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Introduction

The notion "Alignment" entered Optimality Theory (OT) in the form of

correspondence requirements that demand certain edges of grammatical constituents—say,

the right edge of every stem—to coincide with a corresponding edge of a prosodic

constituent—say, with the right edge of some syllable. Alignment requirements control the

prosodic shape of morphological and other grammatical constituents and in this way lay the

foundation for prosodic-morphological analysis. The constraint just mentioned forces the

end of a stem to coincide with the end of a syllable: it must be syllabified, and the syllable

must not span across a stem-suffix juncture. First proposed in Prince & Smolensky (1991,

1993) in the course of an analysis of the Australian language Lardil, this constraint was

shown to be operative in Axininca Campa by McCarthy & Prince 1993a. In its

concentration on the mapping relation between grammatical and prosodic categories,

Alignment theory has its roots in earlier work on the syntax-prosody interface (most

notably the 'end-based' theory of Selkirk 1986), extended to word-internal domains in

Inkelas 1989 and Cohn 1989. The Alignment concept has since been developed in several

ways. Thus it has been shown that significant analytical advantages can be obtained by

extending Alignment to include an altogether different type of constraint linking two

prosodic categories like prosodic words and feet: i.e., PCat-PCat constraints, in addition to

the traditional GCat-PCat type. The internal prosody of words in Japanese is significantly

shaped by the requirement that the left edge of every PrWd must correspond to the left

edge of a foot (Itô & Mester 1992, 30, (42) "Left Edge Matching"). In different theoretical

contexts, similar ideas have been explored in work by Burzio 1994 and Idsardi 1992. The
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most systematic and influential proposal in this direction is Generalized Alignment Theory

(McCarthy & Prince 1993b), where Alignment is systematically developed into a large

family of constraints requiring coincidence of (left or right) edges for a wide variety of

categories. This work has opened up a rich field of alignment-theoretic analysis including,

for example, directionality effects in footing. In fact, this line of research has demonstrated

that Alignment constraints, even though logically independent of the central tenets of OT

(viz., ranking and violability of constraints, with optimality defined as best-satisfaction),

can only unfold their full analytical and explanatory potential within the ranking network

of an optimality-theoretic grammar. By further developing an alignment-theoretic approach

to syllable structure and extending it to issues relating to structural complexity and the

sonority profile of syllables, this paper brings empirical and formal considerations to bear

on the proper definition of the notion "alignment", presenting old problems and exploring

new ideas along the way. 

1.  Syllable Theory and Alignment

Syllable wellformedness conditions of various kinds have played a significant role in the

optimality-theoretic analysis that grew out of Prince and Smolensky's 1993 inaugurating

work (henceforth P&S 93). In particular, the ranking of the two most basic wellformedness

conditions— Onset (requiring/favoring the presence of onsets) and NoCoda

(requiring/favoring the absence of codas)—with respect to Faithfulness constraints has

been pivotal in numerous analyses.
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(1) Basic Syllable Theory:

Onset: Syllables without onsets are disallowed.

NoCoda: Syllables with codas are disallowed.

Exploring the limits of alignment-theoretic statements, McCarthy & Prince 1993b

(henceforth, M&P 93b) suggest that Onset and NoCoda can be formulated as requiring,

respectively, that every syllable be left-aligned with a consonant (Onset) and right-aligned

with a vowel (NoCoda).1

(2) Onset: Align-Left (F,C)

NoCoda: Align-Right (F,V)

 

As in all alignment constraints, the first argument is quantified universally (“every

syllable”), the second existentially (“some consonant”). Generally speaking, one of the

most fertile formal resources of Generalized Alignment Theory lies in the possibility of

exchanging the two arguments, providing a rich network of related conditions with

different logical force. For example, M&P 1993b show that great mileage can be obtained

from the interplay of mirror-image constraint pairs like those in (2).2
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(3) Align-Left (PrWd, Ft) 

Align-Left (Ft, PrWd)  

Regarding the alignment-theoretic versions of Onset and NoCoda (3), however, M&P

(1993b, 20) state that such combinatorial freedom of argument settings is unavailable,

remarking that "[h]ere G[eneralized] A[lignment] provides a way of formalizing the

substantively-fixed constraints.”  Clarification and formalization are certainly significant

achievements in themselves; it appears, however, to be premature to conclude that such

combinatorial freedom of argument settings is unavailable for syllable theory3. As we will

see, the internal richness and symmetry of the emerging alignment-theoretic syllable theory

is considerably richer than a mere restatement of familiar conditions. 

1.1  Syllable Alignment and Segment Alignment  

The task before us, then, is to explore the formal and empirical content of the mirror-image

(reversed argument) versions of Onset and NoCoda, given in (4). 

(4) AlignLeft (F, C) "Onset"

AlignLeft (C, F) "Align-C" (mirror-image of Onset)

AlignRight (F, V) "NoCoda"

 AlignRight (V, F) "Align-V" (mirror-image of NoCoda)
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Reversing the arguments for Onset yields an alignment constraint (Align-C) which

focusses on the consonant (formally, quantifies universally over consonantal segments),

and requires it to be left-aligned with some syllable. Similarly, reversing the arguments for

NoCoda results in an alignment constraint (Align-V) which focusses on the vowel, and

requires it to be right-aligned with some syllable. The following chart organizes the mirror-

image constraint pairs in terms of their arguments: We will refer to Onset and NoCoda,

with the syllable as the first argument, as syllable(-to-segment) alignment constraints, and

the mirror-image versions, with consonant/vowel as first argument, as segment (-to-

syllable) alignment constraints.

(5)

Alignment

of syllables: (F,__) of segments: (seg,__)

Left edge (F, C)  "Onset" (C,F)   "Align-C"

Right edge (F, V)  "NoCoda" (V,F)  "Align-V"

The syllable alignment constraints require every syllable to be left-aligned with a

consonant (i.e., to have an onset) and to be right-aligned with a vowel (i.e., to be open). On

the other hand, the mirror-image segment alignment constraints require every segment to

be left/right-aligned with syllables: consonants must be syllable-initial, vowels must be

syllable-final.
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From a purely formal standpoint, it is obvious that the segment alignment

constraints differ in logical force from the corresponding mirror-image syllable alignment

constraints. More interesting, perhaps, is the fact, to be demonstrated below, that the new

network of constraints yields a richer syllable typology, including systems with complex

onsets, nuclei, and codas, bringing us one step closer to a serious approximation of the

range of syllabification systems encountered in natural languages. For better or for worse, a

characteristic feature of the new approach is its exclusively alignment-theoretic nature,

without reliance on configuration-specific penalties like "CodaCond", "NoComplex", 

"NoLongVowel", "NoDiphthong" found in the literature (see P&S 93 and Rosenthall 1994,

among others).

1.2  Align-C

Besides Onset and NoCoda, one of the most frequently discussed syllable structure

conditions is the Coda Condition (Itô 1986, 1989, etc.), which restricts the type of

consonant that can occupy the syllable-final position. As is well known, the Coda

Condition (henceforth: "CodaCond", following P&S 93's usage) plays a pivotal role in

accounting for the form and distribution of intervocalic clusters found in languages. In

languages that allow codas at all, it restricts the type of consonants that can occupy this

position. Typically,  only unmarked elements (like coronal sonorants) and consonants

homorganic (i.e. place-linked) to the following onset make licit codas. In Itô & Mester

1994, we argue that CodaCond is not a negative constraint disallowing certain syllable-

final consonants, but is formally an Align-C constraint, requiring consonants to be left-
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aligned with syllables (6)—i.e. the mirror-image counterpart of Onset, in the sense of (4)

and (5).

(6)  CodaCond = Align-C (Itô & Mester 1994)

Align-Left (C,F) œ C›F [Coincide(Left-Edge-of (C),Left-Edge-of (F)) ]

“For every consonant C, there is a syllable F such that the

left edge of C coincides with the left edge of F.”

This is the general form of CodaCond, ruling out all consonantal elements syllable-finally.

The fact that (6)  is a positive statement is not an idiosyncrasy; rather, it shares this

property with all alignment statements in the current framework4. In concrete cases, the

consonantal element referred to by means of “C” in (6) is often more narrowly

circumscribed by referring to CPlace, marked CPlace, major segment types (resonants,

obstruents), etc. (see below). In this way, CodaCond (6) is, properly speaking, an alignment

scheme that in individual grammar is cashed in for some set of elementary alignment

conditions.

In order to see how the alignment constraint in (6) can do the work of earlier

statements of CodaCond, consider the following simple example. M&P (1993b) note that

like many other Semitic languages, Bedouin Arabic and Biblical Hebrew have a constraint

against pharyngeal codas, as a particular instantiation of CodaCond (McCarthy 1994). We

reproduce their formulation below in (7), where “pharyngeal” refers exclusively to Cplace:
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(7) CodaCond (Arabic, Hebrew): *[pharyngeal] )F (M&P 1994, 44, (93))

In the theory advocated here, (7) is replaced by the Alignment Constraint (8).

(8) Align-Pharyngeal: Align-Left ( [pharyngeal], F)

Rather than disallowing pharyngeals in the coda, Align-Pharyngeal assigns a mark to any

pharyngeal consonant not left-aligned with a syllable5. Just as in the original analysis, this

constraint dominates Fill, resulting in epenthesis (indicated by ‘9’ in (9)). The constraint

interaction resulting in outputs like those in (9) is depicted in tableau (10).

(9) ya.?9.mÇd ‘he will stand’

he.£9.z§q ‘he strengthened’

(10)

Align-Phar Fill

.ya?.mÇd. *!

L .ya.?9.mÇd. *

The move towards stating CodaCond as a constraint left-aligning consonants with syllables

is conceptually attractive because it turns CodaCond from an association condition loosely
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appended to the rest of syllable theory into a counterpart of alignment-theoretic Onset (see

(4) and (5)).

1.3  Align-V

Having found a strong case for Align-C in the form of traditional CodaCond, it is a natural

step to turn to Align-V (repeated in (11)) and ask whether any known syllable

wellformedness condition might fall under it.

(11) Align-V AlignRight (V,F)

The answer is not difficult to find: If the right edge of every vowel must coincide with a

right syllable edge, this does not only mean that vowels should stand in open syllables, but

also that vowels should not be part of complex nuclei. Consider in this context the ban

against diphthongs in Rosenthall (1994).

(12)  NoDiphthong (NoDiph):        *   F (Rosenthall 1994, 27)
 / \
: :
|   |
ViVj 

According to Rosenthall 1994, this is an undominated constraint in Yoruba, responsible for

alternations as in (13).6
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(13) /bu+ata/ [bata] 'pour ground pepper'

/ra+o`ge`de`       [ro`ge`de`] 'buy bananas'

We propose that the formal expression of the ban against complex nuclei should be the

alignment constraint Align-V (11). The tableau (14) (adapted from Rosenthall 1994, 67)

illustrates how the correct empirical results are obtained.

(14)

Input: /bu+ata/ Align-V
AlignRight(V,F)

Onset
AlignLeft (F, C)

Parse

a. .bua.ta. *!

b. .bu.a.ta. *!

c. L .b<u>a.ta. *

The segment alignment constraint Align-V requires every vowel to be right-aligned with a

syllable, hence in (14a) the vowel u violates this constraint, since it is not syllable-final. In

(14b) all the vowels are indeed parsed syllable-finally, fulfilling Align-V, but now the

medial syllable .a. violates the syllable alignment constraint Onset. Thus, (14c) is the

winning candidate, violating the low-ranking Parse, and fulfilling both Align-V7 and Onset.

The constraint NoDiphthong (12) specifically targets a sequence of vowels within

the syllable domain. The success of the corresponding nonsequential alignment constraint

raises the prospect of further reducing the need for construction-specific sequential

constraints in phonological theory.
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1.4  Further segment alignment effects 

It would be a mistake to view this alignment-theoretic approach to syllable structure as

merely a succinct restatement of familiar conditions like Onset, NoCoda, CodaCond, and

NoDiphthong. There is a deeper symmetry organizing the syllable structure constraints,

quite comparable to the foot-related constraints; and we will see that the segment

alignment constraints have more far-reaching effects than what is covered by CodaCond or

NoDiphthong. 

We start with the chart in (15) showing some correlations between syllable and

segment alignment constraints in systems where F[CVC] is the upper bound for syllable

complexity. In (15a) and (15d), the four constraints ("Onset", "NoCoda", "Align-C",

"Align-V") are all satisfied in .CV. and all violated in .VC. And in (15b) and (15c), Align-C

and Align-V have the same marks as the NoCoda column. 

(15)

syllable alignment segment alignment

Onset NoCoda Align-C Align-V

AlignLeft (F, C) AlignRight (F,V) AlignLeft (C,F) AlignRight (V,F)

a. .CV. T T T T

b. .V. * T T T

c. .CVC. T * * *

d. .VC. * * * *
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This correlation between NoCoda and the segment alignment constraints might seduce

unwary readers into concluding that only one of the three constraints (NoCoda, Align-C

and Align-V) is necessary in the system.8 This conclusion, however, would be erroneous:

The apparent marking correlation between NoCoda and the segment alignment constraints

exists only at the simplest level of syllabic organization, where many distinctions have

collapsed due to the absence of complex onsets, complex nuclei, and complex codas. The

correlation breaks down once we look beyond the F[CVC] barrier, as shown in charts (16)

and (17). The syllable types considered in (16) have various kinds of onsets and nuclei

onsets, but are all open. Those in (17) add further complexities in their post-vocalic parts

(codas, simple and complex). 

(16) (complex) onset, (complex) nucleus, open:

syllable alignment segment alignment

Onset NoCoda Align-C Align-V

AlignLeft (F, C) AlignRight (F,V) AlignLeft (C,F) AlignRight (V,F)

a. .CV. T T T T

b. .CCV. T T * T

c. .CVV. T T T *

d. .CCVV. T T * *



13

(17) (complex) onset, (complex) nucleus, (complex) coda:

syllable alignment segment alignment

Onset NoCoda Align-C Align-V

AlignLeft (F, C) AlignRight (F,V) AlignLeft (C,F) AlignRight (V,F)

a. .CVC. T * * *

b.  .CVCC. T * ** *

c. .CCVCC. T * *** *

d. .CCCVCC. T * **** *

e. .CVVC. T * * **

f. .CVVCC. T * ** **

g. .CCVVCC. T * *** **

With respect to Onset and NoCoda, these two groups of syllable types incur the same

marks (TOnset, TNoCoda in (16), TOnset, *NoCoda in (17)). But they differ widely with

respect to the segment alignment constraints, which focus on every consonant and every

vowel in the phonological string. Thus a syllable with a complex onset .CCV. (16b) fulfills

Onset, but the second C incurs one violation of Align-C. Similarly, a syllable with a

complex nucleus (diphthong or long vowel) of the form .CVV. (16c) fulfills NoCoda, but

the first V incurs one violation of Align-V.  Note that violations of Align-C and Align-V in

(16) and (17) can simply be measured categorically ("pass/fail"), without having to rely on

the gradient measures of disalignment suggested by McCarthy & Prince 1993b for foot

directionality effects. On the other hand, Mester & Padgett 1994 have found a potential use

for gradient measures of violation (in terms of segmental or moraic distance) in syllable
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theory.  We therefore leave the role of gradient violation in syllable alignment as an open

question.

Multiple violation marks are incurred when several segments are independently

evaluated by the constraint. For example, four consonants are evaluated by Align-C in

(17c). The first one passes, the other three fail the alignment test, incurring three marks.

As far as Align-V is concerned, the requirement is not that every syllable should

end in some vowel, but that every vowel9 should end some syllable, and this requirement is

violated by every diphthong and every long vowel. Similarly, Align-C is violated by every

complex onset (as well as by codas, whether simple or complex (17)).

In terms of the relations between the individual constraints under discussion here,

we find the picture in (18), which reveals the extent to which the four constraints are

orthogonal to each other (the cells are filled with examples illustrating the compatibility of

the two constraint evaluations). Disregarding heterosyllabic geminate consonants and

syllables without nuclear vowels, there are two implications (the corresponding cells are

marked "no" in (18)): A violation of NoCoda implies a violation of Align-C (*[NoCoda] e

*[Align-C]) and also a violation of Align-V (*[NoCoda] e *[Align-V]).10




