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0. Introduction®

Thefollowing discussion takes as its point of departure the perspective advanced in Dell
and Halle (2005)which identifies a songas a composte made up of two indgpendent
objects, atext andatune Thisundelying organizationis graphically represented in the

following diagram:

0.1

song

text tune
(linguistic grammar) < > (musica grammar)
textsetting interaction

0.1 makes appaent tha tunes and texts routindy exist indgpendently of each other-as
ingrumental musgc, onthe onehand, and nomal speech on the other-and each mug be
judged as acceptable within the grammars applicable to the respective cognitive domains
In theevent tha atuneand text are forced into an interactive relationdhip, as occursin

vocal musc, the elements of languaye-words syllables, stresses and intonaiond

1 Draft versions of this paper have been reviewed in considerable detail by Morris Halle and Francois Dell
to whom the author extends sincere thanks. The author assumes sole responsibility for al remaining errors.



structure are required to be matched more or less appropriately with notes, phrases,

pitches and rhythms and other elements of musical structure.

Formal studies of text setting e.g. Hayes and Kaun (1996), Kiparsky (forthcoming),
Boone(1999) Lerdahl (2001) Fehnand Halmark (1983) have focused primarily
aroundinteractive structure-relationships of text and tunefoundin songs usudly within
strophic songforms. A fundamental objective of our investigation will beto demondrate
tha these interactive accounts are incomplete. An acceptable interaction between musc
and text, while necessary, is not sufficient to determine a well-formed text setting. We
will arguetha an indgpendent accountis required as well: both text and thetunemud be
judged acceptable as indgpendent objects in order for the composte to be judged
acceptable. More specifically, strophic songsin particular require tha acceptable tunes of
subsequent verses are heard as beng sufficiently similar to theorigind. We will
advance wha we will call asimilarity metric, a mechanism which formally describesthe
class of variants which can be condrued as acceptable on these grounds The judganent
of acceptability is frequently based, as will be seen, on purely mudcal formasit is
defined in thesimilarity metric withou reference to atext; that is, thejudgement is made

onindependent rather than interactive grounds

Before turning to outlining thesimilarity metric and to a genera discussion of
independent condraints on strophic song, we will briefly review some of theinteractive
accounts which have been offered in theliterature as significant for the purmposes of

textsetting.



1. Interadive constraints.

1.1 Stress Matching

Themosg readily apparent and mos frequently observed relationship? within text setting
isthat established between lingustic and musdcal accent, specifically the arrangement of
stressed or ungressed syllables and strong or weak metrical postions Morgan and Janda
(1989)(hereafter M+J) is oneof many studies demongrating tha mismatches between
stress and meter are judged alonga gradient rangefrom natural to unacceptable. In ther
investigation of the capacities undelying these judgments, M+J ask their experimental
subjects, who are both fluent speakers and competent muscians to assign variouseight

syllable texts to thefirst phrase of the song Grrere Jacques.O

111
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
C D E C C E C
Fre re Jac ques, fre re Jac ques

AmongM+Jsdaaisthefollowing significant result: When asked to assign the English
text OMy brothers dogkeeps on barkingQto the "Frere Jacques’ tune noneof M+J3

subjects producd thetunein 1.1.2 which would result from maintaining the notes of the

existing melody:
1.1.2*3
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
C E C C D E C
My bro t hers dog keeps on bar k i ng*

2 Seg, for example, Liberman (1975), Oehrle (1989), Palmer and Kelly (1992).
3 The asterisk will be used to indicate constructs which are judged by those fluent in the relevant linguistic
and musical idioms to be unacceptable in some significant respect.



Rather mog subjects distorted the melody so as to avoid the mismatched postions
indicated in bdd face anditalics-a stressed syllable assignad to aweak postion adjacent
to an undressed syllable assignal to a strongmetrical postion. Themos common
resolution of the mismatch effected by M+Js subjects was to insert an anacrugs prior to
thefirst note of the existing song shifting thefirst four events leftward, thereby assigning

two notes to thesingle syllable "dog™

113

X X X X

X X X X X X X X
X X X X X X X X X X X X X X X X
<G C D E C C D E C
My bro thers dog -5 keeps on bar k i ng

M+Jgoonto observe tha some languayes alow for mismatches and thusthe
maintenance of the origind melody. For example, when asked to assign thetext CEl perro
demis hermanogOto the same tune Spanish speaking subjects assign syllables to

available notes as follows:

114
X X X X
X X X X X X X

X X X X X X X X X X X X X X X X
C D E C C D E C
El per ro de ms her man 0s

Spanish speakers, unlike English speakers, do notfind the mismatch sufficiently
objectionable to require alteration of theorigind melody. Thisis a specific indance of a

gened tendency discussed in Dell and Halle (200B): in certain vocal traditionspostiond

4 1t will be noticed that the grid in 1.1.3 has been reoriented such that what had been the final position
represented in 1.1.2 isnow theinitial position. This operation is merely anotational requirement of the
linear grid. Thefinal and initial positions of the grid are in fact the same position, an organization made
explicit in theradia grid proposed in Halle (1999). On the "theft" of initial grid positions aso see Hayes
and MacEachern (1996) for discussion.

5 The hyphen will be used here to indicate continuations of melismatic syllables.



uniformity-therelation of mudcal eventsto themetrical grid foundin theorigind tune
can bemaintained in theface of wha are defined as stress mismatches. In other text
setting traditions significant deviationsfrom postiond uniformity are required in order

to achieve a propa matching of syllabic stress and the metrical grid.

1.2 Congtituency Matching

While much remainsto be said as to wha congitutes acceptable stress matching it should
berecognized tha it is nottheonly interactive constraint governing text setting. As
noted in Halle (forthcoming) the structure of text settingis also congrained by the
interaction of mudcal grouping structure and the salient condituent units of languaye
defined by the prosodic hierarchy (see Hayes 1984, Selkirk 1984 Nespor and Vogd
1986) Text subgitution also provides clear evidence that an On phaseOrelationship
between mudgcal and linguistic congituency tendsto result in more natural sounding
arrangements compared to out of phase relationshipswhich can soundquite bizarre. This
can be seen by ingerting alternae texts into the Adler-Ross song (Hernando®
Hideaway.Olt will be noticed tha any norn-enjambed iambic tetrameter text subdituting
for thelyricsin theorigind will result in the prope alignment of muscal groups

(indicated by brackets abovethe staff) and prosodic boundaies (indicated by |):



Whose woods these are I  think I know | his  house
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would not see me stop-ping here | to watch his woods fill up with Snow.ll |

If, however, an iambic pentameter text is subdituted in the same melody, theresult isan

out of phase congituency relationship where groupng and prosodic boundaies do not

overlap.” Whaever the aesthetic virtues of outof phase structures like 1.2.2, they are

clearly far more difficult to peform and interndize than 1.2.1.
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leaves the world to dark ness and to me. | l |

61 am grateful to Jay Keyser for providing me with this example.

" Constituency mismatch appears to constitute a more or less exact analogue to enjambment within metrical
poetry. We take this one as of severa strong indications of the close connection between text setting and

prosody.



1.3 Constraintson Melismatic Structure

In additionto congituency and stress matching, a third class of interactive condraints has
been recognized at least since thetime of thefirst formal study of text setting by Gasparo
Stoqueus (Veltman, 2001) Amongthe "necessary rules' devised in Stoqueus3 Treatise
onVerbd Musc (1570)are thos govening thetreatment of melismas-syllables assigned
to more than onenote® Extensve melismatic passages are common in Renaissance and
Baroquestyles:

1.3.1 Handd, Q_et God AriseO

5 = B
{7y & |
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oJ
so shalt thou drive
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===

Melismas are less common and less florid in folk and populr idioms. When they do

occur, they generally contain no more than two or three notes:

o) [ p—— |
P’ A £ Y T
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IR ] é I Il 1 I 1] Il Il Il 1 I
D)} —— Vo ] I —
Where are_ you go-ing to  Scar bo-ro Fair? Par - sley sage rose - ma-ry and thyme

Stoquauswas thefirst to state an obviousbut easily ignored prindple with respect to the

relationghip of text and tune namely tha whereas the number of notes in a passage can,

8 We recognize that, pace Crocker (2005), the term melismaiis often reserved to refer to assignments of a
single syllable to four or more notes with the term neuma applying to shorter passages such as those we
have been considering here. For clarity, the term melismawill be understood to apply to any sequencein
which asingle syllable is assigned to more than one note.



as observed in the melismatic passages above, exceed the nunber of syllables, the
number of syllables cannotexceed the nunber of notes. If such a passagewere
represented, for example, by changing thetwo syllable word (pardeyOto thethree
syallble word QinnamonO

133*

9 ser]
D

> Il 1 |- I Iy) 1 1 Il Il

Where are_ you go-ing to  Scar bo-ro Fair? Cinna-mon sage rose - mary and thyme

Q<§>k>

the notation would represent alogical, or at least physological impossibility: every
syllable mug be matched with at least onemuscal event. When the notation indicates an
impemissible arranganent asin 1.3.3, thesinge will, perhgpsuncongioudy, augment
themelody with the mog appropriate choice for a pitch assodated with the additiond

syllable, mog likely the same pitch as the preceding event:

134

Q<§>k>
9 ser
v

Il 1

Where are_ you go-ing to  Scar bo-ro Fair? Cin-na-mon sage rose - maty and thyme

A less obviousrestriction on melismas is expressed in Stoqueus®@ Rule 4 stated in the
origind treatise as OVhen several notes are putdown in the same place, each oneought
to be given a syllable. OFormulated slightly differently, this rule mandaes tha no two
adjacent events assigned to the same syllable may be assigned to the same pitch. The
relevance of this prohibition can be seen by recomposng the melismatic passages above
such tha repeated pitches replace the uppe neghbor embdlishment of thetonic in the

first measure and the passing tonein thethird:
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Where are__ you go-ing to  Scar bo-ro Fair? Par - sley sage _ rose - ma-ry and thyme

Q<§>k>

Therepeated pitches require separate attacks to make appaent tha thetwo adjacent,
identical pitches are digtinct events. This alteration has the effect of forcing arepetition
of the syllable to which thenote is assigned. Thus Qvhere areObecomes Qvhere are areO
and GageOwill bealtered to Gay ageO Whether esthetic or linguistic intuitionsare
implicated in this judgment, the awkwardness inheent in same pitch melismas makes
them largdy unusable in muscal contexts. Of many thousndsof melismatic notesin
Bach Cantatas | have foundonly onepair of repeated pitches indicated by the dashed

bracked bdow:

1.3.6 J.S. Bach Cantata 12, "Weinen, Klagen, Sorgen, Zagen" (aria)

An additiond condraint govening themetrical position of melismas hinted at by
Stoqueausin Veltman'sreading has become a standard pedagogical rulein species
counterpoint (Gauldin 1995) Namely, the continuation of a melisma may notapper in a
metrically stronge postionthanitsonst. Settings which violate this princple are heard

as containing an awkward repetition of theinitial syllable. Thus
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Where are you go ing to  Scar bo ro Fair? Par sley sage rose ma ry and thyme
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Q<§>k>

will agan be heard as repeating the syllable to which thefirst eventisassigned, i.e. as

Qwhere 'ere are you going Oand will berejected on this basis,

Stoquerus@ rules for melismas will become relevant in the subsequent discussion. For
themoment they are indicative of athird ingance of interactive congraints governing the

relationship between text and tune

2. Independent Constraintson Strophic Song

As mentiond at the outset, interactive congraints are not by themselves sufficient to
dictate theform of acceptable text settings For while the interaction between tuneand
text needsto be sufficiently well formed, as a composte object theform of thesongis
also determined by independent condraints which goven the structure of thetext and the
tunein isolationfrom each other. As mentional earlier these independent condraint are
of two types: linguistic and musical. Both mudc and languaye have their own inherent
logic and syntax intuitively undestood and interndized by those fluent within the

linguistic or mudcal idiom.

It isthelatter, that is, musc specific independent condraints on the form of particular
text settingswhich will concern usin thefollowing. We will focuson an extremely
narrow set of syntactic condraints namely on the condraints on tunes which dictate wha

can conditute acceptable verses within strophic songs

10



As pointed out, strophic songforms are defined by thereiteration of a melody onto which
distinct texts (varioudy referred to as stanzas, verses or strophes) are supaimposd. As
was noted in Halle and Lerdahl (1993) subsquent verses are frequently assigned to texts
having significantly differing syllable counts fromthat in theinitial verse. Since each
gyllable (following Stoqueus) isrequired to be assodated with at least onemuscal

event, thedisparity in syllables from verse to verse forces significant deviationsin the
muscal form of each. Amongthese isthe sea chantey "The Drunken Sailor" discussed in
Halle-Lerdahl:

2.1 "TheDrunken Sailor"®

X X X X
X X X X X X X X X
X X X X X X X X X X X X X X X X X
(A (A A A A A A A A D (D F (F) A
a. What shal | we do Wi th a drunk en sai l or
b. Keel haul hi m till heGs sob er
c. Scrape the hair of f hi s chest with a hoop ir on raz or

Fromthepoint of view of independent musical structure, thediscrepancy in syllable
countresultsin amusca phrase extending over the four beat patern which ranges from

ten notesin theorigind a), to as few as seven notes in b) to thirteen notesin c).

When we examine aternaive settingsof the sametext, it is notthe case that
unacceptability is always dueto theviolation of interactive congraints. Take for ingance

other possible settingsof thetext in 2.1-b foundin 2.2.

%1n 2.1 thefinal and initial positions should be understood as representing the same point in time assuming
theradia grid as discussed in footnote 3.

11



22*

X X X X
X X X X X X X X X
X X X X X X X X X X X X X X X X X
A A A A A A A D F A
a) Keel haul him till heGs sob er -
b) Keel haul him till heGs sob er

2.2.aand b are both unacceptable, but whereas theill-formedness of 2.2 a has to do with
interactive condraints, tha of 2.2 b has to dowith independent muscal form. Condder
first 2.2 a. Thehyphens as noted earlier, indicate melismas which assignthefind
gyllable of "sobea™ to the pitches of the origind tune. Since thetuneisidentical to that of
theorigind in 2.1 a, thedeviance of 2.2 a cannotbe accountd for on OndgrendentO
grounds if theorigind tunewas acceptable, obvioudy, an exact duplicate mug be as
well. Rathe, the problem hereinvolves theinteraction of tuneand text, mos
congicuousy, the stress mismatch resulting from GobeObeing assigned to a weak-

strongmetrical sequence.™®

In contrast, 2.2 b corrects the stress mismatch in 2.2 awith theresult that no appaent
mismatches of stress and meter remain. Thecorrected version 2.2 b a'so containsno
congdituency mismatches nor, since there are no melismas, can there be violationsof the
interactive prindples govening the placement of melismas discussed earlier. Thus from

an interactive standpont, 2.2 b appearsto bewell formed.

From thestandpont of independent muscal structure, however, 2.2 b is problematic.
Mog congicuousy, the absence of hyphensat the end of theform indicate that the

events fromtheorigind are ddeted in this proposd variant. While the melody lacking

10 An additional problematic independent factor is the melisma assigned to unstressed final syllable of
"sober."

12



thefind three pitches of theorigind is perhapsinitsef plaugble asthefirst phrase of
some other tuneg it would never beheard as a possible variant of thefirst phrase of "The
Drunken Sailor" no matter wha wordswere assignad to themuscal events. The
propo%d tuneis heard as violating theintegrity of the strophic form defining " The
Drunken Sailor" andthe setting is therefore rejected not on the interactive grounds

according to which 2.2 aisregjected but onindependent muscal grounds

Asjugd mentionad, theddetion of thefind three events of the origind appear to be
responsble for thedeviance of 2.2 b. However, these are notthe only melodic

aterationseffected by 2.2. b. "¢"in 2.3 indicates the three ddetionsfromtheorigind in

thevariant 2.2. b:

23
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X
vari ant *; A A A A A é A D é é
original: A A A A A A A D F A
a b [+

2.3 makes appaent tha some ddetionsare unacceptable, butnat al. For example, the
ddetion occurring at the metrical postionlabded as"a" does not compromise the
integrity of thetune Thismug bethe case since atested, acceptable settingsroutindy

leave this postion unocupied:

24
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
Wake him and shake him till heGs sob er
A é é A A é A D F A

It isreasonable to condudetha ddetion of theevents b and c fromtheorigind iswhat

results in the unacceptable distortion of theorigind observed in 2.2 b.

13



Conveasdy, in additionto texts having fewer syllables than the origind text requiring
ddetionsof events, certain texts are Gibundant,Othat is, they contain additiond syllables
which require the addition of events. For example, thetext Put him in the scuppes with

ahos-pipe on himOresults in thefollowing variant which indudes two additiond events

indicated by aand b.
25
X X X X

X X X X X X X X X

X X X X X X X X X X X X X X X X X
ori gi nal A A A A A A A D F A
vari ant A A A A A A A A A D F A

a b
put him in the scup- pers with a hose pi pe on hi m

Theinsertionswithin these metrical postionsresult in an acceptable aterationin the

origind melody.

The preceding discussion allows usto draw certain condusonswith respect to the
melodic structures which can be congrued as acceptable variants of tunes. First, itis
appaent tha certain metrical postionsalow for either vacancy or occupancy by events.
Second, other postionsappear to require occupancy by events for the setting to be
condrued as acceptable.  Findly, theunocupied postionsof theorigind tuneindicated
in 2.5, (postionsy, 2, 4, 8, 12, 14 and 16) suggest an additiond logically possible
category: those which arerequired to remain vacant. Inthefollowingwe will show tha

all of these categories mug beincorporated as necessary components of wha conditutes

knowledgeof atune

14



3.0 Similarity Metric-Descriptive Requirements
In order to examinethese propostionsmore closaly, it will beuseful to turnto asmpler
strophic song. "The Farmer inthe Dell" makes use of asimilar four beat metrical form to
"TheDrunken Sailor,” butwith strong postionsseparated by two metrical postions
resulting in aternary rather than binary subdivision.

3.0.1 "TheFarmer in theDdl"

X X X X
X X X X X X X X X X X X
C F F F F F

The far- mer in t he del | .

Asisthecase with "The Drunken Sailor," thetuneof subsquent verses may depart from

theorigind:
3.0.2
X X X X
X X X X X X X X X X X X
C F é F F F
The r at eats t he cheese.

Of the attested verses, these departures tend to beless significant than in "The Drunken
Sailor." Mog follow 3.0.2 in ddeting the third syllable of theorigind text resultingin an
unocupied postionindicated by ¢. Itis, however, fairly easy to compose acceptable

verses which augment the origind countwith severa additiond syllables.

3.0.3 Acceptable congructs
X X X X
X X X X X X X X X X X X
C F F F F F F F
a) E liz a beth eats the cheese.
b) The far mer dan ces a Jjig.
c) E liz a beth dan ces a Jjig.

15



Variants which insert an event prior to thefirst event of theform are also, it appears,

acceptable. Replacing (ElizabethOby QAnastasiaOin 3.0.2 resultsin such a setting.

304"
X X X X
X X X X X X X X X X X X
C C F F F F F F F
An a stas i a eats t he cheese.

These are counterposed againg condructs which are clearly unacceptable

3.05
X X
X X X X
X X X X X X X X X X X X
C F F F F F
a)* Em il y t akes t he child.
b) * John - t akes t he child.
c)* ¢ John t akes the «child. *

It isworth re-emphasizing here tha the objectionale featuresin 3.0.5 are of two
fundamentally different sorts. 3.0.5 @) contains stressed-ungressed first and second
gyllables assigned to weak-strong metrical locations. It istherefore an unproblematic
ingance of an unacceptable interaction of text and tune namely a stress-meter mismatch
asdiscussed in 1.1. 3.0.5 b) manifests a different type of forbidden interaction: nota
stress mismatch but, as discussed in 1.3, an improperly located melisma-namely the

initiation of amelisma on arelatively weak metrical postion.

11 Again, the grid is reoriented so as to make available the additional event at the beginning of the form.
12 Some readers may not find immediately apparent that the deletion of the initial event will produce an
unacceptable variant. That the variant is, in fact, unacceptable can be seen by substituting atext such as
"John was in the dell" which requires deleting the initial anacrusis not only from the initial phrase of the
song but from the subsequent parallel phrase corresponding with the repetition of the text:

X X X X
X X X X X X X X
X X X X X X X X X X X XX X X XX XXX X X X X
(O F F F F F (G A A A A A
The far mer in the dell, the far mer in the dell
John was in the dell, John was in the dell.

16



Aswasthecase with 2.2 b above 3.0.5 ) represents a deviant text settingof a
fundamentally different sort fromthos identified in 3.0.5 @) and b). To reiterate the
discussionin 2.2 above theoffending feature does notresidein an unacceptable
interaction between text andtune but rather isinherent in thetuneitself. Whereas 3.0.5
a) and b) make use of oneof the acceptable variants of thetune™ no reasonable setting
can allow thetruncation of thefirst event and be consdered an acceptable variant of the
origind. 3.0.5 c) istherefore entirely reasonable as a verse of asong,butnotasaverse

of the particular songwe have been consdering.

3.0.5¢) isonly oneof severa distributionsof events onthetwelve postionsof the
metrical grid which would not be heard as acceptable variants of thetune regardless of

thetext assigned to them. Othesindude

3.06
X X X X
X X X X X X X X X X X X
a) cC F F F F F
b) C F FF FF
c) F FF FF FF

3.0.6 @) isidentical to theorigind save for the shifting of thethird event onepostionto
theleft. This simple aterationresults in syncopaionswhich clearly rende thetune
unacceptable as a variant strophe Thesame goes for 3.0.6 b) which shiftsthefind two
eventsrightward. Findly, 3.0.6 c) is unacceptable for two reasons as already noted, it
ddetestheinitial anacrussfromtheorigind andit appendsadditiond eventsto theend

of theorigind. Butwhile 3.0.6 c) is an unacceptable variant of "The Farmer in the

13These variants are actually attested in the song: 3.0.5a) occursin our example 3.0.1 above, and 3.0.5b)
occursin 3.0.2.

17



Dell", tha does notmean it is an unacceptable tune in it own right Indeed it isthefirst

phrase of a very well known American children® song*

3.1. Similarity Metric-Formal Characteristics of Representation

At this point it is worth recapitulating our observationswith respect to the characteristics

of postionswithin the metrical grid which defineacceptable variants. grid postionsare

either @) vacant or occupied and this occupancy or vacancy statusis either b) optiond or

mandaory. Inwha follows, we will identify thefour assodative categories which this

organization gives rise to by thefollowing numerical code

310

1 Mandaory occupancy : occupied in origind andin all acceptable variants

- Optiond vacancy: occupied in theorigind; may beddeted in acceptable variants.

+ Optiond occupancy: vacant in theorigind; may beoccupied in acceptable
variants.

é Mandaory vacancy: vacant in origind andin all acceptable variants.

Wha we will call thesimilarity metric assodates each metrical postion with oneof these

categories. Applyingthistaxonony to "TheFarmer in theDell" yieldsthefollowing

organization:
311
X X X X
X X X X X X X X X X X X
C C F F F F F F F
+ 1 1 + - 1 + - 1 é é é
The far nmer in t he dell.

14 "The Mickey Mouse Club Song" (1955)

3 : ‘l 3 : I‘: i :l 4 3 3 3 3 3 i :\l ; d
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Who's tee lead- er of te gamg dars oade for you d ow M 1 C K BT @ o u 5 e
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It will be seen tha the patern of mandaory occupancy and vacancy in 3.1.1 excludes as
possible variants alarge fraction of the 2212 mathematically possible arrangements of
notes within themetrical grid. Those which arergjected, whether they are in themselves
natural orirregular, are predicted to be heard as inaufficiently similar to theorigind to be
condrued as strophic variants.

3.2 Similarity Metric: Derivation

Thesimilarity metric in 3.1.1 represents, ultimately, a claim with respect to wha
conditutes a particular form of muscal knowledge specificaly, what it meansto "know"
atuneand theform in which this knowledgeconsgsts. And in this respect the claim which
it makes is somewhat counter-intuitive. It isgeneraly assumed that knowing a melody
means knowing the notes. Or, more technically, having access to a mental representation
congsting of a string of pitch events assigned to positionsonthemetrical grid. The
similarity metric suggestsisthat this commonsengcal view isovely smplistic. Rather,
knowledgeof atuneencompasses not only a particular sequence but an awareness of the
class of forms which this sequence can take. Thus as discussed above knowledgeof
"TheDrunken Sailor" does notsimply congst of knowledgeof 2.1 a) (theorigind form)
but the capacity of thetuneto take theforms specified in 2.1 b) and ¢) anongothers. Or,
putdightly differently, knowing atunemeansin addition to having access to the origind
form, an awareness of the distribution of optiond and mandaory postionswhich define

acceptable variants as these are specified in the similarity metric.

Whaever form this knowledgetakes, it clearly does not entail rote learning of the

characteristics associated with each postion of each variant of each tune Even alistener
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who has never heard 3.0.2 is able to recognize it as an acceptable variant of "The Farmer
intheDdl" compared to theunacceptable condrudsin 3.0.6. Sheisaso likely to have
fairly clear intuitionstha the condructsin 3.0.3 are possible. Thus it mug bethecase
tha class of acceptable variants are not learned but are inferred from the structural

characteristics of theorigind.

Variousaspects of muscal intuition are implicated in thelistener's competence along
theselines. Our objective in thefollowing is to make this competence explicit. Some
ingght on oneaspect of this competence is provided by thefact that of the settingswe
have conddered so far, nather of theoptiond categories - or + occurs on metrically
strongpostions Or, putin moreintuitively recognizable terms, events which can
embdlish the structure of existing tunes or which can be ddeted withoutindudng
unacceptable distortionstend to occur on weak postions Strongpostions onthe other
hand, are accorded psychological prominence in the mindsof listeners with theresult that
an origind event occurring on a strongpostion cannotbe ddeted in a subsquent variant.
Thisleadsusto state thefirst of a sequence of rules which will deerminetheform of the
similarity metric.

Similarity Metric Assignment Rule (hereafter SMAR) 1 (meter): Given theorgind form
of astrophic song, assign category 1 to al strongmetrical postionsoccupied in the
origind.

Theterm "strong" here is somewha ambiguous We will assume, for the moment, the

definition adopted by Dell and Halle (2009 of strong postionsas "tactus' level

postions meaning those locationswhich alistener would belikely to snap hisor her
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fingasin relation to, or according to which dance steps might be choreographed ™ In
some cases, this choice is unambiguous Thus thetactuspostionsof "The Farmer in the
Dell" arethos bdonging to thelevel indicated in 3.2.1. Those aboveand bdow this
level are notviable candidates for thelocation of thetactus

321

X (tactus)

X
X X X X X X X X X X X X

X X X
X X
X X X
> X X X
> X X
> X X X

X X X X X X
C F F G A A

Also unpmoblematic is " The Drunken Sailor" which requires two levels bdow thetactus

to accountfor thelocationsof all events:

322
X X X X (tactus)
X X X X X X X X
X X X X X X X X X X X X X X X X
A A A A A A A D F A
What shal | we do Wi th a drunk en sai l or

It some cases, thelocation of thetactusis somewha provisiond. Certain tunes can be
sungat arelatively widevariety of tempi and this choice can force areorientation of the
tactusfrom ahighe to lower metrical level. Aswe shdl see, thelocation of thetactus
can have consequences in determining wha metrical postionsare available for

occupancy by variant forms.

Applicationsof SMAR 1 result in thefollowing pasitionsof "The Drunken Sailor" beng

designaed as mandaory:
323
X X X X (tactus)
X X X X X X X X
X X X X X X X X X X X X X X X X
A A A A A A A D F A
SMAR 1 1 1 1 1

15 For a good definition and brief discussion of the term see London (2005).
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A second condraint on theform taken by the similarity metric appearsto derive from the
pitch structure of the origind melody. Aswe observed in 2.2 b, noneof the notes of the
find arpeggiated d minortriad at theend of thefirst phrase of "The Drunken Sailor" can
be eliminaed from acceptable variants. Asa provisiond explanaion, we will assume
here tha the changes in pitch in events occurring on these postionsiswhat is responsble
for these postionsbeng assigned mandaory status.

Thesong"au clair delaluné' provides further evidence for theinfluence of pitch on
expeienced listenes judgnents of acceptable and unacceptable variants of an origind
tuneas these are represented in thesimilarity metric. Theasterisksin 3.2.4 indicate
eventsimplicated in a pitch change which we will define here as any par of adjacent
events assigned to different pitches.

3.24 Auclair delalune

X X X X X X X X
X X X X X X X X X X X X X X X X
FFF GA G F AGGF

* k% * L S S .
1 111 + 1 + 1 11 1 ¢ ¢

With oneexception which we will return to later, thenext to last event assigned to pitch
G, it will beseen that al postionsassodated with changes in pitch are mandaory-tha is,
they are required to remain occupied in al variants and are therefore assigneal to category
1 in thesimilarity metric. This obervation suggests to the following assignment rule:

SMAR 2 (pitch changefirst version). Assign category 1 to both members of apair of
adjacent events having different pitches.

18 We observe here that the categories assigned to metrical positions indicate the observed facts-namely,
the intuitions of experienced listeners with respect to mandatory occupancy and vacancy. Our objective,
which we are in the midst of pursuing, isto provide aformal account of these intuitions.
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Thetwo rules applied in sequence generate the following partial smilarity metric applied
to themetrical locationsof "au clair delalune" First, SMAR 1 assignsmandaory
postionsto strongbeets as follows:

3.25 Auclair delalune

X X X X X X X x (tactus)
X X X X X X X X X X X X X X X X
F F F G A G F A G G F

SMAR 1 1 1 1 1 1 1 1 1

SMAR 2 then applies so as to assign mandaory statusto al metrical postionsinvolved
in changes of pitch:

3.26 Auclair delalune

X X X X X X X x (tactus)
X X X X X X X X X X X X X X X X
F F F G A G F A G G F

SMAR 1 1 1 1 1 1 1 1

SMAR 2 1 1 1 1 1 1 1 1

With the oneprevioudy noted exception, SMARs 1 and 2 correctly assignthe
appropriate mandaory postions Thenotein question isthe G preceding thefind F.
Thisisnot, in fact, mandaory since it can beddeted in acceptable settings A text such
as "Johnwalked in the moonlight when he came home." is assigned a setting which
ddetesthe event assignad to the postionin questionin theorigind. Thisisindicated by

parentheses in thefollowing:

3.2.7
X X X X X X X X
X X X X X X X X X X X X X X X X
F F F G A G F A G(G F

a. John wal ked in the noon |ight when he cane hone

b. Auclair de la lu ne non a m pier rot
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Since 3.2.7 ais an entirely acceptable variant of the origind indicated in 3.2.7 b, it is
clear tha theeventin question can in fact beddeted fromtheorigind. It mug bethe
case then that the changein pitch which would make the event mandaory according to
the current version of SMAR 2 is notrelevant here,

Two factors appear to beinvolved in correcting this result. First, whilein theorigind
tunethere is a pitch changebeween thenext to last event G andtheevent onitsright (the
find F), the G shares the same pitch with theevent onits|eft (tha is, it is preceded by
another G). Secondly, theoptiondly ddeted G isassignead to aweak metrical podionin
theorigind. Itisassigned only asingle x aboveit onthemetrical grid while those its | ft
andright are assodated with a column having two x's.

These observationslead to the conduson tha pitch change SMAR 2, isrequired to
apply only when two conditionsare met: 1) when theevent in question isthe weak
member of a strongweak par of events and 2) when both events of the strongweak pair
are assigndl to different pitches. Since thesecond conditionis notmet by the next to last
event of "au clair delaluné', it is not mandaory within the smilarity metric. These
observationslead to thefollowing revision of SMAR 2.

SMAR 2 (pitch changerevised): If X andY are adjacent events assignead to different
pitches, X precedesY, and X isstronge than Y, assign category 1to Y.

Informally stated, the SMAR 2 scansfor adjacent srong-weak pars having distinct
pitches and assignscategory 1 to theright member of this par. With thisrevison SMARs

1 and 2 apply to produce thefollowing patial smilarity metric:
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3.28

Application of SMAR 1 and 2:

X X X X
X X X X X X X X (tactus)
X X X X X X X X X X X X X X X X
F F F G A G F A G G F

SMAR 1 1 1 1 1 1 1 1

SMAR 2 1 1 1

Since SMARs 1 and 2 impos only asingle categary, the mandaory occupancy category
1, thesimilarity metric they assignisincomplete. We need additiond rulesto assignthe
remaining categories, -, + and ¢. For the assignment of thelatter, we propo a third
assignment rule which is suggested by thefact tha the location of mandaory vacances
appearsto berelated to areatively extended absence of events or atemporal ggp which
is heard as marking the right edgeof a melodic group. The gap intemporal proximity
divides thefirst twelve notes of the"TheFarmer in the Dell " into what are clearly heard

as two groupsof six events as indicated by thevertical lines (|) in thefollowing.

32.9Y
X X X X X X X X
X X X X X XX XXX XXXXXXXXXXXX X X
| CF FF FF¢éeé eJ]GA A A AA¢ ¢ ¢l

Any setting which excessively encroaches on the sequence of unoaupied postionswill
be heard as violating theintegrity of thetuneand will bergjected as avariant. One of
these was the setting 3.0.6 mentionad abovewhich assignsan event to thefirst of thefour

unocupied postions

¥ The exact placement of the grouping boundary marks in relation to the grid need not concern usfor the
moment. We will return to this question presently.
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3.2.10%8

X X X X X

T X X
T X X
T X X
m X

X
¢

o X X

X
¢

> X X
> X X
> X X

X
¢

o X X

X X X X X X X
C F F G A AAA

However, aswe saw in 3.0.4, thefind postion of the ggp can be occupied when it

fundionsas an anacrussto the second group (provided tha the parale first phrase has

also been initiated with an anacruss):

19
3.2.11
X X X X X X X X
X X X XXX XXX XXXXXXXXXXXXX X X
CCF F F FF¢ e ¢ GGA A A AA ¢ ¢ ¢
anacrusi s anacrusi s

These examples indicate that the sequence of empty postionsdefining therightedgeof a
group extendsup to and induding thefind strongpostion. The subsquent weak
postionis undestood as bdonging to the subsquent group, thusthe grouping bounday

should belocated at this point-i.e. after thestrongpostion and before the subsequent

weak postion:
3212
X X X X X X X X
X X X X X XX XXX XXXXXXXXXXXX X X
|¢ CF FF FFe¢ééle GA A A AA¢ ¢ ¢

To maintain theintegrity of the group, the vacant postionsat the right edgeof thegroup
mug remain unocupied, tha is, they mug bedesignaed as mandaory vacandes,
category ¢,. Theinitial postion of each groupas we noted, is optiondly occupied and

mug be designaed category +.

18 The unacceptability of this sequence can be confirmed by substituting a text such as "The farmer ate the
carrot" which imposes a stress-unstressed couplet-i.e. afeminine ending-at the end of the group. This
variant is, interestingly, taken as acceptable within prosodic form in poetic traditions. (See, for example,
Malof, 1970) We will return to this question in a subsequent chapter.

19 Those having difficulty deciphering the notation in 3.2.11 may find useful substituting the text "Arizona
won the game” into "The Farmer in the Dell". This text will require the indicated musical sequence.
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3213

X X X X X X X X
X X X X X XX XXX XXXXXXXXXXXX X X
|¢ CF FF FF¢ééle GA A A AA¢ ¢ ¢l
+ i éé Tt i éé

In addition to themandaory vacandes assigned to the postionsfollowing thefind event
of thegroup, thepostion correspondngto theinitial event of groupsis also required to
bemaintained in al variants. Asnoted previoudy, theinitial event of "The Farmer in the
Ddl" ismaintained in al variants, thusthe postion is designaed mandaory occupancy,

1.

3.2.14

T X X X
x
x
x
x
T X X X
x
x
x

X
| C

1
These observationsallow for two generalizationswith respect to theinfluence of
grouping structure on strophic form: 1) theinitial event at the left edgeis maintained in
al variants and 2) thefind unoccupied postionsat theright edgeof groupsare
maintained in all variants. These are incorporated within thefollowing statement:
SMAR 3 (groupedges): Within each group, designate as mandaory a) the metrical
postion correspondngto theinitial eventin theorigind and b) all metrical postionsto
therightof thefind event of agroup
Findly, thesimilarity metric in 3.2.15 remainsincomplete since SMARs 1-3 do not
assign optiond postions categories - and+. These optiond assignments will be
determined by SMAR 4 which designaes all remaining postions thos unassigned by
SMARSs 1-3, by default, as optiond:

SMAR 4. (ddfault assignment) Designae all non-assigned postionsas optiond
categories - or 3 depending onthar occupancy statusin theorigind.

27



It will beseen in thefollowingthat these four rules generate a similarity metric which
reasonably closely modds the compeence of mog minimally competent musciansin

designaing acceptable variant forms.

3.3 Similarity Metric: Applications
To demongrate theuse of the SMAR system, we return first to theinitial phrase of "The
Farmer intheDell."

3.3.1"TheFarmer intheDédl" (origind tune

X X X X
X X X X X X X X X X X X
C F F F F F

At theoutset, SMAR 1 assignscategotry 1 to al occupied strong postions

332 SMAR1
X X X X
X X X X X X X X X X X X
C F F F F F
SMAR 1 1 1 1

SMAR 2 requires two events assigneal to different pitches where thefirst event is stronge

than the second. Since this conditionisnotmet in"TheFarmer in theDell," therule does

not apply.
3.3.3SMAR 2 (noapplicationg
X X X X
X X X X X X X X X X X X
C F F F F F
SMAR 1 1 1 1
SMAR 2

As previoudy discussed, SMAR 3 assignsmandaory statusto right and left edges of

groupswhos boundaies are indicated by |:
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3.34SMAR 3

X X X X
X X X X X X X X X X X X

| C F F F F F

SMAR 1 1 1 1

SMAR 2

SMAR 3 1 ¢ ¢ ¢

Findly, SMAR 4 makes the default assignment of optiond categories to theremaining

postions
335SMAR4
X X X X

X X X X X X X X X X X X
c® C F F F F F

SMAR 1 1 1 1

SMAR 2

SMAR 3 1 ¢ ¢ ¢

SMAR 4 + + - + -

out put: + 1 1 + - 1 + - 1 ¢ ¢ ¢

This, as discussed previoudy, predicts the correct forms-i.e. therangeof forms which are
assodated with strophic variants of theorigind.
Thefollowing examples apply the SMAR system to the melodies we have been

conaoerned with so far.

20 The assignment of pitch to grid positions which have been designated by SMAR 4 as optionally
occupied (+) will be discussed in section 3.5.
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3.3.6"auclair delalune'

X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
F F F G A G F A G G F
Au clair de la lu ne mon a m pierrot?
SMAR appli cati ons:
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
F F F G A G |?F A G G F
SMAR 1 1 1 1 1 1 1 1
SMAR 2 1 1 1
SMAR 3 1 & & 6
SMAR 4 - + + -
combi ned SMAR out put:
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
Au clair de la lu ne nmon a m Pierrot
F F F G A G F A G G F
1 - 1 1 1 + 1 + 1 1 1 - 1 ¢ ¢ ¢
3.3.7"The Drunken Sailor"
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
A A A A A A A D F A
What shal |l we do with a drunk en sai l or
SMAR appli cati ons:
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
A A A A A A A D F A
SMAR 1 1 1 1 1
SMAR 2 1 1
SMAR 3 1
SMAR 4 + + - - + - - + + +

21 We include the text here as a mnemonic to those who are not able to recogni ze the structure of the tunes
from the musical form alone. We reiterate that the associated text has no bearing on the independent
musical structure which the similarity metric is formulated to explain.

22 The grouping boundary at this location will not be considered as salient for SMAR 3 for reasons
discussed in section 3.7.
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combi ned SMAR out put:

X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
What shal | we do with a drun ken sai lor?
A A A A A A A D F A
+ 1 + - - 1 + - - 1 + - + 1 + -
3.3.8"Frere Jacques’
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X X
Fre re Jac ques fre re Jac ques
Cc D E Cc Cc D E C
SMAR appl i cati ons:
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X X
| c D E c c D E c | #
SMAR 1 1 1 1 1
SMAR 2 1 1 1 1
SMAR 3 1
SVAR 4 + + + + + + + + +
SMAR out put :
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X X
Fre re Jac ques fre re Jac ques
Cc D E Cc Cc D E Cc
+ 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 +

3.4 Discussion of Results

An arithmetic consequence of having a class of variants defined by oneor more optiond
postionsistha the numbe of variants defined by the similarity metric will increase
exponentially according to the number of optiond metrical postions Thus thefour
optiond postionsof "au clair delalune' allow for sixteen possible melodies resulting

fromthefour optiond postionsindicated by categories - and +:

23 Naeither grouping boundary will be considered salient for the assignment of SMAR 3. See section 3.7
for discussion.
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3.4.1%

X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
1 - 1 1 1 + 1 + 1 1 1 - 1 ¢ ¢ ¢

a F F F G A A G F A G G F

b) F F G A A G F A G G F

c) F F F G A G F A G G F (original)

d F F F G A A G F A G F

e) F F F G A G F A G F

f) F F G A A G F A G F

g) F F G A G F A G G F

h) F F G A G F A G F

i) F F F GA A GGTFAGGF

i) F F G A AGGF A G G F

ky F F F G A G G F A G G F

I) F F F G A A G GTF A G F

mF F F G A G G F A G F

n) F F G A A G GF A G F

o) F F G A G G F A G G F

p) F F G A G G F A G F

Theformsin 3.4.1 are similar to theorigind in thesense tha al will soundreasonably
closeto theorigind. Thiswill be seen to bethecase when these are compared to forms
which the similarity metric does notgenerate. In thefollowing example, unocupied
mandaory locations those which are required to occupied by events but which are notin
the setting are indicated by * while occupied postionsare required to remain vacant are

indicated by the offending event appearing in italics:

34.2*

X X X X

X X X X X X X X
X X X X X X X X X X X X X X X X
1 - 1 1 1 + 1 + 1 1 1 - 1 ¢ ¢ ¢
a) F F F G A A * F * * G F

by * F * G A A G F A * G *

¢c) F F F G A G F AGGF F
d) F F * A * G F A G G F

While the subjective impression of the similarity or lack thereof to theorigind is

significant, therelevant evaluaion of these forms can be made on more specific grounds

24 The grids here do not indicate the pitches to be assigned to the optional events of some of the variants.
We will deal with pitch assignment in section 3.5.
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All of theformsin 3.4.1 will appear as variants of "au clair delaluné' when texts require

them. Thus for example, thetext "Johnwas tired so hewent to bed" will require 3.4.1 g.

3437
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
F F G A G F A G G F
John was ti red so he went to bed.

On theother hand, al of theformsin 3.4.2 are definitively excluded as variants of "au
clair delalune" That is, they will notappear as variants even when thetext selected
allows for an acceptable interaction of tuneandtext. Thus for example, thetune3.4.2d

will make for an appropriate match for the previous text butit is notan acceptable variant

of thetune
34.4*
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
F F ¢ A G F A G G F
John was ti red so he went to bed.

Theexplanaion for thergjection of 3.4.4 is specified in the similarity metric: theG inthe
fourth metrical postionmug appear in all variants, either assignead to a syllable or when
no syllableis available, asisthecase here, asamedisma. Thevacancy, while not
advesaly affecting therelationship of text and tune, results in atunewhich cannotbe

condrued as a variant.

% We recognize an additional acceptable setting associating the text and tune is available:

X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
F (F) G A G F A G G F

John was tir ed so he went to bed.

Thisform will be discussed in 3.6 below.
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To reiterate a point made at the outset, the similarity metric defines the class of available
independent mudgcal forms. It has nothingto say aboutinteractive form, namely tha
inheingin thereationdip between text and tung nor does it have anything to say about
thetext as an independent form. Of course, it doesnotfollow tha al grammatical
utterances will work equdly well as texts assodated with atune Clearly, atext having
roughly the same number of syllables as notesin theorigind will, al thingsbeng equd,
be preferable to onewhich has agreat deal more or fewer. Moreover, even texts having
the same nunber of syllables can alow for arangeof highly natural to unndural settings
depending on the distribution of stresses and prosodic boundaies. For example, while
thetexts "Johndid not pay alimony recently" and "Johnwas in afrenzy when he came
back home" both have eleven syllables only thelatter is easily set to thetuneof "au clair
delalune" Theformer appearsto resist any viable setting even given thelarge number
of possible variants. Of those shown in 3.4.6, 3.4.6 aisfully acceptable, whereas the

remaining arrangements are at best awkward (3.4.6 b-d) and at worst completely

impossible (3.4.6 €).

346
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
1 - 1 1 1 + 1 + 1 1 1 - 1 ¢ ¢ ¢
F F F G A (A G |(9 F A G G F

a) John was in a fren zy | when he cane back hone.

b)* John did not pay [al i non yl re - cent ly.

c)* John did not pay [ al i mon ylre cent |y.

d)* John did not pay [al i mon ylre cent |y.

e)* John did not pay [al i non y] re cent ly.

Theundelying explanaion for these intuitive judgements is tha each containsa
violation of oneor more of the prindples goveaning acceptable text to tuneinteractions
discussed previoudy. Theseindude(asindicated) congituency mismatches resulting

fromtheword "alimony" beng separated between two groups stress mismatches, or
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both. Itisdueto these violationsresulting from any possible arranganent of thetext tha
thetext itself seemsto beinadmissible.

Thisbringsup alarger point which is tha when one speaks of "unmetrical” textsin the
context of text setting, oneisreferringto examples such as 3.4.6 b-g, i.e. texts which
cannotbe accommodaed within aparticular strophic songform. However, it is
important to recognize tha the basis of thergection of these settingsisinteractive-it is
not a characteristic of thetext per se, butthetext in relationto thetune In other words it
isan apoderiori condraint ontheinteraction, notan apriori condraint onthetext. The
closely related notion of unmetrical texts for so called "metrically rigid“ or "strict-
stress'?’ verse paterns should, we bdieve, be seen in an andogouslightin many
ingances. Metricality within these verse typesis notan apriori characteristic of texts but
an apoderiori characteristic inhaingin thearrangment of texts and the undelying
pitchless tunewhich defines a given podic meter. We will return to this subject in

subsequent research.

3.5 Pitch Assignment

No mention has been made so far as to how pitch is assigned to variant forms defined by
thesimilarity metric. Thisisbecause, for themog part, no discussionis necessary: the
pitch assignad to grid locationsfollows from the definition of strophic form which
dictates that initially occupied postions those assigned either category 1 or -, maintain
the pitch they wereinitially assigned while vacant locationsassignad category ¢, do not
require pitch. A specification of pitch is required only for optiondly occupied locations

those assigned category +, since they are vacant intheorigind and potentially occupied

26 Cehrle (1989)
2T Tarlinskaya (1993)
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invariants. It will be seen tha, of thetunes we have consdered so far, the procedure is
easily stated: optiond locationsinheit pitch fromthe nearest assignad location to thel eft.
Thus asindicated in 3.5.1 thepitches assigned to the two category + postionsof "au
clair deluné' are the same as thos assigned to the preceding locations Tha any other
pitch at this location will sounddramatically wrong or at least somewha awkward can be

verified by substituting alternate pitches into the parenthesized locations

3.5.1 Leftward pitch inheitance

X X X X X X X X
X X X X X X X X X X X X X X X X
1 - 1 1 1 + 1 + 1 1 1 - 1 ¢ ¢ ¢
F F F G A(A (O F A G G F

A difficulty with leftward inheitance will be seen to arise when the optiond event to be
assignd pitch istheinitial event of asequence. For example, in the"Farmer in the Dell,"
while thenorrinitial pitches of category + postionsare correctly accounted for by

leftward inheaitance, theinitia location has noleft postion to inheit pitch from:

352
X X X X
X X X X X X X X X X X X
+ 1 1 + - 1 + - 1 é é é
«(?) € F <F F F <(F) F F

An ad hoc solution would specify rightward inheitance for initial grid postions While
this solution would correctly predict the pitch assocated with thefirst postion of "The
Farmer intheDdll," it failsto correctly predict theoptiond anacrussto "Frere Jacques'

which Morgan and Jandds informants appended to theorigind:
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353

X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
(> C D E C C D E C
Fre re Jac ques fre re Jac ques
My bro thers dog - keeps on bar k i ng

Here, according to theinformants, the anacrussisassigned to thefifth scale degree-the G

bdow thetonic downbeat C which initiated the origind tune

The pefect fourth upward leap appears to bethe normative configuration for optiond
anacruses preceding scale degree 1. Other downbesat pitches require different pitch
configurations For example, theinitia downbeat assigned to scale degree 5in "The

Drunken Sailor" requires an anacruds assigned to the same pitch:

354
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
(A) A A A A A A A D F A
a. What shal | we do Wi th a drunk en sai l or
b. Re- | ease him there and make him bai | her

Findly, there are circumstances in which the pitch does not appear to beeasily

predictable, mog notably when thetunebeginson scale degree 3 (E in thefollowing C

major tung:
355
X X X X
X X X X X X X X X X X X
+ + 1 + + 1 + + 1 é é é
? E D C
a. Thr ee blind m ce.
b. El | ai ne wal ked home.

Unlike the preceding cases, there does not appear to bea clear preference with respect to
wha pitch should be assigned to theanacruss of 3.5.5: scale degrees 1 (C), 3 (E) and,

possibly, 5 (G) all seem more or less acceptable with the proviso that they are not higher
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than themain pitch: tha is, if thefirst syllable of "Elaine’ in 3.5.5 b were assignead to the
C, E or G abovetheE onthestrongbeat. The opeaative intuition appearsto betha any
pitch which would result in aleap to the downbeat from abovesoundsunnaural as a
possible anacrugs and is rgected on this basis. Furthermore, while we will notexamine
these specifically, it will be seen tha there are relatively strongintuitive preferences
militating againg mog nonscalar tones serving as an anacruss, (e.g. C#, Gb etc.) as well

as scale deggrees other than those jus mentionda, (e.g. 2,6 and 7).

Rather than postive guidance, the ear seemsto beresponding to a variety of interacting
negative intuitive preferencesin judging wha can conditute the correct pitch assigned to
theanacrugs. A procedure which successfully bdances these intuitionsin assigning pitch
istherefore likely to require arelatively complex calculation beyondthe scopeof the
present discussion. For our purposes, we will content ourselves with theinformal
procedure for pitch assignment outlined above namely leftward inheitance for al non
initial events onthesimilarity metric. Thepitch assigned to anacruses will be determined

on a case-by-case basis guided by theroughoutlines jus mentioned.

3.6 Lacunae Fusion

Before closng out our discussion of the similarity metric, it should beundestoodthat
whd is presented above isafirst approximation. It isnotfully satisfactory in tha one
can find ingances where it both unde and overgenerates. forms which seem intuitively
reasoneble are ruled outand relatively unndural forms are predicted to be acceptable by

the model.
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An example of theformer was noted earlier in footnote 25in relation to a possible variant
of "au clair delalune” Onepossible variant tunewas tha assocdated with the text
"Johnwas tired so hewent to bed." The setting ddetes an event from the origind

occurring on astrong postion.

36.1
X X X X X X X X (tactus)
X X X X X X X X X X X X X X X X
F FF G A G F A G G F
John ¢ was ti red so he went to bed.

Thevacancy violates the specificationsof the similarity metric, specificaly the
application of SMAR 1 which designaes occupied strong postionsof theorigind as
mandaory. Asindicated by parentheses, the event assignal to a strongpostionis

ddeted in the acceptable variant in question:

36.2
X X X X X X X X (tactus)
X X X X X X X X X X X X X X X X
F F(F) G A G F A G G F
1 1 1 1 + 1 + 1 1 1 - 1 ¢ ¢ ¢
John ¢ was ti red so he went to bed.

Onepotential solutionto the problem isto revise thelocation of thetactusupward so as
to reddfine strongevents subject to SMAR 1. Thisrevisonresultsin thefollowing

similarity metric:

3.6.3
X X X X (tactus)
X X X X X X X X
X X X X X X X X X X X X X X X X
F F F G A G F A G G F
SMAR 1 1 1 1 1
SMAR 2 1 1 1
SMAR 3 1 & ¢ ¢
SMAR 4 - - + + - -
out put 1 - - 1 1 + 1 + 1 1 - - 1 ¢ ¢ ¢

Thethird metrical postionisnowdesignaed optiond, category - so it can incorporate
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the attested setting 3.6.1 which leaves this postion vacant.

However, this gambit comes with a price in tha it makes available three problematic
settings amongthem thetwo syncopaed variants 3.6.4 @) and b). Still less acceptableis

3.6.4 c¢) which undemines thefind stepwise descent to thetonic.

364
X X X X (tactus)
X X X X X X X X
X X X X X X X X X X X X X X X X
1 1 1 + 1 + 1 1 -1 ¢ ¢ ¢
a) F F F G A G F A G F
b) F F G A G F A G G F
c) F F F G A G F A F

A possible solution suggested by Francois Déell (p.c) isto maintain thelocation of the
tactusasin 3.6.2 butallow for leftward "fuson" of adjacent identical pitches. Fuson
takes asits basis theintuition tha subsequent repeition of pitches are often heard notas
independent events but rather as continuaionsof theinitial event. Thus theF at the
beginning of "au clair delaluné' may fuse togeher with rightward adjacent occurances

of the same pitch shown here in brackets:

3.65
X X X X
X X X X X X X
[F F F] G A G

Fugon of thebracketed unit will combinethethree eventsinto asingle eventinitiated by

thefirst occurance of the pitch:

3.6.6

X X X X
X X X X X X X
F G A G
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Fugon, as expressed within the similarity metric, requires tha any mandaory status
initially assigned to reiterationsof repeated pitch events may beredesignaed as optiond
so tha these attacks can beddeted in thevariant. Thus wha was a strongpostion
assigne to thethird occurance of theF in theorigind:

3.6.7

MR X X
T X X
QO X

> X X
QO X X

will beredefined as optiond categoty -.

3.6.8

x

MR X X
QO X

> X X
QO X X

This alows for theoptiond ddetion of thetwo repetitionsof thesimilar pitch and the
prediction of the attested setting 3.6.2.

Theconveasion of formerly mandaory postionsoccupied by repesated pitches into
optiond postionsmay only apply in limited circumstances. For example, therepeated
pitchesin thesong"Frere Jacques' are not allowed to fuse togehe. Thefused variant

3.6.9 bisclearly not acceptable.

X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X X
Fre re Jac ques fre re Jac ques
a Cc D E [C o] D E C
b* Cc D E C é D E Cc

Similarly, fusonmug be prevented from applying to the bracketed pitchesin 3.6.10ato

create the unacceptable variant 3.6.10 b.
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361070

X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X
What shal | we do with a drun ken sai lor?
a A A [A Al A [A Al D F A
b* A A A é A A é D F A

Theddeted strongpostionsindicated in 3.6.9 and 3.6.10 b by ¢, resulting from fused
similar pitches are clearly not allowed in an acceptable variant of either tune

Wha isrequired isto identify the conditionsunde which fuson may or may notapply.
Wha appearsto berelevant is grouping structure, specifically the division of the eight

note sequence into two identical subgroupscontaining the pitches C, D, E and C:

3.6.11
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X X X
Fr re Jac ques fr re Jac ques
a. | Cc D E C | Cc D E Cc |

Whileit islessimmediately appaent "The Drunken Sailor" isaso divided into

subgroupsdefined by two identical sequences. These are defined, asindicated, by along

(L) andtwo short (S) events:

36.12
X X X X
X X X X X X X X
X X X X X X X X X X X X X X X
What shal | we do with a drun ken sai lor?
| A A Al A A Al A D F A
L S S L S S

28 gee Temperly (1999) for an interesting discussion of the availability of syncopated forms like these in
therock idiom. It isworth noting that an unsyncopated tune would be unavailable within this style as
either as an original or as avariant based on the normative requirements of the style. Thisraisesthe
interesting question as to what extent the variants selected by the the similarity metric are stylistically

contingent and which are universal similarity judgments independent of style. For the moment, we will
leave this matter unaddressed.
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A reasonable conduson appears to betha identical pitches may not befused when the
two pitches are separated by a subgroupbounday as defined above This observation
suggest thefollowing formulation of fuson as SMAR 5:

SMAR 5 (fuson): Given two adjacent identically pitched events X1 and X2 within the
same subgroup of an origind tunewhere X1 precedes X2, redesignae thelocation
containing X2 as optiondly vacant category 2.

SMAR 5 will result in alowing optiond vacancy of the metrical postion assodated with
fusonunde theconditionsdefined by 3.6.2 but nat unde the conditionsdefined in 3.6.9
and 3.6.10. Thisadmittedly provisiond result at least succeedsin identifying some of the
factors relevant in theintuitionsinvolved in making these sorts of redudtiond®
judgnents.

3.7 Further Lacunae Restrictionson Grouping Structure

Findly, wereturn to theinoorrect prediction indicated in foothates 17 and 18 made by

SMAR 3 applied to "au clair delalune' which isassigned thefollowing grouping

structure:
371
X X X X X X X X
X X X X X X X X X X X X X X X X
| F F F G A G |IF A G G F
Au clair de la lu ne nmon a m pierrot

If SMAR 3 were to apply at themedial grouping bounday indicated, namely, to the
immediate |eft of the seventh event, theresult would be the assignment of a mandaory

vacancy at the preceding weak postion:

29 gee Lerdahl and Jackendoff (1983) chapter 5 and also Lerdahl (2000) for an introduction to the
involved topic of musical reduction and its cognitive status.
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3.7.2

X X X X X X X X
X X X X X X X X X X X X X X X X
F F F G A G F A GG F

SMAR 3 ’

Thiswould require that hdf of the settingswhich we claimed to beviablein 3.4.1 (3.4.11
bp), arein fact unacceptable. This seemsunlikely; for example, atext such as, "In a

town near Washington he seemed to lose hisway" seemsto befairly unproblematically

assigned 3.4.11):

3.7.3
X X X X X X X X
X X X X X X X X X X X X X X X X
F F F G A A G G F A G G F
In a town near Washi ngton he seenmed to | ose his way.

It appears that SMAR 3 needsto be blocked from applying at thelocation indicated in
3.7.2. This can be accomplished in two ways. Oneapproach isto mandae a grouping

andysis which situtates the bounday to theimmediate right of the sixth event of the

origind tune
3.74

X X X X X X X X

X X X X X X X X X X X X X X X X
| F F F G A G F A GG F |

Thisandysisis problematic, however, from the standpoit of condituency matching: If
for example, thetext "Johnwent to the supemarket on his way to school" isinserted as
shown in 3.7.5 thegrouping bounday will intercede within theword "supemarket” and a

condituency mismatch will result:
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3.75

X X X X X X X X
X X X X X X X X X X X X X X X X
F F F G AA @G F A G G F

John went to the [supermarket] on his way to school.

A secondpossible solutionisto limit the application of SMAR 3 exclusvely to a
paticular variety of grouping bounday, namely that which results from temporal
proximity (see Halle, forthcoming). Proximity groupingsresult from a particular event
beingrelatively longcompared to those adjacent to it. For example, the grouping
structure assigned to "Hernando'sHideaway" referred to earlier will be seen to
correspondwith thelongest events-those separated from the attack of thefollowing event
by at least four eighth notes.

3.76

Returning to "au clair delalung" thetemporal proximity condition does notimpo<s the
media grouping bounday indicated in 3.7.4: the seventh event and the preceding sixth
eventin theorigind (assigned to theword "luné’) are equdly longin that both require
two metrical locations Neither is, therefore, relatively longcompared to those adjacent
to it.

On theother hand, thefind event of the group-tha assignead to the second syllable of
"Pierrot’- requires four locationson themetrical grid. It is, therefore, as discussed in

Halle (forthcoming) maximally long-i.e. longe than all othersin theimmediate vicinity.
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Andit isto theright of thislocation where therelevant grouping bounday needsto be
located for the pumpo<e of identifying mandaory vacandesin the similarity metric. It
appearstha SMAR 3 isonly sengtive to this particular class of grouping bounday, that
is, grouping resulting from proximity. SMAR 3 ignores group boundaies resulting from
other muscal factors mog notably those deriving from rhythmic, pitch and timbral
similarity.* This observation suggest thefollowing revision of SMAR 3:

SMAR 3. (grouping-revised) Within each group,designae as mandaory a) the metrical
postion correspondngto initial eventin theoriginal and b) all metrical postionsto the
right of thefind event of agroupwhen this eventis maximally long.

Thisrevison alows for thepropea assigment of asimilarity metric to "au clair dela
lune" It also addresses a similar problem noted in footnote 23 with respect to "Frere
Jacques.”

3.8 Conclusion

In conduding thisdiscussion, it is worth pointing out a potential methodogtal/empirical
problem with the class of data we have concerned ourselves with. Theintuitive
judgements of acceptability which we have relied onto make our deerminaionsasto the
structure of the similarity metric are not, in al cases at least, entirely firm and decisive.
We have asserted tha certain forms are varioudy acceptable or unacceptable, and while
we have made occasiond referencesto uncertaintities in these judgements, it is clear tha
thereisa subdantial grey area of margindly unacceptable or acceptable settingswhich

are difficult to differentiate from each other. Having said tha, theaboveandysisis

30 See Lerdahl and Jackendoff (1983) chapter 3 for discussion of these additional factors. The
experimental work of Cohen and Frankland (2004) suggests that proximity is the primary factor in
determining melodic grouping with other parameters exerting only a marginal influence.

46



primarily reliant onrelatively clear cases. Geneaadly, theproblematic cases are at the

periphey of the core facts that it attemptsto explain.

Part of theempirical and technical difficulties jus mentioned go with theterritory, so to
speak: judgnents of similarity in cognitive domains while subjectively experienced as
quick, easy and unproblematic are objectively far fromtrivia. Theclassic work of
Carey (1985)onfacia recognitionis pehgpsthe best known demondration that even
comparatively ssimple similarity judgmnents are, from a computationd standpoint, highly
complex. Thereisgoodreasonto expect, based onthe preceding discussion, that even
therdatively circumscribed similarity judgments implicated in the creation of strophic
formswill require theoretical machinery of congderably greater complexity than that
proposd above Tha it gasusasfar asit seemsto, however, isreasonto bdieve tha

additiond progress can be made alongthe genera lines proposd here,

In any case, our purpose here isto demongrate the place of asimilarity metric within the
context of text setting and metrical form more generally. It seems clear that aplacefor it,
in some form, isrequired. Following chapters will demongrate therelevance of the

similarity metric to avariety of metrical idioms.
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