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Abstract
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Satoshi Tojo
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Generative Linguistic Theory Well-formedness and Preference

Noam Chomsky rules

To create an indefinitely large number of

sentences. » Well-formedness rules specify the

A literal translation of some aspect of linguistic possible structural descriptions
theory into music terms, e.g., part of speech, « Preference rules designate out of the

deep structures, transformations, or semantics,
has foundered.

Structural Description is the desideratum.

possible structural descriptions whose
that correspond to experienced
listeners’ hearings of any particular

4 piece.

The Four Analyses

1. Grouping Analysis
2. Metrical Analysis

3. Time-span Tree

4. Prolongational Tree




Grouping Analysis



Grouping Analysis (1)

Well-formedness rules

*+ GWFR1 Any contiguous sequence of pitch-events, drum
beats, or the like can constitute a group, and only
contiguous sequences can constitute a group.

+ GWFR2 A piece constitutes a group.

+ GWFR3 A group may contain smaller groups.

+ GWFR4 If a group G1 contains part of a group G2, it
must contain all of G2.

« GWEFRS If a group G1 contains a smaller group G2, then
G1 must be exhaustively partitioned into smaller groups.

Grouping Analysis (2)

* GPR2 (proximity) Consider a sequence of
four notes. The transition of the mid two notes
may be heard as a group boundary if

a. the interval of time from the end of the 2" note to
the beginning of the 3 is greater than others.

b. the interval of time between the attack points of
the 2"d and the 3" is greater than others.

o o o o

Grouping Analysis (3)

* GPR3 (change) Consider a sequence of
four notes, n2-n3 may be heard as a group
boundary, if

a. register e ——
b. dynamics e

c. articulation e -
d. length

changes.
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W. A. Mozart: Symphony No.40 in G minor, K.550




Grouping Analysis (4)

» GPRS5 (Symmetry) Prefer grouping
analyses that most closely approach the
ideal subdivision of groups into two parts
of equal length.

» GPRG6 (Parallelism) Where two or more
segments of music can be construed as
parallel, they preferably form parallel parts
of groups.

Grouping Analysis (5)

« GPR1 Strongly avoid groups containing a single
event.

+ GPR4 Where the effects picked out by GPRs2
and 3 are relatively pronounced, a larger-level
group boundary may be placed.

* GPRY Prefer a grouping structure that results in
more stable time-span and/or prolongational
reductions.

13




Metrical Analysis

14



Metrical Analysis (1)

Well —formedness rules (Preliminary version)

« MWFR1 — Every attack point must be
associated with a beat at the smallest level of
metrical structure.

« MWFR2 — Every beat at a given level must
also be a beat at all smaller levels.

« MWFR3 — At each metrical level, strong beats
are spaced either two or three beats apart.

« MWFR4 — Each metrical level must consist of
equally spaced beats. 15

16

Metrical Analysis (2)

MPR1 — (parallelism) Where two or more
groups or parts of groups can be
construed as parallel, they preferably
receive parallel metrical structure.

MPR2 — (strong beat early) Weakly prefer
a metrical structure in which the stronger

beat in a group appears relatively early in
the group.

Metrical Analysis (3)

 MPR3 - (event) The inception of pitch-
events, instead of rests or continuations
of other pitch-events, are strong beats.

* Violation of MPR3, marked by asterisks,
should be minimized.

» Syncopation, to meet the requirement of

metrical regularity.
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Metrical Analysis (4)
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Metrical Analysis (6)
MPRG6 (Bass) Prefer a metrically strong bass.
MPR7 (Cadence) Strongly prefer a metrical
structure in which cadences are metrically
stable; that is, strongly avoid violations of
local preference rules within cadences.
MPRS8 (Suspension) Strongly prefer a
metrical structure in which a suspension is on
a stronger beat than its resolution.
MPR9 (Time-span interaction) Prefer a
metrical analysis that minimizes conflict in the
time-span reduction.
25

MPR10 Prefer duple meter to triple.




Time-span Reduction

26



Reduction Hypothesis

» Reduction (step-by-step simplification): The
listener attempts to organize all the pitch
events of a piece into a single coherent
structure, such that they are heard in a
hierarchy of relative importance.

» Pitch events are heard in a strict hierarchy
 Structurally less important events are not

hea

rd simply as insertions, but in a specified

relationship to surrounding more important
events. ”

The Tree Notation
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What is Stability?

* Rhythmic stability (grouping + metrical)
 Pitch stability

Two reduction theories

- time-span reduction

- prolongational reduction

...prolongs across group boundaries.
they may not be congruent.

30




Time-Span Reduction —
preview
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Time-span Tree and Structural
Accents

 [b] and [c]: like a ball thrown and caught, the
overarching elements of a phrase are its
structural beginning and its cadence.

» The [b] and [c] of a phrase must emerge as
its structurally most important events in the
time-span reduction.

» A phrase can be characterized roughly as the
smallest level of grouping in which there is a
[b] and a [c]. 23

Cadential Retention

» The half cadence or the deceptive cadence
might not emerge simply on grounds of pitch
stability as structurally important at the phrase
level.

» The full cadence and the deceptive cadence
possess two members, joined together as a unit.

|

* The two-membered cadence should be counted
as one event. == Egg-like shape attaching. 34
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W. A. Mozart: Piano Sonata No.11 in A major, K.331
Background Structure Time-span

 Intermediate V is not the structural
dominant. The structural dominant (the
most important V in a passage) is the V at
the full cadence that resolves the passage
as a whole.

37

« A time-span is an interval of time
beginning at a beat of the metrical
structure and extending up to, but not
including, another beat.

« A group is a time-span.

* If a group boundary intervenes, the beats
determine the augmented time-span.

38
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L. van Beethoven: The fourth movement from Symphony No.9 in d minor, op125.

In measure 13, the first beat of the half-note level determines
two time-spans, marked w and x. The regular time-span is w
and the augmented one is x.
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Time-span reduction (1)

TSRWFR1 — There is a ‘head’ event.
TSRWFR2 — The lowest tree is an event.

TSRWFR3 - Ordinary reduction: heads
are chosen among sub-trees’ heads. Plus,
fusion, transformation, and cadential
retention. (cf. next page)

TSRWFR4 — A two-element cadence: the
penult < the final.

40

Time-span reduction (2)

» Fusion — Arpeggiation of a chord, etc.

» Transformation — The hypothetical chord is
inserted.

» Cadential retention — a sequence of
events forming a cadence to serve as the
head.

41

Time-span reduction (3)

TSRPR1 — Prefer strong metrical position for the
head.

TSRPR2 — Prefer relatively consonant or closely
related to the local tonic for the head.

TSRPR3 — Weakly prefer a higher melodic pitch
or a lower bass pitch.

TSRPR4 — Parallelism

TSRPRS5 — Prefer metrical stability: unstable
chord in strong metrical position vs. more stable
chord in weak metrical position.

42




Time-span reduction (4)

In choosing the head of a time-span, prefer
a choice that results in:

« TSRPR6a — more stable linear connection
with events in adjacent time-spans.

* TSRPR6b —more stable harmonic
connection with events in adjacent time-
spans.
=% More stable choice of prolongational
reduction. 23

Time-span reduction (5)

» Cadenced group:
— Structural beginning [b]
— Structural ending (cadence) [c]

If there is G (group) larger than T (time-span),

« TSRPRY (preliminary)— Of the possible choices
for head of T, prefer an event or pair of events
that forms a cadence as [c] of G.

« TSRPR8 — Choose an event relatively close to
the beginning of T as [b] of G.

. TSRPRO - [c] > [b].

44




Prolongational Reduction
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Prolongational reduction -- preview

* Tension — right branching
» Relaxation — left branching
* Progression — no consonant

» Weak prolongation — same root (filled-in
circle)

» Strong prolongation — same bass, melody,
root (open circle)

46
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Basic form

» Corresponding to Schenkerian Ursatz
» Antecedent — Consequent

« Cadential preparation — events leading up
to the cadence — subdominant-dominant-
tonic.

Sobdominant Soeninant Coric
Function (T orx?) (£} 48
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Prolongational reduction (1)

PRWFR1 — There is a prolongational head
PRWFR2 — (elaboration)

— Progression

— Weak prolongation

— Strong prolongation

PRWFR3 — Either head or elaboration
PRWFR4 — No crossing branches

49




Prolongational reduction (2)

« PRPR1 — The most important event in
the next lower level is time-span

important.

¢ prol tionaf
#re mgﬁeéﬁc‘aﬁ:i)cn )

(time - span reduction )

Prolongational Reduction (3)

« PRPR2 — The prolongationally most
important event should be an elaboration

within the time-span.
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Prolongational Reduction (4)

 PRPR3 - In choosing the most
important event in a region, prefer one
to form a maximally stable connection
with one of the endpoints
(beginning/ending).

Time-span reduction Prolongational reduction

!f /"
\\ \\ P
\v’ﬁ{\v,’
vI I VI v I

antecedert cmse@uenf

I VI ]
antecedent consequent

Among four choices of V or | and toward right or left, Figure (a)
is most stable. This may go beyond group boundary.
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antecedent coﬁ.reclymt

antecedent cunseqy.znt

Then V in the antecedent is attached to the initial | as in

52 Figure (b).
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Stability Conditions

1. (Branching condition)

a. Right strong prolongation > right weak prolongation >
right prolongation

b. Left prolongation > left weak prolongation > left
strong prolongation

2. (Pitch-collection condition)
A connection between two events is more

stable if they involve or imply a common
diatonic collection.

54

Stability Conditions — cont’'d

3. (Melodic condition)

a. (Distance) Melodically more stable if the
distance is smaller.

b. (Direction) Ascending is most stable in right-
branching; descending is most stable in left-
branching.

4. (Harmonic condition)

a. (Distance) Harmonically more stable if their roots
are closer on the circle of fifths.

b. (Direction) Ascending along the circle of fifths is
most stable in right-branching; descending along
the circle (subdominant to dominant) is most 55
stable in left-branching.

Prolongational reduction (5)

« PRPR4 —The most important event is an
elaboration of the prolongationally more
important of the endpoints.
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Prolongational reduction (6)

PRPRS — parallelism

PRPRG6 — Normative prolongational structure

a. a prolongational beginning
a prolongational ending
(a right-branching prolongation as elaboration of
beginning)

d. aright-branching progression as elaboration of
ending.

e. a left-branching ‘subdominant’ progression

57




Implementing GTTM

Kei1j1 Hirata
NTT
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Implementing Music Theory

Formalizing Music Analysis
Implementing Music Analyzer

Musical concepts will be formalized:

Melody, Rhythm, Harmony...
Score, Performance, Insight...

* Describing them mathematically 59
* Constructing a computer program

Motivation and Benefits

Physics, Engineering Musicology

Experiments Abstraﬁm
Mechanization

Correspondence!

Experiments
Viechanization

(_Simulation )
Composition
Listening

Correspondence? 5
Testable, Comparable, Refutable mm) “Correct” music theory

(GTTM, p.112)

Benefits of Implementing
Music Theory

Lerdahl and Jackendoff (1983), p. 55:

Our theory cannot provide a computable procedure for
determining musical analyses. However, achieving
computability in any meaningful way requires a much
better understanding of many difficult musical and

psychological issues than exists at present.

Temperley (2001), p. 14:

If the parameters of the rules can be specified, the output

of the rule system for a given input can be determined in 61
an objective way, making the theory truly testable.

Why GTTM?

*Rules modularly describe musical insight and concepts
m=) Rule format easily accumulates knowledge

*GTTM is well organized in defining concepts

*Rule descriptions in GTTM are relatively rigid

Relatively easy to translate rule description
into computer programs

*Melody, rhythm, and harmony all in a single framework
*Developed based on reduction concept
==) Reduction relation corresponds to “is-a” relation

62
- Wide applicability of theory to working systems




Ambiguities
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Ambiguity in Music Analysis

* Music Understanding Itself

* Rule Definitions
- Concepts are just implicitly presented
- Concepts needed for mechanization are not
presented (nor suggested)
- Concepts are presented but incomplete

Ambiguity in Music Understanding

Lerdahl and Jackendoff (1983), GTTM, p. 9:

In music, ... grammaticality per se plays a far less important
role, since almost any passage of music is potentially vastly
ambiguous—it is much easier to construe music in a
multiplicity of ways. The reason for this is that music is not tied
down to specific meanings and functions, as language is. In a
sense, music is pure structure, to be “played with” within
certain bounds. The interesting musical issues usually concern
what is the most coherent or “preferred” way to hear a passage.

64 ‘ We assume a piece may have more than one 65
correct analysis result
Ambiguity in Rule Definitions (1/3) Ambiguity in Rule Detinitions (2/3)
* Concepts/Rules needed for mechanization are not
e resented (nor suggested
* Concepts/Rules are just implicitly presented P ( g8 )
Working Algorithm for Acquiring Hierarchy:
Rule Conflict (GTTM, p. 54) Non-Local
GPR1: Strongly avoid groups containing a single event GPRS5: Top-down building of grouping structure
GPR3a, GPR6 L N \
1234567891011 1213 14 g Y LA A
e [ N L)
¢ _‘5 _da_ — ....,n’.‘n'p:l?:."’:‘f":'?_ 5
3a 6 3ab 3a,6 66 . ~ ST - 67
. fal e /\ ) GPR2, GPR3: Bottom-up building of grouping structure

Local




Non-local Effect in
Top-down Segmentation

GPRS:
Prefer grouping analyses that most closely approach the ideal
subdivision of groups into two parts of equal length

Note1 2 3

Group » »D » |

Layer 1 |= gl

Boundary around the center

Case 1: Boundary between Notes 1 & 2 selected

Subgroup P P P P
Layer 2 I: t Bl: f 'JI

Case 2: Boundary between Notes 2 & 3 selected

I?ubgmup J) P J.?LP J)
Layer 2 [ " T f

68

-

Ambiguity in Rule Definitions (3/3)
*Concepts/Rules are presented but incomplete

Vague/obscure definition

GPR4: (Intensification) When effects selected by GPR2/3 are relatively
more pronounced, a larger-level group boundary may be placed

GPR6: When two or more segments of the music can be construed as

parallel, they preferably form parallel parts of groups
(p-52)

Circular definition
GPR7: Time-Span MPR9:

Time-Span and Reduction Time-Span Interaction
Prolongational Stability

Equivocal definition
Stability: Metrical stability (p. 68) 69

Pitch stability (p. 117) Lerdahl, F. (2001)
Stable time-span reduction (GPR7) ||~ Tonal Pitch Space




Solutions

- Mainly for Grouping Structure Analysis
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Example: Resolving Rule Conflict

Weight for controlling strength of each rule

(l) and Srule

Degree of each rule being held at note i

* Introducing parameters D, .

Bov(i) =X Scrr*Dapri(i)
je{2a, 2b, 3a, 3b, 3c, 3d, 6}

Resolving Rule Conflict:
In case of GPR1

* GPRI1: Strongly avoid groups containing a single event

D, (i) III

Two patterns

} _ L ) 3 1 5 ik
ATy o i e e | |
C ] = 0 ' o '
Blov(j)! M\_ Degree of segmentation ﬁ’ £ u = i
0 > i (local boundary) [3) A A I )
2 S X GPR3a GPR2b
Dorenit__1_1 . —A /
Dorssit_ 111 .
Doeaatif .
Demsit___ 11 I . » 72
Derpsd i)T 11 | > S vs S,
sa?;;zbelrz . Deoras it A N : i GPR3a GPR2b
Example: Working Algorithm for Integration of Top-down and Bottom-up
Acquiring Hierarchical Grouping Structure Given interval [s,¢] at a lev X GPR2,3,and 6
owriy _J 1 if BIoW(i) > To%A Do (i) o
1. DY) = 0 otherwise Bottom-up
LOCCI] Local TO
p-down
GPR1 o N Z Scpri ¥ DGPRj (i) / (Dgprs(i) varies at each iteration)
GPR2: proximity Bott vion s _J€ (20, 28, 3a, 3b,3¢, 3d, 4,5,6} P o mneter?
GPR3: change orom-up 2\ B ()= GEEESSERAS s
" ) ) maX(ZSGPRj X Depyi(k)) __ I‘ .
GPR4: intensification of GPR2/3 k 1)1“8"(;7
Non-local R _ o i | i)
GPRS5: Symmetry oo 3. 1= argmax Dlov(i) x Beh(j) N Ji x i 7
GPR6: Parallelism op-down R . ’Dhiﬁh(i)x )
Circular Can be preprocessed 4. Go to next levels [s,7] and [,¢] 2] 1 £ | ;
GPR7: Time-Span and Prolongational Stability ; : S —— A :
73 terate until group cannot be segmented e i 74
Dgprs(i) 18 recalculated at each iteration ] 1 I L :
(Dgpre(?) s preprocessed) \ O i1 e ')




Well-formedness Rule

-
foigpfioge =

4 ——"
EECTIE e En Lot
g E=EF ==

p— 1 . This way of generating a
DhiEn(; . . .

7 | _ hierarchical grouping structure
Uit ') satisfies GWFR 1~5

h. N A A S

’Dhigh(,-ﬂ ' I 8

i ] 1 ;
(Dhieh(j) I \
i J 1 I 1 1 I-J

Also in Metrical Analysis and Time-Span Reduction, algorithms are designed 75
so that the way they generate the resulting hierarchical structure satisfies the
well-formedness rules

Example: Implementing GPR6

GPRé6:
When two or more segments of music can be construed as
parallel, they preferably form parallel parts of groups

= S ——pap o BPippfisae £ o8
é!'-:--liff=;1,‘=“ —_—=] =
0 ) I\ y . y y
. ) i ) J
Depre(?)
Possibility of note i being
a boundary \
Metrical Position
How to Calculate Dgpge(i) , Whose value rises at the 76

beginning and end of parallel segments?

Parameters Required for
Calculating Dpre(i)

Desi gn Outline (How to preprocess non-local structure)

» Develop an algorithm to calculate similarity between
two fragments at positions m and » of length r

» For every two fragments of any length within a piece,
exhaustively calculate similarities

Entire piece m n
I(—’- fragment Wfragmem '—)l
r T
similarity 77

Check all combinations of m, n, and r
Fortunately, GPR6 is independent of other GPRs

Calculating Degrees of Same
Rhythm and Pitch
Given two fragments at positions m and » of same length r,

A, degree of same rhythm =
m mtl mt2
A

2 —
N [&
© O O O« Metrical positi
ctrical position

O O X P

; n n+1 n+2
il 1 | l'

S0 x 0o

Q O X Am,n,r’ Bm,n,r 78

(algorithms to exchange

B, 07 degree of same pitch = 5 later for improved ones)




Giving Priority to Pitch Contour or
Note Timing

Given two fragments at positions m and » of same length 7,

Note timing

Value A, , is degree of same rhythm

Value B, s degree of same pitch

m,n,r

Pitch Contour

Total similarity between fragments [m,m+r) and [n,n+r):

Additional Predicates and Functions

for Intermediate Decisions
Functions

head(m): returns first note i (ith note) at interval [m,m+1)
tail(m): returns last note i at interval [m,m+1)
beat(i): returns m if note i occurs in [m,m+1)

Predicates
Note i can occur only at beginning of parallel segment:
b(7) = (iFhead(beat(i)) A i # tail(beat(7)))

G(mnr)={A_ . x(1-W_ )+B,  xW_}xtV Note i can occur only at end of parallel segment:
N - Implicit and/or e(i) = (i # head(beat(i)) A i = tail(beat(i)))

. . lacki i : i .
Introducing two adjustable parameters: e o NtOtei C?i (l)lccu; ?)t eltth.er begintm.rigbor fn.d of parallel segment: "
*W_: weighting more to pitch contour or note timing (§) = (i = head(beat()) A i = tail(beat(?)))

*W,: weighting to larger fragment
We Almost Come to Dgpre(i) Final Stage of Calculating Dgpre(i)
o frierfese
o= ) More precisely,
L ooz — / } L=Total Length . ‘ ‘
3 X G(beat(i),n,r) G(beat(i),n,r) x (1-W,)  if b(i) holds
n=1 r=1 b(i) hOldS . .
I L L2 G(beat(1)-r,n-r,r) x W, if e(?) holds
. | I | .i A= 2 X < -
L ug : @ n=1r=1 | G(beat(i),n,r)x (1-W)
> 3 G(beat(i)-r,n-r,r) + G(beat(i)-r,n-r,r) x W, if t(i) holds
e '[ (@) holds 0 otherwise
DGPR6(l) = A(l) / m%x(A(k)) Implicit and/or
D GPR6(i) lacking
81 Introducing one more adjustable parameter: 82
W, weighting more to either beginning or end of fragment




Overview: Calculation of D;pg.(i)

GPRé:
When two or more segments of music can be construed as

parallel, they preferably form parallel parts of groups

exhaustive comparison

Pitch Contour and :
Note Timing across entire p/lgce
T : T L L
Similarity Algorithm gh Similarity between DS

for Short Fragments [m,m+r) and [n,n+r) = o= |

exchangeable I I I

Additional W,

Implicit and/or lacking W W Predicates and
m> Tl Functions
*W,,: weighting more to pitch contour or note timing 83

*W,: weighting to larger fragment
*W,: weighting more to either beginning or end of fragment




Design Approach
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Approach to Handling Ambiguity
in GTTM

* Supplement as many implicit or lacking
parameters as possible
mm=) Full externalization and parameterization

 Entire problem of music analysis split into
- identifying domain of all possible results
- searching for the most preferred result

» Focus on implementing GTTM, but without
considering the human process of perceiving and
recognizing music 85

Proposal of exGTTM

Ambiguity in Music Analysis

A
~ ™

Music Understanding Itself Rule Definitions of GTTM

: 1

GTTM Extended by
Full Externalization and Parameterization | = exGTTM
/\
o ™

Improving Coverage Property  Searching for Optimal
Parameter Value Assignments

Recall rate 86
Manual at present

Precision rate
(see Hamanaka et al. (2007))

Features of exGTTM

* Introducing new parameters for
— Resolving rule conflict
— Supplementing implicit/lacking concepts

— Developing a working algorithm
(especially an algorithm for acquiring hierarchy)

» Full Externalization and Parameterization
* Restrictions in implementing GTTM

» Generating as many correct results for humans as
possible

87

exGTTM: Restrictions 1in
Implementing GTTM

* Only a monophony is handled
* Harmony is not taken into account
* Only ordinary heads occur in a time-span tree

* No feedback from time-span reduction to grouping
and metrical analyses

 Prolongational reduction is not mechanized
 Input representation is a list of notes

(a monophonic piano roll)
88

(see Hamanaka et al. (2007))




Generation of Correct Results

Goals
*Coverage of All Human Results
*Precise Controllability Coverage Property

(recall rate)

All possible time-span reductions

L\ @
\ '
' ]

|

® : Correct Time-Span Reduction
for Humans

® : Wrong Time-Span Reduction

89
Generated by exGTTM

using different parameter value sets




Related Work
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Practical Implementations

Temperley’s Preference Rule

Systems (PRS)
» Temperley: Preference Rule Systems and Temperley (2001)
Melisma (2001) Analyzing Six Aspects:
* Stammem & Pennycook (1994) * Meter
» Nord (1992 » Melodic phrase
( ) , . P , Well-formedness Rules
* Hamanaka & Hirata: Voronoi Diagram * Counterpoint X and
(2002) * Pitch spelling Preference Rules
* Harmony
91 ° Key 92
: Dynamic Programming in
The Melisma System of .,
Melisma’s Meter Program
Temperley & Sleator Score; :
E Executiri)n order: léft-to-right
S ‘ | Weights: fixed |
Available at: http://www.link.cs.cmu.edu/music-analysis/ Possible anglyses . Parameters: pre-determined
MPRI: Event Ruﬂe ' " :
. . . MPR2: Length Rule
Implementation Problems in Melisma: RS
MPRS5: Duple Bias Rule _
» How the system generates and evaluates | T: R ' Optimal
individual possible analyses ? T: | Bestsofar analyses - score
« How Melisma evaluates all possible e lg?gth Efth et
well-formed analyses of a piece and J P D J J  time
finds optimal analysis » TV b — >

(possible) Beat intervals R X
n-




Dynamic Programming in
Mehsma S Grouper Program

Executlon order: left to-right
Weights: fixed
ParameterS' pre-determined

Optrmal SCore
P0551ble analyses

.—# Number of nptes \PSPR] Gap Rule :
: i PSPR2: Phrase Length Rule |
Metrical | posrtlon of the :

————— — - notthe, o pSPR3: Metric Parallehsm Rule
: previous phrase’s beginhing : ' ;

A /\ \. Raw gap score

- : S
<~ === ! ! > Best-so- far analy%%

(possible) Previous 101, OOI

phrase’s beginningng P : P HJ : : J <‘—
§ ! ; § i g i time

° ° ° ° o 95

L]
A Ll
B

[ ]
A
Boy Beat list

PRS vs. exGTTM

*Well-formedness Rules + Preference Rules
- Optimization Problem Constructing Hierarchical Structures

PRS (Melisma) exGTTM (ATTA)
Preference Rule Systems GTTM

+ Full Ext. & Param.
+ Algorithm for Hierarchy

Left-to-right by
Dynamic Programming

Top-down & Bottom-up by
Constraint Satisfaction

Ambiguity, Revision,
Expectation, and Style in
Musical Perception

Ambiguity and Style in
Musical Perception

Numerical score of how well (Degrees D

(i) and Weights S,,;,.) 96
the PRS applies to a piece v

rule

«Temperley 2001, p. 205 vTemperley 2001, p. 293

Nord’s Implementation of GTTM

* This Prolog implementation covers all sub-theories of GTTM
* An early forerunner for later practical implementations

However:

» Straightforward and oversimplified interpretation of rules
* Some rules not implemented
mmmm) Very limited applicability

E.g.,
“prefer” into “always choose”

: “may be” into “should be”
Implementation can successfully

analyze only a very few pieces

97

Example: Implementation of GPR
GPR2 [== | GPR3 |== | GPRS || GPR1 | Top-down generation
\ l == | of hierarchical structure

GPR4 by mechanical splitting

* Execution order is fixed
* There are few parameters
» Parameter values are given a priori without musicological reasons

Nord’s Interpretations:

GPR1: Where a single-event occurs, a boundary containing “GPR5” chosen
GPR2:
GPR3:
GPR4: “relatively more pronounced” if time interval or pitch difference is

larger than a priori threshold value
GPRS: periodically held

GPR6 .
GPR7 } Not implemented

Literally translated into a program

98




Stammem & Pennycook’s Real-time

Segmentation

Does a group boundary
occur at the transition?

Notel Note2 Note3 Note4

Grouping Polyphony by
Voronoi Diagram

Hamanaka and Hirata (2002)

* Grouping Polyphony

* Conflict between GPR2 (time interval) and GPR3a (register)
in polyphony

* Setting the scaling ratio of time to pitch for conflict resolution

* Applying Voronoi diagram to a piano roll

* Merging adjacent cells

i

Strong Pitch Scale Weak

GPR2 & 3
Sub-segmenters Y Y N e e e, g g
RT N3 N4 =\ SEe ek =
JEH::_' i
Features: e e e e e e =
*Long note W, ————— 99 e g P R P B e R e e e R R R 100
*Stop playing R, B = = =
«> max notes Error correction _
: - ° Snapshots of Change in
Changes 1n Scaling Ratio PSHOLS g
Scaling Ratio
Shape of a Voronoi diagram depends on scaling _ . . . | somitone=90 tick
ratio of time to p itch 1 semitone=110 ticks 1 semitone=100 ticks semitone=>0 ticks
> time
Y
— 12 2
— Scaling raito flicks/zemitonelF 1|
E | —
g (0. —
pitch E=—
e — .
___— 101 Weak Time Scale StI'OIlg 102




Merging Cells for
Hierarchical Grouping

Introduce a simple algorithm:
the smallest cell is first merged to the nearest group

Result of our method Correct data by an expert

) T 4

Correctness rate = approx. 70%




Automatic Time-span Tree

!'_ Analyzer: ATTA

Masatoshi Hamanaka
University of Tsukuba
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!'_ Grouping Structure Analyzer
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Overview of

ATTA

Detection of

B, [
low-level boundary |( S ) [ Applving GPRs 1.2.3.¢. fime

Detection of
high-level boundary|

Low-Level boundary

Divide by top down
[ )

o e

Applying GPRs 1.2,3.4,5.6
[

= Three analyzers
= Input: score (musicXML)
= Output: groupingXML,

metricalXML, time-spanXML

Demo

Metrical Structure
Analyzer

Calculation of low-
level beat strength

Choosing next Next level
structure

o
A
Time-spanXML

Grouping Preference Rules:

GPR

= Applied rules

GPR1(alternative form), GPR2 (Proximity),
GPR3(Change), GPR4(Intensification),
GPR5(Symmetry), GPR6(Parallelism)

= Unapplied rules
GPR7(Time-span and Prolongational Stability)

107

Grouping Structure Analyzer

MusicXML

[boundary strength]

Detection of Diev(i)

low-level boundary

Low-Level boundary

OO

Applying GPRs 1, 2, 3, 6 [ti]

4

Divide by top down

Detection of ]
. - JL J )\_t_J
high-level boundary t—'ég;'—ﬂf y
Applying GPRs 1,2, 3,4, 5,6

4
GroupingXML

108

Application of GPRs

Basic parameters

(N~(12) ’DGPR2a (l)
Dgpron(D)

Dpr3a(i)

: Tlow
D
” Gerab(?) [m I Dlow(i) -

WoWL W, Dgprsc(i)| RERab3asb,  [20)]

; P | Daprsa(i) l 3°’3;’16} o |2 @
. _ owr s ;
51 (15)~(17 | : ﬂw’ () [Hcrri [ preni) *
i : Dpge (7)
ﬂi b ié E? E DGPR4(i) 123 Bhigh(i) (n) formula
77 l
)L G R4 variable
7l Zond
PQ(Z) g ] R €{2a,2b,3a,3b, —F———109
P i(l) (1{ DGPR5(i) | 3¢,3d,4,5,6} parameter




Calculation of Basic Parameters

Basic paramete

7

i

!

R

[pitch] f)

C5——
A4 ;
F4—|- §
| :1 L !
0,20 0,72 )
: ? [time]
0, : Offset-to-onset interval (OOI)
‘; :
7i
i

J)

Calculation of Basic Parameters

Basic paramete

@

SN
d

!

SRS SIS
T

[pitch] )

5+
A4

F4

| (=2 K ¢,=3 .
[time]

: Offset-to-onset interval (OOI)
: Inter onset intervals (IOI)

i

i

0
A
7; : 11

~

Calculation of Basic Parameters

Basic paramete

=

i

R

~
DD

io
»

J

: Offset-to-onset interval (OOI)
: Inter onset intervals (IOI)
: Register (pitch difference)

Calculation of Basic Parameters

Basic paramete

/\
7

R I ~ D
{

R

~
DD

~

J

[pitch] )

5
A4

F4—

; i
b

AEDX1 FEDX3

: Offset-to-onset interval (OOI)
: Inter onset intervals (IOI)

: Register (pitch difference)

- Difference in duration

~

~




Application of GPRs 2 and 3

Application ;

ntroduce three adjustable param®

1= A

Basic parameters Basic parameters for controlling the degree of parallelism
K .:=|:i .‘“..5“,'*.5;;-;;;.1.‘ :—-
(NH~(12) =DGPR2a (ll)) (N~(12) =gGPRZaI él\ = /.i 4 '\= /’!' == ' )‘ ,
i GPR33
/ Applied where the parameters have large valm Deprs
2 Sy S e ama fPlan fnae | E i D
, A} et 2 P e L ., W, Wr,W,DGPR A A
3a 2a 3a 2a %a 3d (1) GP A I ! V i
7] O, 3d gg 3d %g 77 (15)~(17) _ i j
g . U J; . Dpre (1) ~—
q /. "1 a,; ||P,0) o) ]
1 .
4 B ié 8 " Dgpra() [ 23) Bhigh(j) (n) formula
7] 7 ! .
i p 5 (l) variable
; GPRR
B P, o R € {2a,2b,3a,3b, Demo —15
P (1) . 3¢,3d,4,5,6} parameter
A\ v As 1(14 Deprs(i) || -
Grouping Structure Analyzer Application of GPR 1
. / Basic parameters
MusicXML ST il 5 5
(NH~(12) GPR2a U
ﬂ Dprap(i)
[b"“"?j;y strength] ) ow-Level boundary D (l)
Detection of o) I T B | u oo Tlow
low-level boundary : \ \ , aerab()| | Scpre I N
time] /0 4 DlOW(l)
Applying GPRs 1,2, 3, 6 “Nw  w,w, Dprac())| Re(202b3a3b,  [(20)
0 m> r .
{ o Depr3a(?) 130’3(1’16} : 7 @ @1
Divide by top down Zf (15)~(7) %’B Ow(l) (IS)DGPRl(l) *Dhigh(l') *
Detection of T i D (@)
- L J\ J\ N . GPR6 L
high-level boundary N —— — a; || 2,0 (13)
Applying GPRs 1, 2,3, 4,5, 6 Y P 48 Depra(D) 1 @3) Bhigh(j) (n) formula
g 1) (T
i
~ || T variable
. ; i) 1
GroupingXML . GPRR
ping 116 P (i) @ R € {2a,2,3a,3b, 1
P (1) l (14 DGPR5 (l) B 3¢,3d,4,5,6} parameter




Application of GPR 1

Basic parameters

(D10

 EE7TE SE s e
o IT_/\/\_/\/\_/\J;/\/L j Tev
0 > RR l . Dlow(i) L
. 1 p,3a,3b, (20)
[Parraa () 1 l > [34 64 22) @
Dipra(i) ] ] Blow i D (l)
d [ GPR1 : . N
DGPRSa(i)T 1 l l A ( ) (18) "Dhlgh(l) *
DGPR3b(i)T
Daprsc(Df | | | (n) formula
DGPRSd(?)T 11 11 .
Dgpre (1) t A N variable
——118
P f(l) 1(14 DGpRs(i) J 3¢,3d,4,5,6} parameter

Application of GPR 1

Basic parameters

(H~(12) =DGPR2a (l)
Dpron(i)
D GPR3a(i)
5 Tlow
D0 I -
Y D (l) = Dlow(l)
GPR3c¢ RE {2a,2b,3a,3b, (20)
4 g Wm’ Wr’ VV[ D (Z)
7. GPR3d —
1 —
DGPRI l)] I
. 1 2 4 5

v

GPR3a GPR2b
A

K

(22)

@1

v

Dhigh(j)

(n) formula

variable

—

parameter

)

N

19

| —

Detection of Low-level Boundary

Basic parameters

Demo

Tlow
S GPRR !

» Dlow(;
RE{2a2b3a3b, [0)f Dev(i)

l 3c,3d, 6}

EW B¥(0) (i3 Pgrri ()

(22)
Dhigh 7

(2]

N

(n) formula

v
v

(23) Bhigh(l')

R €{2a,2b,3a,3b,

(7)~(12) 'DGPR2a (l)
DGPsz({)

DGPR3a({)

o DGPRab({)
) Nw,w,w, Deprscli)

i Dpr3q(i)
Z i (15)~(17)

i : D (9)
o, Pﬂ(z) " GPR6 W) ||
B ?f 8 Dpra(i) [

i
7
Pl h
Pa(i) a
P 5O J04) Daprs(d) | |

3¢,3d,4,5,6}

variable

———20

parameter
~—

Detection of High-level Boundaries

MusicXML

Detection of
low-level boundary

Detection of
high-level boundary

GroupingXML

[boundary strength] | ow-Level boundary

T

Applying GPRs 1, 2, 3, 6 [tim]

!

S

4

Divide by top down

L

i

J

N

1

J

Applying GPRs 1, 2,3,4,5,6

1

21




Appl IC Applied where GPRs 2 and 3 are relatively pronm@\
5 firlerfines £

Basic parametef ﬁ;—l—'jgj:’i e n= =
o A —— 5
I AL SRR *
a~a]  “i g 3d ad
i
;1 .
1
2 7i
‘. W, N ;
7 ( i

W\ A
0, Z/A
a; ||P,0 - _——
1 2 D= Dopga(i) (23) | phigh ) (m) formula

i
P (i
P 7 ( i) variable
o
P,0)| o R €{2a,2b,3a,3b, —22
P (i . 3¢,3d,4,5,6} parameter
5 104] Dprs(i) | | - )

Application of GPR 5 (Symmetry)

*Use a normal distribution as a symmetry level

—Preference to subdivide groups into 2 parts of equal length
[Symmetry level]

DGPRi(i )

[time]

Low-level boundary J

L prar e, e T o oa
! Caw e, T f
P T

] =1
{?id%-|§:?;;":.==;=== —_

S End_ St /A
>, 23
m - \/4 . {Za’Zb’?’a’:&b’ -
Ja4 Dqgprs(i) |

Application of GPR 5 (Symmetry)

*Use a normal distribution as a symmetry level

—Preference to subdivide groups into 2 parts of equal length
[Symmetry level]

D)

[time]

Low-level boundary ]

B oe o T L o=
Paga Car ey f
|

0 ==
(gi‘-.-‘,-|f:'f'='=-='|:f==,==== —

\Start End/ Start End )
Start End , \ Start
P 24
~ \/ R € {2a,2b,3a,3b,
|14 Daes(i) 3634436}
¥ GPRS _

Application of GPR 5 (Symmetry)

*Use a normal distribution as a symmetry level

—Preference to subdivide groups into 2 parts of equal length
[Symmetry level]
Digpefi)

[time]

Low-level boundary ]
- . e S i L ¥
SEFT ERRITISRRELAr =S
Start End , Start End

J

Start End , (Start

R €{2a,2b,3a,3b,

25




Detection of High-level Boundaries

Basic parameters

(1) Consider a whole piece as a group
(2) Calculate the degree of high-level boundary
(3) Select the highest position as the next level boundary

Low-level boundary

\

(2]

7
i

NN

& '\

- 5
Degree of high-level boundary
Bhigh (l)

variable

26

parameter

Detection of High-level Boundaries

\

Basic parameters

(4) If the group contains a low-level boundary,
then we repeat the same way iteratively

Low-level boundary

N A J\ AN ) A
- AN J *
\ ' t t J

Degree of high-level boundary formula

Bhigh (l)

variable

parameter

Detection of High-level Boundaries

Basic parameters

(4) If the group contains a low-level boundary,
then we repeat the same way iteratively

\

Bhigh (l)

Low-level boundary l
/ ] . - O.?‘_.":‘"-,; T . a
6&.':"?:§:.’ e e e ——— = | —
—__ an

N N L N t g )
~ % N T ) . *
- T y

Degree of high-level boundary _—

variable

28

— C
parameter

(Demo)

Example of Analysis 1

* Discuss whether our grouping structure analyzer
can properly acquire the results
« Can interpret in two ways

» Check whether our grouping structure analyzer
can output both structures.
Mozart Sonata K. 331.




Example of Analysis 2

. , Which groups
into two part

« System output tends to have
of grouping

Analysis result




!'_ Metrical Structure Analyzer
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Overview of

ATTA

= Three analyzers
= Input: score (musicXML)

= Output: groupingXML,
metricalXML, time-spanXML

Grouping Structure

Analyzer ¥ Low-Level boundary
- I

Detection of

low-level boundary

bounda
Siengthy ) Applying GPRs 1.2.3.¢ [iime

Divide by top down
[ )

o e

Detection of
high-level boundary|

Applying GPRs 1.2,3.4,5.6
[

Metrical Structure
Analyzer

Calculation of low-
level beat strength

Metrical Preference Rules:

M

PR:

= Applied rules
MPR1(Parallelism), MPR2 (Strong beat early),
MPR3(Event), MPR4(Stress), MPR5(Length),

MPR10(Binary Regularity)

= Unapplied rules

e MPR6(Bass), MPR7(Cadence), MPR8(Suspension),
Chostanen [t () (] (AL MPRO(Time-span interaction)
; 32 133
o Demo
Time-spanXML
Metrical Structure Analyzer Application of MPRs
4 a ) GroupingXML (54 s .
MusicXML Groupln XML Grom | T A(IJ)( ) T Dypr, (i:K)
32 52 . 7| size(i) PR 34 — ~
Calculation Of |OW- Current structure — ©0000000000000000 Sl.Zei ! ) [ TMPR] ] [ SMPRR ] ( ) Dmetrlcal(l) (36 m
level beat strength perical(j) iposition(i) RE{2,3,4,5a£5b,5c,5d,56}
metrical( § l 26) . (35) . .
(strength of beat) ' A l ing MPRs1. 2. 3. 4 SEime] Z_S D DMPRz(l) Bmetncal(l)
e
Il - Swert | | Swerio |
MusicXML 27) D i [ MPRI MPR10
Choosing next m=1¢ ¢ ¢ & ¢ ¢ & o o / 28) ~(31 { Duirss (@)
level structure Choice of next ) =2 (¢ 2 ¢ ¢ 2 ¢ ¢ ° _' COFEL () "
level structures zzi * o ¢ o * o ¢ o ° o ¢ N ¥ DMPR4 ()
- , T i
n=3 Choz)sing.with ;pplyi.ng MPR10 1 ! MPRR DMPRSa( )
i |RE{4,52,5b,5¢} | MPRsb\! (n) :formula
e ¢, Dures ()
Yes vV, (32) variable
L No 134 K, L’ Dyiprsa(D) [ 139
MetricalXML (33) 4D (l) | parameter
MPR5e \ )




Calculation of basic parameters

Application of MPR 1 (Parallelism)

S ————
GroupingXML . ] GroupingXML
: (24) A 2‘5\ 9 : (24) A(i)) (25 (i,k)
é Group (i) First beat y Group (i) MPR]
. Siif(T - Number of beats . _’ size(i) U w0, M NELES
posttion(i) Duration from beginning O @ group :
s (26) Beginnin
i, Eni’in o ] Preferably Forms parallel metrical structure
MusicXML o7 \? — —rrr— M where two or more groups can be construed as parallel |, o ]
/] / 7 =
@ Basic parameters of a note from beat i : f Eeat J ang Eeat //i are Paia”el " gMPngfs/lii (1)
. 1 beat/ and beat & are not paralle NS
Y. G ;eloc}z;y
A |re; engt . of note . rmula A IRe 4,50,50,5¢) | PMPR5bU) (n) :formula
& dz'trc}lltlon of dynamic ¢, Dyppsoli)
V. pitc ble v, .
(32) ] | variable
K, length of slur — 136 K, L’ Dyprsa(?) 137
Dyprse() [ @ B3 Dyprse(i) | parameter |
Application of MPR 2 Application of MPR 3
GroupingXML (4 es) ] GroupingXML (54, NS ;
g Group (i) A(Z?]) T DMPRl(l’k) /] Group(i)| * A(ZZI) T DMPRI(lﬁk)
. size(i) ‘ [ T ] [ S ] —e 1 H size(i) — (34) 36 A
. W.W.,W, MPR1 MPRR Dmetrlcal(l) m - W W, W, TMPRI SMPRR Dmetrlcal(l) m
position(i) Re {2,3,4,5aI5b,5c,5d,5e ) position(i) RE {2,3,4,5a15b,50,5d,56}
;s J\L. DMPRz(i) G5) Bmetrical(l') ;s J\L. DMPR2(i) (€R) Bmetrical(l')
e e
MusicXML : | Swert | | Swprio MusicXML . - . [ Swen | Swprio
@7) .| Dyprs ()
/ — \ 4 28) ~(31)__
Strongest beat in a group appears early in the group —’ ( R
_ Inceptions of pitch-events are strong beats
é'! T e "’ : ! Il RECJ;IV
e A i AVt PRRINAEN
. . cend /[ en - ! oooooocobooo
Dyipro(0) Dyypy, (i) = (1 ! —l)/(l =g t) v, Diviprs (i )
| I | K, nEn |
|

~ [i]

_

h )

- [i]

A

MFPRSe\"/

- J




Application of MPRs 4, 5a, 5b, 5c

GroupingXML (4

A(f?j) @) f DMPRl(iak)—‘

N Group (i)
size(i)

\position(i)

The rule is applicable
The rule is not applicable Dy pg(1)=0

Dyprg(i)=1

MusicXML
/]
(28 ~@3DhH .
DMPR4(1)
Y Dyprsa(i)
/1,- RE {4,5a,5b,5¢} Dyyprsp(@)
4 i Dysprsc(9)
v,
(32)
K,; L’DMPRSd(l)
33
(32 DMPRSe(l)

Applied where the parameters have large values n

10

(n) :formula

variable

O

parameter
—

140

X N o

.. velocity
. - length of note
.. duration of dynamic
: length of slur

A1 Py
Fees SEremss

—

s -

35
o

Current structure ®e 1:;- (XY

5b5b
Se¢

<

= Rt

A/
5b5b

1919, TN
oET

5¢

e
J]A}
[§ [§

=t i

Application of MPRs 4, 5a, 5b, 5c

Each rule is applicable
where the values are
over the threshold T pp;

ﬂ

o
i

WPR 4

[\S]
AN

. MPR5a

NﬂN

S}
||~

s

+ MPR5b

X

[\S]
Bl

141

. MPR5c

~~

Appllcatlon of MPRs 5d, 5e

Gro

MPRS5d Prefers a metrical structure with a
relatively long pattern of articulation

=

HHB

MPR5e Prefers a metrical structure with a
relatively long duration of a pitch in
the relevant levels of the time-span reduction

N

33 .
1y DMPRSe(l)

v

variable

parameter

142

Appllcatlon of MPRs 3d, Se

LILLLN

ro
MPR5d Prefers a metrical structure with a

relatively long pattern of articulation

Inception of MPRS5a repetition

Otherwise

DMPRSd(i) =1

=

LILLIN

Dyyprsq(i) =0 | B
MPR5e Prefers a metrical structure with a

relatively long duration of a pitch in
the relevant levels of the time-span reduction

Inception of pitch repetition

Otherwise

DMPRSe(i) =1
Dyprse() =0

(33

A

DMPRSe(i)

variable

parameter
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Metrical Structure Analyzer Calculation of Beat Strength
GroupingXML (54

/ /) .~ les) .
MusicXML Groupin XML y Group,(i) A(y) f Dyrpri(3:6)
i|—|| _. size(i) [ TMPR1 ] [ SMPRR ] metrical (l) (36 ng
Calculation of low- | Currentstructure — ¢®eoec00000000000 \position(i) m> " T RE {2.3.4,525b.5¢,5d,5¢}
7 level beat strength perrical(jy : 26) G
e s L) ) D ( l) N Bmetncal( l)
(strength of beat) Applylng MPRS], 2 3’ 4, S[Qme] ie MPR2
U MusicXML @7
Choosing next _ @3 IR H 08 ~6n [ Beat strength from MPRs 2, 3, 4, 5
level structure Choice of next % ;3 . ° ° ° ° ° N metrical ( » .
level structures) - _° 4 4 o4 o o @ Y. D B (i) = Z DMPRR(I)X SMPRR
=5 ® e e e e ! MPRR Y Re{2,3,4,5a,5b,5¢,5d,5¢}
Choosing with applying MPR10 A i |Re (4.5a.5b5¢) DMf ,3,4,5a,5b,5¢,5d,
é i DMPRSc(i)
14 i (32)L . | variable
144 K; Dyiprsa(?) 145
O
(33) Dyprse(i) parameter

Calculation of Beat Strength Metrical Structure Analyzer

GroupingXML (4 A(i) 25) D k) / /l .
g Group (i) T MPRI\*> MusicXML | = = GroupingXML
. size(i) P T [ T. ] [ S ] (34) etricalr  [36 A l l J
\position(i) Wm’ W” Wl MPRI;E {2’3’4’1;/?5}?)?5&5(1,56} D A (Z) m Calculation of low- | Currentstructure — ¢eeeeeeccccccococe
i 26) (35)[ —— level beat strength Dmerrical(j)
; o D MPRZ(i) Bmetrlcal(l) (strength of beat) ; :
l, lying MPRsl, 2, 3, 4, 5 [time]
. S o]
MusicXML (27) \ DMPR3(i) M, 2
/ H n=1® [ J [ ] [ J [ J [ J [ ] [ J [ ]
28) ~(3D N Choosing next . m=1
D— gF level structure Choiceof next ) #=2 & & & & & ¢ ¢ ¢
. level structures h—d e o e o o o
R = A ° (] (] (] °
. Reasests Low-level beat strength 85 oesing with woplying MPR10

8 (32) DMPRl(i’k) =0

i —A parallel metrical structure tends to be formed 1
NN —

&l DMPRSe(i)

Y

A etrical, MPRI1 .

é’ i Dmetricatl-) — Bmetrica/(l-) + Z{Bm (k) x s DMPRl(lﬂ k) =1
14 k

K
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parameter
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Choosing Next Level Structure Metrical Structure Analyzer

PSR ——r—] R
. . . . /] /]
Calculating the total remaining beat strength MusicXML Groupin L
Sona FTREM . o 7T . o p pers s U 4 -
R i e 2 I s s ’ i : | Calculation of low- | Current structure — ¢eoeeeeco0cccccce

o ' =

Current StruCturc 0000000000000000000000000000000000000000 level beat Strength Dme,,.,-ml(i)
Dmerrical(j) I (strength of beat) [Applying MPRs1, 2, 3, 4, 5[time]

> ﬂ

A ~
m:l ® . 0 © ¢ 0 0 0 ¢ . 0 ¢ ¢ o o © o o 0 o Choosin next m=1® [ ] [ [ ] [ ] [ ] [ ] [ ] [

T . 9 Choice of next j =2 ¢ © ¢ ¢ o o o o

j level structure 2=36 © e e e e

T = level structures) 7 ~
m=2 © 0606006060606 0606060600060 0 0 0 0 711*4 .. .. .. .. .. d

T . 7 =3 Choosing with applying MPR10
A 1
m:3 [ ] [ ] [ [ ] [ [ ] [ [ ] [ [ ] [ ] [ ] [ [ ] 1

! . -
’/I/>l:4 [ ] [ ] [ ] [ ] [ ] ® » [ ] [ ] [ ] [ ] [ ] [ ] l N YCS

T s 148 A 149
]//}\1:5 e o o e o o o e o o o o o Metrical XML

T j

Example of Analysis

* Most pieces were well-analyzed, but not all
» Quintuplet is not aligned in simple duple/triple time

« Cannot analyzed properly
Bach’s, Toccata and Fugue in D minor

é, be=

Correct data
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Overview of

i ATTA

= Three analyzers

= Input: score (music XML)

= Output: groupingXML,

metricalXML, time-spanXML

Detection of

B, [
low-level boundary |( S ) [ Applving GPRs 1.2.3.¢. fime

Detection of
high-level boundary|

e

o e

Applying GPRs 1.2,3.4,5.6
[

Divide by top down

Metrical Structure
Analyzer

Calculation of low-
level beat strength

i
(strength of head]

pplying TSRPRs 1.3.4.89

Time-span Reduction
Preference Rules: TSRPR

= Applied rules
TSRPR1(Metrical position), TSRPR3 (Registral extremes),
TSRPR4(Parallelism), TSRPR8(Structural beginning),
TSRPR9Y(Structual ending)

= Unapplied rules
TSRPR2(Local Harmony), TSRPR5(Metrical stability),

romrarmt i N TSRPR6(Prolongational stability),
i 52 . . 153
T TSRPR7(Cadential retention), Demo
Time-spanXML
Time-span Tree Analyzer Application of TSRPRs
Metrical XML -
i G ingXML MetricalXML NN
MusML roug |ca - «, DTSRPR](Z)
—— CONRIPVRENCINR .
GroupingXML A(ij) [P Drsrpral(i-h
F timespan (i)
v = timespansize(i) | | W W, W,
Caloulation of  [Surrent, KA/ KA/ AAAAAA/ = mespansized (4h “w g
head strength D fimespan (j) W i 1 Drspprs(i) Dtime-span( ;)
(strength of head“ pplying TSRPRs1,3,4,8,9 Lopd (43 )7
Choosing next [ ——— 4 | Drsrpro(d) [
level structure structure /(<\/ A\/ A<\/<<\A<\/ (3%) .
. Drgrpraa(i) [ (n) formula
‘ £, 45)
l No Y (39) DTSRPR3b(i) > Btimespan(i) variable
Time-spanXML 154 MusicXML — 155
t
RE{1,32,3b,4,8,9} (e




Time-sEan Segmentation

« Divide the entire piece into hierarchical time-spans

|
V V V LV |
I I Il ~~ |
7 I 7 | 156
~ I |

I
I
I
I

Application of TSRPR 1

Metrical XML

37
(37 D

d_ M | Drgregy (1) @
—1 NN .
Groupin M > DTSRPR4(l’k)T

ﬁj7/TSRPR1 prefers a head with a strong beat

TN

Sy TH M~ 2 F e s oetes s a
v ...........I....I....;....L;-:..................
: [ ] : [ ] : [ ] : [ ] : [ ] : [ ] : [ ] : [ ] : [ ] : [ ]
[ ] [ ] [ ] [ ] [ ]
[ ] [ ]
DTSRPRI(I)T |. | | |
.. 1 .. 1 ..

MusicXML SRPRR 157
(o] i

RE{1,3a,3b,4,8,9}

Application of TSRPRs 3a and 3b

n: TSRPR3a prefers selects a higher pitch note as a head :

TSRPR3b prefers selects a lower pitch note as a head

%ﬁ emprrilierfeert

[ TSRPR3a(1) I

Lo et il L, P

Dirsrprap(i )I | | |
. I W i

 —T—~ ]
Drsrpr3a() [

£ (45)

. (CL) N DTSRPR3b(i) > Btimespan(l') variable
MusicXML — ) 158

parameter
RE{1,32,3b,4,8,9}

| S —

(n) :formula

Application of TSRPR 4 (Parallelism)

Metrical XML -
DTSRPR](i)

amC

— 40 ..

Groupin & "A(i))
timespan (i)

= timespansize(i)

timespanpos(i) |, - T———————

TSRPR4 prefers a head in a parallel position in
parallel time-span

DTSRPR4(iak) =1
DTSRPR4(i:k) =0

head 7/ and head / are parallel

&:ﬁ and head & are not parallel
MusicXMLC

STSRPRR 159
o
Re{1,3a,3b,4,8,9}




Application of TSRPRs 8 and 9

Metrical XML

(37)

IA) (2 [ )

TSRPRS8 prefers a head appear at the beginning of the time—sp}
TSRPROY prefers a head appear at the tail of the time-span.

o fplerfose F

Drgrprs(@) I

Drgrprol) I

S

MusicXML

STSRPRR

RE{1,3a,3b,4,8,9}

parameter

Time-span Tree Analyzer

Calculation of
head strength

Choosing next
level structure

MusicXML GroupingXML MetricalXML

l

—

12 RIS SOl
srernre AR AR/ ARAARRS

D time-span (l) W

(strength of head)Applying TSRPRs1,3,4,8,9

Next level
structure

NI,

No

Contains more than one head
Y

161

Calculation of head strength

Metrical XML 7

J 4 | Drsgpri () GTSRPR4

— » 40 N .

Groupin , O A1) D g pralink)
timespan (i)

= | timespansize(i) | | W, W., W 6)
. .
ilmespanPOS(l) 42) Dre Head strength from TSRPRs 1, 3, 8,9
start h .
Lend (43) P B (i) = ZDTSRPRR (#) % Stsrer

7 Prs R
39) i‘ —
f DTSRPR3&(Z) N J (n) .rormula
i N
B0 D e 1] BImepn(i) variabe

MusicXML

162

parameter
| S —

RE{1,32,3b,4,8,9}

MetricalX

]

Groupin

Low-level head strength

Dtimespan (l) — Blimespan (l) + Z
k

Mo

Btimespzm ( k) % STSRPR4
if DTSRPR4(i7k) =1 l

if Drgpppy (lak))()'

0

Drgrpro(i) [

D TSRPR3a(i)

(45)

bend @
(38)
< (39)
MusicXML

Drsrpr3p(f) | Btimespan(j) —

RE{1,3a,3b,4,8,9}

N Dtime-span( l)

(n) :formula

variable

O

parameter
—
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Time-sEan Tree Analzzer

MusXML GrouingXML etricaIXML
I 1 1
Calculation of S,‘.‘,ﬁiﬁ.‘;ﬁe KK/AK/AAAKAK/

head strength D time-span ()
(strength of head)Applying TSRPRs1,3,4,8,9_
Choosing next

b
level structure ls\i:l’:tc:ﬁzil A/ /\/ AAA/

Contains more than one head

Yes

Time-spanXML 164

Generating a hierarchical Tree

"« lterating the calculation of the low-

level head strength Drimespan(i)

[0

_/* Choosing the next level heads,
l- Dtimespan ( l) < Dtimespan (])

>

Jj otherwise

165

Analysis result (a) S
Funeasure=0.84

S, 1.0, §

vsrerss= 100 Sropons,™ Sroners™ Srseons™

S,

TSRPRO

=0.0, W.=W,=W,=0.5

TSRPRI

Beethoven, Tuned with the same parameters
Turkish March

[ IR XTI . - S SNTE e e

2 S==i 1=t

===t H=t et :
12 3 4 5 6 7 8 410111213 14 15 16 17 18 19 20 21 22 23 24 256 2627282830 31 32 i

Analysis result (b) S =5 =1.0, S S

TSRPRI™ “TSRPR3b TSRPR3a TSRFR4 Sl‘sm‘R«7 ST:RI‘RU
Fmeasure=0.89

=0.0, W=W,=W,=0.5

English Traditional,
Greensleeves

Overview of i

Detection of
ounda
low-level boundary [ “{re;.

ATTA

high-level boundary|

= Three analyzers s
i  [ammsmena] 10
= Input: score (music XML) =

| OUtpUt: grouplngXML’ level beat strength

Choosing next
level structure

Time-span tree
Analyzer

Calculation of
head strength

ead JApplying TSRPRs 1.3.4.8.9

L
et AL AL ALLS
_ontains mo n On d

o
A
Time-spanXML é

Choosing next
level structure

Demo




!'_ Experimental Results

168



i Experimental results ‘_-‘ Experi
Correct data

= Evaluate performance using F-measure = Evaly . 100 pieces of 8-bar length,
= Required us to prepare the correct data = Reqy monophonic, classical music pieces
... C * Analyzed manually by a musicologist
P(P =
=2 x PxR (Precisiom="x » Cross-checked by three other experts
measure P i R R(Recall) = g measure

. Correct structure
Music pieces Manuauy by a (Grouping XML) (Metrical XML) (Time-Span XML)
B musicologist

=
Correct data 169 — = 170

Cross-checked by
three other experts

Experimental results

i Experimental results

= All outperformed the baseline performance

Grouping structure  Metrical structure Time-span tree
1
09
08 - f
TI 0.7 i
3 06 I A
o
D 05 =
% 04 m Our method
- - 0.3 1 . "
= Our method with configured parameters o with configured
I] parameters
. 0.1
- Cost about 10 minutes on average 71 o 1Pl ‘ - I _ 179
- Found a plausible tuning of the parameter sets PrEA e T owe i aw




i Conclusion

= Implemented ATTA on a computer
Rule reformalization and Refinement of ambiguous rules
Resolution of preference rule conflicts by prioritizing rules
Introduction of an algorithm for acquiring a hierarchical structure

= Experiment with correct data

100 pieces of correct data
Consistently out-performed the baseline F-measure

The Perl CGI version of ATTA can access
http://music.iit.tsukuba.ac.jp/hamanaka/atta/ 173
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