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1 Introduction

Informally, compensatory lengthening (CL) is a phenomenon that condist®@arts: the deletion of a
weight-bearing segment, and the concomitant lengthening of anotheltyusmijacent segment. Unsurpris-
ingly, analyses of CL are usually derivational in that lengthening onlyiscatfter it is triggered by deletion
of a neighboring segment. Less discussed is the fact that, because i@besdd only by the loss of moraic
segments, both of these steps must refer to a syllabified and moraically eghéaifin. Only coda conso-
nants can be associated with moras, and a particular segment’s statuslasarconly be determined after
the form has been syllabified. It is crucial, therefore, that syllabificatimh assignment of moras happen
before segmental deletion.

In constraint-based phonology, this requirement for prosodic streiat@ans that faithfulness vio-
lations must be evaluated with respect to a form that contains prosoditusérat least up to the level of
the syllable. Doing so is not possible in classic Optimality Theory (OT, Prindesamolensky 1993/2004),
a framework that disallows intermediate levels of representation. Morgibi®not immediately obvious
that Harmonic Serialism (HS; McCarthy 20Gf1,seq), an iterative version of OT, allows for this particular
intermediate stage. Even in HS, there is no guarantee that the correcicsghidmoraic structure will be
built before segmental changes occur. | will show that a ranking parprevents the building of prosodic
structure from intrinsically preceding deletion of segments. Similarly, it is nesible to use gradual dele-
tion of consonants to force the consonant to remain in the derivation langyario obtain the proper moraic
specification. | argue, though, that an analysis of CL is possible in HS rhalee the auxiliary assumption
that the derivation begins with a fully faithful candidate (FFC, McCarth§70 | will then show that HS
can derive the most canonical type of CL using a mora-sharing agpr8atne of the more complex inter-
actions between deletion and lengthening can also be analyzed straigtntfiyrim this framework. Cases
that the analysis cannot account for, namely nonlocal interactionsxtemely rare, and it is a strength of
the analysis that it can account for most variations on canonical CL withfficulty.

1.1 Properties of CL

Compensatory lengthening is traditionally described as “the lengtheningeghaent triggered by the dele-
tion or shortening of a nearby segment” (Hayes, 1989; 260). In the cam&tnical type of CL, and the
one | will focus on in this paper, deletion of an underlying consonansesilengthening of a preceding
vowel, as schematized in (})Across languages, though, triggers for CL take many forms: formatien of
glide from an underlying vowel can cause lengthening of a following Voaweunderlying nasal consonant
surfacing as prenasalization of a following consonant can cause &mgthof a preceding vowedtc. CL

*Many thanks to Armin Mester, Jaye Padgett, Dave Teeple, Donka Farkhthe participants of the Winter 2011 Research
Seminar (thanks especially to Mark Norris and Oliver Northrup), Mellssezier, Bruce Hayes, Junko It6, and Matt Tucker for
their helpful discussion and advice. All errors remain my own.

while Hayes (1989) calls this “classic” CL, | will use the term “canonical @ emphasize the fact that CV& CV: is the
most common type of CL.
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is a cross-linguistically common synchronic process. Section 2 illustratesicah synchronic CL in var-
ious languages, including Japanese, Kabardian, Komi, Lithuanianndag&lgajan, colloquial Farsi, and
colloquial Turkish.

(1) /cvCl — [CVi]

CL is never caused by the loss of an onset; it is always triggered by i@ssamla or other moraic
segment. Furthermore, the deleted and lengthened segments are alw@sdlsic? In the IZma dialect
of Komi, for example, If deletes with CL of the preceding vowel when tliig word-final or stem-final
and followed by a consonant (Data from Kavitskaya 2002, p. 53; seald@/a 1982, p. 20-27 for more
discussion):

‘hear-l.sc.pAST ‘heardinF’

) Underlying representation: kil-i/ kil-ni/
Syllabification: ki.li kil.ni
Surface form: kili] [ki:ni]

‘horse€LATIVE.SG  ‘horsenom.sG

3) Underlying representation: vdl-ys/ Ivell
Syllabification: va.lys vol
Surface form: Valys] [vea:]

This pattern results from the generalization that only the loss of a moraicaityfigal segment triggers CL.
Among consonants, only codas are associated with moras, and the faCLtisatriggered only by the loss
of coda consonants is a robust cross-linguistic generalization. Thhei®, are no languages in which CL
has convincingly been argued to be triggered by the loss of an onssircamt.

1.2 Outline

This paper begins with an overview of the types of CL processes that sgochronically in natural lan-
guages. | will focus on canonical types of CL, but Section 2 reviewsds wariety of trigger types and
conditions. Section 3 summarizes some of the previous approaches to €e ificlude autosegmental and
phonetic analyses, but the focus is on versions of OT: Shaw’s (ZD0-QC approach and the limitations of
classic OT when it comes to the opacity inherent in CL. | turn to Harmonic SeniagtisSection 4, detailing
the problems CL poses for that framework. | propose revisions to thetreamt set that alleviate some of
those problems. In Sections 5 and 6, | contrast two approaches to a har@arialist analysis of CL. The
first, which makes use of McCarthy’s (2008a) theory of gradual deleifaconsonants, will be shown to
both be empirically inadequate and make undesirable theoretical prediclibasther analysis utilizes a
fully faithful candidate, which introduces syllabification and moraic strcearly in the derivation. This
latter analysis is shown to be superior in that it it able to correctly derive tgpes of CL and in that, unlike
the gradual deletion approach, the intermediate stages it predicts aregigptloattested. | conclude in
Section 7 with some general observations and directions for futurercbsea

2An important exception to this generalization is so-called CVCV CL, scheathtiz (i). | will assume that this is a different
phenomenon—perhaps preservation of some higher level of peostodcture like the foot—and | will have nothing to say about
CVCV CL in this paper.

() /cveVvi — [CViC]
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2 Synchronic CL

Synchronic CL is a widely attested phenomenon cross-linguistically. An inletenfist of languages ex-
hibiting synchronic CL follows

Japanese Loanwords from English words ending ilumsurface as ending luumuor -yuumy depending
on whether the preceding consonant allgvis follow it. In either case, glide formation is assumed to have
occurred to preverit sequences from surfacing:

(4) /bar+iumu/ — [barjuumu] ‘barium’ (Poser 1985, (20))

The process also occurs in lexical items that are native to Japanesdbelahguage contains very few
underlying /iu/ sequences. The one very common hative Japaneseonxidibit this pattern isid/ ‘I say’,
which surfaces agi].

Kabardian /w/ and /j/ are deleted post-vocalically, and the preceding tautosyllabicletemgthened:
5) a. fQow/ — [qu] ‘swan’
b. bog/ — [bi] ‘enemy’ (Kavitskaya 2002, p. 46)

Some characteristics of the glide are retained in the lengthenedAécomesi:], /aw/ becomesd:], and
/oj/ becomesif], a reflex of the height of the deleted glide.

Komi In the IZma dialect, stem-findl//[deletes with CL of the preceding vowel when tlieqould other-
wise surface in coda position. Whdhwould surface as an onset, no deletion occurs.

(6) a. kil-i/ — [kili] ‘hear (1SG.PAST)
b. kil-ni/ — [kini] ‘hear (INF)

(7) a. hglys/ — [vglys] ‘horse (ELATIVE.SG)
b. Foll — [vg] ‘horse (NOM.SG) (Kavitskaya 2002, p. 53)
Because this pattern is particularly transparent, forms like the ones in (8evilsed throughout

this paper as representative of canonical CL. These data are algpegthby Shaw (2007) in OT-CC. (See
Section 3.4 for discussion of the inadequacies of an OT-CC analysis.)

Lithuanian While CL in Lithuanian is morphologized and full of exceptions, the alternatamesevi-
dent in the spoken languagen/ is deleted before non-plosives and word-finally. A preceding stiast
lengthened by CL.:
(8) a. Kpiden-dsa/ — [s'pilendza] ‘sends’
b. Kpiden-sity — [sipidesit] ‘to send’ (Kavitskaya 2002, p. 61)
(9) Idirblen/ — [diitbia:] ‘having worked’ (ibid.)

3Languages in which the reflexes of diachronic processes of CL caedreinclude Germanic (Kavitskaya, 2002), Ancient
Greek (Wetzels, 1985), and Latin (Kavitskaya, 2002).
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Luganda If the first vowel in a Luganda VV sequence is high, it becomes a glidgtamdecond vowel is
lengthened. In other words, glide formation both resolves hiatus andsiGie

(10) ANi-ato/ — [ljato] ‘boat’ (Clements 1985, (13))
(11) /a-ba-kulu a-ba-o/ — [abakulwa:bo] ‘those elders’ ibid., (14))
This kind of lengthening also occurs across word boundaries, as Jn 8dguences of identical
vowels in Luganda are realized as tautosyllabic long vowels. Togethee thets indicate that the form
in (10) is syllabified asli.a.to/ in the input but aslfa:.to] in the output. If that is the case, mora count is
preserved across the whole form, rather than within a particular syllagéeKparsky (2010) for discussion
of this point).
In the same language, vowels preceding nasal-stop sequences #netedgvhen these sequences
become prenasalized stops:
(12) Mba-ntw/ — [baintu] ‘people’ (Clements 1985, (27))

Here we have the added complication that the segmens lost, but both its mora and its nasality are
retained (in the preceding vowel and the following consonant, respggtivThe same thing happens in
Runyambo, a related Bantu language:

(13) /lo-mu-ntw/ — [omu:ntu] ‘person’ (Kavitskaya 2002, p. 64)

Here, too, the /n/ itself is gone, but its mora and its nasality are retained.

Ngajan In Ngajan, a palatal glide is lost and the preceding V lengtlens:

(14) a. burrubaj/ — [buruba:] ‘aboil
b. bujpw/ — [bitbu] ‘tospitat’ (Kavitskaya 2002, p. 46)
There are three phonemic vowels in the languagge/4/, and 4/). /ij/ sequences do not exist. When tfle /
deletes, a preceding/fis lengthened but remains]{ a precedingu/, on the other hand is both lengthened
and undergoes a change in qualityifo [n some cases, then, the front quality of the deleted glide is retained
in the newly lengthened vowel.
Coda #/ and 1/ were also lost in this language, with CL of the preceding V:
(15) a. famir/ — [gami:] ‘hungry’
b. /tbulal/ — [bula] ‘firefly’ (Kavitskaya 2002, p. 54)

Persian In colloquial Farsi, i/ is deleted word-finally without CL. But preconsonantdlis deleted with
CL of the preceding V in word-medial and word-final syllables:

(16) fahmidi/ — [faxmidi] ‘you have understood’
(A7) ffaht/ — [fax] ‘city’ (Kavitskaya 2002, p. 70)

In colloquial Tehrani Farsi,b/ and #/ are deleted when they occur in codas, by themselves or as either
member of a coda cluster.:

(18) a. fotbe/ — [[Jobe] ‘branch’ (Kavitskaya 2002, p. 82)
b. ko?h/ — [rob] ‘terror (Darzi 1991, (4b))
c. hob?/ — [rotb] ‘quarter (ibid. (4a))

4In (14), Ngajan is compared with a more conservative dialect. Kavitsk2§02) does not provide the underlying forms.
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If moraicity is related to sonority, it should not be possible tdrand £/ to be the only moraic coda conso-
nants in the language, as claimed by Darzi (1991). This puzzle leads kaat§2002) to claim thah/ and
[?/ are phonetically realized as approximants. Moreover, because ahgorants are deleted in similar
contexts without triggering CL, analyses based on trimoraic syllables @14989) or extrasyllabicity of
syllable-final consonants are ruled out. If each member of a coda clusterassociated with its own mora
and all syllables ending in two-consonant clusters were trimoraic, we woyddct the deletion of other
consonants to also trigger lengthening. The fact that consonants mwesbthanti/ or /?/ are deleted
from coda clusters without triggering lengthening renders this analysémable. Similarly, if final conso-
nants were extrasyllabic and deletion, we would expect all doubly-cedkbles to be bimoraic. Deletion
of one coda consonant, no matter its identity, would trigger CL and leave algyléth a long vowel and a
single coda consonant. Again, this is not what happens; ahlnd #/ trigger lengthening when they are
deleted. Itis clear, then, that some other account is needed for theiar&lCL in this dialect. See Section
6.4.3 for a more thorough discussion of this problem.

Turkish  Turkish has a number of distinct, productive processes of synch@ni@/hile the environments
that trigger CL can be difficult to describe, the lengthening itself is excepljosiaaightforward. Conso-
nants are deleted from particular environments, regardless of wheslyarvttuld surface as onsets or codas.
Deletion from coda position triggers lengthening, while deletion from onssitipn does not. In so-called
h-Deletion, for example, coda /h/ is deleted before continuants or nagal, sthich results in lengthening
of the preceding vowel. Onset /h/ is deleted after vowels or voicelesooants, and lengthening does not
occur:

(19) a. ftahsill — [tawsil] ‘education’ (Sezer 1985, (8i))
b. Kiphe/ — [Slipe] ‘suspicion’ (ibid., (9ii))
In y-Deletion, j/ is deleted when it occurs between a front vowel and a sonoranbeansor {/.

Lengthening happens before sonorant consonants (wjigsea coda) but not beforé//(where it is an
onset):

(20) a. bjle/ — [ode] ‘thus’
b. /ejill — [deil] ‘is not’ (Sezer 1985, (12i))

Similarly, in v-Deletion, #/ is optionally deleted when followed by a labial consonant or round
vowel or when preceded by a round vowel. Lengthening of the prewiowel occurs when the//is a coda
but not when v is an onset.

(21) a. bvmek/ — [Ommek] ‘praiseINF’
b. bver/ — [Oer] ‘praise-3.AORIST (Sezer 1985, (14i))

In all of these cases, the deletion itself does not care about gadanset) position, but the length-
ening does: the preceding vowel lengthens only when the deleted @mseould otherwise surface as a
coda.

Yet another phenomenon takes place in Western Anatolian dialects, whéosdlof codar/ causes
CL in the preceding V:

(22) N~ar/ — [va:] ‘thereis’ (Kavitskaya 2002, p. 55)
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3 Previous approaches to the analysis of CL
3.1 Autosegmental analyses

Autosegmental analyses of CL, beginning with Hayes 1989, are derightimd consist of two steps. First,
a consonant that was associated with a mora is deleted, leaving the mosaaiatzs with any segment.
In the second step, a rule of reassociation links the floating mora with thedingcvowel, lengthening it.
This process is schematized in (23):

A L
23 CVC - CV — CV

The analysis itself relies on a particular order of operations. The causopant is deleted from
the segmental tier only, leaving the mora unassociated on another tier. Angthautomatically applies,
associating that mora with an adjacent segment. That reassociation rigs appy in one direction, thereby
ensuring that the floating mora is linked with the preceding vowel rather tismgment elsewhere in the
word or syllable.

The central insight of the autosegmental approach is that CL is analgzegkservation of mora
count. The idea of mora conservation explains the coda/onset asymmetty-Horly segments that are
underlyingly associated with a mora trigger lengthening when they are deleted

3.2 Phonetic analyses

Kavitskaya (2002) presents a phonetically motivated analysis of CL. tUihikephonologization model,
vowels are phonetically longer in certain contexts. When consonantssaia those contexts, the phonetic
difference in length is reinterpreted as a phonemic contrast. Triggerk,ah€n, are consonants that can
be interpreted as part of the vowel or affect its length for some rea3bere are three weaknesses of
this approach. First, it is not clear why particular consonants showe se&rCL triggers in one language
when an entirely different set of consonants triggers CL in anoth&L lis phonetically motivated in the
way the phonologization model proposes, we would expect to see adhigraf triggers—if a language
has CL triggered by the loss of low-sonority consonants, it should ale® leagthening triggered by the
loss of glides, for example. We saw in Section 2 that this is not the case drttig¢hset of CL triggers in
a given language is highly idiosyncratic. Secondly, this model does rmagistforwardly predict a case in
which a consonant-final stem has CL if it is followed by a consonant-initifikdout not when the following
morpheme is vowel-initiali(e., if the stem-final consonant is a coda, but not if it is an onset). In otbedsy
the analysis does not capture the generalization that only moraic segnentsedas—trigger lengthening
when they are deleted. It is difficult to see how the CL case could resuftifieanalysis of a phonetic length
contrast, especially if the initial consonant of the following morpheme is similanrosty to the deleted
consonant. Even if she does not understand the process of CL ghleespresumably knows at some level
that there is a stem-final consonant in the form. In short, phonologizatiamétter model of diachronic
change than it is of synchronic CL.

The third weakness in the account is theoretical. If we believe that CL isduptive, synchronic,
and intralinguistically predictable process, we should account for it indheesvay we account for other
productive, synchronic, and predictable processes: in the phonolog

3.3 Classic OT

The autosegmental analysis outlined in Section 3.1 cannot be imported intorn@erpproaches to
phonology for two reasons. First, OT is not a derivational framewthr&;rule ordering required by the
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autosegmental analysis cannot be incorporated. In the parallel frathadwcated by proponents of classic
OT, all possible candidates are evaluated at once. There is no way te dedegment and then lengthen
an adjacent segment; instead, the deletion and the lengthening must hapgpee.aThe problem with
this parallel evaluation is that the candidate that has both deletion and lenggh@tates more faithfulness
constraints than a candidate that has deletion but no lengthening (and sosmabnmedaithfulness violations
than a candidate that has lengthening but not deletion). The secondmribthat syllabic and moraic
structure are not necessarily present in the underlying form in OTe kvigh to maintain the generalization
that only moraic segments trigger CL when they are deleted, there must bedf g@aranteeing that the
segment that will be deleted is associated with a mora in the input. Becausad@sglo not contrast moraic
and non-moraic segments, this is assumed to be impossible in OT due to RichtiesBase (Prince and
Smolensky, 1993/2004), a principle that requires all non-contrastpesrio be considered.

In OT, inputs are not guaranteed to be syllabified. There are two refmahss underspecification
of underlying forms. The first is that in no language is syllable structunérastive. That is, no language
contraststa.pa] with [tap.a]. Second, syllabification is derivable from constraints on generaltdglistruc-
ture and on sonority sequencing, and so can be derived from amylyimg moraic specification. The lack
of syllabification in underlying forms is particularly relevant for CL. Re¢hdt in canonical CL, it is nec-
essarily a coda consonant that deletes. Onset deletion never triggeBsiilGvhether a segment is part of
an onset or part of a coda cannot be determined until the word hasykadrified. And because only coda
consonants (not onsets) are associated with moras, moraic specifieatimt be determined until the word
has been syllabified.

Furthermore, moraic structure is completely predictable. In a language ihW@ght by Position
(WBP; Hayes 1989, p. 258) is undominated, all coda consonants estymatically associated with a
mora. Onsets are not. In languages with high-ranking constraints agssustiating moras with consonants,
no non-nuclear segment is associated with a mora. WBP can also be paizedddy sonority, such that
coda segments that meet a particular sonority threshold are associated matta avhile segments that
have lower sonority are not associated with a mora even when in coda poditie principle of Richness
of the Base, then, requires us to consider both inputs with moraic cortsarahinputs with nhon-moraic
consonants. In all cases, constraints on syllable wellformedness gertket moraic structure—any moras
associated with onsets in the syllabified form will be removed, while moras wiliderted as necessary to
create moraic codas.

What is relevant for the analysis of CL is that it cannot be guarante¢d fiaticular consonant is
associated with a mora in the underlying representation of a word. Begadedying representations may
not be syllabified, it is impossible to know whether a given input consasgrdrt of a coda. And because
moras are only assigned to coda consonants, moraic specification barasmertained from the underlying
representation alone. This is problematic for the analysis of CL becaugindgring is only triggered by
deletion of segments that were associated with a mora before they werald@etmause OT evaluations
occur in parallel, there is no formal mechanism to ensure that the correatiavsdructure is built before
segments are deleted.

To illustrate this point, consider first the effect of two faithfulness coirggan an example from
Komi IZma:

(24) a. Max[sed (MAX): Assign a violation for each segment in the input that is not present in the
output.

b. DEePu]: Assign a violation for each mora in the output that is not present in the.inpu

SThis is true unless the language has geminate consonants, in which naseant length (not syllable weight) is contrastive.
Geminate consonants are assumed to be associated with a mora in tHgingdepresentation, while singleton consonants are
not.
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One problem for a classic OT analysis of CL is that two separate pragassarring two separate
faithfulness violations, must occur in the same evaluation. Consider an inpitiéh the consonant that
is to be deleted is not associated with a mora. The CL candidate (b)—the ang shi@posed to be the
winner—is harmonically bounded by a candidate in which deletion but notiening occurs, as in (25):

(25) Harmonic bounding of the CL candidate in parallel OT

oo :
ki1 nit| MAX, DEPY]
| :
a9k it n i * oy
P
b.Ok t+ n i * !

If we assume that the language has an undominated constraint againg fipirincoda position (call it
*1/CoDA), there are two ways to avoid violating this constraint—deleting ihev deleting the following
consonant and resyllabifying the &s an onset. The candidate that HAag an onset beats any candidates
that have I/ in coda position when then/ has been deleted. Because each candidate is syllabified, the
winner is the one that is most harmonic according to the language’s principldlabification. In this
case, removing thd//from coda position is always the best option. In (25), candidate (Batei® only
MAX, the constraint that penalizes deletion of segments. Candidate (a), othéreéhand, violates both
Max and DeP[u], which penalizes the insertion of moras. As a consequence, (a) wék tevchosen over

(b) to become the winning candidate. The CL candidate is also harmonicalhdediby a candidate in
which a segment that should be an onset is deleted:

(26) More harmonic bounding of the CL candidate in parallel OT

oo |
ki1 n il Max, DEFY]
[T |
L~ I
a®k i nil * . *
(R '
1
b.Ok i1 i o

In (26b), the second member of a two-consonant cluster is deleted arehthéing consonant is
syllabified as an onset. Because this candidate violates only, M will always beat the CL candidate
(which still incurs two faithfulness violations).

Finally, consider an input in which one member of the consonant clust@ehago be associated
with a mora, while the other is non-moraic (Remember that Richness of the @ass fis to consider such
candidates.):

(27) CL triggered by onset loss in parallel OT

o | !
k t 1 n il Max , DEP-L[y] } MAX-L[y]
HH U ! |
|
ak ¥ ol r1 o« s
v |
b.k + 1 1 * | * | *

8In the tableaux in this paper, vowels are represented as underlyinghian@his is done to highlight the relevant contrasts in
the moraic specification of consonants, but nothing hinges on this aisnmphe same result could be obtained by including an
undominated constraint against non-moraic vowels.
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MaXx-L[u] and DeEP-L[u] are constraints that penalize the de-linking and re-linking of moras to
segments, respectively. | will show later that the definitions of these @dmstiare contentious; for now, it
is enough to note that both of these constraints are violated when a morassagated from one segment
and re-associated with another. Notice, then, that lengthening can beréagy the loss of a coda or
by loss of an onset in (27), and there is no way of distinguishing the twabkimg these faithfulness
constraints. So there is ho way to capture the generalization that CL cahetriggered by loss of a coda
(or other moraically specified segment).

Along these lines, Kiparsky (2010) identifies four problems that CL pésegarallel OT, one of
which is particularly relevant here. This is the “distinctiveness problerh&r@ cannot be faithfulness to a
mora that is not present in the input. And we cannot guarantee that thatismmesent in the input because
of Richness of the Base. This is the thorniest problem for OT and, asilvee®, HS. Kiparsky provides
a good argument for why CL cannot be accounted for in parallel C3gedan two kinds of evidence: (i)
CL in Luganda involves resyllabification, and (ii) CL refers to a level @iresentation at which moras are
necessarily distinctive. He does not, however, present an alterrgipreach. What is clear is that some
kind of derivational component is required.

3.4 OT-CC

Shaw (2007) analyzes CL in OT-CC. In that framework, derivatiogsioinl several steps, each one incurring
one violation of a faithfulness constraint. Violations may be ordered witrerggp one another viaREc
constraints. Shaw’s analysis makes crucial use oRadconstraint that requires violations of A to
be preceded by violations ofE¥{u]. This ordering is intended to ensure that the correct moraic structure
is present before segments are deleted. In other words, a mora museliedn(and associated with the
consonant that is to be deleted) before any segment can be deleted.

Shaw notes that the only way to account for CL in OT-CC is to invoke mond@rghdn other words,
CL happens in two steps, but there is never a stage at which a mora is obedtta any segment. Instead,
the coda’s mora is first doubly-linked with the lengthened vowel. The codaanant is deleted in a second
step. Shaw’s approach can be schematized as follows:

| P I L B B # R T
Candidate ktlni - ktlnit - ktlni - ki n t
Constraint violated BrP{u] DEP-Link[ ] M AX

Table 1: Candiate sequence (Shaw, 2007)

This analysis runs up against at least two problems. First, it predicts thatyitanguage with
CL, there can be no deletion of other, non-moraic segments. Nor canbieleletion of moraic segments
that does not trigger CL. This prediction is not borne out; there are &gegi(like Turkish; see Section 2)
in which deletion of a consonant from coda position triggers CL, while deleiidhe same segment from
onset position does not trigger CL. The second problem is that the @nigly®t consistent with Richness of
the Base, which is a fundamental principle of Optimality Theoretic analysesetve a detailed discussion
of Richness of the Base for Section 3.3; for now it is sufficient to noteithatuires us to consider inputs
with both moraic and non-moraic segments. Shaw’s analysis, on the otlirdwersiders only non-moraic
inputs. If the consonant that is to be deleted were underlyingly assowidted mora, D=P[] would not be
violated by the insertion of a mora. That in turn would mean that no violations/of kbuld occur because
any deletion of a segment would not be preceded by insertion of a mora & Ht constraint requires.
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Given that Richness of the Base is a fundamental principle of constrasetEipphonology, this is a severe
limitation of the analysis.

4 Problems for Harmonic Serialism
4.1 Harmonic Serialism

HS is essentially a derivational variant of classic OT. The input makes mufigdses through the same
constraint ranking, with the winning candidate of each pass serving ashieto the following stage until
the faithful candidate wins and the derivation converges. Unlike in cl&§jchowever, each candidate
in a HS derivation may incur at most one faithfulness violafiofhis is gradualness—the idea that the
derivation proceeds in many small steps. Each of these steps is preadlmand is potentially a surface
form in some language that has a different constraint ranking: “iff anguage has the mapping-AB

— C, then another will have the mapping-A B (where B is the ultimate output)” (McCarthy, 2000; p. 20).

Despite its inherently derivational nature, HS is not naturally well suited @natysis of CL. CL
is a type of counterbleeding opacity—a mora is associated with a differgntesg on the surface from
the one it was associated with at some previous level of representatieh“whaerever classic OT has a
problem with counterbleeding opacity, harmonic serialism will too, since haicrs@rialism is just classic
OfT, iterated” (McCarthy 2007, p. 37).

At the same time, the derivational component of HS is well suited to the analysegmental
phenomena that make reference to metrical structure. McCarthy’'slf2@08lysis of syncope, for example,
makes use of an “intrinsic ordering” of building metrical structure befegnsents are deleted, and that
ordering seems relevant to CL as well. But the account relies@mBESTIVITY , which effectively prohibits
one level of prosodic structure from being built before the level belagvptesent in the input. This works
for prosodic structures like feet—a metrical word node can’t be intredumtil foot structure is present in
the input. The problem is that CL refers only to syllable structure, and itfisulifto see how this approach
would generalize. Syllables are automatically introduced at every step ietivatibn, and moraic structure
crucially relies on syllabification (for coda consonants to satisfy WBP,a&t)e It is not the case that the
higher prosodic category (the syllable) is introduced dependent orategary it dominates (the mora), as
it is for elements higher in the prosodic hierarchy. For this reason, it ismuoediately clear how HS can
answer the question of how to ensure that moras are assigned bdfdrerdiakes place. It is clear that we
need some additional mechanism to guarantee that prosodic structure kefoit segments are deleted.
First, let us consider how gradualism is implemented in HS.

Gradualism Gradualism—the idea that the output of any given step in the derivation canahmost one
faithfulness violation—is a central tenet of HS. While this requirement has tEaxed somewhat in more
recent implementations of HS in favor of operational definitions of gradugli®ruitt 2010j.a.), this body
of work is mostly concerned with metrical structure and the operationabapprdoes not easily generalize
to phenomena like CL that refer to both segmental and prosodic phondtogyhat reason, | will use the
faithfulness-violation-based definition of gradualism. The remainder os#uton is devoted to exploring
the implications of gradualism for the analysis of CL.

One relevant consequence of gradualness is that the deletion of @eohgan be interpreted as
proceeding in at least two steps: deletion of any associated place feahee deletion of the consonant
itself (McCarthy, 2008a). This process raises a number of interestiagtigns. There must be a stage
in the derivation where the coda consonant is placeless but still moragth&re languages that stop at

7In the strictest interpretation of HS (and the one which was originally inténdaithfulness violations are always evaluated
with respect to the input to the first pass. To maximize the clarity of tabldauik,evaluate violations with respect to the input to
the current stage. This decision is in accord with recent HS analyses.
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this stage? In other words, are there languages that have placeless comisonants which are derived
from underlying moraic consonants that have their own place features?idthe pronunciation of these
placeless consonants different from the pronunciation of underlylgbeless consonants like and 2/?
These questions will be explored in more detail in Section 5.3.

Furthermore, it is not entirely clear how this gradual approach to deletoerglizes to the as-
sociation between segments and moras; in CL, the segment should be ddideeteaving the mora in
place. Gradualness becomes much more difficult to define when we cohsitiesegmental and moraic
faithfulness constraints. Citing Campos-Astorkiza (2004), McCarthy cl#iais‘MAX[u] does not apply
to the moras associated with non-geminate codas” (McCarthy 2008a, p.12@ther words, for McCarthy,
deleting a mora associated with a coda consonant does not constitute iteovational step. As | will
show in the next section, treating constraints on the insertion and deletiorra$ m®something other than
faithfulness constraints raises a number of theoretical concerns, Uititnately a good idea.

Setting those concerns aside for the moment, the output of each passefiestifully faithful step
must incur at most one violation of (a single) basic faithfulness constraasicBaithfulness constraints are
limited to MAX[x], DEP[x], IDENT[f], and LINEARITY. In this sense, Gradualness has particular conse-
guences for prosodic structure:

In HS, [...] any step in a derivation that introduces the word level ofstituency must also
introduce the foot level [...]. This is entirely in line with the gradualnessirement, because
assigning word constituency brings with it no violations of any basic faitkfgrconstraints,
besides those incurred by concomitant foot assignment. (McCarthyp2p0809)

If we extrapolate to other levels of prosodic structure, this means thattepyieat introduces the syllable
level must also introduce moraic structure. This is acceptable becaig®iagsyllabic constituency brings
with it no violations of any basic faithfulness constraints besides thoserettby concomitant mora as-
signment. Further, because the output of every step in the derivatiolfaisiSgd, moraic structure must be
present in all outputs. At first glance, this looks promising for an anabf9i. because it seems to imply
that moraic structure must be built before, for example, deletion of segmmayt®ccur. But moras have a
dual status that hinders a straightforward analysis with respect to faiéisiiconstraints:

Quantity and syllabicity are matters of faithfulness, since they are both stim&ran some
languages, but weight by position is probably not, since the weight afndver seems to be
contrastive within a language [...]. It follows that changing a segmeugstity or syllabicity
is a [basic faithfulness violation], but, say, resyllabifying a moraic codara@moraic onset is
not. (McCarthy 2007, p. 76)

This dual status raises some theoretical concerns for a HS analysis &efire discussing some of the
relevant constraints, | turn to a preliminary analysis.

Fully Faithful Candidates At first glance, the concept of the FFC—introduced by McCarthy (2067
OT-CC, but equally applicable to HS—can help in ensuring that moraic stauistbuilt before any deletion
or lengthening applies. The FFC is the first step in any derivation, and it leustcandidate that violates
no basic faithfulness constraints. It can differ from the input in priggethat are not subject to faithfulness
constraints; practically, this usually amounts to a syllabified version of the.inpbhe next subsection
discusses the issues involved in determining this FFC in some detalil.

4.2 A schematic analysis

Suppose we start with a /CVC/ input. Suppose further that this particulat agmtains a non-moraic final
C. If the language has CL, the first step in the derivation will necessagilipkensure that the final C is
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assigned a mora. What will this look like under the assumption that we begin vithydaithful first
input?
The following constraints will be relevant for the derivation:

(28) Relevant constraints for a HS analysis of CL

a. WBP
Assign a violation for each coda consonant that is not dominated by a mora.

b. MAx[u]
Assign a violation for each mora in the input that is not present in the output.

c. MAX
Assign a violation for each segment in the input that is not present in thetoutp

d. NoCobpa
Assign a violation for every syllable in the output that has a segment in its coda

e. *ul/C (following Broselow et al. (1997))
Assign a violation for each mora that does not dominate a vowel in the output.

f. DEP[Y]

Assign a violation for each mora in the output that is not present in the input.
Given these constraints, the first step will look something like the following:

(29) Determining the FFC for a /CVC/ input

H . . : : :
|
C V C|| WBP, MAax[u] , MAX | NOCODA , *u/C , DEP[4]

M 1 1 1 1 1

| I I I I I
a.CVvC * 1 - * 1 1 1

H U 1 1 | 1 1

| I I 1 1 1
b.CVvC I ' I

Keeping in mind that a FFC is a candidate that incurs no faithfulness violatfers, are two possible FFCs
for the input given above. | will consider each of them in turn.

4.2.1[CW¥C]asaFFC

Suppose that [CXC], a form that is uncontroversially fully faithful to the input /CVC/, is the wingpiRFC.
If CL is to occur, we still need to assign a mora to the final consonant:

(30) First iteration: Assigning a mora to the coda consonant

M | | : |
|
C V C|| WBP, Max[u] , MAX | NOCoDA ; *u/C | DEP[4]

)% 1 1 1 1

| | | | |
a. cvece *| 1 1 * 1 1

u | | | |
bh. CV l L l l

,lll /Il 1 1 1 1
c.OCVC I I e

For the form with a moraic coda to be the winner at this step, WBP ang Must dominate WCODA (as
well as DeF[u] and *u/C). Here we have a ranking paradox. We want the consonant thagweititually be
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deleted to remain in the representation long enough to be associated with eHmraifzat to happen, kx

must be ranked abovedCoDA. But we want that consonant to be deleted at some point in the derivation.
If the consonant is to delete at alldCoDA must be ranked above Ak (Of course, we would also need a
constraint like DEpP-L[ ] to distinguish between the second and third candidates.). Otherwise rtteasot

that motivates deletion is ranked below the constraint that penalizes deietimm means that deleting the
coda consonant will never be harmonically improvfhg:

(31) Second iteration: A ranking paradox prevents the coda from deleting

T : . : '
| | I I I I
CV C| WBP: Max[u] + MAX | NOCODA 1 *u/C 1+ DEP-L[y]

HH | | o
alCVC : : A T

d : : o
b. CV I ! !

/’l l’l 1 1 1 1

l/‘ I I I I
c.eCcVC : L : Lx

OT-CC could potentially solve this problem with & PC constraint that requires violations of A
to be preceded by violations oftP{u] (see Shaw 2007), but problems arise from this strategy. First, such a
constraint would only work if the consonant could be guaranteed to benmuraic in the input. Richness of
the Base says this is not necessarily the case. We must consider forinawhat mora associated with the
coda consonant in the input. In those cases, there is no need to insed amddherefore no need to violate
DEP[] at all. If the constraint is not violated, theRBC constraint does not allow Mx to be violated,
meaning that the consonant could never be deleted. Furthermore rsaphlgsis predicts that no language
will have CL triggered by deletion of (part of) a geminate consonant (whiader standard assumptions,
would be underlyingly moraic). In this case, too, the segment is underlyagggciated with a mora and
the derivation would proceed without violatingeB[x] at all. Finally, HS does not have the option of using
a PREc constraint. To summarize, if [CAC] is the FFC from the input /CVC/, HS faces a ranking paradox.

4.2.2 [CW(C'] asaFFC

The analysis faces some additional challenges if{CY is the FFC. If, as mentioned in the previous
section, inserting moras to satisfy WBP does not violate any faithfulnesstraonts, it is possible that
[CVH#CH] could serve as the input to first step in the derivation. This would eliminateatiieng paradox—
we would not need Mx to dominate MCODA, and the ranking BCoDA > MAX could hold through the
deletion of the coda consonant:

8Here and in the analysis to follow, | abstract away from the idea that cansa@leletion must occur in at least two steps to
satisfy the gradualness requirement.
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(32) First iteration: Deleting the coda consonant

PR : | | |
(|
CV C|| WBP, Max[u]  NOCODA | MAX | *u/C | DEP[4]
Hou I I ! I
| | | | | |
a cvece | | *| x 1
M | | | |
| | | | |
b C V ] *! ] * ] ]
lll Y2 | | | |
cocCV ! ! s !

Notice, though, that [C¥CH] violates the constraint BFu] (see (29)). It must be the case, then,
that DEF[y] is not a relevant faithfulness constraint, at least when the mora is idgersatisfy WBP. This
is McCarthy’s (2008a) stance onM[u]. But MAX[u] is absolutely crucial to an analysis of CL as mora
conservation. There must be some penalty for violating it—otherwise, lgegusith non-geminate codas
could never have CL. If building moraic structure is not the kind of chdhgeincurs faithfulness violations,
there will never be any motivation to preserve that structure. Unless tistramts are redefined so that they
are violated only in certain circumstances, this is a major problem for the theory

If adding moraic structure to an input is acceptable in arriving at a FFQuwénto contradictory
assumptions about the nature of the constraint set and when thosesuastan be violated. One possible
solution would be to not take Richness of the Base at face value. Haviteigenot possible to ensure that
coda consonants are assigned moras in the input if the input is not sytlabifié assuming syllabification
in the underlying representation runs counter to the central principle¥ eih@ HS. Adding syllabification
to underlying representations would be undesirable for severalnga&yllabification is non-contrastive;
if we can derive it from independently-motivated constraints, it is urssary and redundant to include
it in the underlying representation. Furthermore, every possible foem gvery possible combination of
morphemes in the language) would have to be listed in the lexicon with its own syiéluifi. This would
be unwieldy to say the least for agglutinative languages; if we maintain thenasion that syllabification
is a constraint-driven process that occurs only after the relevantmeorps have been selected, the lexicon
remains a much more manageable size. It may be more fruitful to considdmnnmegeéhe problematic
constraints instead. This is the approach | take in the next section.

4.3 Constraints

4.3.1 DEF[Y]

Campos-Astorkiza (2004) defines a “positiopdicenser” in the following way:

(33) Letu be a mora and be a segmeny; is a positional-licenser ofa, iff u is the only prosodic unit
immediately dominating.

In other words, a positional mora is a mora that satisfies WRRIras that indicate vowel length are not
positional moras because two moras dominate the long vowel, and moras thatdérgéminate consonants
are not positional moras because the consonant is dominated by a moraddahef one syllable and by the
syllable node in the following syllable. The constrainoB(TIONAL)-DEP[u] is defined in the following
way:

(34) P-DeP[ul:

A non-positionalu-licenser mora in $has a correspondent in.S (Campos-Astorkiza 2004, (20))

%0r a mora that is inserted to be associated with a vowel that happens reotrtorhic in the input.
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This means that, for example, inserting a mora because an onset carisaeagllabified as a coda, does
not incur a violation. The constraint penalizes only the insertion of moragliiaage length.

P-DeP[u] is not without its problems, however. The constraint does not penaleeé#ertion of
a mora that exclusively dominates an initial consonant (35a) or of moraddha@nate each member of a
complex coda (35b):

g i
(35) a.tat-> tat

i WAAh
bhtanst—- tans:t

If WBP and related constraints are high-ranking enough, though, e definition of the constraint will
not matter—a constraint that penalizes moras associated with onset antsssinould rule out (35a), while
a constraint that penalizes syllables containing more than two moras woulsutuf@sb).

This type of constraint does appear to solve the fully faithful candidatel@m. If inserting a mora
to satisfy WBP is not a faithfulness violation, a candidate with a moraic codsooamt will be the input to
the first step in a HS derivation, regardless of whether that mora isriiedée underlying form. Returning
to a hypothetical example, it is clear that this is possible only if we use&HR) instead of DEP[u]. (36)
shows that the insertion of a mora associated with a coda consonant viokwgg but not P-DeP[y].
Because the FFC must be a candidate that violates no basic faithfulnessacus, this contrast provides
evidence for the claim that it is P u], not DEP[], that is a basic faithfulness constraint.

(36) Inserting moras associated with coda consonants does not viol&terpPx]

u
C \l/ C|| DEFu] | P-DEF 4]
7
a. CVCcC
o
b.OCVvVC *

P-DeP[u] would help eliminate the Mx/NoCoDA ranking paradox; if it can be guaranteed that a form
with a moraic coda is the FFC, regardless of the moraic specification of the Mpx need not dominate
NoCoODA.

Campos-Astorkiza (2004) does not discuss RxYk], but we would expect it to be a (useful)
constraint—it would be strange to have R=#)u] but not DEF[u] on the one hand and M[u] but not
P-MAX[u] on the other. Furthermore, if PHMu] is formulated so as to ensure that non-moraic inputs
satisfy WBP without violating any basic faithfulness constraints, RxM:] ought to be used to ensure that
moraic inputs correspond to non-moraic FFCs in languages that do rehlghranking WBP. In Campos-
Astorkiza 2004, part of the justification for redefiningeBJu] comes from the fact that the accepted version
of the constraint predicts an unattested variability in coda weight dependivghether or not the input
happens to be moraic. In (37b) and (38b) (Campos-Astorkiza’s (ib)&b)), we see that rankinged{u]
above WBP incorrectly predicts the existence of a language in which antkorants are moraic if and
only if they are moraic in the input. The prediction directly contradicts the assominat segments may
be moraic or non-moraic in the input, with their eventual moraic specificatioerdigmt only on their
position within the syllable.

(37) For a non-moraic input: (838) For a moraic input:
a. WBP> DEePu]: /ICVC/ — [CVCH] a. WBP> DEePu]: ICVCH/ — [CVCH]
b. DeEPu] > WBP: /CVC/— [CVC] b. DePu] > WBP: /ICVC!/ — [CVCH]
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A similarly problematic prediction can be made foral[u]. Here, the other relevant constraint is
not WBP but %/C, which penalizes moras that are headed by consonants. In this aakiegrMax [u]
above 1/C again predicts the existence of a language in which coda consonameiie if and only if
the corresponding segment is moraic in the input:

(39) For a non-moraic input: (40) For a moraic input:
a. *u/C> MAX[u]: ICVC/ — [CVC] a. *u/C> Max[u]: ICVCH — [CVC]
b. MAx[u] > *u/C: /CVC/— [CVC] b. Max[u] > *u/C: ICVC/ — [CVCH]

That said, P-MX[u] cannot be the relevant constraint for the analysis of CL. While it shbald
possible to delete moras that are unnecessarily associated with segmentaridghging representation,
once those moras are appropriately associated with coda consonartmiit proceed unless those moras
are preserved. In particular, the derivation falters if the coda cam@nd the mora associated with it can
be deleted at once. Because the mora associated with the coda coris@pasitional mora, P-WX []
does not penalize its deletion. This means that both the consonant and itsandra deleted in the same
step, violating only M\x. This would mean that it would always be better to delete the consonant and its
mora than to keep the consonant and its mora with the preceding vowel:

(41) Hou | | : :
CV C|| WBP, P-Max[u] ; NOCODA | MAX | *u/C | DEP-L[]
Hou 1 1 ! !
| | | | | |
a cvece | | *| x 1
M | | | |
| | | | |
b[l C V ] ] * ] ]
MM 1 1 1 1
c.oc Ve | Y A

In (41), candidate (b) is the winner because the coda has been del&teidting the violation of bCoDA
that is incurred by each of the other two candidates. Candidate (b) vialalgshe lower-ranked MX,
which means that the winning candidate is one that has deletion but no leimgth€he intended winner is
candidate (c), in which the mora is shard between the coda consonatiegmeceding vowel. With (c) as
the input, the next step in the derivation would delete the consonant, lealong aowel.

Notice, though, that candidate (is)ruled out by Max[u]. The traditional version of the constraint
penalizes the deletion of all moras, not just those that are associated wigingjtle of a segment. It is clear
that MaX[y] is the constraint required for the analysis of CL because the mora aesbwith the deleted
consonant is a positional mora in the input but becomes a non-positionalgjimora over the course of the
derivation. Furthermore, if MXx [x], rather than its positional variant, is a faithfulness constraint, candidate
(b) above would not even be considered in a gradual derivatiorubectviolates both Mx[u] and MAX.

If M AX[u] is used, the relevant candidate is one in which the mora, but not thei@ssbconsonant, has
been deleted. That candidate is ruled out by undominated WBP:

(42) KK | | : :
CV C|| WBP, P-Max[u] , NOCODA ;, MAX | *u/C | DEP-L[4]
MM 1 1 1 1
| | | | |
a cvece | | * | !
lll | | | |
b. cvc| = | I T
MM 1 1 1 1
cocve | AR .
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Using Max[u] rather than P-MX [u] prevents a mora from being deleted when the coda consonant
with which it is associated is deleted. This is because deleting both the moraeaségiment runs afoul
of gradualness only if the deletion of all moras, not just those that cheasggment’s length, is penalized.
Otherwise, we would not be able to derive CL—it would always be betteatisfg NOCODA by deleting
both the mora and the consonant. In what follows, then, | will assume that[M is the high-ranking
constraint that penalizes deletion of moras. Doing so leaves two questianswered. First, how do we
reconcile the fact that lx [u] makes incorrect predictions with respect to moras that happen to benprese
in the underlying representation with the fact that the same constraint is @mdigple for the analysis of
CL? Second, how do we account for deletion of coda consonants dkatribt result in lengthening? If
Max[u] requires all moras in the input to be present in the output, we make the éat@mnediction that
a mora associated with a coda consonant will remain every time that codatsddeteesyllabified as an
onset. It is possible that these questions could be addressed with yle¢rafoomulation of MaX [u], but |
leave that suggestion as an area for future research.

4.3.2 Link constraints

DEPLINK (1) and Max LINK (u) are first proposed in Morén 2001, where they are formulated as fallow

(43) DEPLINK-MORA[SEG]—Ietj be segments,Phonological representations,
SRS,
{1is an element of §
(> is an element of
{1 Rz, and
(> belongs to a specific sonority class of segments,
if £ is associated with a mora,
then/ is associated with a mora. (Morén 2001, p. 28)

(44) MAXLINK-MORA[SEG]—Iet {; be segments,Phonological representations,
SIRS,
{1 1s an element of §
(> is an element of
{1 R, and
(> belongs to a specific sonority class of segments,
if £1 is associated with a mora,
then/, is associated with a mora. (Morén 2001, p. 27)

The constraints in (43) and (44) make no reference to links as objecty. stimply require that segments
that are linked to a mora in the input should be linked to a mora in the outpuic@rersa.

The idea is that these constraints are required in additione®[) and Max[u] allows for reas-
sociation of moras in CL but prevents moras from reassociating at rantleentableau in (45) shows that
DEePu] and MAaX[u] do not penalize the reassociation of moras and cannot by themselveguiistiine-
tween candidates (b) and (c). (c) is selected as the winning candidate/oafy DEP-L[ 1] and MAX-L[u]
are included in the constraint set:
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(45) DeMu] and MAX[u] do not prevent reassociation of moras

H | | |
|
V C || DEPLINK-u[C] ; MAXLINK-u[V]  DEF[u] | MAX[y]
2 Ve - - T
M 1 1 1
| 1 1 |
b. V C * I * | |
Y2 1 1 1
| | | |
covece I I I

It is unclear how these constraints can translate from parallel OT to H®+img a mora still
conflicts with gradualness by violating botleB /] and DeP-L[x] as formulated here. Two solutions to this
gradualness problem are immediately apparent. The first is to reject thémtmnalation of gradualism and
allow the output of a single pass through the derivation to violate two relatbfLiaess constraints. While
this approach is certainly possible, it would require redefining a centrat & HS. It is true that recent
work in HS has reinterpreted the gradualness requirement, but a meonéprg avenue for out purposes is
to redefine [EP-L[u] so that it is not violated when B[] is; that is, so that no violations of Ep-L[u] are
incurred when a mora is inserted:

(46) DepP-L[y] (revised version):
Given a segmenf; and a morau in the input, assign a violation jf; is associated witlf; in the
output but not in the input.

(47) MAX-L[u] (revised version):
Given a segment; and a morauz in the output, assign a violationif; is associated witl; in the
input but not in the output.

(46) prevents a particular mora and a particular segment that are ppesenlinked in the input to
be unlinked in the output. It is not violated if a mora is insed®@7) requires that, if a particular mora and
a particular segment are linked in the input and both are present in the,dbushould also be associated
in the output. The constraint is not violated if the segment or the mora is deleted.

This redefinition is necessary given the gradualness requirement.df & were not allowed to
link a newly inserted mora with a segment, it would be necessary to go throuigiteamediate stage that
contains a floating mora. Moras, though, are not pronounceable uhisare associated with a segment.
Floating moras are a problem for HS given that the intermediate represantaticst be a possible output in
some language. Floating moras are not valid surface representatighsy should be disallowed byga.
Even if GEN does not generate candidates that have floating moras, there must stilblgéa@insert moras.
The only way to insert a mora without creating a floating mora is to associatentirat with a segment
immediately. The relevant constraints, then, must be redefined so that thisiblp. Given a constraint set
that is fully consistent with the principles of HS, | now turn to an analysis of CL

5 Compensatory lengthening with gradual deletion
5.1 Gradual deletion

McCarthy (2008a) presents a HS theory of consonant deletion in whelsggment is deleted in two
stages. First, the consonant’s place node is deleted, creating a plaxeiessant. In a subsequent step
of the derivation, the root node is deleted, removing the consonanttiremepresentation entirely. This

1Thanks to Oliver Northrup for helpful discussion of this point.
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idea of gradual deletion grows out of a controversy over whetheegistures should be governed by an
IDENT[Place] constraint or by Mx[Place] and EP[Place]—in other words, over whether a place feature is
an attribute of a segment (in which caseNT[Place] is appropriate) or an entity of its own that is autoseg-
mentally linked to the consonant itself. In the latter casexiiPlace] and EFPlace] are the appropriate
constraints. These two options have consequences for the probass bensonant deletion. If the relevant
constraint is bENT[Place], consonants can be deleted in one step, even in a framewatkaioad by grad-
ualness. Deletion violates only Ak[Segment]; bENT[Place] has no effect. If, on the other hand, place
features are entities in themselves, deletion must take place in two stages, theoplace node is deleted,
incurring a violation of Max[Place]. In a later derivational step, the consonant itself is deletedyingla
violation of MAX[Segment].

(48) Max[Place]
Letinput Place tier= p1p2ps. . . pn @andoutput Place tier= P1P2Ps. . . Py Assign one violation mark
for everypy that has no corresponde®y. (McCarthy 2008a (4))

Max[Place], as defined in (48), has a particular benefit for the analysiseophenomena with
which McCarthy is concerned. Cross-linguistically, intervocalic bicoastal clusters are simplified either
via deletion or via nasal assimilation. In both cases, it is the first consotiengne in coda position,
that is affected. No language systematically simplifies these clusters by deletingset consonant. This
tendency cannot be straightforwardly explained if a consonant caelb&ed in a single step. Much as we
saw in the failed analysis of CL, there is no way of distinguishing betweemdidate in which the first
consonant is deleted and one in which the second consonant is defetadthe other hand, deletion is a
two-step process, @OACOND ensures that it will be the coda consonant that loses its place featuse, thu
allowing the consonant to be deleted in a later step.

(49) a. ®DACOND
Assign one violation mark for every token of Place that is not associatedavadigment in the
syllable onset. (McCarthy 2008a (6))
b. HAVEPLACE
Assign one violation mark for every segment that has no Place specification  (Ibid. (8))

Using the constraints in (48) and (49), it can be guaranteed that thecendanant, but not the onset, deletes.
This contrast is illustrated in (50a) and (50b) below (McCarthy’s (9) @2Q):

(50) a. Harmonic improvement ipat.ka, paH.ka, pa.ka>

/patka/ || CobACOND | HAVEPLACE : MAx[PIace]| Max
a. pat.ka is less harmonic than *| |
b. paH.kais less harmonic thal *1 : *
c. paka : * *

b. Harmonic bounding okpat ka, pat.Ha>

/patka/ || CODACOND | HAVEPLACE ! MAx[PIace]: Max
a. pat.ka is more harmonic than * : : :
b. pat.H 0 R l

Gradual deletion allows us to capture the asymmetry between codas amsl dubde underlying
representations are not syllabified, the output of the first step of theten is. And because the consonant
is deleted in two steps with deletion of the place feature occurring first, theitootghe first step is a
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syllabified form with the same segmental makeup as the input. In other woedhja deletion guarantees
that the intermediate representations are syllabified before deletion of segtakes place. This in turn
allows us to make distinctions between onsets and codas that are not pagsiniesyllabification and
deletion happen within a single pass through the constraint ranking.

This coda/onset asymmetry is also a property of CL—deletion of segmenishida position can
trigger lengthening, while deletion of segments from onset position newes. dib seems, then, that the
analysis of CL might benefit from incorporating gradual deletion. As \kesee, gradual deletion appears
to be a promising strategy for deriving CL in HS; there is, however, a lal@gs of lengthening that is
impossible to account for under a gradual deletion approach.

5.2 Komi IZma CL with gradual deletion

The immediate appeal of the gradual approach to the deletion of consisémds it appears to eliminate
the MAX/NOCODA ranking paradox that made the previous attempt at a HS analysis unteBalokuse
it takes at least two derivational steps to delete the coda consonant, itovitlenpossible to delete that
segment before it can be associated with a mora. When the consonanitdogkace feature, a placeless
consonant remains. Because coda consonants must be moraic in aragetigat has CL, WBP will require
the placeless consonant in the intermediate representation to be assodia@dmnra. In general, it must
be the case that:
W i g W
(51) C V ismore harmonic than C V Hvhich is more harmonic than bothC Vad C V C

The schema in (51) guides the shape of the derivation and, thereferegistraint ranking. Given
an input of the form C¥CH* or CV*C, the output of the first pass through the constraint ranking must be
a form with a placeless, moraic coda consonant{id"j. Before the ultimate output, C¥, there must
be an intermediate stage in which the mora associated with the placeless cedaasurs shared with
the preceding vowel. When the form with the shared mora serves as thetoniiie next step, the coda
consonant is deleted altogether, leaving a form with a long vowel andda co

Recall that, if we assume that PEF[1] is the relevant basic faithfulness constraint, inserting a mora
does not constitute a derivational step on its own. This means that insertiogaaand deleting the place
features of a consonant can occur simultaneously?@¥an become CAH in a single pass through the
constraint ranking. And because inserting the mora is not a step in itsetiutpat of the first step of the
derivation is CV'H* regardless of whether the input is @¥ or CWCH.

For concreteness, | return to the familiar Komi IZma example. As long/@obA and WBP both
dominate MhX[place], the most harmonic candidate will be one with a placeless moraic codarmant.
This is illustrated in (52) for an input with a non-moraitdnd in (53) for an input with a morait//

(52) Firstiteration: Mora assignment and deletion of place node

H H I
Ki1ni WBP , *I/Copa | Max[Place]
oo |
a kit lni ¥ *
]
b. ki1 1n1 I *|
wnowl
ccOk t Hn 1 ! *
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(53) First iteration: Deletion of place node

(] :
k i+ 1 nt| WBP, *I/CobA | MaX[Place]
i :
a kilni I *l
]
b. ki 1ni o *
(RO} |
c.Ok t Hn I *

In (52), the faithful candidate (a) loses because it violates WBP HGdbA. The candidate that retains the
place features of the coda consonant (b) is ruled outifyODA. This makes candidate (c), which contains
a placeless moraic coda consonant, the input to the next step in the deriv@tiacially, candidates like
/kini/ are not considered. That candidate cannot be derived from théimga single step as it incurs two
separate faithfulness violations—one for deletion of the consonant’'s f@ature and another for deletion
of the consonant itself:

The process is similar for an input with a moraic coda consonant. This time, ieiithful
candidate (53a) that is ruled out by €obA. The form with a non-moraic coda consonant (b) is eliminated
by WBP, and the winner is again the form that contains a placeless, modsicoasonant. Here, todihi/
is not considered because that candidate violates several faithfalrestsaints—NMXx[Place], Max, and
MAX [].

Considering only the first step in the derivation, we have already seeadifentage of gradual
deletion: The output of the first step is the same regardless of whetheptithappens to contain a moraic
/1l or not, and there is no danger of the desired, moraically specified feimg lbeaten by a candidate from
which the coda consonant has been deleted. The rest of the derivhton proceeds as expected. The
output of the second pass through the constraint ranking is a form irhvahicora is shared between the
placeless consonant and the preceding vowel, as illustrated in (54).

(54) Second iteration: Mora sharing
(RO
k + Hn 1| WBP

*|/CoDA | MaX[Place], *u/C | *SHARE

DEP-L[y]

Q@
-
—_

*|

=
= | I—-R
=}

L1
b.Ok t Hn

u

!

1
[Il | | 1
i

Here, the faithful candidate is ruled out by/€, which penalizes moras that exclusively dominate a conso-
nant. That constraint dominates both#&RE and DepP-L[u], so the winning candidate is (54b), in which
the mora associated with the consonant is simultaneously associated withdbeipge/owel.

Notice that a number of logically possible candidates are not considerégtjridr theoretical
reasons.ki*Hni#/ is not considered because deleting the positional mora does not corstiteitizational
step (Such a candidate would also be ruled out by WBP.). A candidaté&ifié“/u/, in which the placeless
consonant has been deleted with a floating mora left behind, is ruled caudefloating moras are assumed
to be disallowed by &N. The candidateki“ni/ violates gradualness because both the coda consonant and

There is another logically possible candidate in (52): one in which the canstas been deleted, leaving a floating place
feature. Whether floating place features are allowed Iy @& a question that is beyond the scope of this paper. In any case,
deleting the consonant but leaving its place feature unassociated willehoésgult in CL unless that consonant’s mora is also
unassociated. These forms can either be ruled out by a restrictiorstigéénmediate representations with floating features/moras
in GEN, or by highly-ranked constraints that preclude floating features amedsno
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its associated mora have been deleted. Andiifii/, both reassociation of the mora from the consonant to
the vowel and deletion of the coda consonant have occurred, alsmguafoul of gradualness. Again, the
crucial ranking for this step isu/C > *SHARE, DEP-L[u]. As long as the mora is associated with only the
coda consonant, that consonant cannot be deleted without violatidgagness.

In the last step, the placeless coda consonant is deleted, leaving aVeelg Vhis deletion does not
need to be motivated by a separate constraint; as longmasrSis ranked above Mx, the CL candidate
will be more harmonic than the candidate that has a shared mora. Andlesganflwhere this constraint
is ranked, the consonant will not be deleted until after the mora-shagpg-ss we have seen, gradualness
makes it impossible to delete the consonant altogether in either of the previostefygo

(55) Third iteration: CL
Mo

L1 I

k t Hn 1
N
a. kit Hni

WA | | | |
b.0k 1 n it

|
WBP |, *l/Copa | Max[Place], *u/C | *SHARE ; DEP-L[u] | MAX

*|

In this pass through the constraint ranking, shown in the tableau in (85¢ltlcandidate (b) wins because
it violates only MaXx, which is ranked very low. The faithful candidate (a), which contairtsaasiesd mora, is
eliminated because &\ RE dominates MX. After this, the derivation will converge, as no further change
to the CL candidate better satisfies the constraint ranking.

This analysis also makes the correct predictions for Komi IZma forms timaicol/ in onset posi-
tion. Consider the underlying forrkil+i/ ‘hear-1sc.PAsT. With that input, the derivation converges on the first
pass, as no possible candidate better satisfies the comstnaking than the faithful one. In particular, no advaetag
is gained from deleting thé/k place feature, as shown in (56):

(56) First iteration: Convergence
uop :

k t 1 1| WBP, */Copa | Max[Place], *u/C | *SHARE , DEP-L[1] ; MAX
M M 1 1 1 1
! I | 1 1 |
alk 11 1 1 1 1
M M 1 1 1 1
| | I 1 1 1
b. ki HI1i *1

In the tableau in (56), the faithful candidate is the winmetlie first step of the derivation because it violates none
of the relevant constraints, either markedness or faitiefed. The placeless consonant in candidate (b), on the other
hand, fatally violates Mx[Place]. Thus, the analysis correctly predicts neitheetith nor lengthening when all /
appears in onset position.

Finally, the gradual deletion approach correctly predictsabsence of CL when a consonant other thian /
appears in coda position. To illustrate this, consider toedwfor/, meaning ‘house’. This word has aut ih coda
position, and there is neither deletion nor lengtheninghim derivation. Here, too, Richness of the Base requires
consideration of inputs with moraic consonants as well patsiwith non-moraic consonants. In either case, the first
pass through the constraint ranking produces a form thainsethe codar/ but has the coda’s mora shared between
the coda consonant and the preceding vowel:
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(57) First iteration: Mora sharing

T . : : :
|
[ o r || WBP, *I/Copa | Max[Place], *u/C | *SHARE , DEP-L[x]  MAX
M 1 1 I I
| I I I |
a [or ol B 1 I I
W | | | |
b. [or : Ll : :
o | | | |
(| I I I |
c. [oH 1 *1 [ 1 I
U | | | |
L1
dOJfor : : * : * :
(58) First iteration: Mora sharing
WK : : : :
[ o r| WBP, */Copa | MAX[Place], *./C | *SHARE ; DEP-L[y] ; MAX
MM 1 1 1 1
(| I I I |
a [or 1 ¥ 1 1
u | | | |
b [or| * | I I I
KoM | | | |
(| I I I |
C J oH l *1 P 1 l
U | | | |
dOJor : : * : * :

The same set of faithfulness violations is incurred by theddates in both (57) and (58), precisely because inserting
a mora associated with the coda consonant does not incuri@agians. 1/CoDA has no effect because there is no
coda I/; therefore, there is no motivation for deletion of the codasonant. In both cases, the form with a non-moraic
coda is ruled out by undominated WBP. The form with a mondifatally violates %/C because its mora is associated
only with the consonant. Candidate (c), which contains agdss consonant, also violateg® and is ruled out by
Max [place]. Candidate (d), then, emerges as the winner bedatiskates only the relatively low-ranking constraints
*SHARE and DeEP-L[u]. The form with the shared mora becomes the input to the mepetion:

(59) Second iteration: Convergence
Ty '

l/‘ I
[ o r || WBP, *I/Copa | Max[Place]

H U 1 1 1 1
L1
al[for 1 1 * 1 1
H | | | |
b. [ oH I *1 I * I I

M AX

*u/C | *SHARE | DEP-L[y4]

As the tableau in (59) shows, the derivation converges onra fmntaining a shared mora. The faithful candidate
violates only *S1ARE. The candidate with a placeless coda consonant is harntigrboainded because it also violates
the higher-ranked Mx[Place], so there is no change to the mora-sharing form tibbetter satisfy the constraint
hierarchy. Notice that CL is not an option at this point; dialgthe codai/ would violate both M\x[Place] and M.
And because candidate (b), with its placeless consonamrimonically bounded, this deletion will never get off the
ground. The gradual deletion analysis, because it encesnagra-sharing, predicts closed-syllable lengthening in
languages that have CL; as we will see later, this predidgtidiorne out in Komi IZma (Igushev, 1972).

It seems, then, that we have derived CL in HS, with the amalgsicially relying on gradual deletion to
ensure that coda consonants are not deleted before theyeassbciated with moras. Unfortunately, there is a large
class of cases of canonical CL that gradual deletion caroumtuat for. | turn to that class of examples now.
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5.3 Problems with the gradual deletion approach
5.3.1 Empirical inadequacy

Laryngeal consonants, among thdmand #/, are very common triggers of CL. Deletion &f causes lengthening
in colloquial Turkish (Sezer 1985; see Section 2) and inoteridialects of Farsi (Kavitskaya 2002; Darzi 1991; see
Section 2). Loss of?/ trigers lengthening in colloquial Tehrani Farsi (DarzB19see Section 2) and Ket (Kavitskaya,
2002), as well as in Bella Coola, Choctaw, Klamath, Leti, ek, and Wanka Quechua (mentioned in Kavitskaya
2002). Representative examples from Bella Coola and Chaata shown in (60) and (61) below.

(60) Au?k/ — [tuk?] ~[tuk] ‘repulsive’ (Bagemihl 1991, (67))
(61) kowi?-pa-t/ — [kowirpat] ‘this mountain lion (subject)’ (Ulrich 1993, (14b))

A further, particularly well-known historical example ofrechronic CL triggered by loss of laryngeal con-
sonants is found in Indo-European, as illustrated in (62ytd?Indo-European had several laryngeal consonants that
were lost as the language developed, triggering compaydataythening and leading to contrasts in vowel length.

(62) Proto-Indo-European *wéijb ‘you would want — Proto-Germanic wik ‘you want'(Ringe 2008, p. 78)

This is a problematic body of facts for the gradual deletippraach to CL because laryngeal consonants are
generally assumed to be placeless (Iverson, 1989; McCarg88). Deletion of laryngeal consonants, therefore, can
take place in a single derivational step even if gradualtaelés assumed. And if deletion can occur in one step, we
run into the same problem we saw in the non-gradual apprdaehli always be better to delete a non-moraic coda
consonant before it can be associated with a mora than itéate the consonant in place, assign it a mora, share that
mora with the preceding vowel, and then delete the consonant

To illustrate this problem, consider an example of TurKistieletion. Recall that, in colloquial Turkist//
is deleted from coda position when it precedes a nasal stapcontinuant. This deletion causes lengthening of the
preceding vowel, and must be motivated by a phonotactictainsof the following form?

(63) hConD
Assign one violation for every instance a&f In the output that is either:
a. Preceded by a vowel and followed by a continuant or a n&sal ar
b. preceded by a vowel or a voiceless consonant and followedvowel.
Because hGND is the constraint that motivates deletion, it is the coyagrof *I/CoDA in the Komi IZma example
from Section 5.2. To see the effect of this constraint, abersihe derivation of /tahsil/ ‘education’. Consider firgt a
input containing a non-moraib/. (Segments that would surface aédre represented as H in the tableaux that follow

to emphasize the fact that the consonant is not inhererslycésted with a place feature.) The first pass through the
constraint ranking, shown in (64), shows that deletion égred to mora-sharing:

(64) Firstiteration: Deletion

TR : : : :

| |
t aHs 1 1| WBP, hConp | Max[Place], *u/C | *SHARE , DEP-L[y] ; MAX

1% M | 1 1 1
I | I I I I

a. taHs 11 * * | | |
Hp p | | | |
(| | ] | | | |

b. taHs 111 | *| p | I
T | | i i
I [ I I I I

c.OOt as 11 | | | o *
M M H | | | |
L1 | ]

detaHs 11 : *| : * : * :

2admittedly, this is not a particularly coherent phonotactic constraint; hewedwsee no coherent way of characterizing the
environments from whichy/ is deleted.
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The faithful candidate, which contains a non-moraic codesooant, is ruled out by the highly-ranked WBP. Candidate
(b) avoids that violation with a moraic H in coda positiont liincurs a fatal violation of hOND. The desired winner,
candidate (d), is ruled out thanks to the violation ofdND that it too incurs. This means that the winning candidate is
(c), which violates only MXx. We have seen that an intermediate stage of mora-shariegéssary for the successful
analysis of CL in HS, but with this ranking, we cannot get te thora-sharing stage unless the consonant in coda
position is underlyingly specified for place. Notice, tdmtthe problem persists for inputs that have a mora assdciat
with the h/. Again, because the positional mora can be inserted withenalty, the candidate set for the non-moraic
input is the same as the constraint set for the moraicallgiSpeé input.

Furthermore, it is not the case that this problem can be ddlyeanking Max above h@ND. The MaXx >
hCoND ranking will allow the mora-sharing candidate (d) to be tiwpat of the first step in the derivation, but we
will encounter a different problem on the second pass. Thetfio steps of this derivation are shown in (65) and (66),
respectively.

(65) Firstiteration: Mora sharing

T T : : : :
| |
t aHs 1 1| WBP, MAaX | hConD ; Max[Place]| *u/C , *SHARE , DEP-L[4]
K M l | | |
I | I I I I
a taHs 11 oo * | I I
HH Mp | | | .
(| [ | I | |
b taHs 11 | * | ¥ I
TR | | | |
I [ I I I I
c. tasi1l ! | | I
hoH M | | | .
L1 1
dOt aHs 11 : * : Lo L
(66) Second iteration: Convergence
H H : : : :
tahs i 1| WBP, Max | hCOND, Max[Place]| *u/C | *SHARE , DEP-L[4]
A : | | |
a.ldt aHs 11 ! * I | * |
Up M | | | |
L~
b.Ot a sl ¥ l l l

With the revised constraint ranking, candidate (65d), Wiias a shared mora, does indeed serve as the input to the
second step. At that point, though, the derivation convermgethe candidate with the shared mora. The tableau in
(66) shows that, if Mx is ranked above h@ND, deletion will never be available as a repair strategy fotations

of hCoND and lengthening will never occur. This is another instarfad®familiar ranking paradox that arises when
consonants can be deleted in one step: In order for the canstm be assigned a mora,AM must dominate the
constraint that motivates deletion of the consonant. Bilat consonant is to be deleted at any point in the derivation
the constraint that motivates its deletion must be ranked@Max. Because the gradual deletion approach crucially
relies on deleting the place feature first, leaving the wspleified consonant syllabified long enough to be associated
with a mora, it cannot account for cases in which the congsoimaguestion already lacks place features. So while
gradual deletion of consonants seems like a promising #aallytool in that it helps account for many canonical
instances of CL, itis clear that something else must be saaddount for the full range of triggers for lengthening.

5.3.2 Theoretical concerns

In addition to the lack of empirical coverage, the gradudgtien approach raises a number of theoretical concerns.
Foremost among these questions is the nature of the placad@sonant in the intermediate representations. What
is the motivation for positing this particular intermedidorm? The existence of /H/ is based on the assumption that
Max[Place] and [EP[Place], rather thandENT[Place], are the appropriate constraints for restrictimgnges to place
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features. In this framework, though, other properties #inatusually represented as features are tacitly assumed to b
governed by bENT constraints. What is the motivation for treating [+cororad]an entity autosegmentally linked to

a consonant while [+voice] is treated as an attribute of anged? Segments can assimilate to adjacent segments in
either place or in some other feature like voicing or nagadit it is not the case that the former behaves like an entity

while the latter behaves like an attribute, at least in thaec

Furthermore, itis not clear what the other properties &f pfiaceless consonant would be. If we take seriously
the idea that each intermediate step in the derivation nmauatgmssible output in some language, we are committed to
the idea that the /H/ in the derivations above is pronourleeéibsome languages—Caribbean Spanish, for example—
there is evidence of debuccalization td (Terrell, 1979). At the same time, though, we have evidénoe CL
triggered by the loss of laryngeal consonants that this &dhot be formally equivalent tad/ /H/ cannot trigger CL
when it is deleted, but/ demonstrably does. This difference cannot be resolvedsbyraing thatll/ is inherently
associated with a place feature because, if that were tleewasvould still not have an explanation of how /H/ should
be pronounced. In other words, the only way to account for @h gradual deletion would be to assume that /H/ is
pronounced exactly the same way sbut that 1/ has its own place feature while /H/ does not.

McCarthy (2008a) admits the possibility that languagesskavhether or not their laryngeal consonants are
associated with a [pharyngeal] place feature. Tigre, itaiBred, allows?/ in coda position only when it derives from
debuccalization of’/; underlying #/ and h/ are barred from surfacing in coda position. However, tiidence is not
particularly convincing. First, the data cited in that pa@e from Rose (1996), which clearly shows titdig allowed
in coda position, at least word-finally. Secondly, Tigresuepenthesis as a repair strategy for removing consonants
(including, but not limited to, laryngeals) from coda pasit, and it seems plausible that such epenthesis would occur
before debuccalization. Finally, it is still redundant twsfi two consonants that are pronounced in exactly the same
way but have two distinct featural representations. If theg@less consonants are indeed pronounceh/ @nd £/,
there is little empirical reason for distinguishing the two

Even this set of assumptions would not be enough, thoughl/ it/a pronounceable consonant that has had
its place features deleted, it should retain the rest of da¢ufes of the corresponding underlying consonant. In a
way, this idea is sensible—if the original consonant is santrfor example, the /H/ derived from it should also be
sonorant. Such a system could intuitively capture two fmbssivays of deleting coda consonants. In the case of a
sonorant coda likel/, the consonant could be heard and reinterpreted as pareafucleus, perhaps triggering CL
(Kavitskaya, 2002). Other, less sonorant consonants mighken to the point where they can hardly be heard at
all. This latter type of deletion might indeed plausiblylinde an intermediate stage of something liké But this
algorithm will not always produce a valid speech sound. masclear how a placeless consonant derived from a nasal
could be pronounced given that nasal consonants must byitaefihave a place of articulation no more back than
velar. Similarly, I/ ought to have a [lateral] feature that is retained even viherjcoronal] place feature is deleted.
Again, it is not clear how a placeless lateral would be prowedl. It is also difficult to imagine what a HS-compliant
theory of features would look like. Changing other featureatingent on deletion of the consonant seems like a
plausible strategy until we consider the fact that, undeeotircumstances, such changes should incur violations of
IDENT constraints. The only solution is to change the basic definitf gradualness: As manpENT[F] constraints
as necessary can be violated only whenxXPlace] is violated; otherwise, only one#NT[F] violation is allowed.

In other words, the only way to maintain the claim that intediate stages of the derivation are all pronounceable is
to change one of the fundamental properties of HS and abahéddenet of gradualness.

The gradual deletion approach was designed to account @argoshena that make reference to coda conso-
nants: cluster simplification, in which only the coda coreuris deleted; nasal assimilation, in which only the coda
assimilates; and CL, in which only loss of the coda triggergjthening. The only purpose the intermediate placeless
consonant serves, then, is to ensure that the consonantrita relevant properties long enough to be syllabifieal int
a coda and thus be differentiated from an onset. It certaiaiges sense, at least in some cases, that coda consonants
go through an intermediate, moraically specified stagenduttie derivation of CL, but there is less evidence that
gradual deletion is necessary for the deletion of onsetgralfiual deletion accounts for the directionality of cluste
simplification and nasal assimilation simply becauseDECOND is highly ranked, the factorial typology would lead
us to expect more languages in which the processes occue iophosite direction. And, at the same time, gradual
deletion is designed to account for directionality but is adequate for the analysis of a directional phenomenon like
CL. It is clear that we need some other mechanism if we wanétivel CL

What gradual deletion does get us (at least in the case ofargngeal consonants) is syllabification of
an intermediate representation before segmental deletionoccur. Several tradeoffs are made to get this result,
though. The analysis requires an abstract intermediateseptation that is probably not pronounceable. Furtleer, n
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consonant that has a place feature associated with it caalé®d until that place feature deleted (or shared with an
adjacent segment). Any time AX is violated, Max [Place] (or NoLINK[Place])}® must have been violated in some
previous derivational step. This property of the constraétis effectively equivalent to building an OT-CC-styleese
constraint into HS. REC constraints are much-maligned for stipulating the orderiofations in OT-CC, and using
another mechanism for stipulating the order of constramk$S is equally undesirable. Even in a gradual framework
like HS, the derivation should not be arbitrarily constealrby what has happened in previous steps. Each step refers
only to the output of the previous step, and each pass sheublifd to the internal workings of the previous passes.
The order of violations incurred should be determined onhth® constraint ranking. If gradual deletion cannot
account for all of the empirical phenomena and has additisheoretically undesirable consequences, it should be
abandoned in favor of some other approach to the analysit.of C

6 Compensatory lengthening with a fully faithful candidate

We have seen that the successful analysis of CL in HS dependi&lty on some way of ensuring that the coda
consonant that will eventually be deleted is present intterinediate representation(s) long enough to be assdciate
with a mora. In Section 5, | showed that deleting consonantadre than one step is a promising but ultimately
insufficient mechanism for accomplishing just that. In théxtion, | will argue that using a syllabified, moraically
specified form as the input to the first pass through the cainstranking leads to a simpler analysis of CL that has
broader empirical coverage.

6.1 Determining the FFC

If the derivation is to begin with a FFC, we must first know witett FFC is. This concept is defined in OT-CC as the
most harmonic form that violates no basic faithfulness trairgts, and that definition is equally applicable here. The
FFC will be a form with the same segmental makeup as the iagu¥jax, DEP, and DENT are all basic faithfulness
constraints. The only allowable changes are those thatairgaverned by faithfulness constraints—syllabification
and moraic structure.

Syllabification uncontroversially comes for free: In athgés of the derivation, each candidate is syllabified,
and the optimal syllabification may change depending on dgenental changes that occur over the course of the
derivation. This property of syllabification is also coneig with traditional derivational analyses in which shifa
cation is an “everywhere rule” (meaning that it applies arg\point in the derivation). And we saw in Section 4.3
that insertion and deletion of positional moras—those mtirassdo not change segment length—must also come for
free. Again, this ability to build moraic structure withquénalty makes sense when we consider the fact that syllabic
structure is also built without penalty. If a language assimoras to all of its coda consonants and if the status of a
particular consonant as a coda can change over the coufse détivation, it must be possible to associate positional
moras with those coda consonants when the form is resy#abifDtherwise, it would not be possible to consider a
candidate with a well-formed moraic coda in a single step.

Furthermore, the gradual deletion analysis has shown tisyHabification must be present before segments
can be deleted in CL. In other words, we need to know which @aasts are codas before we can derive CL. Be-
cause syllabic and moraic structure is not governed byftaitass constraints and therefore cannot constitute its ow
derivational step, there is nothing to prevent prosodiacstire from being built before the derivation proper beglhs
we wait until GEN produces the first set of candidates to add syllable streictue encounter a problem: The faithful
candidate in the first step is a syllabified form of the inpuit, the candidates to which it is compared also incur a

BNoLINK [Place] penalizes linking of place features and segments that are ned limkhe input.

(i) NoLINnK[Place]
Letinput segmental tier iyisis. . . in andoutput segmental tier 0,0,03. . . O,.
Letinput place tier= p;p,ps. . . by andoutput segmental tier P,P,P3. .. P,.
Assign one violation mark for every paiPy, o,) where
Py is associated witlo,,
pw is in correspondence with,,
ix Is in correspondence withy,, and
Pw is not associated with. (McCarthy 2008a (5))

27



Bern Samko
bsanko @ucsc . edu

faithfulness violation. In a derivation where one of the +iaithful candidates is the winner of the first stage, that
winner is never evaluated with respect to a syllabified wersif the input and therefore cannot make reference to any
of the prosodic properties of the input. This is a problemGtr as we have seen. If we do not begin the derivation
with a syllabified form, we cannot be guaranteed to begin #hévation with moras associated with the appropriate
consonants. The first iteration, then, compares a syllab#ied moraically specified form of the input with forms
that have undergone some segmental change and then bexdiifigdl The candidates that have undergone segmental
changes do not have access to the correct moraic structuteefanderlying representation, only the moraic structure
that happens to be present in the input. Beginning the denvavith a FFC eliminates this problem; all candidates
are evaluated with respect to an initial input that has a chaf being a well-formed surface word: a form that is
syllabified and moraically specified according to the lamggconstraint hierarchy.

The FFC is determined relative to the same constraint rgntiat governs the rest of the derivation, the
difference being that only candidates that do not violatg faithfulness constraints are considered. Because no
faithfulness violations are incurred by any of the candidathe entire prosodic structure can be built at once. There
is no need for gradualness in this process because none ofidimges could constitute their own derivational step
in a gradual derivation. In other words, there is no motoatior inserting one positional mora at a time because
inserting three moras associated with three coda consomaotves the same number of faithfulness violations (zero
as inserting one mora associated with a single coda consonhe relevant constraints in determining the FFC are
WBP and those constraints that determine which consonamtsydlabified as onsets and which are syllabified as
codas. Building this prosodic structure before the deidvabegins ensures that the input to the first step has the best
possible chance of being a well-formed surface word, andstiees that the candidates in that first step are compared
to a faithful form that is well-formed.

6.2 The derivation

As mentioned above, Richness of the Base forces us to corsitle cases where the consonant that will be deleted
is underlyingly associated with a mora and cases where thgooant that will be deleted is not associated with a
mora in the underlying representation. Given a CVC inpw, ERC in a derivation of CL must have a moraic coda
consonant:

(67) Determining the FFC from the input
u Hop

| (|
ICVC — [CVC]

This step must occur without penalty because a ranking paradses if insertion of the mora associated
with the coda consonant constitutes its own derivatioregd.sfor an input with a non-moraic coda,AM must be
ranked above NCODA to prevent the coda from being deleted before it can be astgalcivith a mora:

(68) Max > NOCODA to insert a mora

H I

c v cl|| wep| Max | NoCopa . P-DEP[4]
i |
addCcvcC * I
u !
b. CV # |

But if the coda consonant is to delete later in the derivatdoCoba must dominate Mx. Making [CWCH] the

FFC resolves this ranking paradox because a mora is inseefede the derivation begins. The first pass through
the constraint ranking, then, has a moraically specifiedtingnd there is no need for the coda to be preserved at the
expense of violating NCODA.

Making [CV*C*] the FFC means that some version of#u] is not a basic faithfulness constraint. This
constraint cannot be B[] itself; inserting a mora to lengthen an underlying shomgbor geminate an underlying
singleton consonant is certainly a faithfulness violati®aDeP[u], which penalizes only the insertion of moras that
change the length of a segment, is a better option. What isrianutcfor our purposes is that inserting a mora does
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not incur a violation of P-BPFu] exactly when that mora is required to fulfill constraintssyfiable wellformedness.
And once a FFC with a moraic coda has been established, thvatitam can proceed.

Notice that arriving at a particular FFC is a language-djzegiocess. Because the FFC is defined as the most
harmonic candidate that violates no basic faithfulnesstraimts, other aspects of the language’s constraintricieya
come into play in determining the form’s syllabification. ri&traints that determine whether a given segment will be
syllabified as an onset or a coda and WBP, for example, can tzadioor satisfied depending on their relative ranking.

Notice, too, that it would not suffice to rank all of the comagtts on syllable wellformedness above the
constraints that govern CL. At first glance, doing so seekesdiplausible strategy given that the constraint ranking in
HS effectively serves to prioritize the order in which prainls are repaired—uviolations of high-ranking markedness
constraints are removed first, then the derivation move® atlieéviating lower-ranked violations. But the motivation
for beginning the derivation with a FFC is that there is a mgkparadox if moraic structure is not fixed before the
derivation begins. This ranking paradox will persist refigss ofwhenmoraic structure is derived by constraint—it
will never be possible to insert a mora without deleting tbéaconsonant at one step in the derivation and still delete
the consonant later. It must be the case that arriving at #@iE a separate (but still constraint-based) process that
occurs before the derivation proper begins.

6.2.1 CL triggered by loss of// Komi IZma

To illustrate an HS derivation of CL, | will use the Komi IZmatd from (6). Recall that, in this languagk ¢ deleted
and triggers CL of the preceding vowel when thieéd word-final or stem-final and followed by a consonant.
The constraints required for the derivation are summariz¢@9):

(69) Relevant constraints

a. WBP
Assign a violation for each coda consonant that is not dotathay a mora.

b. *FLOAT
Assign a violation for each mora in the output that is not aisged with a segment.

c. Max[u]
Assign a violation for each mora in the input that is not pnes® the output.

d. *I/Coba
Assign a violation for every word- or stem-finél that is followed by a consonant in the output.

e. Max
Assign a violation for each segment in the input that is nespnt in the output.
f. *ulC
Assign a violation for each mora that does not dominate a kowe
g. DEP-L[y]
Assign a violation for each segment that is not associatddavinoray; in the input but is associated with
4i in the output.

h. *SHARE
Assign a violation for each mora that dominates more tharsegenent in the output.

Some of these constraints require further elaboration. W&3iyas violations to coda consonants in the output that
are not associated with a mora. The associated mora maysesaiudominate the coda consonant or it may be shared
between the consonant and the preceding vowel. This camsas formalized here does not penalize candidates
in which onset consonants are associated with moras; fagulisity, such candidates will not be considered in the
analysis that follows.

*1/CoDA is a language-specific cover constraint that penalizes swardtem-final ¥ when followed by a
consonant. While it may be possible to derive this pattermfaiher constraints that are active in this dialect, a
general cover constraint will simplify the analysis sigraditly. The important point is that this is the constrairatth
motivates deletion of the moraic coda consonant.

*ulC, following Broselow et al. 1997, penalizes only morag taalusivelydominate a consonant—moras
that are shared between a consonant and an adjacent vowet ishzur violations of this constraint because the head
of that mora is vocalic. This constraint is motivated beeawursvels are more sonorant than consonants, so they are
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preferred hosts for moras. The less sonorant a segmeneisggh able it is to host a unit of length or weight. All
languages have moraic vowels; whether consonants arei@esbwith moras and what sonority threshold is required
for that association is a language-particular matter41A8e, on the other hand, assigns violations to moras that are
shared between segments. This structure is marked becBiisea@mplexity; *SHARE is the markedness constraint
that is violated when a mora which is already associated avitagment is linked with another segment.

The firstiteration  Recall that the derivation begins with a FFC—a fully mordicapecified form. Because Komi
IZma has undominated WBP, the FFC for the inpaln4/ is [ki*1*ni*]. This form serves as the input to the first pass
through the constraint set, where the most harmonic catalis@ne in which the mora originally associated with the
coda consonant is shared between that consonant and tleelimgeowel:

(70) First iteration: Mora sharing

U H . : | |
[ |
ki1 ni| WBP, *FLOAT | MAX[u] | *I/C ODA | MAX | *u/C | DEP-L[y] | *SHARE
T . . | ]
| ] | I I I |
a ki1l ni | | * ;o |
P | | | i
L1 |
bOk i 1 n i l Lk l o
U U | | | i
.I I | 1 | 1
C kit 1lni *| | * | * | 1
T | | | i
.I I | 1 1 1
d. k 1 n it 1 *! 1 * 1 1

The faithful candidate (a) is ruled out by/C; sharing a mora between the coda and the preceding nuslauxetter
strategy for satisfying WBP than allowing a the coda to be@ased with its own unique mora. Candidate (c), which
contains a non-moraic coda, is ruled out by undominated WB®@.\Winner is candidate (b), which contains a shared
mora. This structure is sensible because there is phonédiereee from vowel duration that shared moras are utilized
productively in languages like Malayalam and LevantinebdcgBroselow et al., 1997), and there is phonetic evidence
that this mora-sharing structure is utilized in Komi 1Zmanz|.

Excursus: Floating moras? In the tableau in (70), candidate (d) would be the next steprirle-based autoseg-
mental analysis. There is, however, reason for wantingl®itwut in a HS derivation. It is unclear what constraint
would be used to ensure that the newly floating mora is agsakigith the adjacent vowel in the next pass through
the constraint ranking. In other words, what would prevecamrdidate like Kini:], with non-local lengthening, from
emerging as the winning candidate later? It would not beiplasto include a constraint requiring moras to remain
within the syllable because, as we will see, CL triggeredlmegormation sometimes involves concomitant resyllab-
ification.

There are two logically possible constraint-based waysetigng that (70d) is not the winning candidate.
Here, *FLOAT is high-ranking. Ranking Mx above @WDACOND is another option, but it leads to a familiar ranking
paradox; if the coda remaining in the winning candidate iddlete at a later point in the derivatiooGACOND must
be ranked above kix. In short, eliminating a candidate with a floating mora ustogstraints other than AT
replicates the problem caused iEHy] is a basic faithfulness constraint.

We might be tempted to rule (70d) out on the theory-intermaugds that it is not harmonically improving.
HS predicts that, for any candidate generated by the framesveestricted version of &N, some language will
converge on that output. In this case, we predict the existefia language that deletes moraic coda consonants but
leaves a floating mora in the surface representation. Suatgadge might be troublesome in that it allows moras that
have no corresponding effect on segment length or on sgllakight, but in practical terms it would be impossible
to distinguish that language from one that deletes both e consonant and the associated nbrRerhaps, for
example, a representation containing a floating mora is @bgically valid, but the phonetics simply ignores the
unassociated mora. While claiming that the floating mora teaphonetic effect is a possible—and perhaps even

Thanks to Ryan Bennett for valuable discussion of this point.
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plausible—solution, it is at best theoretically uncomfblgato claim that floating moras surface in some language.
The combination of the inability to guarantee that the flugitinora is reassociated with the appropriate segment and
the unpronounceablity of the form itself mean that the forithwthe floating mora should not be a valit intermediate
representation.

For that reason, | will follow Shaw (2007) in assuming thanfe containing floating moras are not created
by GEN and that such forms are not possible surface forms in anyibgg Notice that this claim has consequences
for languages in which consonants are deleted withouterigg lengthening in an adjacent segment. To illustrate thi
point, consider a language that differs minimally from Kdéa: coda consonants are uniformly moraic alfds/
deleted when it would surface in coda position, but deletioas not trigger lengthening. Deleting both the segment
and the mora at the same time violates bothxviand Max[u] and is ruled out by gradualness. The mora could
be deleted without violating WBP, while the consonant cowt lie deleted without leaving a floating mora (Mora
sharing is only motivated where there is lengthening of tiii@@ent segment.). This means that the only possible
analysis is one in which th& that is deleted is never assigned a mora at all. In othersy&tBP must be dominated
by a language-particular constraint that preveltsdm being associated with a mora. The FFC, then, wouldaiont
a non-moraic coda consonant, which is later deleted in dessigp.

To summarize the discussion, | will from this point forwarssame that forms that contain floating moras
cannot be generated. This assumption render®AfF unnecessary; that constraint will not be included in théetalx
that follow.

The second iteration Recall that the winning candidate and input to the next stéfgbe derivation is (70b),
the candidate with a shared mora. The crucial rankinguikC*> DEP-L[u], *SHARE. The next pass through the
constraint set produces the CL candiate:

(71) Second iteration: CL
1
1

u
LA
k t

—.

n WBP | Max[u] , *I/C obA | MAX | *u/C | DEP-L[y] | *SHARE

S
N
T

QD
=
=

*| *

=
=

t

N\

b.O0 k n

Here, the crucial ranking isl€oDA > MAXx. The faithful candidate (a) loses because the constramttpinalizes
stem-final ¥/ is ranked above the constraint that penalizes deletioriicdlaoo, that the winning candidate does not
incur a violation of Max-L[u]. While that constraint penalizes segments that are agsdoiéth a mora in the input
but are not associated with a mora in the output, it assignsat@tions when the segment in question is present in the
input but not in the output. Deletion of a segment linked to@arviolates only one faithfulness constraint4xJ),

and is therefore licit under the assumptions of HS. At thisfpohe derivation converges—no further change to (71b)
will be harmonically improving (better satisfy the conattaanking).

We have derived CL in HS. Notice, though, that the derivatinrcially depends on two assumptions. First,
violations of P-DEFu] are not incurred if the inserted mora satisfies constraintsyllable wellformedness. And
second, [EP-L[x] must be defined so that it is not violated when a new mora &ried.

The analysis also correctly derives cases where no CL actvhen 1/ is not in coda position, there is no
motivation for it to delete, and the derivation convergestenFFC. The FFC for an inputili/ is [ki#1i#]. No mora is
associated with thd][in this case because that consonant is syllabified as a:onse

(72) Firstiteration: No CL

TR : : :
| |
k t 1 1| WBP| Max[u] *ICoDA | MAX | *u/C | DEP-L[4]  *SHARE
M M I I I
| | I I I
a.llk + 11 1 1 1
J7ayY 1 | 1
[ I I I
b. ki1 1 *| 1 |
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The FFC analysis, then, correctly predicts CL in Komi IZzmaases wherd//is deleted from coda position
and correctly predicts no deletion nor lengthening whersutfaces as an onset. The derivation begins with a syllab-
ified and moraically specified form and relies on an intermgdstage of mora-sharing. As we will see, this analysis
also makes the right predictions about other, potentiathyentomplex cases of CL.

6.2.2 CL triggered by loss ofi/: Turkish

The FFC analysis of CL extends trivially to the problematises for the gradual deletion analysis—those in which
CL is triggered by the loss of a laryngeal consonant—becdugsartalysis does not rely at all on the identity of the CL
trigger. The only difference is the language-particulanstoaint that motivates deletion. For Turkish, this comistr

is hCoND. The FFC for the inputtdhsil/ is assumed to bea/h*.si*1#/, with moraic coda consonants, regardless of
whether those moras are present in the input itSelf.

(73) Firstiteration: Mora sharing

L pu : : |
tahsil|wep Max[u] ; hCOND | MAX | *u/C | DEP-L[y] | *SHARE
] l l l
a. tahsil I * ¥ I
pp gy . . !
bOt&hs {1 L : o
M H | I |
c. tahsi| T l l

As in the analysis of the Komi IZma forms, the faithful caratil (a) is ruled out by #/C because mora-
sharing is preferred over having a coda consonant assdaath its own mora. Candidate (c), which contains a
non-moraic coda, is ruled out by undominated WBP. The moaaitsp candidate (b) is the winner and the input to
the next step in the derivation. In that step, shown in (74vaethe CL candidate emerges as the winner because the
constraint that favors deletion df/{ hCoND, is ranked above MXx.

(74) Second iteration: CL

A = = '
tahsil| WBP| Max[u]  hConD|MAX , *u/C | DEP-L[4] | *SHARE
A LA I I |
a. tahsil I *| I | *
L Hp | | |
bOta s 1 : - :

After this stage, the derivation will converge becausedliemno change to the CL form that better satisfies
the constraint hierarchy. The FFC analysis correctly @sri€L in a way that the gradual deletion analysis cannot.
Furthermore, the FFC analysis also makes the correct pi@micabout forms that have (a) no deletion, or (b) deletion
but not lengthening. Derivingsiipe] from /siiphe/ (19b) begins with the FFGi#“p*he*/.

15For the sake of illustration, the violations incurred by the second syllablaairecluded in the tableaux. The same mora-
sharing process must occur in the second syllable, but | make no dhious the relative order of changes across syllables.

32



Compensatory Lengthening in Harmonic Serialism

(75) First iteration: Deletion

g ! : :
[ |
§uph el WBP| Max[u] ; hCOND | MAX | *u/C | DEP-L[4] | *SHARE
PR ' ' '
a. siphe L o l
A l | |
b. S up h e 1 *1 1 * 1 *
M M | I I
-« l I 1 1 1
c.Osipe I * o I

Because hOND is ranked above MXx and because the /h/ is not associated with a mora in the FEGh¢h
consonant is deleted immediately. Both the faithful caatiida) and the mora-sharing candidate (b) are eliminated
by hConND, which penalizes thephe/ sequence. That leaves candidate (c), from whichlihbds been deleted, as
the winner. The derivation will converge after this, as ¢éisrno further change that will better satisfy the constrain
hierarchy.

6.3 Less canonical CL
6.3.1 CL triggered by non-adjacent deletion: Tehrani Farsi
One apparent exception to the generalization that theatkk#gment is immediately adjacent to the lengthened one

in canonical CL is found in colloquial Tehrani Farsi. In thiglect, h/ and #/ trigger CL when they are deleted from
either position in a complex coda:

(76) a. tob?/ — [romb] ‘quarter (Darzi 1991, (4a))
b. ko?b/ — [rob] ‘terror (ibid., (4b))
c. lu?/ — [sw] ‘bad (ibid.)
Other consonants are deleted from coda position withaggéring CL.:
(77) a. loxtt — [lox] ‘naked’ (Darzi 1991, (8a))
b. Rezl — [?2] ‘from’ (ibid., (8b))

The facts in (77) make an account based on either trimordabdys or extrametricality of final consonants impossible

If both consonants in a coda cluster were moraic, we wouleeixihe deletion of either member of a coda cluster
to trigger CL. The same prediction holds if the final consdnarmextrametrical—deletion of the second member of
a coda cluster should trigger reanalysis of the remainimgaoant as non-moraic, and the mora that was previously
associated with it should become linked to the precedingeliouwn either case, deletion of any consonant should
trigger the same process. The contrast between (76) andliow)s that this cannot be the case. We are forced to
conclude thath/ and #/, but no other consonants, are moraic in this dialect. Is&eaiga 2002 argues that//and

[?/ consonants are realized as approximants in Tehrani Faesining that there is some plausible basis for assigning
moras to only these consonants based on sonority.

If we accept this premise, the analysis of the derivationr@b] from /ro?b/ is straightforward: The mora
associated with the coda consonant is shared with the precedwel. The consonant later deletes, leaving a long
vowel. The derivation ofip:b] from /rob?/, on the other hand, is less straightforward. The analysisially relies on
mora-sharing, but if we apply that here, we get an irrededymibiiormed syllable:

rob?

Instead, the syllable must look something like (79a) befooea-sharing has occurred. Theé hust also be associated
with the mora if crossed association lines are barred froenrdpresentation. If we were to apply a mora-sharing
analysis to this form, the intermediate representationlevba as in (79b). Deleting th&//would then result in the
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structure in (79c). This is not the correct result, howessiit does not correspond to a CL form but rather to one that
has the intermediate-length vowel we see in closed sylabl&omi IZma. The desired result is as in (79d), where
the mora has been de-linked from tihé /

o o

79) a. /\
7o) e i 4 & ik
rob? rob

(o8 o
b./\ d./\
(- L
rob?? r o b

To see if this derivation is possible in the FFC frameworkdiidnal assumptions are in order. To begin
with, | will follow Kavitskaya (2002) in assuming thah//and R/ are approximants. Because these are the only
moraic consonants in the language Tehrani Farsi must coataiundominated constraint parallel to the one that
forces vowels to be associated with a mora. This constranddvpenalizeli/s and ?/s that are not associated with a
mora in the output. Applying this constraint set—whe&¥eniust be associated with a mora and association lines must
not cross—totbh?/ results in (79a) as the FFC. The first step in the derivatiogght to produce (79b) as its output.
Because mora-sharing is driven by/€, it is necessary to recall the definition of that constraihpenalizes moras
that dominate consonants to the exclusion of vowels. Thiamm¢hat mora-sharing is still motivated when a mora
dominates two coda consonants. While | know of no phonetidende to suggest that (79b) is an attested surface
form in any language (and such phonetic evidence would ohdbeequite subtle), it is quite logical to assume that
languages that have closed-syllable lengthening may ale® lengthening in doubly-closed syllables.

Additionally, this language must have another constrdiat prevents moras from being associated with, in
this case,l/. This can be stated as a more general constraint againstdoarity consonants being associated with
their own moras:

(80) *u/[obs(truent)]
Assign a violation for each mora that dominates only an olesirconsonant.

The first step in the derivation is shown in (81):

(81) Firstiteration: Mora sharing

*SHARE
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Notice that no possible candidates that contain ill-formg@thbles are included in the candidate set. More spedifjcal
the second mora cannot be delinked from tilebecause that disassociation would result in the struatueg). Of

the candidates in the tableau in (81), the faithful candida} loses because it violateg/€—the second mora is not
associated with a vowel. Candidate (b), which deletesitrather than have it associated with a mora, is eliminated by
MAXx. And the constraint against moras exclusively dominatingtrment consonants rules out candidate (c), in which
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the 2/ has been deleted from coda position altogethdhe remaining candidate (d) has a mora-sharing strucilee; |
many of the other candidates, it violate8€oDA, but the other violations it incurs are of the low-rankingnstraints
DEeP-L[u] and *SHARE. The next step, shown in (82), is to delete the glottal stomfits coda position:

(82) Second iteration: Deletion

/)1\;1 *ul[obs] | Max[u] | * 2/CopA | MAX

*1u/C | DEP-L[y] | *SHARE

*|

1
1
I
I
1
I
o I
I
b. /\ 1 *| *
lll/lll :
I
I
1
1
1

r ob

The faithful candidate (a) and the candidate from whighig deleted (b) are eliminated by?yACoDA because the
offending glottal stop remains in coda position. That faetves candidate (c), from which the glottal stop has been
deleted, as the winner. The output of this step is a morarghéorm. It is possible that this mora-sharing structure is
in fact the surface form—th&/ has been deleted and the preceding vowel has been lendtheme because only the
approximant consonants//and R/ are associated with moras in the FFC, the analysis doesredicp lengthening
when other consonants are deleted from the same positiat.ig;ithe FFC for the underlying fornokt/ ‘naked’ is
simply flo*xt/. Where there is no mora associated with the deleted consamalengthening occurs. Without phonetic
evidence from this dialect of Farsi, though, it is impossitd know whether the desired output is (79c) or (79d). If it
is the former, the derivation converges after (82), as tleen® change to the input that better satisfies the constraint
ranking as shown. If the desired output is a true CL struoiitie no mora-sharing, however, we have work to do.

That work requires ranking mx-L[w] below *SHARE. This constraint has not been mentioned in previous
applications of the analysis because the CL structuresisuhface forms are all open syllables, and the mora is only
ever shared by the vowel and one immediately adjacent cansotin this case, though, we want the mora-sharing
structure to be destroyed. We need mora-sharing if theatérivis to obey gradualness. On the other hand, the surface
representation contains a long vowel that is associatdd twid moras, not one that occupies one and a half timing
units. Delinking the mora from thé/ does not constitute a Duke-of-York derivation becausdiiheas not linked
with its mora during the course of the derivation. The assam between the mora and the remaining consonant was
instead created out of necessity in the FFC. Removing thiabletter fits the generalization that consonants other than
/h/ and R/ are not associated with moras in this language.

If we assume that Mx-L[x] is ranked below *$ARE, the final step in the derivation is as follows:

1t is possible to construct an alternate analysis that has (81c) as the giranididate in the first step. Mora sharing would
proceed from there, with thé/being delinked from its mora in the final stage. This analysis is undesii@abi&o reasons. First,
it dispenses with the connection between deletion of the trigger and lenggtedrilve vowel in that it predicts lengthening of every
vowel that is followed by a moraic coda consonant, even if that coms@maot deleted. Second, it obscures the fact that, in Tehrani
Farsi, only h/ and 2/ are associated with moras when they appear in coda position.
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(83) Third iteration: Lengthening

*ul[obs] | Max[u] | *2/CoDA | MAX

X}“

*ulC | DEP-L[y] |, *SHARE | MAX-L[y]

—
o
=

&Eq

—
l=n

SH[e)

b.O

Y

T T T
1 1 1
| | |
| | |
| | |
| | |
T T T
1 1 1
I I *| I
1 1 ) 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
| | |
| | |

b

The faithful candidate loses because it violates ABE. MAX-L[u] is violated by candidate (b), which has a
long vowel, but that constraint is ranked below&RE and the violation is not fatal. At this point, the derivatiiil
converge on the CL candidate. This analysis also makes tinect@redictions about lengthening in the case where
the deleted?/ is adjacent to the vowel. The derivation will not be showntfte reason that it is exactly parallel to
the analysis of Komi IZma CL, but the sequence of intermedi@atms, beginning with the FFC, is given in (84). The
FFC analysis, then, can account even for interactions lestwsutosyllabic but non-adjacent trigers and lengthened
vowels. Because this lengthening is triggered by the losgrghgeal consonants, the gradual deletion analysis would
be unable to account for these data. Even in the simplestwhasee the/ is the only coda consonant in the syllable,
the gradual deletion analysis predicts that that consomantd be deleted before it could be associated with a mora.
The mora-sharing structure could not be generated, and Gld cever get off the ground.

(o a (o
DIV NI/ NI/
B4 Jur = JHE T /HE

ro?h r o b

ro?hb

—
o

6.3.2 CL triggered by glide formation: Luganda

It is possible to account for the Luganda glide formationsplL case (10) in HS with mora-sharing and the FFC
analysis as well.
The analysis will make use of the following additional coastts:

(85) Constraints for the analysis of CL triggered by glide forioat
a. *vv
Assign one violation for every high vowel that is followed éyother vowel.
b. IDENT[CONS|

Assign one violation for each segment in the input whoseespwnding segment in the output has a
different value of [consonantall.

*VV is the constraint drives glide formation.DENT[CONS] is relevant because glides are assumed to be
[-cons]. The FFC for the inputliato/ is [li*a“to”]; | will assume that this form is syllabified asi.p.to], but that
assumption is not critical for the analysis.

In the first step, thei] becomes a glide to avoid violating *VV:

(86) First iteration: Glide formation

Kopp . : : :
1 1atof*VV MAX | IDENT[CONY | MAX[u] | *u/C | *SHARE | DEP-L[1] | MAX-L[p]

T : : :

a li1ato o ! ! !
1 1 1 1

HH [ [ ! !

[ | I 1 I I
b.O1l jato I * I 1o I

Candidate (a) is ruled out by the high-ranking constraitizg} sequences of vowels. Because there is no glide that
corresponds to a low vowel, no candidate in which thlehAs become a glide is considered. A candidate with a
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floating mora is ruled not considered; that is, because theMs associated with a mora, we cannot simply delete
the A/ altogether to avoid violating *VV. Moreover, notice thatd logically possible candidates are ruled out by HS'’s
gradualness requirement:

(87) Impossible candidates

7R
I I
a. h at o (violates Max and Max[u])
oA
b. 1 j at of (violates DENT[CONS and MaX[u])

Ruling these candidates out means that candidate (b) isitireng candidate at this stage. This might seem like a
strange candidate given that there is a mora associatedaluil looks like an onset. It is likely, though, that this
moraic and highly sonorant segment would be interpreteéepthe nucleus of the syllable. The//sequence is at
least plausibly a diphthong.

Next, the mora associated with thjéi$ associated with the following vowel to avoid the viotatiof *u/C.
The output of the previous step is ruled out here by ranking&&e and Der-L[u], both of which are violated by
candidate (c), below# C. Candidate (c), which contains a non-moraic glide, isdudut by a high ranking MXx []:

(88) Second iteration: Mora sharing

Kopp : : : :
1 jatol*VV MAX |IDENT[CONS | MAX[u] | *u/C | *SHARE | DEP-L[x] | MAX-L[p]

oAl : : :
a. ljato | | LM |
KR I I I I
b. 1 jato ! o ! !
O] T :

cljato 1 1 1 * | *

Finally, the mora is delinked from the glide altogether. sTls possible because KARE is ranked above
MAX-L[u]:

(89) Third iteration: CL

M
N
1]
"

t *VV 'M AX | IDENT[CONY ! MAX[u] ! *u/C | *SHARE ! DEP-L[u] | MAX-L[y]

Lol »
o—xr|o-%|lo—x&

[}

*|

=
AN

*

b.O1 j at

At this point, the derivation converges. There is no chaogdé CL form that better satisfies the constraint ranking.
Because *VV penalizes only those two-vowel sequences #gihtwith a high vowel, lengthening is not predicted to

occur in other sequences of vowels. That is, there is no mddiv for turning the first vowel in a sequence of non-high
vowels into a glide. Not coincidentally, it is also the catisat there is no glide that differs minimally from the non-

high vowels. The FFC analysis, then, correctly derives tbheencomplex case of CL derived from glide formation in

Luganda as well.

6.3.3 More complex CL triggered by glide formation: Japanese

The Japanese CL triggered by glide formation in (4) can béyaed exactly like the Luganda data presented in the
previous section. Consider the inpbidriumu/. The FFC for such an underlying representation willtké £i.#u* .mu#/,
with moras associated with all vowels (There are no codaamar#s in this form, so no moras are associated with a
consonant). In the first stage of the derivatiohpécomes a glide to avoid violating a constraint o) §equences$’

"There is a question here of why thé dloes not become &/ instead. It seems likely that@DACOND is ranked highly enough
to rule pariwmu] out in favor of arjumul].
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(90) First iteration: Glide formation

*iu | IDENT[CONY [ MAX[u] | *u/C | *SHARE | DEP-L[u] | MAX-L[y]

=
—r —
E=xR|e—%|l=—x

I
1
[}
T
1
*
T
1
1
I

8
=e=R| =%l =—%

m

The faithful candidate in (90) is ruled out because it cargtai disallowedil/ sequence. The winner, candidate (b), is
a form that removes the offending sequence by changind/tteeits corresponding glide//

Next, the mora associated with thg is associated with the following vowel to avoid violating/C, as
shown in (91). This might seem strange in that a mora is shagteen an onset and the following nucleus. On the
other hand, though, thg][is in the process of being reanalyzed; at this intermeditdge in the derivation, it retains
some of the properties of the vowel it used to be but does ridtare all of the properties of the onset it will become.
It is likely that, in any language that would use this struetproductively, thej] would be reanalyzed as part of the
nucleus.

(91) Second iteration: Mora sharing

weown ml o | |
bar j umul|*u ,IDENT[CONS | MAX[u] | *u/C | *SHARE | DEP-L[u] | MAX-L[x]

o R | |
a. bar jumu | P |

R R : :
b. bar jumu ! *l ! !

T | ! !

| N | 1 1 1
cObarjumu I I * I *

The faithful candidate in (91) is eliminated because thelpdarmed glide is associated with its own mora. This
problem cannot be fixed by deleting the mora because ] is highly ranked, ruling out candidate (b). The winner,
then, is a form in which the mora associated with tfidas/shared with the preceding vowel. In the next step, theamor
is delinked from the glide altogether:

(92) Third iteration: CL

v i i i
bar j umul|*u  IDENT[CONY | MAX[u] | *u/C | *SHARE | DEP-L[u] | MAX-L[x]
H  HpH ' ' '
I N I | | |
a barjumu : : *1 :
S | l l
bbObar jumu I I I *

Here, the faithful candidate (a) loses becausgA®E is ranked above Mx-L[u]. And because there is no change to
this form that better satisfies the constraint hierarchydérivation will converge after this step. Again, this isietty
the result we would expect given the previous successflysisaf a similar phenomenon in Luganda.

What happens when we consider a similar form where the glidiiisately lost, like fadiumu/ — [radguimul]
‘radium’? It must be the case that the glide is formed and tlsed with the preceding consonant due to some
phonotactic constraint, otherwise it would also be lost ifoen like [barjuumu]. Suppose, then, that there is a
constraint #j that assigns a violation to outputs containing this segeielfainderlying dj/ sequences never surface
as such, we would expect this constraint, like the condteagainst {u] sequences, to be undominated. The derivation
of [ragu:mu], then, would begin in much the same way as the derivatiobavfi:mu]. The FFC will be fa# .di* .v* .mu/,

a syllabified form that has a mora associated with each volres. first step is exactly parallel to the first step in the
derivation of parjwmu], as illustrated in (93)
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(93) First iteration: Glide formation

H  Hp
T ell d ! 1|1 m 1|1 *u | MAX | *dj : IDENT[CONSY | MAX[u] :*y/C *SHARE : DeP-L{u] | MAX-L[x]
(IR ! ! !
a radiumul|l* ' ' '
oRH | | |
bOradjumu * ! * b :

The tableau in (93) shows that the two phonotactic congraimust be ranked with respect to one another; for glide
formation to occur, it must be better for a form to includelg sequence than ai/ sequence. Notice, too, that a
candidate that removes the mora from thiés not considered because it violates the undominatednushown)
constraint against non-moraic vowels. The winner, thecaigidate (b), which contains a moraic glide. The next
iteration shows that Mx must be ranked abovelf Otherwise, it would be better to delete thi to remove the
offending fj/ sequence:

(94) Second iteration: Mora sharing

() | | |
radjumul|l*u|MAX |*dj! IDENT[CONS | MAX[u] | *u/C | *SHARE | DEP-L[u] [ MAX-L[x]
AR ! ! !
a radjumu *: :*! :
H HooH I I I
| | | 1 . 1 |
b. radjumu \ [ \
T ! ! 1
[ I I I I
C. rajumu *1 * P I
T T T
H o M
| N | I I I
dOradjumu * o 1 * l *

In (94), the faithful candidate, (a), loses because it v@d&au/C—the j/ remains associated with its own mora.
Candidate (b), which deletes the mora associated withjtheses because it violates M [u]. Deleting the d/ to
satisfy *dj, as in candidate (c), is problematic because of high-ranklax. This leaves candidate (d), with a shared
mora, as the winner. Again, the mora-sharing in this stepastyy the same as the mora-sharing that happens in the
derivation of parju:mu].

The next step, however, must be different. While the ultingatal is a long vowel, it is not the case that we
want to delete thej// that is associated with a shared mora. Instead, we want tna ta be delinked from the//
which should coalesce with the precedidgtb form the single consonang/. Both processes cannot happen at once
because each violates a separate faithfulness consfraete are two logically possible ways to accomplish thege tw
changes: disassociate the mora from jhettien fuse thej/ with the precedingd/; or fuse the consonants and then
delete the mora. Coalescence of the thlenith a moraic j/ poses a problem, though. The resulting syllable, would
have a mora partially associated with its onset. Such dgkadre not well-formed, and it is likely thate® does not
generate them. It must be the case, then, that coalesceppertseonly after the//is delinked from its mora. The fact
that the de-linking happens at all means thatX¥L[x] must be ranked low:

(95) Third iteration: Lengthening
tN
radjumu
i
I a
i
rad
KK
c.Or adj

u T T T

| 1 1 1
*iu] [ MAX | *dj ! IDENT[CONY] | MAX[u] !*u/C *SHARE ! DEP-L[u] | MAX-L[u]

Z-

E=R|e—-R|=s=—%

a.

=
=

*|

d j
u

L=

b.

*1

=}

L=

* *

=

m

In (95), the faithful, mora-sharing candidate loses beediugiolates *S1ARE. Deleting the j/ to avoid violating #j
runs afoul of Max, eliminating candidate (b). The winner isaadidate that has a long vowel from which tjiehas
been deleted. The next step should be coalescence dfjtlsequence. If we assume that segments in a syllable onset
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can never be associated with a mora and that this restridtibuilt into GEN, coalescence may only occur after the
/il has been divorced from its mora. In other words, only aftielegformation, mora-sharing, and vowel lengthening
have occurred can coalescence take place. This meansehamnting of LNIFORMITY is underdetermined; as long
as it is dominated bydj, lengthening will occur late in the derivation. This stejlisstrated in (96) below:

(96) Fourth iteration: Coalescence
T T T T
N . | |
radjumul|l*iu [ MAX | *dj 1 IDENT[CONS] | MAX[u] 1 *u/C | *SHARE | DEP-L[y] | MAX-L[g] 1+ UNIF
TR | |
a radjumu : : : :
N & /|‘ I I I I

b.Oradszumu : : : b

The fact that it is possible to analyze these Japanese dale iRFC framework shows that the analysis
extends to quite complex derivations involving both CL atttko segmental processes. The derivation above includes
glide formation, CL, and coalescence; all of which must beeogd with respect to one another. It is certainly a
strength of the analysis that it can account for these iotieras between CL and other processes. Admittedly, though,
this is the most stipulative of the case studies presentéat-sét relies on the potentially unfalsifiable claim that&
does not allow candidates that have moras even partialbceged with onset segments. If moraic theory is correct,
though, no language makes use of surface forms that haveawmrsets. Given the assumption that all intermediate
representations are possible outputs in some languagén thirn means that 8\ should not be able to produce such
candidates.

In this subsection, | have shown that a variety of complexwamgsual types of canonical CL can be analyzed
satisfactorily using a HS derivation that begins with a FFCSection 6.4, | turn to the predictions that this analysis
makes for forms in which no lengthening occurs.

6.4 Predictions of the analysis
6.4.1 Predictions of the FFC analysis

If we believe that each intermediate representation in aétation is a valid surface form in some language, the FFC
analysis and the gradual deletion analysis make differesdtigtions about the nature of CL and about typologically
possible surface forms. The predictions of the FFC analyrgiselatively straightforward. First, consider the wimmi
candidates after each step in the derivation (given in (8vb for convenience). The FFC and the input to the first
step is (97a), a form with a moraic coda consonant. Formsthiiseoccur in any language that has quantity-sensitive
prosodic structure. The input to the second pass of theatemivis (97b); the mora-sharing structure is attested as a
surface form for closed syllables in languages like Malagahnd Levantine Arabic (Broselow et al., 1997). And, of
course, the CL form in (97c) is attested in languages that leng vowels in surface forms.

HH M

97) a. k n

= ——

! !
1 1
u U
1 !
t 1 nit
TR
L~ !
c. k t n t

b. k

We can see, then, that the derivation required for the FFysisaonsists of a sequence of attested surface
forms. For each of these forms, there is a constraint rantkiagwill cause the derivation to converge on that form.
Because each of the inputs are possible surface forms, ¢ukcpions of the factorial typology seem plausible. Re-
call that this is not true of the gradual deletion analysikjclw posits an intermediate representation that contains a
mysterious, sonorant placeless consonant:

M
(98) a. k

S -
= IT—
=

L1
b. k 1

T
=
e—TT mee—
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|
c. k t n t

The analysis also makes predictions about the moraic steiof non-CL forms in languages that have CL.
The first step in the derivation—going from an input with a mo@da consonant to a form in which that mora is
shared between the coda and the following vowel—does notndiepe the identity of the consonant. It is only after
that mora is shared that we see the effect of &iffd. Therefore, words that contain coda consonants otherltaen
also predicted to have mora-sharing structures. We camisg@tapplying the analysis to a form that does not contain
al like /for/ ‘house”

(99) First iteration: Mora sharing

i |
[ o 1| WBP| Max[y] ,*ICoDA | MAX | *u/C | DEP-L[4] | *SHARE

i : : :

a. _f or 1 ¥l 1
H | | |

b. f or *1 * 1 1 1
[T | | |
L1

cOfor : : * Lo

As in the derivation of CL, the derivation of a non-CL form begwith a FFC: a syllabified and moraically specified
form. In this case, the coda consonant is associated withra imthe input to the first iteration. The faithful candidate
loses becauseufC is ranked above Br-L[u] and *SHARE. This means that the winning candidate, (99c), is one in
which the mora is shared.

After this stage, the derivation will converge becausedhigmno change to the input that better satisfies the
constraint hierarchy. Specifically, the coda consonantneil be deleted because the constraint that motivatesalelet
in the CL case does not applyd, the £/ will not be deleted to satisfyl*CoODA):

(100) Second iteration: No CL
l'll/l]’t |
[ o 1| WBP| Max[u] *u/C | DEP-L[y] | *SHARE
HH ! I !
al[for I I I *
Hop . . .
b [ o | o |

*/C oDA | MAX

The analysis as it stands, then, predicts the closed-$yllabgthening exists in Komi 1Zma, just as it does
in Malayalam and Levantine Arabic. Shaw (2007) cites evigeflnrom several sources (Igushev, 1972; Sakharova and
Sel’kov, 1976; Terent'ev, 1970) that there is in fact closgtlable lengthening in this dialect, including experimted
evidence suggesting that vowels in closed syllables agelothan vowels in open syllables but shorter than the long
vowels derived from CL. This pattern is exactly what the FIR@lgsis predicts: vowels in open syllables are associated
with one mora, vowels in closed syllables are associateld avie and a half moras, and vowels in CL syllables are
associated with two moras. These predictions are borneyaiiehphonological facts.

The bolder prediction, of course, is that all languages Hate synchronic CL will exhibit this closed-
syllable lengthening. Ideally, we would like to see phonevidence from colloquial Turkish and other languages
that would support this prediction. Alternatively, it isgsible that, while the mora-sharing structure is utilized i
these languages, the phonetic realization of that streiégtudifferent across languages. In more concrete terms, the
phonetics of a particular language might disallow vowelintérmediate length, interpreting only those vowels that
are associated with two whole moras as long. Vowels assatiaith a mora and a half could, with this constraint,
be pronounced the same as short vowels. This phonetic hggistivould leave us in an uncomfortable theoretical
position in that the association between the vowel and tbergkmora is present in the phonological representation
but has no consequences for the pronunciation of that forithd phonetic evidence from more languages that have
CL, though, it is impossible to know what the typological linptions of mora-sharing are.
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6.4.2 Consequences of the FFC

If we assume that the input to the derivation is a syllabif@dithat includes a complete moraic structure, it is possibl
that the gradual component is not needed. In other wordéhieg with a FFC allows the rest of the “derivation” to
proceed as in classic OT, withe® not restricted by gradualism. Recall that Richness of theeBmsed the biggest
obstacle facing a classic OT analysis. Beginning the diéoavith a FFC effectively neutralizes any non-contrasstiv
differences in underlying forms. More specifically, beatise FFC always has a mora associated with the coda
consonant, the CL candidate is no longer harmonically bediy a candidate that has deletion but no lengthening.

To illustrate, consider again the FFC for the Komi IZma wadidind/. All of the candidates that were consid-
ered over the course of the FFC derivation can be eliminatadparallel analysis as well:

(101) Parallel evaluation (Komi 1Zma): CL

T T T T T T T
lll lll ‘Il I I I I I I I
kilni WBP: *FLOAT : MAX[u] :*I/C ODA | MAX : *,J/c: DEP-L[u] : M AX-L[u] :*SHARE

T T T T T T T
l|l l|l l|1 I I I I I I I
a ki1lni ! ! l *| [ I I
M U M 1 1 1 1 1 1 1

b, k H 0 1 I I I » I I . I L,
. I I I : I I I I
T T T T T T T
lll lll | | | | | | |
c kKilni * 1 I * I * I I I I
1 1 1 1 1 1 1
uou u ] ] ] ] ] ] ]
| | 1 1 1 1 1 1 1
d ki n t l *| l l * | | |
Weow | | | | | | |
e kK ioni I I *| I x| I I I
[ [ : [ [ [ [ [
1 1 1 1 1 1 1
l|l lll/ﬂ I I I I I I I
f kit nt 1 1 1 * 1 * 1 * 1
H oM M I I I I I I I
[ | 1 1 1 . ! 1 N 1 . 1
g.0k n i I I I I I I I

Here, all of the non-CL candidates (a-e) are ruled out by tgh-hanking constraints WBP, 1FoAT, MAX[u], and
*|/C oDA. The desired winner, candidate (g) violates only the loveaked constraints kx (deletion of /I/), DEP-L[u]
(disassociation of mora from coda consonant), angxM.[u] (association of mora with lengthened vowel). While
candidate (f), in which the vowel in the following syllablasibeen lengthened, incurs the same set of violations, it
could easily be ruled out by constraints that penalize tkassiociation and re-association of moras from syllables.
Because the mora that was originally associated with th@ cmthsonant has moved to the following syllable in
candidate (f), that form must incur violations of the coasits DEP-L[o] and MAX-L[o].

The same argument can be made for the Tehrani Farsi lengtheigigered by loss oft/ and b/, as illustrated
in (102) below.'®

18This is also true of Japanese lengthening triggered by glide formatiothdtdableau has been omitted for reasons of space.
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(102) Parallel evaluation (Tehrani Farsi): CL
o T T

*ul[obs]} MAX[u] | *2/CoDA | MAX | *u/C | DEP-L[4] | *SHARE | MAX-L[]
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In (102), all of the candidates (a-d) that retain theare eliminated by ?/Coba. Candidate (e), which deletes the
/?/ but leaves thehl associated with its own mora, is ruled out hy/[bbs]. Those candidates that attempt to avoid
the violation of *u/[obs] by deleting the mora associated with the coda (f-g) atoul of MaXx[u], which is also
highly ranked. The competition, then, comes down to cand&léh) and (i). Both violate Mx because ther/ has
been deleted and E-L[u] because the vowel has been lengthened via associatiortheittecond mora. But while
candidate (h) violates *$ARE because a mora is shared between the coda consonant an@édkdipg vowel, the
CL candidate (i) instead incurs a violation of the lowerkaesh Max-L[u] (because the /b/ has been disassociated
from its mora). Therefore, the CL candidate is correctlydpted to emerge as the output. In this case, too, the
FFC has guaranteed that the input to the constraint rankia@Imoraic structure that is compliant with the language’s
principles of syllabification; Richness of the Base has bemarralized and the CL candidate is no longer harmonically
bounded, meaning that the multi-step HS derivation is mttlst necessary.

While an analysis that combines classic OT with a FFC is adytgiossible, it goes against the spirit of
Richness of the Base—that principle requires consideratiall possible underlying representations, not just thet be
one. Classic OT does not exploit the distinction betweerketress constraints (which, even in HS, may be violated
at will) and faithfulness constraints the way that HS doasHSE, it makes sense to talk about a FFC because the
number of faithfulness constraints violated by a given ddate plays a crucial role in defining the framework itself.
Furthermore, abandoning HS in the absence of evidencetthaih¢ory is wrong would not be prudent. HS has been
argued to be independently necessary for the analysis ofrdbb@uof disparate phenomena: cluster simplification
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(McCarthy, 2008a), epenthesis (Elfner, 2009), foot baid{Pruitt, 2010), nasal assimilation (McCarthy, 2008a),
positional faithfulness (Jensey, 2009), syllabificati&tfrier, 2009) syncope (McCarthy, 2008b), variation (Kimpe
2011) and others.

6.4.3 Limitations of the analysis

One problem for this HS analysis of CL is that it can accounbfdy local interactions—those in which the trigger
is adjacent to the lengthened segment (or, at most, in tha cbthe same syllable as the lengthened vowel). That
property may actually be a strength of the analysis in thatviist majority of canonical CL involves a relationship
between a coda consonant and an immediately preceding vowel

The mora-sharing structure required by HS’s commitmentadgalism means that the trigger and the length-
ened segment must be in the same syllable; the crossedatgsntines necessary to create a mora-sharing structure
across syllables could not be generated lBNGThis means that any example of CL that appears to crosdhiylla
boundaries must be analyzed in some other way. The phendefémna account for include CVCV CL, illustrated
in (103a). In CVCV CL, apocope of the the second vowel trigdengthening of a vowel in the previous syllable.
Similarly, so-called “double flop” CL (103b) is also unacoted for by a mora-sharing analysis.

(103) a. hima/ — [niig] ‘heads’ (Lama; Kavitskaya 2002, p. 166)
b. *odwos — o:dos ‘threshold’ (Ancient Greek; Hayes 1989, (19))

It is likely that CVCV CL is really conservation of some leval prosodic structure higher than the mora.
Before CVCV CL applies, the underlying representation isradaic foot. After lengthening, the output is also a
bimoraic foot. This fact suggests that, in at least somes;dke lengthening is motivated by the language’s desire
to maintain bimoraic feet and/or bimoraic minimal wordsthié motivation for lengthening is not syllable-internal, i
cannot be analyzed via mora-sharing.

The fact that the analysis cannot account for these caset s fatal problem for the analysis presented
above for two reasons. First, CVCV CL and double flop CL areintasyllabic processes; the fact that they are
called “CL" is perhaps misleading given that they can reabbntaken to be different phenomena from canonical CL.
Secondly, and perhaps more convincingly, CVCV CL and doflbfe CL are almost always phonologized remnants
of a diachronic change. The double flop in (103b) was a diagbrchange that took place in particular dialects of
Ancient Greek. And Kavitskaya (2002) argues that CVCV CL as likely to be a productive synchronic process
because the trigger is not necessary recoverable in thénugymic phonology. The FFC analysis of CL is intended
primarily to account for synchronic alternations; it is metcessarily a failure of the analysis if it cannot accountfo
particular diachronic change.

Similarly, the analysis presented above relies cruciatiyttee assumption that only the loss of moraic seg-
ments can trigger CL. It has been claimed (Beltzung, 200&tkleaya, 2002;j.a.) that some languages have CL
triggered by the loss of an onset. These putative countamgbes to the moraic theory of CL include dialects of Italian
and Greek. The trigger in question, though, is always a highhorant segment, and Kiparsky (2010) argues convinc-
ingly that these segments/(in Samothraki Greek) are reasonably interpreted as paheohucleus of the syllable
before it is deleted. If this is the case, these are not truatesexamples, and the FFC analysis could countenance
them just as well as the canonical cases by assigning a mtra tagger in the FFC.

7 Conclusion

7.1 Summary of the analysis

In this paper, | hope to have demonstrated that a HS analf/€i @ sufficient only if it begins with a syllabified
and moraically specified version of the input. Neither da& nor OT-CC can provide a satisfactory account of the
opacity of CL while at the same time allowing for the variefyuaderlying representations allowed by Richness of the
Base. CL is also problematic for HS itself. If gradual delatdf consonants is not assumed, a ranking paradox arises.
The trigger must be present in the derivation long enougtetadsociated with a mora, soaM must be ranked above
the constraint that motivates deletion at the beginningpeftierivation. At a subsequent stage, however, the consonan
must delete. For the deletion to occur, the constraint thudiviates deletion must be ranked above X This ranking
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paradox is related to Richness of the Base in that it canngtibeanteed that the trigger is associated with a mora and
to syllable structure in that it is impossible to know whettie trigger will surface in coda or onset position.

Gradual deletion of consonants appears to be a way out gbtbidem because it forces the consonant that
will be deleted to remain in the derivation long enough fa tlquisite moraic structure to be built. Several problems
with this approach were identified in Section 5.3, thouglrstfit is not clear that the intermediate representations
proposed are pronounceable or are possible outputs in agydge. And in the general case itis not possible to delete
a consonant without first deleting its place features. Téstriction amounts to imposing an order of violations on
the derivation, something that is theoretically undes&#aBecond, unless redundancies in the featural spedaifitati
of laryngeal consonants are posited, the gradual delefiproach cannot account for CL triggered by the loss of a
laryngeal consonant. Placeless consonants should bedéhet single step, but this fell-swoop deletion does not
allow the deleted consonant to remain long enough to be a$sdavith a mora.

These failed analyses contrast with the FFC analysis pied@nSection 6. Under that approach, the deriva-
tion begins with a syllabified and moraically specified foffhe FFC is motivated by the fact that neither syllabifica-
tion nor the insertion of positional moras violate any faithess constraint. If prosodic structure up to the sy#dbl
built before any segmental changes take place, it can beugiggd that the trigger is associated with a mora before it
is deleted. CL crucially makes reference to syllable stmgtso it can only be analyzed with respect to a syllabified
form. Beginning the derivation with a FFC allows this to hap@and, consequently, allows for the analysis of a variety
of types of CL—those caused by deletion and glide formatisnyell as those caused by deletion of a tautosyllabic
but not adjacent consonant. The empirical coverage of tiixdtfalysis makes it superior to the gradual deletion anal-
ysis. Like any derivational mora-sharing analysis of Cle FFC analysis predicts that languages with CL will also
have closed syllable lengthening. Finally, it is a streraftthe analysis that it is limited to intrasyllabic interiaets.
Cross-syllabic CL is both very rare and almost exclusivihted to diachronic change.

The FFC analysis is in many ways similar to autosegmentaat@nal analyses of CL. Syllable structure
is built without penalty at every step in the derivation. Tiiggest difference is that instead of a stage with an
unassociated mora, the FFC analysis posits mora-sharimgasBwre saw in the discussion of Japanese CL triggered
by glide formation, the FFC analysis has the effect of ruldeong. The derivation ofridgu:mu] requires glide
formation, mora-sharing, vowel lengthening, and coalesed¢o occur, in that order. Where a traditional derivational
analysis would stipulate that the relevant rules apply @t garticular order, the order of changes in a HS derivason i
determined by the constraint ranking. That is, the sameiplis that govern the output of the phonology also govern
the order in which gradual changes are made to the undenlgjmmgsentation.

We have seen that the syllabification and moraic structw@ecessary prerequisites for the analysis of CL.
This is a property common to both the FFC analysis and traditi derivational analyses. It might be possible to
eliminate the need for the FFC in constraint-based phoryadfag stratal approach were used. Re-ranking constraints
between strata could eliminate the ranking paradox betiwéer and the constraint that motivates deletion of the
trigger. The problem with this approach is that there is rasoa to posit separate strata during the course of the
derivation of CL. CL can occur morpheme-internally, as inkish, and so does not require a distinction between
morpheme- and word-level strata. The FFC approach is arbmitéon because it requires neither constraint re-
ranking nor separate levels of analysis. As is, the FFC ambraccounts for a variety of canonical CL phenomena in
a manner that is very similar to precedented and acceptactienal models of CL.

7.2 Directions for future research

Given that the HS analysis predicts closed-syllable leswgitig in languages that have CL, there ought to be phonetic
evidence that will bear on the correctness of the analysislévirere is evidence that vowels in closed syllables are
longer than vowels in open syllables in Komi I1Zma, | know ofsue@h evidence in the other languages discussed in
this paper. Closed-syllable lengthening is a countetiintuiand relatively rare phenomenon, and evidence that it is
prevalent in languages that have CL would significanly usi@ed our understanding of moraic theory.

To that end, it is important to supplement this theoreticakwith experimental data. The analysis presented
here predicts that colloquial Turkish should have longavels in closed syllables than in open ones, and it is worth
measuring to see whether this prediction is borne out. Qfquéar interest, though, is the Tehrani Farsi pattern wher
the deleted trigger and the lengthened segment are in the Sdlable but not necessarily adjacent. Several questions
arise from these data, including whether speakers exhilnierce of closed-syllable lengthening. When CL applies
to an underlyingly doubly-closed syllable, is the lengthiaf resulting vowel the same length as the vowel that results
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from CL in a syllable that originally contains only one codansonant? Furthermore, the Tehrani Farsi analysis
predicts that moras should be able to be shared three waysdreta vowel and each of two coda consonants. Is this
a reasonable prediction? To answer this question, we waéd to look for languages that have subtle differences in
vowel length between closed and doubly-closed syllablesetér such languages exist is an empirical question that
deserves future attention.

An unrelated, but equally necessary, avenue for futurearebas to investigate different types of CL. In this
paper, | have focused only on cases where the loss of a camsbsagment triggers vowel lengthening. In other
cases, deletion of a consonant triggers gemination of ateadf consonant; this pattern occurs in Eastern Andalusian
dialects of Spanish (Gerfen, 2001) and in other languagbs ghenomenon is very similar to the canonical cases
of CL analyzed here in that deletion of one moraic segmentitees an additional mora being associated with an
adjacent segment. It is less clear, though, that the madrghapproach generalizes to examples like the one given
in (104), as the segments in question are not in the samebkyllét is, of course possible that there is some other
explanation for this phenomenon (perhaps one involvingraksdion), but it looks quite similar to canonical CL. That
said, | leave to future research whether the FFC analysisdexgtraightforwardly to compensatory gemination.

(104) /boske/ — [bok.ke] ‘forest’ (Gerfen 2001, (3))

Compensatory lengthening is an intuitive but diverse phemn, and it is my hope that the analysis pre-
sented here accounts for similar effects in a variety of laggs.
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