Vowel harmony

The phenomencn of vowel harmony invelves saveral of the central 1issues
with which we are concerned in this book: (strict) cyclicity, the relation
between morpheme structure, phonotactics, and phonological processes, and
the problem of abstractness. Particularly interesting in this regard is
the functioning of vowel harmony in asymmetrical vowel systems, which con-
tain unpaired vowels, either "neutral" or "opague." Their proper treatment
will be the focus of our investigation.

Among the available apprnéches to vowel harmony, the one which comes

closest to explaining its cross-Tinguistic properties, and which permits

a2 treatment compatible with the theory of cyclic phonology, is the autoseg-
mental approach elaboratad by Clements {1977, 1980). Still, when it is
applied to systems with neutral vowels, some weaknesses at the explanatory
and even at the purely descriptive level become apparent., 1 shall suggest
& slightly modified version of autosegmental theory which appears to me to
succeed in overcoming them.

I shall proceed by analyzing in turn a number of vowel harmony systems
which each shed light on some aspect of the problem. The first case to be
discussed is Finnish, where a segmental treatment will be compared to a
standard autosegmental treatment and this in turn to a treatment in the
modified autcsegmental framework that I wish to propese,

1. Finnish. The data and the essential generalizations which any
treatment of Finnish vowel harmony must address itself to have besn pre-
sented in previous studies (Kiparsky 1573, Campbell 1877). A more de-
tailed discussion of the system from a historical point of view will be

presented in Ch. 6 below.

Finnish has eicht vowels, which combine with themselves into geminate
(Tong) vowels and with each atner into 17 diphthonas. The feature compo-

sition of the vowslz is shown in (1):



(1)
back
round
high
low

The basic vowel harmony constraint is stated in (2):

(2) Non-neutral front and back vowels do not co-occur in words.

+ + + =

+ +
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This is a constraint on stems (3a) and on combinations of stems and suffixes

(3b):

(3} (a)

(b)

makkara
vakkara
palttina
varttina
kaura
kayra
luo

lyo

palttina
varttina
luo + da
lyo + da

+ 1la
+ 11a
+ kse
+ kse

+ ni
+ ni
+ 1

+ ni

‘sausage’

'pinwheel’
"linen cloth'
'spinning wheel!'

'opats '
'curve'
‘creates’
'hits!

+ han 'with my linen cloth, as
+ han  'with my spinning wheel, as you know'

4=

+ ko "for me to hit?'

ko 'for me to create?’

Unassimilated loans may violate (2) inside stems:

(4)

tyranni
marttyyri

"tyrant'

‘martyr’

you know'




Such words normally control suffix harmony according te the last non-neutral

stem vowel (5a); but if that vowel is y or 0, it is optionally treated as
neutral (5b):

3 |
(5) a. tyranni + ko Viha Eypanta s |
marttyyri + ko, marttyyri + ko 'the martyr?' [ = ooy

Stems containing only neutral vowels (i,e). in any combinaticn, design Eront
harmony to their suffixes:

(6) meteli + 11a + ni + han

‘with my noise, as you know'
4 1 . n
vie + da + kse + ni + ko

'for me to bring away?'

There is a systematic exception to this. Suffixes beginning with non-neutral

vowals are back after monosyllabic neutral-vowel stems:

(7) pien + uus ‘small size'
piene + mm + yys ‘smaller size' ( polysyllabic stem)
pien + ta 'small " ( partitive singular) ( consonantal
ending
el + o 'life’
el + el +y 'Tiving'
&1 58 'organism’

A solution in standard segmental phonology would require the follow-

ing system of rules. The lack of back counterparts to i, e is reflected
by the redundancy rule

- Tow
and the mutual exclusion of front and back non-neutral vowels ip native
lexical-entries by the MS condition

. i .4 3 =7 — =
(9) /’ =/ roun / X }izround;-:j 1l s i3
—~o¢ low | f-_*lf‘h::w J — j@wack | [¥ back |
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Endings are taken as having the restricted 5-vowel subsystem a, 0, U, 1, €.
The Harmony rule itself is statable as

V

(10) [} back] =+ [=back] / [« back] (C_| -round| C) + C__
-low -4,

The full complexity of this formulation is necessary to secure the correct
output with neutral vowels. The input vowels must be specified as [+back]
in order to prevent suffixal i and e from being backed by Harmony. The
structural change must be stated as [e¢ back] rather than [-back] so that only
the longest expansion will apply by disjunctive order. To see this consider
a word with a back vowel followed by a neutral vowel, B.9. EEIj,'Pair"
In paritko 'a pair?', the rule must ( vacuously) back the suffixal a in the
context of the initial syllable, with i analyzed in the parenthesized ex-
pression, and the shorter expansions of the rule are then blocked by the
comventions of disjunctive ordering. If harmony is simply taken as a
fronting process, it would wrongly give par1+na-+'*pap1na, 11kepﬂ1+na—rgllpa].

In order to account for the data in (7) it is necessary to add a
Backing rule which applies in the context after monosyllabic neutral stems.
This rule must follow VYowel Harmony since its effect would otherwise

be undane.
(11) - round - round
- Tow + [+ back] / #C, |- low C,t
y TR =]
o
/el + o/
(12) (10) /el + of

(11) fel + of

However, some way is required of bringing the vowels to the right of

the Backed vowel to agree with it. It cannot be done by Harmony itself
because it precedes Backing, for the reason just noted. The same problem
arises if Vowel Harmony and Backing apply cyclically. It seems, then,
that the segmental solution requires still ancther rule which adjusts the
output of Backing appropriately:




(13) ol ruundf & Febick] !,g round nrDundZ
—x Tow | -Alow | (C, c)

~-low 4]
4, n

+back

Assuming iterative application of the rules, we then have derivations as

n (14):

/pien + uut/ /pien + uut + ta + 57 + ko/

(14) (10) pien + yyt pien + yyt + ta + si + ko
(11) pien + uyt pien + uyt + ta + si + kb

(13) pien + uut pien + uut + ta + si + ko

Merely internally to Finnish, without even considering the cross-1in-
guistic generalizations that hold for vowel harmony systems, it is already
clear that the segmental solution is unacceptable. One objectionable feature
of it is the need to exclude the class of neutral vowels in every rule.

The class [:;gi”dj, or its complement, here specifiable as [_: ;‘g:ﬂdu
figures in our rules (8,9,10,11,13) no less than nine times. In addition,
the restriction of rule (10) to [+back] also serves to pick out the non-
neutral vowels, so as to block suffixal i , & from undergoing Back harmony.
This is a clear symptom that the theory is not permitting our analysis to
grasp the special character of neutral vowels. Moreover, it is apparent
that rule (13) essentially duplicates the effect of the main Vowel Harmony

rule (10); yet it cannot be combined with it.

A better solution is available if we adopt Clements' proposal (1977)
to extend to vowel harmony the autosegmental theory first introduced by
Goldsmith (1976) for tone features. The idea is that the harmonic feature
is represented on an autonomous "tier" and is associated with the harmony-
. bearing elements (vowels) in accordance with a set of universal well-formed-
" ness conditions. As a result, the language-particular vowel harmony rules
that we found to be Irrﬁdeemab]y redundant in the segmental solution can
be radically s1mp11f1ed, and indeed largely eliminated. What the grammar
has to specify for a vowel harmony system is essentially the appropriate
initial representations, from which the association of harmonic features
by the universal well-formedness conditions will yield the correct output
representations. For Finnish, the grammar specifies that the feature



E Bacﬁ?is represented on its own tier (is "autosegmentalized") and that it
is associated with roots (but not suffixes) in the lexicon.

If we simply were to generalize to harmony the well-formedness condi-
tions formulated by Goldsmith for tonal systems, we would obtain {15):

(15) a. A1l vowels are associated with at least one harmony feature. \Q//
b. All harmony featurss are associated with at least one vowel.
c. Association lines do not cross.

The following convention can be adopted for cases where violations of (a-c)
above arise in a derivation, for example by the operation of a phonologi-
cal rule:

(15) d. Association 1lines which violate WFC's (a-c) and features which |

cannot be associated are deleted. _J
Hence, when a harmonic feature becomes associated with a vowel, any other
harmonic features are automatically dissociated from it by virtue of WFC
(15d). That is one effect which we shall wish to retain in our revised
version of autosegmental theory.

Given this framework, which we may for convenience refer to as the
Standard Autosegmental Theory (SAT), the vowel system of Finnish contains
which is assigned as a distinctive feature to each stem but not to affixes.

It is still necessary to include in the phonology a rule which fronts i and e:



- round
(17) [; Tow ] + [ ]

+B
o B-B+ -B
,//'/]\ e }/+F [

(18) pari + na + kin + pari + na + kin

(parinakin, not *parinakin)

Secondly, it is necessary to add a MS condition to the effect that stems
containing only 1 and e may not be associated with +B.

+B

% -round
(19) {c b )

This is to block any derivation like piitna = *piina while still allowing

"mixed" stems like piina to exist.

A Backing rule is still necessary but it can now be simplified to a form

+B -round
(20) v f#C |-low %
I|I|I o v [¥] o] -

in which it is also applicable to i and e, because (17 ) then fronts these
vowels again anyway.

The co-occurrence restrictions on vowels can also be simplified. The
constraint that front and back non-neutral vowels cannot occur together

in native lexical entries can be stated in the form (21):



(21) Every non-compound word contains at most one harmonic feature.

This autosegmental solution is obviously an improvement over the
segmental solution. It eliminates the worst redundancies in the latter and
simplifies several aspects of the system. Yet it is open fo the critism
that it treats as accidental several properties of Finnish which are found
very generally in vowel harmony systems. Its weakness is therefore more
apparent from a typological perspective. I shall review the properties
in question and propose a revision of the autosegmental format which pre-
dicts them without sacrificing any of the other advantages of the theory.

1. Vowel harmony is structure-preserving. It is true of Finnish and

of all vowel harmony systems known to me that the vowel harmony process

does not create any new segment types. The set of vowels that appears in

the output of the vowel harmony process is identical to the set of vowels
that appears in the input. From the viewpoint of the SAT, this "structure /
preserving” property is guite unexpected. As we have seen, the exclusion

of distinctively back counterparts of i and e in the lexicon (the type *pii+na)
requires a MS condition Timiting [+Back] to stems containing at least one
non-neutral vowel. And the exclusion of phonetically back counterparts of

i and e in the gutput requires a rule which fronts 1 and g (rule 7).

That is, the theory claims that Finnish would be a simpler language if rule

{ !i} were dropped, whereas what the correct theory must claim is that

such a form of Finnish would be an impossible language.

Above we noted that the Backing rule { 20 ) applies only after mono-
syllabic neutral stems (pien-uus 'small size' vs. pienetmmtyys ‘smaller size',

see (7)). This rather mysterious restriction can now be genevalized along

similar lines. It is paralleled by the fact that monomorphemic stems of
Finnish containing neutral vowels can end in back or front vowels if disylla-
bic (e.g. ilma 'air', vs. silmd 'eye') but (with rare axceptions) only in

front vowels if polysyllabic (e.g. ﬁgtters 'agile', retteld 'hrawIJ kipina
‘spark®, hedelma 'fruit', himmea 'dim']. :

* + Back

(22) X j;w:f'\
V. v

V, 3 ‘ where ”i,”j are Y-‘Iﬂw
=round



This is the same condition that we found on the Backing rule, and yet we

so far lack a means of relating its static, morpheme-internal and dynamic,
derivational manifestations. We merely have yet another unexplained appear-
ance of the class of neutral vowels in the phonological rules of Finnish.

2. The phonetic and harmonic value of neutral vowels is predictable.
It is well known (cf. Aoki 196) that not any arbitrary vowels function as
neutral. Neutral vowels show a predictable value of the har-

monic feature, namely [- Back], [- Round], [- ATR], and [- Nasal], to cite
the four most important cases.

Moreover, it is surely not accidental that the neutral vowels trigger
front harmeny when alone (see § ). Even the segmental analysis manages,
(albeit in a much too complicated way) to attribute their harmonic value
to the fact that they are front vowels., In this-respect the SAT analysis
actually is a step backwards. |

3. MNeutral vowels are predictably transparent. The SAT analysis
will have to contain both a Backing rule (20) and a Fronting rule (17).
As we have seen, the autosegmental feature [+ Back] introduced by (20)
must spread to the right, while the autosegmental feature [- Back] intro-
duced by (17) must not spread to the right. Even if one of these is as-
sumed to happen by virtue of a general convention, the other must be
stated in the grammar. But it is evident that the difference simply fol-
Tows from the fact that Backing (20) applies to non-neutral vowels while
Fronting (17) applies to neutral vowels. We therefore conclude that SAT
fails to account for the predictable transparency of neutral vowels.

Observations 1-3 suggest the following modifications of the
theory.

The behavior of neutral vowels is best modeled by taking them to be
unassociated with harmonic features. Like consonants, they function as
non-harmony-bearing elements, which are "skipped over" when the_harmonic
features are associated with vowels:



7 B
(23) parl + nA + sI + k0 —» pii?zf:gghzﬂ;fﬁ?“Kﬂ = parinasiko ‘'as your partner?'

If neutral vowels are unassociated with the autosegmental feature, we
require some principle by which they are assigned the correct phonetic re-
presentation. It may be assumed to be the same which assigns the predict-
able value of the harmony feature to consonants. Such a principle is also
required for non-neutral vowels, since they now will remain unassociated
with the harmonic feature in suffixes of stems containing only neutral vowels
(e.g. Finnish /vIE + kD/ (gigﬁi) 'does (he) bring?').

The structure-preserving property indicates that

vowel harmony is controlled by language-particular well-formedness condi-
tions which hold for underlying and surface representations, as well as for
all intermediate stages in the phonological derivation. The segment struc-
ture condition that excludes %, ©, and the seguential constraints (21),
(22), are examples of such overriding well-formedness conditions. If we

take the strongest position and claim that all language-particular con-
straints on the spreading of harmony features are governed by well-formedness
\conditions, a number of interesting empirical conseguences follow.

Let us assume that every phonological feature (or at least every
harmonic feature) has a designated marked value. The notion of marked-
ness used here is context-independent

and must be distinguished from the richer concept elaborated in
Chomsky and Halle (1968, Ch.9) and Kean (1976), although it is not neces-
sarily incompatible with it. It is closer to Fraguian markedness theory
in taking the marked value of a feature to denote a positively specified

-10-



e

property and its unmarked value as the absence of that property. Thus,
the marked values of the features Back, Round, Nasal, and ATR is the "+"
value, denoting respectively tongue retraction, lip rounding, nasality

and tongue root advancing, while the "-" value specifies, not some other
properties, but simply the absence of these same properties. In this way
we automatically have the desired interpretation of unassociated seaments.
A vowel unspecified for F is equated to a vowel that is not-F, (E],

|

i.e. it is interpreted as having the "unmarked" value of F: |

= T

(24) V =

From this we predict at once that neutral vowels in Finnish are realized
as front rather than back, and more generally that vowels unspecified !
for a feature F are realized with the unmarked value F. At the same time, |
the fact that words with neutral vowels take front-vowel suffixes follows
directly from the same principle. The "derivation" of Ei1+n5 is reduced
to nothing, the phonetic representation being the same as the underlying |

representation:
(25) pII + nA ( = piina)
where capitals denote segments unspecified for the harmonic feature.

Since #, ¥ no longer figure in derivations, we have also eliminated
the Fronting rule (17) and the problems that ge with it. The rightward
spread of the feature inserted by the Backing rule (see 14) now can take

place hy a general convention:

B
(26) pIEn + UUt + tA = plEn + uut + ta (= pienuutta)



e

i
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An immediate objection must be faced. If we introduce unspecified feature
values into phonological representations, then what about the well-known
problems which originally caused them to be excluded in phonological theory?
It was noted by Lightner (1963) and Stanley (1957) that if rules can apply
to matrices containing unspecified feature values, then they can make non-
distinct feature matrices distinct under any possible interpretive conven-
tions. Suppose that we have the three feature matrices in (27}

(27) 0A +A -A?
(1) - B| 55 =84 @aiilen
s B = C - |

Here (i) is nondistinct from (ii) and from (1i1). Now we apply rules
(27 i, ii) to (26).

(28) (i) [+ A) = [+ B]

(ii) [- A) =+ [+ C]
We may either assume that a rule applying to a specified feature value [« F]
applies to unspecified inputs [0 F], or that it does not. Under the former

assumption (the "distinctness convention"), applying (28) to (27) gives (29a),
under the Tatter assumption (the "submatrix convention") it gives (29b):

(29) 0A]| |+A oy
(a) By the distinctness convention: (i){ + B! (ii) ;+ B [{1113 - B
[-+ c L'+ ¢
foa] [+a]
(b) By the submatrix convention: (i)| - B | (i1) 1 (111}
- CJ

In both outputs, (i) is distinct from (ii) and from (iii), although it was
nondistinct from them in the input (27). The "unspecified" feature is then
de facto functioning as a third feature value, which is not what was desired.




Contrary to what has been assumed, this does not show that phonologi-
cal rules cannot be permitted to apply to representations containing un-
specified feature values. It does show that the unspecified value can-
not be distinct from both specified values. If the unspecified value is
distinct from one specified value and nondistinct from the other, the above
paradox does not arise. And the "logic of markedness" provides for exactly
that. The structural analyses of rules must be restricted to two specifi-
cations, namely whether a segment is, or is not, specified as F. That is,
we allow no distinction to be made in the environments of rules between a
V that is unspecified for F and a V that is specified as having the unmarked
value of F.

There are two obvious ways ¢f achieving this reduction in expressive
power. The first is to stipulate the equivalence (24) as a convention for
interpreting phonological rules. Then we would still allow three kinds of
vowels to appear in phonological representations, namely the types
s =
*, ﬁ, and V. Although no rule of the grammar could distinguish between
the Tatter two, they would still function differently in derivations by
virtue of the universal conventions of autosegmental phonology. The

specification F would function as an autosegmental element on a par with

-

F (30a), while unspecified vowels would be transparent (30b): L
F F F F ; ‘.:"..:'
.|l JII f I Lol A A A
(30) (a) ] V V = vV VMHEHE? Ty A
A :
i
F F

(b) y y v - ] v v

This would be one natural way of dealing with the distinction between opaque

and neutral vowels. Thus, the second vowel is opaque in (30a) and neutral
in (30b).

.I'l.-' 'E:lr"' i W



A second way, simpler and stil] more restrictive, is to eliminate the
specification F from phonological representations altogether. There wil]
thus be only two harmonic classes of vowels, those associated with the marked

i

feature va1uq; V, and those not associated with it, V.. I shali attempt to
work out the treatment of vowel harmony in terms of this version of the theory.
It will now be necessary to deal with the distinction between neutral and
opaque vowels in a different way. The overriding language-particular well-
formedness conditions that govern vowel harmony may be used for this purpose
as follows.

We have seen thatineutral EEﬂmcnﬁ'hfaPE those nqawx& which are subject
to a well-formedness condition which prohibits their association with the
harmony feature:

Nl Waen A

F
(31) % 1]
N

Suppose we now define the class of harmonic ;ﬁfwfmk 4 as those ?;w«x% which
must be associated if they are in a harmonic domain. Let us say that they
are subject to a well-formedness condition that prohibits tHEm from being
"skipped over" in the association of the harmanic feature:

F
Y s
(82) - X H

We can now define ugague_ﬂ?n4d} as those which belong to both these classes
at the same time. Since they are neutral, they must be left unassociated

( 31) and since they are harmonic, they may not be skipped if they are in a
harmonic domain (32 ). It follows that these;nﬁm*rh cannot be contained
in a harmonic domain at all. But this is precisely the criterial property
of opague ic??“wﬁ; We therefore arrive at the following classification:

=



non-neutral opaque non-harmonic
(33) WFC  (31) = + 31
WFC (32) + + e~

Where opaque vowels are not at issue, I shall continue to refer to non-neutral
vowels as "harmonic" and non-harmonic vowels as "neutral" for convenience,
though both these terms as here defined also include opaque vowels.

Let us refer-to the above cluster of assumptions as the Modified
Autosegmental Theory (MAT). 1In what follows I shall explore a number of
vowel harmony systems in this framework.

Returning first to Finnish, the facts of vowel harmony can now be ac-
counted for very simply. A well-formedness condition designates the vowels
1,E as neutral:

(34) "8

-low

~round
Only non-neutral vowels are harmonic (subject to WFC 32); i.e. Finnish
lacks opaque vowels. (We shall see that this is not quite true for foreign

words). Finnish is furthermore subject to the syntagmatic well-formedness
conditions (35) and (36), which correspond to (21) and (22):

(35) Association is maximal up to the word level.

(36) ;
i ﬁ’ﬁw

e b

where X contains two or more syllables,

WFC (35) says that Finnish does not have disharmonic stems or words. e

This condition holds in all the vowel harmony systems I have studied,
and I shall provisionally assume that it is universal. Apparent non-
maximal association of harmonic features will arise only in observance
of language-particular WFC's- that systematically prohibit association
in certain contexts.

WFC (36) is clearly an idiosyncratic restriction of Finnish. Still,
we shall see below that very similar restrictions can be found in other
lTanguages.

Lo 4
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It can now be seen that all the complications that previously arose in con-
nection with neutral vowels now reduce to the single well-formedness condition
#43F ). It accounts directly for the facts which in the segmental analysis

as well as in SAT, require, as we saw, repeated mention of the class of
ground

—xlow |* OF of its complement:

neutral vowels

(1) The absence of */i/, *f/ in the underlying vowel inventory.

(2) The co-occurrence of the front vowels i and e with back vowels

n stems.
(3) The operation of Vowel harmony "across" i and e.
(4) The failure of Vowel Harmony to back iand e.

() The failure of the Backing Rule to back i and e.

The fact that i and e by themselves select front suffixes is now pre-
dicted from the fact that they are not associated with [ Back] and that
unassociated vowels are automatically interpreted as front by (24).

We illustrate the system with some derivations:

-
B P N

- T

7)) (a) Tho + di + ksE + nI + kO — Tuo + déf; ksE + nl +3Eh = luodakseniko

(b) U0 + dA + ksE + nI + kO = 1yodakseniko

. i Pl ||
viedakseniko

(c) VIE + dA + ksE + nl + kO




The Backing Rule s now reduced to its minimal form

B
(38) |
Vv = v / g
The WFC (34) correctly blocks the rule from applying to i,e in words 17ke
el + in 'organ'. The WFC (35) correctly blocks it from applying to non-
neutral front-vowel stems (nak + o # *nak + 0), and the WFC (36) correctly
blocks it from applying after polysyllabic neutral-vowel stems (pienemm + Y¥s

7 *pienemm + wus). The fact that the rule only applies to suffix vowels,
which are inherently unspecified for the feature of Backness, and does not
change the inherently specified stem vowels, follows from strict cyclicity.
(Foe motivation for the cyclic status of the Backing rule in Finnish

S Hiparshy 1973 aed Cho € belew), The only
thing, in fact, that must be said in the grammar of Finnish aboyt Backing is

. that there s such a change and that it applies to vowel-initial suffixes:
hence, crucially, no variable after the bracket in e

The MAT discloses an interesting regularity even in the unassimilated
foreign vocabulary, The vowels y and
ﬁ_may be "skipped over" for purposes of suffixal harmony. Thus, there is
variation between (3%) and (39b):

B
(39) (a) mérttyyri + ko (y treated as non-harmonic)

B
(b) marttyyri + ko (y treated as harmonic)

NI
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Given the MAT framework sketched out here, ¥ in marttyyri must be a

~tneutral vowel, since otherwise B is not maximally associated and the ward

violates WFC (35). We thus characterize the exceptional status of such loan-

words in the Finnish system by marking their rounded vowels as incapab}g of

- association with the autosegment Back,1.e. as subject to WFF (31) fwith F

Tall o

Back). Then association is maximal and the correct vowel sequence is obtainad.

The variation between (39a) and (39b) can now be seen as depending upon

whether the rounded vowel is harmonic or not. In (39%a) y is non-harmonic,

i.e. not subject to WFC {EEL and in (39b) it is harmonic (opaque), j.e. it |

is subject to that WFC. Such data show that 7t must be possible to assign

vowels to the class of neutral or opagque vowels not only by means of general

WFC's such as (34) but also idiosyncratically as in these Toanwords.

What we never find is that back vowels are “skipped"; (40a) is obli-
gatory and (40b) is impossible:

(40) sl
(a) tyranni + ko = _ﬁ_';r?”_“ﬂz*ﬁ';?
(b) fzitgnnfkg

The asymmetry is rigorously explained by MAT because there actually is no
way to represent back vowels as neutral (non-harmonic) in this theory., T
be neutral they must be unassociated but to be back they must be associat
With the harmonic feature [Back]. The fact that there are two alternativ
treatments of only front vowels corresponds to the fact that the MAT make
available two alternative catecorizations only for front vowels. To the

of a back vowel, a< in (40). the differEHCE between these two categorizat

is indetectable and only one output is derivable.

%

ed
g

5
Teft
ions

The crucial feature of the autosegmental approach is that vowel harmony

is not a rule but a process governed by well-formedness conditions on pho
logical representations. This means that vowel narmony cannat be extrins

no-
ic-

ally ordered in the phonology, but applies as soon as, and however many times,
the conditions for its application are met. In conjunction with the theory
of integrated morphophonology (Ch.2 above) this implies that vowel harmony

must always apply cyclically, that is, at each stage of the morphological

derivation.

This is because not being a rule, it cannot be ordered in the

]

I
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post-cyclic component, and moreover in domain harmony systems (35) would be
violated in the cyclic stages of the derivation if it were so ordered. Be- | {
cause vowel harmony is universally cyclic and is also a feature-changing pro- ‘
cess, it cannot apply inside morphemes. This has the further conseguence {
that mixed — harmonic morphemes in non-domain harmony systems are derivable ’
in a straightforward way. The harmonic element is associated in the lexicaon
to the vowels that bear it and cannot spread to the other vowels of the mor-
pheme, by strict cyclicity.

The vowel harmony systems | have studied can be described,
given this framework, largely in terms of general autosegmental principles
interacting with the well-formedness conditions which any analysis re-
quires for the structure of simple morphemes in the lexicon. The few
language-particular rules required, such as the Finnish Backing
rule, are also of a formally restricted type. A1l of them are rules which
insert the harmonic feature. We have found no rules which delete harmonic
features. Such rules would be required if there existed vowel harmony pro-
cesses that neutralize underlying contrasts. As a simplest example, con-
sider a hypothetical language with a three-vowel system a,i,u, where vowel

harmony effects the changes

(41) i+ u / u

and a is a neutral or opaque vowel after which an underlying contrast between

i and u is manifested:

1]

(42) f= + i/
fa + uf

a+ i fi+ 9/ =1+ 1 Ju+ if =u +u
atu e o 7 o futu/=>u+u

This type of system would have the underlying vowel inventory A, I
(specified as [+ high])and an autosegment Round. The vowel A is subject to
WFC (31) (with F = Round) and, if opaque, also to (32).

R R
| e =i
Note now that the harmony of /u + I/ to u + u follows from the ordinary
R

| I
spreading conventions, but the converse case /I + u/ = I + I would require



o1

However, this cannot be regarded as a decisive refutation of (44) because
it is not clear that a phonological treatment is appropriate for Manchu
vowel harmony. As Odden (p. 163-4) shows, there is a virtually equivalent
non-phonological diacritic analysis for the same data, in which the vowel
alternations are treated essentially as lexically conditioned ablaut
phenomena. Odden prefers the phonological analysis summarized 3n (45), but
only on a priori grounds, not on the basis of any empirical argument. Should
some principle such as (44) be tenable, the phonological analysis would
obviously have to be incorrect.

Another possible system of this general type may have existed in
Chumash (Poser MS).

Deletion of inherently specified autosegments would be required if such
phenomena as umlaut and other assimilation processes were to be treated auto-
segmentally. But there is some reason to doubt that they should be so treated.
Generally they differ from harmony processes in other ways too. Thus, they
are characteristically local, rather than spreading over the whole word 1ike
vowel harmony. Moreover, assimilation has much in common with dissimilation,
which by definition cannot be treated dautosegmentally because there is no
spreading feature. Therefore, I assume that a non-autosegmental solution is

appropriate here.



a special rule deleting R. Straightforward cases of this type are not known
to me. As another hypothetical examnle, consider a language where vowel har-
mony operates bidirectionally. Suppose that we have the same vowel system
and the pattern (43):

43 S, y u+ u in nouns
(43) /i +1/ -+ (unchanged) fu + i/ a—?i b T e thE
i+ 1 in nouns

fi+ v/ +[u + u in verbs

fu+ u/ - (unchanged)
Again we would require deletion, operating left-to-right in nouns and right-
to-left in verbs. This type of system also does not appear to be documented.

It may therefore be possible to constrain the theory further by the
additional condition (44):

(44) No phonological rule may delete a harmonic autosegment.

This, however, would not be a consequence of our theory but a separate

stipulation.

A language with a vowel harmony system reguiring deletion of an
autosegmental element, in violation of condition (44), may be
Manchu, if I have correctly understood the findings of Vago (1973) and Odden
(1978). In Manchu there is a suffixal a]téﬁatiﬂn between e and a depending
on whether the closest nonhigh stem vowel is front or back. It seems that e
and a must both be set up as underlying in suffixes and therefore "the Vowel
Harmony rule must change e to a after back vowels and change a to e after
front vowels" (Odden 1978, p. 151). Unfortunately, the underlying distinction
between e and a2 in suffixes is not revealed by any systematically neutral
type of stem but by apparent exceptions to vowel harmony. Assuming, however,
such a distinction, an autosegmental analysis would have to counterance
a deletion of the autosegment Back in suffixes. Moreover, according to
Odden, the language contains four underlying high vowels i, 3, #l, u, which
are neutralized into two surface high vowels. The pattern apparently is:

(45) i a + i e i e Al - e
¥ a o 1 @ 3 e -+ i a
n W
u a + u e u e - u e
u a + u a u e - u a



2. Hungarian. Hungarian vowe] harmony has been discussed extensively
and has supplied one of the most straightforward instances of an apparent
‘absolute neutralization" rule. In the following analysis it will be seen
that no such rule exists in Hungarian, given the MAT as proposed here.

The important previous treatments known to me are Lotz (1939), Esztergar
(1971}, Jensen (1972) Vago (1976,1978) Ringen (1978), Clements (1977) and
most recently Vago (1980), on which I primarily depend.

The Hungarian vowel system contains fourteen vowels, seven short and
seven long (the latter marked with an acute accent in the orthography, or
with two if umlauted). I shall assume the following assignment of features.

2 e 7 T ]
(46) [- Round] - Earnd] i+ Round] [+ Ro#nqi
Back Back
[+ High] i ] u,l U,
[- High, - Low] e o 0,0 0,0
[+ Low] = B 2,3

It will be seen that the values of the feature [t Low] are predictable,
by a rule to the following effect:

( [¥ Round " Ak
(47) T ¥ = [-Tow] - / zj[+ L?ngjz

>¢1(

Back

| = Loe

a2

J

n.‘..,

This rule operates on the output of certain (cyclic) phonoTlogical nge&;FMf:n::-faJ

including Vowel Harmony. The proper specification of the values for [x Low]
also simplifies the operation of those phonological rules themselves, as
we shall see shortly. I assume then that | 47 ) is a cyclic phonological !
rule. Because it is a non-feature-changing_gyle it applies also on the

e —— — e

first cycle,

The basic constraint of Backing Harmony is that, in non=-compounded
native words, |

'
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(48) Rounded front yowels cannot occur with back vowels in the harmonic
domain.

A harmonic domain is a noncompounded word; foreign words and certain suf-
fixes may violate (48).

Backing Harmony is reflected in alternations between back and front
variants of inflectional and derivational suffixes. The back variants
appear after back-vowel stems and the front varjants appear after front-
vowel stems, as exemplified by the suffixes -nak/-nek ‘'dative' and
-t61/t01 'ablative’:

(49) hiz 'house' haznak haztol
radir  ‘eraser' radirnak radirtol
orom 'joy' oromnek oromtol
tomeg  'crowd' tomegnek _tomegtdl

This much is similar to Finnish and can be treated in the same way.
We again suppose that the feature [ Back] is represented autosegmentally.
The cooccurrence restriction (48 ) is mirrored by well-formedness condi-
tion (37): —

For the non-harmonizing, neutral vowels, we require a well-formedness
condition that unrounded nonlow vowels cannot be linked to [ Back], i.e.
that Hungarian has no *%, *E; *gjf*-éi in its vowel inventory. This WFC

.‘l

-

at the same time makes i,i.e harmonically neutral.

(51) * Back

|

f- round?

[ = Tow |
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Alternating suffixes are underiying1y unspecified for the fegtrre Back
and may be associated with same value of that feature by the spreading
conventions, or, if not so associated, are automatically interpreted as
fronted by (24 ). The vowe] inventory of alternating suffixes must now

be, according to our theory, obtainable from ( 46 ) by eliminating its speci-
fications for the feature Back. The resulting archisegments, which we de-
note by capitals as before, are the following:

Underlying Examples

(52) I Terminative -ig no alternations
E Essive-Formal -ként (by WFC 57)
A Dative nekv-nak, Adessive, -n&ln-n? fron;/éack
g' AbTative 'Egl?‘ﬁﬁl alternations
u Essive-Modal -quﬂ'l_

The result is correct in that all pradicted cases of front-back harmony
are instantiated (see examples) and there'are ne others. The derivation
of & from A involves also raising by rule (47), e.q.

won - nwom

(53) OrCm + nAl [H orom + n-:‘f':l‘) + (47) oram + nel

Thus the system correctly predicts the existence of suffixes wfth/Tnvariab]e
€ (underlying long E) and & alternating with a (underlying Tong A).

There are some fifty noun stems and verb roots with only i,i which
R
unexpectedly select back vowel suffixes; also two such roots with e, but
none with e:

(54) hid "bnte’  hidsnak
Eél_'aim' cel+nak

1l1|



abstract underlying back unrounded vowels, along with a rule of “absolute
neutralization;"

(55 ) + syllabic
- round - [- back]
- low

which applies after vowel harmony, e.g. jhid+nekf + (V.H.) hid + nak -
( 55 ) hid + nak. From Our present point of view, it is necessary to
assign these stems the feature [ Back] in their lexical entry. Because
of WFC ( 51 ), this “floating" autosegment cannot be associated with the
stem vowel. If a non-neutral suffix is added, association to the suffix
vowel takes place; otherwise the autosegment must remain unassociated and
is deleted by convention .

B B
( 56 ) |
a. hid + nAk - hid + nak
B
b. hid + hid

The class of words 1ike gf§{+ﬂgs} 1s thereby representad
as marked relative to words 1ike szin(+nek). This correctly predicts that

new additions to the vocabulary, such as Toanwords, will take front suf-
fixes if they contain neutral vowels, g.gq. film + nek.

The status of the Tow vowel e([el) is

ifferent in some respects from
that of the other unrounded front vowels i,i,e

d
.i.e (Ringen 1978, Vago 1978).

3



In most respects it functions as a non-neutral vowel. It is the only un-
rounded front vowel which alternates with a Back counterpart E&LJF}i)in
accordance with the usual Hungarian vowel harmony pattern. Moreover, it
is the only unrounded front vowel which is never capable of selecting back

suffixes on its own. That is, there are only stems like kert, kert + nek
sfitms with &

‘garden’', and naﬁeﬁgnaidﬁnus to the type hid, hid + nak 'bridge', which

occurs with stems containing i, 1 and (albeit rarely) &. In both these
respects, e functions 1ike the other non-neutral front vowels u, o etec.
However, when e follows back vowels in stems it behaves as a reqular non-
neutral vowel only in some words (57a). In others it is Gptionally
"skipped over", in the same way as the neutral vowels i, E, h -_(_5?,’-?1 e

obligatorily (57c):

(57) (a) Jozsef  J6zsef + nek
(b) Agnes Agnes + nak, Agnes + nek
(c) radir radir + nak
bebi le

These data show thatg&; is ordinarily a non-neutral vowel in Hungarian,

in stems where it cooccurs with back vowels, it can be categorized as
neutral. It turns out that the variation shown in (57a,b) depends on which
type of neutral vowel it is: non-harmonic or opaque.

Recall that we distinguish two intersecting classes of vowels: harmonic
vowels Y must be associated with the harmony feature if they are in its domain

(i.e. they are subject to WFC (32) of section 1, v, oV

i
neutral vowels may not be associated with the harmony feature (i.e. they are

F

1 ;
subject to WFC (31) of section 1, *P4)3 opague vowels are defined as those
which are both harmonic and neutral: they may be neither skipped nor left

unassociated if they are in a harmonic domain, and therefore they may not be
contained in a harmonic domain at all. As before, I use the terms non-neutral

and non-harmonic to specifically exclude opague vowels.




A

It is now evident how the dual treatment of e's in stems where they
cooccur with back vowels depends on whether those e's are non-harmonic
neutral (subject only to WEC (32) or harmonic neutral, i.e. opaque (sub-

ject to WFC (31) also). The difference is detectable when a back vowel
precedes e in a stem:

% B
harsbanrag i

(58) (a) e as mewtrats e
B B
| |
agnks + nkEk + agnes + nak
* B * B
| TR
(b) e as opague: es ¥ a ¥
B B
| I
agnEs + nEk - agnes + nek

Words where e precedes back vowels can also have two representations in
accordance with (57), but —as the system again correctly predicts — those
words must get back-vowel suffixes obligatorily. The reason is that back
vowels are inherently associated with [Back] (they cannot be represented in

any other way) and the g that precedes it, regardless of its status, cannot
affect the suffix "acrgss" the back vowel:

(59) B B

[

betyar + nAk - betyér + nak ‘scamp’

This situation is reminiscent of the variaton in Finnish stems such as
marttyyri + na / marttyyri + na, which was treated similarly in section 1
above. Like them, the Hungarian stems combining e with back vowels are ap-
parently all foreign. Therefore, e is neutral in [-Native] stems. This is




why there are no stems with only e that take back harmony, i.e. that have
floating B. It follows from the fact that neutral -vowel stems with floating
B (e.qg. gigj are exclusively [+ Native] (though a few of them are histori-
cally loanwords, e.g. cél 'goal' from German Ziel).

I conclude that the whole range of apparent irreqularities connected with
the harmony of e in Hungarian is reselved by the MAT.

In Hungarian there are some marphemes which are used both as case endings
(14a) and as independent stems which themselves take possessive suffixes (60b):

(60) (a) haz + to 'from the house’ (b) tol + em "from me'
ful + tol ' from the ear' tol + ed '"from you'
fej + tol "from the head' tol + uk 'from them’

The suffixes are on our theory unspecified for the feature Back. The independent
stems that correspond to them are for the most part Tikewise unspecified for

the feature Back. Therefore they show up with front vowels, as in (60b). Other
examples are -ban/-ben 'in', -ba/-be 'into! -nak/-nek 'dative', -val-/-vel
'with'. However, there are at least two suffixes which alternate by the ordin-
ary Backing harmony but have back vowels when used as suffixes, namely

-rol/-rol 'off' and -ndl/-ndl 'at', e.q. hiz + rol, fil + rol but rol + am.

From our point of view, they must be specified Back when independent and be un-
specified when suffixal. The underlying representations of these morphemes must o
clearly have Back vowels and this 5pecificatinn_mu5t_Qg_gjjminatﬁﬁwwhﬁn,thay s

are used as suffixes. The elimination of the specification Back is simply )

a consequence of the general _
condition in Hungarian that Back is never specified in any suffix of the lan-
guage (excepting some which are preceded by an internal # boundary and thus

do not belong to the same harmonic domain as the stems they are added to, cf. |
Vago 1980, p.17-18). The elimination of the specification Back need not, then,
be done by the harmony rule, and indeed in the present theory it could not be
done by that harmony rule. There is no evidence in Hungarian for a front-back
contrast in any suffixes subject to harmony. Thus Hungarian confirms our as-
sumption that harmony applies to unspecified vowels, and that rules deleting
inherently specified features are not found in domain harmony systems.



We also are in a position to explain Vago's interesting observations
concerning truncated diminutives of personal names. Theip morphological
patiern is illustrated in (61):

(67) Ferenc Feri Feri + nek
Erzsébet Erzsi Erzi + nek
_ Klara Klari K1dri + nak

Zsuzsanna Zsuzsi Isuzsi + nak

Stems with a neutral vowel in the First syllable followed by a back vowel
naturally take back suffixes by the general rule, e.g. Tibor + nak,
Eva + nak. Surprisingly, they take front suffixes when truncated: Tibi-
nek, Evi-nek. This follows from our theory, where th :ﬁ,ﬁﬂ”ﬂﬂny is

2 Terseaf Saaf

inhergg;ly associated with the vuwe]f{%nd must be deleted when the

i .an - ] . = -
5y1]ab1%( containing thst vowel (s deleted in the truncated dimin-
utives:
(62) B

tlbor + I = tIbI - tIbI + nEk - tibinek

Let us emphasize that this is now a necessary consequence, not an ad
hoc stipulation as in theories that admit abstract vowels such as /4/ into

the underlying inventory.

Besides the Backing Harmony process that we have dealt with so far,
Hungarian also has a 1imited form of Rounding Harmony. This is reflected
in a constraint on the cooccurrence of vowels within morphemes which. in
Yago's formulation, prohibits "polysyllabic morphemes in which an unrounded
front vowel is followed by the vowel ﬂ,“



- - i
(63) * +...{'|',1',E,E}EGD.._+

(Vago 1980.20). Rounding Harmnny also, together with Backing Harmony, creates
a three-way alternation 0~ n " e in a number of suffixes such as -hoz ~ -hoz
v hez 'to':

(64) haz + hoz 'to the house'
ful + hoz 'to the ear'
fej + hez 'to the head'

This contrasts with the two-way alternations a n e from underiying A:

(65) haz + nak
ful + nek
fej + nek

Let us observe that there is no general rounding harmony in Hungarian.
The only cases involve short o v ﬁ_m e as illustrated in (64).
Let us then suppose that, in addition to the feature [Back], also the feature
[Round] is autosegmentalized for this particular vowel. Since suffixes sub-

Ject to vowel harmony are unspecified for the autosegmentalized feature, we ob-
tain as the underlying specificaton the vowel E, a mid vowel unassociated with
either the autosegment Back or the autosegment Round. To obtain the correct
pattern of rounding harmony for E we reguire the following (cyclic) rule:



Round

(66) v o+

By virtue of strict cyclicity, this rounding rule cannot apply to vowels
inherently specified for rounding. By virtue of WFC (63), or rather its
autosegmental eguivalent {E?E,it cannot apply after neutral-vowel stems,
as in fej+hez (68a), but it does apply to give e.g. haz + hoz, ful + haz (68b,c):

(67)

T

1 L— r‘r:runr:!J & E :[

=
(68) (a) fEj + hEz (rule (65) blocked by WFC (66)) = fej + hez =
B B R

B
(b) haz + hEz - haz + haz -+ haz + hpz = haz + hoz
4
I

n n n 1]
(c) fUl + hEz = fUl + hoz = ful + hoz



Nash (p.74) further observes that no yerbs end in u underlyingly.
It appears that disyllabic verbal roots show the pattern in (70) -

(70) a a i a u a
a i i i u i
*3 u *i u *u u

3
The restriction, then, is that the vowel u is excluded in root-final position:

IR
|
1

v
(71) _'[Rmt

Finally, it is apparent that there is no underlying contrast between
iand u in noun suffixes. ﬁigh vowels in them show up as i after i and
as u after a,u. MNash assumes underlying u and I shall propose below that
. they are unspecified.

These constraints have to be stated in any grammar accounting for Warlpiri
vowel harmony, and I shall carry them over unchanged from Nash's treatment
into my own. I 5ha11,however, propose another interpretation of the harmonic
processes themselves. Nash shows that SAT requires the features Labial and
High to be represented autosegmentally on separate tiers. He proposes two
rules which delete the inherent feature specifications on verb roots and
on suffixes in the appropriate environments, which together with a rule

telescoping sequences of identical features under certain conditions trig-

54



3. MWarlpiri, The significance of this Australian language for MAT
is that it has in earlier work been regarded as having a vowel harmaony
rule that changes the feature specifications of vowels, thereby merging
an underlying i ~ u contrast that appears in harmonically- neutral contexts
(Hale 1973, Steriade 1979, Nash 1980). Moreover, vowel harmony in Warlpiri
is said to be both progressive and regressive, depending upon the morpho-
logical structure of the word. In this section I shall argue that neither
of these things is true, and that a much simpler account of Warlpiri sys-
tem becomes possible in MAT.

The most comnlete analysis of Warlpiri vowel harmony is contained in
Nash (1980). It is based on SAT, with the additional incorporation of a
version of the Obligatory Contour Principle originally proposed by Leben
(1978, 181) for tone systems.

Warlpiri has the three vowels i, a, u. Harmony is reflected in certain
co-occurrence restrictions on the high vowels i and u, and in corresponding
alternations between those vowels in suffixes, enclitics, and verb roots.

Within morphemes, as well as in words, i cannot be followed by u unless
p or w intervenes. There are, accordingly, such noun stems as pipipuka
'‘bereaved father (used by classificatory mother to the bereaved)', yirriwu

'Acacia ancistrocarpa (bush)', but noun stems like *pipituka, *yirriju

are impossible. Similarly, there are stem + clitic combinations Tlike
wajirrki+puru 'during wet time', but none involving such seguences as

i+ tu, i+ ku, i +nyu. Accordingly, Nash (p.73,97) proposes a condition
prohibiting the configuration

(69) * i [-labial] u

"either root internally underlyingly, or throughout a word's surface form,
no matter what lexical categury“.l‘ Let us already note that this is a
perfect example of the structure-preserving character of vowel harmony, which

the MAT is designed to explain.
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gers the general spreading conventions of autosegmental theory. The spirit
of the MAT is to eliminate such language-particular rules so far as possible
and, exploiting the structure-preserving properties of harmony, to derive
their effects from the well-formedness conditions which are required for the
lexicon anyway. Let us examine the two alternatives in turn.

Nash's rules are as follows (L = Labial, H = High):
(72) a. Regressive Harmony

[-L] = ¢ / _] [+L]
L
J Past
[+H]

b. Progressive Harmony

[+ » 4 / [-L] —
]

X W
\

[#4]

Their operation depends on the following Obligatory Contour Principle,
which applies at all stages of the derivation:

(73) a. L y Lo == el J/L

-
L

I
X Y X Y .



It is evident that (73)

contains a core which belongs in the theory;

still, the particular relation between the features High and Labial that

it expresses presumably not the same in all languages.

Thus, MNash derives the verb paradigms as shown in (74) and the noun
paradigms as shown in (75):

)

-L -L +L
T |

|
pangi + rnu
A
-H +H +H
=L =L +L

(73) pangi + rnu

“H +H

-H p

(72a) pangux+ rau
| .

“H O+

(73b)

Rangurnu

=L +L
K%ji + rnu
LY ‘

o +H
L4

kiji + rnu

+H

£ %,
kuju + rnu

-H  +H

kujurnu

-L-L

+L

yirra + rnu

+H -H

yirrarnu

+H

fLo-L 4

1

yurrpa + rnu

#Ho-H HH

Yurrparnu

Lo =L +L
H ; |
|

nyunji + rnu
E I

+H +H  +H

oL 4L

| l

nyunji 4+ rnu

+h

+L +L
\1.

nyunju + rnu
|

+H

+L

X

£ %
nyunju + rnu
»

+H

nyunjurnu



=L L -L
-

pangi + rni
I

-H +H a3 4 i

=L -l
A
pangi + rnj

i

pangirni

ALl

pangi + ka
P
v

-H+H  -H

-L -L
A |
"« I
kiji + rni
\ :
y
+H +H

i o

f”fj\\\\

kiji + rnj

'\‘_'\- .’ o
+H

kijirni

kijj + ka

Ho-H

-L =L -L
| !
yirra + rni
(.
+H. <H +H

|

yirra + rni

||

TR (A

yirrarni

b R g2
| |

f
¥irra + ka

+tH -H  -H

_P =L

A

yirra;+ ka
| ;
LN

-H -H

=L _P _L

. =L -L

I

yurrpa + rni
|
Ty

+H - H +H

oL L

ydrrpa + rni
e = o

+H -H  +H

yurrparni

L =L AL
yurrpa + ki
1 '

*H -H -H

L -L
| A

yurrpa'+ k&

b
\ !f

zurrEaka

+L -L -L

Ll

nyunji + rni
] !

O 4H

. =L -L

Lty [ ]

nyunji + rni
N

Ly
\/-

+H

nyunjirni

+% L -L

nyunji + ka

i

o -H
+Ho-L. =L
nyunji + ka
Vo

+H -H
nyunjika



-L-L  +L ¥ ko
11 [ jﬁ\\ | ! | }
(75) minija—kngu-r1y~lku~ju—Tu
\f | Hﬁf ‘ | | l
|
+H -H +H +H +H +H +H

ki g

A | /\x

minija-kd?]ﬁ—rlu-]ku~ju¥Iu

V| \xgihgi e

5

(73a) +H -H +H

{?Eb] 1

-L =L g I < B R 5 R U T

LB A% b

maliki-kurlu-kurra-1ku-ju-1u

LA g

-H +H +H +H -H +H +H +H

g = +L -L +h

A AN

maliki-kurlu-kurra-Tku-ju-lu

| NN ] N

-H +H -H +H

-L =L -L +H

ot |2

maliki-kjrli-kirra-1ku-ju-1u

A

-H - -H



In his theory, progressive harmony (72b) is a delabializatian

(unrounding} of u to i. In order to prevent it from applying to clitics
Tike puraji 'your' or wurru "Emphatic’, which all begin with p or w, Nash
proposes that these consonants are represented autosegmentally as [+Labial]
and [-High]. This blocks progressive vowel harmony as shown in (76),

(76) AL =L #LHL-L-L -L-L o+l +L
TR L1 I A
ngam irni + puraji ngali + wurru
[ vV /] B
-H +H  -H#H-H+H -4 +H -A +H

while allowing regressive harmony to operate, by alternating iteratively
with the Obligatory Contour Principle:

=L+l-L 4L -L+L-L + -L +L +L
\[[ ] Y7 W
(77) klP} tornu - (73b) E}EL‘fﬁigu + (72a) kipu + rnu -+ *(73a)
S +H-H+H -H-H  -H
=L +L +L

" L] LY

1 AN

kipu + rou + (72a) kupu + rnu kupurnu
PN PSS

RN

HH-H  +H -4 +H

This SAT treatment can be simplified to a great extent under MAT assump-
tions. It is clear that only the feature Round, not also the feature High,
is autosegmentalized in Warlpiri. The vowel system is thus as in (78):

Rﬂund
(78) [-high] (a), [+high] (i), [+high] (u)



(79)

(I shall here

vowels unassociated with the harmonic autosegment).
a is neutral harmonic

section 1).

of the

assog tion (35).

WFC (71).

Regressive harmony now follows from the ordinary au
A solid 1ine in {(

ventions.

drop my convention of capitalizing the symbols representing

In Warlpiri the vowel
» 1.e. opaque (subject to both WFC's (31) and (32) of

Similarly, labials seem to behave as Opague segments in
nouns, as shown by such stems as pipipuka, yirriwu (69 above). By virtue

pacity of p and w these words satisfy the condition of maximal
It is of course met in verbs Tlike nyunji because of

tosegmental con-
79) indicates an inherent association in the

Texicon and a dotted Jine shows the spread of the harmonic autosegment:

-
-
o«

pangi + rnu

pangurnu

pangi + rni
pangirni

pangi + ka
pangika

-
= &

kiji + rnu
kujurnu

kiji + rni
kijirni

kiji + ka
kijika

R

|

yirra + rnu

yirrarnu

yirra + rni
yirrarni

yirra + ka

yirraka

K S

g

Y¥urrpa + rnu
yurrparnu
R

Yurrpa + rni
yurrparni

R
f
yurrpa + ka

yurrpaka

nyunji + rnu
nyunjurnu
R

nyunji + rni
nyunjirni

R

|

nyunji + ka
nyunjika



A further point to be observed is that the operation of vowel harmony
yields root-final u in this case, as well as in /kiji + rou/ — kuju + rnu.
The reason this is not a violation of WFC (71) is that the Bracketing Erasure
Convention eliminates the inner brackets in the structure [kujuJ+rnu before
vowel harmony can apply.

Turning now to suffixal harmony, our theory forces us into a new analysis.

We cannot, as in previous treatments, assign all noun suffixes underlying
/uf and postulate a rule which unrounds them after i, provided no labial
intervenes. If those suffixes have no contrast betwsen i and u, they must
have underlying i by MAT assumptions, since that is the unmarked value. Ue
R
therefore require instead a rounding rule j_+-£, This turns out to be an ad-
vantageous consequence of the theory, for the rounding rule can then be al-
Towed to apply in the maximally general, context-free form. In the one con-
text where it must not apply to noun suffixes, namely, i[-labiall]__, it will
be blocked by WFC (35), while the sequence i [+ Labial] u is permissible
because Tabials are opaque in nouns:

R
(80) &4 61 o +00

R
|
i+ ti (no change) wvs. i+ pi =17 + pu

T T / G o S
U+ Ci+ u+ Cu {revssderg ssyacoas

IT we assume that thn rounding rule is cyclic, then its carrect app11rat1an
in noun suffixes, and its failure to apply in noun stems and in verbs, is
predicted in its entirety by the independently motivated well-formedness
conditions of Warlpiri in conjunction with the theory of MAT and the prin-
ciples of the phonological cycle. The rounding rule itself is entirely con-
text-free:

(81) L. 1+ [ 1

[0



Rule (81) only applies to 1 but this restriction need not be stated in the
rule itself. The reazon it does not apply to the vowel a (or to consonants )
is that they are neutral, i.e. subject to WFC (31). It does not apply even
L0 1 7T preceded by the séquence 1 + labial. This restriction also need not
be stated in the rule because it follows from WFC (64). It does not apply to
the i's of noun stems and verb suffixes because i and u are distinct in them
and the rule would therefore be feature~changing, and feature-changing cyelic
rules cannot apply in non-derived contexts. It does not apply to the i's
that precede the Opaque vowel a in verb roots either because, again, there

1s an inherent contrast between iand u there (e.g. yirra- ys, yurrpa-). It
does not apply to the final vowe] of verb roots because of WFC (71). From
our point of view, therefore, there really is no "suffix harmony" at all in
Warlpiri. (81) is rathar the maximally stripped-down version of the type of
rule we have encountered in the Finnish Backing rule and the Hungarian Round-
ing rule in sections 1 and 2 above.

The derivations in (82) show how rule (81) applies to a string of suffixes.

minija - kirli - r1i - 1ki - ji = T1i (b) maliki - kirli - kirra - Tkl =ug53=95
. _ R
: P

,sxfﬁffﬂ#_hi‘

: : b _

minija - kurlu - rlu - Tku - ju - lu maliki - kirli - kirra - Tku - ju - 1u
A further advantage of our solution is that it simplifies the treatment

of the two clitics rni 'hither' and rli ‘we (Dual Inclusive)'. In western

and northern Warlpiri they show up with 1 after a, i and with u after u:

(83) | parnka + ja + rni + rlijarra 'run - Past - hither - we Du. Excl.'
yan + 1+ rni + rlijarra  'go - N Past - hither - we Du. Excl.'

yan + u+ rnu + rlujarra  'go - Past - hither - we Du. Excl.'



The SAT analysis requires a special rule for this i ~ u alternation, which
Nash (p.82) writes as a cyclic, segmental, non-propagating assimilation rule:

(84) i+u/u]lc +
e

Observe that the rule applies twice in the last example of (83), In the
alternative analysis proposed here, rni and r1i are marked as exceptions

to the rounding rule (81), see (83a). The general autosegmental conventions
then ensure that R spreads onto them from uw (855):

(85) a. parnka + ja + rni +rlijarra {81 does not apply)

R

b, yan + u + rni + riijarra = yanurnurlujarra

In the other dialects, rni, r1i have invariable i. From our point of
view they are in those dialects marked as having opaque vowels. The same
is true in all dialects for the monosyllabic clitic yi ‘continuative'

and a group of polysyllabic clitics with invariable 1s€.8. pinki “etc.',
pinangi(w) 'only, any', kirli 'exactly' (Nash, p. 83,96).

It is clear that the MAT allows a far simpler description of Warlpiri
vowel harmony than the SAT. To be sure, the relative complexity of descrip-
tions in different theoretical formats in itself nesd not be significant,

But in this case it corresponds to a genuine advantage of the MAT, namely
that it brings out certain generalizations which are Tost in the SAT. These
generalizations involve the Stﬁﬂfgﬂfﬁiﬂfﬁﬁﬁﬂﬁj"g property of vowel harmony
systems. In particular, the WFC {69%&35 needed in any description but only
in the MAT theory does it predict the phonological conditions on the "suffix
harmony" rule. Similarly, the WFC (71) is needed in any description but only
in the MAT theory does it predict root harmony, allowing that rdle to be dis-

pensed with entirely.

7.




4. Mongolian., Not infrequently, Backing harmony occurs together
with Rounding harmony. Turkish is the most familiar example, but it
Possesses a symmetrical vowel system and therefore sheds Tittle light
on the problems under discussion here. Mongolian, on the other hand,

has such a system with a neutral vowel. It has in fact proved recalcitrant

to earlier versions of autosegmental theory. Anderson (19 — ) has cited it
as a counterexample. Chinchor (1979) and Steriade (1979) have suggested
certain changes to overcome the difficulties.
tory solution consistent with MAT.

We shall here show a satisfac-

The vowels of Mongolian are given in (86):

(86) i

Backing and rounding harmony restrict their co-occurrence in stems, and
likewise in entire words, according to the following generalizations
(quoted from Chinchor 1979). For backing harmony, the restrictions are:

(87) (i) A1l the vowels of a word are either [+back] or [-back].
(i1) The only exception to this is /i/ in non-initial syllables.
It can occur in words which are [+back].
(1) When /i/ is in the initial syllable, all of the other vowels
in the word are [-back].

These constraints are exemplified in the following data:

(88) xii + yee "Tet's (or let me) do it'
orxi + yoo 'let's throw it away'
are_+ yoo ‘Tet's enter'
yaba + yaa let's go'
suu + yaa '‘let's sit down'
nee + yee ‘let's open'
agﬁ_j;iﬁﬁ "let's give'

nuu + yee 'let's move'
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For rounding harmony, the restrictions are:

(i) If a word has only non-high vowels, then they are al] either
[+round] or [-round]. i
(11) The [+high, +round] vowels can appear in non-initial syllables
OF words containing otherwise [-round] vowels.
(453) Fb]]uwipg [+high, +round] vowels there are only [-round] vowels.
(iv) When /i/ is in the fnitial syllable, all nonligh vowels following

are [-round].
(v) When /i/ is in a non-initial syllable, it can appear in words
which are otherwise [+round].

The rounding harmony among the four nonhigh vowels is shown by our pre-
vious example: the suffix there is -yoo, -¥00 if the stem has nonhigh rounded
vowels, otherwise it is ~¥aa, -yee, depending upon Backing harmony. The
nonhigh vowels are therefore mutually noncontrastive beyond the first syllable.
There is np rounding harmony for nigh vowels so that the vowe] s gyﬂ_{see 89a)
contrast with (invariable) i (see (89b):

(89a) dag + uul’ 'to take along'
or + uul 'to bring in'
med + uul ‘to let know'

“giig + uul ‘to enlighten'
ng} + uul ‘to develop'
uz + uul 'to show'

(8gb) xor + in "twenty
dod + in 'forty!

The problem arises in words where rounding harmony spreads across a
syllable with §:
(90) orxi + yoo 'let's throw it away' (suffix -yee ~ -yop ~ -yaa ~ -yoo)

morin + oos 'from the horse' (suffix -ees ~ -pos aas v -gos) -
L1 LI} 4 i
doci + aod 'by forties' (suffix -eed o -god  -aad ~ -ood)
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Spreading of the autosegmental features [+ Round] and [+ Back] will yield (91):

+R +R
(91) *gr X U + yoo *do ¢ U + ood
+B -B

The strategy of letting the neutral vowel i undergo harmony and recapturing
its correct phonetics by a later unrounding rule runs into the difficulty
that underlying high rounded vowels u/u must not be unrounded.

From our point of view, there is no problem. A well-formedness con-
dition is needed in any case to exclude the vowel *3 from the inventory.
With the features Back and Round as autosegmental, this well-formedness
condition says that unrounded high vowels are neutral w.r.t Back, i.e.
that high vowels cannot be associated with Back if they are not asscciated
with Round:

Round

TR
(92) [+ hi]

I

Back

A11 vowels except the neutral vowel i are harmonic, i.e. subject to (32)

for both F = Back and F = Round. That is, Mongolian has no opaque vowels.
Moreover, Mongolian has WFC (35). which requires the maximal association of
Back and Round that is allowed by the well-formedness conditions, within the

domain of a word.



These WFC's interact with two sequential WFC's that control the dis-
tribution of the features Round and Back. Both contain a certain left-
right asymmetry. If we consider backness harmony, we see that words con-
taining the vowel séquence a...i... are possible, but words beginning
the vowel sequence *i...a... are not possible, although 8T saetboas 19
again allowed. The appropriate constraint is that in the configuration

B
I
[X V, B must be Tinked to some vowel in X if there is one:

(93) * B

A,

b ]
where X contains v

Consider now the Tinkings in (94):

B B

B
! ’\
| j :

(94b ) (a)  a...i... (p) * 9...2... feddisystod, .

In (b) and (c), WFC (93 ) prohibits i from being Tinked with B; as a
result (b) violates WFC (92 ) and constitutes an impossible vowel sequence.
A sequence such as * a...8...1...3 is also correctly excluded. Tt violates

well-formedness condition (35), which requires the maximal possible

association of autosegments:

(95) (a) a e i a

-46-
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The basic fact of rounding harmony is that rounding spreads always
- among nonhigh vowels, and only among them. High vowels {gfﬂ} can occur
with distinctive rounding in noninitial syllables [g,..ﬂ_ and o)y BUt

nonhigh vowels cannot (g...e but not *e...0).

We therefore take Rounding as autosegmentalized and generalize (93)
to it. High vowels are neutral, i.e. cannot be associated with the auto-
segment Round (WFC 31). We distinguish i from U, u by the segmental
specification [+ round]. Furthermore, vowels with the features

[+ high ) are harmonic w.r.t. the autoseament Round (WFC 32). This
+ round

together with the proposed uniyersal conven-
tions of autosegmental phonology, correctly blocks vowel sequences such
35 €...0, d...05 D...8, 0...8. Cf. (97 ):

B
R
|
(98 ) *o a
B
The asymmetry of * i..,i VS . ﬁ,.._ is accounted for, as well as the

.i
previously problematic transparency of i:

R R R
1] I (1] ]
(99) (a) * ...0 (b) ©...i (c) u/;\a



48

n
similarly, such vowel sequences as U...0 , u...o0 are blocked, while
1] n

Y...8 , U...7 , u...i etc. are correctly permitted. Observe also that un-
1ike i , u and ﬁare Opague:

R £
| P
(100 ) (a) 0...U...e (b) * o...U...0

The deviant vowel sequence (f0b) has no representation consistent with WFC's
(35,43). Similarly, we have u...i...a, but not * | Pt . R e
or * u...i...o, which would all violate the WFC's.



5 Akan. The vowel harmony system of Akan, a Kwa language of Niger-
Congo, has been studied by Clements (1980). His findings are reviewed
briefly here because of their bearing on our claim that vowel harmony is
structure-preserving.

Phonemically, Akan has nine vowels, grouped into two sets according
to their specification for the feature [+ Advanced Tongue Root]:

(101 ) i u T r
2 o E >

a.
[+ATR] [-ATR]

In words containing no low vowels, all vowels must be either [+ ATR)
or [-ATR], e.g. e-bu-o 'nest', e-ber-3 'stone'. The low vowel a co-occurs
with either set, e.g. bisa 'to ask’, ptra 'to sweep'. Moreover vowels of
the two sets freely cooccur if a intervenes, e.g. fupanr ‘'to search’,
and only exceptionally otherwise, e.g. Juins-y-'to be pregnant'. Prefix
and suffix harmony are controlled by the first and last root vowel, re-
spectively, e.g. 0-bisa-T 'he asked (if)'; O-j-insini-1 'she became preg-
nant'. )

Akan, then, has a vowel harmony system of the simplest kind. Follow-
ing Clements, the feature [ ATR] is autosegmentalized and affixes are taken
to be inherently unspecified for this feature. The opaque behavior of the
vowel a is reflected
in our theory by designating it as both neutral and harmonic by the appro-
priate instantiations of WFC's (31) and (32), respectively. Thus, a is
neutral by (102) and 11 vowels are harmonic by (103):

ATR ATR
. _—
. e \\
(102) . .- [+ Low] (103) V v ]

This treatment is entailed by the constraints inherent in MAT; the fact
that it has several welcome consequences in Akan therefore comes as support
for that theory. First, the phonetic value of a as [-ATR] is correctly



predicted by the equivalence (24). Second, according to Clements, Akan
disallows sequences of [+ATR] and nonlow [-ATR] vowels, with the exception
of one or two roots such as the root pinsep cited above. We may then ask why
[+ATR] vowels can abut the low [-ATR] vowel a with impunity. But precisely
this distribution follows from the assumption that Akan is subject to WFC
(35) (requiring maximal permissible association of the harmonic feature
within words) if a is subject to (102) and (103) as proposed here.

This admits (104a,b) as harmonically regular roots (and words) but renders
(104c) exceptional, as dESiT‘Ed)E'TnCE association is maximal in (a,b) but not

in (c¢):

‘_ﬁ -_.-IA Pl
(104)
(a) bisa (b) fqpant (c) pinsep
- l
- t#unl i

Clements ubserves that roots beginning w1th C (where g? denotes a palatal-
ized or labialized consonant) unexpectedly take [+ATR] prefixes, e.qg.

D—cwa-x 'he cut it'. He proposes that they carry a floating autoseg-

mental element, SO that their lexical representation is as in (104a). If

a prefix is added, the floating ATR ‘"docks" onto it (104b]); otherwise (104c)
it deletes by convention (15d) .

(1o5) A A

(a) Ma (b e ( c) a

The restriction noticed by Clements that the floating autosegment oo - s
only when the root vawel is a follows from the independently given WFC (35 ).
We have not yet mentioned what is for our present concerns parhaps the
most interesting aspect of Akan vowel harmony. The [+ATR] counterpart of a,
missing from the underlying inventory, does occur phonetically in the environ-
ment before [+ATR]. Cf. the examples (106), where [a] denotes this vowel.

(106 ) kari ' o weigh'
a+furuma 'navel'
pirako '‘pig

wa + sSant 'he has descended'

=50
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over, the process of "Vowe] Raising" which introduces [a] applies also across
word bnungariea, when a [+high, +ATR] vowel follows. This environment e-

veals that Vowe] Raising applies ngt Just to a, but to a1l other [-ATR] vowels
as well:

( 107 ) (a) W 'snail]’
ny
Uﬂwh o 'the snai]’
W . : .
nya bi a snail'
IW3 'snake!
Swo nw 'the snake '
uo bi 'a snaka"

Inside words the process is detectahle only for a.because a2 s the only
[-ATR] vowel that occurs before [+ATR] vowels,

At first blush the "Raising" of a to 3 seems to constitute a counter-
example to our claim that vowe] harmony is_étructure—preserving. WFC (102) ,
which requires 2 to be unassociate? #p ATR, s apparently violated by
Vowel Raising. Fowever, Clements gives reasons Lo believe that Vowel Rais-
ing really is not a harmonic process at all, in fact not even a phonological
rule. Rather, it is a coarticulation process by which a string of syllables is ppo-

nounced with increased Tongue root advancing 1in anticipation of a Following +ATR vowel.
That is, the phonetic representations of Akan maintain WFC (102) in ts entirety:

a is Dever associated with +ATR. The raised variants a, 3, etc. of the

-ATR vowels arise in the conversion of phonetic resresentations to motor

commands . Akan vowel harmony is therefore strictly structure-preserving

in our sense. '



FOOTNOTES
1 WFC (15a) can be strengthensd to disallow many-one associations
between autosegments and segments except for tonal elements, where they
are clearly required for contour tones. Cf. also McCarthy (1979) for the
exclusion of (non-tonal) many-one associations in connection with Semitic
vowel patterns. However, on the version of autosegmental vowel harmony
that I shall propose here, all of (15 a-c) can be dispensed with.

i Actually, the constraint may be more severe. Nash (p. 75) cites no
examples of ipu, iwu in the first two syllables of a stem, so that *kipu,
*kipuna are perhaps excluded. This would explain also why the Pintupi word
Jiwurra 'kindling' shows up in all Warlpiri dialects as jiwirri (Nash, p. 76).

.;3 As Nash points out (p. 81), this morpheme structure condition can be
maintained also for monosyllabic verb roots, where two roots originaily of
the form /pu/, /yu/ can be reanalyzed as /pi/, /yi/ without loss of general i-
zations. Of the permissible combinations in (70). u...i is the rarest. Nash
(p. 74-75) finds only nyunji 'kiss' and two other verbs of that form. If
they are considered deviant, (70) can be generalized to exclude u in a root-
final sequence of high vowels.



