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Hildegard Dodel, Public domain, via Wikimedia Commons
Taken at Hamamatsu Museum of Musical Instruments, August 2019.
yan, CC B¥SA 4.0 via Wikimedia Commons .


https://creativecommons.org/licenses/by-sa/4.0

(Source: Sankei Shimbun)

/ \I (Shlizerman et al., 2019)
y

(Source: Yamaha)

(Source: Robot Gizmos)

Shlizerman e t Audio to Batly Dynamics , Broc. CVPR2018.
https://www.yamaha.com/en/news_release/2018/18013101/
https://www.sankei.com/article/20240113 -CQCOSQHJWFIYPJJKZDCITRTRVI/ (Source: NBC DFW)
https://www.roboticgizmos.com/shimon  -musical -robot -deep -learning/

https://www.nbcdfw.com/entertainment/the -scene/how -verdigris -ensemble -is-using -ai-to -create -a-new-concert -experience/3366031/



https://arxiv.org/abs/1712.09382
https://www.yamaha.com/en/news_release/2018/18013101/
https://www.sankei.com/article/20240113-CQCOSQHJWFIYPJJKZDCITRTRVI/
https://www.roboticgizmos.com/shimon-musical-robot-deep-learning/
https://www.nbcdfw.com/entertainment/the-scene/how-verdigris-ensemble-is-using-ai-to-create-a-new-concert-experience/3366031/
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(Source: Yamaha)

https://www.yamaha.com/en/news_release/2018/18013101/
Yamaha Gl obal, gYamaha Artificial I nt el | -iShemrde VE&hauIlibefitpsdlyostd.be/2lmjmylasUD a2018er i nt o a Pi ani st V4



https://www.yamaha.com/en/news_release/2018/18013101/
https://youtu.be/21injmy1wsU
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https://www.roboticgizmos.com/shimon-musical-robot-deep-learning/
https://youtu.be/ZpTV1-acSU8
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(Source: Yamaha)

(Source: Sankei Shimbun)

(Source: Robot Gizmos)
Shlizerman e t Audio to Batly Dynamics , Broc. CVPR2018.
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https://www.sankei.com/article/20240113
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https://www.roboticgizmos.com/shimon  -musical -robot -deep -learning/

https://www.nbcdfw.com/entertainment/the

-scene/how -verdigris -ensemble -is-using -ai-to -create -a-new-concert -experience/3366031/

(Source: NBC DFW)

(Shlizerman et al., 2019)
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Audio to Batly Dynamics , Broc. CVPR2018.

(Shlizerman et al., 2019)
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(Source: UploadVR )
e\ o

(Source: Daily Bruin )

Universitaetsmedizin , CC B¥SA 4.0, via Wikimedia Commons
https://www.uploadvr.com/iron  -man -vr-breaks -free -from -cords -load -screens-on-quest -2/

https://www.descript.com/blog/article/what

-is-the -best -audio -interface -for -recording -a-podcast

https://www.denverpost.com/2019/08/02/colorado -symphony -movie -scores-harry -potter -star-wars/

https://dailybruin.com/2023/08/04/theater

-review -the -musical -les-misrables -offers -stellar -displays -and -impassioned -vocals

(Source: Wikimedia
Commons )
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Al



Al A

Al is the study of how to make computers do things at which,

at the moment, people are better

s Elaine Rich and Kevin Knight, 1991

{0: AlphaGo  Lee Sedol
Lz TS
A N

(Source: Britannica) (Source: The Guardian)

Elaine Rich and Kevin Knight, Artificial Intelligence. United Kingdom: McGraw -Hill, 1991.
https://www.britannica.com/topic/Deep  -Blue
https://www.theguardian.com/technology/2016/mar/15/alphago -what -does-google -advanced -software -go-next

https://www.youtube.com/watch?v=PFMRDm_H9Sg

20?7

(Source: SC2HL)
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https://www.youtube.com/watch?v=PFMRDm_H9Sg
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Created with Adobe Firefly
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AI (Source: MOMA Magazine)

LT

the A, issue

EIN|

Meet the

World's

First s

Artificia Y

Intelligent ¢

Magazine ,

Cover i,

&

only took 20
seconds fo maoke. \ ;

(Source: Cosmopolitan)

(Source: CNN Business)

Gl ori ar hlei Worgd dds Smartest Artificial | nt e, Gosnpmolitan,eJund 20s2022.Made | ts Fir i
Rac hel Alhohan,artgbntest, and artists are furious , @NN Business September 3, 2022.

Refik Anadol , Refik Anadol on Al, Algorithms, and the Machine as Withess , MIoMA Magazine December 20, 2022.
Lianne Kolirin, Artist rejects photo prize after Al -generated image wins award , @NN April 18, 2023.

a <« 1 11 © \/UVCr

Source: CNN)

K



https://www.cosmopolitan.com/lifestyle/a40314356/dall-e-2-artificial-intelligence-cover/
https://www.cnn.com/2022/09/03/tech/ai-art-fair-winner-controversy
https://www.moma.org/magazine/articles/821
https://www.cnn.com/style/article/ai-photo-win-sony-scli-intl/index.html

Al S MusicGen

Prompt : relaxing and Prompt : delightful Prompt : cinematic and
smooth jazz played in a country music with suspenseful orchestral
stylish cafe acoustic guitars music

00
=
>

A

)

00 00
o o
] N ] N

huggingface.co/spaces/ facebook /MusicGen

Made with Facebook MusicGen (huggingface.co/spaces/ facebook /MusicGen) 29



https://huggingface.co/spaces/facebook/MusicGen
https://huggingface.co/spaces/facebook/MusicGen
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OpenAl, Sora: Creating video from text,

https://openai.com/sora

S Sora

, Feb 15, 2024.
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hJ Nc A, Rufiway Gen-2 Sample / Tiger Whiskey , ¥ouTube July 9, 2023.
Kaoru Naito, Twitter, https://twitter.com/kaOru_1620/status/1678313226453520385

, July 10, 2023.

Runway Gen-2
MusicGen
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https://youtu.be/V7GV-X20D9s
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MuseGAN
(AAAI 2018)

Random

s Generator

Fake data

|
84 ||+
pitches | F B

96 time steps

Critic
(WGAN-GP)

/{rs(ks

& Al

MMT
(ICASSP 2023)

Multitrack

(ISMIR 2021)

Deep Performer

(ICASSP 2022)
|
|
l.

CLIPSep CLIPSonic
(ICLR 2023) (WASPAA 2023)
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MuseGAN
(AAAI 2018)

Fake data
Critic
@ G(2) (WGAN-GP)
Random G R e
o enerator .
Discriminator
Real data
| [ r I I
[ | |
[ [ A bars] T
i
84 T et ==
pitches | B Fr ot b 5 tracks

96 time steps

MMT
(ICASSP 2023)

xtvpe xbeat xposition xPitch yduration  yinstrument
L 1 I 1 | 3

Positional encoding D—Ep)

Masked multi-head
self-attention

Nx fany
transformer Sl
decoder block
Feedforward
Pany
A7

! i
(o) (e ) (o) [ ) (e ) )

(softmax ][ softmax (" Softmax ][ softmax (" softmax ][ Softmax ]
) +

type beat position pitch duration  pinstrument
£ x x 2 2 x

36
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00
N N (AAAI

MuseGAN

2018)

Fake data

Random
Generator

Critic

@ (WGAN-GP)
: . ) ‘
X

noise
Discriminator
Real data
s
I |
A bars] ‘ &
84 |l ===
pitches |EEEm T T ol T s

96 time steps
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AWS DeepComposer MuseGAN

ﬁ\WS DeepComposer Models Train a model \

Train a model

Generative algorithm info

- I | .|»“-

aws

Choose a generative algorithm to train a model 3
!

.
0 Gseon)
wetgorithm often used for complex music structures U-Net is the distinguishing factj i i

v 512 32- key 2 ave keyboard

|ﬂplli noise

\ v ) .' “f |I|||||||

MuseGAN featured in

AWS DeepComposer ! | | = T u“‘“lll‘llm

https://www.amazon.com/dp/B07YGZ4V5B/
Julien Simon, JAWS DeepComposer s Now Generally Available With New Features ,3JAWS News BlogApril 2, 2020.



https://www.amazon.com/dp/B07YGZ4V5B/
https://aws.amazon.com/blogs/aws/aws-deepcomposer-now-generally-available-with-new-features/

Al

MMT
(ICASSP 2023)

xtype xbeat xPosition xPpitch xduration  yinstrument
(o) (i) i) i) i) i)
T T T T T =
Positional encoding )
Masked multi-head
self-attention
Nx a
transformer G
decoder block
Feedforward
.
A4

] ¥
(oo ) (o ) (e ) (e ) (ome )(ome )

[ softmax ][ Softmax ][ softmax ][ Softmax Softmax Softmax
v

gtyve gbeat gposition gpitch gduration  ginstrument
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[ICASSP
2023

NE,
ISLAN

Multitrack Music Transformer

Hao-Wen Dong Ke Chen Shlomo Dubnov Julian McAuley Taylor Berg-Kirkpatrick

University of California San Diego

UCSan Diego
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Transformer

3.5
3.3

(Source: Vienna Mozart Orchestra)
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AChatGPT +

. You

What's so cool about Al for music? Give me a brief answer

. ChatGPT
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Transformer (machine learning model) % 23 language

Aticle  Talk Read Edit Viewhistory Tools v

(ng ransformer (gene) A Add languages

Adticle  Talk Read Edit View history Tools v Jessively on re

rences to primary sources. Ploase improve this
ndary or tertiary sources.

From Wikipedia, the free encyciopedia JSTOR

Transformers (film series) 2 26 languags

Not to be confused with Transformer protei

Article Talk Read Edit Viewhistory Tools v¥ " I ran Sfo rl I I( E r
Trans —
s Partof a series on
- reguia 5 .
o memmeo —— o From Wikipedia, the free encyclopedia Machine learning
rogui and data mining
S Transformers is a series of science fiction action films based on the Transformers Pay [show]
e ot femal Transformers rodign
5 = _ franchise of the 1980517 1) kiichael Bay directed the first five live action films: Problems [ehow]
ANerrabye spicing Ao & The trfl Transformers (2007), Revenge of the Fallen (2009), Dark of the Moon (2011), Age of AT Thow]
= RMEEE served as a producer Lopo used for the first three films in the series  Ragusiication » ragression)
¥ 108 languages QUM Was released  Directed by Michael By (1-5) fshow]
Transformer S el T stmgunN
Article  Talk Read Edit Viewhistory Tools v SRR )
Josh Coaley (8 View history  Tools v Y [shaw]
forks Fictres Based on B
From Wikipedia, the free encyclopedia jras received ]
ocaived Distributed by
This article s abaut the electrical device. For ather uses, see Transformer (disambiguation) 9
o 8528 billon;  Releasedate  2007-prasent —
Atransformer is a passive component that ransfers elecirical energy from one electrical Dark of the Runningtime 1002 minutes (7 fims)
cirouit to another circuit, ar multiple circuits. A varying current in any ooil of the transformer EsN

Country United States
produces a varying magnalic flux in the transformer's core, which induces a varying

electromotive force (EMF) across any ofher coils wound around the same core. Electrical

2 issues starting in 1983 The second

Publication information
energy can be transferred between separat ametallc Productions from 2002 to 2004 with

X - . Publisher Marvel Comics (1984-1994)
connection between the twa circuits, Faraday's law of induction, discovered in 1831, ulple: story continuities, until the [ —

deseribes the induced voltage eflect In any coil due to a changing magnetic flux encircled

ird and fourth series have been (2002-2004)
by the coil

series starting with an issue #0 in blishing (2005-2022)
in January 2006 to November 2018,
I issue #1 and concluded in June
5 [[being produced by IDW as wel
also be used to provide galvanic isolation between circuils as well as to Gouple stages of A basic wansformer consisting of ranet et I June 2023, Kicking off the £ "
ransformers comics starting in June 2023, kicking off the Energon
anal-pr g Since the the first constant-potential transformer in v calls of capper wirs wrappad “ “ “
around a magnetic care iso been several other smaller publishers with varying degrees of success.

Transformers are used lo change AC voltage levels, such transformers being lermed step-

up or step-down type to increase or decrease voltage level, respeciively. Transformers can

rse. In additiog

1885, transformers have become essential for the transmission, distribution, and utiization
of altemating current electric power. "] A wide range of transformer designs is encountered
elecironic and electric power applications. Transformers range in size from RF transformers less than a cubic centimeter in sal

e, o nits weighing hundreds of tons used to interconnect the power grid. istallation is
” A es ” PPN Was the first to
open the ride.

The dark ride consists of motion platform-mounted vehicles which foliow a 2,000-foot-
long (610 m) track. Throughout the ride, screens up to 60 feet (18 m) high project 3D
images of various Transformers characters as the Autobots attempt to protect the
park from the Decepticons.
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super words _

super word 0O

J |

- Start of song L.
— Structural Start of notes
. End of song

~ Instrument
_ Note

— Data



Accordion
pitch

Trombone
pitch

Brass Section
pitch

F (0, 0, 0, 0, 0, 0) | Start of song|

n Ly @ 4 > ©, 15) | Instrument: accordion

i 1 (1, o, o, ©, @, 36) | Instrument: trombone

n (1, o, , > 9, 39) | Instrument: brasses

I (2, 0, 0, 0, 0, 0) | Start of notes|

R (3, 1, 1, 41, 15, 36) Note: beat=1, position=1, pitch=E2, duration=48, instrument=trombone
N i (3, 1, 1, 65, 4, 39)  Note: beat=1, position=1, pitch=E4, duration=12, instrument=brasses

e | (3, 1, 1, 65, 17, 15) @ Note: beat=1, position=1, pitch=E4, duration=72, instrument=accordion
- (3, 1, 1, 68, 4, 39) Note: beat=1, position=1, pitch=G4, duration=12, instrument=brasses

1 1553 I (3, 1, 1, 68, 17, 15) | Note: beat=1, position=1, pitch=G4, duration=72, instrument=accordion
:f = ? = (3, 1, 1, 73, 17, 15) Note: beat=1, position=1, pitch=C5, duration=72, instrument=accordion
- (3, 1, 13, 68, 4, 39)  Note: beat=1, position=13, pitch=G4, duration=12, instrument=brasses
=mE I (3, 1, 13, 73, 4, 39) Note: beat=1, position=13, pitch=C5, duration=12, instrument=brasses

- (3, 2, 1, 73, 12, 39) Note: beat=2, position=1, pitch=C5, duration=36, instrument=brasses
:; 34 (3, 2, 1, 77, 12, 39) Note: beat=2, position=1, pitch=E5, duration=36, instrument=brasses

12345678 ..
time (beat) [(4, 0, ©, ©, ©, ©) | End of song |




Accordion
pitch

Trombone
pitch

Brass Section
pitch

5 (0, 0, 3 g Gy )|| Start of song
n Ly @ 4 ,» ©, 15)|| Instrument: accordion
i 1 (1, o, ©, B9, @, 36)| Instrument: trombone
n (1, o, , > 9, 39)|| Instrument: brasses
e (2, o, 0,0, 0, 0)|| Start of notes
R (3, 1, 1, @1, 15, 36)| Note: beat=1, position=1, pitch=E2, duration=48, instrument=trombone
N i (3, 1, 1, B5, 4, 39)| Note: beat=1, position=1, pitch=E4, duration=12, instrument=brasses
& | (3, 1, 1, B5, 17, 15)| Note: beat=1, position=1, pitch=E4, duration=72, instrument=accordion
- (3, 1, 1, B8, 4, 39)| Note: beat=1, position=1, pitch=G4, duration=12, instrument=brasses
1 1553 I (3, 1, 1, B8, 17, 15)| Note: beat=1, position=1, pitch=G4, duration=72, instrument=accordion
:' = ? = (3, 1, 1, w3, 17, 15)| Note: beat=1, position=1, pitch=C5, duration=72, instrument=accordion
- (3, 1, 13, B8, 4, 39)| Note: beat=1, position=13, pitch=G4, duration=12, instrument=brasses
SmRE s (3, 1, 13, W3, 4, 39)| Note: beat=1, position=13, pitch=C5, duration=12, instrument=brasses
- (3, 2, 1, W3, 12, 39)| Note: beat=2, position=1, pitch=C5, duration=36, instrument=brasses
:; 34 (3, 2, 1, §7, 12, 39)| Note: beat=2, position=1, pitch=E5, duration=36, instrument=brasses
12345678 e

time (beat) (4, 0o, 5 5 4 )| End of song
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Transformer

A Transformer

A

ATrained autoregressively
S

[ )

(MMT)

ylype xbeat xposition xpitch xduration xinstrument

'
[ Embedding ][ Embedding ][ Embedding ][ Embedding ][ Embedding ][ Embedding ]
| | | |

Positional encoding @—»69

4 g

h

Masked multi-head
self-attention

Nx D

transformer WV

decoder block !

Feedforward I
fanY
. b J
v ' v v v v
[ Dense ][ Dense ][ Dense ][ Dense ][ Dense ][ Dense ]
Y + v v

[ Softmax ][ Softmax ][ Softmax ][ Softmax ][ Softmax ][ Softmax ]
ftipe fbgat fposttion fpitch fdurttion finstrtment
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Symbolic Orchestral Database (SOD)

A5,743 lj 357 NJ
A U
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