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An extremely useful model of musical harmony

A couple of years ago | worked on a modelling musical harmony as a
GADT in Haskell (together with W. Bas de Haas). From this model

came:
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A system for automatic melody harmonisation (FARM 2013);

v

FComMP: a system for automatic generation of harmony and
accompanying melody (this talk).
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An example: visualising harmonic structure

Piece
Phr|ase
Ton Dom Ton
I: l\l/la ) ) ub/\Dom I: /\l/la Il

| T |
C:Maj Ill: |M/'n IV:Maj Il Dlom7 V: D|om7 C: Maj
|
E:Min F:Maj D:Dom’” G:Dom’”

You can see this tree as having been produced by taking the chords in
green as input. ..
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An example: generating harmonic structure

Piece
Phr|ase
Ton Dom Ton
I: l\l/la ) ) ub/\Dom I: /\l/la Il

| T |
C:Maj Ill: |M/'n IV:Maj Il Dlom7 V: D|om7 C: Maj
|
E:Min F:Maj D:Dom’” G:Dom’”

You can see this tree as having been produced by taking the chords in
green as input. .. or the chords might have been dictated by the structure!
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System structure

Define harmony model

Set rule weight

\f ~

Filter melody notes
{ Pick one focal melody —— U J

note per chord

Take all possible
melody notes per chord
. J

Embellish melody
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A functional model of harmony

Piecesn — [Phrasegy] ("M e {Maj,Min})
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Phrasegn — Tongy Domsy Tongy
\ Domgy Tongy

TonMaj — IMaj
TonMin — /h'/mn

José Pedro Magalh3es Functional Generation of Harmony and Melody, FARM 2014
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A functional model of harmony

Piecesn — [Phrasegy] ("M e {Maj,Min})

Phrasegy — Tongy Domgy Tongn
Domay, Tongn Submaj — 1y
Tonmai — | e
Maj = | 1T R2a 1V maj
Tonmin — Wi, Subwmin = 1V \in
DOmgm — VJJI
| Vin
| VIS,
| Subay Domgy
| in Vi
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A functional model of harmony

Piecesn — [Phrasegy] ("M e {Maj,Min})
Phrasegy — Tongy Domgy Tongy
\ Domgy Tongn Subwaj — 114,;
‘ /VMaj

TonMaj — IMaj

s IV v
Tonmin — Kpi, | Maj ¥ Maj

SUbMin — lvmin

7
Doman = Vo hig — C:Maj

V,
| Vfﬁo Im — C:Min
{ Sl;m D Viy — G:Dom’
o somn VIS, — B: Dim
| Hon Vin
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A functional model of harmony

Piecesn — [Phrasegy] ("M e {Maj,Min})
Phrasegn — Tongy Domsy Tongy
Domgy Tongn Subwaj — 114,;
Tonmaj — /Maj | ;xmaj v
Tonwin — 7 S | Moy 1V
n ubmin — /VMin

Domgn — Kf)?ﬂ Iy — C:Maj

| o In . — C:Min

| Vilay Viy — G:Dom’

| Subm Doman VIS, — B: Dim

| oy Vip

Simple, but enough for now, and easy to extend.
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Now in Haskell—I

A GADT encoding musical harmony:

data = Majmode | Minpode
data =V :: Mode.Piece
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Now in Haskell—I

A GADT encoding musical harmony:

data = Majmode | Minpode

data =V :: Mode.Piece

data (10 :: Mode) where
Phraseyy; — — —
Phrasey; :: — -
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Now in Haskell—I

A GADT encoding musical harmony:

data = Majmode | Minpode

data =V :: Mode.Piece

data (10 :: Mode) where
Phraseyy; — — —
Phrasey; :: — -

data (11 :: Mode) where
Tonpy; :: —
Tonwin :: —
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Now in Haskell—I

A GADT encoding musical harmony:

data = Majmode | Minpode
data = V1 :: Mode.Piece
data (10 :: Mode) where
Phraseyy; — — —
Phrasey; :: — -
data (11 :: Mode) where
Tonpy; :: —
Tonwin :: —
data (/1 :: Mode) where
Domj :: —
Domo :: —
Doms :: —
Domy :: — —
Doms :: — —
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Now in Haskell—II

Scale degrees are the leaves of our hierarchical structure:

data = 1[I IV|V|VI| Vi

data = Maj | Min | Dom” | Dim

data (0 :: DiatonicDegree) (7 :: Quality) where
SurfaceChord :: —
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Generating harmony

Now that we have a datatype representing harmony sequences, how do
we generate a sequence of chords?
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Generating harmony

Now that we have a datatype representing harmony sequences, how do
we generate a sequence of chords?

QuickCheck! We give instances for each of the datatypes in our
model.
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Generating harmony

Now that we have a datatype representing harmony sequences, how do
we generate a sequence of chords?
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model.
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to adapt the instances every time we change the model...so we use
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gen = ( ; ( )
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Examples of harmony generation—I

testGen :: ( )
testGen = gen [("Dom4",3), ("Dom5",4)]
example ::

example = let k = Key (Note 1 C) Majnode
in sample’ testGen = mapM_ (printOnKey k)

printOnKey :: — —
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Examples of harmony generation—I

testGen (
testGen = gen [("Domd", 3), ("Doms", 4)]
example ::

example = let k = Key (Note 1 C) Majnode
in sample’ testGen = mapM_ (printOnKey k)

printOnKey :: — —

> example

[C: Maj, D: Dom”, G: Dom”, C: Maj]

[C: Maj, G: Dom”, C: Maj]

[C: Maj, E: Min, F: Maj, G: Maj, C: Maj]

[C: Maj, E: Min, F: Maj, D: Dom”, G: Dom”, C: Maj]

[C: Maj, D: Min, E: Min, F: Maj, D: Dom”, G: Dom”, C: Maj]
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Examples of harmony generation—II
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Generating a melody for a given harmony

We then generate a melody in 4 steps:
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Generating a melody for a given harmony

We then generate a melody in 4 steps:

1. Generate a list of candidate melody notes per chord;
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Generating a melody for a given harmony

We then generate a melody in 4 steps:
1. Generate a list of candidate melody notes per chord;

2. Refine the candidates by filtering out obviously bad candidates;
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Generating a melody for a given harmony

We then generate a melody in 4 steps:
1. Generate a list of candidate melody notes per chord;
2. Refine the candidates by filtering out obviously bad candidates;
3. Pick one focal candidate melody note per chord;
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Generating a melody for a given harmony

We then generate a melody in 4 steps:

1. Generate a list of candidate melody notes per chord;

2. Refine the candidates by filtering out obviously bad candidates;
3. Pick one focal candidate melody note per chord;
4

. Embellish the candidate notes to produce a final melody.
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Generating a melody for a given harmony

We then generate a melody in 4 steps:

1. Generate a list of candidate melody notes per chord;

2. Refine the candidates by filtering out obviously bad candidates;
3. Pick one focal candidate melody note per chord;
4

. Embellish the candidate notes to produce a final melody.
These four steps combine naturally using plain monadic bind:
melody :: —
melody k = genCandidates >= refine >= pickOne >= embellish

>= return o Song k

More details in the paper!
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Example |

OXFORD

Phrase
TT)n Dom Ton
/\
I: Maj Sub Dom I: Maj

C:Maj Ill: IM/'n IV:Maj Il Dlom7 V: D|om7 C: Maj
|
E:Min F:Maj D:Dom’” G:Dom”’
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Example Il

OXFORD

Phrase
-/
T<|)n Dom T(lan

/\
I: Maj Sub Dom I: Maj
| T T |
G:Maj Ill:Min IV: Maj Sub Dom  G: Maj

B:Min - C:Maj Il: Min IV:Moj  V:Moj
| |
B:Min C:Maj D:Dom’
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Example Il

%\V h i |
oy 2 1 it 3 d | $ 1|
Phrase
Ton Dom T<|3n

/\
I: I}ﬂin 51|Jb Dom I: Min
/\
E: Min IV:Min  Sub Dom E: Min
| | T

A: Min /V:|Min Il Dlom7 V: D|om7
A:Min  Fy: Dom” B: Dom’
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Conclusion

FCowmp: a simple and easy to understand and improve functional system
for automatic generation of harmony and accompanying melody.
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Conclusion

FCowmp: a simple and easy to understand and improve functional system
for automatic generation of harmony and accompanying melody.

Lots of room for improvement:
» Voice leading and counterpoint
» Handle repetition
» Improve embellishment
» Rhythm, form, instrumentation, dynamics
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Conclusion

FCowmp: a simple and easy to understand and improve functional system
for automatic generation of harmony and accompanying melody.

Lots of room for improvement:

v

Voice leading and counterpoint
» Handle repetition

» Improve embellishment

>

Rhythm, form, instrumentation, dynamics

Thank you for your attention!
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