BEYOND THE DAW

DESIGNING A PROCEDURAL SEQUENCER
POWERED BY MUSIC-THEORY

ROMY DUGUE & CECILL ETHEREDGE

ADCes




Music software
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Taxonomy of music software

e \Where are we right now? Where are we heading?

e Two “paradigms”:

o How we interact

o What we interact with
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Taxonomy of music software
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Data model: classic sequencer

e How do they structure data?



Data model: classic sequencer

e Look at the file formats! Noteworthy resources:

. e Reverse Engineering DAWs to Build
e Reveals underlying model. Custom Workflow Tools
Mark Mossberg - ADC ‘20

e https://qgithub.com/offlinemark/dawtool

e https://qgithub.com/ReaTeam/Doc

e https://qithub.com/monadgroup/FLParser

e https://qgithub.com/zamaudio/ptformat



https://github.com/offlinemark/dawtool
https://github.com/offlinemark/dawtool
https://github.com/ReaTeam/Doc
https://github.com/ReaTeam/Doc
https://github.com/monadgroup/FLParser
https://github.com/monadgroup/FLParser
https://github.com/zamaudio/ptformat
https://github.com/zamaudio/ptformat

Data model: classic sequencer

Ableton Live
(.als)

<MidiTrack>
<MidiClip>
<MidiNoteEvent>

Reaper (.rpp)

<Tracks>
<MIDI Items>
<MIDI Events>

FL Studio (.flp)

<Track>
<Item>
<Pattern>
<Notes>

Pro Tools (.ptx)

<Tracks>
<Regions>
<MIDI Events>



Data model: classic sequencer
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Data model: classic sequencer
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Data model: classic sequencer

4 )
Arrangement Ableton Live FL Studio (.flp)
. ) (.als)
<Track>
p y \ <MidiTrack> <Item>
<MidiClip> <Pattern>
Tracks <MidiNoteEvent> <Notes>
L J
Reaper (.rpp) Pro Tools (.ptx)
[ C|IpS ] <Tracks> <Tracks>
<MIDI Items> <Regions>

<MIDI Events> <MIDI Events>



Data model: classic sequencer
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Data model: classic sequencer
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Data model: classic sequencer
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( )
Arrangement
\ J
4 = )
Tracks
\ J
( * )
Clips

\ J
A 4 N

[ Notes —
J

composing = placing notes



Data model: procedural composition sequencer

( )
Arrangement
\ J
4 = )
Tracks
\ J
é = )
:'{ i I‘ | ? = (one level up #-)
G
! ( |
————————————————— ! Notes '



Data model: procedural composition sequencer

Arrangement
Tracks
- ? Chords — é ’
: { ]'_L ) (one level up #)
G
: ( |
————————————————— ! Notes '



Data model

What is a chord?

“a group of (typically three or more) notes sounded together,
as a basis of harmony”




Data model: chord to composition

Notes

|




Data model: chord to composition

Notes D—> Notes



Data model: chord to composition

Notes 4'[ Transform ]—> Notes




Data model: chord to composition

Notes 4'[ Transform J—> Notes

Audio @—» Audio DSP!



Data model: transforms

Notes —’[ Transform }—> Notes
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Data model: transforms
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Data model: transforms
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Data model: transforms
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Data model: transforms
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Data model: procedural composition
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Data model: procedural composition
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Data model: procedural composition
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Data model: procedural composition
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Data model: making changes
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Data model: propagation
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Data model: propagation
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Procedural: downsides? &

e arrangement must be deterministic




Procedural: determinism

[ Arrangement ]

/

RandomTransform

void RandomTransform::apply(notes, chord) {
for(auto& n : notes) {
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Procedural: determinism

[ Arrangement ]

/

RandomTransform

void RandomTransform::apply(notes, chord) {
for(auto& n : notes) {
n.velocity = random(0.0, 1.0);
n.pitch = chord.transposeNote(
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change
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Procedural: determinism

[ Arrangement ]

/

RandomTransform

void RandomTransform::apply(notes, chord) {
seed(chord.hash())
for(auto& n : notes) {
n.velocity = random(0.0, 1.0);
n.pitch = chord.transposeNote(
n.pitch, random(0, 12)
)
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Procedural: downsides?

e arrangement must be deterministic across all end-user platforms

o changes propagate often: they must always result in the same outcome
no true randomness

O
o force use of PRNGs (deterministic) & hash functions
O std::sortvsstd::stable_sort




Procedural: downsides?

e arrangement must be deterministic across all end-user platforms

o changes propagate often: they must always result in the same outcome
no true randomness

O
o force use of PRNGs (deterministic) & hash functions
O std::sortvsstd::stable_sort

e no longer seems possible to change individual notes?
o loss of direct expressivity or “happy accidents”
o not a silver bullet
o maybe there’'s a way?



Procedural: upsides? & propagation = experimentation

e changes can easily
o originate in music theory (tone scale, chord sets, rhythms)
o propagate from one to many tracks and clips

e one change may cause the entire arrangement to change instantly
o tree of changes (directed acyclic graph)

e note data is automatically generated by transforms for each clip
o pitch, time, velocity, ...

e great for care-free experimentation



Let's put the model to use!



Data model: specialize for songwriting
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Data model: specialize for songwriting
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Transform types: voicing

Inversion

Transpose --

Voice leading




Transform types: mangle

Rotation
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Transform types: mangle

Symmetry

Apply some degree of systematic structure to existing content



Transform types: mangle

Symmetry

Apply some degree of systematic structure to existing content
=> |earn when to apply it rather than learning the technique



How to generate a musical idea?
(= narrative)



What are songs made of ?
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What are songs made of ?
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What are songs made of ?
conclusion

question answer
S Scaler3 2.

Arrange

Main Track

turnaround



What are songs made of ?

how to generate
that?

S Scaler?3

Arrange

Main Track




Curated content: major commercial force

1. SAMPLE PACKS
2. SOUND/PRESET PACKS
3. DRUM KITS & ASSOCIATED MIDI PATTERNS



Curated content: major commercial force

1. SAMPLE PACKS
2. SOUND/PRESET PACKS
3. DRUM KITS & ASSOCIATED MIDI PATTERNS

create-from-seratch

- Different approaches:
PP select, transform & combine



Specializing the transform stack

Cow )
|




Specializing the transform stack
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Specializing the transform stack
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Specializing the transform stack

Chord ]

Inversion
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______________________



Specializing the transform stack

Chord ]

Inversion

\ 4 L )
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Transposition




Transposition

Original Scale
(C Major) Degrees

W—pPp—@Q@— " —H—U0— 0
NAd—o—U0— b —Ww—N—K



Transposition

Original Scale

(C Major) Degrees
C 1
| |
D 2
| I
| |
F 4
| |
G 5
| I
| |
B 7



Transposition

Original Scale Target Scale
(C Major) Degrees (G Major)
C « 1 > G
I | I
D « 2 > A
| I |
I | I
F <« 4 > C
I | I
G <« 5 > D
| I |




Transposition

Bassline
Amin




Transposition

Bassline
Amin

[ “Chord” Scale

Dmin Gmaj



Transposition: context analysis

Dominant chords are tricky !

G lydian b7 scale ]

G altered scale ]

G “whole-half”’ scale ]




Transposition

Bassline
Amin

N

Song Scale
Cmaj

[ “Chord” Scale

Dmin Gmaj Cmaj



Transposition

[ Bassiing ]
/\
- SN

« " Song Scale
[ Chord” Scale [ Crmaj ]

Dmin Gmaj Cmaj



Preserving user edits

[ Arrangement

\ 4

Chord Track
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[ ) ]<— Chords

chords

_———— e o
1
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Preserving user edits

[ Arrangement }
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Preserving user edits

[ Arrangement }

\ 4

Chord Track —+
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Preserving user edits
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Preserving user edits

[ Arrangement }

\ 4

r Chord Track \ chords
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Preserving user edits

]

[ Arrangement ]

A 4

Chord Track chords
) !
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Preserving user edits

What are those?



Preserving user edits

model ' Chord
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view




Preserving user edits

model :'_ : _l\]c;t_e;_g; @

view




Preserving user edits

model i

view

—— i —

Notes -~
4 [ N\
'd N
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Transpose -1
semitones
|\ J

|

{C#2, F2, G#2, C2}
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Preserving user edits

e &
model : Notes .‘v'i Y {C#2, F2, G#2, C2, C#2}
\ e e e - [____,
4 N\
/7 N
- A
Transpose -1
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|\ J

|

{C2, E2, G2, B2, C2}

view




Preserving user edits

(TTTT T .
model : Notes 4{. ﬁ {C#2, F2, G#2, C2, C#2)

oo l_ o

i - k -m -

Arpeggio [ N bijective
Transpose -1
semitones A1
|\ J

l f:X->Y

{C2, E2, G2, B2, C2}
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Preserving user edits:




Preserving user edits:

User edit




Preserving user edits:

Transform
stack modified




Preserving user edits:

Transform
stack modified

User edit




Version control ?

e |

[ User edit ] [ Transform edit ]

[ Merged ]




Preserving user edits:

Making assumptions

User changed a note’s pitch:

- Move three semitones down?
_ - Move to another octave?
User edit - Moved to another chord’s note
- Moved to another scale note?
- Is it a chromatic approach?

- Next chord anticipation?
- 7?77




Conclusion:

Procedural is fun !

Pros: Challenge:
e Changes easily propagate from one to e Not as much direct user control (note
many tracks and clips editing)

e Fasterto try some ideas

e Allow to leverage music theory and
databases of existing midi content

e Care-free experimentation

=> hard design decisions
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Bridging the gap

“Classic” sequencers
(notes)
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Questions?

THE SUSPENSION BRIDGE, GLIFTON,

_20)
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