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Beethoven X 
… mit KI / with AI …

Es könnte sein
(It could be … )



technische universität
dortmund

How do we get 
… from this … 



How to ‘generate’ a symphony
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… and this … 
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Sketching in words …
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… to this?! 
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HOW?

How can we?
• Practicalities

How should we?
• A ‘suitable’ style?

How might we want to?
• Human-computer 

collaboration?
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Thanks to:
Deutsche Telekom
The team, including … 
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Team!



Mark Gotham, 2021



technische universität
dortmund

More information:
https://tinyurl.com/BeethovenX
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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
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History

• Commission for 2 symphonies (9th + 10th);
• LvB completes 9th done; sketches 10th;
•Not enough to attempt ‘completion’;
• ‘New’ sketches and completion of 1st mov.;
• Still not enough for the rest … ?
• That’s what we attempt!
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1.
STARTING 

POINTS
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1. STARTING 
POINTS:

Musical sketches



How to ‘generate’ a symphony
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Starting Points: Musical sketches
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Starting Points: Musical sketches

… Partly by analogy to other late-style melodies … 
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Starting Points: Musical sketches
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Discuss:
Human or Computer?
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1. STARTING 
POINTS:

Textual sketches
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Starting Points: Textual sketches
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Starting Points: Textual sketches

‘in den alten Tonarten’?
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Starting Points: Textual sketches

‘Herr Gott Dich loben wir’?
Herr Gott, dich loben wir (The German Tedeum)

9     
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Starting Points: Retrospection?
Slow theme sketch:

Slow movement of the ‘Pathetique’ Piano sonata (no.8 / op.13):
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Discuss:
Human or Computer?
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1. STARTING 
POINTS: 

Training Corpus
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Training Corpus: 
Fugues
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Movement ‘prototypes’: Fugues

Whole movements by Beethoven so titled:
• Op.35: Variations and Fugue ('Eroica Variations’)
• Op.133: Große 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: Große 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

Opus Piece Mvt / part
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
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Movement ‘prototypes’: Fugues

Opus Piece Mvt / part
Op.55 Symphony No. 3 2
Op.55 Symphony No. 3 4
Op.67 Symphony No. 5 3
Op.92 Symphony No. 7 2
Op.125 Symphony No. 9 1
Op.125 Symphony No. 9 2
Op.125 Symphony No. 9 4

Partial works by Beethoven … for orchestra
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Movement ‘prototypes’: Fugues

Which fugues?

Only
• ... by Beethoven?
• … orchestral?
• … complete works (no drafts / fugato sections)?
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Discuss:
Human or Computer?
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Training Corpus: 
Movement Types
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Movement ‘prototypes’: Sonatas

Opus Mvt no Mvt TYPE Movement name Key

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

Opus Mvt no Mvt TYPE Movement name Key

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 2? Adagio sostenuto c#

Op.27/2 "Moonlight" 2 3 Allegretto Db

Op.27/2 "Moonlight" 3 4 Presto agitato c#

Op.109 1 1? Vivace ma non troppo—Adagio espressivo E

Op.109 2 3? Prestissimo e

Op.109 3 2? Andante molto cantabile ed espressivo E
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Starting Points: 
Length and 
Structure
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Starting Points: Length

Initial plans based on:
• Movements lengths 

E.g. à

Sym.Mvt Measures QuarterLength
3i 697 2,083
3ii 249 494
3iii 455 1,358
3iv 482 950
4i 513 2,048
4ii 105 312
4iii 405 1,195
4iv 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 à
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Starting Points: Structure (Melodic)

Initial plan based on:
• Movements lengths 
• Formal structure
• Melodic Structure à

Offset Measure BeatTheme Instrument
0 0 3a Violoncello

13 5 1a Violino I
43 15 1a Flauti
55 19 1b Corni in Es
79 27 1b Violino II

134 45 2a Violoncello
145 49 1a Violino I
156 52 3a Violoncello
168 56 3a Viola
182 61 2a Violino I
211 71 1b Violino II
259 87 1b Violino II
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Discuss:
Human or Computer?
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Starting Points: Structure (Melodic)

Initial plan based on:
• Movements lengths 
• Formal structure
• Melodic Structure
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2. 
SPECIFIC 

GENERATION 
TASKS



Mark Gotham, 2021

Specific tasks

Sketch fragment Extend melody … 

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

Add accompaniment parts (short score)
Add accompaniment parts (short score)
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a.
Fragment à Melody

(Where is the tune?)
(What is a tune?)
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Fragment à melody

• Identify where ‘the tune’ is throughout the movement
• Stiches those parts together
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b.
Melody à

Accompaniment
Harmonisation
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Harmonisation

• Learn from score (counterpoint)
• Part pairs 1-2, 1-3, 2-3 … 
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Harmonisation

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

• Learn from harmonic analyses:
• Automatic à
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Harmonisation

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

• Learn from harmonies
• Again, human reading
• Structural representation
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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/)

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

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

http://roman.algomus.fr/
https://github.com/MarkGotham/When-in-Rome/
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Automatic feedback
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https://fourscoreandmore.org/
working-in-harmony/

Try it yourself!
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c.
Short score à

Orchestral score
(‘De’-) Orchestration
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Short score à orchestral score
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Short score ß?à orchestral score

Reverse engineer … 

Orchestral scores (>):
• Lots of players
• Much ‘doubling’ of the 

same material
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Short score ßà orchestral score

Orchestral 
scores

Short scores

New 
Generation

Orchestral 
scores
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3. 
MACHINE 
LEARNING
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Continuation

Input:
• Sketch
Output:
• Longer passage! 
Notes:
• Specialized
Structure:
• Attention
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Harmonization

Input:
• Melody
Output:
• Harmonization
Structure:
• Transformer
• Encoder-decoder
• (cf. machine translation)
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Bridge

Input:
• Two passages
Output:
• Connection between
Structure:
• Attention encoder
• Mask ‘missing’ passage
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Orchestration

Input:
• Single lines
Output:
• Full orchestra
Notes:
• Temporal enforcement
Structure:
• Stacked transformer encoders
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Parting words
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Parting words

Lots of roles for humans!

What kind of interaction do we want
• … even with unlimited data / infrastructure 
• … even for free composition?

What do we learn along the way
• About music?
• About creativity?
• About collaboration?
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Thank you!


