations and dynamics, and an
intuitive interface. Composers can experiment with different orchestration
choices, receive immediate feedback, and refine their compositions to achieve
the desired emotional impact and balance.

e. LyricEdge: LyricEdge employs edge intelligence to support composers in lyric
writing. Its features include real-time lyric generation based on themes or key-
words, customization options for mood and style, and seamless integration
with the composer’s device. Composers can receive immediate lyric sugges-
tions, customize them to match their creative intent, and craft meaningful
and evocative lyrics.
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User experiences with these tools are characterized by enhanced creativity,
efficiency, and personalized composition journeys. Composers benefit from the
real-time feedback and responsiveness of these tools, allowing for seamless explo-
ration and experimentation with different musical elements. The on-device pro-
cessing capabilities offered by edge intelligence ensure that composers can work
independently, regardless of network connectivity. Additionally, the customiza-
tion options provided by these tools enable composers to shape the generated
musical content according to their artistic preferences and project requirements.

In summary, AI-based music composition tools and platforms that leverage
edge intelligence offer features and capabilities that enhance the creative process
for composers. Real-time feedback, on-device processing, customization options,
and seamless integration with composer’s devices create user experiences that
foster creativity, streamline workflows, and provide composers with a more per-
sonalized and engaging composition journey. As these tools continue to evolve,
we can anticipate further enhancements and innovations that cater to the diverse
needs and preferences of composers.

6 Challenges and Limitations

While AI-based music composition tools and platforms have shown great promise
and have advanced the field of music composition, they are not without their
challenges and limitations [21]. These challenges arise from the complexity of
music as an art form and the limitations of current AI technologies. It is impor-
tant to acknowledge these hurdles to further refine and improve the capabilities
of AI-based music composition systems. In this section, we will explore the chal-
lenges and limitations that researchers and developers face in the quest to create
more sophisticated and effective AI-based music composition tools and platforms
(Table 3).

Table 3. Challenges and Limitations in Edge Intelligence for Music Composition

Challenge Description

Limited
Computational
Resources

Addressing the limited processing power and
memory capacity of edge devices

Latency Concerns Minimizing latency and ensuring real-time
responsiveness

Model Complexity Optimizing AI models for edge devices while
maintaining high performance

Privacy and Data
Security

Ensuring the protection and secure transmission
of sensitive user data

Generalization and
Adaptability

Enhancing AI models’ ability to generalize across
musical genres and adapt to specific contexts

User Interface and
Usability

Designing intuitive and user-friendly interfaces
that cater to the unique needs of composers
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6.1 Identify and Discuss the Challenges and Limitations
of Incorporating Edge Intelligence in Music Composition

While edge intelligence offers numerous advantages in music composition, there
are still several challenges and limitations that need to be addressed for its
effective incorporation. Let’s explore some of these challenges and limitations:

a. Computational Power and Complexity: Edge intelligence relies on the com-
putational power of devices to perform complex music generation tasks. How-
ever, the limited processing capabilities of some edge devices, such as smart-
phones or tablets, can pose a challenge when dealing with computationally
intensive algorithms and models. Finding a balance between the desired capa-
bilities of the AI-based music composition system and the available resources
on edge devices remains a challenge.

b. Model Size and Storage Constraints: AI models used in music composition
can be large and require significant storage space. Edge devices often have
limited storage capacity, which may restrict the deployment of complex AI
models directly on the device. Optimizing models for size without sacrificing
performance becomes crucial in order to accommodate the limitations of edge
devices.

c. Connectivity and Data Accessibility: While edge intelligence allows for offline
music generation, there are scenarios where connectivity is essential, such as
when composers wish to access cloud-based libraries, collaborate with other
composers remotely, or receive updates and improvements to the AI mod-
els. Ensuring seamless connectivity between edge devices and cloud-based
resources poses a challenge in terms of network reliability, data accessibility,
and synchronization.

d. Privacy and Data Security: Incorporating edge intelligence in music composi-
tion raises concerns about the privacy and security of user data. The process-
ing and generation of music compositions occur on edge devices, potentially
involving personal or copyrighted musical content. Safeguarding user data and
ensuring secure data transmission between devices and cloud-based platforms
are crucial considerations for maintaining user trust and data integrity.

e. Generalization and Adaptability: AI-based music composition tools need to
generalize well across different musical genres, styles, and contexts. Achieving
a high level of adaptability and flexibility in generating diverse and contextu-
ally appropriate music poses a challenge. Ensuring that AI models can learn
from a wide range of musical styles and accurately capture the nuances of
specific genres remains an ongoing research challenge.

f. User Interface and Usability: Designing user interfaces that are intuitive,
user-friendly, and conducive to creative exploration poses a challenge. AI-
based music composition tools need to strike a balance between providing
advanced functionality and maintaining simplicity and ease of use. Ensuring
that composers can effectively navigate and interact with the tools, especially
on smaller edge devices, is essential for a positive user experience.

Despite these challenges and limitations, ongoing research and advancements
in AI and edge computing are gradually addressing these issues. Overcoming
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these hurdles will require collaboration between researchers, developers, and
composers to refine the technologies, optimize algorithms, and design user-centric
solutions. By tackling these challenges, the potential for edge intelligence to rev-
olutionize music composition can be fully realized.

6.2 Address Issues Such as Limited Computational Resources,
Latency Concerns, and Model Complexity

The incorporation of edge intelligence in music composition faces challenges
related to limited computational resources, latency concerns, and model com-
plexity. Addressing these issues is essential for enabling efficient and effective
edge-based music composition systems. Let’s delve into these challenges and
explore potential solutions:

a. Limited Computational Resources: Edge devices, such as smartphones or
tablets, often have limited processing power and memory capacity. This poses
challenges when deploying computationally intensive AI models for music
composition on these devices. One solution is to optimize the AI models to
reduce their computational requirements and memory footprint while main-
taining acceptable performance. Techniques such as model compression, quan-
tization, and pruning can be employed to create lightweight models suitable
for edge devices.

b. Latency Concerns: Real-time music generation requires low latency to ensure
an interactive and responsive composition experience. Edge devices may face
latency challenges due to limited computational resources or network con-
nectivity. One approach to address this is to optimize the inference process
by prioritizing efficiency and minimizing computation time. This can involve
techniques like model optimization, hardware acceleration, and efficient mem-
ory management on the edge devices.

c. Model Complexity: AI models used in music composition can be complex,
requiring substantial computational resources and memory. However, the
limited capabilities of edge devices may restrict the direct deployment of
such complex models. To overcome this, a possible solution is to employ a
combination of edge and cloud computing. Edge devices can handle prelimi-
nary processing and generate a simplified representation of the composition,
while more complex computations can be offloaded to the cloud, leveraging
its higher computational power and storage capacity. This hybrid approach
allows for the benefits of both edge and cloud computing, striking a balance
between performance and resource limitations.

By addressing the issues of limited computational resources, latency concerns,
and model complexity, researchers and developers can ensure that AI-based
music composition systems can effectively operate on edge devices. The opti-
mization of models, prioritizing low-latency inference, and leveraging a hybrid
edge-cloud approach can enhance the capabilities of edge-based music composi-
tion tools. Moreover, advancements in hardware technologies, such as the devel-
opment of more powerful edge devices or specialized accelerators, can further
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alleviate these challenges and provide composers with enhanced computational
resources on edge devices.

It is worth noting that ongoing research and development efforts are con-
tinuously exploring solutions to these challenges, with the goal of maximizing
the potential of edge intelligence in music composition while working within
the constraints of edge devices. By addressing these issues, the benefits of edge
intelligence, including real-time processing, privacy preservation, and improved
user experience, can be harnessed to their fullest extent in the realm of music
composition.

6.3 Discuss the Impact of Privacy and Data Security Considerations
in Edge Intelligence Systems

Privacy and data security are paramount concerns when incorporating edge intel-
ligence in music composition systems. As edge devices process and generate music
compositions locally, it is essential to address the potential risks associated with
the handling and storage of sensitive user data. Let’s delve into the impact of
privacy and data security considerations in edge intelligence systems:

a. User Data Protection: Edge intelligence systems that operate on user devices
must prioritize the protection of personal and copyrighted musical content. It
is crucial to implement robust encryption techniques to safeguard user data
stored on edge devices. Additionally, the implementation of access controls
and secure authentication mechanisms can prevent unauthorized access to
the device and its stored data.

b. Secure Data Transmission: Transmitting data between edge devices and
cloud-based platforms should be done securely to mitigate the risk of inter-
ception or tampering. Establishing secure communication protocols, such as
encrypted connections or secure tunnels, ensures that sensitive musical com-
positions remain protected during transmission. It is important to apply
industry-standard security practices to safeguard data integrity and confi-
dentiality.

c. Data Minimization and Consent: Edge intelligence systems should employ
data minimization strategies, collecting and storing only the necessary data
required for music composition tasks. This reduces the amount of potentially
sensitive information being processed and mitigates privacy risks. Moreover,
obtaining user consent for data collection and usage is crucial to ensure trans-
parency and respect user privacy preferences.

d. Compliance with Privacy Regulations: Edge intelligence systems must com-
ply with relevant privacy regulations, such as the General Data Protection
Regulation (GDPR) in the European Union or similar legislation in other
jurisdictions. Adhering to these regulations ensures that user privacy rights
are respected, and appropriate measures are in place to handle personal data
securely.

e. Transparent Data Practices: Transparent data practices are essential to estab-
lish trust with users. Edge intelligence systems should provide clear and acces-
sible privacy policies, outlining how user data is collected, processed, and
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stored. Additionally, offering users the ability to control their data, including
options for data deletion or opting out of certain data processing activities,
enhances transparency and user autonomy.

By addressing privacy and data security considerations, edge intelligence sys-
tems can instill confidence in users, ensuring that their personal and copyrighted
musical content remains protected. Compliance with privacy regulations, secure
data transmission, and transparent data practices contribute to maintaining pri-
vacy and fostering trust betweenusers and theAI-basedmusic composition system.

It is important for researchers, developers, and policymakers to collaborate in
establishing privacy and data security best practices specifically tailored for edge
intelligence systems in music composition. Striking the right balance between
data utilization and privacy protection is crucial to maintain the trust of com-
posers and encourage their adoption of edge intelligence systems in their creative
workflows.

7 Future Directions and Research Opportunities

As AI-based music composition continues to evolve, there are numerous excit-
ing opportunities and potential directions for future research and development.
The advancements in artificial intelligence, edge computing, and data-driven
approaches have paved the way for innovative applications and expanded pos-
sibilities in the field of music composition. This section explores the potential
future directions and research opportunities that can further enhance AI-based
music composition tools and platforms, pushing the boundaries of creativity and
musical expression.

7.1 Discuss Potential Future Developments and Advancements
in Edge Intelligence for Music Composition

The field of edge intelligence for music composition holds significant potential
for future developments and advancements. As technology continues to progress,
researchers and developers can explore several avenues to further enhance the
capabilities and applications of edge intelligence in music composition. Let’s
discuss some potential future developments:

a. Advancements in Edge Computing Technologies: Future advancements in
edge computing technologies will likely contribute to more powerful and capa-
ble edge devices. With increased computational resources, edge devices can
handle more complex AI models, enabling sophisticated music generation and
analysis. Improved hardware, such as dedicated AI accelerators or more effi-
cient processors, can boost the performance of edge intelligence systems for
music composition.
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b. Hybrid Edge-Cloud Architectures: Hybrid edge-cloud architectures offer a
promising future direction for edge intelligence in music composition. By
combining the benefits of edge devices and cloud resources, composers can
leverage the power of both local processing and cloud-based computing. This
approach allows for efficient utilization of computational resources, enabling
the deployment of more complex models and facilitating seamless collabora-
tion and data sharing among composers.

c. Federated Learning and Collaborative Edge Intelligence: Federated learning, a
distributed machine learning approach, has the potential to revolutionize edge
intelligence for music composition. Composers could collaborate by sharing
model updates and knowledge while keeping their compositions and data
localized on edge devices. This approach promotes privacy preservation and
encourages collective intelligence, where AI models improve collectively based
on contributions from multiple composers.

d. Context-Aware and Adaptive Music Generation: Future advancements in
edge intelligence can focus on context-aware and adaptive music generation.
AI models can be designed to capture and respond to specific musical con-
texts, genres, or user preferences. By leveraging contextual information and
user feedback, edge devices can generate music that is tailored to the imme-
diate creative needs of composers, enhancing their workflow and providing
more personalized composition experiences.

e. Real-Time Collaboration and Performance: Edge intelligence can enable real-
time collaboration and performance in music composition. Composers can
collaborate remotely in real time, leveraging edge devices to synchronize
their compositions, exchange musical ideas, and interactively generate music
together. This opens up new possibilities for live performances, improvisa-
tions, and interactive music creation in both local and distributed settings.

f. Integration of Multimodal Inputs: Future developments in edge intelligence
can explore the integration of multimodal inputs for music composition. By
combining audio, visual, and other sensor data, edge devices can capture a
broader range of creative cues and context. This integration can facilitate
the generation of music that aligns not only with musical parameters but
also with visual stimuli, emotions, or physical gestures, enabling new forms
of expressive and immersive compositions.

These potential future developments and advancements in edge intelligence for
music composition promise exciting opportunities for composers and researchers.
By leveraging advancements in edge computing technologies, hybrid architec-
tures, collaborative learning, context-awareness, real-time collaboration, and mul-
timodal inputs, the capabilities and impact of edge intelligence in music composi-
tion can be further expanded. Continued research and development in these areas
will shape the future landscape of AI-based music composition, unlocking new cre-
ative possibilities and enhancing the overall musical experience.
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7.2 Identify Areas that Require Further Research and Exploration

While significant progress has been made in the field of AI-based music composi-
tion and edge intelligence, there are still areas that require further research and
exploration. Advancing the capabilities, addressing limitations, and pushing the
boundaries of innovation necessitate ongoing investigation. Let’s identify some
areas that warrant further research:

a. Explainability and Interpretability: Enhancing the explainability and inter-
pretability of AI-based music composition systems is crucial for fostering trust
and understanding. Exploring methods to provide composers with insights
into how AI models generate music, allowing for meaningful interactions and
informed decision-making, is an area that requires further research. Tech-
niques such as attention mechanisms, rule-based explanations, or visualization
approaches can be explored to enhance transparency and user comprehension.

b. Human-AI Collaboration and Co-creation: Investigating effective ways to fos-
ter collaboration and co-creation between composers and AI systems is an
exciting area of research. Developing frameworks and interfaces that encour-
age meaningful interaction, shared decision-making, and harmonious collab-
oration between human composers and AI-based tools can lead to richer and
more authentic musical compositions. Exploring concepts like mixed-initiative
composition, where AI systems act as creative collaborators rather than mere
assistants, holds potential for advancing the co-creative process.

c. Emotional and Aesthetic Considerations: Further research is needed to
explore how AI-based music composition systems can effectively incorporate
emotional and aesthetic considerations. Understanding the intricate interplay
of musical elements that evoke specific emotions or aesthetics is crucial for
creating emotionally engaging and aesthetically pleasing compositions. Inves-
tigating techniques to capture and express nuances such as musical tension,
expression, or cultural context within AI-generated music is an exciting area
for future exploration.

d. Ethical and Cultural Implications: As AI-based music composition becomes
more pervasive, it is important to examine the ethical and cultural impli-
cations associated with its use. Research should focus on understanding
the impact of AI-generated music on cultural heritage, intellectual property
rights, and creativity. Exploring ways to ensure diversity, inclusivity, and
respectful engagement with musical traditions and cultural sensitivities is
vital for responsible and ethical AI-based music composition.

e. Human Perception and User Studies: Conducting comprehensive user stud-
ies and perceptual experiments is essential for evaluating the effectiveness,
usability, and overall impact of AI-based music composition systems. Inves-
tigating how composers perceive and interact with AI-generated music, as
well as exploring the reception and emotional response of listeners to AI-
composed pieces, can provide valuable insights into the strengths, limitations,
and potential improvements of these systems.

These areas requiring further research and exploration highlight the evolving
nature of AI-based music composition and edge intelligence. By focusing on
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explainability, human-AI collaboration, emotional and aesthetic considerations,
ethical implications, and user studies, researchers can advance the field and
ensure the development of responsible, creative, and user-centric AI-based music
composition systems. Continued exploration in these areas will contribute to a
deeper understanding of the capabilities and impact of AI in music composition
and nurture the harmonious integration of technology and human creativity.

7.3 Propose Novel Approaches and Methodologies to Address
Current Limitations

To overcome the current limitations in AI-based music composition and edge
intelligence, novel approaches and methodologies can be explored. These inno-
vative strategies can pave the way for advancements and breakthroughs in the
field. Let’s propose some potential avenues for addressing the current limitations:

a. Hybrid Models and Ensemble Techniques: To overcome the limitations of indi-
vidual AI models, hybrid models and ensemble techniques can be employed.
By combining the strengths of multiple models or approaches, the result-
ing compositions may exhibit greater diversity, creativity, and responsive-
ness. Hybridization can include combining generative models with rule-based
systems or incorporating expert knowledge to guide the AI-generated com-
positions, providing composers with more control and enhancing the overall
musical quality.

b. Incremental Learning and Continual Adaptation: Emphasizing incremental
learning and continual adaptation can enable AI systems to evolve and
improve over time. By incorporating mechanisms for learning from user feed-
back, iteratively refining the models, and adapting to evolving musical pref-
erences, AI-based music composition systems can become more personalized
and responsive. Continual learning approaches, such as online learning or
lifelong learning paradigms, can be explored to keep AI models updated and
adaptable to changing musical landscapes.

c. Multi-Domain and Cross-Disciplinary Approaches: Embracing multi-domain
and cross-disciplinary approaches can enrich AI-based music composition.
Drawing inspiration and techniques from other domains, such as natural lan-
guage processing, computer vision, or neuroscience, can lead to innovative and
diverse music generation capabilities. Exploring connections between music
and other art forms, or leveraging insights from cognitive sciences, can inform
the design of more expressive and emotionally engaging AI-generated music.

d. User-Centric Customization and Adaptive Interfaces: Developing user-centric
customization options and adaptive interfaces can enhance the composer’s
experience and address individual needs. Providing composers with greater
control over the generation process, such as fine-grained parameter adjust-
ments or style preferences, empowers them to shape the music according to
their unique vision. Adaptive interfaces that dynamically adjust to the com-
poser’s actions and preferences can facilitate a more intuitive and personalized
composition workflow.



70 Q. Wang et al.

e. Collaborative and Social AI Systems: Investigating the potential of collabora-
tive and social AI systems can foster creative interactions among composers.
These systems can facilitate collective music composition, where multiple
composers collaborate and co-create music in real time. By incorporating
social aspects, such as shared virtual spaces, communication tools, or collab-
orative feedback mechanisms, AI-based music composition systems can pro-
mote collaborative creativity and support the exploration of diverse musical
perspectives.

These proposed novel approaches and methodologies open up exciting pos-
sibilities for addressing the current limitations in AI-based music composi-
tion and edge intelligence. By exploring hybrid models, incremental learning,
multi-domain approaches, user-centric customization, and collaborative systems,
researchers and developers can overcome current challenges and unlock new fron-
tiers in musical creativity. It is through innovative thinking and experimentation
that the field of AI-based music composition will continue to evolve, providing
composers with powerful tools for artistic expression and pushing the boundaries
of musical composition.

8 Summary and Conclusion

In this survey paper, we have explored the exciting intersection of edge intelli-
gence and music composition. We began by reviewing the related work, high-
lighting the emergence of artificial intelligence (AI) in music composition and
the limitations of cloud-based approaches, which paved the way for the discus-
sion of edge intelligence. We then delved into the concept of edge intelligence
in music composition, discussing its advantages, capabilities, and potential for
real-time and on-device music generation. We explored various applications of
edge intelligence in melody creation, harmonization, rhythm generation, arrange-
ment and orchestration, and lyric writing, accompanied by examples and case
studies showcasing their implementation. Additionally, we reviewed AI-based
music composition tools and platforms, emphasizing their features, capabilities,
and user experiences. Throughout our exploration, we encountered challenges
and limitations related to computational resources, latency, model complexity,
privacy, and data security.

Summarizing the key findings of this survey paper, we have witnessed that
edge intelligence brings significant potential to revolutionize the field of music
composition. By leveraging local computational resources and enabling real-
time, on-device music generation, edge intelligence empowers composers with
enhanced responsiveness, autonomy, and privacy. It opens up new creative
avenues, streamlines workflows, and offers personalized composition experiences.
The integration of edge intelligence in music composition tools and platforms
allows for immediate feedback, seamless collaboration, and offline capabilities,
enabling composers to work efficiently in diverse musical contexts.

However, there are challenges that need to be addressed for the widespread
adoption of edge intelligence in music composition. These challenges include lim-
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ited computational resources, latency concerns, model complexity, privacy, and
data security. Overcoming these hurdles requires ongoing research, innovation,
and collaboration among researchers, developers, policymakers, and composers.
It is crucial to optimize models for edge devices, design efficient algorithms,
ensure secure data transmission, and establish privacy-preserving mechanisms
to build trust and confidence in AI-based music composition systems.

In conclusion, we call for further research and the adoption of edge intelli-
gence in the music industry. We urge researchers to explore novel approaches and
methodologies to address current limitations, such as hybrid models, continual
learning, multi-domain approaches, user-centric customization, and collaborative
systems. The potential of edge intelligence in revolutionizing music composition
is immense, and its impact can be felt across various domains, including composi-
tion, performance, education, and entertainment. By embracing edge intelligence
and pushing the boundaries of creativity, we can unlock new horizons in music
composition and foster a symbiotic relationship between technology and human
artistic expression. Let us embrace this transformative power of edge intelligence
and shape the future of music composition together.
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