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Music Representations

Symbolic music representations

Text-based

Program_change_0,
Note_on_60, Time_shift_2,
Note_on_60, Time_shift_2,
Note_on_76, Time_shift_2,
Note_on_67, Time_shift_2,

MIDI

Image-based
A
Note_off_60, SLe—_ =~ ]
Note_off_60, P e ——— s e e s
Note_off 67, — — —_—)
Note_off 67, Time
Piano roll

Today's topic!

Audio-domain music representations

Time series-based

L

Waveform
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Image-based

Frequency

Time

Spectrogram



Machine-readable Music Language



Designing a Machine-readable Music Language

« How can we “represent” music in a way that machines understand?

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



ABC Notation

* A simple text-based notation

 Use letters to denote pitches N .
. _ i _ (st e T e - |
Lower octave (A-G), higher octave (a-g) =
A A=A AA L AAA

 Use prefix to denote accidentals - T
- Sharp (M), flat (_), natural (=)

™ 22T 1

5 .

Il [* | ..
1 L

X -—.—r.

0

g wT
-

o

w
-

C,D,E,F|GABCIDEFG|ABcd |[efga|bcdde|fgalb

abcnotation.com/examples
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https://abcnotation.com/examples

é£ What's this song?

CCGG|AAG2 | FFEE [DDC2:
| :GGFF | EED2 | GGFF | EED2 |
CCGG|AAG2 | FFEE | DDC2:

Twinkle, twinkle, little star!

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



An Example of ABC Notation

Ah! vous dirai-je, maman
(Twinkle, twinkls, littls star)

anon, (France)

5':3

RS *f

RS

Metadata [

X:571

T:Ah! vous dirai-je, maman
T:(Twinkle, twinkle, little star)
C:anon.

:France

:Nursery song

:C Meter

:1/4 Unit note length (temporal resolution)
Q 120 Tempo

I—ZJUO

CCGG AAG2)| FFEE |DDC2: |
| :GGFF | EED2 | GGFF | EED2 |
CCGG|AAG2 | FFEE |DDC2: |

abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan


https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000
https://abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000

ChatGPT can Compose Songs in ABC Notation!

@ You

Write a cheerful folk song using ABC notation

@® chatGeT
Certainly! Here's a cheerful folk song in ABC notation:

[ Copy code

Sunshine the Meadow

/

C

G2 A4 G4 |
[¢}] C4 E4 |
G2 A4 G4 |
G2 | C4 z4 |
G2 A4 G4 |
G2 C4 E4 |
G2 A4 G4 |

G2 | C4 z4 |

Feel free to play around with the tempo and instrumentation to give it your own unique

style!

chat.openai.com

The sheet music is rendered with abc.rectanglered.com.
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Sunshine on the Meadow
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https://abc.rectanglered.com/
https://chat.openai.com/

Large Language Models (LLMSs)

« The models behind ChatGPT!

. You

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

© chatGPT Word-by-word generation

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



Language Models

 Predicting the next word given the past sequence of words

Transformer (machine learning model) 5 23 language

Article  Talk Read Edit Vi

/-ﬁf ransformer (gene) A Add languages

Atticle  Talk

Taols v

Read Edit Viewh

Tools v Jessively on references to primary sources. Please improve this
ndary or tertiary sources.

Transformers (film series) 2, 26 languags

ppp—— A transformer is a

Part of a series on
From Wikipedia, the free encyclopedia Machine learning

and data mining
Transformers is a series of science action films based on the Tra Parsdi
Transformers o

of the 1980s.1"“*# 1] Michael Bay directed the first five live action films: Problems [show]

Ty ) ners (2007), Revenge of the Fallen (2009), Dark of the Moon (2011), Age of ! mqm“ e — /
— served as a producer Logo used for the first three fims in the series | [Lizqa fication - regressian) . M “ A
B el e =T electrical device iction character
Transformer S el L
Article  Talk

From Wikipedia, the free encyclopedia voaks - schalar - JSTOR

Not to be confused with Tran:

=P o —— — wl

Read Edit Viewhistory Tools T LA
Josh Coaley (8) View history  Tools v Y [show]
forks Pictures Based on Transformers o]
From Wikipedia, the Iree encyciopedia s received by Hasbrol® —
Fide]
received Distributed by Paramount i
This arficle is about the electnical device, For other uses, see Transformer (disambigu: ) N

| of 5528 billion;  Release date  2007-present
" formers
Atransformer is a passive compenent that transfers elecirical energy from one electrical Dark of the Runningtime 1002 minutes (7 fims)

deep learning modelt family of genes

dircuit to another circuit, ar multiple circuits. A varying current in any ooil of the transformer
produces a varying magnetic flux in the transformer's core, which induces a varying
romotive force (EMF) across any other colls wound around tha same core. Electrical

2 issues starting in 1993. The second

. Publication information

energy can be transfered between separate colls without a metallic (conductive) Productions from 2002 to 2004 with = — AT ey
connection between the two circul law of induction, discovered in 1831, witiple story continuities, until the e ;‘T’E S
describes the induced voltage effect in any ool due to a changing magnetic flux encircled ird and fourth series have been (2002-2004)

by the coil

series starting with an issus #0 in IDW Publi
in January 2006 to November 2018 S
Transformers are used to change AC voltage levals, such transformers being termed step- " ::' 4 led in {2023-present)
issue #1 and concluded in June

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

being produced by IDW as well.

also be used 1o provide galvanic isolation batween circuits as well as 1o couple stages of Abasic transformer consisting of &1 ) . )
tarting in June 2023, kicking off the Enargen Universe. In additiog
1-processing circuils. Sinca the the first v calls of capper PPe
around a magnetic care 50 been several other smaller publishers with varying degrees of success,
1885, transformers have becoma essential for the

on, and utllization
of altemating current electric power. !l A wide range of transformer designs is encountered
elecironic and electric power applications. Transformers range in size from RF transformers less than a cubic cenfimeter in
i, 1o units weighing hundreds of tons used to intercannect the power grid stallation is

type of food 1 musical instrument

- —— — T was the first to

open the ride.

The dark ride consists of motion platfc

m-mounted vehicies which follow 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.

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



Language Models (Mathematically)

* A class of machine learning models that learn the next word probability

P( electrical | A transformeris a) I
P( character | A transformerisa)

P( X | X1, X2, ey Xi—1 ) P( gene | Atransformerisa)
J

L

/ \

Next word Previous words

P( model |Atransformerisa)
P( food |Atransformerisa)

P( musical | A transformerisa)

Y L

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



Music Language Models (Mathematically)

* A class of machine learning models that learn the next note probability

Pl G | CCGGAA) I

PCA|CCGGAA) I

P(x; | xy,%0, .., %5-1) PCC | CCGGAA) I

L

/ N P(FlCCGGAA)I

Next note Previous notes

P(CAb | CCGGAA) 1

P( At | CCGGAA) 1

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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Language Models: Generation

- How do we generate a new sentence using a trained language model?

A transformer is a —
A transformer is a deep —
A transformer is a deep learning —
A transformer is a deep learning model —
A transformer is a deep learning model introduced —

A transformer is a deep learning model introduced in —

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan

Model

Model

Model

Model

Model

Model

deep
learning
model
introduced
in

2017

13



Limitations of ABC Notations

* Limited expressiveness

« Monophonic tunes only

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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MIDI-like Representation

15



MIDI (Musical Instrument Digital Interface)

« A communication protocol between devices

* MIDI Messages
- Note on
- Note off
* Delta time
* Program change
- Control change

- Pitch bend change

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan

@ steinberg

MIDI I/0

| PEAK 48V = PEAK @USB / % .
AUDIO INTERFACE MONO 3
32-bit/192kHz .
INPUT w
MIX i
’ ’ 1 =,
4 1 2
f SN M GAIN HI-Z

-
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MIDI Note Numbers

« Ranging from 0 to 127
- Middle Cis 60
- Wider than standard piano’s pitch range

» Widely used in various software, keyboards and algorithms

48 | 50 | 52

<60> 62 | 64 | 65 | 67 | 69

71

Middle C

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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Representing Music using MIDI Messages

* Three main MIDI messages

- Note on
- Note off
- Time Shift

Sunshine on the Meadow

D>

Note_off_67

Note_on_67= Time_shift_quarter_note
Note_on_67) Time_shift_quarter_note,
Note on_ 64, Time_shift quarter_note,
Note on_ 64, Time_shift quarter_note,

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan

Note_off:67,
Note off 64,
Note off 64,

18



é£ What about Polyphony?

Clair de Lune

from “Suite Bergamasque” L. 75 Claude Debussy
3rd Movement (1862—-1918)

Andante trés expressif / P 2
o=l

Db g P g5 .
w-’ J ?8 ! jr.r" e | — —
Piano pp '-Eﬂn sordina
[4)
J h
%“:3’f H : oz o — g
e —

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



Representing Polyphonic Music

- We can now handle music with multi-pitch at the same time
- In the literature, “polyphonic” & “multi-pitch” are often used interchangeably

Clair de Lune

from “Suite Bergamasque” L. 75 Claude Debussy
g q
3rd Movement (1862-1918)

Andante trés expressif /"2/._2\
. o | — | J‘-—-.J E—

[ .
L R FA N . .
4 7N g
A3V %4 / ' | I A —
Py) T v " —— |
Piano pp | con sordina
A | | |
Db — [ i
h 1 ¥ o & | — N\ 1 e — e —
VI h Fi 4 [ u| .
ANV Ld L \ o | I~ —s .
d \/

Note on 65, Note on 68] |Time shift eighth note] |Note on 77, Note on 80
Time_shift_half_notej |[Note_off_77, Note_off_80) |Note_on_73, Note_on_77

Time_ _shift dotted _quarter_ note, Note off 65 Note off 68

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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A.l. Duet (Mann et al, 2016)

youtu.be/0ZE1bfPtvZo

experiments.withgoogle.com/ai/ai-duet/view

github.com/googlecreativelab/aiexperiments-ai-duet

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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Piano Roll Representation
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Piano Rolls

(Source: Draconichiaro)

Draconichiaro, CC By-SA 4.0, via Wikimedia Commons
Tangerineduel, CC By-SA 4.0, via Wikimedia Commons

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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(Source: Tangerineduel)

WIND-

TRACK
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Player Pianos

youtu.be/07krQ661fok

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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Piano Rolls at the Stearns Collection

Photos taken on April 3, 2025.

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan

STEARNS COLLECTION OF
MUSICAL INSTRUMENTS

25



Stearns Collection of Musical Instruments

STEARNS COLLECTION OF
MUSICAL INSTRUMENTS

smtd.umich.edu/stearns-collection

Photos taken on April 3, 2025.

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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Piano Roll Representation

Brightness represents the
MIDI velocity (dynamic)

A

y 3
— - . ‘ )
o . — e e, e T
z 2 = T L L e
E D- '_ _-_\I'I_ -
<- "=
m
time (step) . -l.

A time step is the
minimum note length

27
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Piano Roll Representation

— e — . S 1= l"‘\.‘”l.-\..'-\.-- = - =
O = v J. + B J- — : —0 .-— Co ‘:‘t: - _-: —_— = I_I__-v_
° ° ° ° = H A .‘-. R n 5 ' .:_\"..-‘— -
With expressive timing = & - g —ImlII
< ' S
time (step)

gitarren
pitch
O
w
|
|
1
1
TITT
I'T
Il
I
[T]
1
T
I'T

Without expressive timing

1 2 3 4 5 6 7 8 910111213 14151617 18 19 20 21 22 23 24 2526 27 28 29 30 31 32
time (beat)

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



® PA 1: Symbolic Music Processing

Instructions will be sent by emails and
released on the course website

Use MusPy to process symbolic music o
- Read MIDI and MusicXML files f;é
- Manipulate notes, instruments, and tempos @
- Show as piano roll(s) Cé
- Write as MIDI and MusicXML files
- Synthesize into WAV files g
Learn to code in Jupyter Notebook RO

Learn about Google Colab

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan


https://muspy.readthedocs.io/en/stable/

Digital Musical Scores

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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Johann Sebastian Bach: Violin Sonata No. 1 in G minor, BWV 1001

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



MusicXML

<?xml version="1.0" encoding="UTF-8"
standalone="no"?>
<IDOCTYPE score-partwise PUBLIC
"-//Recordare//DTD MusicXML 4.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">
— <score-partwise version="4.0">

—<part-list>
<score-part id="P1">
|: <part-name>Music</part-name>
</score-part>
—</part-list>
—<part id="P1">
— <measure number="1">
— <attributes>
<divisions>1</divisions>
— <key>
<fifths>@</fifths>
— </key>
— <time>
<beats>4</beats>
<beat-type>4</beat-type>
— < /time>
—<clef>
<sign>G</sign>
<line>2</line>
—</clef>
— </attributes>
— <note>
— <pitch>
<step>C</step>
<octave>4</octave>
— </pitch>
<duration>4</duration>
<type>whole</type>
— </note>
— </measure>
—</part>

— </score-partwise>

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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MusicXML

<?xml version="1.0" encoding="UTF-8"
standalone="no"?>
<!DOCTYPE score-partwise PUBLIC

"-//Recordare//DTD MusicXML 4.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">

— <score-partwise version="4.0">
<part-list>
<score-part id="P1">
<part-name>Music</part-name>
</score-part>
</part-list>
<part id="P1">
<measure number="1">
<attributes>
<divisions>1</divisions>
<key>
<fifths>0</fifths>
</key>
<time>
<beats>4</beats>
<beat-type>4</beat-type>
</time>
<clef>
<sign>G</sign>
<line>2</line>
</clef>
</attributes>
<note>
<pitch>
<step>C</step>
<octave>4</octave>
</pitch>
<duration>4</duration>
<type>whole</type>
</note>
</measure>
</part>

— </score-partwise>

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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MusicXML

<?xml version="1.0" encoding="UTF-8"
standalone="no"?>
<!DOCTYPE score-partwise PUBLIC
"-//Recordare//DTD MusicXML 4.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">
<score-partwise version="4.0">
<part-list>
<score-part id="P1">
<part-name>Music</part-name>
</score-part>
</part-list>
<part id="P1">
<measure number="1">
<attributes>
<divisions>1</divisions>
<key>
<fifths>@</fifths>
</key>
<time>
<beats>4</beats>
<beat-type>4</beat-type>
</time>
<clef>
<sign>G</sign>
<line>2</line>
</clef>
</attributes>
<note>
<pitch>
<step>C</step>
<octave>4</octave>
</pitch>
<duration>4</duration>
<type>whole</type>
</note>
</measure>
</part>
</score-partwise>

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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- MusicXML

<?xml version="1.0" encoding="UTF-8"
standalone="no"?>
<IDOCTYPE score-partwise PUBLIC
"-//Recordare//DTD MusicXML 4.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">
<score-partwise version="4.0">
<part-list>
<score-part id="P1">
<part-name>Music</part-name>
</score-part>
</part-list>
—<part id="P1">
<measure number="1">

</measure>
—</part>
</score-partwise>

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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MusicXML

<?xml version="1.0" encoding="UTF-8"

standalone="no"?>
<!DOCTYPE score-partwise PUBLIC

"-//Recordare//DTD MusicXML 4.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">

<score-partwise version="4.0">
<part-list>
<score-part id="P1">
<part-name>Music</part-name>
</score-part>
</part-list>
<part id="P1">
<measure number="1">
— <attributes>
<divisions>1</divisions>
<key>
<fifths>0</fifths>
</key>
<time>
<beats>4</beats>
<beat-type>4</beat-type>
</time>
<clef>
<sign>G</sign>
<line>2</line>
</clef>
— </attributes>
<note>
<pitch>
<step>C</step>
<octave>4</octave>
</pitch>
<duration>4</duration>
<type>whole</type>
</note>
</measure>
</part>
</score-partwise>

Temporal
resolution

Key signature

Time signature

Clef

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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. <?xml version="1.0" encoding="UTF-8"
M u S I CXM I_ standalone="no"?>
<!DOCTYPE score-partwise PUBLIC
"-//Recordare//DTD MusicXML 4.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">
<score-partwise version="4.0">
<part-list>
<score-part id="P1">
<part-name>Music</part-name>
</score-part>
</part-list>
<part id="P1">
<measure number="1">
<attributes>
<divisions>1</divisions>
<key>
<fifths>@</fifths>
</key>
<time>
<beats>4</beats>
<beat-type>4</beat-type>
</time>
<clef>
<sign>G</sign>
<line>2</line>
</clef>
</attributes>
— <note>
<pitch>
<step>C</step> .
<octave>4</octave> Pitch
</pitch> . .
<duration>4</duration> Duration (phyS|caI)
<type>whole</type> . .
| /. ek Duration (symbolic)
</measure>
</part>
</score-partwise>
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Editing MusicXML Files with MuseScore

Add Format Tools Plugins Help Diagnostic

Score Publish Hi‘ Mixer

2ANDDI S Ll -

Instruments  Properties

Add Palettes

Der Abschied

from "Das Lied von der Erde” Gustav Mahler

*  Key signatures

»  Time signatures s T P PR s R

+ Tempo

> Pitch

*  Accidentals

*  Dynamics

*  Articulations

» Text

*  Keyboard

*  Repeats & jumps

*  Barlines

*  Layout

Pianc keyboard

LLBRLRBLALLLLL & RLLGELLLLLIE

i measure: 5; Start beat: 1; End measure: 5 End beat: 4875 W Default Col itch  [] Pag

(Source: MuseScore)

MuseScore, CC BY-SA 4.0, via Wikimedia Commons
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Handling MusicXML Files in Python with music21

bwv295.mxI
J.S. Bach
ol [>] I I I T T ,:? T I I { |
Soprano b P e | o [ R O S S R
° ° * % .I .l | IJI i | |
-Fr‘om mUS].CZl 1mport Des heil'-gen Gei - stes rei - che Gnad' die Her - zen
) . . o)
bwv295 = corpus.parse('bach/bwv295" Alto [y D 2 " ety o om0 o1l
pus.p ( ) o] : ,
A A D E D A A G Fis G G F F E EsD
for thisNote in bwv295.recurse().notes: ~
thisNote.addLyric(thisNote.pitch.german) Tenor £ —— e
—
FGAGA AGFED D D D AD C C
bwv295.show() ~
Bass 3 *

DEFEFD Cis D Fis GAB G D D E Fis

(Source: music21.org)

music21.org/music21docs/about/what.html
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Music Encoding Initiative (MEI)

<?xml version="1.0" encoding="UTF-8"?>
— <mei xmlns="http://www.music-encoding.org/ns/mei" meiversion="5.1">
— <meiHead>

Eiﬁ?‘iiéim Hello World

<title>Hello World</title>
</titleStmt>
<pubStmt></pubStmt>
</fileDesc>

— </meiHead>

— <music>

—<body> ©

—<mdiv>

—<score>

— <scoreDef>

|:<staffGr'p>

<staffDef n="1" lines="5" clef.shape="G" clef.line="2" meter.count="4" meter.unit="4" />
</staffGrp>
— </scoreDef>
—<section>
—<measure n="1">
<staff n="1">
<layer n="1">
|: <note pname="c" oct="4" dur="1" />
</layer>
</staff>
— </measure>
—</section> MUSIC ENCODING
—</score>
—</mdiv>
— < /body>
— </music>
— </mei>

@ INITIATIVE
40

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



Music Encoding Initiative (MEI)

<?xml version="1.0" encoding="UTF-8"?>
<mei xmlns="http://www.music-encoding.org/ns/mei" meiversion="5.1">
<meiHead>

<fileDesc>
ctitlestmt> Hello World
<title>Hello World</title>
</titlestmt> Metadata
<pubStmt></pubStmt>
</fileDesc>
</meiHead>
<music>
<body> ©
<mdiv>
<score>
<scoreDef>
<staffGrp>
<staffDef n="1" lines="5" clef.shape="G" clef.line="2" meter.count="4" meter.unit="4" />
</staffGrp>
</scoreDef>
<section>
<measure n="1">
<staff n="1">
<layer n="1">
<note pname="c" oct="4" dur="1" />
</layer>
</staff>
</measure>
</section> MUSIC ENCODING
</score>
</mdiv>
</body>
</music>
</mei>

& INITIATIVE
41
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Music Encoding Initiative (MEI)

<?xml version="1.0" encoding="UTF-8"?>
<mei xmlns="http://www.music-encoding.org/ns/mei" meiversion="5.1">

<meiHead>
<fileDesc>

<titleStmt> Hello World

<title>Hello World</title>
</titleStmt>
<pubStmt></pubStmt>

</fileDesc>
</meiHead>
— <music>
—<body>
—<mdiv>

Score

—<score>
<scoreDef>
<staffGrp>
<staffDef n="1" lines="5" clef.shape="G" clef.line="2" meter.count="4" meter.unit="4" />
</staffGrp>
</scoreDef>
<section>
<measure n="1">
<staff n="1">
<layer n="1">
<note pname="c" oct="4" dur="1" />
</layer>
</staff>
</measure>

</section> MUSIC ENCODING
—</score>

—</mdiv>
— < /body>

— </music>
</mei>

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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Music Encoding Initiative (MEI)

<?xml version="1.0" encoding="UTF-8"?>
<mei xmlns="http://www.music-encoding.org/ns/mei" meiversion="5.1">

<meiHead>
<fileDesc>

<titleStmt> Hello WOI'ld

<title>Hello World</title>
</titleStmt>
<pubStmt></pubStmt>

</fileDesc>
</meiHead>
<music>
<body>
<mdiv>
—<score>

Score Definition

<scoreDef>
<staffGrp>
<staffDef n="1" lines="5" clef.shape="G" clef.line="2" meter.count="4" meter.unit="4" />
</staffGrp>
</scoreDef>
<section>
<measure n="1">
<staff n="1">
<layer n="1">
<note pname="c" oct="4" dur="1" />
</layer>
</staff>
</measure>
</section> MUSIC ENCODING
—</score> .
</mdiv> A section

</body>
</music>
</mei>

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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Music Encoding Initiative (MEI)

<?xml version="1.0" encoding="UTF-8"?>
<mei xmlns="http://www.music-encoding.org/ns/mei" meiversion="5.1">
<meiHead>

o iticstnts Hello World

<title>Hello World</title>
</titleStmt>
<pubStmt></pubStmt>
</fileDesc>
</meiHead>
<music>
<body> ©
<mdiv>
<score> . .
<scoreDef> Clef Time signature
<staffGrp>
<staffDef n="1" lines="5" clef.shape="G" clef.line="2" meter.count="4" meter.unit="4" />
</staffGrp>
</scoreDef>
<section>
<measure n="1">
<staff n="1">
<layer n="1">
<note pname="c" oct="4" dur="1" />
</layer>
</staff>
</measure>
</section> MUSIC ENCODING
</score>
</mdiv>
</body>
</music>
</mei>

& INITIATIVE
44

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan



Music Encoding Initiative (MEI)

<?xml version="1.0" encoding="UTF-8"?>
<mei xmlns="http://www.music-encoding.org/ns/mei" meiversion="5.1">
<meiHead>

o iticstnts Hello World

<title>Hello World</title>
</titleStmt>
<pubStmt></pubStmt>
</fileDesc>
</meiHead>
<music>
<body> ©
<mdiv>
<score>
<scoreDef>
<staffGrp>
<staffDef n="1" lines="5" clef.shape="G" clef.line="2" meter.count="4" meter.unit="4" />
</staffGrp>
</scoreDef>
—<section>
<measure n="1">
<staff n="1">
<layer n="1">
<J!ayer>
</staff>
</measure>
—</section> MUSIC ENCODING
</score>
</mdiv>
</body>
</music>
</mei>

@ INITIATIVE
45
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Editing MEI Files with MEI-Friend & Verovio

® e + 3

& mek-friend.mdw.ac.at 6 '
g mei-friend  ©Ologin File Code View Manipulate Inset Help  meathoven %o070-nreitkopt.mel @
1

matypens~"http://relaxng.org/ns/structure/1.0" 7>

<7xml version="1.0" encoding="UTF-877>
*http://purl.ocle.org/ds

ps://music-encoding.org/schema/dev/mei-
ps://music-encoding.org/schema/dev/
.music-eacoding.org/ns/zei” meiversion

.rng" type="applica
.rng" type="appli
.0.0-dev">

/ritle>
Opus number“>Wo0 70</title>

type="subordinate”
type="subordinate"

/parstiana>

mposer ">Ludwig van Beathove:
114:18">Werner Goebl</persName>

ane role="encoder” enddate="2020-01-03T

>

<respStat>
amo role="encoder” auth.uri="http://d-nb.info/gnd" auth="CND" codedval="1138881465 >Worner Goebl</persSame>

10n-0000001018877033" isodate="2020-01-03715:27:22" version="2.4.0-dev-7lcccle™>

231692453">Verovio</nane>
7208560 ">Tx from NusicXML</p>

<name xml:

</meitiead>
<nusic>
<body>
<mdiv xal:ld="Wo0-70">

System~  Update: # Lepzigv || € 3 1 4 () Speedmode: ®

SECHS VARIATIONEN

iiber das Duett: ,,Nel cor pili non mi sento*
aus der Oper La Molinara von Paisiello
fiir das Pianoforte

L.vax BEETHOVEN.

) enmm— (3 v KK < Pageiof3a > 3 ®

Beethovens Werke. Serie 17. No. 168.

%q - } N 1 N s s Nw 3 | N P —: - 3
ot b Dt p-rpr L)
Dl I v T v —
TEMA.
SEXS oo e o o e e e
L i e | R L e T o | P I e} — foor | e |}
- ——— W — ——— ==
Original-Verleger: C. A. Spina in Wien. B.168. Stich und Druck von Breitkopf & Hirtel in Leipzig.

Womer Gosbl David . Weigl WK 202122

(Source: github.com/mei-friend/mei-friend)

github.com/mei-friend/mei-friend
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' Editing MEI Files with MEI-Friend & Verovio

s me|_fr|end OLogin File Code View Manipulate Insert Help Demo encoding: Baumann-Ludwig_Mondnacht-am-Meer.mei @ Q) 2 @
W [E - .] [l( ¢ Pagelllons > 3 J[System v] [(defauh choice) v] = 1 <2xml version="1.0" encoding="UTF-8"?> ) o O
2 <?xml-model href="https://music-encoding.org/schema/5.1/mei-CMN.rng" type="application/xml" schematypens
6 Verovio wamings: [Warning] Time spanning element 'tie' with @xmiid 't13vi6fz', @startid #n12e2cy1", and @endid #¥n1105win’ could not be matched. 4 x a 3 <?xml-model href="https://music-encoding.org/schema/5.1/mei-CMN.rng" type="application/xml" schematypens="1
Mondnacht am Meer 4 v <mei xvplns:"http://www.music—encoding.or‘g/ns/mei" meiversion="5.1">
nach Mus. Hs. 1324 2N | <meitiead>
Ludwig Baumann 6~ <'F}1eDe5c>
7 v <titleStmt>
P 8+ <title>Mondnacht am Meer</title>
ﬁ# - [ . 2. — — ] 9 v <respStmt>
fo < © w I | 10 v <persName xml:id="1b" auth="GND" auth.uri="https://d-nb.info/gnd/" codedval="117758817" role="composer">Lut
D] ! B 11 v <persName xml:id="ap" auth="GND" auth.uri="https://d-nb.info/gnd/" codedval="1229022201" role="encoder">Ani
U - ber'm 12 </respStmt>
— —— N
—— p—— 13 </titleStmt>
I j | — N — | =1 N 14~ <pubStmt>
o o 4 15 <date isodate="2024-08-81T89:59:15"/>
- [ 16  </pubStmt>
r B U 17 </fileDesc>
18 v <encodingDesc xml:id="eh7ebgel">
19 v <appInfo xml:id="a3tffecl">
20 v <application xml:id="a@3mgbf" enddate="2626-86-082712:29:31" startdate="2024-88-01T168:49:53" version="1.3.0'
v 21~ <name xml:id="nbtjpo81">mei-friend</name>
Pl » 22 v <p xml:id="p24vfb71">First edit by mei-friend 1.1.5, 14 May 2024.</p>
23 </application>
= L — ] [ ] [ J [ " ] 24 </appInfo>
[E Full page (]| | Show zone boxes Edit zones [J x 25 | <jencodingbescs
img/Baumann-Ludwig_Mondnacht-am-Meer/01.jpg 26 </meiHead>
27+ <music xml:id="mm9bgghl">
28 v <facsimile xml:id="fqyean2">
29~ <surface xml:id="surface ©1J46HF9ZHFCAXXRKM4I7XAVW9" 1rx="1999" lry="2588" n="1" ulx="€" uly="@">
3e <graphic xml:id="graphic_@1J46HF9ZH699QQC7PBOMGDD88" height="2581" target="img/Baumann-Ludwig_|
31 <zone xml:id="zone_01J46HF9ZIRHWGI7WCNPEYZG62" 1lrx="1036" lry="884" type="measure" ulx="127" ul
32 <zone ="zone_0@1]46HF9ZKYZIT3PQEPV3YY55E" lry="803" type="measure" ulx="999" ul
33 <zone zone_01]46HF9ZM8XDRHWF 1RFWNYSHP" type="measure" ulx="142" 1
34 <zone zone_01J46HF9ZN4BHRRQ8Z5E76@RI9" type="measure"” ulx="983" 1
35 <zone zone_01J46HF9ZPEM@3Z4GXWT819IR4" type="measure"” ulx="162" 1
36 <zone zone_081]46HF9ZQENDC7EBQTIYMIWA7" type="measure" ulx="966" 1
37 <zone : zone_01]46HF9ZQKAD47N@8VDS2CF6ER" 2375" type="measure" ulx="165" ul
38 <zone xml:id="zone_©1J46HF9ZR9JOIQXROZCNRCRCY" 1lrx="1726" lry="2388" type="measure" ulx="962" 1
39 </surface>
49+ <surface xml:id="surface_81J46HF9ZRDBFHWC48AGZHSEWS" 1lrx="1999" lry="2580" n="2" ulx="6" uly="0">
a1 <graphic xml:id="graphic_81J46HF9ZRSAYI6ACTTZAGDMS1" height="2581" target="img/Baumann-Ludwig_t
42 <zone xml:id="zone_01J46HF9ZR5J0ID319BBEWAEHY" 1rx="1005" lry="79@" type="measure" ulx="238" ul
43 <zone xml:id="zone_01J]46HF9ZRWTDE1BBCZE6GQ4AKG" lrx=
44 A1 1 ACUEATCLVAMATE VARSI 1
PRENL
‘ (}) 0:01/0:04 Co T —— ) No expansion v x
Hosted by IWK at mdw, with @ from Vienna. Imprint Baumann-Ludwig_Mondnachi-am-Meer.mei, page 1 of 15 loaded. mei-friend 1.4.2 (9 July 2026). Verovio 6.3.0-425dd7h

mei-friend.mdw.ac.at

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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é£ Can't we use sheet music “scans” directly?

« Machines still have a hard time reading scanned sheet music

A task known as optical music recognition (OMR)

Am&uMBJQ_NL'gNFEﬂm N AN Dan
s e om — v :" p

% i‘—r—l s Lt - sg= . Y Ry -t i
- —— —l—F= EE= = — m—" i :'._‘:'E._":"'|A' ]
1 N [—tals =
{ = R e

(Source: Pacha et al.)

ithub.com/apacha/MusicObjectDetector-TF/blob/master/MusicObjectDetector/images/annotated_gt_image.pn
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Optical Music Recognition (OMR)

- Goal: Convert scanned sheet music into digital musical notation

B4
¢ 1

lows in You

[Optical Music}
—_— o —_—
Recognition

breezewhite.github.io/oemer/ 49
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Recap
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Music Representations

Symbolic music representations

Text-based

Program_change_0,
Note_on_60, Time_shift_2,
Note_on_60, Time_shift_2,
Note_on_76, Time_shift_2,
Note_on_67, Time_shift_2,

MIDI

Image-based
A
Note_off_60, SLe—_ =~ ]
Note_off_60, P e ——— s e e s
Note_off 67, — — —_—)
Note_off 67, Time
Piano roll

Today's topic!

Audio-domain music representations

Time series-based

L

Waveform

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan

Image-based

Frequency

Time

Spectrogram

51



An Example of ABC Notation

X:571
Metadata [T:Ah! vous dirai-je, maman
Ah! vous dirai-je, maman T:(Twinkle, twinkle, little star)
(Twinkle, twinkls, littls star)
anon. {France) C:anon.
, O:France
&~ R:Nursery song
* M:C Meter
- L:1/4 Unit note length (temporal resolution)
V Q 120 Tempo
é ; CCGG A |FFEE|DDC2:|
e | :GGFF |EED2 | GGFF | EED2 |
CCGG|AAG2 | FFEE |DDC2: |
abcnotation.com/tunePage?a=trillian.mit.edu/~jc/music/abc/mirror/musicaviva.com/france/ah-vous-c/ah-vous-c-1/0000 52
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Representing Music using MIDI Messages

* Three main MIDI messages

- Note on
- Note off
- Time Shift

Sunshine on the Meadow

D>

Note_off_67

Note_on_67= Time_shift_quarter_note
Note_on_67) Time_shift_quarter_note,
Note on_ 64, Time_shift quarter_note,
Note on_ 64, Time_shift quarter_note,

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan

Note_off:67,
Note off 64,
Note off 64,

53



Piano Rolls

(Source: Draconichiaro)

Draconichiaro, CC By-SA 4.0, via Wikimedia Commons
Tangerineduel, CC By-SA 4.0, via Wikimedia Commons

Hao-Wen Dong, Music and Al (PAT 463/563), University of Michigan
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(Source: Tangerineduel)

WIND-

TRACK

THERE’S
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Piano Roll Representation

Brightness represents the
MIDI velocity (dynamic)

A

y 3
— - . ‘ )
o . — e e, e T
z 2 = T L L e
E D- '_ _-_\I'I_ -
<- "=
m
time (step) . -l.

A time step is the
minimum note length
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MusicXML

<?xml version="1.0" encoding="UTF-8"
standalone="no"?>
<IDOCTYPE score-partwise PUBLIC
"-//Recordare//DTD MusicXML 4.0 Partwise//EN"
"http://www.musicxml.org/dtds/partwise.dtd">
— <score-partwise version="4.0">

—<part-list>
<score-part id="P1">
|: <part-name>Music</part-name>
</score-part>
—</part-list>
—<part id="P1">
— <measure number="1">
— <attributes>
<divisions>1</divisions>
— <key>
<fifths>@</fifths>
— </key>
— <time>
<beats>4</beats>
<beat-type>4</beat-type>
— < /time>
—<clef>
<sign>G</sign>
<line>2</line>
—</clef>
— </attributes>
— <note>
— <pitch>
<step>C</step>
<octave>4</octave>
— </pitch>
<duration>4</duration>
<type>whole</type>
— </note>
— </measure>
—</part>

— </score-partwise>
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Music Encoding Initiative (MEI)

<?xml version="1.0" encoding="UTF-8"?>
— <mei xmlns="http://www.music-encoding.org/ns/mei" meiversion="5.1">
— <meiHead>

Eiﬁ?‘iiéim Hello World

<title>Hello World</title>
</titleStmt>
<pubStmt></pubStmt>
</fileDesc>

— </meiHead>

— <music>

—<body> ©

—<mdiv>

—<score>

— <scoreDef>

|:<staffGr'p>

<staffDef n="1" lines="5" clef.shape="G" clef.line="2" meter.count="4" meter.unit="4" />
</staffGrp>
— </scoreDef>
—<section>
—<measure n="1">
<staff n="1">
<layer n="1">
|: <note pname="c" oct="4" dur="1" />
</layer>
</staff>
— </measure>
—</section> MUSIC ENCODING
—</score>
—</mdiv>
— < /body>
— </music>
— </mei>
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Next Lecture

Digital Audio

100D S le -

1 Second

(Source: van den Oord et al., 2016)
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