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1 Setting
Set matching in Music

Chroma system: C := Z»
Harmony: H C C
Harmonic Form: F(H) :={H +i|i € Z12}

Is the form of a harmony matched by a set & of harmonic forms?

@ ...the set of harmonies of a harmonic form,

@ ...the chroma system,

@ ...the context formed by harmonies, chomas and the element
relationship, and. . .
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Pattern recognition for Tonnetz example

at http://www.math.tu-dresden.de/~mutabor/
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Example

//7\\ Automorphisms
3 4 5 6 (1), (34), (56), (34)(56), (12)(35)(46), (12)(36)(45),

\ / \ / (12)(3546), (12)(3645)

1= (1)

1
1 2 1
o= (34) @

b = (56) b

c = (34)(56) @

4= (12)(35)(46) d

0 e = (12)(36)(45) e

f = (12)(3546) f

g

g = (12)(3645)

® Qo0 Hals
a0 e 8 Ro oo
[~ a0 ~a oofo
e o0 Ho<ha alal
o MO0 AR oo
I O W
o e oo avle
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Orbits

7 _
/ \
/ \ (1), (34), (56), (34)(56), (12)(35)(46), (12)(36)(45),

\ / \ /6 (12)(3546), (12)(3645)
N2
0

d = (12)(35)(46)
e = (12)(36)(45)
f = (12)(3546)
g = (12)(3645)

Minimal sets that are invariant under group action.

M\G = {{0},{1,2},{3,4,5,6},{7}}

o aewoo —als
aewae 8 o oo
& oo Ho e ala
8 Roaswale
HO SRR Ao
o He oo avle

@ 0o a0 o ==
[~ a0 ~a oofoe

T. Schlemmer, 2012-10-14 Minimal Automorphisms 10/22



TECHNISCHE
@ UNIVERSITAT
DRESDEN

2 Orbifolds
Preorder of Automorphisms

{(12)(3546), (12)(3645)}

/ ‘ \ (1), (34), (56), (34)(56), (12)(35)(46), (12)(36)(45),
(12)(3546), (12)(3645)
{(34)(56)}

{(12)(35)(46)}/ \{(12)(36)(45)} S S, S S
1= (1) 1 a b c d e f g

a = (34) a 1 c b g f e d

b= (56) b c 1 a f g d e

{EHH G} c = (34)(56) ¢c b a 1 e d g f

d = (12)(35)(46) d f g @ 1 @ a b

e = (12)(36)(45) e g f d @ 1 b a

f = (12)(3546) f d e g b a ¢ 1

(0} g = (12)(3645) g e d f a b 1 ¢

@ pC o Vre L: zl?) C ¥

@ Minimal Acting Automorphism: ¢ € U C G:
VeEU: YEp=pLy

T. Schlemmer, 2012-10-14 Minimal Automorphisms 11/22



TECHNISCHE
@ UNIVERSITAT
DRESDEN

2 Orbifolds
Preorder of Automorphisms

{(12)(3546), (12)(3645)}

‘\ (1), (34), (56), (34)(56), (12)(35)(46), (12)(36)(45),
(12)(3546), (12)(3645)
{(34)(56)}

{(12)(35)( 46)]/ Y(w)(se
T=(1)
a = (34)
=
{(34)}{ 56)} o= Egﬁ;(“)

d = (12)(35)(46)
e = (12)(36)(45)
f = (12)(3546)
g = (12)(3645)
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{(12)(3546), (12)(3645)}

/ \ (1), (34), (56), (34)(56), (12)(35)(46), (12)(36)(45),
(12)(3546), (12)(3645)
{(34)(56)}

{(12)(35)( 46)]/ Y(12)(36)(45)}
T=(D
a = (34)
=
{(34)}{(56)} o= Egﬁ;(“)

d = (12)(35)(46)

e = (12)(36)(45)

f = (12)(3546)
{(1>} g = (12)(3645)

@ pC o Vre L: zl?) C ¥

@ Minimal Acting Automorphism: ¢ € U C G:
VeEU: YEp=pLy

o AR so o0 =als
a0 e 8 Ho oo
2 o0 o wa alal
e =0 al oo
HO SRR Ao
Qg o0 avle
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7
// \\ Minimal sets that are invariant under group action.
\ / \ / M\G = {{0},{1,2},{3,4,5,6},{7}}

\ / A set consisting of exactly 1 representant of each orbit
0 T :={0,1,3,7}

ANMTXT— G:(z,y)—~{p€G|z<y?}
A0,1) = A(0,3) = A(0,7) = A(3,7) = G,
A(L,3) = A1, 7) = {(1), (34), (56), (34)(56) }

T. Schlemmer, 2012-10-14 Minimal Automorphisms 12/22



TECHNISCHE
@ UNIVERSITAT
DRESDEN

2 Orbifolds

Example: Annotations

AN
VARV,
N

6

G

wW——-

(1), (34), (56),
(34)(56)

1
|
0

G ={(34),
(56), (34)(56),
(12)(35)(46),
(12)(36)(45),
(12)(3546),
(12)(3645)}
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Folding the Automaton

Data structures

@ For each transition
(A,B) — (C,D)
store
automorphism ¢
and character ¢
such that
(Bu{ch)® <D

@ For current state
store pointer to
the concept orbit
representative and
automorphism that
must be applied to
the input

14/22
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3 Final remarks
Questions? Otazky? Bompocsi? Fragen?

Thank you
for your
attention!

mmer, 2012-10-14
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Construction of the Folded Automaton

Construction of Folded Automaton

Store necessary automorphisms in transitions and current state
@ For each harmonic form select one representative
@ Form the power set of each representative

© Find each subset (ordered by increasing size) in the intermediate lattice
@ |f not found: Add the subset to the lattice

@ Result: Set recognition automaton

T. Schlemmer, 2012-10-14 Minimal Ac 19/22
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A Concept Lattice for Set Matching
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Simple set matching
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Folding the Automaton

@ Consider the harmony as a sequence of numbers
@ Expand Gy into a set of harmonies
@ Drawback: Lattice may be much larger than necessary

For each transition (A, B) — (C, D) store automorphism ¢ and character ¢
such that (BU {c})¥ C D

For current state store pointer to the concept orbit representative and
automorphism that must be applied to the input
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