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Time++

If(time ==30)

use ssl for out of network //use ssl for every mounth
¥

TimeOscore=0 //the start of time (day)
For(i=0, i<=2:i++){

TimeOscore++

If(TimeOscore ==2)

use oscore key for local network //use ssl for every mounth
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Abstract: This article delves into the dynamic synergy between artificial intelligence (Al) and music
production, with a unique emphasis on the emotive aspects of musical creation. As Al continues to
redefine the landscape of various industries, its profound influence on the realm of music is undeniable.
In the context of advancing global economic and scientific standards, information technology has become
ubiquitous in various aspects of daily life. The contemporary emphasis on promoting educational
modernization facilitates the integration of intelligent music teaching, driven by the profound application
of artificial intelligence (Al) technology in education. Intelligent instructional design, underpinned by
Al technology, represents a seamless fusion of information technology with music pedagogy. This
amalgamation leverages Al's intelligent perception, learning analysis, and emotional computing
technologies to formulate a sophisticated model for intelligent music instruction. The establishment of an
online learning and education platform grounded in big data intelligence further enhances the educational
landscape. This platform not only offers educators a diverse array of teaching methodologies but also
furnishes students with personalized assessment and adaptive learning services. Such advancements
contribute to the enhancement of the efficiency of music teaching. While artificial intelligence has
exhibited remarkable success in strategic games by defeating world champions, it is imperative to
recognize that employing identical programming tactics may not be a judicious approach for creative
and ostensibly emotional artistic pursuits such as music composition. This study navigates the evolving
intersection of technology and artistic expression, shedding light on how Al algorithms are reshaping the
creative process. The research adopts an emotive approach, aiming to unravel the emotional impact of
Al-generated music on listeners. Through a combination of literature review, case studies, and critical
analysis, we explore the capabilities of Al in generating music that transcends mere algorithmic
precision, resonating with human emotions. This article contributes to the ongoing discourse surrounding
Al in the arts, offering insights into the transformative potential of technology in shaping the future of
music production and consumption.

Keywords: Artificial intelligence, music production, emotional approach, music cognition,
emotion, creativity, aesthetics.
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1.Introduction

Acrtificial intelligence (Al) refers to the capacity of a computer program or a machine to emulate
human cognitive processes, enabling it to learn and think in a manner akin to humans. Demonstrating a
certain level of human-like intelligence, Al is adept at executing various tasks and solving complex
problems. Coined during the Dartmouth Conference in 1956, the term "artificial intelligence" has gained
substantial prominence and efficacy in contemporary times, owing to increased data volumes,
sophisticated algorithms, and advancements in computing power and storage. The ongoing research in
artificial intelligence has already exerted a considerable influence on numerous major industries, with
the music industry standing out as a noteworthy example of such impact.

Music encompasses organized sounds created by humans, serving as a medium for social interaction,
expression, diversion, or the elicitation of emotion. Throughout history, individuals have composed
music as a means of articulating their thoughts. Simultaneously, music has captivated audiences by its
ability to evoke emotions. The recent significant progress in artificial intelligence (Al) introduces novel
avenues for the creation and comprehension of music [1].

The evolution of technology significantly impacts life, and innovation plays a pivotal role in shaping
the future. With the ongoing advancements in technology and culture, traditional methods of music
teaching and learning prove insufficient. Consequently, there is a pressing need to reconstruct
educational approaches, ushering in a new era characterized by intelligent teaching models empowered
by artificial intelligence (Al) technology. This paradigm shift represents the seamless integration of high
technology with educational science, marking a key goal in contemporary educational research. In order
to align with the rapid pace of the present era, embracing intelligent teaching becomes paramount.
Undertaking this historical task requires prioritizing teaching reform in education. The transformation
from conventional music education to intelligent music education is imperative, utilizing technologies
like artificial intelligence to foster the development of intelligent individuals and constructing a
scientifically informed educational framework. The intelligent teaching design model emerges as a
transformative approach, guiding the implementation of intelligent teaching and steering students
towards interdisciplinary, deep, and boundless learning [2].

The application of artificial intelligence technology becomes a driving force behind smart teaching. As
cybernetics pioneer Wiener aptly stated, "We have transformed our environment so thoroughly that we
must now transform ourselves in order to survive in this new environment." Education, in this context,
is not merely the transmission of external knowledge but the realization of wisdom from within.
Breaking away from traditional uniform educational forms becomes imperative, necessitating the
establishment of a smart education system compatible with the artificial intelligence era. The integration
of Al technology systematically upgrades the learning environment, content, teaching methods, and
management models, offering students a plethora of rich choices and a more personalized and precise
approach to acquiring wisdom. The realization of modern education is challenging without the
incorporation of intelligent education. Utilizing artificial intelligence (Al) technology transcends being
a mere showcase of teaching tools; it establishes a novel teaching ecosystem characterized by a people-
centric, symbiotic, mutually constructive, and shared approach. Intelligent education strives for equity,
extending education to all, tailoring it to individual personalities, and fostering a more open and flexible
educational landscape. By leveraging modern information technologies, such as artificial intelligence,
in smart teaching, the conventional teacher-textbook-student-book teaching model evolves into a high-
tech paradigm. This transformation employs elements like big data analysis, cloud desktops, cloud
classrooms, and human-computer interaction, offering diverse content and innovative methods to
actively engage students in learning activities [2].

The intelligent teaching environment is shaped by the rapid mobile 5G network, various big data
resources, and emerging artificial intelligence technologies. Intelligent teaching, as facilitated by the new
generation of information technology, fundamentally alters the utilization of teaching materials.
Informatization assists teachers in intelligently preparing lessons, analyzing and mastering their subjects,
ultimately presenting teacher-student interactions through tablets and computer devices. The teaching
philosophy of "student-oriented, learning-based teaching" permeates the entire learning process, with
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artificial intelligence technology and equipment serving students' educational needs. Through the
feedback and analysis of extensive learning data, teachers gain prompt and precise insights into
challenging knowledge points for students in a given class. This allows for targeted teaching based on
individual aptitudes and the effective addressing of learning disparities. The primary transformative
impact of the integration of artificial intelligence technology is the empowerment of teaching processes.
The implementation of electronic teaching plans eliminates the need for teachers to engage in repetitive
copying tasks. Teachers gain the flexibility to reorganize high-quality resources as needed, alleviating
their workload and allowing them to invest additional time and resources into offering personalized,
micro-tutoring for students, thereby enhancing teaching efficiency. Students are actively involved in
selecting preferred subjects and chapters for self-directed learning through computers or mobile devices.
They can conduct targeted analyses and engage in additional exercises to address incorrect answers,
fostering a heightened sense of enthusiasm and initiative in the learning process. The conventional
practice of teachers individually posing questions is replaced by students using tablets to respond, with
real-time feedback visible to teachers through electronic whiteboards. This approach ensures efficient
and targeted teaching, fostering high student interest, automatic participation, and robust interaction,
thereby rendering the teaching process more dynamic and scientifically informed. Additionally, the
system can automatically calculate answer correctness rates, aiding teachers in analyzing the teaching
situation. The incorporation of various intelligent tools significantly reduces the repetitive tasks for
teachers and markedly enhances classroom efficiency [2].

Numerous information platforms on the Internet serve as repositories for educators who generously
share their meticulously crafted courseware and teaching resources. This altruistic contribution
establishes a rich repository of cloud-based classrooms, course materials, and resources, fostering a
collaborative and mutually beneficial environment for shared learning and educational cooperation.
Notably, the traditional classroom model has undergone substantial transformations, with certain
platforms enabling synchronous classes across various global locations. The original altruistic intention
of imparting boundless knowledge exemplifies a profound respect for knowledge, affirming that
knowledge transcends boundaries and learning is limitless.

The manner in which students practice has also evolved, as mobile phones or tablets facilitate online
practice, allowing teachers to receive timely feedback. Teacher evaluations have undergone significant
changes, with software capable of seamlessly assessing and providing feedback on student performance.
Similarly, examination methods have been revolutionized, employing answering software to
automatically compile statistics on student responses, thereby offering swift and accurate data for
teachers to analyze test papers and assess examination quality. The incorporation of artificial intelligence
technology into smart teaching designs represents not only an advancement in teaching methods and
technology but also an enrichment of knowledge and a paradigm shift in teaching concepts. Smart
teaching's development, encompassing the dimensions of time, space, and equitable education, caters to
both high-achieving students, providing a broader scope for advancement, and intelligent support. This
approach ensures that the most efficient and rational methods are employed throughout various stages
of talent development, adapting to diverse situations. The seamless integration of artificial intelligence
technology and smart teaching design effectively addresses the deficiencies of traditional education,
prioritizing the cultivation of students' abilities, enhancing their information literacy, catering to
individualized learning needs, and realizing the objectives of smart education [2].

The machine learning mechanism is adept at extracting features from data, facilitating informed
decision- making. It typically falls into categories such as supervised learning, unsupervised learning,
and reinforcement learning. Supervised learning involves labeled data, whereas unsupervised learning
deals with unlabeled data. Reinforcement learning (RL) incorporates evaluative feedback. Deep
learning, a subset of machine learning, is integrated with RL in what is known as Deep RL. In the context
of RL, an agent engages with the environment, refining an optimal policy through trial and error. At
each time step, the agent receives a scalar reward and transitions to the next state based on environmental
dynamics. Additionally, a discount factor gauges the impact of future rewards. RL formulations for state
and action spaces can be discrete or continuous, and RL problems may be deterministic, stochastic,
dynamic, or adversarial, as seen in certain games [3].
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The Fuzzy Markup Language (FML) stands out as the inaugural standard introduced by the IEEE
Computational Intelligence Society (CIS). It serves as a robust Al tool, empowering domain experts to
seamlessly craft real-world applications by incorporating their personal experience and existing
knowledge into the rule base and knowledge base of FML. Furthermore, the development of intelligent
agents constitutes a crucial aspect within the Al landscape. Recent proposals have showcased numerous
real-world applications grounded in FML and intelligent agents, spanning domains such as diet
management, healthcare, e-learning, university assessment, Go game, and others [3].

While the impact of consciously controlled thought on the modulation and regulation of emotions is
well- established, the reciprocal influence of emotions on thought remains a less explored and understood
area. Consequently, there has been a recent initiation of research into the effects of music-evoked
emotions on cognition. Given that music possesses the capacity to evoke powerful emotions, and
individuals typically exhibit diverse music tastes and preferences, studies such as Balasubramanian et
al.'s examination of participants’ dynamic emotional responses to self-selected music through
Electroencephalography (EEG), and Deng et al.'s extraction of users' emotions from microblogs for
music recommendation, have emerged. The integration of biosensor technology and mobile EEG
interfaces has further expanded the possibilities for cognitive monitoring. The field of Brain-Computer
Interface (BCI) has introduced a non-muscular channel for transmitting messages and commands to the
external world. While historically focused on developing communication and control technology for
individuals with severe neuromuscular disorders, contemporary BCI applications now extend to areas
such as the real-time detection of a driver's cognitive state, necessitating immediate attention [3].

2.History of artificial intelligence in music

The concept of sentience finds its roots in the Latin term "sentire," denoting the ability to sense or
feel. Sentience, as per Merriam-Webster, is the quality of being "responsive to or conscious of sense
impressions." In simpler terms, it entails the capability to perceive one's surroundings. However, mere
sensing, as demonstrated by a thermometer detecting temperature or a light switch discerning its on/off
status, does not confer sentience. The distinctive aspect that may render humans sentient lies not merely
in the capacity to feel but rather in the ability to empathize, as suggested by Keltner et al. Despite
variations in definitions, it is commonly accepted that humans possess sentience, while the prevailing
consensus asserts that computers lack this attribute. Nevertheless, if Artificial Intelligence (Al) can
interpret human creations expressing emotions, and machine learning empowers Al to generate original
compositions based on such interpretations, then creations of artificial intelligence may indeed convey
emotions as well [4].

Humans convey their emotions through various mediums, including facial expression, speech,
literature, music, and art. While Al can algorithmically replicate these forms of expression, the
fundamental question arises as to whether the emotions elicited are genuinely its own, given that the Al is
essentially choosing emotions based on an algorithm. It is noteworthy, however, that humans also derive
their emotions from internal algorithms, albeit highly intricate ones. This acknowledgment does not
diminish the value of human emotions or the concept of sentience. On the contrary, it underscores the
remarkable nature of emotions like love and happiness emerging from a complex algorithm rather than
spontaneously emerging. If the human mind is viewed as a sophisticated algorithm, then emotional
expression in humans can also be perceived as algorithmic. It raises the possibility that the masterpieces
of Mozart, Michelangelo, Shakespeare, and Van Gogh might not be spontaneous acts of creativity but
potentially algorithmically generated by the minds of their creators. The perceived distinction between
Al and humans may ultimately rest on the complexity of their respective algorithms [4].

In 1951, the British mathematician Alan Turing achieved a historic milestone by creating computer-
generated music. Turing, renowned for his roles as a computer scientist, philosopher, and cryptologist in
breaking the Nazis' Enigma code, accomplished this feat at the Computing Machine Laboratory in
Manchester, England. The recording, dating back 69 years, was captured by a BBC outside-broadcast
unit. Turing himself constructed the machine responsible for generating melodies, which occupied a
significant portion of the laboratory's ground floor. Various tunes, including "God Save the King" and
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"Baa, Baa Black Sheep," were produced. Although Turing initiated the programming of the initial
musical notes on the computer, the task of arranging them into melodies was carried out by a school
teacher named Christopher Strachey. Subsequently, in 1957, composer Lejaren Hiller and
mathematician Leonard Isaacson, affiliated with the University of Illinois at Urbana- Champaign,
utilized the ILLIAC 1 (lllinois Automatic Computer). This marked the first instance of a computer
entirely owned and built by a United States educational institution, to generate compositional material.
The outcome was the musical work titled "llliac Suite for String Quartet," representing a pioneering
example of a composition entirely authored by artificial intelligence. In 1960, Russian researcher R. Kh.
Zaripov made a groundbreaking contribution by publishing the world's first paper on algorithmic music
composition using the URAL-1 computer, titled "An algorithmic description of a process of musical
composition.” In 1965, American inventor Ray Kurzweil showcased a computer-generated piano piece
during the premiere, demonstrating the machine's capability in pattern recognition across various
musical compositions. The computer, equipped with this feature, could analyze and utilize these patterns
to generate novel melodies. The debut occurred on the "I've Got a Secret" program hosted by Steve
Allen, and it posed a challenge to the hosts until film star Henry Morgan successfully guessed Ray's
secret. In 1973, the MIT Experimental Music Studio (EMS) was established by Professor Barry Vercoe,
marking the world's first facility dedicated to digital computers for continuous research and production
of computer music. The EMS played a pivotal role in the development and exploration of significant
computer music technologies, encompassing real-time digital synthesis, live keyboard input, graphical
score editing, and programming languages tailored for music composition and synthesis. In 1974, the
inaugural International Computer Music Conference took place at Michigan State University in East
Lansing, USA [5].

The International Computer Music Conference (ICMC) has since evolved into an annual gathering
for computer music researchers and composers, overseen by the International Computer Music
Association (ICMA). In 1975, N. Rowe, a researcher from the MIT Experimental Music Studio, authored
a paper titled "Machine perception of musical rhythm." This work introduced a system for intelligent
music perception, enabling musicians to fluently play on an acoustic keyboard while the machine
deduces and records aspects such as meter, tempo, and note duration. By 1980, David Cope, an American
composer and scientist from the University of California, Santa Cruz, developed the Experiments in
Musical Intelligence (EMI) system. EMI, founded on generative models, analyzed existing music to
generate new compositions. Representing a significant breakthrough, EMI has produced over a thousand
distinct works based on compositions from more than 30 composers across various musical styles. The
establishment of the Sony Computer Science Laboratories (Sony CSL) was a pivotal development,
dedicated to conducting research in computer science and subsequently recognized as a milestone in the
field of Artificial Intelligence music research. In 1995, musician David Bowie collaborated with
programmer Ty Roberts to create the "Verbatizer" app, designed to randomly rearrange words from
literary source material, generating novel combinations suitable for use as lyrics. The outcomes of this
collaboration found their way into several David Bowie albums subsequently. Established in 1997, the
Music Research Team project at the Sony Computer Science Laboratory Paris was initiated by French
composer and scientist Frangois Pachet. Pachet led research endeavors in the intersection of music and
artificial intelligence, resulting in the development of various technologies, encompassing over 30
patents, focusing on electronic music distribution, audio feature extraction, and music interaction [5].

In 2002, researcher Frangois Pachet, situated at the Sony Computer Science Laboratory, introduced
a novel algorithm named the "Continuator.” This innovative creation demonstrated the capability to learn
and engage in interactive sessions with live musicians. Notably, the Continuator could seamlessly
continue composing a musical piece from the point where the live musician ceased their performance. In
2009, a computer program named Emily Howell, designed by David Cope, a music professor at the
University of California, Santa Cruz, generated an entire music album titled "From Darkness, Light."
Emily Howell functions as an interactive interface that not only records but also incorporates feedback
from listeners, autonomously constructing musical compositions sourced from a designated database.
The year 2010 witnessed the creation of the first fragment of a musical composition known as "lamus'
Opus One." This fragment marked the inaugural instance of a professional contemporary classical music
piece composed entirely by a computer Al in its distinctive style. lamus, a computer cluster located at the
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Universidad de Malaga, utilizes Melomics' technology. Remarkably, the composing module of lamus is
capable of generating a complete composition in various musical formats within approximately 8
minutes. In 2012, the computer program Emily Howell produced her second music album titled
"Breathless." n 2016, researchers from the Sony Computer Science Laboratories introduced a novel Al-
generated track titled "Daddy's Car." Sony had been actively engaged in Al-generated music for an
extended period, having previously achieved success in creating impressive jazz compositions using Al.
However, this marked the first instance where Sony CSL Research Laboratory released pop music
composed entirely by Al, and the outcomes were notably commendable. The Al software, known as
"Flow Machines," crafted the song by drawing from an extensive database of songs to create new
compositions, integrating small elements from numerous tracks. While the initial inspiration was drawn
mainly from The Beatles' original pieces, the subsequent arrangement was carried out by live musicians.
Also in 2016, the IBM Watson computer system, in collaboration with musician and producer Alex Da
Kid, collaborated to compose a melancholic emo song titled "Not Easy." Utilizing vast amounts of data
from articles, blogs, and social media, IBM Watson analyzed prevalent topics and assessed the overall
emotional mood at the time. Combining artificial intelligence with sophisticated analytical software,
IBM Watson operates as a "question-answering" machine and was named after IBM's founder, Thomas
J. Watson. In 2017, American Idol alum Taryn Southern launched her album titled "I AM Al," entirely
composed by an artificial intelligence. Southern utilized the Al music composer tool developed by
Amper Music for this project. Essentially, Amper's software employs internal algorithms to generate sets
of melodies aligned with a specified music genre and mood. Amper played a foundational role in
creating the basic music structures, while the remaining components, including lyrics, were the
creative work of Taryn Southern. The initial song produced under this collaboration was titled "Break
Free." [5].

In 2019, the company Dadabots established a continuous 24/7 YouTube live stream featuring heavy
death metal music entirely generated by Al algorithms. It is noteworthy that the company had previously
produced several Al music albums before the introduction of this live stream. Also in 2019, Icelandic
singer and songwriter Bjork partnered with Microsoft to craft Al-generated music named "Korsafn,"
influenced by changing weather patterns and the sun's position. The composition plays continuously in
the lobby of "Sister City," a hotel in New York's lower east side. Korsafn utilizes sounds from Bjork's
musical archives compiled over the last 17 years to generate new arrangements. Employing Microsoft's
Al, the music adapts to sunrises, sunsets, and fluctuations in barometric pressure using a live feed camera
from the hotel building roof. This continuous adaptation produces an endless array of variations, creating
a weather-associated mood for hotel guests. Additionally, the project aims to train Microsoft's Al to
better recognize various weather elements, including clouds, snow, rain, clear sky, and birds, under
different lighting and seasonal conditions [5].

As the 21st century progresses, the demarcation between human capabilities and artificial intelligence
(A is steadily diminishing. Advances in neuroscience suggest that human cognitive processes may
possess a more algorithmic character than previously conceived. Moreover, the integration of machine
learning is drawing Al closer to humanity than ever before. This evolution prompts a need for research
that explores the unexplored realm existing between human capabilities and Al, seeking a deeper
understanding of the authentic nature of sentience and the fundamental essence of human existence [4].

3.Development and Importance of Music Technology

The evolution and significance of music technology have profoundly transformed the landscape of
music education and production. Contemporary online technologies have introduced new opportunities
for students to acquire musical knowledge, yet the role of the instructor remains pivotal in modern music
education. This article aims to explore the potential for individuals to acquire and apply musical expertise
through online and app-based technologies within the current musical environment. The advancement
of music technology has given rise to various non-acoustic methods for music production, such as
electronic synthesis and techno. This development has significantly altered the processes of composing,
performing, producing, and consuming music. As rightly stated by General Secretary Xi Jinping, "Fine
arts, art, science, and technology complement and promote each other". The integration of technology
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into music education has the potential to enhance learning experiences, engaging students in more
interactive and enjoyable ways. Digital educational technologies are gaining increasing prominence in
musical-instrumental education, offering unprecedented opportunities for future music teachers to
improve teaching methods and create a digital artistic environment in the classroom. Through the
incorporation of scientific computing visualization and computer music technology, music education can
become more dynamic and engaging, fostering a deeper connection between students and music. The
influence of artificial intelligence (Al) technology on music education has been substantial, introducing
innovative elements to the processes of composing, performing, producing, and consuming music.
However, achieving a harmonious balance between technological advancements and human interaction
is crucial in the realm of music education. Music educators are encouraged to adapt, acquire new skills,
and reassess their methodologies in light of extensive technological shifts. The integration of technology
should enhance the educational experience, preserving the human element and fostering creativity within
music education [6].

The STEAM (Science, Technology, Engineering, Arts, and Mathematics) approach has explored the
integration of technology in music education, suggesting that the combination of arts education with
other disciplines can render music education more effective and enduring. The evolution of technology
necessitates adjustments in teaching methods and strategies to actively engage students in the digital era.
The utilization of technology in music education has expanded to encompass music creation and
management. The development of intelligent music management systems utilizing deep convolutional
neural networks has yielded positive outcomes, notably enhancing students' interest and understanding
of music. Additionally, employing blockchain network settings to construct music emotion models
stands as a promising strategy to enhance multimedia networks and human-computer interaction. The
evolution and significance of music technology have brought about a revolution in music education and
production. Modern online technologies, deep learning, artificial intelligence, and digital educational
technologies have ushered in new opportunities for learning, creating, and experiencing music. While
technology plays a crucial role in augmenting the learning experience, it is imperative to acknowledge
the significance of teachers and human creativity in music education. The integration of technology
should strive to enhance the learning process while preserving the essence and emotional connection
inherent in music. The ongoing advancement and exploration of music technology are poised to
profoundly influence the future landscape of music education and production [6].

In recent decades, substantial strides have been made in artificial intelligence and machine learning,
giving rise to intelligent music applications. These applications leverage methodologies like deep neural
networks to analyze and generate music in novel ways. Research has indicated that music can have
beneficial effects on cardiac function and inflammatory responses. Intelligent applications in music
therapy aim to personalize music selection and interventions based on an individual's physiological
state and response. For instance, applications monitoring heart rate and inflammatory biomarkers could
dynamically adjust music selection to optimize therapeutic benefits. Intelligent systems for
recommending music constitute a prominent research area. Collaborative filtering, a widely employed
recommendation technique, relies on the connections between users and items, incorporating a scoring
function that considers the similarity of users and music. This approach has proven effective in providing
recommendations based on the preferences of comparable users. Additionally, Al-powered music
generation applications have surfaced, aiming to produce original music in the style of a specific artist or
genre. These systems analyze extensive datasets of musical scores to comprehend patterns and structures
distinctive to various styles, enabling them to create novel compositions aligned with these learned styles.
Ongoing research by Zhao (2022), Shang & Shao (2022), and Xu (2020) explores how Al and machine
learning can offer fresh insights into the biology and neuroscience of music and auditory perception,
with an emphasis on objectivity and clarity in conveying technical terms and causal connections between
statements. The focus is on modeling how the ear and brain process music to enhance understanding of
music perception and cognition. The adherence to conventional structure, formal register, precise
language, and grammatical accuracy aims to elevate the quality of academic writing. The utilization of Al
in music applications has the potential to transform our encounters with, creation of, and therapeutic
experiences with music. The emergence of these applications marks an exciting new phase in the
intersection of music and technology [6].
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Previous investigations in this domain have explored the realm of artificial intelligence (Al)-driven
composition, specifically focusing on music generation through various algorithms. An illustrative
instance, exemplifying the integration of three established Al-based composition approaches, is the
MAGMA system. This system functions by generating musical notes based on three researched
algorithms. Numerous compositional systems have followed a similar trajectory, with considerable
research attention directed towards areas such as diverse methods for initiating compositions and the
behavior of different algorithmic types. A common attribute among these systems is the distinct point at
which user interaction concludes, and all subsequent work is executed by the Al system. This contrasts
with systems involving the compositional process between two or more human beings, where the process
is likely to be iterative. An examination of current technology revealed several companies claiming to
have developed collaborative Al for songwriting purposes. However, in most instances, Al was employed
to initiate the musical groundwork upon which human participants built. Three instances of systems
purportedly involving collaboration between humans and Al or algorithmic processes were scrutinized:
‘Generative Music', '"Amper’, and 'Flow Machines'. Brian Eno coined the term 'generative music,' defining
it as music created by a system in constant evolution. It involves establishing conditions and allowing the
system to autonomously evolve the music. Eno's album 'Generative Music 1' from 1996 was produced
using SSEYO Koan, a music production program functioning similarly to MIDI sequencing and
developed by Tim and Peter Cole. This program collaborated with various other SSEYO Koan products,
among which was the SSEYO Koan Music Engine (SKME). SKME, operating in real- time, served as
a generative music engine within the Koan system. Functioning as a plugin, SKME had the capability to
generate unpredictable and unique pieces of music [7].

Amper, originally designed as a music composition tool for crafting film soundtracks, operated on
an algorithm utilizing attributes like 'mood,' 'length," and 'style' to compose music. Essentially, Amper
represented a rule-based composition system, with users establishing the rules, and the software
subsequently executing them. The user's interaction with the software involved making creative
decisions based on the ideas generated by the software. In this context, Amper functioned more as a
generative music tool than a collaborative one. Flow Machines, initiated by Sony Computer Science
Laboratories, was a collaborative compositional venture inspired by Mihalyi Csikszentmihalyi's concept
of 'Flow States," representing a psychological state achieved during certain activities, particularly
creative work. Csikszentmihalyi observed that a ‘flow' state occurred when individuals with high skill
levels faced challenges at an elevated difficulty level in their chosen activity. Absence of a flow state
was noted when practitioners lacked sufficient skill or the chosen activity lacked challenge. If
practitioners had excessive or insufficient skill relative to the presented challenge, a flow state was not
experienced. Flow States were commonly reported by artists who had honed their practice to a level
where they possessed a distinctive "style™ in their art. Flow Machines, as an algorithmic collaborative
songwriting system, was grounded in the concept of Flow States. It operated on the premise that users
could enhance their own "style" by experimenting with the "styles" of renowned artists. Utilizing a
database of information derived from these practitioners and an algorithm incorporating Markov
constraints, the system generated music or literature. This approach allowed users to engage in
collaborative writing with the renowned practitioner, expediting the development of a unique style
compared to the natural progression of stylistic evolution [7].

4.Music Production and Composition Applications

The significance of music production and composition applications has grown within the music
industry, employing diverse technologies and methodologies to enhance creative and production
processes. This segment investigates several aspects of these applications, encompassing augmented
reality, sensor technologies, virtual reality, and artificial intelligence (Al) techniques. Augmented reality
(AR) has proven its capability to enhance customer experiences across various sectors, including the
music industry. For example, in an upscale restaurant, AR can elevate the dining experience by providing
multiple sensory stimuli such as textured tableware, pleasant fragrances, and soothing music. This has
the potential to generate heightened customer interest and intention, thereby increasing the perceived
value of the overall experience or product. Artificial intelligence (Al) has brought about transformative
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changes in the music industry, particularly in composition, production, and performance domains. Al is
employed in diverse ways within music, ranging from composing music based on input expressions,
images, and humming to providing music recommendations through big data analysis to predict the
potential success of musical compositions. Furthermore, Al is utilized in music streaming services for
tasks such as information retrieval and music recommendation. In the domain of music production, there
has been notable progress in virtual reality (VR) technology. VR offers a unique and captivating
experience for musicians and composers, providing them with the ability to engage with virtual
instruments and create music within a virtual environment. This technological advancement empowers
musicians to explore diverse sounds and effects, enhancing their creative capabilities and expanding their
musical horizons. Music production and composition applications extend beyond professional musicians
and composers, finding practical utility in music education to enhance students' musical skills and
creativity. These applications encompass music production software, virtual instruments, note input
programs, and other composition tools. By integrating technology into music education, students gain the
opportunity to develop and express their musical ideas in innovative and unprecedented ways. The
landscape of music production and composition applications has profoundly reshaped the music industry.
The incorporation of augmented reality, sensor technologies, artificial intelligence, and virtual reality has
introduced new dimensions for musicians and composers. These applications enhance the music creation
and production processes, fostering greater creativity and innovation. Additionally, they have been
integrated into music education to nurture students' musical abilities and ignite their creative spark. With
ongoing technological advancements, further strides in music production and composition software are
anticipated.

5. Method

The exploration into the transformative impact of Artificial Intelligence (Al) on music production and
its emotional dimensions is facilitated by a meticulous library research methodology. This method
involves an exhaustive review of scholarly articles, books, and relevant publications, providing a
comprehensive foundation for understanding the evolution and implications of Al in the music domain.
By synthesizing information from a diverse array of sources, ranging from historical analyses to
contemporary scholarly perspectives, our approach aims to construct a nuanced narrative that captures the
essence of Al's role in shaping musical creation and eliciting emotional responses. This library-based
investigation allows for a panoramic view of the subject, drawing upon the collective insights of experts and
scholars to illuminate the intricate interplay between Al, music production, and the emotional resonance
embedded within this evolving intersection of technology and art.

5.1. Al music today

Despite more than six decades passing since the inception of experiments with algorithmic Al music
composition, many music experts and researchers view this technology as being in its early stages.
Nevertheless, artificial intelligence has already started to reshape the global music industry and business
landscape, impacting various significant aspects of the field. Al is undeniably altering the perspectives of
businesses regarding work, day-to-day operations, and overall business models. Presently, a rapidly
growing industry has emerged, offering diverse Al services worldwide for music creation, processing,
and analysis. Numerous services and applications have arisen, with one notable example being Flow
Machines by Sony CSL. This project, funded by the European Research Council and coordinated by
Francois Pachet, focuses on achieving augmented creativity for artists in music. Flow Machines aims to
research and develop artificial intelligence systems capable of autonomously generating music or
collaborating with human artists. Amper Music offers a cloud-based platform designed to streamline the
creation of soundtracks for movies and video games. The platform utilizes Al-generated algorithms to
assist users in generating music across various genres. Amper's service provides an Al music tool that
performs, composes, and produces customized music for media content. The web application allows
creators to select composition style, mood, and length, tailoring it to suit their content without requiring
additional musical knowledge or skills [5].
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Google Magenta, a research project initiated by Google, stands at the forefront of the Al and Machine
Learning field. Magenta explores the role of machine learning in the artistic and musical creation process.
Although initially started by researchers and engineers from the Google Brain team, the project has seen
significant contributions from numerous others. The project has led to the development of new deep
learning and reinforcement learning algorithms aimed at generating songs, images, drawings, and
various other creative materials. AIVA Technologies, the creator of a soundtrack-producing artificial
intelligence music engine platform called Aiva, empowers composers and creators to generate original
compositions or upload existing work for the creation of new variations. The AIVA Technologies team
is actively engaged in developing an Al script capable of composing emotionally charged soundtracks
suitable for advertisements, video games, or movies. Beyond facilitating the creation of music from the
ground up, AIVA can also generate diverse variations of pre-existing songs [5].

IBM Watson Beat is a project by IBM that employs creatively mathematical methods to mimic the
principles of music theory, utilizing them to compose rhythms and melodies. Its open-source code is
accessible on GitHub, and it employs two machine learning methods in its composition process:
reinforcement learning, which utilizes modern Western music theory principles to create reward
functions, and a Deep Belief Network (DBN) trained on a simple input melody to generate a complex
and layered melody. Melodrive stands out as a real-time adaptive music generator tailored for
interactive media, including applications in interactive exp eriences, video games, and music branding.
The generator produces music that dynamically adjusts to its media environment, seamlessly
transitioning through emotions, speeding up, slowing down, and adapting to provide users with an
optimal experience. As one of the pioneering artificial intelligence systems capable of composing
emotional and distinctive music in real time, Melodrive utilizes Al to generate music that aligns with
the mood and overall style of the accompanying video. Brain FM is a web and mobile application
designed to deliver ambient music to enhance rest, relaxation, and focus. Crafted by a collaborative team
of engineers, entrepreneurs, musicians, and scientists, the company's music engine leverages Al to
structure musical compositions and incorporate acoustic elements, facilitating listeners in achieving
specific mental states during brief 15-minute sessions. The underlying concept is that music can enhance
brain productivity. The application utilizes artificial intelligence to generate music explicitly crafted
to enhance productivity and concentration, catering to individuals spending extended periods at work
who may struggle to maintain focus during essential tasks [5].

Spotify, a widely used music streaming service, boasts a vast listening library encompassing millions
of songs, albums, and podcasts. This music provider enhances user experience through intelligent
playlists such as "Discover Weekly," a personalized selection of music tailored to users' listening habits.
Leveraging Al and machine learning, Spotify employs collaborative filtering, analyzing extensive data
on a user's listening behavior. Through comparative analysis with data from users globally, the platform
refines recommendations and introduces new music for an enhanced listening experience. ORB
Composer emerges as a creative music composition software solution designed to inspire and expedite
the song creation process. While utilizing this software, users are expected to have a foundational
understanding of music composition principles. The Al music composer includes a diverse collection of
chord progressions, featuring chords commonly used in popular music. Targeted at artists keen on
exploring Al's potential in music creation and uncovering new musical styles, ORB Composer provides
a platform for experimentation and artistic discovery. Shazam, one of the earliest Al services adopted by
consumers, has been an official part of Apple since 2018. Utilizing intelligent technology, Shazam
swiftly identifies songs within seconds by capturing a "digital fingerprint” of the audio. This fingerprint
is then matched against an extensive library of previously fingerprinted music. In scenarios where
individuals wish to identify music at public events without directly asking others, Shazam's app allows
users to create a digital fingerprint of the playing audio, which is rapidly matched against a vast database
of tracks and TV shows. Through its Al algorithm, the app provides users with details such as the track
name, artist, lyrics, video, artist biography, concert tickets, and recommended tracks. Additionally, users
can purchase or listen to the identified song through the app's partner services, leveraging its substantial
repository of millions of tracks [5].
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MuseNet, a deep neural network developed by the Artificial Intelligence research laboratory OpenAl
in San Francisco, California, can generate 4-minute musical compositions featuring 10 different
instruments and blend styles ranging from country to Mozart to the Beatles. Users can provide a brief
musical segment to initiate the generation process or start from scratch. The system, designed to pay
attention to played music over extended durations, gains an understanding of a song's broad context. By
accumulating this data, the system predicts the next note in a sequence, forming the basis of its music
generation process [5].

AWS DeepComposer, crafted by Amazon, is the world's first musical keyboard integrated with a
generative Al service. Set to be available for purchase at $99 in Q1 2020, AWS DeepComposer features
a 32-key, 2-octave keyboard tailored for developers to engage with Al-generated music. This keyboard
facilitates hands-on learning about machine learning, enabling the creation of melodies transformable
into entirely original songs within seconds, all powered by Al and without necessitating any code-writing

[5].

6. Artificial Intelligence and Emotional Response to Sound
6.1. Sound generation

Digital generation of individual sounds was accomplished through algorithms in max/msp. These
sounds needed to organically transform, striking a suitable balance within the listening space to avoid
complications with complex pre-recorded music. Additionally, the sounds aimed to avoid an overly
"electronic" quality to prevent biases against synthetic tones. Traditional synthesizer approaches, such
as additive or subtractive synthesis, were dismissed. Frequency Modulation (FM) synthesis was selected
for its simplicity in initial sound generation and the intricate possibilities that could arise with minor
adjustments to the integer parameters governing the system. In the FM synthesis process, a carrier
oscillator, when frequency-modulated by a modulating oscillator, generates a series of harmonic
overtones or sideband frequencies alongside a fundamental tone, resulting in a sufficiently intricate and
harmonically rich output. When finely tuned, the output from FM synthesis is intricate enough to imitate
instruments like a grand piano, showcasing its capacity to replicate the complexities found in various
acoustic instruments and voices. Although not flawless, it exhibits the required complexity for the
conducted tests. The sound generation configuration involves the carrier and modulator oscillators, both
influenced by integers provided by a generative control system. An ASDR envelope function manages
the modulation index and amplitude. This design not only imparts complex harmonic characteristics to
the sound but also introduces intricacies in its shape. For instance, a sound with a sharp attack and short
decay can resemble a click or snap, allowing the space to respond distinctly and decay in an aesthetically
pleasing manner, akin to clapping in a cathedral and savoring the ensuing echo. Conversely, the ADSR
function permits a sound to gradually build and then fade. If there are sufficient breakpoints in the
envelope, this can yield detailed rhythmic effects such as tremolo and vibrato. The test software
comprises four independent FM 'voices,' each representing a distinct sound source upon initial setup

(8]

6.2.Generative systems

The field of artificial intelligence (A.l.) provides a diverse toolkit with both positive and negative
aspects for various approaches. Among these, Machine Learning (ML) has gained popularity for solving
intricate problems but depends on extensive datasets accumulated over time. In a 1993 study by S.,
Horner, A., Beauchamp, J., & Haken, A.l. was employed to align FM synthesis algorithms with musical
instrument spectra. However, this approach aims to enhance and generate existing information rather
than exploring new typologies. Given that the process outlined in this paper involves a 'search’
mechanism, a different and more evolutionary algorithm (E.A.) becomes necessary. The test involves
an iterative procedure where four voices or sounds are introduced into the convolved space. Successful
sounds from each iteration become the basis for generating the next set, resulting in a series of sounds
that represent a harmonious relationship between the space and the listener af ter multiple iterations or
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‘epochs.’ Employing a genetic algorithm (G.A.), a type of evolutionary algorithm, offspring are
produced from an initial dataset of randomly assigned integers, which then modulate various aspects of
the synthesizer engine. The G.A. initiates the process by seeding the initial integers that define the voices
and outputs the corresponding voices sequentially, each with a 9000ms pause between them. This
enables the sounds to naturally decay in the room, allowing the listener to perceive their impact on
the space. If a sound triggers an emotional response, the next generation is based on the parent sound's
DNA, leading to an evolutionary progression of sound in the space. In case none of the presented sounds
elicits a successful response, the system resets with random integers and repeats the process until
sufficient diversity is achieved to generate a response [8].

7. Role of Deep Learning Technology in Music Production Industry

Humans possess the ability to create art as a means of expressing life, thoughts, and emotions. Among
various forms of art, music stands out, using the sense of hearing to liberate souls, convey emotions, and
propagate cultures. The music production industry, distinct from the audience-focused music market,
prioritizes the artistic creation and performance of music.

The historical presence of music across different eras and regions underscores its significance in
human life. Recent years have witnessed a substantial impact on our daily lives due to technological
advancements and innovations. Technology plays a pivotal role in industrial development, where
enterprises utilize it to enhance production efficiency, reduce costs, and create greater value. The music
production industry, too, has embraced digital technology. Since the introduction of the Musical
Instrument Digital Interface (MIDI) standard in 1983, artificial intelligence (Al) has been envisioned as
a key technology with profound implications for the music production industry [9].

To sustain growth, the music industry has undergone structural changes influenced by technology,
leading to corporate restructuring, modifications in the industrial chain, adjustments to copyright
mechanisms, transformations in distribution channels, and disputes over revenue sharing. These impacts
have notably shaped the model of the music production industry, particularly in terms of revenue
generation and consumer perceptions. Deep learning, a prominent aspect of artificial intelligence, is
actively employed across various projects, encompassing the automatic processing and recognition of
texts, languages, voices, images, and more. In the realm of music production, certain deep learning
initiatives focus on tasks like identifying music scores, automatic composition, and style recognition.
Noteworthy projects, such as Google Magenta, facilitate spontaneous interaction between computers
and pianists. The collective efforts of global scholars and professionals have enabled deep learning
to proficiently grasp diverse features and styles from historical music pieces, autonomously creating
music that caters to audience preferences. Recognized as an innovative field, deep learning is poised to

contribute to transformative changes in the future of the music production industry.

Nevertheless, there are concerns about whether deep learning might eventually replace human
involvement in music creation, leading to shifts in production methods, job losses, and broader impacts
on the sustainable development of the entire industry. This has prompted apprehension among music
production professionals. To address these forthcoming challenges, the industry must devise new
sustainability strategies [9].

Amidst the growing awareness of consumers in the digital economy and their inclination towards
hedonic products and services, it is evident that consumer taste significantly influences judgment and
decision-making. Beyond technological considerations, the music production industry should take into
account external factors such as the artistic values of music and the influence of kitsch culture. In
summary, the value chain ideology embraced by the music production industry and the evolving
dynamics of the consumer market play crucial roles in shaping the final music products. Scholars like
Stefan emphasize the importance of stakeholders striking the right balance between artistic endeavors
and business considerations, often referred to as the "sweet spot." It is imperative to discover an optimal
coexistence model for art and business to generate corporate value [9].
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7.1. Music Production Industry

Music production constitutes a segment of the broader music industry, encompassing music creation,
production, agencies, copyright, distribution, marketing, and retail or online channels. This industry
serves as the bridge connecting performers with consumers. The advent of MP3, MPEG 1 Layer 3, a
digital audio encoding technology, and peer-to-peer networks (P2P) around 1998-1999 has led to piracy
and copyright challenges within the music industry. The legal framework struggled to keep pace with
the rapid advancements in technology. The progression of digital technology has given rise to online
audio streaming and cloud digital locker technologies, offering enhanced convenience to consumers.
Nevertheless, the music industry must adapt to these technological shifts, particularly in the realms of
copyright protection, business viability, and profit considerations, as these factors directly impact the
sustainable development models of enterprises within the industry chain [9].

The music production industry, distinct from the broader music industry, places a heightened
emphasis on the artistic facets of music, encompassing instrumental performance, sound recording, and
music editing. Its chain involves music creation, composition, arrangement, instrumental performance,
recording, mixing, and editing, with the final works distributed through various mediums. In the past,
music production relied on analog technologies, evolving from tape players to digital tools. The advent
of digital technology has democratized access to music production, enhancing the quality of arrangement,
recording, and mixing. While digital tools contribute to balanced performances, the evolving landscape,
including the integration of artificial intelligence (Al) technology, poses challenges to human emotional
expression. A senior musician in Taiwan acknowledges the industry's increasing reliance on technology
while recognizing its potential for convenience and transformation. Despite the improved production
capacity, it is acknowledged that Al deep learning cannot entirely replace human creativity and unique
ideas. The coexistence of technology, music presentation, consumer perception, market dynamics, and
industrial value chain remains a pivotal aspect for exploration in the sustainable development of the
music production industry. The interrelationship between the music industry and the music production
industry is illustrated in Figure 1 [9].

Figure 1. Music industry and music production industry structural diagram [9].
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7.2. Music as Artistic Expression

Art constitutes an intricate expression of human knowledge, emotions, ideals, experiences, and
concepts. Music, distinguished as a temporal art, engages with the beauty of sound through external
acoustic stimulation and internal auditory experiences. Unlike other art forms, music not only influences
thoughts but also fulfills spiritual needs, using the sense of hearing to liberate souls, convey emotions,
and propagate cultures. The emotional and spiritual nature of art, challenging quantification, invites
appreciation by comprehending its constituent elements.

Musical creativity manifests through melody, rhythm, timbre, and sound quality, delineating the
contours of music. Harmony imparts color and space, while texture, strength, and speed articulate the
structural aspects of music. Form represents the execution of music, portraying a dynamic interplay of
elements and factors evoking diverse emotions in the audience. The perceptual process of musical
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communication involves performance and external coordinators, wherein listeners' self-cultivation levels
and tastes influence their artistic experiences even within the same concert [9].

The interactions among diverse audiences and performers significantly impact performance,
production, and listening experiences. The aesthetics of music are influenced by various external factors,
including post- capitalism, profit-driven economies, and kitsch culture. Secular culture,
commercialization, technology, media interactions, and live concert performances are pivotal topics in
discussions on postmodern popular music. Even innovative music pieces may undergo transformation
from kitsch formulas, fostering originality, particularly when postmodernism or futurism challenges
traditional music models through electronic sounds, dance music, rock, mixed mashups, and new century
music. Futurism empowers composers to transcend traditional materials, manipulating natural sounds
and noises, thereby establishing a connection between new technologies and the manifestation of musical
material [9].

7.3. Satisfaction of Music Products

Music products elicit varying degrees of customer satisfaction, given the distinctive sensory
experiences and emotions of each customer. Music is intrinsically linked to culture, embodying five key
cultural goods characteristics: abstractness, subjectivity, non-utilitarianism, unigueness, and entirety.
Some studies establish a connection between customer satisfaction and cognition. Consequently,
demonstrating the appropriateness of music within the framework of these cultural goods characteristics
significantly influences customer satisfaction. Furthermore, artists employ aesthetic viewpoints to
convey the perception and experience of artistic goods.

Aesthetic experience, defined as the process of encountering beauty that induces self-directed and
self-centered pleasure, adds value to tangible products or services. This value reflects an invisible
experiential dimension of consumption, wherein the pleasure derived exceeds the invested time and
money. Mathwick et al. argue that experiential value, playing a crucial role in shaping customer
preferences and attitudes toward product purchases, prompts companies to leverage the experiential
value model for marketing purposes. Drawing from Holbrook's experiential aspect of consumption,
Mathwick et al. devised an experiential value scale encompassing playfulness, aesthetics, customers'
"return on investment," and service excellence [9].

7.4. Methods of Algorithmic Composition

At its essence, algorithmic composition is fundamentally a mathematical pursuit. The computational
strength of a computer resides in its capability to rapidly execute the extensive calculations necessary
for music production. Various computer algorithms are available for this purpose, and nearly all of them,
if not all, employ one or more of the following approaches: replicating non-algorithmic methods,
adapting algorithms from other disciplines, or creating models for new procedures [4].

Lejaren Hiller initially ventured into Computer-Aided Algorithmic Composition (CAAC) by
attributing probabilities to pre-determined musical events and allowing the computer to choose one, akin
to the decision- making process of a human composer. This method typifies the modeling of non-
algorithmic approaches to music composition. Other instances, such as d’Arezzo's chant conversion and
Mozart's dice game, involve the application of specific rules based on probability. In the d’Arezzo
system, a direct correspondence between notes and pitches eliminates the role of probability. Even in
Mozart's system, using two 6-sided dice, there is one set of rules, with a maximum of 11 possibilities
per decision. In contrast, Hiller's early compositions employ 16 distinct rules, each modeling a different
facet of music. Leveraging the computational capabilities, Hiller's compositions exhibit a level of
complexity surpassing even the works of Mozart, renowned as one of the greatest composers in history

As previously mentioned, composition algorithms are rooted in mathematics. However, simulating
natural processes through mathematical models is a challenging task. Striking a balance is necessary,
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ensuring that the algorithm is both structured to produce musically pleasing results and random enough
to yield diverse outcomes. Similar algorithmic principles find applications in computational biology. For
instance, the L-system, developed by biologist Astrid Lindenmeyer, is used to simulate plant growth.
These algorithms exhibit self-similarity, wherein the minute details of a structure generated by an L-
system mirror the characteristics of the overall structure. Applied to music, this implies that a single
measure of a composition will display patterns similar to those seen throughout the entire piece.
Implementing an L-system on small musical motifs involving pitch and duration results in self-similar
music that effectively balances structure and randomness. However, the degree of self-similarity can
sometimes be too pronounced, making it discernible to a listener that the music was not naturally created.
While many early algorithmic compositions employ the methods described earlier, such as adapting
algorithms from other domains or simulating traditional composition, alternative approaches aim to go
beyond mere recombination of motifs in creating compositions. A key objective of these compositions
is to harness computational inspiration, where non-musical cues are translated into music. Some
instances focus on creating music that aligns with an input audio file, be it the sound of a bird chirping
or Barack Obama's 2004 DNC speech. However, computational inspiration can also involve capturing
the emotional state conveyed by an input file. In this context, the input is not restricted to audio and
could theoretically encompass any format expressing emotion, including another music file [4].

7.5. Emotion-based Al Music Generation System

Contemporary music, known for its intricate elements, involves significant contributions from
various experts, leading to prolonged production timelines and substantial expenses related to intellectual
property issues and collaborations. In response to these challenges, computer-automated composition
has garnered increasing attention as a viable solution. This method employs pre-calculated mathematical
models or machine learning systems to generate music, utilizing algorithmic standardization based on
fundamental music theories such as pitch, rhythm, and chords. Among these models, the Hidden Markov
Model (HMM) is a notable example. With the rapid advancements in science and technology, the
artificial neural network (ANN), a form of neural network, has emerged, leveraging substantial hardware
computing power. Unlike the HMM, the neural network integrates additional model features,
significantly streamlining the preparatory work involved in music generation. This article explores the
use of a neural network-like computer automation system to compose music, enabling individuals to
create music aligned with their current emotions through straightforward operations. Recognizing the
complexity of human emotions, particularly in the context of music, this approach seeks to simplify the
music generation process [10].

Various researchers have provided diverse definitions for the fundamental types of emotions over the
years. In 1972, Ekman identified six basic emotions by scrutinizing facial expressions. Russell's
emotional circle model in 1980 employed a two-dimensional plane, using the horizontal axis for
emotional positivity and negativity on the vertical axis, to categorize common emotions and explore
correlations. This two-dimensional model has been extensively applied across different fields to
investigate emotional relationships. In 2007, Gomez et al. delved into the connection between two-
dimensional emotional planes and musical attributes. Following experiments, they proposed formulas
associating various musical characteristics with emotions. Subsequently, research on the interplay
between emotion and music has expanded, enhancing our understanding of their relationship [10].

The advent of neural networks, including DNN, CNN, RNN, and GAN, has paved the way for models
combining machine learning and music, exemplified by Yang Yixuan's MidiNet and MuseGAN. These
innovations have significantly expedited automated composition processes, enabling non-experts to
delve into composition research by streamlining tasks like music theory analysis and MIR (music
information retrieval) that were previously integral to simplified HMM. However, these novel approaches
often overlook key factors considered in early automated composition, particularly emotions [10].

In the current landscape, researchers tend to focus on two out of the three fields — emotion, music,
and machine learning — when exploring their interconnections. Our investigation centers on
incorporating emotion as conditional information in neural network-like automated music composition.
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By generating music corresponding to emotions, we streamline the song conversion process, presenting
a preliminary prototype for interdisciplinary research.

7.6. Emotion Classification

Research focused on emotions has its foundation in Russell's emotional circle model, which has
subsequently undergone expansion into various aspects and fields. A notable instance is Laurier et al.'s
work in 2009, where a two-dimensional emotional plane served as the foundation. Employing self-
organized mapping (SOM) techniques, they devised a novel emotional distribution plan, as illustrated in
Figure 2. In this figure, the proximity of two or more similar emotional words is visually represented by
a shorter distance between them [10].

aggressive rowdy intense bittersweet sadness
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angry anger . -
boisterous autumnal plaintive
sentimental
majestic sad rousing fiery amiable
passionate
dreamy tragic gloomy spooky anxious
. i T
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spiritual tranquil tender joyous bright gay
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g ang scary light cheerful merry
relax .
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Figure 2. Self-organized mapping establishes a novel arrangement for emotional distribution [10].

7.7. Emotion Theories

Quantifying human emotions poses a significant challenge, leading to the existence of diverse
classification schemes. These approaches generally align with two contrasting viewpoints: dimensional
and categorical theories. In the dimensional theory, emotions are depicted as infinite states, each
represented by a point in an N-dimensional space, where N denotes the number of defining axes for an
emotion. For instance, one version suggests axes such as Gaiety-Gloom, Tension-Relaxation, and
Solemnity-Triviality, requiring three values to classify any emotional state. Conversely, the categorical
theory categorizes emotional states into distinct labels, illustrated by Plutchik's wheel of emotions, which
divides emotions into pairs like anger-fear, disgust-trust, sadness-joy, and surprise-anticipation, with
varying magnitudes within each category. Some theories attempt a blended approach, suggesting that
emotions exist in an N-dimensional space, partitioned into sectors corresponding to different emotion
categories. As an example, high levels of gloom, tension, and solemnity might be equated with sadness
in this mixed theory [4].

While these three approaches differ significantly, each holds its own value, and the choice of the best
theory can sometimes be arbitrary. For instance, expression marks in music are more closely aligned
with categorical representations of emotion, where terms like "dolce"” denote tenderness and "furioso”
convey anger. However, there is no established correlation between expression marks and various
dimensions of emotion [4].

7.8. Emotion in Music

Given the diverse theories on emotions, it is unsurprising that multiple perspectives exist on how
music conveys emotions. A significant area of exploration involves identifying the emotions most
prominently expressed through music. This research operates under a categorical theory of emotion,
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leading to outcomes constrained within a finite set of labels rather than an infinite range of points.
Various studies yield different outcomes, yet happiness and sadness frequently emerge as the primary
and secondary emotions, respectively. As mentioned earlier, each emotional category encompasses
varying intensities. To reiterate the previous example, anger includes subcategories such as annoyance,
anger, and rage. Music tends to evoke less intense emotions like annoyance instead of anger, serenity
rather than joy, and pensiveness in lieu of sadness [4].

The emotional encoding in music can be categorized into three types: iconic, intrinsic, and
associative. Iconic coding involves the resemblance between music and another signal, such as voice or
movement. For instance, a slide whistle may evoke the idea of jumping, associating it with surprise.
Iconic coding is generally understood similarly across diverse backgrounds, contributing to the
perception of music as a "universal language™ [4]. Intrinsic coding pertains to emotions elicited by the
inherent qualities of the music itself. An example is the emotional impact of the relationships between
the notes played; for instance, a minor chord may evoke sadness, while a major chord may evoke joy.
However, cultural variations exist, as demonstrated by the Tsimane people of Bolivia, who did not share
this association. Associative coding relies on personal connections to the music. For instance, the Star
Spangled Banner may evoke feelings of patriotism, and the sound of a church organ may signify
solemnity or spirituality based on the semantic or episodic knowledge tied to it. However, associative
coding depends on the listener possessing specific knowledge; for instance, a South African boy
unfamiliar with the Star Spangled Banner is unlikely to feel a strong sense of patriotism through
associative coding when listening to it [4].

7.9. Affective Computing

In contemporary times, there is a growing demand for artificial intelligence (Al) that can effectively
convey and comprehend emotions. This has given rise to affective computing, a field dedicated to
designing computer systems capable of interpreting human emotions as input and potentially expressing
emotions as output. Affective computing enhances Al's capacity to engage with users emotionally,
fostering trust and potentially improving task performance. In specific applications, such as military
training simulations, affective computing might elicit empathy or fear in trainees. Moreover, it can
address issues related to biased psychological evaluations by providing a private environment for
individuals to share sensitive information, as patients may feel more comfortable sharing personal details
with an Al than with a human doctor. However, for users to trust Al in such tasks, the system must
demonstrate an understanding of their emotional states and exhibit empathy, mirroring the qualities
expected from a human doctor [4].

The inaugural affective agents, denoting Als endowed with the ability to comprehend emotions,
primarily manifested as dialogue systems. However, historically, these dialogue systems were confined
to text-based interactions, limiting the spectrum of emotions they could convey strictly to words. Recent
advancements, exemplified by systems like Xiaolced, incorporate text-to-speech functionalities to
express a broader range of emotions through voice prosody. Some, such as Leonardo, even possess the
capability to generate facial expressions, albeit on a screen. Affective computing has ushered in a fresh
perspective on emotions, departing from dimensional or categorical models. Cognitive-appraisal models
now emphasize the impact of emotions on decision-making. Nevertheless, when presented with the same
stimulus, individuals may experience the same emotion but respond differently based on personal
experiences and context. This underscores the notion that the optimal emotional model for affective
agents is a blended dimensional-appraisal system. Such a system would be structured enough to reliably
measure emotions while retaining flexibility for personalization.

7.10. Emotion and Interoception

Various perspectives exist on the definition of "emotion," but all agree on the significance of
interoceptive, physiological states of the body. If emotional experiences result from gathering evidence
from the body's state, coupled with subsequent or simultaneous cognitive appraisal, then the rule-
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following and simulation-based success observed in strategy game Als might extend to emotional and
creative processes such as music creation. Certain musical sounds have consistent cross-cultural
associations with specific (potentially emotional) functions, exemplified by the downward melodic
passages and slow rhythms of soothing lullabies. Musicians commonly employ standardized motifs
within their musical traditions to evoke specific emotions in an audience. In theory, an Al could establish
a reliable mapping between statistical regularities of music and emotion across cultures, even without a
physical body to instantiate those interoceptive processes itself [11].

Creating music that effectively elicits or provokes a specific emotion goes beyond selecting sound
sequences from a library coded for emotional content. Emotional experiences are rooted in expectations
about how interoceptive states of the body will unfold concerning the external and social context of the
experience. Therefore, crafting emotional music relies on expectations regarding how the body's
interoceptive states will respond to both listening to and creating music. Notably, individuals, whether
musicians or dancers, develop heightened interoceptive awareness through their experiences with the
bodily movements involved in creating and interacting with music. Leveraging information from relevant
interoceptive states, whether firsthand or secondhand, can enhance the ability of artificial music
generation systems to produce compelling music [11].

The experience of emotion in both music listening and music production is grounded not only in the
expectancy of the structural information of music, for which our Als are proficient, but also in a more
deeply embodied expectancy related to the internal physiological state expressed or signaled in music
listening or creation, respectively. Music listening serves as a common tool through which individuals
monitor and regulate their emotional states and the supporting neurochemistry. For instance, the practice
of listening to calming music before sleep cues the brain to minimize cortisol and adrenaline levels in the
body. Conversely, listening to upbeat and energetic music during a morning run induces heightened
general arousal and enhances the enjoyment of physical exertion, with the exercise itself potentially
amplifying the pleasure derived from the music. Composers or improvisers similarly leverage these
processes when creating music to elicit or modulate their audience's emotional and, consequently,
physiological states.

The structural organization of pitch and rhythm in music, as its exteroceptive information, is
intricately connected with the deeply embodied interoceptive information used in the generation of the
music itself. The fusion of these two types of information during the creative process of music
composition forms the basis for the pre-theoretical intuition often described as the "heart and soul" of a
musical work. It is commonly asserted that music-making Als, and the music they generate, lack this
emotional quality due to their absence of proper embodied interoceptive states and homeostatic
physiological drives, which are proposed to constitute emotions. This justification suggests that music-
making Als struggle to compose authentic music because they lack the interoceptive and emotional
processes essential for such endeavors [11].

Thus far, it has been observed that the most musically impressive Al programs often require a higher
degree of human intervention to achieve a satisfactory musical structure. Criticisms of Al's musical output
are substantiated by demonstrating that the pre-theoretical notion suggesting computer-composed music
lacks the "heart and soul™ of authentic, human-composed music can be grounded in fundamental
interoceptive processes associated with physiological homeostasis. By incorporating this more deeply
embodied process, Als may potentially overcome their limitations and anchor their musical output in
terms of their own interoceptive states, moving closer to approximating states reminiscent of human
emotions [11].

7.11. Music-Making Al and Emotional Awareness

In the pursuit of developing progressively autonomous, and potentially conscious, machines, there is
agrowing emphasis on machine learning and machine intelligence. The triumphs of Al in strategic games
like chess and Go have predominantly relied on computational processes occurring within the cognitive
realm of game-playing agents. However, cognitive approaches, denoted as 4E (embodied, embedded,
enactive, and extended), are gaining prominence by highlighting cognitive processes that extend beyond
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mere rule-based symbol manipulation, encompassing the bodies and external surroundings of cognitive
agents. The forefront of the next challenge for autonomous intelligent systems lies in the realm of human
creativity and art, particularly in an art form that aligns with the principles of 4E cognition and
underscores the interaction of agents with their social environment, as well as their external and internal
contexts. Music emerges as a significant domain, where numerous Al systems dedicated to music-
making, employing artificial neural networks such as Google's Magenta, Cambridge University's
BachBot, or Sony CSL's Flow Composer, have been developed in attempts to simulate, understand, or
replicate the intricacies of human creativity in musical composition.

There are practical obstacles that impede computers from excelling in creative tasks compared to
strategic ones, stemming from both mathematical intricacies and a profound association with the
emotional aspects of human music creation. These emotional facets are deeply rooted in bodily,
physiological, and autonomic conditions within both the performer and the listener. Drawing upon
theories accentuating thoroughly embodied, interoceptive processes linked to the prediction and
regulation of internal physiological mechanisms as integral to human emotion, we extend these concepts
to the realms of musical perception and production. If these bodily processes are deemed pivotal for
creative musical accomplishments, it becomes imperative for Als to possess similar mechanisms or
analogues to authentically generate music. We contend that generative music Als must undergo or
effectively simulate processes resembling the interoceptive mechanisms that underpin emotional states
[11].

8. Artificial Intelligence Technology and Intelligent Teaching

Acrtificial Intelligence (Al) is an interdisciplinary field that encompasses various domains, including
mathematics, linguistics, psychology, brain science, and philosophy. Positioned as a core technology
within the information technology landscape of the new era, Al seeks to emulate human capabilities
and intelligent behaviors. Its applications involve utilizing computers to replicate human cognitive
functions such as search, reasoning, memory, speech recognition, knowledge representation, and
processing fuzzy information. This emulation enables Al systems to exhibit behaviors akin to humans,
showcasing advanced intelligence and thinking to achieve sophisticated computer applications. Serving
as an extension of human abilities, Al represents a realm of highly intelligent technology surpassing
human capacity. The twenty-first century has witnessed substantial advancements in Al technology,
particularly in big data processing, algorithms, and deep learning. Significant breakthroughs have been
achieved in addressing challenging problems such as reasoning, speech recognition, image recognition,
natural language processing, perception, and object manipulation. Current Al technologies encompass
machine learning, deep learning, natural language processing, Al algorithms, inference engines,
learning calculations, image recognition, and other related domains. Fueled by the strength of our nation
and the continuous progress in science and technology, Al has experienced rapid development.
Currently, artificial intelligence (Al) has found widespread applications in critical sectors such as
transportation, logistics, finance, communication, healthcare, education, and even in households and
individual lives. It has become integral to the daily experiences of ordinary individuals, seen in mobile
phone voice recognition, iris and face recognition, and fingerprint recognition. This technology has given
rise to diverse industrial fields, introducing new forms and models. Education is no exception,
experiencing a revolutionary impact and serving as an intrinsic driving force for society. Facilitated by
the internet and the significant advancements in science and technology, artificial intelligence boasts
advantages such as repeatability, digitization, stylization, accuracy, and stability, surpassing human
capabilities. The unique aspects of human consciousness and high-level thinking activities involving
search, reasoning, induction, and association remain distinct. Integrating artificial intelligence
technology with mobile 5G in the realm of education empowers educational development and classroom
reform, playing a crucial role in addressing existing technical challenges and promoting educational
transformation [2]. Intelligent Music Teaching is currently understood in diverse ways within the
academic community. Renowned Chinese scientist Qian Xuesen, adopting a systems science
perspective, advocates Dacheng wisdom teaching to foster highly innovative talents. This approach aims
to bridge gaps between various scientific fields, integrate science and art, and merge natural science
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with philosophy and social science, fostering broad analogies and comprehensive innovation.
Professor Zhu Zhiting posits that intelligent teaching involves leveraging various intelligent
technologies to optimize the learning environment, enabling collaborative and innovative teaching
methods between teachers and students. This approach provides students with novel and straightforward
learning techniques, yielding efficient learning outcomes and cultivating quick-thinking, astute
individuals. Pang Jingwen, a domestic researcher, defines intelligent teaching as employing an intelligent
teaching design model to achieve the goal of cultivating students’ wisdom through enjoyable and
personalized classroom teaching within the environment of artificial intelligence technology. It
represents an education rooted in intelligence to nurture students into intelligent talents. Some
scholars contend that intelligent teaching encompasses establishing all facets of intelligent learning
and teaching, supported by the latest information technology such as artificial intelligence. The
overarching objective is to facilitate students' intelligent learning and development. In an intelligent
environment like artificial intelligence, educators utilize various cutting-edge information technologies
and diverse teaching resources to conduct instructional activities. The primary objectives include
stimulating teachers' teaching ingenuity, enhancing their professional expertise, and fostering
intelligent talents. This approach is characterized by activity, efficiency, sharing, and interaction, aiming
to address issues like student apathy and negative behaviors prevalent in traditional classroom teaching.
Intelligent teaching encompasses not only the informatization and intellectualization of educational
infrastructure but also a shift and enhancement of educational concepts and methodologies. The focus
transitions from the construction of "things" to catering to the diversified needs and services of
individuals. By prioritizing students, uncovering their potential, fostering their self-worth, and nurturing
their intelligence, educators can adeptly navigate the challenges posed by the era of artificial intelligence
technology [2].

In the 1950s and 1960s, the systematic approach of system science, encompassing system theory,
information theory, and cybernetics (collectively referred to as the "old three theories™), was introduced
to educational technology. This marked the inception of the novel concept of “instructional design," and
the far-reaching influence of the "old three theories" on instructional design became evident. Presently,
instructional design is generally understood as the analysis and planning of teaching objectives,
challenges, the teaching process, student exercises, summary, and evaluation. This involves aligning with
curriculum standards and students' characteristics, creating a comprehensive and detailed class plan,
designing coherent teaching components, and systematically executing a detailed and actionable
teaching plan to fulfill the teaching task. Based on different elements within the teaching process,
classroom teaching can be categorized into three types: classroom teaching where "teacher teaching"
takes precedence, classroom teaching emphasizing "student learning," and classroom teaching centered
around "resources." [2].

In the contemporary landscape of intelligent education, there is a notable surge in students' access to
information. However, traditional music classroom teaching designs are struggling to meet students'
evolving developmental needs. Students often lack enthusiasm for outdated and monotonous teaching
methods, leading to diminished learning interest. Consequently, there is an urgent and significant
emphasis on researching and promoting intelligent teaching design models.

"Intelligent teaching design™ represents a sophisticated and efficient instructional guidance scheme
applied throughout the entire teaching process, encompassing pre-class, in-class, and post-class
activities. Rooted in the constructivist theory and centered around a student-oriented approach, this
design is supported by the integration of cutting-edge information technologies, including mobile
Internet, Internet of Things, big data, cloud computing, and artificial intelligence. Intelligent instructional
design involves a profound fusion of artificial intelligence technology and teaching, highlighting the
interplay between "teaching™ and "learning." It strategically plans classroom elements such as teaching
resources, problem tasks, teaching links, and instructional techniques, resulting in specific teaching
scenarios. Within the intelligent instructional design model, there should be a well- thought-out
application of intelligent technology and thorough resource preparation to facilitate personalized and
open learning for students. Additionally, it is crucial to anticipate learning situations and students'
psychological development through big data, allowing for the design of various contingency plans for
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real-time adjustments during the teaching process. When crafting intelligent teaching approaches,
teachers must meticulously design teaching scenarios, considering students' individual backgrounds,
social environments, and cognitive development characteristics. This approach aims to cultivate students'
intellectual acumen and ignite their enthusiasm for learning, fostering a mindset of "I want to learn, and
I love learning." [2].

9. Al-Aided Intelligent Music Teaching Design

Creating conditions for intelligent teaching entails a heightened focus on fostering students'
intellectual development and practical skills within the traditional three-dimensional educational
objectives. The concept of a "smart classroom™ involves seamlessly integrating information technology
and network technology into the classroom setting. This integration aims to empower both students and
teachers, enabling them to harness enthusiasm and initiative in a comprehensive and systematic
educational approach. Tailoring the design to the unique characteristics of each class, teachers must
delineate specific learning objectives, craft engaging teaching scenarios that capture students' interest,
provide a vibrant and captivating virtual environment, encourage active student participation, and
seamlessly integrate teaching objectives into every facet of intelligent teaching. The ultimate aspiration
of an intelligent classroom is to stimulate the emergence of students' intellectual capacities. This
intellectual development is envisioned as a holistic and multidimensional goal encompassing
knowledge, skills, emations, and willpower. In the contemporary era marked by "Internet+," the crucial
mission of education is to cultivate intelligent talents capable of navigating the complexities of the digital
landscape. The conventional classroom setup typically involves teachers, students, blackboards, and
chalk. The concept of a "wisdom classroom™ involves the integration of information technology and
network technology into the teaching environment. This research focuses on leveraging tools like Shivo
whiteboard, Shivo easy classroom, and Shivo class optimization masters to establish a robust interactive
teaching platform. The core application is multimedia interactive whiteboard tools, supported by the
internet, providing extensive resources and diverse teaching tools. Utilizing infrared sensing technology
and multitouch capabilities, the system intelligently recognizes gestures, allowing teachers to seamlessly
interact with students, enhancing classroom engagement [2].

The Shivo easy classroom facilitates the intelligent distribution of learning materials, fostering
efficient teacher- student interaction. It compiles individual evaluation data for various teaching
activities, such as real-time and selective answers. Teachers can strategically group students based on
their learning progress, enabling tiered instruction. The class optimization master streamlines class
management, offering comprehensive evaluations and real-time feedback, providing a clear overview of
classroom performance and boosting student competitiveness. Students benefit from a paperless learning
experience through terminal tablets, significantly enhancing learning efficiency. The inclusion of
multimedia elements and multiscreen displays adds an engaging dimension to the smart classroom. The
intelligent learning environment creates more conducive conditions for students, offering effective
support for their independent learning and knowledge construction. The implementation of wireless
network coverage, teacher-student interaction systems, and other equipment ensures easy access to
teaching resources, enhancing the efficiency of educational achievements. Design Elements. The term
"teaching framework" pertains to the systematic analysis by music educators of prior learning
experiences, current intelligent teaching approaches, and the elements constituting the teaching process,
which encompasses the intelligent classroom environment, teaching objectives, teaching methods, and
teaching evaluation. This process aids teachers in conducting well-organized teaching designs.
Consequently, the teaching framework serves as the mental groundwork for teachers engaging in
intelligent teaching designs within the intelligent teaching environment. It acts as the initial groundwork
for the seamless execution of intelligent teaching, offering comprehensive planning for the entire
intelligent teaching process before, during, and after class. The teaching framework comprises six
essential design elements: becoming acquainted with the intelligent environment, formulating teaching
objectives, acquiring teaching resources, conceptualizing teaching methods, anticipating teaching
scenarios, and forecasting learning outcomes. These elements are sequentially implemented to
encompass the entirety of the teaching process [2].
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10. Measuring Emotional Response

The most straightforward approach to assess an individual's emotional reaction to a stimulus involves
asking them directly, known formally as self-reporting. This method encompasses various surveying or
guestioning techniques where participants articulate their own emotional experiences. When seeking
information about a participant's present emotional state, self-reporting tends to yield more accurate
results compared to inquiries about overall emotional personality traits. However, it's worth noting that
a condition called alexithymia, affecting around 10% of the population, can diminish individuals'
awareness of their emotional state, potentially impacting the accuracy of their self-reports [4].

The Discrete Emotions Questionnaire (DEQ) represents a self-report-based measure for gauging
emotional responses, emphasizing a categorical model of emotions. This survey is specifically designed
to inquire about participants' immediate emotional states rather than overarching personality traits. While
self-reporting is generally considered more effective when aligned with a dimensional model (Mauss
and Robinson, 2009), the DEQ aims to address limitations identified in the Positive and Negative Affect
Schedule (PANAS), a dimension- based survey that was, until recently, widely accepted as an industry
standard [4].

An alternative approach to gauging emotions involves utilizing autonomic measures. The autonomic
nervous system (ANS) oversees bodily functions predominantly on a subconscious level. Consequently,
autonomic measures can detect subtle variations in the body's state that may go unnoticed in self-reported
assessments. Indicators of ANS responses, including heart rate, blood pressure, and skin conductance
level, effectively reflect the activity of the sympathetic and parasympathetic nervous systems. These
measurements can gauge the arousal level of an emotional response, indicating its intensity, although they
are not precise indicators of emotional categories. It's essential to note that ANS responses can be
influenced by non-emotional factors such as external temperature and movement [4].

Closely associated with autonomic nervous system (ANS) responses are measures of brain states,
such as EEG and fMRI. Studies using EEG have linked frontal lobe asymmetry to approach-avoidance
tendencies. Increased activation of the left frontal lobe is associated with approach-related emotions like
anger and worry, where anger often leads to confrontation, and worry involves problem-solving—an
approach tendency. Conversely, greater activation of the right frontal lobe is associated with avoidance
tendencies, such as fear. fMRI, which measures blood flow in different brain regions, often provides
higher resolution than EEG. It focuses on investigating whether the activation of specific brain circuits
can be linked to emotions. While some findings, like the connection between negative emotions (e.g.,
disgust) and activation in the insular cortex, have been identified, more research is needed to establish a
solid link between brain circuits and specific emotions [4].

The oldest method of assessing emotions, dating back to Charles Darwin in the 1800s, involves
observation. Darwin posited that, as higher forms of communication, emotions should be expressed
through body language and speech. Behavioral measures encompass vocal characteristics, facial
expressions, and body language. Traditionally, the quantification of these measures relies on observer
ratings, which may introduce bias into the evaluation [4].

11. Music Composition and Music Emotion Analysis via Al

The foundation of this thesis stems from the fundamental interactive connection between humans and
music (refer to Figure 3). Our interest revolves around two primary aspects. Firstly, we delve into the
process of how humans create music, with a specific emphasis on algorithmic composition. This involves
designing computational models that mimic the music generation capabilities of human composers.
Secondly, we explore how humans comprehend music, concentrating specifically on the analysis of
music emotion through computational models [1].

Composition

Music _

Emotion
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Figure 3. The fundamental interaction between humans and music [1].

11.1. Algorithmic composition

Composition, defined as the skill of creating music, has been a human pursuit dating back to the
prehistoric era, over 4000 years ago. In recent times, the progression of artificial intelligence (Al),
characterized as the study of agents that perceive their environment and take actions, has captured the
attention of researchers, leading to investigations into the application of computational algorithms for
music composition. This research area is commonly known as algorithmic composition [1].

Algorithmic composition entails the use of a formal process to create music with minimal human
involvement. It is also sometimes termed "automated composition.” Although not a novel concept, the
history of algorithmic composition reaches back to ancient times, with figures such as Pythagoras
emphasizing a direct connection between the laws of nature and the harmony of musical sounds. Even
renowned composers like Mozart employed algorithmic composition techniques, as seen in his work
Musikalisches Wurfelspiel ("Dice Music™), where he assembled small musical fragments and randomly
combined them to create a new piece. Since the mid-20th century, the advent of computers has provided
new avenues for advancing the automation of music compaosition. Over the past six decades, researchers
have delved into various algorithmic composition techniques, with an early prominent method being the
rule-based approach. This method involves encoding rules derived from music theory or experimentation
into a computer, guiding it to generate music in accordance with these rules. For instance, Rader at the
University of Pennsylvania introduced a rule-based artificial intelligence program for melody and
harmony generation. Additionally, other researchers explored methods rooted in probability, such as the
application of Markov models. A noteworthy early work in modern algorithmic composition is the string
quartet Illiac Suite composed by Hiller and Isaacson at the University of Illinois in 1957. This
composition utilized a high-speed digital computer and the computational model of a Markov chain,
which represents the probability transitions between different musical notes. Subsequent to this
influential work, numerous compositions have focused on Markov-based composition methods [1].

Recently, the progress in deep learning technigues has garnered significant attention, with efforts
underway to explore its potential in algorithmic composition. A noteworthy initiative in this domain is
the Magenta project launched by Google. Utilizing deep learning models, specifically recurrent neural
networks (RNNSs), the composition machine can learn from extensive musical datasets. In contrast to
earlier methods like rule-based approaches, these deep learning composition models can autonomously
generate music without the need for encoded human rules or additional knowledge. Furthermore,
Magenta incorporates these composition models into various human-computer interaction scenarios,
enhancing the fun and interest in algorithmic composition. Despite encouraging advancements in recent
years, challenges persist in algorithmic composition. In comparison to many real-world Al applications,
such as face detection and speech recognition, algorithmic composition is still in its early stages. Two
fundamental challenges in this field are the issues of novelty and evaluation. Concerning novelty,
existing efforts in algorithmic composition primarily focus on optimizing machine-composed music to
align with patterns found in established music training sets. However, this approach lacks innovation,
as it tends to produce compositions that closely resemble existing works. Given that music composition
is inherently a form of artistic creation, replicating an existing piece does not qualify as a noteworthy
accomplishment. Regarding evaluation, despite centuries of study in algorithmic composition, there is
no widely accepted set of criteria to assess the quality of machine-composed music. Many current
assessments rely on subjective questionnaire-based evaluations, making it challenging to obtain
objective observations, quantitative information, and timely responses. This subjective approach
hinders the ability to comprehensively evaluate the machine-composed music [1].
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11.2. Music emotion analysis

Irrespective of one's musical preferences, the capacity to evoke intense emotions serves as a crucial
factor in the widespread appeal of music. This remarkable ability of music has captivated not only the
general public but also researchers across diverse fields over the years. Emotion, as defined in Drever's
psychology dictionary, refers to a mental state characterized by excitement or disturbance, marked by
strong feelings, and typically accompanied by an impulse towards a specific form of behavior. Ekman
introduced a categorical model of emotions based on human facial expressions, categorizing emotions
into six primary classes: happiness, surprise, fear, sadness, disgust, and anger. The facial expressions
representing these six emotion classes can be observed in illustrations provided by Chen [1].

Happiness Surprise Feal
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]
]

Sadness Disgust Anger

Figure 4. The facial displays representing the six fundamental emotion categories [1].

Hevner presented a classical categorical emotion model known as the adjective checklist. In this
model, affective adjectives are categorized into eight clusters, where adjectives within the same cluster
share similarities. Furthermore, these eight clusters are arranged in a circular fashion, as depicted in

Figure 5. The adjacent clusters in the circle exhibit a cumulative shift in meaning until a clear contrast is
established at the opposite position [1].
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Figure 5. Representation of Hevner's eight adjective clusters, arranged in a circular layout with distinct colors
marking the I1Ds of various emotion clusters [1].
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In addition to the categorical model, researchers employ dimensional models to depict emotions.
Unlike categorical emotion models that classify emotions into distinct classes or clusters, dimensional
models aim to position various emotions in a space defined by several affective dimensions. One
prominent dimensional model is the 2D valence-arousal (V-A) emotion space introduced by Russell.
Figure 6 illustrates the V-A space, also known as two-dimensional emotion space (2DES) or the
circumplex model. Within the V-A space, emotions are situated along a circular structure within the
dimensions of valence and arousal. The advantage of this V-A emotion space lies in its provision of a
simple yet effective means to describe complex emotional concepts through a low-dimensional
representation. The V-A representation facilitates various affective computing tasks, including emotion
regression and ranking [1].
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Figure 6. The two-dimensional valence-arousal (V-A) space, where valence is depicted on the horizontal axis
and arousal on the vertical axis. Various emotions are positioned within a circular structure in this spatial
representation [1].

Building upon these models of emotion, researchers have applied various artificial intelligence
techniques to analyze the emotional aspects of music. Two primary tasks in this domain are music
emotion classification and music emotion regression. In music emotion classification, categorical
emotion models are commonly used to assign emotional labels to music pieces or segments. Some
studies utilize the four quadrants of the valence-arousal (V-A) space for labeling emotion classes,
categorizing genres like popular, classical, or jazz. Professional musicians or regular individuals
participate in offline or online labeling processes to assign emotions. Subsequently, classification
models are trained under either supervised or unsupervised conditions. In the case of music emotion
regression, emotions are typically represented using dimensional emotion models. For instance, Yang
et al. conducted emotion regression in the VV-A space, employing the learned regressor to capture the
temporal variation of emotion within a song. These music emotion regression tasks hold significant
value in numerous applications within the field of music information retrieval. Despite notable
advancements in artificial intelligence techniques for music emotion analysis, particularly in
commercial applications like music recommendation and music video generation, accurately
recognizing music emotions remains a highly challenging task. One significant hurdle is that music
pieces or segments often convey multiple and intricate emotions, whereas many prior methods represent
music emotion through a single label or a single point in dimensional emotion spaces [1].

To address these challenges, some researchers have explored the use of brain imaging techniques to
uncover mental activity associated with music emotions. Electroencephalography (EEG) has shown
feasibility and effectiveness in music emotion analysis in these studies, leading to intriguing
observations. However, the issue of inter-trial effect impacts the quality of EEG data, resulting in a loss of
performance in emotion recognition. In this thesis, we tackle the aforementioned challenges of multiple
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emotions and the inter-trial effect through two works, wherein we explore improved emotion recognition
methods based on both audio signals and brain imaging data [1].

11.3. Generative Adversarial Networks for Novelty in Algorithmic Music Composition

Music composition, being inherently a form of artistic creation, seeks to produce harmonious and
innovative musical pieces. This study introduces the concept of musicality-novelty generative
adversarial nets (MNGANSs) for algorithmic composition, aiming to achieve both musicality and novelty
in machine-generated music. The proposed framework employs a shared generator, and two adversarial
networks iteratively optimize the musicality and novelty aspects of the machine-composed music. A
novelty game model is introduced to enhance the minimal distance between the machine-generated
music sample and any human-composed music sample in the novelty space, where well-known human
compositions exhibit significant separation. The framework utilizes three supervised convolutional
neural networks (CNNs) — one for the generator, one for evaluating musicality, and one for evaluating
novelty — all operating in the time-pitch feature space. Notably, the novelty critic is implemented through
Siamese neural networks with temporal alignment facilitated by dynamic time warping. The proposed
approach is empirically validated through the generation of music samples under diverse scenarios [1].

11.4. Assessment of Musicality in Algorithmic Composition Using Electroencephalography

Assessing the creative output of artificial intelligence, particularly in algorithmic composition,
presents significant challenges. Traditional criteria used for music analysis, like data similarity, are not
directly applicable to measure the quality of newly generated computer-composed music due to the
subjective nature of creativity. Subjective evaluations through questionnaires lack quantitative rigor and
solid evidence. In response to these challenges, we present an innovative computational model integrated
with a novel psychological paradigm. Leveraging brain imaging techniques, this evaluation method
offers a dependable musicality score for machine- generated music [1].

12. Music Emotion Multilabeling using Quantum Convolutional Neural Network

Music has the profound ability to express and elicit strong emotions, yet accurately recognizing these
emotions through computational models poses a significant challenge. The complexity of the task is
magnified when dealing with music segments that convey multiple and intricate emotions. This study
introduces a novel approach called Quantum Convolutional Neural Network (QCNN) for learning music
emotions. Leveraging the powerful abstraction capabilities inherent in deep learning, QCNN
autonomously extracts music features beneficial for emotion classification. A key contribution of this
work is the use of measurement postulates to simulate human emotion awareness during music
appreciation. Statistical experiments conducted on standard datasets reveal that QCNN surpasses
classical algorithms and current state-of-the-art methods in music emotion classification. Furthermore,
a demonstration experiment is provided to elucidate the efficacy of the proposed technique, offering
insights from the perspectives of physics and psychology [1].

13. Classifying music emotions on a single-trial basis using Electroencephalography (EEG)

Electroencephalography (EEG) serves as a valuable tool for music emotion analysis. In the realm
of EEG-based music emotion analysis, multi-trial music listening has been commonly employed.
However, the emotional influence from previous trials can impact the mental state during the current
trial, introducing what is known as the inter-trial effect. This phenomenon poses challenges, leading
to compromised data quality and unreliable emotion labeling, ultimately affecting the precision of
recognizing emotions triggered by specific musical excerpts. To tackle this issue, we propose a
novel single-trial psychological paradigm utilizing EEG, supported by an innovative computational
model. While a single-trial design helps avoid inter-trial contamination, the limited training data
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with substantial inter-subject variance remains a significant challenge. Our solution involves
introducing a pioneering algorithm known as "resting-state alignment,” which projects the training data
into a new space with the objective of minimizing the variance of resting-state data across different
subjects. Through the joint optimization of intra-class variance and inter-class distance, the resting-
state alignment algorithm produces a low-dimensional feature space, showcasing notable accuracy
enhancements for various classifiers [1].

14. Al Works in Music Progress

Al systems designed for music generation primarily function by assimilating patterns within the
structural elements of music—pitch, rhythm, harmony, etc.—from a designated set of musical training
data. Once trained, the Al is equipped with a set of rules and an initial cue, leveraging these to generate
a musical piece. Various methodologies exist for constructing such music-generating Als, extensively
explored in Carnovalini and Roda (2020). In this context, we will delve into three instances of generative
Als that glean insights from musical training input to probabilistically produce musical compositions.

14.1. Magenta

Magenta, a comprehensive Google initiative, aims to explore the potential of machine learning in
creating captivating art and music. In its initial forays into music composition, Magenta utilized Recurrent
Neural Networks (RNNSs), which operate by learning a probability distribution for potential inputs based
on previous data, enabling them to predict subsequent inputs. Through extensive training on thousands of
monophonic melodies (single notes played sequentially), Magenta acquires knowledge about the rules and
styles inherent in those melodies. Subsequently, it develops probabilistic models that empower it to
independently generate new monophonic melodies. Magenta's inaugural composition in June 2016,
although relatively impressive, presents a rather straightforward piece reminiscent of a standard theme
and variations. The composition, lasting just under one and a half minutes, introduces a simple yet distinct
motif with a recurring eighth-note and quarter-note rhythm. This motif repeats verbatim and later with some
rudimentary ornamentation before delving into a "creative" development section featuring novel rhythms.
The piece returns to the original motif and concludes abruptly mid-phrase, lacking a clear resolution.

The sudden conclusion of the composition arises from the fact that, unlike human composers, many
existing music-generating Als lack an understanding of a musical "narrative arc" with conclusive
resolutions. Instead, they often meander through their music-making process unless explicitly instructed
by a human programmer to stop at a specific point. Magenta has primarily focused on monophonic
compositions, where a single note is generated at a time. This stands in contrast to the upcoming
examples, which involve the use of multiple streams of notes.

14.2. Cybraphon

Conceived in 2009 by the FOUND artist collective in collaboration with Simon Kirby from the
University of Edinburgh, Cybraphon stands as a "moody, autonomous robot band in a box," currently
housed at the National Museum of Scotland. The instrument takes the form of a literal wardrobe
containing various musical elements, lights, an "emotion meter," and a computer that orchestrates the
activation of these components. In contrast to previously discussed Als, Cybraphon doesn't operate as a
fully generative system. Instead, it performs by selecting from a precomposed repertoire of musical
fragments based on its current "emotional” state. This emotional state is not derived from resolving the
challenge of providing a robot with a homeostatic body; rather, it stems from its deep integration with
social media.

Functioning somewhat like a diva, Cybraphon continuously searches itself on Google every fifteen
seconds and monitors its popularity across news sites, Twitter, and Facebook. The instrument responds
to online activity, particularly positive interactions, by "cheering up™ and possibly playing a cheerful
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tune. In the absence of online engagement, Cybraphon remains in a perpetual state of indifference,
refusing to produce any music. Cybraphon exhibits a form of extended interoceptive processing,
intricately tied to the activity of the online community. Although resembling Al Duet's reliance on human
interoceptive processes in creating a musical event, Cybraphon doesn't depend on the interoceptive
processes of a specific individual or group. Instead, it translates social media activity into loosely
embodied "emotional" states based on deviations from normal levels of online activity. While this
mirrors the embodied process proposed for interoceptive emotions, the instrument lacks a predictive
component that could probabilistically seek a homeostatic set point for these extended interoceptive
states.

14.3. BachBot

Upon initial examination, the compositions generated by BachBot surpass the introductory single-
note melody produced by the Magenta Project. BachBot employs Long-Short Term Memory (LSTM)
Recurrent Neural Networks (RNNs) and is specifically trained on Bach chorales. Differing from
Magenta, BachBot's training input is homophonic, involving simultaneous pitches (chords) organized as
melody plus harmony, all attributed to J.S. Bach. Similar to Magenta, BachBot utilizes its probabilistic
models to independently generate new pieces, adopting the style of Bach chorales. The music crafted by
this Al exhibits a higher level of sophistication than the melodic play generated by Magenta and is nearly
indistinguishable from compositions by Bach himself to an untrained ear.

In contrast to Magenta's approximate theme and variations, BachBot's chorales adhere to a cadential
structure with well-organized phrases. Instead of awkwardly placed ornaments, BachBot's chorales
incorporate purposeful passing tones within a stable rhythmic framework. Despite its impressive
qualities, BachBot shares some challenges with Magenta. Without at least one line of a chorale (or a
melody) to harmonize, it tends to experience the same "wandering” fate observed in Magenta's
compositions. BachBot maintains a semblance of structure because a human inputs a prescribed line of
notes, which then constrains its output and guides BachBot through a structured compositional journey.

14.4. Flow Composer

The remarkably advanced Flow Composer was designed to generate pop songs, departing from
LSTM's use in favor of Markov constraints. This addresses the "wandering" issue encountered by both
Magenta and BachBot by producing finite-length sequences. Similar to BachBot, Flow Composer
generates these sequences in adherence to a specified composer-style or music genre. Input for model
generation is provided in the form of lead sheets, comprising a basic chord structure and a melody line.
Employing its probabilistic memory, Flow Composer independently creates a new lead sheet for a new
song.

Flow Composer achieved a groundbreaking feat by creating the first-ever full-length pop song
composed by an Al, the Beatles-inspired track "Daddy's Car." This composition includes lyrics, multiple
voices, guitar, drums, and a full orchestration. Despite this impressive accomplishment and apparent
solutions to issues encountered by Magenta and BachBot related to wandering and improper
ornamentation or rhythm, Flow Composer only generates a lead sheet. The remaining aspects of the
music composition process, such as harmonies, instrumentation, and lyric writing, are undertaken by
human collaborators.

15. Artificial Intelligence & Popular Music

There exists a more extended history of artificial intelligence (Al) music in the realm of art music, as
documented in various studies. However, the current predominant role of Al in popular music is largely
associated with novelty, experimentation, and serves as a collaborative tool. Despite the nascent nature
of artificial intelligence pop music (AIPM), there is limited research on this subject, a gap that this article
aims to address [12].

124



- Loy 4
The Second National LY

Gonference’on Digital : i / h i &
zonference’on Digita 9;}?’@"’

l Transformation and

lhtelliger}Systems ENSC LT

By drawing on the foundation laid by the Al in music (AlIM) tradition, AIPM signifies not only a
departure in technique and audience reception/engagement but also in concept. While AIM has
traditionally focused on pushing the boundaries of composition possibilities, AIPM is presently more
geared towards expediting the production process, challenging expectations of creative expression, and
is anticipated to represent a significant shift in music production eras: analog, electric, digital, and Al.
In many respects, these distinctions align with other dichotomies that arguably persist between the worlds
of art and popular music, such as academic/mainstream and art/commerce. The incorporation of these
technologies establishes common ground in the discourse surrounding them but also highlights
differences in approaches to the creative process [12].

AIPM has not experienced a defining "breakthrough™ moment, and it is probable that such a moment
will not occur in a manner similar to Auto-Tune's transformation into a voice modulation instrument in
Cher's "Believe" (1996). Auto-Tune's subsequent integration into hip hop via T-Pain and its validation
by artists like Kanye West and Bon lver have been mythologized as pivotal moments in popular music
history. These events not only signaled a shift in production methods but also influenced our perception
and understanding of the human voice as an expressive tool, sparking early discussions about
posthumanistic music production and cyborg theory in musicology.

In 2019, Auto-Tune has become commonplace, following the typical trajectory of new technologies
like synthesizers, digital audio workstations (DAWS), and electronic/digital drum machines,
experiencing a disruptive phase before becoming a standard practice. The evolution of AIPM and how it
assimilates unintended uses within the music industry remains to be seen. Similar to previous
technologies, it is through these instances of unintentional application that the industry progresses. While
Auto-Tune's widespread use as a vocal manipulator is a well-cited case, the birth of hip hop through
unintended uses of turntables is another example. Documenting these initial moments of AIPM is crucial
before it advances into unforeseen applications in its inevitable development [12].

15.1. Situating Artificial Intelligence Popular Music

The history of AIPM is rooted in the broader history of AIM, with comprehensive overviews of that
history available elsewhere. While SKYGGE's Hello World is recognized as the first complete aloum
representing a genuine collaboration between Al and human production techniques, there are preceding
instances in popular music history that foreshadowed such collaborations, such as David Bowie's
utilization of the Verbasizer on Outside (1995). Although not designed for music production, the
Verbasizer is a text randomizer program that automates the literary cut-up technique to modify the
meaning of pre-written text through random juxtapositions of materials [12].

Additionally, since 2014, Logic has included the option to automatically generate drum tracks for
users, enhancing this feature more recently by incorporating quantization that mimics a more "human"
sense of timing based on subtle variations rather than strict adherence to tempo. Notably, Amper, touted
as the "world's first Al music composer,"” introduced its beta software in 2014, functioning through
collaboration between humans and Al to create new music based on mood and style. As of the present,
the beta platform has been taken offline, and the enterprise version, Amper Score, is slated for release.
However, the primary market for Amper Score caters to companies or individuals in need of royalty-free
music for branded content like podcasts, promotional videos, and other materials typically accompanied
by copyrighted stock music. Similar capabilities are found in Jukedeck, also founded in 2012. Present
applications of Amper and Jukedeck primarily focus on expediting the creation of royalty-free stock
music or Muzak, without significantly impacting the production of mainstream popular music. They are
commonly employed to produce music intended to accompany other audio-visual content, often not
requiring high emotional engagement or, arguably, considerable musical complexity.

Schedl, Yang, and Herrera-Boyer categorize the collection of music systems and applications
employed to automate specific processes in music production or selection for online stores and streaming
services as intelligent technologies. They acknowledge the inherent challenges in precisely defining
intelligence, emphasizing that the term is frequently employed more as a marketing strategy than a

125



The Second!National

G:dnfsren’c'e’gn Digital
l ransfbm{ation and
Intelligent'Systems

functional descriptor of a product, software, or platform's capabilities. The authors highlight the
multifaceted nature of musical intelligence, suggesting that it may involve creating interconnections
among various layers of musical compositions, generating sequences recognized as 'music' by other
systems, and anticipating musical features or events during a performance. In response to this
complexity, they establish a typology of intelligent music systems, encompassing automatic music
composition systems like CHORAL, lamus, Coninuator, and OMax; music listening prediction systems
such as Just-For-Me and Mobile Music Genius; music discovery systems exemplified by Musicream;
and algorithms for curating music based on mood or emotions. Additionally, they identify several
contemporary tools utilized in Al- assisted popular music production, including IBM Watson, Magenta,
NSynth, AIVA, and Sony Flow Machines [12].

Al-based music production manifests in diverse forms, ranging from algorithmic approaches to the
utilization of neural networks and machine learning. This article centers on the proprietary generative
constraints-based Markov methods that underpin Flow Machines. Although statistical analysis,
involving a framework of rules and probabilities derived from previous creations, is fundamental to all
these methods, the focus here lies specifically on the Markov-based approach. While algorithmic music
has a well-established history in Western art music, its relevance to the discourse on Al-driven music
production (AIPM) is somewhat diminished. Nevertheless, it is noteworthy that a longstanding
interconnection exists between music and algorithms, given that numerous musical formats are inherently
tied to specific sets of rules or algorithms. Compositions governed by rules, such as theme and variations
or the 12-bar blues, can be classified as algorithmic music due to their reliance on specific compositional
principles. It is essential to acknowledge that while algorithmic production is often associated with
aleatoric or chance music, which involves an element of randomness, the broader context of AIPM
encompasses a wider range of techniques and methodologies [12].

Markov chains and other machine learning composition techniques rely on an existing corpus of
music, including scores or audio, to serve as the foundation for generating novel compositions. A
distinction exists between algorithmic compositions and machine learning compositions: algorithmic
music follows predefined algorithms to achieve specific goals, whereas generative modeling is not
necessarily bound by a predetermined algorithm. Although these terms share common elements, their
objectives differ. For instance, algorithmic music is created through specific algorithms, while Markov
chains generate randomly distributed musical elements based on stochastic models derived from the
analysis of a designated corpus, often using a smaller dataset compared to machine learning processes.

Charles Ames describes a Markov chain as modeling the behavior of a sequence of events, each
capable of assuming a fixed range of states, with transitions between consecutive events referred to as
changes in state. Notably, despite the creative output facilitated by Al software, this creation remains
contingent on human-origin music serving as the basis for analysis. Google DeepMind's exploration of
Al iterations for visual content raises the possibility of entirely Al-driven audiovisual content, prompting
speculation on how these processes might be applied in music production. There is a question regarding
whether iterations on an Al-collaborated musical corpus might fall short of engaging human tastes
meaningfully or fail to stimulate human creativity and listening practices in novel directions. The
potential impact of these developments on music production warrants careful observation [12].

Curtis Roads attributes the application of Markov chains for generative music modeling to the 1950s-
1960s, with notable examples such as Hiller's fourth movement of the Illiac Suite in 1956. The early
incorporation of computers in music composition, building on indeterminacy principles from avant-
garde music, was seen as a means to expedite decision-making through rapid random choices, acting as
a tool for this purpose. The Illiac Suite's first three movements were algorithmically composed based on
traditional tonal harmony rules, while the fourth movement employed probability tables and Markov
chains. The ILLIAC computer was used to generate intervals for each instrument, adhering to tonal
harmony expectations.

Upon the suite's debut in 1956, news reports criticized the piece, asserting that the audience was
resentful of engaging with an “electronic brain,” and one listener even cautioned that it foreshadowed a
future lacking in human creativity. Hiller responded by emphasizing the conceptual nature of the
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composition, acknowledging the complexities that may surpass the perceptual capacities of the human
ear and mind. He noted that if the structure of a composition exceeds a certain level of complexity, it
might surpass human perceptual abilities, highlighting the interplay between creative potential,
socialized constraints of human tastes, and perception.

The discomfort experienced by audiences encountering works produced by an "electronic brain" or
"intellectual machine" likely stems from apprehensions surrounding the role of humans in creative
endeavors. These reactions resonate with fears and myths associated with other Al discourses during the
emergence of algorithmic and Al discussions in the mainstream consciousness. Simone Natale and
Andrea Ballatore's discursive analysis of Al in scientific trade magazines reveals that these myths and
fears, consolidated during the 1950s—1970s Al boom, continue to shape public opinions and perceptions
regarding the role and potential of Al technologies. Such concerns, depicting new computing processes
as "thinking machines," tend to fuel skepticism and criticism of Al capabilities, perpetuated through
narrative tropes. Commonly, Al technology myths anthropomorphize the technology, often linking Al
to notions of superhuman or supernatural powers. Terms like "thinking" and "intelligence™ imply a
universal human definition of consciousness, leading to the perception that Al technologies possess
similar forms of intelligence and rational thought [12].

The awareness that music was not exclusively created by human minds appears to evoke a sense of
unease, reminiscent of the response observed in the uncanny valley of robotics and computer-generated
human images. Coined by Masahiro Mori, the term "uncanny valley" describes the discomfort arising
from nearly human images, where slight disparities between reality and expectation provoke unease. In
Natale and Ballatore's research, the unease arises from the understanding that a computer can generate
music. In both instances, the uncanny results from assumptions about what is deemed human and the
presumed exceptionalism of human capabilities. Although the llliac Suite is not classified as AIPM
(Artificial Intelligence in Music Production), the references to the uncanny, the unfamiliar, and
occasional resentment toward computer-assisted composition remain applicable across genre
distinctions [12].

Some critics have observed that the Illiac Suite lacks a "journey" essential for emotional involvement,
as it lacks a melodic progression toward a climax or an overarching sense of purpose. It remains
challenging to ascertain whether these critiques are influenced by the awareness of computer
involvement or if similar comments could be made about other human-created atonal or aleatoric musical
works. The functioning of Markov chains, which make predictions from instance to instance or transition
to transition without requiring extensive knowledge of preceding data, suggests that the music produced
in the llliac Suite may be considered a reflection of this form of creation, lacking a cohesive "story" and
resembling a series of independent variables. The fourth movement, characterized by a succession of
abstract thoughts, raises questions about the presence of a sonic narrative. Additionally, the significance
of such a narrative in engaging the audience is debated. Avant-garde music continually challenges
conventional aesthetics, and the incorporation of a computer in this context is no exception. It is intriguing
to observe how these technologies are embraced in popular styles, as seen in Hello World, where
repetition holds greater value than extended "narrative" content. In pop music, novelty and the uncanny
are often appreciated, and repetition plays a crucial role in enhancing audience engagement, both
aesthetically and through market exposure.

Presently, the capabilities of Al and generative modeling techniques in popular music are confined to
collaborative tools assisting in the exploration and production of new sounds, melodies, and
harmonizations. These technologies have not yet evolved to the stage of comprehensive music
composition where an entire, cohesive, and engaging popular music piece can be created without human
input. However, the problem-solving approach in Artificially Intelligent Music (AIM) has progressed to
a stage that more closely resembles genuine collaboration between humans and computers. Al software
is not engaged in holistic creation, nor is it merely replicating existing works. The term "synthesizing"
aptly characterizes current forms of Artificial Intelligence in Music Production (AIPM), representing a
mode of incremental creativity. Functioning as a technological aid, most existing AIPM software can
propose melodies, orchestrations, and instrumentations based on provided constraints; it operates as a
tool for music production, serving as a collaborator rather than an independent creator. As pointed out by
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Benoit Carré, it is akin to having another person in the studio to exchange ideas with, and some of these
ideas have the capacity to push our auditory experience into unfamiliar sonic territories [12].

16. Discussion

Algorithmic composition is not a recent phenomenon, as Western music composition inherently involves
algorithmic processes governed by specific rules and structures. This survey focuses on research initiatives
related to algorithmic music composition that utilize Artificial Intelligence (Al) as the foundation for
decision-making processes [13].

Al has attained industrial proficiency in classification processes, but challenges emerge when
generating new data using generative models, with music composition being a notable area of interest in
generative models research. The application of these generative models to music composition offers
potential benefits to individuals at various skill levels, including beginners, experienced composers,
students, and amateurs. Such utilization could yield financial and time-related advantages in the music
production process [13].

However, a computational challenge lies in the absence of an objective and universally accepted
automatic evaluation method that serves as a benchmark for assessing the quality of the generated musical
pieces. While there are existing methods for evaluating human emotion and expression in music
composition, such as those discussed by Livingstone, Muhlberger, Brown, and Thompson, and studies
focusing on the topology to guide automatic systems and interpretation of musical pieces, these areas are
not considered in the present research [13].

An even more embodied, embedded, and environmentally interactive form of Al could potentially
excel in producing additional aesthetic properties beyond emotional impact and pleasantness in music.
Evaluation criteria might encompass qualities such as innovativeness, subversiveness, and homage to
other works. To master these properties, an Al should possess an awareness of musico-historical context
extending beyond probability distributions over notes, rhythms, and musical features within a specific
song or style. Jerrold Levinson outlines musico-historical context, encompassing personal components
(a composer's style, repertoire, oeuvre, and influences) and general components (history of musical
development, prevalent styles, influences at the time of composition, and activities of contemporary
composers). Achieving mastery in these aesthetic properties may necessitate the social embedding of a
musical Al within a musico-historical context. For instance, Cybraphon, if equipped not only to monitor
social media reactions but also to process positive and negative critiques, could understand precisely
which aspects of its compositions listeners find appealing or displeasing. A more robust system, wherein
an Al composer engages with and learns from an artistic community, might develop the ability to create
beyond its teachers or training data, adding aesthetic depth by drawing on the works of others. Achieving
this may require active engagement and participation in a musical community rather than a mere
processing of data.

Holly Herndon has developed a system named "Spawn," an Al designed for singing. This Al was
trained on various voices, including Herndon's own, those of her musical collaborators, and even voices
from her audience. Unlike Als such as Bachbot, which create music in a specific style, Herndon's
objective was to create an Al with the capability to "understand the logic of a sound sample,” thus
enhancing its adaptability. The project places a significant emphasis on the collaborative "raising™ of the
Al by a community. Herndon is careful to transparently acknowledge the technology's limitations and
estimates the Al's contribution to each musical composition at approximately twenty percent [11].

In conclusion, while Al in music creation has advanced with the development of generative music
machines, there is still a notable deficiency. Music-making Als cannot achieve success solely through
brute-force rule memorization and future state simulation, as seen in competitive strategy game Als.
Current compositions by music-making Als, despite appearing generative, often require substantial
human intervention and lack genuine emotion, feeling, and a coherent narrative structure. Our
demonstration underscores that human music production and perception extend beyond mental
processes, involving influence from homeostatic interoceptive processes rooted in human emotion
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processing. This essential interoceptive processing is notably absent in computer programs creating
musical compositions.

Although some music machines, such as Al Duet and Cybraphon, seem to minimally incorporate a
form of interoceptive processing, the former relies on input from a human collaborator, and the latter is
not generative. Current music-making robots like Shimon may excel at mimicking actions rooted in
emotional and interoceptive processes, facilitating rich musical interactions within an ensemble. Spawn,
as an emerging musical Al, serves as an example of a system nurtured and embedded in a community,
learning and evolving through interactions with humans rather than relying solely on pre-composed
datasets.

To achieve success, a music-making Al must build upon existing generative achievements and more
comprehensively integrate embodied interoceptive processing. This integration should ground the
machine's musical output in its internal, potentially conscious, states [11].

Advancements in the field of Artificial Intelligence (Al) in music have witnessed rapid acceleration in
recent years, bringing about significant changes in music technology. The trajectory of Al suggests a
promising future for music technology, poised to transform the music industry. However, akin to many
revolutionary technologies, Al instills apprehensions about potential disruptions, given its anticipated
widespread influence that will likely reshape the way we perceive music in the coming years. It is,
therefore, reasonable to acknowledge that independent composers and producers, engaged in creating
original music, find the prospect of a technology capable of replicating their work with comparable
quality, in less time and at a reduced cost, to be a daunting and unsettling prospect.

The integration of Al into the creative domain of music is anticipated to augment the roles of music
producers and songwriters. According to a recent report by the World Economic Forum, Al machines
and algorithms are predicted to generate 133 million new job opportunities while displacing 75 million
related jobs by 2022. Another report by McKinsey suggests that 70% of companies will adopt at least
one Al technology by 2030, offering insights into the prospective landscape of the music industry.

Al possesses the capability to achieve widespread personalization by leveraging extensive data from
various sources, discerning patterns in customer behavior and personality. Through the analysis of
interaction history, Al creates specific profiles for each customer, facilitating high levels of
personalization in customer engagement, services, and products. Machine learning empowers companies
to introduce numerous product variations for personalized customer experiences. Unlike being confined
by predetermined variables, the machine can utilize learned traits, making a significant impact on
individual customer preferences. This advanced personalization, fueled by machine learning algorithms
and applications, opens avenues for more intricate customization.

Al stands out as a transformative technology, presenting new opportunities for both consumers and
companies. The unparalleled potential of artificial intelligence allows music listeners to evolve into co-
creators, engaging at a massive scale on a whole new level.

17. Conclusion

This paper explores the design framework for intelligent music teaching within the context of music
classroom instruction supported by artificial intelligence technology. It delves into the current research
background of intelligent music teaching design, scrutinizes the research status of artificial intelligence
technology in conjunction with intelligent music teaching design, identifies research challenges and
complexities, and aligns research ideas and methodologies to establish the significance and value of the
paper. The document defines relevant concepts related to artificial intelligence technology and intelligent
music teaching design, elucidates cognitive and learning theories, establishing a theoretical groundwork
for the design of intelligent music teaching. Additionally, the paper examines six characteristics of
intelligent music teaching design facilitated by artificial intelligence technology, creating the conditions
necessary for the implementation of intelligent music teaching design.
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In conclusion, recent technological advancements have demonstrated the efficacy of affective agents,
which are Al systems capable of expressing and understanding emotions. While algorithmically
generated music has been present since the 1960s and has evolved over time, further investigation is
necessary to ascertain the potential impact of this music on human emotions. As posited in the
introduction, if Al can indeed influence emotions, it signifies a step towards sentience, as reflected in
the alternative term for affective agents: emotionally sentient agents. Utilizing the Differential Emotions
Scale (DEQ), the human response to algorithmic music can be accurately documented, enabling a
thorough examination of whether Al possesses the capacity not only to communicate with humans by
emulating their speech and language but also through its distinct musical creations. Presently, the
landscape of music production has shifted from reliance on expensive commercial recording studios to a
trend of producing music 'in the box' using computers, eliminating the need for extensive outboard
equipment and large studio spaces in many instances. This shift aligns with broader developments in the
music industry, where the ease of copying and sharing high-quality recorded music, facilitated by the
Internet, has made a diverse range of music readily accessible to consumers.

The available technology for creating records without professional studio facilities has reached an
advanced stage, enabling the creation of commercial-quality recordings at home that are virtually
indistinguishable from those produced in professional studios. This capability empowers artists to
transform a musical concept into a finalized product swiftly and at a relatively low cost, often without
external input.

However, the evolving expectations of consumers necessitate a continuous flow of musical output
from artists to maintain relevance and commercial viability. Consequently, artists should explore methods
to enhance productivity. Historically, collaborative songwriting partnerships have been a common
practice in popular music to meet this demand. Nevertheless, identifying a suitable collaborator poses
challenges. Currently, there are no computer systems capable of collaborating with users, essentially
emulating a human collaborator.
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2 Residual histogram

3 Mean absolute error (MAE)
4 Mean squared error (MSE)
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Models MAE MSE RMSE R-squared MAPE
XGBoost 1.7564 11.4676 3.1540 0.9998 0.0087
Neural Network (MLP) 9.8280 121.2015 12.6750 0.9981 0.0597
CatBoost 3.6555 25.8033 6.1920 0.9996 0.0162
LightGBM 2.8321 32.4118 5.7020 0.9995 0.0163
Lasso Regression 0.8710 1.1285 1.0623 0.9999 0.0066
Ridge Regression 0.2210 0.0884 0.2973 0.9999 0.0023
K-Nearest Neighbors (KNN) 60.9863 9179.2185 76.3730 0.8589 0.5909
Random Forest 0.7200 1.8401 1.2064 0.9999 0.0046
Support Vector Machine (SVM)  178.0531 59053.1340 236.0230 0.9231 1.1173
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