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Background

In the ordered-rule approach to phonology which has until recently characterized most generative work in the field,
there can be many intermediate stages in a derivation.  A classic case from English (cf. Kiparsky 1982):

(1) a. basic form protést V

b. V → N conversion,  new stress prótèst N

c. N → V conversion prótèst V

The intermediate stage (b) provides a simple account for the location of stress in the final form (c).  In some cases,
however, intermediate stages lead to complications in the analysis, such as requiring pseudo ‘look-ahead’ devices.

For example, a standard assumption in derivational prosodic phonology is that lower-level constituents are created
before higher ones: e.g. syllables, then feet, then the word.  In metrical phonology, this bottom-up construction
means feet are created before the word layer (by the End Rule, picking out the leftmost or rightmost foot).  But
Hayes (1995) and others have argued that sometimes there is motivation for top-down parsing: apply the End Rule,
then construct feet so that the head of a foot is under the higher grid mark (in accordance with the Continuous
Column Constraint).

We can constrast the treatment of initial light–heavy in two languages which both have quantity-sensitive trochees
built from left to right: the difference follows from top-down versus bottom-up parsing.

(2) a. Malayalam: b. Cahuilla  (� �
 rime is heavy):

bottom-up parsing top-down parsing

i. Footing    i. End Rule (x      )
˘  (¯)  ˘  ˘  ¯  ˘� �  �� � �  � � 	 
 � � � 
 � 	

ii. End Rule (   x    ) ii. Footing (x      )
˘  (¯)  ˘ (˘)(¯) ˘� �  �� � �  � � 	   ‘complaint’ 
 � � � � 
 � 	   ‘the deer (OBJ)’

In Cahuilla, the need to have a foot underneath the x  placed by the End Rule forces creation of a degenerate (˘)
foot so that the initial syllable is stressed.

A surface-oriented approach such as Optimality Theory (Prince and Smolensky 1993) eliminates such
inconsistencies, and that is one of its primary advantages.  For example, the Malayalam/Cahuilla contrast can be
analyzed using surface constraints only, such as the following.

(3) a. FTBIN A foot must contain two moras or two syllables.

b. ALIGNL The main stress must be at the left edge of the word.

The two logical rankings of these constraints give us the two languages.

(4) a. FTBIN  »  ALIGNL Do not stress the initial syllable if that would require a degenerate foot.
= Malayalam

b. ALIGNL  »  FTBIN Create a degenerate foot in order to achieve initial-syllable stress.
= Cahuilla

An important example of an intermediate stage is the level of lexical phonology, which captures a relationship
between sets of phonological and morphological rules.  I illustrate with data from Manam (Lichtenberk 1983), in
which stress clash is prohibited within a root but not elsewhere.  This leads to the stress pattern  Cv� C.Cv.Cv
internal to a root (5) but  Cv� C.Cv� .Cv  elsewhere (6).
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(5) a. � � � � 
 	 ‘sacred flute’
b. � � 
 � � ‘Onkau’  (name)

(6) a. � � � � � � � � � 
 � � � � � � � � � 
 � � ‘right in front of you’
b. 
 � � � � � � � � � � �  � � � � 
 � � � � � � � � 	 � � � ‘you are really well-mannered’

In a lexical phonology model (e.g. Kiparsky 1982), the root pattern suggests application of footing to the root alone,
which avoids clash; but later footing, after suffixation and in a different level, permits clash.

(7) a. Root stress � � � � � � 
 	 � � � � �
b. Suffixation    — � � � � � � � � � � 
 �
c. Refooting    — � � � � � � � � � � 
 � �

While it is possible to incorporate levels directly into an OT approach (e.g. McCarthy and Prince 1993a), such a
move undermines the essential surface orientation of the theory.  The lack of levels in a strictly parallel version of
OT might then be seen as a disadvantage of this approach.  Buckley (1995a,b) proposes ‘constraint domains’ which
capture similar generalizations to levels by delimiting substrings of the surface representation which are subject to
different constraint rankings.  In Manam:

(8) { root } { suffixes }

If stress is assigned only once, the otiose first stage of footing in (7) can be eliminated entirely.  The root pattern is
expressed as a constraint on stress which holds only within the root domain.  A bit schematically (see Buckley
1995b for details):

(9) *CLASH {rt} Adjacent stressed syllables are not permitted.  Holds of the root only.

ALIGNR Align the right edge of the word with a foot.

(10) ! � � � � 
 	 " rt *CLASH {rt} ALIGNR

a.  ☞ � � � � � � 
 	 *

b. � � � � � � � � 
 	 � *!

(11) ! � � � " rt ! � � � � 
 � " suf *CLASH {rt} ALIGNR

a. � � � � � � � � 
 � *!

b.  ☞ � � � � � � � � � � 
 � �
The clashing feet in (11b) are ignored because the clash ( # $ % & )( ' ( ) * )  is not within the root {* # $ }.

Cyclic effects like the conversion in (1) are the subject of considerable current work in Correspondence Theory (e.g. McCarthy
and Prince 1994, 1995; Orgun 1994, 1995; Benua 1995; McCarthy 1995; Kenstowicz 1995; cf. Burzio 1994).  Essentially,
prótèst V  has the stress it does because it is morphologically related to prótèst N , not because it is derived from it.

I argue that domains are not only a viable reinterpretation of levels, but in fact are superior because they are able to
capture generalizations which elude stepwise derivations.  Specifically, the blocking of three processes in Kashaya, a
Pomoan language of Northern California, which would alter vowel length in a particular set of suffixes can be
captured in the domains account by a single constraint, but in lexical phonology the similarity must remain a
coincidence.  I also show that the formulation of the processes themselves is significantly more elegant and
explanatory using constraints.

The three processes in question are those termed by Buckley (1994) Iambic Lengthening, Foot Flipping (and
related issues), and Final Shortening; I discuss them in that order.

Iambic Lengthening

Kashaya builds iambs from left to right.  No secondary stresses; iterativity is shown by Iambic Lengthening (=IL).
The main (only) stress is normally on the first foot.  The root is shown in bold; note the vowel length alternations in
the suffixes.
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(12) a. � ��� � ��� + +++ � � + � , - � 	 . � � 	 → ( � � + � � )( + � , � � ) . 	 ‘look back up!’
b. � ��� � ��� + +++ � � � + � � � � � / � � � � � → ( � � + )( � � + � � )( � � / � � ) � � ‘keep peering around’
c. � ��� � ��� � � � + � � � � � / � � � � � → ( � � � � � )( + � � � � )( / � � � ) ‘keep running around’

A word-final vowel (12c) never undergoes IL; final long vowels are avoided, but more to the point every verb-final
suffix, and potentially others preceding it, permit no IL of their vowels.  Non-lengthening suffixes uniformly occur
to the right of those which permit IL, so the domain of IL is a substring at the right side of the word.  The double
hyphen (� � ) indicates the beginning of the non-lengthening domain.

(13) a. 0 000 	 			 � � � 1 	 + � → ( 0 	 � 1  ) + � ‘if [it] happens’
b. � ��� � ��� � � � / � � � � � � + � → ( � � � � � )( / � � � ) + � ‘I keep running in there’
c. 2 222 � ��� 3 333 1 111 � � + � � � 0 � 4 � � � → ( 2 � 3 1 � � )( + � 0 � )( 4 � � ) ‘it would warm [us] up’
d. � ��� � ��� � � � / � � � � 	 → ( � � � � � )( / � � 	 ) ‘although he ran in there’

Buckley (1994) proposes five levels in a lexical phonology framework (e.g. Kiparsky 1982).  In this approach, the
derivation requires several stages: first the lengthening suffixes are added to the root; then IL applies; and then the
non-lengthening suffixes are added.  After the second round of morphology, IL does not reapply.  Specifically,
Lengthening applies to the output of level 3 morphology, but then turns off and does not apply in levels 4 and 5.

(14) a. MORPHOLOGY 1 � � 5 � � / � � 5 � � / 5 � �
b.  Phonology (with IL) ( � � � � � ) </ > ( � � � � � ) ( / � ) <� >
c. MORPHOLOGY 2 ( � � � � � ) / 5 � � 	 ( � � � � � ) ( / � ) � 5 � + �
d.  Phonology (no IL) ( � � � � � ) ( / � � 	 ) ( � � � � � ) ( / � � � ) ( + � )

This crucially refers to an intermediate representation, but work in Optimality Theory has placed that approach in
doubt; much to be gained if ordered rules are replaced with constraints on surface representations (cf. Prince and
Smolensky 1991, 1993).  An example is the need for provisional final-consonant extrametricality in (14b), to permit
IL in intermediate 6 $ 6 * 7 ; cf. Buckley (1995a,b).

In a domains analysis, the double hyphen can be seen as delimiting two constraint domains, call them 1 and 2.  (A
complete account of the phonology may require more subtle division into domains.)  Non-lengthening suffixes
uniformly occur to the right of those which permit IL, so the domain of IL is a substring at the left side of the word.
Schematically, this can be thought of in either of the following two ways: more descriptively (a) or as a translation
of the levels approach (b).

(15) a. { root + lengthening suffixes } 1 { nonlengthening suffixes } 2

b. { root +  level 2 +  level 3  } 1 {  level 4 +  level 5     } 2

More specifically, if we do not appeal to 6 $ 6 * 7 8 9  as an intermediate representation, we must refer to it as a
substring of the surface representation within which IL occurs (cf. also Inkelas 1989, Inkelas and Orgun 1995).
Below, within {…} 1 IL occurs, within {…}2 it does not.

(16) a. Input  with domains shown { � � � � / � � } 1{ � + � } 2

b. Output  with feet ( � � � � � )( / � � � )( + � )

I will show that this difference can be attributed to the interaction of constraints on (i) the weight of the strong
branch of an iamb, and (ii) the maintenance of underlying vowel length.

First, we must generate the foot structure on which IL is based.  In a surface analysis, there is no notion of
directionality; instead, we must refer to the alignment of feet (McCarthy and Prince 1993).  As Crowhurst and
Hewitt (1995) show, the precise manner in which a directionally based generalization such as ‘left-to-right foot
construction’ translates into the alignment framework depends on whether degenerate feet are permitted.  Below in
(42) I show that it is right  alignment that must be used in Kashaya; this means that degenerate feet must be
permitted, as supported by the existence of monomoraic words (e.g. 7 :  ‘stay!’).

While I give here only single-word examples, Kashaya stress is assigned to the phrase (see Buckley 1995c for
analysis).  The following two constraints generate the basic foot structure.

(17) ALIGNR Align(Ft, R; PhonPhr, R)
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PARSESYL Every syllable must be parsed by a foot.

In order to get the effect of iterative footing it is necessary to rank PARSESYL over A LIGNR (McCarthy and Prince
1993).  I assume the undominated constraint FTFORM(Iamb).

(18) � � + � � � / � � � PARSESYL ALIGNR

a. ☞ ( � � + � � ) ( � � / � � ) ( � � ) *, ***

b. � � ( + � � � � ) ( / � � � ) *! **

c. � � + � � � ( / � � � ) *!**

As mentioned, using ALIGNR to achieve the effect of left-to-right footing requires that we permit degenerate feet.
In languages that avoid such feet, FTBIN  is responsible (Prince and Smolensky 1993; cf. McCarthy and Prince 1993:
91).  I assume that universally no foot is larger than two syllables.

(19) FTBIN A foot is binary under moraic or syllabic analysis.

Since, however, degenerate feet are necessary for ALIGNR in Kashaya, PARSESYL » FTBIN.

(20) � � + � � � / � � � PARSESYL FTBIN

a. ☞ ( � � + � � ) ( � � / � � ) ( � � ) *

b. ( � � + � � ) ( � � / � � ) � � *!

The basic effect of IL is to achieve a perfect or canonical iamb, which consists of a light (and unstressed) syllable
followed by a heavy (and possibly stressed) syllable (cf. Hayes 1985, 1995).

(21) ASYM In a branching iamb, the strong branch must be heavy.

ASYM is ranked lower than ALIGNR; cf. (25b,d).  Notice in (22) that the location of feet is determined by
PARSESYL and ALIGNR, while ASYM secondarily determines the internal composition of those feet.

(22) � � + � � � / � � � PARSESYL ALIGNR ASYM

a. ( � � + � ) ( � � / � ) ( � � ) *, *** *!*

b. ( � � + � � ) ( � � / � ) ( � � ) *, *** *!

c. ☞ ( � � + � � ) ( � � / � � ) ( � � ) *, ***

d. ( � � + � � ) ( � � ) ( / � � � ) **, ***! *

e. ( � � + � � ) � � / � � � *!** ***

IL must be prevented in the non-lengthening domain (cf. Urbanczyk 1995: 512, McCarthy 1995: 43).

(23) Q-IDENT The quantity of each input segment must be identical to its output quantity.

The difference between lengthening and non-lengthening suffixes is quite simply a matter of which constraint
wins: ASYM or Q-IDENT.  Since the winner differs across the two domains, there must be a different constraint
ranking in those domains.  Q-IDENT{1} , which evaluates only segments in the lengthening domain C1, is ranked
below ASYM; while Q-IDENT{2} , for the non-lengthening domain C2, dominates ASYM to prevent IL.

(24) Q-IDENT{2}   »  ASYM  »  Q-IDENT{1}

The UR, with domains labeled, is shown in the upper left corner of the tableau.

(25) { � � + � + � } 1{ � 1 	 + � } 2 Q-IDENT{2} ALIGNR ASYM Q-IDENT{1}

a. ( � � + � ) ( + � � 1 	 ) ( + � )  *, *** **!

b. ☞ ( � � + � � ) ( + � � 1 	 ) ( + � )  *, *** * *

c. ( � � + � � ) ( + � � 1 	 � ) ( + � ) *! *

d. ( � � + � � ) ( + � ) ( � 1 	 ) ( + � )  *, **, **!*
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Although in (25c) iambic structure is perfectly satisfied, it happens at the expense of preservation of underlying
vowel length in the suffix ; < = > ? * , subject to high-ranking Q-IDENT{2} .  In (b), iambic structure is met only within
the domain where low-ranked Q-IDENT{1}  is violated, making it optimal.

Not only is Q-IDENT{1}  low-ranked relative to ASYM, in fact it never plays any role in choosing candidates.  Any form that
Q-IDENT{1}  might favor is ruled out by an alignment constraints, which dominates ASYM and therefore necessarily Q-IDENT{1} .
(Every long vowel leads to a new foot and adds violations of ALIGN.)  As noted by Buckley (1995a), an alternative to the view
that a constraint such as Q-IDENT exists in two domain-specific forms is that there is only one constraint, but (in this case) it is
ignored in C1.  The important point is that violations within C1 never matter, whether this is treated as low ranking of a domain-
particularized constraint, or by completely ignoring the violations.  Thus I generally omit Q-IDENT{1}  from tableaux, as potential
* CLASH {suf}  was omitted for Manam.

In sum, domains provide a rather straightforward reinterpretation of levels in a surface-oriented framework,
avoiding complications of intermediate stages such as otiose footing and ad hoc extrasyllabicity (as in (14); see
Buckley 1995a).

Excursus: Extrametricality

The word-initial syllable  is regularly excluded from foot structure — is extrametrical — when the verb root is two
or more syllables in length.  (The roots seen so far, in (12) and (13), are one syllable long.)

(26) a. + +++ 	 			 � ��� � ��� � ��� � � � � � �
→ < + 	 >( � � � � � )( � � ) ‘keep whistling’

b. 
 


 @ @@@ 	 			 4 444 � ��� A AAA � 	 � 	 / � � � � � � �
→ < 
 @ 	 >( 4 � A  � )( � 	 / � � )( � � � ) ‘when new growth starts’

c. � ��� 	 			 � ��� � ��� / /// 	 			 � ��� � � / � � � � �
→ <� 	 >( � � /  � )( � � / � � )( � � ) ‘used to eat’

Many verbs in Kashaya take a monosyllabic prefix; here extrametricality occurs regardless of root length.

(27) a. � � � B BBB 	 			 + +++ � 	 . � � 	
→ <� � >( B 	 +  � )( . 	 ) ‘point at yourself!’

b. / 1 	 � 
 


 � ��� 	 			 / /// � � � / � � � � � � � �
→ </ 1 	 
 >( �  / 1 )( � � / � � )(da � � ) ‘pick up while going in’

c. � � � 2 222 , ,,, � ��� 3 333 � ��� + +++ � 	 . � � � � � � � � �
→ <� � 2 >( , � 3 � � )( + 	 . � � )( � � � ) ‘couldn’t get around’

To account for the lack of extrametricality in unprefixed monosyllabic roots, lexical phonology can apply a rule of
Syllable Extrametricality after prefixation but before suffixation; the Non-Exhaustiveness Condition prevents an
entire domain from being extrametrical, so only stems (root plus possible prefix) of at least two syllables will
undergo the rule (Buckley 1994b).

(28) ROOT, PREFIX + 	 � � � � � � B 	 + � � +
 Extrametricality < + 	 >� � � <� � > B 	 +   — ( � < � � + >)
SUFFIXATION < + 	 >� � � � � � � � <� � > B 	 + � 	 . � 	 � � + � � � � �
 Footing < + 	 >( � � � � � )( � � ) <� � >( B 	 +  � )( . 	 ) ( � � + � � )( � � )

Once again, the lexical phonology analysis relies crucially on an intermediate stage.  In this case that stage is
different from the one required for IL in (14), which does include many suffixes.

In OT, the equivalent of Syllable Extrametricality is a constraint which prevents a syllable from being footed.
Below is one possible formulation.  As shown in (30), NONINITIAL  » PARSESYL.

(29) NONINITIAL Align(Ft, L; Syl, R).

(30) { + 	 � � � � � } 1{ � } 2 NONINITIAL PARSESYL ALIGNR

a. ( + 	 � � � ) ( � � � � ) *! **

b. ☞ + 	 ( � � � � � ) ( � � ) * *

c. + 	 ( � � ) ( � � � � ) * **!
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Of course, NONINITIAL  is always violated in words with a root restricted to the first syllable.  Without
intermediate representations, however, we cannot appeal to the Non-Exhaustiveness Condition.  Rather, a constraint
prevents the complete non-footing of the root.

(31) FT-ROOT The root must be dominated by a foot.  (The root must overlap with a foot.)

Intuition: the morphological head of the word is too important to be excluded from higher prosodic structure (see
Buckley 1995c for more discussion).

(32) { � ��� � ��� + +++ � � } 1{ � } 2 FT-ROOT NONINITIAL

a. ☞ ( � � + � � ) ( � � ) *

b. � � ( + � � � ) *!

In the interpretation of this constraint, only a syllable which is headed by material in the root satisfies the requirement of
inclusion in the next higher level of prosodic structure, the foot.  For example, the presence of the root /l/ in the foot in (32b) is
insufficient to permit non-footing of /ke/.

When the root is at least disyllabic, FT-ROOT and NONINITIAL  can both be satisfied.

(33) { + +++ 	 			 � ��� � ��� � ��� � � } 1{ � } 2 FT-ROOT NONINITIAL PARSESYL ALIGNR

a. ( + 	 � � � ) ( � � � � ) *! **

b. ☞ + 	 ( � � � � � ) ( � � ) * *

c. + 	 ( � � ) ( � � � � ) * **!

d. + 	 � � ( � � � � ) *! **

When a monosyllabic root is preceded by a prefix, the two constraints FT-ROOT and NONINITIAL  are again both
satisfied in the optimal candidate: it is the word-initial prefix which is excluded from foot structure, and the root
itself is free to be footed.  While the lexical phonology analysis illustrated in (28) makes use of the prefix and root as
an intermediate constituent in accounting for when Syllable Extrametricality can apply, this fact must be stipulated.
The constraint analysis refers directly to the root alone, in the form of the constraint FT-ROOT; the role of the
prefix simply falls out from the nature of the constraints and the morphology.

Foot Flipping

A remarkable indication of the pressure in Kashaya for iambic rhythm is found in the process that Buckley (1994a,b)
calls Foot Flipping.  When the leftmost (visible) sequence of the word is CvvCv ,  the vowel lengths in the two
syllables are ‘flipped’ or reversed, resulting in the perfect iamb CvCvv.

(34) a. � ��� 	 			 � ��� . ... � � , - � 	 . � � 	 → ( � 	 . � � )( , � .  ) ‘take a message out!’
b. C CCC � ��� � ��� � / 	 � � � � → ( C � / 	 � )( � � ) ‘keep leaving’
c. � ��� 	 			 � ��� � ��� � ��� 3 333 � � � � � � � → <� 	 >( � � 3 � � )( � � � ) ‘keep humming’
d. � ��� � ��� � ��� � ��� � ��� � ��� B BBB � 	 � 	 / � � 
 → <� � >( � � B 	 � )( �  
 ) ‘start to rise’

In addition to the flipping of vowel lengths, notice that the stress falls on the second foot, rather than on the first
one as is normally the case in Kashaya.

CvvCvC — where the last consonant is in the coda — does not undergo Flipping.  The reason: the maximal
syllable in Kashaya is CvC, and Flipping would result in *CvvC .

(35) a. � ��� 	 			 � ��� . ... � � 	 
 � �
→ ( � 	 � )( .  
 )( � � ) ‘cause to bring a message out’

b. C CCC � ��� � ��� � � � . � � � �
→ ( C � � )( � � . )( � � ) ‘after leaving each other’

c. � ��� 	 			 � ��� � ��� � ��� 3 333 � � � �
→ <� 	 >( � � � )( 3 � � ) ‘be humming’

d. � ��� 	 			 + +++ � ��� � ��� / /// � ��� � � , � � 4
→ < � 	 >( + � � )(cá:)(qaw) ‘a lock’
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In this case the stress also falls on the second foot in the word; essentially, it is analogy with these forms that lead to
the shifted stress in (34) above and (36) below.  See Buckley (1995c) for analysis.

A related phenomenon is found with Closed-Syllable Shortening.  Notice in (36) that the first foot is again
skipped for stress, even though on the surface it does not contain a long vowel.

(36) a. � ��� 	 			 � ��� . ... � 4 � . � � � � � � � → ( � 	 . )( 4 � . � )( � � ) ‘what they say (is)’
b. � � � + +++ 	 			 � ��� � ��� � , � � � 4 → <� � >( + 	 � 1 )( , � 4 ) ‘let wave with the hand’

What all three cases of stress shift have in common is a long vowel that seems to start out at the beginning of the
foot that is skipped; only in (35) does it surface there.  Buckley (1994a,b) proposes a serial analysis whereby a rule
of Foot Extrametricality applies to any foot beginning with Cvv , thereby uniting Cvv  and (underlying) CvvCv and
CvvC.  This requires temporary creation of the ill-formed ‘anti-iamb’  CvvCv , which persists until Foot
Extrametricality applies, after which a literal rule of Foot Flipping simply reverses the vowel lengths to create a true
iamb.  Henceforth I use « » for an extrametrical foot.

(37) i. Foot Construction ( �  � ) ( . � 2 ) ( , � 4 ) ( �  � . � ) ( , � . 	 )

ii. Foot Extrametricality « � 	 � » ( . � 2 ) ( , � 4 ) « � 	 � . � » ( , � .  )

iii. Foot Flipping        — « � 	 . � � » ( , � .  )

Similarly, the ill-formed superheavy CvvC must be temporarily permitted until Foot Extrametricality applies, after
which it undergoes Shortening (cf. Buckley 1991).

(38) i. Foot Construction ( � 	 � . ) ( 4 � . � ) ( � � ) <� � > ( + 	 � � 1 ) ( , � 4 )

ii. Foot Extrametricality « � 	 � . » ( 4 � . � ) ( � � <� � > « + 	 � � 1 » ( , � 4 )

iii. Shortening « � 	 . » ( 4 � . � ) ( � � ) <� � > « + 	 � 1 » ( , � 4 )

In addition to the ad hoc nature of Foot Flipping and the temporary creation of ill-formed structures, Foot
Extrametricality also requires the dubious generalization “begins with Cvv”, to cover Cvv  (35), CvvCv (34), and
CvvC (36).

A more principled analysis is possible using constraints, by separating the formal treatment of vowel length and
stress shift.  The change in vowel length does not need to be analyzed as ‘flipping’ per se, whereby the mora moves
from one syllable to another.  Rather, it can be seen as underlying indeterminacy in the association of the mora,
which is resolved by metrical and syllabic well-formedness; that is, one mora’s association is underspecified (cf.
Kiparsky 1991).

(39) a.  root morpheme b.  with suffixes

     µ µ        µ µ   µ   µ   µ
     |          |     |   |   |
   �  	    .     �  	    .  �  ,  �  .  	

There are two basic surface realizations possible: leftward or rightward linking to a vowel.

(40) a.   µ µ µ   µ   µ b.   µ µ µ   µ   µ
  | D   |   |   |   |  E |   |   |

�  	  .  �  ,  �  .  	 �  	  .  �  ,  �  .  	
The choice between these forms is made by ALIGNR, which prefers branching feet at the left edge.  (A raised
period [ F ] indicates a floating mora in the UR; a colon [� ] indicates a linked mora.)

(41) { � ��� 	 			 F FFF . ... � , � . } 1{ 	 } 2 Q-IDENT{2} ALIGNR ASYM

a. ( � 	 � ) ( . � , � � ) ( . 	 ) *, **!*

b. ☞ ( � 	 . � � ) ( , � . 	 ) ** *

c. ( � 	 . � � ) ( , � . 	 � ) *! **

The next example shows clearly that rightward alignment  is necessary in Kashaya, since (42a,b) are identical in all
respects except for the location of vowel length and foot boundaries.
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(42) { � ��� 	 			 � ��� � ��� F FFF 3 333 � � } 1{ � � } 2 NONINITIAL PARSESYL ALIGNR

a. � 	 ( � � � ) ( 3 � � � � ) * **!

b. ☞ � 	 ( � � 3 � � ) ( � � � ) * *

c. ( � 	 � � � ) ( 3 � � � � ) *! **

The major success of the constraint-based analysis is that the same constraint needed to determine foot structure in
simple cases — namely, ALIGNR — serves as the motivation for Foot Flipping.  The fact that the lexical phonology
analysis requires the ad hoc rule of Foot Flipping to accomplish the same task constitutes a strong argument in favor
of the constraint-based approach.

Morphologically blocked Flipping

In addition to its ad hoc nature, the serial lexical phonology analysis in (37) treats IL and Foot Flipping as
independent rules, and it is a complete coincidence that the domains of the two rules are identical.  For example,
notice that the suffix ; 6 8 ? *  resists IL (43a) as well as Foot Flipping (b).

(43) a. � ��� � ��� 3 333 	 			 � � � � + � →  < � � >( 3 	 � � )( + � ) ‘[we] camped’� <� � >( 3 	 � � � )( + � )

b. C CCC � ��� F FFF � � � � + � →  « C � � »( � � + � ) ‘I left’� « C � � � � »( + � )

Formally, this shared restriction on IL and Foot Flipping is simple enough to state, by assigning both rules to the
same lexical level (cf. Buckley 1994a).  But this move provides no explanation as to why this correlation should
obtain, and it is predicted that a similar language might have the same rules in different levels.  This prediction is
dubious, since both processes result in the same perfect iamb.

The similarity is further obscured by the fact that the rule of Foot Flipping cannot, in fact, turn off after level 3.  Rather, it has to
be active throughout the lexical phonology, to avoid a true look-ahead device: this is necessary because whether or not Foot
Flipping actually occurs depends on the overall syllable structure of the word, and this depends on suffixes added in levels 4 and
5.  Therefore it is only the rule of “CV Adjunction”, which feeds Foot Flipping by creating an anti-iamb (CV:CV)  from
nonbranching (CV:) , that is inactive after level 3.  See Buckley (1994a, 1995c) for discussion.

In the OT analysis, the high-ranking status of Q-IDENT{2} accounts for both facts: IL and Foot Flipping both
introduce a long vowel, and Q-IDENT{2}  ensures that this not occur in C2.

(44) { C CCC � ��� F FFF } 1{ � � + � } 2 Q-IDENT{2} ALIGNR ASYM

a. ☞ ( C � � ) ( � � + � ) ** *

b. ( C � � � � ) ( + � ) *! *

The explanation of the correlation is transparent in the constraint-based analysis: in both cases, creation of a long
vowel in C2 is blocked by Q-IDENT.  The special status of C2 is stipulated for a single constraint, which by itself
accounts for the lack of both processes.  Such an explanation is not possible in the ordered-rule approach, and this
fact constitutes a powerful argument against it.

Phonologically blocked Flipping

As seen in  (35), vowel length surfaces in the root, i.e. there is no Flipping, when the rightward potential docking
site of the floating mora is a heavy syllable.  Below is a relevant input representation.

(45)   µ µ   µ     µ
  |     |     |

�  	    .  	  
  �  �
The first of these consonants /
 � / must syllabify as a coda, where it must bear a mora itself.  That makes a total of
two moras in the syllable, with no room for the floating mora.



9

(46) a.   σ    σ    σ b. *  σ    σ    σ
  | E    /\     |    |  D  /\   |
  µ µ µ µ   µ    µ µ µ µ   µ
  | D   | |   |    |  E | |   |

�  	  .  	  
  �  �  �  	  .  	  
  �  �
(47) BIMORA A maximum of two moras is permitted in a syllable.

To avoid a bimoraic syllable, but maintain the long vowel, the coda would have to be eliminated from the syllable,
either by deleting the consonant ( 9 > G > H I * ) or by inserting a vowel so the consonant can syllabify as an onset
( 9 > G > H ) > I * ).  Neither of these candidates wins, due to the following constraints.

(48) MAX Every input segment must correspond to an output segment.  (Do not delete.)
DEP Every output segment must correspond to an input segment.  (Do not insert.)

MAX  and DEP are fundamental faithfulness constraints on segments, which resist changes to the basic underlying
string; see McCarthy and Prince (1995).

(49) { � ��� 	 			 F FFF . ... 	 
 } 1{ � � } 2 BIMORA MAX DEP ALIGNR

a. ☞ ( � 	 � ) ( . 	 
 ) ( � � ) *, **

b. ( � 	 . 	 � 
 ) ( � � ) *! *

c. ( � 	 . 	 � ) ( � � ) *! *

d. ( � 	 . 	 � ) ( 
 	 � � ) *! **

Reshuffling of mora–segment linkings (e.g. vocalic mora links to coda) is prevented as follows.

(50) MORA-IDENT The features linked to a mora in the input are identical to those in the output.

See Buckley (1995c) for discussion of further constraints which prevent other rearrangements of the moraic
structure, e.g. MAX(µ) and LINEARITY .

Closed-Syllable Shortening

The analysis developed so far also accounts quite easily for Closed-Syllable Shortening (36).  The following input
has a cluster of two consonants, /. 4 /, following the root vowel.

(51)   µ µ    µ   µ   µ
  |      |   |   |

�  	   .  4 �  .  �  �  �
In this context, the floating mora has not just two places to link, in the ways seen above, but it can also, as shown in
(52c), serve as the mora for the coda consonant /. /.

(52) a.   µ µ   µ   µ   µ
  | D     |   |   |

�  	  .  4 �  .  �  �  � J � ( � 	 � . )( 4 � . � )( � � )

b.   µ  µ  µ   µ   µ
  |   K |   |   |

�  	  .  4 �  .  �  �  � J � ( � 	 . )( 4 � � )( . � � � )

c.   µ µ   µ   µ   µ
  | L    |   |   |

�  	  .  4 �  .  �  �  � J  ( � 	 . )( 4 � . � )( � � )

The form in (52a) is ruled out by BIMORA, just as illustrated in (49b).  The linking to the following vowel in (52b),
by contrast, is well-formed syllabically.  But it is not as well aligned as (52c), where the floating mora links to the
coda consonant and pre-empts Weight-by-Position.
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(53) { � ��� 	 			 F FFF . ... 4 � . } 1{ � � � } 2 BIMORA ALIGNR ASYM

a. ( � 	 � . ) ( 4 � . � ) ( � � ) *! *, *** *

b. ( � 	 . ) ( 4 � � ) ( . � � � ) **, ***! *

c. ☞ ( � 	 . ) ( 4 � . � ) ( � � ) *, *** *

This derivation captures a reasonable intuitive interpretation of Closed-Syllable Shortening, that the coda consonant
‘steals’ the second mora of a long vowel.  The only quirk in Kashaya is that the mora in question was never actually
linked to the vowel.

Elision

Within C1, adjacent vowels /ViVj/ become long [Vi :] by Elision (in C2 the result is short [Vi], by Q-IDENT; cf. (36a)).
This occurs where Flipping is not possible, whether phonologically (54) or morphologically (55).

(54) a. � ��� � ��� � 	 � 	 / � � 
 → « � � � »( �  
 ) ‘run away’
b. / /// � ��� � � � � � � 
 � � → « / � � »( � � 
 )( � � ) ‘could fly’
c. � ��� � ��� 2 222 3 333 	 			 � � , � / � � 
 → <� � 2 >« 3 	 � »( , � 
 ) ‘go up alone’

(55) a. � ��� � ��� � � , � � � + � → « � � � »( , � + � ) ‘I’m running’
b. � ��� � ��� � � � � � � � 	 → « � � � »( � � �  ) ‘even though [it] was running’
c. / 1 	 � � ��� � ��� � � � � � � → </ 1 	 >« � � � »( � � ) ‘carry along’

The two adjacent vowels are, however, a common source of Foot Flipping.

(56) a. � ��� � ��� � � + � , - � 	 . � � 	
→ « � � + � � »( , � .  ) ‘run up out here!’

b. � ��� � ��� � 	 � 	 / � � 	
→ « � � � 	 � »( /  ) ‘raise your hand!’

c. A AAA � ��� 2 222 � ��� � � + � � � � . � � � 1 � � 

→ <A � >« 2 � + � � »( � � 
 )( � 1 � 
 ) ‘don’t drag yourself down!’

Using an ordered-rule framework, Buckley (1994a,b) has to assume that even in cases of Flipping, the intermediate
step exists in which the two vowels are syllabified together, and then the length is flipped.

(57) Underlying form � � � + � , � . 	 / � 2 � � � � � . 	
i. Elision and Footing ( � � � + � )( , � . 	 ) </ � 2 >( � � � � � )( . 	 )
ii. Foot Extrametricality « � � � + � »( , � . 	 ) </ � 2 >« � � � � � »( . 	 )
iii. Foot Flipping « � � + � � »( , � .  ) </ � 2 >« � � � � � »( .  )

This intermediate CvvCv foot is necessary to trigger both Foot Extrametricality and Foot Flipping.  Similarly,
inter mediate superheavy CvvC is required for forms with Closed-Syllable Shortening (cf. (36)), though in this
case the only need is to trigger Foot Extrametricality.

(58) a. � ��� � ��� � � , � � � � + �
→ « � � � 2 »( � � + � )
→ « � � 2 »( � � + � ) ‘I ran through there’

b. � ��� 1 111 	 			 + +++ � ��� � � . � � � � � 

→ <� 1 	 >« + � � . »( � � 
 )
→ <� 1 	 >« + � . »( � � 
 ) ‘come here! (pl)’

The floating-mora analysis extends easily to these cases, and obviates the intermediate steps.  Assume that loss of
the second vowel is accomplished by constraints dominating MORA-IDENT (50), including ONSET (e.g. Prince and
Smolensky 1993) and NODIPH (e.g. Rosenthall 1994).

(59)   µ µ   µ   µ   µ
  | M    |   |   |

�  �  �  +  �  ,  �  .  	
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The second mora is prohibited from remaining linked to its own features, and behaves identically to an
underlyingly floating mora , as in (39b).  The two output possibilities are precisely those outlined in (40).

(60) { � � � + � } 1{ , � . 	 } 2 ALIGNR ASYM

a. ( � � � ) ( + � , � � ) ( . 	 ) *, **!*

b. ☞ ( � � + � � ) ( , � . 	 ) ** *

In a sense, it is a root like 9 > N G ;  which is like 6 $ ; * O ; , rather than vice versa: there is no long vowel in the
underlying form of 9 > N G ; , simply a short vowel and a floating mora, just as in 7 * ; * 9 ;  there is a short root vowel
plus a mora provided by the suffix.  Once again the constraint-based analysis makes possible a simpler and more
elegant account of the alternations.

True Long Vowels

While it appears to be a fact about Kashaya that verb roots normally do not have underlying long vowels — i.e.
vowel features linked to two moras — there are nevertheless a few cases of apparent underlying long vowels, and
these are non-alternating and fail to undergo Foot Flipping.

(61) . ... � ��� � ��� 2 222 � ��� / /// � 	 � � � � � → « . � � »( 2 � /  � )(dem) ‘when he marries’
� ��� � ��� � ��� � ��� � ��� � / � 	 � 	 / � � 
 → « � � � »( � � /  � )( � 	 
 ) ‘start to grow deaf’
 


 � ��� / /// � ��� � ��� . ... � � � � � � � � � � � � → < 
 � >« / � � »( . � � � � )( � � � � ) ‘embryo start to develop (pl)’

I treat these roots as prespecified in the underlying representation with long vowels (cf. Kiparsky 1991), and use
the colon [� ] in the inputs in (61) as an indication of this analysis.

(62)  µ µ  µ
   P Q      R

.  �  2  �  /
This underlying linking is all that is necessary to account for the lack of Flipping.  MORA-IDENT (50) prevents
movement of the second mora of the long vowel into the following syllable.

(63) { . ... � ��� � ��� 2 222 � ��� / /// 	 � } 1{ � � } 2 MORA-IDENT ALIGNR ASYM

a. ☞ ( . � � ) ( 2 � /  � ) (dem) *, ***

b. ( . � 2 � � ) ( / 	 dém) *! **

MORA-IDENT must look not at whether the content of the features linked to the mora is the same, but whether the same linkings
to the mora token are maintained.  This means that movement from one /S / to another is prohibited.

The empirical contrast between prelinked and variable long vowels supports the floating mora approach.

Final Shortening

So far we have seen two processes which are subject to Q-IDENT{2} , and for which the constraint domain provides
a unified explanation: Iambic Lengthening and Foot Flipping.  The third process is Final Shortening.  When a long
vowel belonging to a verb root ends up in word-final position, as when a vocalic suffix is elided, the root vowel
becomes short.

(64) a. � � � B BBB 	 			 � ��� � � 	 → � � B 	 ‘scratch it with your fingernail!’
b. 2 	 � 0 000 � ��� � ��� � � 	 → 2 	 0 � ‘break!’
c. C CCC � ��� � ��� � � 	 → C � ‘leave!’

There is a late verbal suffix -e: , however, which surfaces with its length intact.

(65) a. � ��� 	 			 � ��� � ��� � ��� 3 333 � � � � � � � → � 	 � � 3 � � � � � ‘keep humming’
b. � ��� � ��� 2 222 � ��� 1 111 � ��� � � � 1 	 � � 	 � � 	 � A � � � � → � � 2 � 1 � � 1 	 � 	 � 	 A � � ‘did not live long ago’
c. � � � 2 222 � ��� � 	 � 	 / � � � 1 � � � → � � 2 � 	 � 	 
 � 1 � � ‘didn’t raise hand’

In a lexical phonology approach, Buckley (1994) proposed that this level 5 suffix has a special prosodic status such
that it is outside the prosodic word, and thus does not undergo word-final shortening.



12

(66) [ [ � 	 � � 3 � � �  ]W � �  ]φ

In the domains approach, however, nothing special needs to be said.  The suffix -e:  is independently known to be
located in domain 2 — it occurs to the right of all other domain 2 suffixes — so its underlying length is
automatically protected by Q-IDENT{2} .

(67) { � ��� 	 			 � ��� � ��� � ��� 3 333 � � } 1{ � � } 2 Q-IDENT{2} * V: ] W

a.  ☞ � 	 � � 3 � � � � � *

b. � 	 � � 3 � � � � *!

Elision is effected by a set of constraints, most importantly ONSET.  Of course, since a root vowel is located in
domain 1, it is unprotected by Q-IDENT{2} , and is shortened.

(68) { C CCC � ��� � ��� } 1{i} 2 ONSET Q-IDENT{2} * V: ] W Q-IDENT{1}

a. C � � 	 *!

b. C � � *!

c.  ☞ C � *

The deletion of the final /i/ is not a violation of Q-IDENT{2} , since identity constraints hold only when the relevant
segment is actually present in both the input and output (McCarthy and Prince 1995).  What (68b,c) do violate is
MAX , which normally prevents deletion of segments but in Kashaya is ranked below ONSET (as well as below DEP,
which prevents insertion of a default onset consonant).

Conclusion

The constraint-domains approach offers a completely unified account for these three cases of blocking — a single
high-ranking constraint, Q-IDENT, that holds strongly only within C-domain 2.  A levels-based approach, on the
other hand, must give quite distinct analyses of the three cases.  Further, the constraint-based approach to Foot
Flipping provides a much simpler and more principled account of the vowel length alternations.  There has
already been considerable evidence adduced in favor of a phonology organized around constraints rather than rules.
The contrast presented here shows that even though constraints can logically be fit into a level-ordered framework, a
better framework is one which takes seriously the surface orientation of Optimality Theory and replaces levels
with constraint domains.
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