Beethoven X

... mit KI / with AI ...

Es konnte sein
(It could be ... )
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How do we get
... from this ...
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... and this ...
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Sketching in words
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... to this?!
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How can we?
e Practicalities

How should we?
* A ‘suitable’ style?

How might we want to?

* Human-computer
collaboration?

Mark Gotham, 2021



Thanks to:

Deutsche Telekom
The team, including ...
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More information:

https://tinyurl.com/BeethovenX




How to ‘generate’ a symphony

1: Starting points
2: Setting the computer tasks

3: Computational architectures
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How to ‘generate’ a symphony

0: History
1: Starting points
2: Setting the computer tasks

3: Computational architectures
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0.
HISTORY

technische universitat

dortmuna




« Commission for 2 symphonies (9™ + 10™);
« LvB completes 9" done; sketches 10th;

* Not enough to attempt ‘completion’;
 ‘New’ sketches and completion of 15t mov.;
» Still not enough for the rest ... ?

» That’s what we attempt!

Mark Gotham, 2021



1.
STARTING

POINTS




1. STARTING
POINTS:

Musical sketches
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Starting Points: Musical sketches

%} 0 : ; o o o e = S
l7h|p e o e J.J.J |! |l |l

?\x‘w”’ - — & — — m I
J e et
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Starting Points: Musical sketches

%—DEL—O . : e - : — — —— — T —
[J)
... Partly by analogy to other late-style melodies ...
p —T o o | g é,——\l |
D T S P Tee
= o) —
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Starting Points: Musical sketches

Our scherzo (10th Symphony) ... inverted (9th Symphony)
| o
X I |
== I =——————
L T T T ® L

op.110 Sonata ... inverted
1 |
S e e I % e L = — I
~V [ J
©® . 0 ©® 0"

Es Muss Sein!
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Discuss:
Human or Computer?
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1. STARTING
POINTS:

Textual sketches




Starting Points: Textual sketches
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Starting Points: Textual sketches

‘in den alten Tonarten’?

Heiliger Dankgesang eines Genesenen an die Gottheit,|in der Iydischen Tonart.
(Cansona di ringrasiamento gfferta alla divinitd da un guaritoyin dico

Molto adagio.
i olto adagio gt
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Starting Points: Textual sketches

‘Herr Gott Dich loben wir’?

C.@*)
|

¢

¢

9
f)

#ﬁ\y_- z z O = z
eJ
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Starting Points: Retrospection?

Slow movement of the ‘Pathetique’ Piano sonata (no.8 / op.13):

152 . :
Adagio cantabile. s s @
] //__— d
e e
v — ] ) . 3
5 ’ C —tg— > R - ‘
yZ 3

| ; :
—!‘”::g\j 32 ___,:t ! E lw
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Discuss:
Human or Computer?
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1. STARTING
POINTS:
Training Corpus




Training Corpus:
Fugues




Movement ‘prototypes’: Fugues

Whole movements by Beethoven so titled:
* Op.35: Variations and Fugue ('Eroica Variations’)
* Op.133: GroBe Fuge

* Op.137: Fugue in D major

* WoO 31: Fugue for Organ

» Hess 29-31: Preludes and Fugues

* Hess 64 / WoO 215: Fugue for keyboard

« Hess 238: 9 Fugues for 4 Voices

» Hess 244: 2 Triple Fugues for 4 Voices

* Hess 315: Fugue

» Hess 326: Fugue for piano in C major

» Hess Anh. 57: Fugue "Dona nobis pacem"
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Movement ‘prototypes’: Fugues

Whole movements by Beethoven so titled:
* Op.35: Variations and Fugue ('Eroica Variations’)
* Op.133: GroBe Fuge

* Op.137: Fugue in D major

* WoO 31: Fugue for Organ

» Hess 29-31: Preludes and Fugues

* Hess 64 / WoO 215: Fugue for keyboard

« Hess 238: 9 Fugues for 4 Voices

» Hess 244: 2 Triple Fugues for 4 Voices

* Hess 315: Fugue

» Hess 326: Fugue for piano in C major

» Hess Anh. 57: Fugue "Dona nobis pacem"
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Movement ‘prototypes’: Fugues

Whole movements by Beethoven so titled:
* Op.35: Variations and Fugue ('Eroica Variations’)
* Op.133: GroBe Fuge

* Op.137: Fugue in D major

* WoO 31: Fugue for Organ

« Hess 29-31: Preludes and Fugues

* Hess 64 / WoO 215: Fugue for keyboard

« Hess 238: 9 Fugues for 4 Voices

» Hess 244: 2 Triple Fugues for 4 Voices

* Hess 315: Fugue

» Hess 326: Fugue for piano in C major

» Hess Anh. 57: Fugue "Dona nobis pacem"
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Movement ‘prototypes’: Fugues

Op.101 Piano Sonata no.28 4

Op.106 Piano Sonata no.29 (Hammerklavier) 1

Op.106 Piano Sonata no.29 (Hammerklavier) 4

Op.110 Piano Sonata no.31 3 (1st part)
Op.110 Piano Sonata no.31 3 (2nd part)
Op.120 Diabelli Variations Variation 32

Partial works by Beethoven ... for piano

Mark Gotham, 2021




Movement ‘prototypes’: Fugues

Op.55
Op.55
Op.67
Op.92
Op.125
Op.125
Op.125

Partial works by Beethoven ... for orchestra

Mark Gotham, 2021
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Movement ‘prototypes’: Fugues

Which fugues?

Only

s ... by Beethoven?

e ... orchestral?

e ... complete works (no drafts / fugato sections)?
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Discuss:
Human or Computer?
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Training Corpus:
Movement 1Types




Movement ‘prototypes’: Sonatas

Op.2/1 1 1 Allegro f
Op.2/1 2 2 Adagio F
Op.2/1 3 3 Menuetto: Allegretto f
Op.2/1 4 4 Prestissimo f
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Movement ‘prototypes’: Sonatas

Op.2/1 1 1 Allegro f
Op.2/1 2 2 Adagio F
Op.2/1 3 3 Menuetto: Allegretto f
Op.2/1 4 4 Prestissimo f
Op.27/2 "Moonlight" 1 27 Adagio sostenuto ct
Op.27/2 "Moonlight" 2 3 Allegretto Db
Op.27/2 "Moonlight" 3 4 Presto agitato ct
Op.109 1 1? Vivace ma non troppo—Adagio espressivo E
Op.109 2 37 Prestissimo e
Op.109 3 27 Andante molto cantabile ed espressivo E

Mark Gotham, 2021




Starting Points:
Length and
Structure




Starting Points: Length

Initial plans based on: =k — 2083
3ii 249 494

» Movements lengths 3iii 455 1,358
E.g. 2> 3iv 482 950
41 513 2,048

4ii 105 312

4ii 405 1,195

4div 361 718

5i 503 1,012

5ii 257 370

5iii 377 1,122

5iv 447 1,730
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Starting Points: Structure

Initial plans based on:
* Movements lengths
* Formal structure >

Exposition
P, = e S .
Subject~I Transition Subject~II Codetta
7N | e, A
Th.i Th.ii 4 Thiii  Thiv  Thwv  Thuwi 24
AN YA NVANVANVA
44 4454552 24546 442 44444 155
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Starting Points: Structure (Melodic)

Initial plan based on: 0
13

43
e Formal structure 55

e Melodic Structure = 73
134

145
156
168
182
211
259

Mark Gotham, 2021

* Movements lengths

15
19
27
45
49
52
56
61
71
87

3a
la
la
1b
1b
23
la
3a
3a
23
1b
1b

Violoncello
Violino |
Flauti
Corniin Es
Violino Il
Violoncello
Violino |
Violoncello
Viola
Violino |
Violino Il
Violino Il



Discuss:
Human or Computer?
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Starting Points: Structure (Melodic)

Initial plan based on:
* Movements lengths
* Formal structure

e Melodic Structure

A Violino I ~ Violino I ~ Violino 11 Viola Violino I
#‘ 2 1 g T & T |1 \

o — i —— A - L

e

Po

a a a a a
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2.
SPECIFIC

GENERATION
TASKS




Specific tasks

Sketch fragment > Extend melody ...

I l l I
v v v v

Add accompaniment parts (short score)
Add accompaniment parts (short score)

I l l I
v v v v

Add doublings etc (orchestration)
Add doublings etc (orchestration)

Mark Gotham, 2021




a.
Fragment - Melody

(Where is the tune?)
(What 1s a tune?)

technische universitat

dortmuna



Fragment - melody

Melody Score Based on Symphony 5-1

Beethoven

A Violino 1 ~ Violino I ~ Violino II Viola Violino 1
#‘ 02 - —— < I — T —— ‘ N o
(av L4 o o o o oo ) @ ——

RORED . s e
a a — a a a

e Identify where ‘the tune’ is throughout the movement
» Stiches those parts together

Mark Gotham, 2021



b.
Melody =
Accompaniment

Harmonisation
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Harmonisation

 Learn from score (counterpoint)
 Part pairs 1-2, 1-3, 2-3 ...

Mark Gotham, 2021



Harmonisation

 Learn from score (counterpoint)
 Part pairs 1-2, 1-3, 2-3 ...

* Learn from harmonic analyses:
« Automatic -2
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Roman Numeral Analysis

Some sense of ‘tonal harmony’is common to a very wide range of musics, including most Western Classical music, as well as most jazz, pop, rock, and
much more besides. Roman numeral analysis focuses on recording chords, specifying the triad quality (major, minor...), seventh (where applicable),
inversion (bass note), and any modifications (such as added and altered notes).

This application allows you to perform a Roman Numeral analysis on any symbolic score (see below) using a machine-learning approach published in [1].

Analyze the harmony of your scores

Upload Files... 4 ... or drop your scores here

Output

m m post-processing annotated .musicxml feedback | A\ Annotated .musicxml and feedback might be slow!

Try some of these examples

he Entartainar
he Entertainel

|

Prelude in C

Rar h

Major (mxI)
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Harmonisation

 Learn from score (counterpoint)
 Part pairs 1-2, 1-3, 2-3 ...

* Learn from harmonic analyses:

« Automatic (http://roman.algomus.fr)
 Human (https://github.com/MarkGotham/When-in-Rome/)

Mark Gotham, 2021


http://roman.algomus.fr/
https://github.com/MarkGotham/When-in-Rome/

Harmonisation

 Learn from score (counterpoint)
 Part pairs 1-2, 1-3, 2-3 ...

* Learn from harmonic analyses:

« Automatic (http://roman.algomus.fr)
 Human (https://github.com/MarkGotham/When-in-Rome/)

 Structured representation -

Mark Gotham, 2021



http://roman.algomus.fr/
https://github.com/MarkGotham/When-in-Rome/

Structured representation

- ko ko ko ko
< < F < < < . < o < < 1
_@_;' I’ / _I' / F IF 7 P IF / ﬁﬁTlJT / g’__f 7 ’ I’

s s s P Y N

I vi6 G: V42 I6
8
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V42 117 V7 I
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Structured representation

Analysis (7'@( 4; < g
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Harmonisation

* Learn from score (counterpoint)
 Part pairs 1-2, 1-3, 2-3 ...

* Learn from harmonic analyses:

» Automatic (http://roman.algomus.fr)
 Human (https://github.com/MarkGotham/When-in-Rome/)

» Structured representation
» Automatic feedback >

Mark Gotham, 2021


http://roman.algomus.fr/
https://github.com/MarkGotham/When-in-Rome/

Automatic feedback

9 a tempo P
[ | .
AP T r 4 O — r 4 - 4 it r —— N I I |
&>— —— £ e 5 ® elfs. o4 e *
[J) [ O ! I y nm~__
nicht. = = Ich wollt, imGrin spa - zier - te die
not. I would I knew a fair - er,sweet
N | #
y, a——a ] p— e o r LA &Y | |
'(R Ld Vi | | I\I 1 1 % I/) % I/\ i Ib_th Vi Vi d é
Y el o ’ 171
f f

4
4

PITCH COVERAGE

I rate the pitfh coverage at about 93.63%. In the following cases, the chord indicated does not
seem to captupge everything going on:

Measure 9, bgat 1, iio7 in g minor, indicating the pitches ['A', 'C', 'E-', 'G-'] accounting for
successive silices of [['A4', 'C5', 'E-5', 'G5', 'E-6'], ['A4', 'C5', 'E-5', 'G5', 'E-6'l].

Match strength estimated at 80.0%.

How about:

m9 bl iig7 for the slice ['A4', 'C5', 'E-5', 'G5', 'E-6']

Mark Gotham, 2021




https://fourscoreandmore.org/

working-in-harmony/

Part of Working in Harmony

Select another score

Try it yourself!

Download

Boulanger, Lili - Attente

or (experimental): view in browser

Hint: you can open these musicXML file in any relevant software like MuseScore, Sibelius, or
Finale. If you don't already have a preference, try MuseScore which is free and open source.

Analysis
Complete the template with your own Roman numeral analysis. Feel free to work offline in any text
editor (simply cut'n'paste the text back in when you're done).

Composer: Lili Boulanger

Title: Attente score.mxl|

Analyst:

Proofreader:

Note: Template generated automatically. Please check thoroughly.

Time Signature: 4/4
m1 b1
m2 b1

Mark Gotham, 2021 i




C.
Short score =
Orchestral score

(‘De’-) Orchestration
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Short score €?-> orchestral score

Reverse engineer ...

Clarinetti in C. |2 — i o oo

Fagotti. :' ?’?} { g/?
Orchestral scores (>): | T
° LOtS Of players Trombe in C. r = = ‘
e Much ‘doubling’ of the ruuice : :

-]
o

same material

7 » ; d $8 ke g
t ‘E S e e N s = = st e e o
L2, 3 7 4 E
; ; crese. 7 B
¢ 4 picz. | | | ]arpo.
Violinoll. ([t e e o S=Ee=__—___=
I MM RS e e
J" 5 ./" » erese. s » N |~ S
pizz. arco. P— —~
— v o T T « ey y 3 T » = T
Yiola: e e |
7 - LI T T
r S crese. S &
pizz,
Violoncello - S R — . e e .
o Basso. H e e 2 — Hf ' :
f 7 | I A 4 # v L4 =
S crese. S »r
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Flauti.
Oboi.
 Clarinetti in C.
Fagotti.
Corni in C.
Trombe in C.
Timpani inC. G.
Violino I.
ViolinoII.

Viola.

Violoncello -
e Basso.

ap AT
& Wt 1z 22
%% £ £F
e/ J}' ; J}'l crese.
P~ AT o
ot Th T |
A s,
— ﬁe —
e ¥/ ﬁ,v crese. l
N g 28
P\L:/ F" | e
4 N . LT
v -d- . \_;‘l' prese—"
S’
7 » |
/o]
(Y
pizz. _ | l i
%‘ :
s P crese.
A pizz. ] | . I
- Ho—o v
f op P erese.
pizz. " . >
F3——3 s 3 =  — > ]
7 2 fegl-t=g—" j_'r{: x-t ﬁr’ ——F ————
. & S ¥ crese. S
pizz. - ~ . _—
i E 4 Y ] : = . I(AP_ f‘
Vs il crese. S P




Short score € - orchestral score

Short scores €+=—» QOrchestral
A scores

New €====p QOrchestral
Generation scores
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3.
MACHINE

LEARNING




Continuation

d2 n42 d4 n87
v S .
Input: N Sofia

[ | | J ] ]

¢ SketCh v [ Linear Layer ]
Output:

* Longer passage!

Notes:

 Specialized

° ] | B ]
Stru Cture * : Embedding & Positional Encoding ]
* Attention BTy
Previous Segment New Segment

Mark Gotham, 2021



Harmonization

Full Music (Shifted)
d2 n97 d2 n80 d4 n75 n60

Input: o EXENT,
* Melody bl T T
Output: e e §— Tt i
« Harmonization T "':Ij:f‘\\ \
Structure: s — \ T |
 Transformer Eeep it ) e
» Encoder-decoder me h:zer;zzd(; i [E:"dg ":&d‘:g";: E.?“‘:T‘:"J
* (cf. machine translation) Full Music

Mark Gotham, 2021



Bridge

n8l d2 ng1 n2 n57 d2 n2 n2 n57 nlo
Input: S T S S S T T
SoftMax

°TWOpassages I I ¥ N ¥ I ;= Tl
Olltput o Linear Layer

[ J | | | | | Tl | | ] | ] - I | | | |

e Connection between
Structure: Bert Encoders
e Attention encoder

I | | | | I | | | I - | ! | | l

¢ . . ’ [
* MaSk mlSSIHg passage[ Embedding & Positional Encoding ]
A A A A A A A A A
nél d2 ndl n2 MASK MASK MASK n2 ns57 nlo
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Orchestration

d 12 n81 az2: 33 n80 n75
T . T . A
Input: oo s
. . Linear Layer
» Single lines — e 0
Output: ‘_
e Full orchestra TR
Notes: — e |
« Temporal enforcement o Feed fovard )
StrHCture: | Multi-head self attention J |
e Stacked transformer encoders = s s
Embedding & Positional Encoding ]
0 . . ) 0 T}) ]‘f‘g
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Parting words




Parting words

Lots of roles for humans!

What kind of interaction do we want
» ... even with unlimited data / infrastructure
e ... even for free composition?

What do we learn along the way
« About music?

» About creativity?

 About collaboration?

Mark Gotham, 2021




Thank you!




