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O Music understanding

Raw Audio X Audlq Response R
a Embeddings ] __ i
This song is in the key of F minor. The
] tempo is 121.6 beats per minute (BPM).
——C Projection i - . -
Encoder ' (iained) —C. — As | listen to the music clip, | hear a string quartet playing in a
(frozen) | W lively and energetic manner. The piece begins with the violin
[ mn playing a rapid and virtuosic melody in the higher registers. The
notes played include F6, A#6, C7, and F5, creating an engaging
Language and spirited opening theme. [...] The interplay between the violin,
. Moc!el cello, and viola creates a rich and dynamic sound. [...]
Language Instruction Xq Text (Pre;:]admed
Embeddings | fine-tuned)
What are the key and . This composition is representative of the Baroque era in several
tempo of this song? ways. First, the use of counterpoint, a hallmark of Baroque music,
is evident in the interplay between the violin and cello. [...]
Describe the provided (mi - | Second, the harmonic structure of the piece, with its use of major
audio in detail. | W | and minor chords, reflects the tonal system that was prevalent
during the Baroque period. Finally, the fast tempo and the
How does this compaosition show typical o) _ auring que period. -ty ) i :
. intricate, ornamented melodic lines are typical of the energetic
characteristics of the Baroque era? ) . .
and highly expressive music of the Baroque era.

https://storage.googleapis.com/music2text-public/index.html

LLark: A Multimodal Foundation Model for Music (2024)



https://storage.googleapis.com/music2text-public/index.html
https://storage.googleapis.com/music2text-public/index.html
https://storage.googleapis.com/music2text-public/index.html
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O Music transcription

Music and Audio Computing Lab, KAIST (2020)
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O Music source separation, chord/key/beat/tempo estimation

N7 Molses

https://www.youtube.com/watch?v=0wmiR8Zsv9g

Moises App


https://www.youtube.com/watch?v=0wmiR8Zsv9g
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6 Vocal separation

45N
N OW AND THEN
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https://www.youtube.com/watch?v=0pxhh90h3rg



https://www.youtube.com/watch?v=Opxhh9Oh3rg

Backgrounds

O Music audio generation

MusicFX -

¥ Suno

Sounds that create a [ iu @ and ' Home
energetic - eyl Create

Library

SOUNDS THAT CREATE A Explore @
RELAXING AND ENERGETIC
ATMOSPHERE

© ChA A [ )

Google MusicFX C 2)) Suno.ai 159

https://aitestkitchen.withgoogle.com/ko/tools/music-fx https://suno.com/



https://aitestkitchen.withgoogle.com/ko/tools/music-fx
https://aitestkitchen.withgoogle.com/ko/tools/music-fx
https://aitestkitchen.withgoogle.com/ko/tools/music-fx
https://suno.com/

Backgrounds

0 Coversong

https://www.youtube.com/watch?v=geOLw5I1Tw8



https://www.youtube.com/watch?v=ge0Lw5I1Tw8
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0 Automated composition

BEETHOUET

X

https://www.classicfm.com/composers/beethoven/unfinished-tenth-symphony-completed-by-artificial-intelligence/

https://www.youtube.com/watch?v=IESYzIEwors
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Electric Dreams (1984)




Understand music content and represent the meanings

Generate new music content based on the understanding

Perform music with human interactively and expressively
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genre, mood, instrument, artist



Music Information Retrieval

IE ; IR Who are we?
The International Society for Music Information Retrieval (ISMIR) is a non-

profit organisation seeking to advance research in the field of music
information retrieval (MIR)—a field that aims at developing computational
tools for processing, searching, organizing, and accessing music-related

Conferences data. Among other things, the ISMIR society fosters the exchange of ideas
Transactions of ISMIR and activities among its members, stimulates research and education in
Women in MIR MIR, supports and encourages diversity in membership and disciplines, and
Resources oversees the organisation of the annual ISMIR conference. More details on

the society and its mission can be found here.

About the Society ISMIR Conference

Membership

Community Statistics The ISMIR conference is held annually and is the world's leading research
Contact forum on MIR. More details on past conferences and links to the freely

accessible proceedings can be found here.
Upcoming Conferences

e [SMIR 2024, November 10-14, San Francisco, CA, United States
e ISMIR 2025, South Korea

https://ismir.net/



https://ismir.net/

0 Audio-to-Text
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0 Multi-label classification
3 Supervised learning
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Classification
Model
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Music Tagging

0 Deep Learning
3 Mel-spectrogram + Convolutional Neural Networks (CNN)

3 The cross-entropy loss between the sigmoid output and the multi -hot vector

nBal | §w

Sigmoid RO C K
output ACl asé&
fHiphopo

nSoft
ACal m

CNN —>

AnCel | ¢
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VGG, GoogLeNet, DenseNet,
Sequeeze-and-Excitation Net,
EfficientNet

nVocal

Deep Learning for Audio -Based Music Classification and Tagging , Juhan Nam, Keunwoo Choi, Jongpil Lee, Szu-Yu Chou, and Yi-Hsuan Yang, IEEE SPM, 2018



Music Tagging

Arousing/Awakening

Carefree/Lighthearted

Cheerful /Festive

Happy

Positive/Optimistic

Very Danceable

Positive Feelings

Fast Tempo

Catchy/Memorable

Juhan Nam (2012)




Music Tagging

0 Deep Learning
3 Mel-spectrogram + Convolutional Neural Networks (CNN)
3 The cross-entropy loss between the sigmoid output and the multi -hot vector
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A fixed set of tags

Deep Learning for Audio -Based Music Classification and Tagging , Juhan Nam, Keunwoo Choi, Jongpil Lee, Szu-Yu Chou, and Yi-Hsuan Yang, IEEE SPM, 2018



Word Embedding

0 Mapping the tag labels to a dense semantic vector space
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Pretrained word embedding models are available
e.g. Word2Vec (CBOW, skip-gram), GloVe
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Audio Embedding

Audio Embedding
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Zero-shot Learning for Audio

Joint Text-to-Audio Embedding Learning
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Adaption layers

-based Music Classification and Tagging , Jeong Choi, Jongpil Lee, Jiyoung Park, Juhan Nam, ISMIR, 2019



Demo: Queryby-Text

Query:

2t3L_kwd2tr [Query: ALHE]

ex) 2, =8, =, e, 228 of2I0|, Eju, FEIF, K=, 71, o, chill, 7|El, M=IL|0t:, 2EF, 0|E, edm, rock, 0IEEH,...

» (Click) 4HH0|%]

Click TrackID to play.

Time: 0.0118
TrackID Track_name

15408120  Auditions

7137130 Men's Health: Beach Body Workout
(Continuous Mix 1)

18433318 Jonas Blue : Electronic Nature - The
Mix 2017 (Continuous Mix)

23117757 My A (Answer)

1949450 Senior Year Spring Musical

6123890  HOIEM

21424501 Higher (Feat. Conrad Sewell)

7137208 Men's Health: Beach Body Workout

4 : s

Artist_name

[Sing Cast]

[Bebe Rexha, Chris Malinchak, G-Eazy, Daya, Snakehips, Yan Etchevary,
The Chainsmokers, Kygo, Filous, Lucky Rose]

[Jonas Blue]

28]
[The Cast Of High School Musical]
[3{LIF(HoneyChu)]

[Cedric Gervais]

[Dillon Francis, James Hersey, Denny White, Boehm, Usher, Fedde Le

0:00/0:00

Gerne
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[E>

e
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[OST > g&k3el]

pre

[EHEZL Tt > LAE

> ChA]

2L7H

Score

0.9112142324447632

0.895550549030304

0.8946405053138733

0.8915007710456848

0.888899564743042

0.8873562812805176

0.8860461711883545

0.8850283026695251




From Word Embedding to Large Language Model

0 Word embedding is good at capturing word-level semantics
3 However, itis based on co-occurrences of words within a short context
window
3 Nkokvgf"vg"tghngev"1jwocp"mpqyngfig

o Yj{"fapXv"yg
retrieve music?
3 LLM is trained with a huge amount of text corpus
3 LLM learns a long-term context with a transformer model
3 LLM can be finetuned by human feedbacks or domain-specific data

wug" Nctig" Ncpiwcig"OoO



From Word Embedding to Large Language Model

0 We can convert the tag annotation into a rich sentence-level description

using LLM!

3 Suggest more descriptive words

3 Conversational

o —

Jazz, Happy, Piano,

: F Major, 130bpm
(Genre, Mood, Inst., Key,
' Tempo)

Human Annotation Association

The lively jazz genre in F

3 Major key at 130 BPM

tempo with happy, upbeat
piano melodies.

Text data augmentation by LLM



LLM-powered Caption Generation

0 Use ChatGPTto generate the text description (pseudo caption)

Tag

video game, instrumental, analog
sounding, small keyboard, playful,
cheerful, groovy

Pseudo Caption

This instrumental track has a
joyful and playful vibe, perfect
for a video game theme. With no
singer, the analog-sounding music
features a small keyboard, creating
a groovy and cheerful atmosphere

LP-MusicCaps : LLM-Based Pseudo Music Captioning , Seungheon Doh, Keunwoo Choi, Jongpil Lee, and Juhan Nam, ISMIR, 2023



Music Captioning

0 Cross-modal encoder-decoder

Next-Token Prediction

-
4
N D

Auto-regressive
Language Decoder
(Write)

AUdIO EnCOder Multi-hea_d
(L |Ste n) Self-Attention

x6

|
GB Sinusoidal
y Position Encod

ng

Masked Multi-head
Self-Attention

Convi1D+GELU

x6

Learned
Position Encoding

10sec Log-el sectoram ) Music Caption

P

Figure 3. A cross-modal encoder-decoder architecture.

LP-MusicCaps : LLM-Based Pseudo Music Captioning , Seungheon Doh, Keunwoo Choi, Jongpil Lee, and Juhan Nam, ISMIR, 2023



Music Captioning

LP-MusicCaps: LLM-Based Pseudo Music Captioning, ISMIR 2023 (to appear)

Generated Caption from Music Captioning Mod

Music and Audio Computing Lab, KAIST (2023)




Extending Joint Text-to-Audio Embedding Learning

0 Fine-tune an open-source LLM (LLaMA 2.0)

3 Use tags, LLMpowered caption, meta data (artist, track), similar artist
iInformation
3 Sentence-level text encoder: ROBERTa

Cosine Similarity

g B

| ¢ I Million Song Dataset | encoding 9(2't) ¢ Tag Annotation (Baseline)
.. . ! ) i funk, synthesizer bass,
Projection | [ Projection PHPIHDY o i1l e
I ' Audioset/MusicCaps J\%a z o
. . . D e LLMA ted Capt
Attention Pooling | | CLS Pooling i | N s funk ongeatures e moog
L J M——->Za, e synthesizer bass and the vocals.
I | ( Music4all B —_— The woodwind trumpet, and
usi YA sese saxophone were also performed
ResNet50 RoBERTa [ il I e e i
’ ‘ Rl A I N ey e
A from talking book.
| ;;'?'H*H.*‘“”Hm *'* S Za“l " || I | (N ::‘Tr_nf:ar:r‘fil.l::)rmaﬁon
‘ | | M ‘H ‘ ‘ I‘H \ M ‘I“ H | EDM for Party | Audio-Text Contrastive Learning LSlmllarw\mh herbie hancock.
Joint Emedding Model Fig. 2. Music Audio and Text Contrastive Learning Framework.

Enriching Music Descriptions with A Finetuned -LLM and Metadata for Text -to-Music Retrieval , Seungheon Doh, Minhee Lee, Dasaem Jeong, and Juhan Nam, ICASSP, 2024



Query

funk song with female vocal,
similar with Herbie Hancock style

<) <))



Conversational Music Retrieval

0 The multi-turn approach using natural language queries and the history
of chat

fusion jazz with synth, bass,
drums, saxophone

!x! )

w4
>

[ Here is three songs for you! J
L 0 T T

Good! But | need more groovy ]

rhythm things. S

Oh... fusion jazz with groovy
rhythm! Okay, wait a second...!

User Music Assistant




Conversational Music Retrieval

0 Single-Turn Retrieval vs Mult-Turn Retrieval

Chat Embedding

Min Distance Min Distance
> < [ O > <
Aggregation Layer
N
|:||:||:] |:||:| Item Encoder -_I'I.-I' -_I'I.-_I'I-I' __|| -_I'I-_I'I.-_II-_I'I.-_I'I-_I| ltem Encoder
Query Embedding Query Embedding  ltem Embedding
e e ltem Pool Query Encoder ltem Encoder ltem Pool
(Database) (Database)
ll Jl L
T T

Single Turn Query Dataset Multiturn Chat Dataset



TalkPlay

O Multi-turn chatting with fine -tuned multi-modal music LLM

1. Build Multimodal Music Tokenizer

Playlist Enc.
Tags Enc.

Metadata Enc.

Lyrics Enc.

Audio Enc.

Source data (x)

Modality embedding (v)

2. Finetune Large Language Model
Training with Next Token Prediction

7 34 648 112 128256 128258 130309 131337

Text LM Head Music LM Head

Transformers
(with Causal Attention)

Text Embedding Music Embedding

5 7 34 648 112...128256 128258 130309...

Tokenization

<USER>I'm looking for some hiphop music.
<ASSISTANT> | recommend "Money and the Power"
<Music><bom><p-2>

J><m-4><l-143><a-94><eom>

“ <playlist-2>
Cy
Vector (’f 1 Token <metadata-11>
Quantizer Mapping
! <lyrics-143>
€43
<audio-94>

5
Coyq
Quantized codebook index (¢c)  Stringify codebook index (i)

3. Recommendation with music token

Music Retrieval with Generated Music Token

<playlist-2> Music Database
. =

<metadata-4> T
et N
<audio-3>

Token to Codebook Embedding Extractor
,.}.)’ "x‘x ’1‘!;'; ";;I Vector Quantizer
Query Reference Set

Music Retreival

Retrieved Music with Ranked List Format

BRI PUN FU | P 0

Track1 Track2 Track3 Trackd Track5 Tracké

| am looking for a musical theatre song with powerful vocals, ideally from a
well-known musical.

Let's start with a powerful and emotional selection from a popular musical.

On My Own - Samantha Barks (3Mr6ofzF6ZuYiqHh8qNud3)

musical les misérables london soundtrack +4 more

B 0:00/0:29 e )

That was beautiful, but | want something a bit more upbeat, maybe from a
more recent musical.

Ground Truth Prediction
Here's an upbeat selection from a recent hit Here's an upbeat song from a more recent
musical. musical, known for its catchy rhythm.

Seventeen (feat. Barrett Wilbert
Weed & Ryan McCartan) - Barrett
Wilbert Weed (1yEm06gdCRzBMch3UHQeyQ)

Defying Gravity - From "Wicked"
Original Broadway Cast
Recording/2@@3 - Kristin Chenoweth

(1bpnYrDCforv9ctIMzIRVE)

Musicals Rock Soundtracks

pop  musical  broadway  Vocal

p 0:00/0:29

0
» 0:00/029 == ')

https://talkpl.ai/
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Automatic Music Transcription (AMT)

0 Audio-to-Score

W’ . Pitch contours

A -

AMT Model

egm moderato
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Monophonic Pitch Estimation

4

0 CREPEclassification -based approach using CNN

- B7
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MedleyDB-Synth: First Layer Filters

o

CREPE: A Convolutional Representation for Pitch Estimation , Jong Wook Kim, Justin Salamon, Peter Li, Juan P. Bello, ICASSP, 2018


https://marl.github.io/crepe/

Polyphonic Piano Transcription

0 Onsets and Frames

| Frame Loss I
3
| Frame Predictions I I Onset Loss |
4 — 4
| FC Sigmoid I | Onset Predictions |
4 4
| BILSTM | || Fosigmoid |
| S— 4
| FC Sigmoid | | BILSTM | _
3 3 Website: https://magenta.tensorflow.org/onsets-frames
| Conv Stack | | Conv Stack |

~.

| Log Mel-Spectrogram I

f

AVANTALY,

Onsets and Frames: Dual -Objective Piano Transcription , Curtis Hawthorne, etal, ISMIR, 2018



https://magenta.tensorflow.org/onsets-frames
https://magenta.tensorflow.org/onsets-frames
https://magenta.tensorflow.org/onsets-frames

Reaktime Polyphonic Piano Transcription

autoregressive RNN

0 Predicts note states (off, onset, sustain, offset, and re -onset) using an

Ground-truth
MIDI

Multi-state
Estimation

Polyphonic Piano Transcription Using Autoregressive Multi

Pitch

A (Autoregresive
: Connection
Time Ut 1
Softmax Softmax
FC FC
Time LSTM stack LSTM stack
=0
FC FC -
Conv stack Conv stack

-State Note Model , Taegyun Kwon, Dasaem Jeong, and Juhan Nam, ISMIR, 2020



Demo: RealTime Polyphonic Piano Transcription

Music and Audio Computing Lab, KAIST (2020)



Segto-Seq Model

0 A generic encoder-decoder Transformer with standard decoding

methods

3 Represents the MIDI output with text-based token sequences

Spect
pectrogram Encoding

Segmented
Waveform

Sequence -to-Sequence Piano Transcription with Transformers

Autoregressive
Sampling

Latl La 1.l

MIDI-like Output Tokens

<time 73.1> <vel 61> <pitch 60> <time 73.3>
<vel 82> <pitch 64> <time 73.5> <vel 0> <pitch 60>

LI
Eall I
I

I

cai| 1 N

, Curtis Hawthorne, lan Simon, Rigel Swavely, Ethan Manilow, Jesse Engel, ISMIR, 2021



MT3

0 The same seqto-seq model that supports multi -task AMT

MAESTRO o m

Cerberus4 i M= E / : riT

[%mf | ra—

MusicNet - f L L ‘L 2 1 ys ®

[ Slakh2100 , B _/ d Tel - ﬂ &
W (=== )
(URMP - (5 —9/_ =8= i 4 )
k. o & - i i

MT3: Multi -Task Multitrack Music Transcripton , Josh Gardner, lan Si mon, Et han Manil owA, Curtis Hawthor



MT3

O Addtherir t qi t c 0" e ¢toghe guihut voccmaggp ihstruments
3 This allows the model to handle an arbitrary number of instruments

Piano Roll MIDI-Like Target/Output Tokens
Q
<time 0.27>
<time 0.63>
Tokenization
|
a <time 1.55> <prog 32> <note 31>

<time 1.60>
Detokenization
<time 1.75>
<time 1.90>
<time 2.03> <prog 32> <note 31>

https://magenta.tensorflow.org/transcription-with-transformers

MT3: Multi -Task Multitrack Music Transcription Josh Gardner, lan Si mon, Et han Manil owA, Curtis Hawt hor


https://magenta.tensorflow.org/transcription-with-transformers
https://magenta.tensorflow.org/transcription-with-transformers
https://magenta.tensorflow.org/transcription-with-transformers
https://magenta.tensorflow.org/transcription-with-transformers
https://magenta.tensorflow.org/transcription-with-transformers

Music Source Separation

0 Mix audio A individual sources (e.g. stems)

Source: https://source-separation.github.io/tutorial/landing.html



