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Who We Are

e Instructor: Juhan Nam (&2}
o Professor, Graduate School of Culture Technology
o Joint appointment: Graduate School of of Al and Metaverse
o Music and Audio Computing Lab: https://mac.kaist.ac.kr/

e TAs: Hayeong Bang (2f5t®), Dabin Kim (& CHE)
o PhD students, Graduate School of Culture Technology
o Music and Audio Computing Lab


https://mac.kaist.ac.kr/

Music

e Music is one of the most widely consumed and enjoyed forms of cultural
content

Music
Listening

Music Music
Performance Creation

Three pillars of musical experiences



Music Listening

e Mood enhancement and well-being
o Emotional regulation and psychological well-being
o Boosting activity performance: studying, sleeping, exercise

e I|dentity formation and social bonding
o Building strong connections with artists and forming identities
o Social bonding through fandoms
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Music Performance

e Personal growth
o Developing motor skills through music education and practice
o Achieving a sense of personal accomplishment

e Social engagement
o Participating in collective endeavors: bands, hobby clubs
o Engaging in communal experiences through religious and cultural rituals

Source: http://times.kaist.ac.kr/news/articleView.html?idxno=3835, http://times.kaist.ac.kr/news/articleView.html?idxno=3185



e Creative activity
o Transforming musical inspiration into new creative forms as self-expression
o Driving continuous cultural evolution through artistic breakthroughs

e Cultural commodity
o Artist-driven original works as high-value cultural and economic assets
o Functional sounds for various media: background music and film scores

MAP OF THE SOUL

PERSONA

https://musicmap.info/ K-pop Artists



https://musicmap.info/

Music Listening and Technology

e Evolution of music media formats
o LP and cassette tape: physical ownership and linear playback
o Compact Disc (CD): the beginning of high-fidelity digital bit.
o Cloud Streaming: shift from "ownership" to "access”
o Music became ubiquitous data, decoupled from physical constraints
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Music Listening and Technology
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e Music at scale ‘
Spotify: 150M+ tracks Spotify
SoundCloud: 300M+ tracks (I Tube)
YouTube: over 500 hours upload every minute
Proliferation of “Al-generated music” since 2023 unumlm‘
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SOUNDCLOUD

e The paradox of choice
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In this vast ocean of sound, how do we find our music?



Music Listening and Technology

e Curation and personalization
o Fine-grained categorization: genre, mood, and activity context
o Personalized recommendation: leveraging user behavior and preferences for
deep content discovery
o Coherent playlist generation: creating optimized sequences tailored to
specific user intents
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Music Listening and Technology

e Advanced music retrieval
o Text-based retrieval: search via title, artist, tags, or free text
m Query-by-text: using text as input
o Content-based retrieval: find songs similar in acoustic properties
m Query-by-example: using audio features or embedding as input
m Query-by-humming: using melodic similarity as input
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Music Performance and Technology

e The use of technology is essential in music performance

o Stage performance
m Audio equipment: microphone, speakers, amplifiers, audio effect, and mixer
m Lighting and background video: synchronized control to music
o Entertainment and education
m Karaoke, game: music accompaniment, performance evaluation
m Electronic sheet music
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Karaoke Yousician: Guitar Learning App MuseScore
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e Emergence of intelligent features
Music source separation: “stem” removal for music practice
Music analysis: music transcription, chord recognition, lyrics transcription

Music Performance and Technology

Difficulty-based sheet music generation
Score following and auto-accompaniment
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Music source separation and transcription
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Difficulty-based sheet music generation
(Suzuki, 2023)
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Music Creation and Technology

e DAW-based music composition and production
o Multi-track recording, editing, and processing
o MIDI, plug-ins (virtual instrument and digital audio effects ), samples libraries

e Audio programming
o Coding-based sound design and control, algorithmic composition
o Regarded as artistic tools

e HE
[~ = 3
o 331

Digital Audio Workstation (DAW) Max & Supercollider




Music Creation and Technology

e Neural sound synthesis
o Expressive sound synthesis: singing voice
o Tone transfer or voice conversion ("Al cover song”)

Transform )@gr sound
with NéUndl Synthiesis

Mnet Al music project Singing voice conversion Tone Transfer (DDSP)



Music Creation and Technology

e (Generative Al music

o Generating the entire mix and sheet music by text prompt
o Condition on lyrics, melody, tempo, dynamics, or musical features

o Stem-level generation

Google Lyria 3
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Music Creation and Technology

e Technology for copyright protection
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Song identification: identifying the original track by audio fingerprint

Cover song identification: identifying the original song by melodic similarity
Sampling/Plagiarism detection: measuring substantial music similarity
Al-generated music detection: acoustic artifacts

- (@ Al-generated content
/a This album includes tracks detected a
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Shazam: audio fingerprint Deezer



The Multimodal Nature of Music Data

e Music is arich collection of interconnected data types
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Audio content: raw signals such as MP3 or WAV files

Textual metadata: song titles, artist info, album covers, and descriptive tags
: musical notation, chords, fingering, and MIDI files

Visual & Multimodal: music videos, live concert footage, and personal

practice recordings

Service & knowledge data: user listening histories, playlist organizations,

artist graph, Wikipedia, music-related articles

e Levels of Abstraction
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These data points exist at different granularities from sample-level audio to
event-level scores and song-level text



Connecting the Music Data

e The challenge lies in associating these fragmented data points across
diverse dimensions e

ficity
Music H Identify a compact disk, provide metadata

O ASSOCiation by Similarity: Iinking data With Identification about an unknown track, mobile music

information retrieval: e.g. shazam.com

. g o Plagiarism |H Identify mis-attribution of musical

d Iffe re n't S peCIfI C I'ty |eve |S detection performances, mis-appropriation of music
intellectual property.

Copyright H Monitor music broadcast for copyright

monitoring infringement or royalty collection
Versions H/M | Remixes, live vs. studio recordings, cover

songs. Used for database normalization
and near-duplicate results elimi

Melody H/M | Find works containing a melodic fragment

Identical M Retrieve performances of same opus

Work / Title number or song title

Performer  |M Find music by a specific artist

Sounds like (M Find music that sounds like a given
recording

Performance | M Mapping one performance onto another

Alignment independent of tempo and repetition
structure

Composer |M Find works by one composer

Recommend-| M/L. | Find music that matches the user's

ation personal profile

Mood L Find music using emotional concepts: Joy,
Energetic, Melancholy, Relaxing

Style / Genre | L Find music that belongs to a generic
category: Jazz, Funk, Female Vocal

Instrument(s)| L. Find works with same instrumentation

Music- L Radio broadcast segmentation, Music

Speech archives cataloguing

Content-Based Music Information Retrieval: Current Directions and Future Challenges, Casey et al., Proceedings of the IEEE. 2008



Connecting the Music Data

e The challenge lies in associating these fragmented data points across

diverse dimensions
o Association by temporal resolution: aligning data across different time

scales
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Music Informatics

e Aresearch area that focuses on computational methods for

representing, analyzing, and processing the music-related data in order
to associate them with each other in various musical contexts

e Used interchangeably with Music Information Retrieval (MIR)
o Infact, the term “MIR" is more commonly used in the research community
o Originally, MIR focused on the search and organization of large-scale
databases as a sub-branch of the broader “Information Retrieval” field



The Scope of This Course

e Focusing on how computational algorithms can “understand” the multi-
faceted associations between music data to power the next generation
of music services and creative tools

e Computational algorithms
o Audio signal processing: FFT, digital filters
o Optimization: dynamic programming
o Machine learning & Deep learning

e This course will not handle “Al music generation”
o However, we cover the “evaluation” of music generation models



Course Content

o Week 1
o Course introduction
o Music data representation

o Week?2
o Acoustic feature analysis
o Pitch estimation

e Week3
o Automatic music transcription

o Week 4
o Beat tracking and tempo estimation



Course Content

e Week 5
o Chord recognition
o Music structure analysis

o Week 6
o Music tagging and captioning
o Music LLM

o Week7
o Music source separation

e Week 8
o Mid-term week



Course Content

e Week9
o Symbolic music processing

o Week 10
o No class (ICASSP conference trip)

o Week 11
o Music recommendation and retrieval

o Week 12
o Music alignment and performance analysis



Course Content

e Week 13
o Evaluation of music generation models

o Week 14
o Final project presentation: proposal (oral)

e Week 15
o TBD

o Week16
o Final project presentation (poster)



e Great interestin music

e Backgrounds in machine learning and deep learning
o lassume that you previously took basic Al courses
(computer vision, natural language processing, spoken language processing)

e Coding skills in Python and experiences with deep learning libraries

o | assume that you have project experiences using PyTorch or other ML/DL
frameworks



e Assignments: 40 %
e Paper Review: 20%

e Research Project: 40%
o Team project
o Oral Presentation (Proposal)
o Poster Presentation (Final)
o Report (Final)



e https://mac.kaist.ac.kr/~juhan/gct731



https://mac.kaist.ac.kr/~juhan/gct731
https://mac.kaist.ac.kr/~juhan/gct731
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