University of California,
Los Angeles

THE TyPOLOGY OF ROUNDING HARMONY:

AN OPTIMALITY THEORETIC APPROACH

A dissertation submitted in partial satisfaction of the
requirements for the degree Doctor of Philosophy
in Linguistics

by

Abigail Rhoades Kaun

1995



© Copyright by
Abigail Rhoades Kaun

1995



Table of Contents

ACKNOWIBAGEIMENES ............cooieueereeeeeesesieseeessesseeesee st ss e et sess st eess e s s8££ Rt v
AADSEFACT ... SRR ARttt Vi
ChEpter 1 INETOTUCTION ...coviieeeiiceeiet sttt bbb bbbt 1
Chapter 2 Rounding Harmony in Turkic, Mongolian and TUNQUSIC..........ccoerniieenes e seiesnenas 3
2.1 TUIKIC vt 3
2.2 Korn'sTypology (1969)...........c....... 8
2.3 Rounding Harmony and [+high] 10
231 WeSerN TUIKIC—K@BEAY .....covrreeererrieeeerneineeeieie et sessssennes 10
2.3.2 Southern Turkic—Azerbaydzhan (Comrie, 1981) & TUurkiSh ... 12
2.3.3 Northern TUrkic—Tuva (KIUEGEr, 1977) ..ot sssesens 14
2.3.4 EBSEN TUTKIC—UY QU ..ottt bbbt 17
2.4 Rounding Harmony and [@ NigN].......ccceiiiii st ssssssssessssssssnsas 19
2.4.1 Kachin Khakass (KOrm, 1969)........cccumirinis sersessssessssssssssssssssesssss ssessssessssessssessssssssssses sesessssssnses 19
2.4.2 YaKUL (KIUBGES, 1962) ....cvviveeiiriieiireisiseseisesiesssstssssse st sssssse s sssss s ssssssessssessssssesssssessnses 20
2.5 Rounding Harmony & [D8CK] ......cccvieriiieiiinisie sttt st sntns 24
2.5.1 Kazakh (KON, 1969) .......ccvueiiiririisiieinisieieseissssessssssessssssssssssssssssssssssesssssssssssesssssssssssessssssessssssessssssesssseses 24
25.2 Kirgiz (Herbert & Poppe S (1963) DIGIECL) ..........c.ooeeeeeeeeeeeeeeeeeeeeeeeseeee s eeeeesese s sessesestsesseneseseneneans 25
2.5.3 ShOr (KO, 1969).......ccuiiuiieiireisiiieisisiessssesesssssssssssssssssessssssessssessssssessssessssssssssssessssssessssesasnssssssnsessnsesans 26
2.6 Conclusions—Turkic............... 27
2.7 Mongolian......cccceencrneeennen. 27
2.7.1 Early Mongolian 27
2.7.2 Western Mongolian—Kamyk 29
2.7.3 Eastern Mongolian—Khakha............ 33
2.7.4 Eastern Mongoliart—ShuluuN HON ..o sesseees 36
2.7.5 Eastern MoNgOl@—BUITEL...........ccoeirrieeenenieee s 40
2.8 TUNQUSICoovoeiiciiieieisiseie sttt ettt et bbb 45
2.8.L OFOCN. ..ttt 47
2.8.2 UICN@ ..ottt 51
2.8.3 OXOS EVEN ..ottt bbb 54
2.9 ConclusioNns—MOoNgOoliaN & TUNQUSIC .....cueuiueiiiiieiiieiieissssieis st ssssesss s ssssssssssssssssssessssssessssessssssesssses 59
Chapter 3 A Statement of Rounding Harmony TYPOIOGY .....c.cueviiiininniininsssessssssssssssssessssssssssssssssssssssssns 60
3.1 A Brief Look at Other Language Families 60
3.2 Backness-Neutral TYPES........coccccoevevvevecniennns 60
3.3 Non-backness-neutral types 61
B0 I o TC N IV ] oo VTP TRTTOTTTION 62
Chapter 4 Against aRule-Based Approach to the Typology of Rounding Harmony ... 65
Chapter 5 The Phonetic Motivation Of the CONSLIAINTS..........cccoviieicnicesis s sse s 70
5.1 Positional Neutralization (Steriade 1993, 1995) .......cccviiriinieieiniensesesssss s ssssssessssssessssessssssssssssssssssesns 70
5.2 Suomi’s Perceptual Motivation THEory (1983)........ccccriininiiienisnnesesssssisssssssssssssssssessssesesssssssssssssssssssssssesns 72
5.3 What Constitutes a“Perceptually Difficult Contrast?’ ........... 73
531 FLVS F2..iieenereeereeeee e 73
5.3.2 Enhancement 74



5.4 Lip Rounding and the Height and Backness DIMENSIONS...........ccirninieinee e senas 75

5.4.1 The Articulation of Rounded VowelS—Linker (1982).........ccccerinniennieneeeniee e 75
5.4.2 The Perception of Rounded VowelS—Terbeek (1977) ... 78
5.5 FROLO ..ottt tsses s ssstsssssss st s st st s st esssssesessesssassesssssssssssnsaesessnssnsassessnsassessesssassnssnsassessesansessnsssessesnes 80
5.8 UNITOMMILY oo bbb bbbttt 83
5.6.1 Multiple Linking in Phonology and Phonetics (BOYcCe, 1988).........cccovirninnininisnieineeeinessenenns 85
5.6.2 Excursus—Another Uniformity EFfECT.........coiiii s s ssssess aoe 87
Chapter 6 An Optimality-Theoretic Account of the Typology of Rounding Harmony ..o 89
6.1 OPtMAILY THEOMY ..ottt bbb bbbt
6.2 Preliminary Constraint Set
6.3 Constraint DECISIONS..........cvceueereerenceneenieneens
6.4 Preliminary TypologiCal PrediCliONS.......ccooi i ssssssssssnses
6.5 Summary—~Preliminary Constraint Set
6.6 AN AJItiONEI CONSIIAINT ......cocueiueeieiieireirtieie ettt bbbt
Chapter 7 TMPIEMENEALION ..ot b bbb s bbb en et nas 123
7.1 Harmony as Alignment—Smolensky’s Analysis of Finnish Transparency ..........cccoenieneenesnssnnns 123
7.2 Against Harmony as ALIGNMENT—Datafrom HUNGaran...........ccoeviieienicsinesssssersessesssssssssssssssssssssssns 126
7.3 Harmony as EXTENSION——HUNGAINTAN .......c.ucuriiieiriieinieienieis sttt 141
7.4 Transparency & Opacity—Mongolian & TUNQUSIC ........ceuriiueiiueiriiieineeie e senas 148
7.5 Against Harmony as Alignment—Shuluun HON ... 151
7.6 Height Identity Harmony and INVentory CrOWiNG.........cccvrieirriniineesescesseieiseeessessssssssessesesessesssessenns 156
7.7 Uniformity & ADSIIACINESS—Y OKULS .........occeuerriireerernieeineesce et 159
7.8 DITECHIONAIITY ....vvcvreeeesieieeeeree e 161
Chapter 8 Other Approaches to ROUNAING HaIMONY ........c.oeiiin creeeisessiseisieises st ssssssssesssssssssens s 163
8.1 TheMetrical Theory of Vowel Harmony (Steriade 1981) ... ssssssssenns 163
8.2 Back/Round Constituency (Odden 199L).......cccvriiniiirniireeisieis s ssssssssssssssssas 167
8.3 Constraints on Multiple AssoCiation (SEIKITK LO9L) ... sssessesns 169
8.4 Markedness (Vaux 1993, Calabrese 1993) ..ot s ssies 175
Y o 1= T | D OO OO 178
REFEIENCES ..ot E bbb 182



Acknowledgements

First, | wish to thank Bruce Hayes, my committee chair, who has been both an inspiring teacher and
atireless advisor to me. Donca Steriade has also helped me enormously during my timeat UCLA; it was
she who originally steered me toward the topic for thisthesis. | am fortunate to have had such exceptional
faculty support from both Donca and Bruce.

| am also grateful to the others who served on my committee—Pamela Munro, Donka Minkova and
Ralph Sonnenschein—and thank them for their time, expertise and patience.

The people who make things work at the UCLA Department of Linguistics have aways been
helpful and supportiveto me. Thanksto John Bulger, YayaHou, AnnaMeyer, Russ Schuh and Tim
Stowell.

There are some special friends—students, professors, colleagues and mentors from my past—who
have encouraged and helped me. Thanksto Tony Bures, Dani Byrd, Rod Casali, Susie Curtiss, Bill Davies,
Alice Davison, John Ellis, Edward Flemming, Mrs. Gill, Chris Golston, Robert Hagiwara, Chai-Shune Hsu,
Nina Hyams, Sue Banner Inouye, Hector Javkin, C. Douglas Johnson, Jongho Jun, Pat Keating, Karn B.
King, Robert Kirchner, Peggy McEachern, Catharina Marlowe, Mme. Nail, Rosemary Plapp, AnastasiaRiehl,
Jurek Rubach, Bonny Sands, Dan Silverman, Sandy Thompson, Daniel Valois and Karen Wood. Very
special thanks are due to Anastasia Riehl for her skillful and cheerful help with the manuscript.

Finally, | would like to express my gratitude and love to Shrikanth Narayanan, and to my parents
Barbara Rhoades Ellis and David Evan Kaun.



Abstract

This thesis explores the typology of rounding harmony within the framework
of optimality theory. A systematic survey of the range of attested rounding
harmony phenomena is presented and an analysis of this typology is proposed
which invokes constraints based on perceptual and articulatory principles. A
central element of the theory advanced here is the claim that vowel harmony
is perceptually-motivated. Harmony serves to extend the duration of phonetic
information which is phonologi cally important (i.e. distinctive), but which is
transmitted by means of relatively subtle acoustic cues. Evidence from

phonetic studies of vowel articulation and vowel perception is cited in support
of the comprehensive phonological analysis presented here. It is
demonstrated that the substantive account of the typology of rounding
harmony made possible within optimality theory provides a very close fit with
the observed typological facts, whereas purely formal, representationally
based phonological theories allow for no principled or adequately restrictive
account of this range of facts.

Vi
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Chapter 1 Introduction

In thisdissertation | present an analysis of the typology of rounding harmony systemswithin the
framework of optimality theory (Prince & Smolensky 1993, McCarthy & Prince 1993a,b). Central to the
analysis presented here is the claim that phonological systems are organized around principles of both
articulation and perception. The goals of the dissertation are asfollows: (i) to exemplify the range of
attested rounding harmony patterns, (ii) to identify the perceptual and articulatory principles which give
rise to these patterns, and (iii) to propose an explicit formal model which characterizes the role of these
principlesin grammar.

Vowel harmony isthe phenomenon whereby the quality of agiven vowel in part determinesthe
quality of some string of vowels occurring within the same word. Various features participate in vowel
harmony phenomenaincluding featuresrelating to vowel height, vowel backness, position of the tongue
root, nasality, and roundedness. It isharmony based on roundedness, namely harmony systems which
propagate the feature [+round] which are the focus of the present study.

| propose that harmony isthe grammatical reflex of aperceptual principleto be called ‘Bad Vowels
Spread.” This conceptualization of harmony isinspired by Kari Suomi’s (1983) theory of palata (backness)
harmony as a perceptually-motivated phenomenon. Theingredients of this principle are asfollows.
Assume that there exists a set of perceptually difficult contrasts and that vowels whaose recoverability relies
on the detection of such contrasts arerelatively likely to be misidentified. | assume that the probability that
the value for some contrast will be accurately identified by the listener increases with increased exposure to
therelevant value. In the figures below, [£F] represents some phonological feature, such as[+round] or
[xback], and V representations a vocalic position to which [+F] may be associated. In the representationin
(a), the feature [£F] is non-harmonic (each vowel hasits own specification), whereasin the representation in
(b), feature [£F] is harmonic (vowels share asingle specification). Note that the temporal span of [+F] is
greater in (b) thanitisin (a):

a VvV V V b. V V V

[£FI[£F][+F] [£F)

The key ideaisthat harmony givesrise to an extension of the temporal span associated with some
perceptually vulnerable quality, represented above as [+F]. By increasing the listener’s exposureto the
quality in question, harmony increases the probability that the listener will accurately identify that quality.

The analysiswhich | present invokes the framework of optimality theory. This model iswell suited
to the analysis of phonological typologiesin that its essential claim is that phonologies are composed of
constraints on representations which do not vary from language to language. That is, constraints are
claimed to be apart of universal grammar, and to the extent that individual grammars differ from one another,
they do so only insofar as they assign relative importance to these constraints differently.

Optimality theory also provides a means by which to relate substantive phonetic principlesto
grammar. Inthe analysis presented here, | reject the notion that grammars are arbitrary formal systems;
rather, | argue that they have at their foundation functionally based principles which, in their formal
incarnation, assume the form of optimality theoretic constraints.

The typology of rounding harmony systems is interesting because rounding harmony rules nearly
aways impose conditions on the participating vowels which make reference to the dimensions of height
and/or backness. For example, in Turkish we find the rule  Spread the autosegment [round] rightward from
vowel to vowel, but only if the target is[+high].” Despite the numerous possible forms which such
conditions might take, it turns out that very clear patterns emerge, and only a small range of rounding
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harmony systemsis attested. The attested patterns, | will argue, fall out naturally from the interaction of a
quite small set of phonetically motivated constraints.

Thedissertation is structured asfollows. In Chapter 2, | present arange of rounding harmony data
from the Turkic, Mongolian and Tungusic branches of Altaic. Chapter 3 cites rounding harmony datafrom
other languages and presents a typology of attested rounding harmony systems. In Chapter 4, | very briefly
explain why rule-based approaches areill-suited to the data at hand, suggesting the need for a different
theoretical approach. Chapter 5 sets the groundwork for an optimality theoretic analysis of rounding
harmony by presenting the phonetic principles which | believe underlie the operative constraints. The
optimality theoretic analysisislaid out in detail in Chapter 6, where | present arather small set of constraints
to characterize the observed typological facts. Chapter 7 deals with some of the issues which arise when
the constraints which | propose to account for the typology as a whole are implemented within individual
grammars. Among these issuesisthe analysis of transparency, which bears on the hypothesis that
harmony is characterized formally by means of optimality theoretic alignment (Smolensky 1993). Finaly, in
Chapter 8, anumber of rule-based approachesto the typology of rounding harmony are reviewed, and |
conclude that none of theseis capable of providing a comprehensive and falsifiable model. | argue that an
optimality theoretic account which involves phonetically -grounded constraints provides an attractive
means by which to understand and model the observed typological facts.



Abigail R. Kaun UCLA Ph. D. dissertation, 1995

Chapter 2 Rounding Harmony in Turkic, Mongolian and Tungusic

In this chapter, | lay out the rounding harmony patterns which are found among languages of the
Altaic group. In subsequent chapters | will show that the range of variation observed in the attested
systemsis best conceptualized as an optimization problem (Prince & Smolensky (1993), McCarthy & Prince
(19934)) in which the observed harmony effects are driven by asmall set of general principles, some of
which are potentially in conflict with one another. The content of these principleswill be shown to be
constant across languages, while crossdinguistic variation is characterized in terms of the relative weight or
importance each of these principles hasin determining the overall system.

In 82.1-2.6 | lay out the patterns observed among |anguages of the Turkic sub-branch, focusing on
the nature of the conditions which are imposed on the application of rounding harmony from language to
language. Following the section on Turkic, analogous data from the other branches of Altaic, namely
Mongolian (8§2.7) and Tungusic (82.8), will be presented.

2.1 Turkic

The Turkic languages are distributed from Turkey throughout regionsin the former Soviet Union
and into parts of Chinaand Mongolia. 1n Comrie’ sLanguages of the Soviet Union (1981) the classification
system givenin (1) is proposed for Turkic:
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@ Genetic Vlassfication of Modern Turkic Languages (From Comrie 1981, p. 46)

I Chuvash
Il Southern Turkic, South~western Turkic, Oguz
Turkish (Ogmanli)
Azerbaydzhan (Azeri Turkic)
Khdadzh
Gagauz
Bakan Gagauz (Bakan Turkic)
Turkmen (induding Trukhmen)
[l Kipchak
llla  Ponto-Caspian, Kipchak-Cuman
Karam
Kumyk
Karachay-Bakar
Crimean Tatar (dso assgned to I1)
[llb  Urdian, Kipchak-Bulgar
Tatar
Baghkir
[llc  Centrd Turkic, Kipchak-Nogay
Nogay
Karaka pak
Kazakh
\Y Easgtern Turkic, Karluk
Uzbek
Uygur
Khoton (has dso some fegtures of V)
Yedlow Uygur (Sarz Uygur) (also assigned to V)
Vv Northern Turkic, Eastern Hunnic
Tuva (Uryankhay)
Tofa (Tofdar, Karagas)
Yellow Uygur (Sarz Uygur) (also assigned to 1V)
Sda (dso assgned to 1V)
Y akut (Sekha) (induding Dolgan)
Khakas (Abakan Taar, Yenisey Tatar) (including Kamas)
So
Chulym (Mdet) Taar
Kirgiz
Altay (Oyrot)

A striking property of nearly all Turkic languages is the presence of backness harmony (sometimes
referred to as pdatal harmony), whereby all vowels within aword agree with respect to backness. Also
typical of the Turkic languages, though less pervasive, is the presence of some degree of rounding harmony
(sometimes referred to as labial harmony or labial attraction), whereby vowels within aword agree with
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respect to roundness. The manifestation of rounding harmony is considerably more varied among the
Turkic languages, and it is the specific nature of this variation that will be addressed in this chapter.

The dialect of Kirgiz described by Comrie (1981) may be used to demonstrate both types of vowel
harmony observed in Turkic. Kirgiz possessesthe canonical Turkic vowel inventory in which vowelsare
opposed along three dimensions. height, backness and rounding, as shown in (2). In addition to height,
backness and rounding, length is a so contrastive among vowelsin Kirgiz:

@ Kirgiz Vowd Inventory

Front Back
Unround Round Unround Round
High I, I 4, U 7,7 u,u
Nor-high €€ 0, 6. aa 0,C:

Inthe dialect of Kirgiz described by Comrie, the quality of vowelsin non-nitial syllablesisto a
large extent predictable on the basis of the quality of the vowel occurring in thefirst syllable. All non-initial
syllables must agree with the initial syllable in terms of both backness and rounding. The effects of
backness and rounding harmony can be observed most vividly in suffixal vowel alternations, although the
vowels of native polysyllabic roots display the same distributional patterns. Let usconsider first the
ordinative suffix which has the surface variants {-(i)n¢i, {z)n¢z, -(u)ncu, {U)ncu}. Notethat the vowels
of this suffix arein all instances high. Their rounding and backness, however, isvariable. When the root
contains front unrounded vowels, asin (3a-b), the alternant -(i)n¢i surfaces. Following back unrounded
vowels, asin (3c-d), the suffix contains back unrounded vowels and the alternant-(z) n¢z surfaces.:

3 Unrounded Root VVowels (Comrie, p. 61)

a bir ‘'one bir-ingi ‘fird'

b beg five bes-ingj fifth'

C. dtzL 'IX' c':itzt-n(v;zL 'gxth'
d %zjzrma ‘twenty'3zjzrma-n¢z, ‘twentieth

The vowels of this suffix are rounded following roots containing rounded vowels, as shown in (4a-d):
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4) Rounded Roat VVowes (Comrie, p. 61)

a Vg 'three Ug-Ungl third
o tort ‘four' tort-tngd ‘fourth'
C. toguz 'nine toguz-urgy 'ninth’
d on ten' on-ungy 'tenth’

To demonstrate the effects of backness and rounding harmony in non-high vowels, consider the
ablative suffix which has the surface variants{-t/den, -t/dan, -t/don, -t/don}. Asshownin (5), the non-high
suffix vowel also agreesin both backness and rounding with the vowels of the root (consonants also agree
in voicing with the preceding sound, as shown):

©)] Low Vowd Suffix (Conie, p. 61)

a i ‘work' i5-ten ‘work-ABL'
b et 'mesat’ et-ten 'meat-ABL"
C. 3z) 'year' 3z)-dan 'year-ABL'

d dma ‘apple dma-dan ‘gople-ABL'
e Uj 'house’ (j-don 'houseABL'

f. kal "lake kol-don lake-ABL'

o] tuz ‘At tuz-don 'sdt-ABL"

h tokgj forest’ tokg-don ‘forest-ABL'

This effect is pervasive across sequences of suffixes, asillustrated in the polymorphemic words givenin (6).
These words contain the possessive suffix {-(s)in, {s)zn, -(s)un, -(s)un} followed by the locative suffix
which has surface variants{-t/da, -t/de, -t/do, -t/do}:

6)  Hamony Effedswith Multiple Suffixes

a atas;nda 'at hisfather'
b ene-an-ce ‘at his mother'
C. koz-Un-cdb inhiseye

d tuz-un-do inhist

The Kirgiz pattern, while simple and symmetric, isin fact very unusua. In particular, while
backness harmony is nearly always pervasive and unrestricted, the great majority of Turkic languages
impose restrictions on the application of rounding harmony. Korn (1969) points out the asymmetry between
these two harmony phenomenawithin Turkic and catal ogues a range of rounding harmony types. His
typology isthe subject of §2.2.
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2.2 Korn's Typology (1969)

On the basis of asurvey of over twenty Turkic languages, Korn identifies six distinct rounding
harmony systems. These systems vary with respect to the range of vowels which trigger rounding harmony
and the segment types which function astargets. In nearly al Turkic languages, the vowel system can be
characterized in terms of two phonologically distinctive degrees of height, contrastive backness and
contrastive rounding and harmony operates from left -to-right. To illustrate the nature of Korn’s typology,
consider the schematic configurationin (7). The potential triggers of rounding harmony, which are listed
vertically, include the non-high and high rounded vowelso, 6, u, 6. Potential targets are listed horizontally.
The symbol | represents any high vowel, and A represents any non-high vowel:

(7 Rounding Harmony Scheme

Potential Target
A I
0 H-/~ H-/~
Potential Trigger 0 H-I~ H-/~
u H-/~ H-/~
1] H-/~ H-/~

A plus sign indicates that rounding harmony is observed in the relevant configuration; a minus
sign indicates that rounding harmony does not take place in that context, and the symbol "~" indicates that
rounding harmony isoptional. Thesix typesidentified by Korn arelisted in (8)-(13):

® Korn's Typel

Languages Kirgiz, Alta

Potential Target
A I
o} + +
Potential Trigger 0 + +
u ~ +
U + +
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Thistableisto beread asfollows. Thevowelso, 8, and U obligatorily trigger harmony in afollowing non-
high vowel (A) and afollowing high vowel (I). The vowel u obligatorily triggers harmony in afollowing
high vowel (1), but only optionally triggers harmony when the following vowel is non-high (A).

C)

(10

Korn's Typell

Languages Shor

Potential Target

A
o} +

Potential Trigger o] +

Korn's Type Il
Languages Kazakh, Chulym Tatar

Potential Target

A

Potential Trigger 0 +

+
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(11 Korn'sTypelV

Languages Kyzyl
Potential Target
I A
0 - -
Potential Trigger 0 + +
u - +
u + +

(12 Kon'sTypeV
Languages. Kachin Khakass

Potential Target

A I

0 - -

Potential Trigger 0 - -
u - +
U - +
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(13 Korn'sTypeVI1
Languages: Turkish, Karagass, Tuvin, Uygur, Uzbek

Potential Target
A I
0 - +
Potential Trigger 0 - +
u - +
U - +

From thistypology, Korn concludes that certain trigger-target combinations are more or less likely
to giveriseto rounding harmony. His conclusions are summarizedin (14):

(149  Summary of Korn's condusions (Korn 1969, p. 105)

a If the target vowd isnon-high:

*Rounding harmony is more likely to be observed when thetriggeris  [-back]
as opposed to [+back].

*Rounding harmony isless likely to be obsarved if the trigger is high.
b. If the target vowd is high:

*Rounding harmony is more likely to be observed when thetriggeris  [-back]
as opposed to [+back].

*Rounding harmony islesslikely to be observed if the trigger is non-high.

Stated differently, rounding harmony is morelikely to be triggered by front vowels than by back vowels, and
harmony isfavored when the trigger and target agreein height.

2.3 Rounding Harmony and [+high]

In traditional Turkic grammar, particularly in the works of Menges (1947, 1968), adistinctionis
drawn between assimilation in rounding which targets a high vowel, referred to aslabial harmony, and
assimilation in rounding which targets a non-high vowel, referred to aslabial attraction. Historical records

1 Thisinfact represents Korn'stype VI1I1. For the purposes of this discussion, Korn’s Types V -VII, which
distinguish sets of historically merged vowels, are equivalent.

10
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indicate that |abial harmony began appearing as aphonological pattern earlier than labial attraction. Here
theterm “labial vowel” refersto any rounded vowel:

All the suffixes of Turkic can be divided on the basis of their vocalism into those having
ald and those having y/i [?/i -AK]. Intime-- and thisisas early asthe earliest Turkic texts
— the suffixes with y/i after a preceding syllable with a labial vowel could occasionally
have u/U. This type of assimilation is generally called Labial Harmony... Vowel
assimilation after labials is carried still further to Labial Attraction, demanding a labial
vowel also in the case of the stem syllables or suffixes having a/a. Menges (1968, p. 76)

Indeed, based upon the types discovered in Korn's survey, adistinction between rounding harmony which
targets high vowels on the one hand, and rounding harmony which targets non-high vowels on the other, is
clearly attested in the synchronic grammarsof Turkic languages. Inthelanguages of Korn's TypesV and
V1, for example, only high vowels aretargeted by rounding assimilation.

Korn's Type VI (given as (13) above) iswidely represented, languages of this type coming from the
Western, Southern, Northern and Eastern branches of Turkic. Inlanguages of thistype, high vowels
consistently undergo rounding harmony when they follow rounded vowels, whereas in non-initial syllables,
non-high vowels are always unrounded. Relevant data from |anguages representing each of these
branchesaregivenin §2.3.1-82.34.

2.3.1 Western Turkic:2 Karacay

Karacay is a Caucasian Turkic language very closely related to Balkar. Thetwo are so closely
related, in fact, that they share acommon literary language devel oped during the Soviet period (Grimes,
1988). My primary source for thislanguageis an article by Herbert (1962).

Karacay hasthe canonical Turkic vowel inventory listed in (15):

(15 Kaasay Vowd Inventory (Herbert, p. 97)

Front Back
Unround Round Unround Round
High i u z u
Non-high e 0 a o]

High suffixal vowelssurface as rounded following rounded root vowels, as shown below in (16e-h). These
forms contain the first person possessive suffix {-im, -zm, -0m, -um}:

2 Theclassification "Western" is used in Grimes (1988) but for some reason is avoided in Comrie (1981).
3 The classification "Western" is used in Grimes (1988) but for some reason is avoided in Comrie (1981).

11
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(16)  High Suffixd Vowes

a iyt ‘dog

b. et 'meat’

C. st ‘back

d at 'horse

e st milk

f. ot ‘bile

g but  ‘'hindleg
h. ot 'grass

UCLA Ph. D. dissertation, 1995

iyt-im 'my dog
e-im 'my megt’
S t-zm 'my back'
d-zm 'my horse
Sit-Um 'my milk’

G-Um 'my bile
but-um ‘'my hind leg/
a-um '‘my grass

Low suffix vowels are consistently unrounded, as shownin (17e-f). These data contain the plural suffix {-le,

-la}:

(17  Low Suffixd Vowds

a iyt ‘dog

b. et 'meet’

C. szt ‘back

d a 'horse

e st milk

f. ot ‘bile

g but  ‘'hindleg
h. ot 'grass

iyt-le 'dog-PL"
é-le 'meat-PL'
St-la ‘back-PL'
a-la 'horse-PL'
dit-le 'milk-PL'
a-le bile-PL'
but-la 'hind leg-PL
d-la 'grassPL'

The familiar rounding harmony pattern of Standard Turkish isalso of thistype.
2.3.2 Southern Turkic: Azerbaydzhan (Comrie, 1981) & Turkish

The vowel inventory of Azerbaydzhanisgivenin (18). Comrie states that while the language has
on the surface two non-high front rounded vowels, namely * and e, only * occursin suffixes:
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(13

Azerbaydzhan Vowe Inventory

Front Back
Unround Round Unround Round
High i u z u
Mid e 0 o]
Low u a

AsinKaracay, high suffixal vowels are rounded following rounded vowels, whereas non-high suffix vowels
are consistently unrounded. Consider the suffixed formsin (19) and (20):

(19

(20)

High Vowe Suffixes

a japag 'leaf’ japay-zn 'l eaf-GEN'
o kikk  ‘wind kiivj-in ‘wind-GEN'
C. (04 ‘arow' ox-un ‘arrow-GEN'
d Hz ‘word' z-Un 'word-GEN'

Low Vowd Suffixes

a japag 'leaf’ japay-da leaf-LOC
o] kilk  ‘wind' kUluk-ck ‘wind-LOC'
C. (04 ‘arrow’ ox-da ‘arrow-LOC
(*ox-do)
d oz ‘word' SHz-cb 'word-LOC
(* Hz-do)

The pattern found in Karacay and Azerbaydzhan is also found in standard Turkish. In Turkish,

however, only eight vowel qualities arecontrastive;

13

UCLA Ph. D. dissertation, 1995
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(2)  Turkish Vowd Inventory
Front Back
Unround Round Unround Round
High i z u
Non-high e a o]

Words with suffixes containing high vowels are givenin (22). The high vowel of the suffix undergoes
rounding harmony, asindicated. The suffixes shown in (23), which contain non-high vowels, do not

undergo rounding harmony:

(220  High Vowd Suffixes
a ip ‘rope
b st ‘milk
C. ev ‘house ev-im
d ¢op  ‘garbage
e kzz ‘ar’
f. buz ‘ice
o} a ‘horsg d-zm
h gol

ip-im ‘my rope
Sit-Um - ‘my milk

‘my housg
¢Op-Um ‘my garbage
kzzzm ‘my girl’
buz-um ‘my ice

‘my horsg

*(footbell) goa’ gok-um “mmy (football) godl’

14
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(23  Low Vowd Suffixes

a ip ‘rope ip-e ‘rope-DAT’

b st ‘milk qit-e ‘milk-DAT
*qit-0

C. ev ‘house ev-e ‘house DAT’

d ¢op  ‘garbage cop-e ‘garbage-DAT
* éq}O

e kzz ‘g’ kzza ‘grl-DAT

f. bz ‘icg buza ‘iceDAT
*buz-0

g a ‘horsg a-a ‘horse DAT

h gol ‘(football) god’ ga-a ‘(footbdl) god-DAT’
*gd-o

Although high suffixal vowels undergo rounding harmony in the examplesin (22) above, itis
important to note that in the same forms, an intervening non-high rounded vowel would serve to block
harmony. For instance, the interrogative clitic {mi, mi, mz, mu} is subject to rounding harmony. Thus, the

wordsin (22) can all be made into questions by adding the interrogative clitic:4

(24  Thelnterrogative Clitic

a ipmi? ‘isit rope? p-immi? ‘my rope?
b st mu?isit milk? St-im? ‘my milk

C. evmi? ‘isitahouse? ev-im mi?  ‘my housg

d ¢Op mir? ‘isit garbage? Op-Ummi?  ‘my garbage?

e kzzmy? ‘isitagirl? kzz-zmmg?  ‘my gin?
f. buz mu? ‘isitice? buz-ummu?  ‘my ice?
g at mg? ‘isitahorse a-zmmz?  ‘my horse?
h gd mu?‘isitagod? go-ummu?  ‘my god?

However, when the suffixed words from (23) occur with the interrogative clitic, the vowel of the cliticis
invariably unrounded. That is, the unrounded suffix [-e, -a] blocksrounding harmony from the final vowel
of the root onto the clitic. Thisblocking effect is shown in (25):

4 Although this morpoheme is written as an independent word in Turkish orthography, the fact that it is subject to
both rounding harmony and backness harmony shows that it not afree root but rather an affix or aclitic. Stress
patterns suggest that it should be treated as a clitic, though the stress facts themselves are not relevant to the issue
under discussion here.

15
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(25  TheBlocking Effect

a ip-emi?

b sit-emi?
*qlt-e mu?

C. ev-emi?

d ¢opem?
*¢6p-d mir?

e kzzamg?

f. buz-a mz?
*buz-amu?

g at-amy?

h gol-amg?
*gd-amu?

‘rope-DAT?
‘milk-DAT?

‘house DAT?
‘garbage-DAT?

‘gir-DAT?
‘ice-DAT?

‘horse DAT?
‘(footbdl) god-DAT?

2.3.3 Northern Turkic: Tuva (Krueger, 1977)°

Tuvais spokenin the former Soviet Union, in Mongoliaand in China. The vowel inventory given
in (26) isidentical to that of Turkish The non-high vowels other thana are described as " semi-wide" or
"dlightly raised from a completely low position” (Krueger, p. 95). Thevowel a isdescribed aslow and back

(p. 94):

(260 TuvaVowd Inventory’

Front
Unround Round
High (s 0, G
Northigh e €. e e

UCLA Ph. D. dissertation, 1995

Back

Unround Round

u, U

2 0-

Just asin Turkish, high suffix vowels are rounded when preceded by arounded vowel, regardiess
of the height of thetrigger. Examplesare givenin (27) and (28). Thewordsin (27) contain the ordinal suffix

{-k/gi, -k/gu, -k/gz, -k/gu}:

5 Krueger refers to this language as Tuvinian.

6 Krueger refersto this language as Tuvinian.

7 Accordi ng to Krueger’s description, athird series of vowels, namely a glottalized series, existsin addition to the long

and short pairs listed in (24).

16
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20 High Vowd Suffixes (Krueger, p. 122)

Q0 Do

/K ™o

bir-gi fird’
Seski ‘eghth’
Us-ki ‘third
doert-kii ‘fourthy
ddz-gz, ‘Ixth
tozangy, ‘ninetieth’
MUy -gu ‘ thousandth’
ongu ‘tenth’

UCLA Ph. D. dissertation, 1995

Thewordsin (28) contain the genitive suffix {-t/d/niy, -t/d/nin, t/d/nzy, -t/d/nun}:

(28  Additiond High Vowd Suffixes (Krueger, p. 112)

O O

Qe 0

ingk-tiq ‘cow-GEN’

XUn-ndi ‘day/sun-GEN’
soel-diip ‘square-GEN'
kzhmnm ‘who-GEN'’
Xar-nzp ‘snow-GEN’
Mo M-NLy ‘book-GEN’

xoLnul] ‘arm-GEN'

And again, asin Turkish, non-high suffix vowels are not rounded following rounded vowels. Thewordsin
(29) contain the locative suffix {-t/da, -t/de}:

(29  Non-highVowd Suffixes Locative (Krueger, p. 114)

o

giik—tg ‘door-LOC
inek-te ‘cow-LOC
xinde ‘sun/day-LOC
*XUn-Coe

Xoel-de ‘lake-LOC
*Xoa'-doe

17
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Q o

kzr-da ‘ridge-LOC’
dag-da ‘mountan-LOC’
XoWU-da ‘seppe-LOC’
*XoVU-dy

dys-ta ‘iceLOC
*dos-to

Thewordsin (30) contain the ablative suffix {-t/dan, -t/den}:

(30  Non-high Vowd Suffixes Ablaive (Krueger, p. 115)

oo

= Q =™

QZik-tgn ‘door-ABL’
inek-ten ‘cow-ABL’
XUntden ‘sun/day-ABL’
*XUn-doen

Pocs-ten ‘cedar-ABL’
*Poes-toen

kzr-dan‘ridge-ABL’

md-dan ‘cattle-ABL’
ulustan‘people-ABL’
*Uuus-tan

Ht-tan ‘fire-ABL’
*5t-tyn

UCLA Ph. D. dissertation, 1995

Andfinally, just asin Turkish, when anon-high vowel intervenes between a high suffixal vowel
and a preceding rounded vowel, rounding harmony is prevented from occurring. Inthe examplesin (31eand
0), the high vowel of the past tense suffix {-d/ti, -d/t0, -d/tz,_,-d/tu} undergoes rounding harmony triggered
by arounded vowel in theroot. Inthe examplesin (31f and h) however, the low vowel suffix {-p/ba, -p/be} 8
'negative’, precedes the high vowel of the past tense suffix, and rounding harmony is blocked:

8 The negative suffix in fact has the following variants (Krueger, p. 129-30):

-bal-be: After the sonants|, r, y, v
-pal-pe: After voiceless consonants

val-ve: After vowes
-mal-me:; After nasas

18
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(3l)  TheBlocking Effect

a. kel-di ‘He came b. kel-be-d  ‘Hedidn't come

c. a-dz ‘He took’ d. a-ba-dz; ‘Hedidn't take

e oSt ‘He grew’ f. eSpe-d  ‘Heddn'tgow' (*6spe-dl)
g W-tu ‘Heflew’ h. W-pa-dz, ‘Heddn'tfly (*us-pa-du)

2.3.4 Eastern Turkic: Uygur

Uygur (Hahn (1991), Lindblad (1990)), classified by Comrie as belonging to the Eastern Turkic
branch, is spoken in the former Soviet Union, Chinaand by small groups as far west as Turkey and Iran.
Thislanguage presents an interesting case of Korn's Type VI because in this language, certain suffixal
vowels are targeted by rounding harmony while others are not. Those suffix vowelswhich do undergo
rounding harmony are al high. The underlying vowel inventory, as analyzed by Hahn (1991), isas shownin
(32):

(32  Uygur Vowe Phonemes (Hahn's andysis, pp. 33-44)

Front Back
Unround Round Unround Round
High [ U 72 u
Mid (e 0 o]
Non-high a a

The phoneme eis enclosed in parentheses because this vowel occurs only in loanwords such as
uniwersitet (< Russ. universitet), Xebey 'Hebei' (< Chin. Héb&i), rentgen 'radiography’.10

On the surface, Uygur has only one unrounded high vowel, i. Certain roots containingi in the
final syllable take [-back] suffixes, in comformity with the typical Turkic backness harmony pattern.
However, in the majority of cases, vowelsfollowing i are[+back]. Asafurther complication, certain stemsin
i arefollowed by the [-back] variant of one set of suffixes, whileit isthe [+back] variant of a second set of
suffixes which surfaces foll owing those same stems (Lindblad 1990).

With respect to rounding harmony in suffixal vowels, Uygur hasaclass of suffixeswhich contain
alternating high vowels. The vowels of such suffixes surface with rounded vowels when arounded vowel

9 Under Hahn's analysis, underlying /z/ and /i/ merge on the surface as[i]. The motivation for positing underlying /z/
is the existence of alarge class of roots containing afinal-syllable [i] which take back vocalic suffixes.

10 Hahn points out that the vowel /ef isin certain cases followed by back vowel suffixes as in uniwersitetta
(*uniwersitettd), ‘at a/the university' and Xebeyda (* Xebeyde) 'in Hebei'.

19



Abigail R. Kaun UCLA Ph. D. dissertation, 1995

occursin the preceding syllable; otherwise, they occur with unrounded vowels. Thisisthe familiar pattern.
Thewordsin (33) contain the first person singular possessive suffix {4m, -um, -Um}, the rounded variants
occurring when the preceding vowel is rounded:

(3  Alternating High Suffix Vowd: -Im *1.POSS (Lindblad, p. 17)

a yol ‘road yol-um ‘my road

b pul ‘money’ pul-um ‘my money’

C. a ‘horsg et-imi1 ‘my horsg

d giz ‘g’ gizimiz ‘my girl’
(gzz under Hahn's andysis)

e kal ‘lake kal-Um ‘my leke

f. ylz  ‘face yuzUm ‘my face

g xét ‘|etter’ x&-im ‘my letter’

h pkir  ‘opinion’ pikir-im *my opinion’

At the same time, however, Uygur has a number of suffixeswhich contain non-alternating high
vowels. For example, another set of suffixes contains vowelswhich are invariably rounded, regardless of
the quality of the preceding vowel. One such suffix isthe gerundive, represented as/-GU/ in Lindblad’s
analysis. Examples containing /-GU/ are shown in (34):

(3@  Nondternaing Rounded Suffix Vowd: -GU 'Gerundive (Lindblad, p. 17)

a bol-  ‘become bol-gu- ‘become-GER’
b oqut-  ‘teach’ oquit-ou- ‘teach GER'
C. yaz  ‘write yaz-gu ‘write-GER
d tig- ‘ingat’ igqu- ‘insert-GER'
(tzg under Hahn's analysis)
e kor-  ‘see kor-gi- ‘see-GER
f. kit ‘walt’ kit-Ki- ‘wait-GER’
g kdl- ‘come kd-gi+ ‘come-GER’
h k- ‘sew’ tik-ki- ‘sew-GER’

Thewordsin (35) contain the first person plural possessive suffix /-imiz/, a suffix which contains
theunrounded vowel i regardless of the quality of the preceding vowel:12

11 The alealternation observed here is, accordi ng to Lindblad (p. 10) the result of araising rule. Thisrule raises certain
low vowelsininitial open syllables to mid, when the following vowel isi.
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(33  Non Alternating Unrounded Suffix Vowd: -imiz ' (Lindbled, p. 17)

a yol 'road yol-imiz'our road

b pul 'money’ pul-imiz‘our money'

C. a 'horse et-imz 'our horsg

d gz ‘girl’ gzimiz 'our girl’

e kal 'lake kdl-imiz'our lake

f. ylz  ‘face yuzimiz ‘our face

g xét | etter’ xdt-imiz'our letter’

h pkir  ‘opinion pikir-imiz ‘our opinion’

Despite the morpheme-specific nature of rounding harmony effectsin Uygur, the language is
arguably a Type VI language in that rounding harmony, when observed, targets only high vowels and is
triggered by both high and non-high vowels. The systemis clearly quite complex, however, and a
phonological treatment of the alternating and non-alternating suffixesis not offered in this thesis, however it
is clear that this language would also prove to be a testing ground for the theory of the content and
structure of lexical representations.

2.4 Rounding Harmony and [a high]

In addition to the tendency for languages to impose a height condition on the target of rounding
harmony (namely that it must be [+high]), in certain Turkic languages rounding harmony in some or all
configurationsis observed only when the trigger and target agree in height. Asaconsequence, in systems
in which such a constraint is operative, sequences of distinct rounded vowels are prevented from surfacing.
Some exampl es of this phenomenon are presented here.

2.4.1 Kachin Khakass (Korn, 1969)

Khakassis aNorthern Turkic language spoken in the former Soviet Union andin China. The
Kachin (or Kacha) dialect is cited by Korn as exemplifying his Type V in which the trigger and target of

1270 eliminate the hypothesis that the suffix 4miz resists rounding harmony due to its polysyllabicity (e.g.
because harmony isastrictly local, close-range effect), consider the monosyllabic agentive suffix -¢i,
which, like-imiz, is not subject torounding harmony:

a. bol- 'become bol-gu-ci ‘become-GER-AGT"

b. oqut- ‘teach’ oqut-qu-ci ‘teach-GER-AGT'
c. yaz'write yazgu-ci ‘write-GERAGT'

d. tig- insert' tig-qu-¢i 'insert-GER-AGT'

e. kor-'see kor-gu-ci 'see GER-AGT"

f.  kat- 'wait' kutki-ci ‘wat-GERAGT'

g. kal- 'come kél-gu-¢i 'come-GER-AGT"

h. tik- 'sow/sew’ tik-ku-¢i 'sow/sew-GER-AGT'
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rounding harmony must both be [+high]. Thistype represents a more restrictive system than Korn's Type
V1 in which a height condition is placed only on the target of rounding harmony. In Type V, not only must
the target be [+high], but the trigger and target must also agree with respect to height; therefore, rounding
harmony generates only the sequencesuCu and (iCl. The datacited in Korn's article are reproduced in (36)
and (37). Theonly casesin which asuffixal vowel isrounded arein (37c and d), where the trigger and target
areboth [+high]:

(30 Kachin Khakass Low Vowd Suffixes

a pol-za (* pol-z0) ‘if heis

b ¢or-gan (*c0r-gon) ‘who went’
C. kuzuk-ta (* kuzuk-to) ‘in the nut’
d kin-ga (*kin-go) ‘to the day’

(37  Kachin Khakass High Vowe Suffixes

a Ok-tzp (*Ok-tui) ‘of the arrow’
b ¢O-Zip (cor-2p) “having gone
C. Kus-tur ‘of the bird
d. kin-nd ‘day-ACC’

2.4.2 Yakut (Krueger, 1962)

Y akut isaNorthern Turkic language spoken in the former Soviet Union. | rely exclusively on the
descriptions, data and generalizations provided in Krueger’s (1962) grammar of thislanguage. According to
Krueger, Y akut has the vowel inventory givenin (38). In addition to the canonical three-dimensional Turkic
system, vowel length is contrastive for all qualities other than 8, and the falling diphthongs listed below
(each containing a single value for backness and rounding) occur:
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(3  Yakut Vowd Inventory

UCLA Ph. D. dissertation, 1995

Front Back
Unround Round Unround Round
High I,i: a, O 7 7 U u
Non-high e € 0 aa 0,C
Fdling ie uo za uo
Diphthongs

Krueger lists the following minimal pairs, demonstrating that vowel length is contrastive:

(3  Minimd Parsfor Vowd Length

tas
a
kdler
eter
his
is
kgt
tolon
slo
tur
kur
mus

it
5i

‘exterior’
‘horse at

tas ‘ston€e
‘name, renown’

‘heiscoming  kder ‘heisgoingto come

‘he talks

‘togrease, 0il’ hi's
‘todrink’

‘to gnaw, chew’
‘degree

‘rank, pogtion’” solo:
‘togand

‘belt, srap’

‘to gather’

‘to drike, hit
‘toskin, ped’

ger ‘heisgoingtotak’

‘sort, type’

IS ‘sawing’
kzor  ‘toenter
tdon ‘vdley

‘to clean up, clear off’
tur  ‘tohande, heft

kur  ‘todry’
mus ‘ice
ut ‘milk

sl ‘to bein heat (of animas)’

In Y akut, high vowels are always subject to rounding harmony. Non-high vowels, by contrast, are
only subject to rounding harmony if the potential trigger isitself anon-high vowel. Thus, we seethat Y akut
shares with Korn's Type VI languages the tendency to single out high vowels as targets (or, put another
way, to avoid targeting northigh vowels). Inaddition, Y akut shares with Kachin Khakass the tendency for
rounding harmony to be observed in configurationsin which the trigger and target agree with respect to
height. In Kachin Khakass both trigger and target must be high, whereasin Y akut, trigger and target must
either agreein height (yielding the sequences uCu, iCt, oCo, 6C0), or the target must be high (thus
allowing the sequencesoCu and 6Cu aswell). The patterning of diphthongs is discussed below.

Krueger’s summary of the vowel harmony phenomena of Y akut (including both backness and
rounding harmony) is paraphrased herein (40):
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(40 Summary: Vowe Harmony in Yakut (Krueger, p. 49)

a After afront vowd, only afront vowd may occur.
b, After aback vowd, only aback vowd may occur.
c. After an unrounded vowe, only an unrounded vowe may occur.

d. After arounded vowd, only arounded vowed may occur (except that unrounded g or
e occur after y and () repectively).

Examples from suffixal aternations show these patterns most vividly, though the generalizationsin
(40) hold for vowels within native roots aswell. Let us begin with high vowel suffixeswhich, as stated
above, exhibit rounding harmony regardless of the height of thetrigger. In (41), high vowel suffixesare
shown occurring following unrounded root vowels:

(41)  HighVowd Suffixes Unrounded Root Vowds

a aya-nz, ‘father-ACC
b. parta-nz ‘desk-ACC’

C. zska'p-tzzn ‘cabinet-SOC'
d. kinige-ni ‘book-PL’

€. kihi-lin ‘manSOC’

f. et-im ‘mesat-my’

g iye-yit ‘mother-1.PL.GEN’

Following rounded root vowels, the high suffixal vowels are rounded:

(42  HighVowd Suffixes, Rounded Root Vowes

a oyo-nu ‘child-ACC
b. oyo-lun ‘child-SOC’
C. ox-u ‘arow-ACC
d. murun-u ‘nos=ACC
e tobug-u ‘knee-ACC

24



Abigail R. Kaun UCLA Ph. D. dissertation, 1995

f. bo-ro--nu- ‘walf-ACC

g. 0-y-u- ‘senseACC

h ko-to-r-du-n ‘bird-SOC’

i. d()y()r-m] ‘friend-2.9G.GEN’
j. tu.nnu.g-u. ‘Wiﬂ:bN-ACC’

k. u-- :-U-I] ‘milk-2.5G.GEN’

In (43), low vowel suffixes are shown following rootsin which the final vowel is unrounded. Asexpected, in
this context low suffixal vowels are themselves unrounded as well:

(43)  Non-high Vowd Suffixes, Unrounded Root Vowes

a aya-lar ‘horse-PL’

b. balzk-lar “fish-PL’

C. aya-ya ‘father-DAT’
d. et-ter ‘meat-PL’

e. kini-ler ‘he-PL" (‘they’)

When the final vowel of the root is non-high and rounded, a norn+-high suffixal vowel surfaces as rounded,
asshownin (44):

(44  Nonthigh Vowd Suffixes, Rounded Non-high Roat Vowes

a o-tto-x-tor ‘farm-PL’

b. ohoy-tor ‘Soves-PL’
C. torbos-tor ‘heifer-PL’
d. bo-ro--tto-n ‘wolf-ABL’
e son-ton ‘j&ka-ABL’

Rounding harmony fails to apply, however, when the potential trigger is[+high], as shown here in (45):

25



Abigail R. Kaun UCLA Ph. D. dissertation, 1995

(45  Nonrhigh Vowd Suffixes, Rounded, High Root Voweds

a tu-nnu-k-ter ‘window-PL’
*tu-nnu-k-to-r

b. tobuk-ka ‘kneeDAT’
*tobuk-ko

C. ko-mu-s-teyer ‘Slve-COMP

*ko-mu-s-to-yo-r

The rounded diphthongs uo, U6 pattern asif they were high vowels, perhaps indicating that the
first half of the diphthong occupies the syllable nucleus while the second half occupies the syllable margin.
The diphthongs may occur following either high or non-high rounded vowels (although in Krueger’s
grammar no suffixal diphthongs are listed), and they fail to trigger rounding of afollowing non-high vowel.
Examples of the rounded diphthongsin non-initial position are givenin (46):

(46)  Noninitial Rounded Diphthongs (Krueger, p. 38, 53)13

a Oyuo ‘provisons

b. SOpslio ‘to approve’ (< Mong. jobosiye)

C. kdrdio ‘fence

d. boppurous ‘question, problem’ (< Russ. vopros)
e borokuot ‘seamship’ (< Russ. paraxod)

Examples demonstrating that rounded diphthongsfail to trigger rounding of afollowing non-high
suffixal vowel are givenin (47). Given thefalling nature of these diphthongs (i.e. that the first half is[+high]
and the latter half is[-high]), one might expect them to pattern aslow vowels with respect to vowels which
follow. More specifically, the fact that the rounded diphthongs do not trigger rounding of afollowing non-
high vowel requires an explanation, since aswe saw above, non-high rounded monophthongs do trigger
rounding of afollowing non-high vowel: 14

13There are rel atively few examples demonstrating this point. On pp. 49-50, however, Krueger statesthat the
diphthongs (unrounded as well as rounded) are al capable of occurring in non-initial position. The rounded
diphthongs occur just as long as the vowel in the preceding syllable is rounded (regardless of its height).

14The behavior of Y akut diphthongs in the rounding harmony system suggests that they pattern as high vowels with
respect to the assessment of constraint violations. Thisisdiscussed in more detail in Chapter 6.
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(@7)  Diphthongs as Rounding Harmony Triggers (and Non-triggers)1s

a uor-u ‘herd ACC
b. Uor-ge (*Uor-go) ‘herd-DAT’
C. kodl-U ‘leke-ACC’
d. kidl-ge (*kuokgo) ‘leke-DAT’
e muos-u ‘hornrACC’

f. muos-ka (* muos-ko) ‘horn-DAT’

2.5 Rounding Harmony & [back]

Just as certain rounding harmony systems discovered by Korn are subject to height conditions
(requiring that the target be [+high] or that the trigger and target agree in height), certain harmony systems
also refer to the backness of the trigger and target. What one findsis that rounding harmony is observed in
certain configurations in which the the trigger is[-back] when, in anal ogous configurations in which the
trigger is[+back], rounding harmony does not occur.

2.5.1 Kazakh (Korn, 1969)

In Kazakh (Korn 1969) aswell asin Karakalpak (Menges 1947), rounding harmony isinvariably
observed when the potential trigger is[+high]. In thisregard, these languages resemble Korn's Type VI
languages. In addition, however, rounding harmony is also observed just in case the trigger and target are
both [-back]. That is, not only are the sequencesuCu, UCU, oCu, 6Cu observed, but the sequences 6C6
and UCO surfaceaswell. Therelevant datafrom Korn's article are shown in (48), where the suffixes contain
high vowels and consistently undergo rounding harmony regardless of whether the sequence involves
front vowels or back vowels. In (49), rounding harmony is shown to target non-high suffixal vowelsonly if
the vowelsin question are front:

(48)  High Suffixa Vowds

a kol-du ‘lake-ACC’

b Uy-di ‘house ACC
C. koy-du ‘sheep-ACC

d kul-du ‘servant-ACC’

1570 antici pate the analysis which will be proposed further on, the relevant constraints are * ROLO and
UN FORM RD] . Evidently, the creation of rounded diphthongs does not violate the constraint dictating against
rounded non-high vowels (*ROLO),. Furthermore, rounded diphthongs and nor-high rounded vowelsinvolve nor-
uniform lip-rounding. A harmonic sequence involving a rounded diphthong and a rounded nor+high vowel thus will
incur aviolation of UNI FORM RD] . These constraints are discussed in detail in Chapters 5 and 6.
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(49  Nonthigh Suffixa Vowds

kdl-do ‘lake-LOC’
Uy-do ‘house-LOC
son-dan (*son-don) ‘rubble-ABL’
kul-da (*kul-do) ‘ at the servant’

0 Do

2.5.2 Kirgiz (Herbert & Poppe s (1963) Dialect)

In the description of Kirgiz given in Herbert & Poppe (1963) the only configuration in which
rounding harmony isnot observed iswhen the trigger is high, the target disagrees with the trigger in height,
and the vowelsin question are back. Specifically, the sequence u-a surfaces in preference to the sequence
u-o. Thevowel inventory provided by Herbert and Poppe is the standard three-dimensional Turkic system,

repeated in (50):

(B0)  Kirgiz Vowd Inventory (Herbert & Poppe, pp. 3-7)

Front Back
Unround Round Unround Round
High [ u A u
Non-high e o] a o]

To demonstrate the pattern described above, consider the surface realizations of vowelsin the
ordinal suffix, which contains [+high] vowels, as compared with those of the ablative suffix, which contains
low vowels. In the forms containing the ordinal {-inCi, -GnC{, -zn¢z, -uncu}, shownin (51), therounded
variants surface when the final vowel of the root is rounded, regardless of the height of the potential target
or the backness of the vowel sequence as awhole:

(51)  TheOrdind Suffix (Herbert & Poppe, pp. 7-8)

a birkingi ‘one-ORD, first’
o} bes-ingi ‘five-ORD, fifth’
C. Ug-Ung U ‘three-ORD, third’
d tort-tngl ‘four-ORD, fourth’
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dtzt-nCzL ‘9x-ORD, gxth’
jzyzmenez,  “twenty-ORD, twentieth’
toguz-urgu ‘nine-ORD, ninth’
on-ungu ‘tenORD, tenth’

/@ .o

In the forms containing the ablative suffix {-t/den, -t/don, -t/dan, -t/don}, the rounded variants
surface just in case the vowels agreein height (i.e. the final vowel of the root isitself non-high) or the
vowelsin question are [-back]:

(52  TheAblaive Suffix (Herbert & Poppe, p. 8)

a is-ten ‘job-ABL’

h et-ten ‘meat-ABL’
C. Uy-don ‘houseABL’

d kol-don ‘lake-ABL’

e jz-dan ‘year-ABL’

f. asan-dan ‘Hasan-ABL’
g turmug-tan ‘life ABL’

(*turmug-ton)
h tokoy-don ‘foret-ABL’

Thus, from the examples above, the only instance in which arounded root vowel failsto trigger rounding of
asuffixal vowel isgivenin (52g). Inthisexample, the potential trigger and target disagreein height, and the
target is non-high.

2.5.3 Shor (Korn, 1969)

Shor isof particular interest because it exemplifies each restriction discussed thus far in this
section. Rounding harmony in Shor is observed when the target is[+high], aslong as the trigger is[+high]
aswell. When the potential trigger is[-high], rounding of a[+high] vowel isapparently optional. The
situation is somewhat different when the potential target is[-high]. Rounding harmony is consistently
observed when the vowelsin question are front. If the vowels are back, then harmony is observed only
when the trigger and target agreein height. This patternissummarizedin (53):
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(653)  Rounding Harmony in Shor (Korn 1969)

a If trigger and target are front, rounding harmony is observed regardless of height.

b. If trigger and target are back, rounding harmony is observed when trigger and target
agreein haght.

c. If trigger and target are back but disagree in height, rounding harmony is optionally
observed if the target is[+high].

d. If trigger and target are back but disagree in height, rounding harmony is never
observed if the target is [-high).

Examplesillustrating the statementsin (53) are givenin (54):

&4  Examplesfrom Shor (Korn, 1969)

a min-Up ‘having mounted
SOs-toy ‘from the word
kér-z0 ‘if (he) sees
kUl Uk-t6 ‘at thebraveman's
kok-tl ‘of the ky’

b. kug-tun ‘of thebird’
kal-doy, ‘from the hand'
pal-zo ‘if (he) is

C. COn-nzp / cop-nuy  “of the people

d. ugar ‘which will grao’

2.6 Conclusions: Turkic

We have seen that the Turkic languages typically impose conditions on the application of
rounding harmony and that those conditions are of two basic types: They refer either to the height of the
participating vowels, or to their backness. With respect to height, we saw that rounding harmony systems
frequently avoid generating non-high rounded vowels. Such isthe case in the languages discussed in §2.3,
where rounding harmony targets only high vowels. In addition, in some systems rounding harmony failsto
occur when the output of the rule would be a sequence of distinct rounded vowels, that is a sequence of
rounded vowels which disagree in height. We saw this type of harmony in Kachin Khakass, where the
trigger and target must agree in height and the vowelsin question must be [+high], aswell asin Y akut,
where the trigger and target must agree in height or the target must be high. With respect to backness, we

30



Abigail R. Kaun UCLA Ph. D. dissertation, 1995

saw that in some languages rounding harmony fails to apply within certain back vocalic contexts where, in
the analogous front vocalic contexts, harmony is observed. In Kazakh, Kirgiz and Shor, we saw instancesin
which rounding harmony is observed across-the-board when the vowels in question are front, while
harmony among back vowels occursonly in restricted context s.

In the remainder of this chapter, | present the rounding harmony patterns found in the Mongolian
and Tungusic languages.

2.7 Mongolian

The Mongolian and Tungusic languages exhibit various patterns of vowel harmony. In Classical
Mongolian and Modern Western Mongolian dialects, harmony based on backnessis observed. Harmony
based on [ATR] or tenseness, aswell as rounding harmony, are found in modern Eastern Mongolian
dialects, including Khalkha. And in various Tungusic languages, harmony based on relative height and on
rounding isobserved. Inthissection | will discuss these various harmony phenomena. The discussion of
Mongolian isbased in large part on the phonetic and phonological study published in Svantesson (1985).
The rounding harmony systems found in Mongolian and Tungusic differ from those of the Turkic
languages discussed above, though certain important characteristics are common to all three branches.

2.7.1 Early Mongolian

According to Svantesson, in Ancient Mongolian non-high rounded vowels occurred only in word -
initial syllables, while high rounded vowels were freely distributed throughout the word. In the classical
period, a phenomenon referred to as “labial attraction” began to devel op, by which non-high rounded
vowels appeared in post-initial syllableswhen theinitial syllable also contained a non-high rounded vowel.
For instance, words such as monyol ‘Mongol’ andngkg¢r ‘friend’ are attested in Classical Mongolian.
Labial attraction was evidently only sporadic inits application, however, as words such asolan ‘many’ and
koke ‘blue’ existed during this period aswell (Svantesson, p. 318).

In the Western Mongolian languages, hon-high rounded vowels continue to be limited to initial
syllables, and no rounding harmony is observed. By contrast, in the Eastern branch, the process of labial
attraction has become aregular feature of the phonological system, giving rise to avariety of rounding
harmony unattested in the Turkic languages. Specifically, in the rounding harmony systems of Eastern
Mongolian, initial non-high rounded vowelstrigger rounding of non-high vowels in subsequent syllables.
Two Eastern dialects are discussed in detail below.

In Svantesson’ s characterization of Classical Mongolian, the vowel inventory features both
rounded and unrounded front vowels and the non-high back vowels, as shown in the chart in (55).

(55  Classcd Mongalian Vowd Inventory (Svantesson, p. 303)

Front Back
Unround Round Unround Round
High i i u
Non-high e o] a o]

The historical evidence indicates that harmony in Classical Mongolian was based on backness:
Within aword al vowels come either from the set {e, U, 6} - the front vowels - or from the set {a,u, 0} - the
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back vowels. The high front unrounded vowel i isneutral and may occur in words from the back harmonic
set, as shown in (56):

(56)  Neutrd j in Classcd Mongolian (data from Svantesson)

a Jirga-luya ‘live happily (Narrdive Pagt)’
b ilyaya-aga  ‘difference-ABL’
C. jidaraga ‘spear-ABL’

d imayanaca  ‘goat -ABL’

e kitad-aga ‘China-ABL’

f. ojiraa-yul ‘gpproach-CAU’
g ogilu-yu ‘mdt -CAU’

h morin-aga ‘horse-ABL’

i. amn-aa ‘life ABL’

J- yaki ‘fire-ACC

k bay atur-i ‘hero-ACC’

When a stem contains only i, suffix vowels are always from the front harmonic class; thus, the vowel i,
while neutral in some contexts, does exhibit limited harmonic behavior:

(67  StemsContaining Only |

a bigi-llge ‘write (Narrative Past)’
b bicig-eze ‘letter-ABL’
C. ¢ikin-ege ‘ear-ABL’

Suffixal vowelsfall into three classesin Classical Mongolian: one class consistently containsi,
and the quality of thisvowel is not subject to harmonic alternations. The remaining classesinvolve
backness alternations. Suffixes may contain a high rounded vowel subject to backness harmony, thus
exhibiting the surface variantsu and U. Thethird class of suffixes contain anon-high vowel subject to
backness harmony, thus surfacing as either eor a. Schematically, Svantesson represents the Classica
Mongolian pattern of suffix vocalism as shown in (58). (Where Svantesson usesthe feature [topen], | am
using [+high]):
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(B8)  Suffix Alterndtions. Classcd Mongolian (Svantesson, p. 320)

[-high| A ={ae} (e.g. -acal-eze dlaive)
[+high+round] U ={u, U} (eg. -yu/-yll ‘ causative')
[+high, -round] {i} (eg. 4 ‘accusdive)

The absence of the non-high rounded vowelso,d in suffixesis consistent with the pattern posited
for Ancient Mongolian. In Ancient Mongolian it isbelieved that the occurrence of non-high rounded
vowelswas strictly limited to initial syllables. Thus, while Classical Mongolian showed the beginnings of
rounding harmony with roots, evident in the sporadic instances of labial attraction, affixal harmony
apparently remained conservative and non-high rounded vowels were prohibited from occurring.

2.7.2 Western Mongolian: Kalmyk

Svantesson (1985) presents acoustic data from Kalmyk (aWestern Mongolian language) from
which he concludes that the vowelsin this dialect are as shown in (59). Asindicated, roundingis
contrastive among the nondow front vowels. Among the back vowels, rounding is not contrastive. The
high and mid back vowels are rounded, and the low back vowel is unrounded.

(59  Kdmyk Vowd Inventory (Svantesson, p. 303)

Front Back
Unround Round Unround Rourd
High i a u
Mid e 0 o]
Low u a

In Kalmyk, asin Classical Mongolian, two harmony classes are opposed on the basis of backness,
the vowels of any given word being drawn from only one of these sets. The front harmonic vowels are{e, 6,
v, and U}, the back harmonic vowels are{u, o a}, and the status of i isdiscussed below. Asin Classical
Mongolian, norn-high rounded vowels are allowed to appear only ininitial syllables. Apparently, Kalmyk
lacks any evidence of labial attraction; that is, the contrast which obtains among the non-high pairs e/6 and
a/oisneutralized post-initially, where all non-high vowels are unrounded. This distributional restriction
extends throughout the domain of the word, so, asin classical Mongolian, the northigh rounded vowels
never occur in suffixes.

Kamyk diverges from the Classical language in that there is athree-way height distinction among
the front unrounded vowels{i, e, '}, whereas Classical Mongolian has only two front unrounded vowels
{i,e&}. InKamyk suffixes, however, only two degrees of height are contrastive. Suffix vowels are either high
or low. We thus find suffixes containing the high rounded vowelsu or (i, and suffixes containing the low
unrounded vowels or a. (Asin Classical Mongolian, i may also appear in suffixes. Examples of thisare
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provided further on.) In (60), the causative suffix [-u:l/-U:1] appears with back vocalic rootsin (a-b) and
with front vocalic rootsin (c-f).

(60)  Causative Suffix [-u/-Ul]

a jov-ul ‘go-CAU

o] or-ul ‘enter-CAU’
C. Uz-trl ‘see-CAU’
d med-tl ‘know-CAU

e ordul ‘approach-CAU’

f. xultl ‘mdt-CAU’

As shown, the variant containing u surfaces following back vocalic roots, while the variant containing front
U occurswith front vocalic roots. The non-high vowels of the ablative suffix [-a:g/-*:5] display aparalel
distribution, as shownin (61):

6l)  Ablaive Suffix [-as-ug

us-as ‘nation-ABL’
am-as‘mouth-ABL’

e o

Ukr-uis ‘ox-ABL’

mornus ‘river-ABL’
morenvs ‘horse-ABL’
bicgus ‘letter-ABL’

O i o R o

The patterning of the high front vowel i is of particular interest in Mongolian because this vowel is
transparent to harmony. As such, the phonology of thisvowel poses an analytic challenge whichis
discussed in detail within Chapter 7. Asin Classical Mongolian, i patterns as afront vowel wheniitisthe
only vowel in astem or when it combines with other front vowelswithin astem. Asshownin (62), insuch
cases suffixal vowels come from the front harmonic set (all of the examples available to me contain low
suffixal vowels):
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jirklu: “live hgppily (narrdive past)

ir=l ‘come (narrétive past)’
big-lu: “write (narrative past)’
jilnun-us ‘difference-ABL’

igrw:s ‘shame-ABL’

Asinthe classical language, certain Kalmyk suffixes containi, and in such suffixes no vocalic
alternations are observed, regardless of the harmonic class of the stem. One such suffix isthe accusative
which invariably appears as[-i:g], regardless of the quality of the root vowels:

63  Suffixd j: (Svantesson, p. 305)

hal-i.g ‘fire-ACC’
batr-i.g ‘heroACC

kikn-i.g ‘ar-ACC
nidi,g ‘eye-ACC

In many instances in which the Classical language hasi in the second syllable of aword, this
vowel hasbeenlost in Kamyk. Accompanying theloss of i is concomitant fronting of the preceding
vowel. A number of examples of this are shown in (64):

64  Medd j-losswith Fronting in Kamyk:

SQE TP 0D

Classical Kalmyk

gjirata-yul Grd-tl * gpproach-CAU’
agilu-yul xul-tl ‘mdt-CAU’
morin-aga morn:s ‘horse ABL’
amn-aca umnus ‘life ABL

bgiqu brx ‘tobe

goni xon ‘sheep’
ojimasu ams ‘gocking’

oo XV ‘part’

Asthe examplesin (a-d) show, this umlaut-type sound change produced front harmonic words in Kalmyk
cognate to back harmonic wordsin Classical Mongolian.
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Another context in which original non-initial i waslost in Kalmyk involved words in which the
classical language had the vowel sequenceai. All examplesavailableto me contain the classical sequence
ai in morpheme-final position. In this context, the Kalmyk reflexes have long a:. Some examples of thisare
shownin (65):

65  Monophthongization (with Compensatory Lengthening)

Classical Kalmyk
a yagal haxa ‘g
b yaga-luya haxa-ta ‘pig (comitative)
C. noga noxa ‘dog’
d nogai-luya noxa-ta: ‘dog (comitative)’
e toluy ai tolha ‘head
f. toluy ai-luya tolha-ta: ‘head (comitative)’

Thus, many instances of original medial i arelost in modern Kalmyk. Consequently, although the
front unrounded vowel i isdescribed by Svantesson as being neutral with respect to backness harmony (p.
303), actual words showing thisto be so are few and far between. Infact, Svantesson providesno formsin
whichi isflanked by back vowels. Therefore, based purely on the data given in Svantesson’s article, the
only context in which the high front unrounded vowel i is neutral with respect to backness harmony in
Kamyk iswhen it occurs as a suffix vowel, asin (63a,b).

To summarize the facts from Kalmyk, harmony in thislanguage is based on the back-front
dimension. Asin Classical Mongolian, Kalmyk limits the occurrence of non-high rounded vowelsto initial
syllables. The characterization of the neutral vowel i poses an analytical problem not raised by the facts
from Classical Mongolian in the following sense. It ispossibleto claim that this vowel is neutral because
athoughiit is phonetically front, it lacks a back (unrounded) counterpart * z and is thus exempt from
participation in harmonic alternations. By similar reasoning, however, we would expect the mid vowel e also
to exhibit neutral behavior since thisvowel is phonetically front and has no back (unrounded) counterpart
*N. According to Svantesson’ s characterization, however, the vowel e conforms to the harmony patterns of
the language. One further complication involves suffixal aternations. While the absence of non-high
rounded vowels in suffixes can be linked to the more general prohibition against their occurrencein post-
initial syllables, the vowel ealso never appearsin suffixes. The facts regarding suffix vocalismin Kamyk are
summarized in (66):

66  Suffix Alternations Kamyk (Svantesson, p. 321)

[+How] A ={av} (e.g. -ag-us‘dldive)
[+highround] U ={u, G} (eg. -yul/-y Ul *caustive’)
[+high, -round] {i} (e.g.-i:g ‘accustive')

While Kalmyk and Classical Mongolian lack rounding harmony, they exhibit the related phenomenon of
positional neutralization (Steriade 1993) which will be discussed in Chapter 5.
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2.7.3 Eastern Mongolian: Khalkha

Contrary to traditional assumptions, Svantesson demonstrates that in the Eastern Mongolian
languages, including Khalkhaand the Inner Mongolian dial ects such as Shuluun Hoh, contrasts among
rounded vowels are not based on the backness dimension. In fact, Svantesson shows that all rounded
vowelsin Khalkha are phonetically back and that they are distinguished from one another on the basis of
tenseness or tongue root advancement ([ATR]). Specificaly, where Kalmyk has the vowels{u, 0}, the
corresponding pair in Eastern Mongolian is best transcribed as{u, u}, where both vowels are phonetically
back. Similarly, where Kalmyk has{o, 6}, Eastern Mongolian has the two back vowels{o, o}.

Svantesson’ s characterization of the Khalkha systemisnovel. Traditional studies (Binnick 1969,
1980, Hamp 1980, Steriade 1981) have assumed that the phonological oppositionsrelevant in Khalkha are the
same as those which obtained in other familiar rounding harmony languages. However, on the basis of
spectrographic data, Svantesson argues that the appropriate vowel inventory for Khalkhais that shownin
67):

(67 KhdkhaVowd Inventory

Front Back
Unround Unround Round
High [+ATR] [ u
[-ATR] U
Northigh  [+ATR] e o]
[-ATR] a 5

According to Svantesson’s analysis, then, the harmony classes are as follows. Vowelswithin a
word are either al [+ATR], i.e. they come from the set{u, €, o, i}, or they areall [-ATR], coming from the set
{v, a, 0, i}. Thevowel i may occur with vowels of either harmony class, asshown below. In (68a-c), the
vowel i occursin asuffix with [-ATR] stem vowels. In (68d-€), the vowel i occurs in a stem accompanied by
[-ATR] vowels:
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(68)  jneutrd to [ATR] harmony

oo

gar-i.g ‘handACC
uhta-x-i:g ‘deep-PPL. ACC
olo-X-ig ‘enter-PPL.ACC’

gjilar ‘work-INST’
Moli-5r ‘horse-INST’

UCLA Ph. D. dissertation, 1995

Apart from suffixes containing invariablei, suffix vowels agree with stem vowels with respect to
[ATR]. Thus, Khalkhadiffersfrom Classical Mongolian and Kalmyk in the basic harmony pattern. While
the Classical Mongolian and Kalmyk harmony system is based on the backness opposition, harmony in
Khalkhaisbased on [ATR]. Furthermore, unlike Classical Mongolian and Kalmyk, the phonology of
Khalkhaincludes a pattern of rounding harmony which givesrise to sequences of non-high rounded
vowels. In Khalkha, non-high suffixal vowels are rounded when the vowel(s) of the root are non-high and
rounded. Therefore, suffixes containing non-high vowels display afour-way aternation, {e,0,a,0}, whereas
high suffixal vowels are either invariably i or display atwo-way alternation between {u, u}. Examples of each
aternating set are shown in (69) and (70):

69  Alternating Non-high Suffixal Voweds (Svantesson, p. 302)

O oo

S Qe Do

aca-gar ‘burdertINST’
ty:la-gar ‘hare-INST’

jav-la ‘go (Narrative Past)’
guze-ger ‘rumentINST’

del-er ‘coat-INST’

uzle ‘see (Narrative Past)’
blud-le ‘whetted (Narrative Past)’
NoXoi-Go:r ‘dog-INST’

orHy: ‘enter (Narrative Past)’
doro-gor ‘dirrup-INST’

oHo: ‘give (Narrative Past)
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(700 Alternating High Suffixa Vowes (Svantesson, p. 302, 319)

a Oulv-u:l ‘three (Collective)

b arvyil ‘ten (Collective)

C. or-ul ‘enter (CAU)’
d dorv-ul “four (Collective)

e jos-ul ‘nine (Collective)

f. medegd-ul ‘know (CAU)

Summarizing the suffixal aternations, then, we have the chart in (71), slightly modified from Svantesson:

(7))  Suffix Alternations Khakha (Svantesson, p. 322)

[-high] A={a ¢ 5,0} (eg.-a-lg-ly/-lo ‘Narative Past’)
[+high+round] U = {y, u} (e.g. -ul-ul ‘causttive)
[+high, -round] {i} (e.g. -i:g ‘accusative)

Rounding harmony in Khalkhais observed across morpheme boundaries, as examples (69h-k)
above demonstrate, aswell asinroots. Intherootsdoro: stirrup’ and noxoi ‘dog’, shown in (69), rounding
extends past theinitial vowel of the root onto the following nor-high vowel. Other examples of rounding
harmony withinaroot includedolo: ‘seven,’ tolgoi ‘head’ andgoro:s‘antelope’. Notethati, whenitis
the second half of a diphthong, does not block the application of rounding harmony, asinnoxoi-go:r ‘dog
(INST)' (*noxoi-ga:r, *noxoi-ge:r). Infactiisinall casestransparent to rounding harmony. Consider the
examplesin (72):

(72 i Trangparent to Rounding Harmony (Svantesson, p. 318)

a ogidor ‘yesterday’
*ogider

o] XotiXs: ‘town (REFL GENY
*Xot-iXa:

C. Noir-iXy: ‘deep (REFL GENY
*Noir-iXa:

d tonr-ixo: ‘iron (REFL GENY
*tomr-i:xe
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By contrast, highrounded vowels are opague to rounding harmony. Examples of this are shown here:

(7 . u Opague to Rounding Harmony (Svantesson, p. 319)

(SN S © N )

|/Q ™o

of ‘entey’

sr-5d ‘enter (PERF)’

orul ‘enter (CAU)’
or-uil-ad ‘enter (CAU, PERF)’
*Qr-U:|-;):d

tor ‘be born’

tor-od ‘beborn (PERF)

tor-ul ‘be born (CAU)’
tor-ul-ed ‘be born (CAU, PERF)’
*tor-ul-od

To summarize the facts from Khalkha as sudied and analyzed by

Svantesson, the basic harmony pattern involvesthe [ATR] dimension: Within aword, all vowels other than
i must agree with respect to their value for the feature [ATR]. Rounding harmony is observed when the
trigger and target are both non-high and a high unrounded vowel (i) may intervene. By contrast, a high
rounded vowel (u, v) blocks the application of rounding harmony. All Khalkhavowels other thani enter
into suffixal aternations, their distribution being a function of both [ATR] and rounding harmony.

2.7.4 Eastern Mongolian: Shuluun Hoh

The Inner Mongolian dialect Shuluun Hoh displays by far the richest vowel inventory of the
languages discussed in Svantesson. In this dialect we find across-the-board [+ATR] pairings (cf. Khalkha,
in whichi has no [-ATR] counterpart), along with rounding contrasts among the non-high vowels. In
Shuluun Hoh, asin Khalkha, both [ATR] and rounding are harmonic. The Shuluun Héh vowel inventory
proposed by Svantesson isgivenin (74):
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(74  Shuluun H6h Vowd Inventory

High [+ATR]
[-ATR]

Non-high [+ATR]
[-ATR]

Front
Unround Round

1

€ ®

UCLA Ph. D. dissertation, 1995

Back
Unround Round

u
U
K 0
a o)

Suffix alternationsin Shuluun Hoh are somewhat more complex than those observed in Khalkha
Asin Khalkha, high vowelsin suffixes are invariant with respect to their value for rounding. Certain suffixes
contain invariably unrounded high vowels, whereas others contain invariably rounded vowels. Examples
are shown in (75) and (76), where suffix vowels agree with the vowels of the root with respect to [ATR] but
display invariability with respect to rounding. Note that Shuluun Ho6h differs from the other Mongolian
systems discussed so far in that the high front unrounded vowels enter into harmonic alternations. The
vowel i appearsin [+ATR] contexts, while the vowel 1 appearsin [-ATR] contexts:

(7™ {i.n} Suffix Alternations

fax-1g
untaeX-1 g
Xufji-X-1:g
ce ¢ Xrg
olo-X-1d

Al B o NN o M o i )

Ui£-X-Ig
toro-x-i.g

— = TQ@

gar-r.g ‘hand (ACCY)

‘expose (NOM, ACC)’
‘degp (NOM, ACCY’
‘return (NOM, ACC)’
‘fdl (NOM, ACC)y
‘enter (NOM, ACC)’

gkr-ilg ‘house (ACC)
ir§-x-i.g‘come (NOM, ACCy

‘see (NOM, ACC)
*be born (NOM, ACC)
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(70  {un) SUffix Alternations

gurbull ‘three (Collective)’
arby!l ‘ten (Collective)’

dorb-ul ‘four (Collectivey

x0T Qe "0 a0 oY

rax-1:g-ngut ‘expose (NOM, ACC, Converb)
uvhta-x-rg-ngut ‘degp (NOM, ACC, Converb)’
Xurji-X-r:;g-ngot ‘return (NOM, ACC, Converb)
oecr-X-1.g-ngot ‘fdl (NOM, ACC, Converb)’
olo-X-1:gngyt ‘enter (NOM, ACC, Converb)’

jis-ul ‘nine (Callectivey
irg-x-irg-ngut  ‘come (NOM, ACC, Converb)
Uis-x-iig-ngut  ‘see (NOM, ACC, Converb)
torox-i,g-ngut ‘beborn (NOM, ACC, Converb)’

UCLA Ph. D. dissertation, 1995

The situation with non-high suffixes in Shuluun Hoh also differs from that observed in Khalkha. In
Khalkha, we saw that non-high suffix vowels alternate between{a, €, o, 0}, agreeing in [ATR] with the
vowels of the root and, where the root vowels are non-high and rounded, agreeing with the root vowelsin
rounding aswell. In Shuluun Hoh, there are two sets of alternating non-high suffix vowels. The first
involvesinvariably [+back] vowelswhich agree with the root vowelsin [ATR]. Suffix vowels of thisclass
are also rounded when the vowels of the root are non-high and rounded. We thus see a four-way
aternation among suffixes containg a non-high back vowel: a, £, o, 0. Examples of thisfour-way aternation

areshownin (77):

(77)  Four-way Alternaion: Non-high Back Suffix Vowes

a aca-gar ‘burden (INST)’

b wrk-ar ‘work (INST)

C. tyh-gar ‘hare (INST)’

d jabla ‘go (Narrative Past)’
e UK -OKr ‘rumen (INST)’

f. dg:k<r fcoat (INST)

g SIrg-ggr ‘table (INST)’

h bigig-£ ‘letter (INST)’

. ui-Ik: ‘see (Narrative Past)’
J NoXoe-Oor ‘dog (INST)

k Meelj-5:r ‘horse (INST)’

! srHy: ‘enter (Narrative Past)’
m doro-gor ‘dirrup (INST)’

n ogo: ‘give (Narrative Past)’
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The second set of non-high suffix vowelsincludes the vowels{e "} which are invariably non-high,
front and unrounded; they agree with the vowels of the root only with respect to [ATR]. The surprising
fact about vowels of this classisthat they are not subject to rounding harmony, even when the stem to
which they attach contains non-high rounded vowels. The nor-high front rounded vowelsoe and ¢ are
found in roots, both ininitial syllablesand in non-initial syllables; they are systematically excluded from
suffixes, however. Examples are shown in (78), where an arrow points out those instances in which anon-
high suffixal vowel failsto surface as rounded following a non-high rounded stem vowel:

(78)  Twoway Alternation: {e},

a uilHu: ‘mountain (Comitative)’

b jroHu ‘gpear (Comitative)’

C. nar-tu: ‘sun (Comitative)

d gur-tu; ‘tea (Comitative)’
£ e oCHu: ‘dar (Comitetive)
E f. Meefj-tu: ‘horse (Comitative)’
/E g NoXce -tu: ‘dog (Comitetive)’

h Xuntte: ‘person (Comitative)’

. bicig-te: ‘|etter (Comitative)

J ngr-te: ‘name (Comitative)’
/E Kk obste: ‘grass (Comitetive)’
/E l joroxglog-te:  ‘presdent (Comitative)

Thus, while rounded counterparts of {e, '} exist in the Shuluun Héh inventory, namely {o, ce},
these vowels never occur in suffixes, even when the stem contains non-high rounded vowels. The relevant
examples are repeated in (79):

7 *{o. e} in Suffixes

a oCHu: ‘dar (Comitetive)’
*50Hee:

b Meelj-tu: ‘horse (Comitative)’
*Meeff-toe:

C. No Xoe -tu: ‘dog (Comitetive)
*NoXee oe:

d obste: ‘grass (Comitative)’
*0os-tg:

e joraxg:loxg-te:  *presdent (Comitative)
*joroxg loxg-to
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The suffix aternations for Shuluun Héh can be characterized as shown in (80). All sets of suffix
vowels agree with the stem with respect to [ATR]. Only the non-high back vowel set exhibits agreement for
another feature. Suffix vowelsfrom this set agree in rounding with non-high stem vowels.

(80  Suffix Alternations. Shuluun Hoh (Svantesson, p. 322)

[-high, +hack] A ={a £, o, 0} (eg. lall{:/lh:/lo: ‘Nardive Pest')

[-high, -back] E={e} (e.g. te/tv: ‘Comitative)
[+high, +round] U ={g, u} (eg. -uV-ul *Causative)
[+high, -round] | ={i, 1} (e.g. -i:0r:g ‘Accusative)

Finally, asin Khalkha, high unrounded vowels are transparent to rounding harmony in Shuluun
Ho6h, whereas high rounded vowels are opague. Thisisshownin (81) and (82):

81  {i, 1} Transparent to Rounding Harmony

a ogidor ‘yesterday’
*ogidgr

b Dot Xo: ‘town (REFL GENY
*got-r:xa

C. Noeil-1Xo: ‘deep (REFL GENY
*Noer-1:Xa&

d tonr-ixo: ‘iron (REFL GENY
*tomr-ixg:

B  {u, v} Opagueto Rounding Harmony

a or ‘enter’

b or->d ‘enter (PERF)’

C. or-ul ‘enter (CAU)’

d or-uil-ad ‘enter (CAU, PERF)
*Qr'U:l':):d

e tor ‘be born’

f. tor-od ‘be born (PERF)

g tor-ul ‘be born (CAU)’

h tor-ul-£:d ‘be born (CAU, PERF)’
*tor-ul-ad
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In Chapter 7, | discuss the analysis of transparency in Mongolian in detail.
2.7.5 Eastern Mongolian: Buriat

Inwhat follows, | will present the facts from Buriat assuming the vowel inventory and phonological
analysis proposed in Svantesson (1984). Svantesson claims that what has traditionally been assumed to be
abackness contrast among rounded vowelsisin fact a contrast based on [ATR]. Thus, asfor Khalkha, the
standard assumption has been that the vowel inventory is essentially the same as that of other familiar
vowel harmony languages, such as Turkish. According to Svantesson, that assumption isincorrect,
however.

| assune, following both Svantesson and Poppe, that the contrastive vowel qualities of Buriat are
those given in (83). According to these sources, the high [-ATR] vowels sound slightly lowered and
centralized. Asshown, all vowel qualities other than o: occur contrastively long and short:

(8)  Buria Vowd Inventory (Poppe 1960, Svantesson 1985)

Front Back
Unround Unround Round
High [+ATR] (s u, u
[-ATR] LI oo
Northigh [+ATR] g€ o
[-ATR] aa 30

Asin other dialects of Eastern Mongolian, the general pattern is that within agiven word all
vowels must agree with respect to their valuefor [ATR]. Examples of the basic [ATR] harmony pattern are
givenin (84)-(86). Astheformsin (86) show, the[+ATR] vowel i, i: hasa[-ATR] counterpart which occurs
in [-ATR] words (Svantesson, 1985):
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(G2

(8

(89)

[+ATR] Words (datafrom Poppe, pp. 22-23)

PSR R (= Bl i @ N @ B @ g o)

ger-iji “pillow (ACC)

xel-ul ‘gpesk (CAUY
ed-ul ‘eat (CAU)
exe-de ‘mother (DAT)
xurviji ‘person (ACC)’
xul-de ‘foot (DAT)’
xul-do: ‘foot (REFL DAT)’
Xuzun-de ‘neck (DAT)’
bu-dor *cotton (by means of)’
xi:--de ‘dung dugt (DAT)’
ton-de ‘white gpot (DAT)’

[-ATR] Words (data from Poppe, pp. 22-23)

S)TQ@ "0 a0 oY

a-yl ‘kill (CAUY

axada ‘eder brother (DAT)
axa-da ‘eder brother (REFL DAT)’
Unt-U:| ‘Q%p (CAU)’

Xuhg-da: ‘swan (REFL DAT)
Xphg-da ‘swan (DAT)’
or-ul ‘goin (CAUY

Mydon-ah ‘tree (DAT)’

[-ATR] Words Containing 1, :  (datafrom Poppe, pp. 22-23)

;)TQ "D 0D

langga ‘paticularly’

imegta ‘exdusvdy’

X180 ‘backwards, afterwards
Mo ‘horsg

horgy:h fschodl’

md-ij; ‘cattle (ACC)’

mor-j; “horse (ACC)’

bolagrii ‘goring, well (ACC)

UCLA Ph. D. dissertation, 1995

In Buriat, the distribution of non-high rounded vowelsislimited in essentially the sameway asitis
in the other Eastern Mongolian dialects: In non-initial syllables, non-high rounded vowels occur only when
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theinitial syllable also contains a non-high rounded vowel.16 By the same token, non-high unrounded
vowels do not occur in postinitial syllablesinwordsin which theinitial syllable contains a non-high
rounded vowel. Examplesare shownin (87).

(87  Rounding Harmony (data from Poppe (1960) and Bosson (1960))

Oolso'g ‘pot

Qoo ‘brook, rivulet’
Sro- ‘enter’

olo-Np b ‘| enter’

280" ‘go avay’

o%0z0 'go awey (IMP GERY

ton-do: ‘white gpot (REFL DAT)’
horrgo: ‘backwards, back’

oro ‘df’, ‘onedf’, ‘himsdf’
or-do: ‘sdf (REFL DAT)’

= (= R ¢ N © HEY @ T @ S o)

Short o never occursin Buriat. Thus, when o: occursin aninitial syllable, unrounded short e may
be found in a subsequent syllable. In other words, rounding harmony is blocked when its application would
giveriseto an occurrence of theill-formed short 0. Examples are shown here (88):

(88  Surface o: -e Sequences (data from Poppe and Bosson)

a sorrem ‘pond, reservoir’
*s0rrom

b ZOo-xe ‘to transport’
*Z0-X0

C. o.de ‘up, upwards
*odo

d holde-xe ‘to become hoarse
*haldo-xo

e ton-de ‘white gpot (DAT)’
*ton-do

f. xo:rdge " arecounting, discusson’
*xorolgo

g xorge ‘bellows
*X0Irgo

16The exception to this characterization involves non-initial o: following a high rounded vowel, as discussed above. We
return to this problem below.

a7
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Asin Khalkha, the high unrounded vowelsi(:) andi(:) are transparent to rounding harmony, as
shownin (89). Similarly, shorteis also transparent to rounding harmony. That is, although rounding
harmony does not generate the ill-formed segment *0, the process may skip over ineligible targetsin order
to target along non-high vowel further on in the word. An examples of thisis shownin (90).

89 () ad () ae Trangparent to Rounding Harmony (data from Poppe and Bosson)
a Mol n-hy: ‘horse (ABL)’
b boli-xo “to discontinue
C. OoXg-Xo ‘to nod, to bow’
d SoX-Sp ‘rhythmica begting’
e zori-do:‘ possessons (REFL DAT)Y

()  Shorteis Trangparent to Rounding Harmony (from Baosson)

a xorddo: ‘ conversation, discusson’

By contrast, the high rounded vowelsu:, v, andu: do not trigger rounding harmony, as shown in
(91), and in fact block harmony, as shown in (92):

9)  u, u,u: Falto Trigger Rounding Harmony (data from Poppe and Bosson)

a Xuzun-de ‘neck (REFL DAT)’

*xuzun-do:

b xul-de: ‘foot (REFL DAT)'
*xul-do:

C. Xuhg-da: ‘swan (REFL DAT)’
*Xung-do:

d xpkda ‘tornedo (REFL DAT)
*Xoi-Oo:

e bysa ‘other, another, remaining’
*buSo

f. by :da-xa ‘to shoot’
*buido-%o
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(9  u:, u: Block Rounding Harmony (data from Poppe and Bosson)

a xor-ul-e ‘he made (someone) cha’
*Xxor-ul-o:

h Zljul-xa ‘to direct toward'
*Zoljul-%o

C. hfjuxanar ‘rather firmly’
*OoljuXoNo ¥

d Lngzukxa  ‘toingire to induce, to gimulate
*ZonGzul-xo

e or-uil-xa ‘to enter (CAUY’
*Sr-yil-xa

Buriat displays an exception to the general Mongolian pattern. We saw abovethat in other Eastern
Mongolian languages, rounding harmony is only triggered and targeted by non-high vowels. In Buriat,
however, initial syllables containing the short high vowel u trigger rounding of afollowing nor-high vowel,
provided that the target islong. Examples of rounding harmony triggered by shortu are given in (93):

()  u Triggers Rounding Harmony

a xul-do: ‘white spot (REFL DAT)’

b sub-o: ‘resdue (REFL DAT)’
C. bud-or ‘by means of cotton’

d uder-or ‘by means of the day’

e XUur-0: ‘he arived

f. burxo:xe ‘to cover’

g 2090 ‘but, however, just 0
h muno: ‘today, now, this same
. o ‘freedom, freg

J turg-or ‘quickly, swiftly, speedily’

k. gubo: ‘hill, mound, hillock’

When the potential target is short, rounding harmony does not apply and short e surfaces, as
shownin (94). This pattern mirrors the effect shown above in (88) in which the short non-high vowel failsto
undergo rounding harmony when the trigger is also non-high:
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%  lll-formedk y,,.0 iISAvoided

a xul-de ‘white spot (DAT)’
*xul-do

b Xui-de ‘umbilicus (DAT)’
*Xui-do

C. burged ‘eagl€
*burgod

d bule ‘family’
*pbulo

€ quige ‘puppy, whelp
*gugo

f. durbe ‘four’
*durbo

Thus, the Buriat system is essentially the same as that of Khalkha, with one major complication.
The absence of shorto in Buriat givesrise to an additional transparent vowel. While only i istransparent to
rounding harmony in Khalkha, the high and mid unrounded vowels are transparent in Buriat. This
transparency is discussed further in Chapter 7. Also, while in both languages the principal participantsin
the rounding harmony system are the non-high rounded vowels, in Buriat shortu also participates,
functioning asatrigger.17 A summary of the suffix alternations found in Buriat isgiven in (95):

(9B  Suffix Alternations Buriat

[-high, +Hhack] A ={a e 5} (e.g. -da-de/-d, ‘Dative)

[-high, -back] A:={a,e, 5,0} (e.g. -da/-de/-dy:/do: ‘ Reflexive
Dative)

[+high, +round] U: = {y:, u} (e.g. -ul-ul *Causttive)

[+high, -round] 1(:) ={i(), 1()} (e.9. -ijil-r;i: ‘Accusative')

2.8 Tungusic

The Tungus languages are spoken on the border between China and the former Soviet Union, in
the Far East, in Eastern Siberia, and inMongolia (Comrie 1981). Comrie proposes the genetic classification
listed in (96):

17No formal analysis of the fact that Buriat short utriggers harmony is proposed here.
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(99  Genetic Classfication of Tungusic (Comrie 1981, p. 58)

Northern Tungusic
Evenki (sometimes called Tungus)

Even (Lamut)
Negidal
Solon
Southern (Amur) Tungusc
South-Western Tungusic
Manchu
Juchen
South-Eagtern Tungusic
Nanay Group
Nanay
Ulcha
Udege Group
Orok
Udege
Oroch

In general, Tungusic languages possess a vowel harmony system based on some contrast
involving relative height, tenseness or position of the tongue root. Ard (1981) argues that the relevant
feature in Proto-Tungus was [RTR] (retracted tongue root), whereby the vowel inventory was divided into
two sets. According to Ard, one harmonic set contained “hard” vowels, articulated with aretracted tongue
root, and the other set contained “ soft” vowelsin which the tongue root maintained a neutral position. The
system proposed by Ard for Proto-Tungusisfound in modern Even, the vowels of which are listed in (97).
By convention, all [+RTR] vowels other than [a] are represented with a subscript dot:

97 EvenVowd Inventory (Comrie 1981)

Front Centrd Back

[-RTR] [+RTR] [-RTR] [+RTR] [-RTR] [+RTR]

High i i u u
Mid K £
Low e a 0 0

The vowels of the Even inventory are divided into two harmony classes based on tongue root
position whereby the “hard” [+RTR] vowels are opposed to the “soft” [-RTR] vowels. For simplicity, | will
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refer to these with abinary feature [+RTR], though it may well be the case that the appropriate phonological
analysis of [RTR] in Tungusic would involve aprivative feature [RTR]. The vowels of agiven word must all
belong to the same harmony class:

(9  EvenHamonic Clases (Comrie 1981)

[+RTR] [-RTR]

Some examplesillustrating the Even harmony system are given in (99). These forms are provided
by Comrie (1981, p. 70) and demonstrate harmonic alternations in suffixes between the pairs [u]-[u], [i]-[i],

[el{a] and [£]-[4]:18

(99  Even Suffixd Alternaions

a berken-du ‘crossbow-DAT’

b 3uy-Cy ‘dwdling DAT

C. berkent ki ‘crosshow-ALL’

d suu-tki ‘dwdlingALL’

e berken-kle ‘crosshow-ALL/LOC

f. zuy-Kla ‘dweling ALL/LOC

g berken-kig ‘crosshow-ALL/PROLATIVE
h zuy-klK ‘dwdling ALL/PROLATIVE

In addition to a system of harmony based on tongue root position or relative tongue height, many
of the Tungusic languages also exhibit a system of harmony based on rounding. The basic rounding
harmony pattern found in Tungusic is similar to that found in Eastern Mongolian dialects: thus, harmony is
triggered only by non-high vowels and istargeted only by non-high vowels. The high vowelsu, u never
trigger rounding harmony, nor do they appear as the output of rounding harmony. In general, rounding
contrasts among non-high vowels are distinctive in Tungus only in theinitial syllable of aword. Therefore,
the quality of non-initial vowelsin Tungusisin many ways predictable: Vowelsin non-initial syllables
inherit their [RTR] value from the vowel of theinitial syllable, and non-high vowels similarly inherit their
value for rounding.

18Comrie's examples do not contain suffixal o/o. His statements indicate that the distribution of these vowels
conforms to the Even harmony pattern, however.
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Inwhat follows, | will present datafrom three Tungusic languages for which detailed descriptions
were available, namely Oroch, Ulchaand Oxot Even.

2.8.1 Oroch

Oroch is a South-Eastern Tungusic language spoken in Eastern Siberia. Comrie (1981) places
Orochinthe Udege Group. My primary source for this language is the grammar and dictionary written by
Avorin & Lebedeva (1978). According to these authors, Oroch has the vowel inventory listed in (100). In
addition to these contrastive vowel qualities, vowel length for all qualities exceptis also contrastive:

(100) Oroch Vowd Inventory (Avrorin & Lebedeva 1978, p. 61)

Front Centra Back
High i u u
Lower High Wy
Mid £ K 0, 0:
Low u asa.

These vowels are divided into two harmonic classes apparently based on relative height. The
higher vowelsfall into the class labeled “ soft” by Avorin & Lebedev. Thesel will classify as[-RTR]. The
lower vowels, referred to as “hard” by Avorin & Lebedev, will constitute the [+RTR] class:

(101) Hamonic Satsin Oroch

[+RTR] [-RTR]

Alternations are observed between the pairsu/u and £/a, withu and £ appearing in [-RTR] words, andu and
a appearing in [+RTR] words. The remaining vowels are distributed asfollows: “ and o occur only in

[+RTR] words, andi may occur in words of either harmonic class.19

19A small number of words are listed in Avrorin & Lebedeva's dictionary in which v follows the vowel u in the initia
gyllable. Theseareun ‘bundle of nettles’, dizugg" ‘chain’, dizul* ‘front’, and gurgul" ‘yellow forest butterfly.’
Similarly, avery small number of words contain * following oin the initial syllable, such as ogg® ‘pig, hog,” ologk"
‘oak.” Nowords are recorded in which v follows .
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To seethe basic harmony pattern, consider first the wordsin (102) in which all vowels come from
the[-RTR] set:

(102) [-RTR] Words

a gumu ‘sharp sound’
b. luku ‘sheggy’

C. oulg ‘rocky ledge
d. mutg ‘tobeable
e [uki ‘wooden’

f. ous ‘eagl€

g dinsk ‘scal€e

h SKrd A3k ‘red

. gchu “honor, respect’
Jr dKpUnk ‘togoto eat’
k. d£ :nti “flounder’

l. dgkti ‘toolbox’

Inthewordsin (102), all vowels come from either the [-RTR] set{X, u}, or the neutral set, which consists of
the single vowel qualityi. Similarly, in [+RTR] harmonic words, vowels are either the neutral vowel i or are
members of the [+RTR] class. A further restriction isimposed on the [+RTR] harmonic wordsinvolving the
distribution of the nor-high rounded vowel o. Wheretheinitial syllable contains the low vowel a,
subsequent syllables may contain either the neutral vowel i or any of the [+RTR] vowels other thano.

Thus, thewordsin (103) all conform to the Oroch harmony restrictions:

(103) [+RTR] Words (first syllable contains a,a:)

a deba ‘Sberian sAmon’
b kata ‘grong, durable

C. bad ‘dill (adv.)

d dizaw ‘tenth (ord. num.)’
e dacby ‘to obey’

f. deksy ‘topickle

o] gaki ‘crow’

h kari ‘toreman’

Similarly, when theinitia syllable contains either of the [+RTR] vowelsu or:, subsequent syllables may
contain the neutral vowel or any [+RTR] vowel other than 0. Examples are shown in (104) and (105):
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(104) [+RTR] Words (first syllable containsy, u:)

a dizuku ‘otter’

b nusu “fishing rod

C. guoda ‘high

d kyta ‘somech’

€. us" ‘birch box for storing cured fig
f. dAzuvt ‘second (ord. num.)’

g kuppi ‘to havetime

h unki ‘having hooves

(105) [+RTR] Words (first syllable contains v)

a  k'padiza  ‘frog
b Usa ‘people
C. 3}13‘1 ‘ld:t, |efthand’ 20
e s'ntu “fid’
f. g°ki ‘hawk’
g XUsi ‘sound

The non-high rounded vowel oin Oroch isdistributionally restricted in much the same way asthe
non-high rounded vowels of Eastern Mongolian. Asamember of the [+RTR] harmonic class, we expect to
find the vowel oonly in[+RTR] vocalic words. Thisisso. A further restriction isimposed on its
distribution, however. Thevowel o occursin post-initial syllables only when the vowel o occursin the first
syllable of theword. When the first syllable of aword contains the non-high rounded vowel o, a
subsequent syllable may contain the neutral vowel i, the high [+RTR] vowel u, or another instance of o.
Crucidly, any non-high vowel occurring in asyllable following initial roundedo must itself be rounded.
Thus, when the initial syllable containso, the following syllable may contain neither a nor v. Examples of
words containing initial o are given in (106):

20\ords containi ng " in thefirst syllable and subsequent syllables are conspicuously absent from Avrorin &
Lebedeva slexicon. This may be due to the fact that length occurs only in thefirst two syllables of aword, and
thereis usualy no more than one long vowel per word. According to Avrorin & Lebedeva, U is phonetically long.
Thus, aword containing this vowel in both the first and second syllable would violate this pattern. Support for this
explanation comes from the fact that in words containing “ in the second syllable, the first syllable nearly always
contains a short vowel. Only ahandful of exceptionsto this generalization are listed in Avrorin & Lebedeva's
lexicon: ba:z* ‘external, outward’, na:méUnga ‘comfortable’, a:1* (trandlation unclear; Russian = moxovka).
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(106) [+RTR] Words (first syllable contains o)

a dodp ‘to be heard’

o] dizoisi ‘to yawn'

C. mosy ‘cover, case
d X0y ‘scraper’

e doro ‘law’

f. dolo ‘lame

g X00 ‘other, another’
h Mjokso ‘larynx’

i.

tonoyonko  ‘tocomeunscrewed

UCLA Ph. D. dissertation, 1995

Thus, asin Eastern Mongolian, we see that rounding harmony istriggered by a non-high rounded
vowel and targets non-high vowels. However, this system differs from the Mongolian pattern in that
rounding harmony is blocked when any high vowel intervenes between the potential trigger and the
potential target. Thus, in Oroch, al high vowels, regardless of whether or not they are rounded, are
opaque to rounding harmony. Examples of this are shown in (107), where non-high a occurs subsequent to

aninitial non-high rounded o where some high vowel intervenes:

(107)  High Vowds Block Rounding Harmony

a oggica ‘dried out’
(*oggico)

o] dokgina ‘to hear’
(*dokgino)

C. obhyla ‘to give as a daughter’ s dowry’
(*obbylo)

d gosyla ‘to quarrd’

Finally, when the initial syllable contains the neutral vowel i, vowels of either harmonic class may
follow. The only vowel which does not occur subsequent toi is the non-high rounded vowel o:
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(108)

Initid Syllable Containsi

I S = (o B O B B @ I @ g o)

dAzima
inda
gigo
d:b
ikg
g:ksg
diktu
Sidizu
Xidus
nicku
dili

ig

UCLA Ph. D. dissertation, 1995

‘to say with someone
‘dog/

‘coldly

‘fourth (ord. num.)’
‘tosng

‘evening

‘thick’

‘to knock out’
‘QicKly’
‘quitesmdl’

‘heed

‘to re-enter’

To summarize, in Oroch vowels within aword may come from one of two harmonic sets divided
phonologically on the basis of [RTR]. Thevowel i may occur with vowels from either set. Furthermore, in
post-initial syllables, the value for [round] of non-high vowelsis predictable: If theinitia syllable contains a
non-high rounded vowel and no high vowelsintervene, a post-initial non-high vowel will be rounded.
Otherwise, non-high vowelsin post-initial syllableswill always be unrounded.

2.8.2 Ulcha

Ulchaisamember of the Nanay branch of South-Eastern Tungusic. It isspokenin the Russian Far
East and by asmall population in China (Comrie 1981). | rely on the grammar and dictionary of Sunik (1985)
for the patterns reported here. According to Sunik, Ulcha has the vowel inventory shown in (109):

(109) UlchaVowd Inventory (Sunik 1985)
Front Central Back
[-RTR] [+RTR] [-RTR] [+RTR] [RTR] [+RTR]
High i i u u
Non-high e K a 0

Inword initia syllables, al vowel qualities may be contrastively long or short. In post-initial
syllables, the length contrast is apparently neutralized. In Sunik’slexicon, all vowelsin post-initial syllables
are written as short.

Asin Oroch, the vowels of Ulchaare divided into two harmonic classes which are mutually
exclusive within the domain of the word:
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(1200 Harmonic Classesin Ulcha

[+RTR] [-RTR]

Unlike Oroch, however, the high front [-RTR] vowel i in Ulchais paired with a[+RTR] counterpart, and
these vowels participate in the harmonic segregation: i occursin harmonically [-RTR] words, whilei occurs
in harmonically [+RTR] words. By contrast, the non-high vowelse and ¢ have no [-RTR] counterparts and
occur only in [+RTR] words. Their distribution isfurther limited, as| will discuss shortly. Examplesof [-
RTR] harmonic words are shownin (111):

(111) [-RTR] Vowd Words

a b9 ‘tonot exis’
C. bibu ‘tolive

d gi:lugtu ‘fly (insect)

e bl ‘probably’

f. dirg ‘smd| shove’
g boutli ‘lamp wick’
h MUy ti ‘cooly’

. bubu ‘togive

J Kundu ‘surgeon’

Kk buksg ‘cartilage

l pumsK “filings

m b gdi ‘leg

n gcn ‘sed (ad).)
o bgau ‘place, Ste
o} 0K :Xung ‘deanly’

o] bXbAkA ‘child s swing'
r. kgilg ‘fast’

Within a[+RTR] harmonic word, the vowelsi, u and a occur ininitial and non-initial syllables.
Examples are shownin (112):
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(112) [+RTR] Vowd Words

a giri ‘river bed

b kig "seaguil’

C. plpu ‘reed fife

d siléu ‘sack for tinder’
e bildiza ‘throat’

f. sj:I]na ‘gift, present’

g9  gui ‘thirty

h muri ‘horsef

I. lumbum ‘file, row’

j. guvuy ‘find One,SW@/’
k putista ‘dust’

. bugta ‘fragment’

m baksij ‘bundle

n va I’l’ll ‘thick’

o] gary ‘Iegglngs

P bapu “pack, bunch
o} vaga ‘good

r. qaqta ‘cranberries

By contrast, the vowelse andg are limited in their distribution. The front vowel ¢ isfound only in
initial syllablesand may be followed by any of thevowels i, u or a:

(113) [+RTR] Vowd Words (first syllable contains ¢)

a mevti ‘gun’

b elbi ‘unconscious

C. be Ibubu ‘to deny arequest’
d e.:rkuvu ‘to inault’

e belta ‘moonlight’

f. geva ‘daNn, da]bra(’

The back vowel ¢ isaso permitted ininitial syllables. Itisallowed in post-initial syllables aswell,
but only when the initial syllable also contains .21 Examplesof ¢ intheinitial syllable are givenin (114). In

21| fact, where the initial syllable contains a non-high rounded vowel, subsequent syllablestypically do not contain a
non-high unrounded vowel, namely a. Two categories of exceptions to this generalization exist in Sunik’s lexicon.
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(a-d), the vowel in the following syllableis high, and either i or u may occur. In (ek), by contrast, the
syllableimmediately following theinitial syllable contains a nor+high vowel. Asshown, in this context a
non-high, non-initial vowel must be rounded:

(114) [+RTR] Words (first syllable contains o)

a volmi ‘long’

h go ]1 ‘wide, broad’

C. bodu ‘insufficiently’
d gosuvu ‘to hate

e bono ‘hall (weather)
f. goro ‘far

g tQUdQ ‘dra ght ahead’
h totongo ‘multi-colored’
. korocuvu ‘toregret’

ji dAzogbolovu  ‘to prick, stab’

Asin Oroch, when the initial syllable containso and ahigh vowel follows, rounding harmony of a
following non-high vowel isblocked. That is, high vowels neither undergo harmony, nor are transparent to
harmony:

A small number of words with the sequence ¢C(C)aare listed, including bocka ‘barrel’ (borrowed from Russian
bo¢ka), zoraqta ‘temple (anat.)’ and mo:ma ‘wooden’. In addition, asmall number of words are listed which
contain the sequence oC(C)aor, as an aternate pronunciation, uC(C)a. These include boca/buca ‘red deer’,
olca/ylca ‘Family name’, doxa/duxa ‘trand. unclear ‘(Russian is agnatiy). These exceptionsare very few in
number, however, and the prevailing generalization holds that non-high vowels are rounded following a non-high
rounded vowel in the initia syllable, unless a high vowel intervenes.
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(115 High Vowds Block Rounding Harmony

a oyilavy ‘leggings
*oyilovu

b omijra ‘uterus
*omjro

C. orkigtala ‘uncomfortably’
*orkiqtolo

d dokila ‘inside
*dokilo

& bolodAzuvami ‘as so0n as it becomes Autumn’
*bolodAzuvomi

f. dzombudizuvambuvu ‘toremind
*d-zombudzuvombuvu

g kovulavu ‘toraseamad (naut.)’
*kovulovu

h koruka ‘pike (fish) skin’
*koruko

To summarize, within aword Ulcha vowels must come from one of two harmonic sets. The
unpairedvowelse and o occur exclusively with vowels from the [+RTR] harmonic class. Furthermore, their
distribution is considerably restricted. Infact, the identity of non-high vowelsin non-initial syllablesisfully
predictable. Thevowel e occursonly ininitial syllables, so the range of non-high vowels allowed in post-
initial syllables consists of the set { £, a,and o}. If theword is[-RTR] harmonic, then any nortinitial non-
high vowel must be£. In[+RTR] words, anorrinitial non-high vowel isq if theinitial syllable containso
and no high vowel intervenes. Otherwise, a non-high vowel in anon-initia syllable will dwaysbea.

2.8.3 Oxots Even

Thethird Tungusic language which | will discuss here is Oxots Even, described in agrammar and
dictionary by Lebedev (1982). The Even dialects belong to the Northern branch of Tungusic and are spoken
in'Y akutia, in the Kamchatka Peninsula and across the Okhotsk Arctic Coast. Other Even dialectsinclude
Arman, Kamchatkaand Indigirka. Lebedev liststhe following vowel inventory for Oxots Even (116):
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(116) Oxots Even Vowe Inventory (Lebedev 1982) 22

Front Centra
High i
Lower High i
Mid
Lower Mid €
Low a
Diphthong ide

UCLA Ph. D. dissertation, 1995

Back

All vowel qualities other thanije may be contrastively long or short in theinitial syllable of aword;
ide doesnot contrast for length. Minimal pairs demonstrating the contrastiveness of vowel length ininitial

syllables are shown in (117):

(1127) Vowd Length Minimd Pars

a borin ‘division’ b borin ‘place
C. gar ‘bough’ d. gar ‘pelican

e davday ‘to cross f. davday ‘toinfect’

g kerke ‘tomeat’ h kerke ‘wide

. mulkan ‘bear’ J- mulgan ‘thought’

Length contrasts are mostly limited to initial syllables, asin the South-Eastern languages discussed above.
However, long vowels do occasionally occur post-initially in Oxots, asin thewords shownin (118):

22The “soft” mid vowel 0 isrepresented in Lebedev’ s transcription as
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(118) Long Vowdsin Pot-initid Syllebles (Lebedev, pp. 21-2)

a oka'm ‘river’

b (:)naik_i ‘wolvering

C. bume nel ‘gck, sore

d dule ki ‘forward

e huyraisnan ‘hekept slent’
f. omed ‘one-eyed

Asin North-Eastern Tungusic, the vowels of Oxots are divided into two harmonic classes referred
toas“hard” and “soft.” Again, | assume that the appropriate phonological featureis[RTR]. These setsare
listed in (119):

(1199 Hamonic Sgsin Oxots

[+RTR] [-RTR]

With the exception of i4e which may occur with vowels from either class, al vowels are pared
with avowel from the opposing class. Examples containingite areshownin (120) and (121):

(120) Initid Syllable Containsije  [-RTR] Words3

a  bidevdek ‘pasturage
b disele ‘above
C. ideten ‘drike, blow (n.y

23No words have been included here in which the vowel followi ng e isahigh vowel. Thisisdue to the fact that in the
orthographic system adopted in Lebedev’ s dictionary, the “soft” vs. “hard” distinction is not marked for high
vowels. Thus, it is not possible to know if a given vowel is high or lower high unless Lebedev clarifies the matter
somewhere in the text of the grammar, or if the vowel occursin aword where the other vowels' harmonic classis
reflected directly in the orthography.
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(121) Initid Sylldlle Containsije [+RTR] Words

a bijeytan ‘every month’
b Oilekan ‘lower jaw’
C. midemsi ‘wonder’

Asidefrom ide, however, within aword all vowels must come from one of the two harmonic
classes. Furthermore, asin North-Eastern Tungusic, non-high rounded vowels are extremely limited in their
occurrence. In (122) and (123) words are given containing the vowel pairs{i-i, u-u, e-a}:

(122) [-RTR] Words

a bebe ‘cradle

b deneve ‘comfortably’
C. keli ‘brother-in-law’
d g eyl ‘bird

e gelun dy

f. nemkun ‘thiny

g hiles ‘dew’

h imse ‘fat, grease’

. uye ‘ Iong dick’

Jr bulle ‘ay

(123 [+RTR] Words

a bakan ‘afind

b gacar ‘insatiable
. gaytin ‘chenging
d dali ‘near, closg
e batur ‘brave

f. ilan ‘three

g ina ‘pebble

h isay ‘forest’

. n_jsa ‘beads

j. urat ‘tree bark’
k kuma ri nged A’
! kuZu ‘deeping bag’
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As mentioned above, the non-high rounded vowelso, o areseverely limited intheir distribution:
They arefound principally ininitial syllables.

(124) [-RTR] Containing Iniid o

a gorge ‘depron, di p’
b kokedey ‘mouth (animal)’
C. monke ‘malow

d nokée “fringe

e oce ‘plant’

f. no ke ‘wolf’

g korin ‘neughty child

h go:I]jn ‘cdl (n.)’

(125 [+RTR] Words Containing Initid o

a bosta ‘bud, kidney’
b gorap ‘dd

C. d() la ‘indde

d nonan ‘beginning’
e bodj “fire

9  gory ‘long

h bokun ‘delay’

The behavior of 0 and o isasymmetric, however, in the following sense. The [-RTR] vowel o occursonly in
initial syllables, and for amgjority of wordsin which thisvowel occurs, an alternate pronunciation islisted in
which theinitial syllable containsthe high [-RTR] vowel u. Some examples of such variants are given in
(126).
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(126) Words Containing [-RTR] o in the Initid Syllable

a oyer / uyer ‘top (adj.)’
b okere / ukere ‘suckling’

C. oyin / uyin ‘above

d ostey / ustey ‘to pull srongly’
€ ogey / ugey ‘recently’

f. or/ ur ‘deeve

g osi/ uisi ‘doorman
h bokun / bukun ‘idng up, icing over’
! dokte / dukte ‘ader

J morun / murun ‘footwear’

k noki / nuki ‘arrow’

. borgen/ burgen ‘return (n.)’
m gon/gun ‘utterance’
n doyuren/ duiyuren ‘removing

Q mo: / mu: ‘water’

Words containing the [+RTR] vowel o, by contrast, do not have an aternate containing a high rounded
vowel in place of the non-high rounded vowel. Nonetheless, we find that alternate pronunciations exist for
many words containing gin theinitial syllable and anon-high vowel in subsequent syllables: Rounding
harmony is optionally observed in many such words. A list of such words is given here:24

(127)  Words Containing [+RTR] o in the Initid Syllable

a bolanj / bolonj ‘in the midst of autumn’
b bolanivay / bolonjvay ‘for autumnto st in’

C. dolbanj / dolbonj ‘night’

d olla / ollo ‘fish

e orandan / orondan ‘deer ride

f. orap&i / oropéi ‘rich with deer’

g orar / oror ‘deer’

h oyalta / oyolto ‘amdl column’

To summarize, vowelswithin aword are divided into two harmonic setsin Oxots Even - the [-RTR]
vowels{i, u, €, o} and the [+RTR] vowels{j, u, a, 0}. Thesetwo setsare mutually exclusive, i.e. aword
cannot contain vowels from both sets. We saw that in addition to these vowels, there exists a diphthong

ide which may occur with vowels of either harmonic class. Of particular interest to us hereis the distribution

24Based upon the limited information available, it appears likely that these alternative forms represent a distinct dialect.
| am unable to state this for certain, however.
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of the non-high rounded vowels. In general, these occupy initial syllablesonly. Furthermore, inthe
majority of cases, wordswith the[-RTR] vowel o arelisted as having an alternate pronunciation in whicho
isreplaced with u. The [+RTR] vowd ¢ displays adifferent phenomenon: In many words containing
[+RTR] ¢ intheinitial syllable and anon-high vowel in the following syllable, an alternate pronunciationis

listed in which both vowels are rounded.

2.9 Conclusions. Mongolian & Tungusic

We have seen here one prevailing rounding harmony pattern in Mongolian and Tungusic. Non-
high rounded vowels trigger rounding of subsequent non-high vowels. The statement of Buriat rounding
harmony is complicated slightly by the fact that short u and v aso function as harmony triggers. Also, in
Oxots Even wefind optional rounding harmony in [+RTR] words and no rounding harmony in [[RTR]
words. Infact, the[-RTR] vowd oin Oxots Even is quite marginal and appears to be merging with the[-
RTR] vowel u.

Oneinteresting difference between Mongolian and Tungusic involves transparency. While high
rounded vowels block rounding harmony in all of the relevant languages, high unrounded vowels are
transparent to harmony in the Mongolian dialects that we have discussed. In Tungusic, by contrast, high
unrounded vowels are opague. Thisissueistaken upin Chapter 7.

From Mongolian and Tungusic we see a basic rounding harmony pattern that isentirely absent in
Turkic: same-height harmony involving only only non-high vowels.
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Chapter 3 A Statement of Rounding Har mony Typology

3.1 A Brief Look at Other Language Families

Languages from other geographic and genetic groups exhibit patterns resembling those found in
Turkic, Mongolian & Tungusic. The pattern exhibited by Turkish and a number of other Turkic languages,
whereby high and non-high vowels serve as rounding harmony triggers but only high vowels are targets of
harmony, is also observed in Nawuri, a Kwalanguage spoken in Ghana (Casali 19934), in the Uto-Aztecan
language Southern Paiute (Sapir 1930) and in dialects of SierraMiwok (Broadbent 1964, Callaghan 1987,
Sloan 1991). The Mongolian and Tungusic pattern, whereby both the trigger and the target of rounding
harmony must be non-high, isalso found in Murut, an Idahan language of Malaysia (Prentice 1971, Asmah
1983). The pattern found in Kachin, by which the trigger and target of rounding harmony must both be high
vowels, isalso found in Hixkaryana, a Carib language of northern Brazil (Derbyshire 1985), and in Tsou, a
Formosan language spoken in Southern Taiwan (Hsu 1993). In addition, we find asimilar pattern in
Australian languages such as Warlpiri (Nash 1979) and Nyangumata (O’ Grady 1964). A well-known case of
rounding harmony isfound in Y awelmani Y okuts (Newman 1944, Kuroda 1967, Archangeli 1984) aswell as
Wikchamni Y okuts (Gamble 1978). In Y okuts, rounding harmony occurs when the trigger and target agree
in height25 My survey of rounding harmony phenomenayielded no other patterns.

3.2 Backness-Neutral Types

The survey of rounding harmony patterns from 27 languages yields a surprisingly small number of
rounding harmony types. In six of these types, rounding harmony is either unconditioned, or the conditions
which areimposed on its application make reference only to the height of the participating vowels. That is,
in those languages in which rounding contrasts are found among both the front vowels and the back
vowels, the front and back vowels pattern alike with respect to rounding harmony.

To represent the domain of harmony in these backnessneutral systems, | will employ the
schematic notation given in (1).

(1) Schematic Representation: Backness-neutrd Rounding Harmony

| = high vowel
A = non-high vowd

I: trigger is[+high], target is[+high]
AA: trigger is[-high], target is [-high]

IA:  trigger is[+high], target iS[-high]
Al trigger is[-high], target is [+high]

Thesymbol ‘I’ represents a high vowel. ‘A’ represents anon-high vowel. Thetriggeris
represented on the left, and the target is represented on theright. So the sequence ‘11’ represents a system
in which rounding harmony is observed when the trigger and target are both high vowels; ‘A’ represents a
system in which [round] spreads from a high vowel onto a neighboring non-high vowel, and so on.

25puetoa process of long vowel lowering in Y okuts, harmonic sequences surface in which the trigger is non-high and
thetarget ishigh. Thisissueis addressed in Chapter 7.
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Thefirst six rounding harmony types are given here, with representative languages listed for each
type:

()] Rounding Harmony Types 1:6

TYPE DOMAIN DESCRIPTION LANGUAGES

Typel II,AA Al IA  Harmony KirgizA (82.1, Comrie 1981)
unrestricted

Type2 1, Al Target must be Nawuri (Casai 1993a), Southern
[+high] Paiute (Sapir 1930), Serra Miwok

didects (Cdlaghan 1987, Broadbent
1964, Soan 1991), Turkish (82.3.2,
Lewis 1967), Tuvan (82.3.3, Krueger

1977)
Type3 AA Trigger andtarget Eastern Mongolian didects (82.7.3-5
must both be Svantesson 1985, Ridland & Djamouri
[-high] 1984), Murut (Prentice 1971),

Tungusic languages (82.8.1-3, Ard
1981, Sunik 1985, Avrorin & Lebedeva
1978), Gdab (Steriade 1981)

Type4d I Trigger andtarget  Hixkaryana (Derbyshire 1979),
must both be[+high] Kachin Khakass (82.4.1 Korn 1969),
Tsou (Hsu 1993)
Type5 I, AA Al Trigger and Target  Yakut (82.4.2 Kreuger 1962)

must agree in height
or target must be

[+high]
Type6 II,AA Trigger and Target Y okuts (Newman 1944, Kuroda 1967,
must agree in height  Archangdli 1984, Gamble 1978, see

aso Chapter 5)

In the remaining rounding harmony types, al of which are found exclusively within languages of
the Turkic family, an asymmetry is observed between the front vowels and the back vowels. In these
languages we find that harmony is unrestricted when the trigger and target are front. When the trigger and
target are back, conditions similar to those found in types 2-6 are imposed on the application of harmony.

Acrossthe-board harmony among front vowels has been analyzed as an instance of parasitic
harmony (Steriade 1981). The term parasitic is chosen in order to express the notion that the application of
harmony is parasitic on (or dependent on) the presence of some shared feature specification. In the case of
rounding harmony types 7-9, the shared feature specification under a parasitic harmony analysisis[-back].
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I will return to this analytic device in Chapter 8, wherel review avariety of rule-based approachesto
rounding harmony typology.
3.3 Non-backness-neutral types

In order to catal ogue the three non-backness-neutral types, | will use U to represent a high front
vowel and O to represent anon-high front vowel. The symbol U is used to represent a high back vowel and
O, to represent a non-high back vowel. Theremaining threetypes are listed here:

3 Rounding Harmony Types 79

TYPE DOMAIN DESCRIPTION LANGUAGES
Type7 UU OOUOOU Harmonyunrestricted Kazakh (8§2.5.1, Korn, 1969),
Uu OuU among [ -back] Chulym Tatar (Korn 1969),
vowels; among Karakdpak (Menges 1947)
[+back] vowels,
target must be[+high]
Type8 UU OO UOOU Harmony unrestricted  Kyzyl Khakass (Korn 1969)
uu among [-back]
vowels; among

[+back] vowels,
trigger and target

must both be [+high]
Type9 UU OO UOOU Harmony unrestricted  KirgizB (§2.5.2, Herbert &
Uu OO OU among [-back] Poppe 1963), Altai (Korn 1969)
vowels, among

[+back] vowels,
trigger and target
must agreein height,
or target must be
[+high]

Types 7-9 are alike in that among front vowels, rounding harmony applies across the board. When
the vowelsin question are back, however, we find that each of these three types exhibits one of the patterns
observed in types 1-6. When the vowels are back, the type 7 pattern isidentical to that observed in type 2;
rounding harmony targets only high vowels but istriggered by both high and non-high vowels. The back
vowel pattern of type 8 isidentical to that of type 4; rounding harmony istriggered only by high vowels
and targets only high vowels. When the vowelsin question are back in type 9, we find the type 5 pattern;
rounding harmony is observed when the trigger and target agreein height, or when the target is high.

3.4 The Typology

The nine attested types are represented in the following chart:
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4 Attested Rounding Harmony Paiterns

Typel:ll AA 1A Al
Type2: 11 Al
Type3: AA
Type4: 11
Type5S: 11 AA Al
Type6: Il AA
Type7: UU ouU

uu OO0 U0 OuU
Type8: UU

uw OO0 U0 OoU
Type9:UU OO ouU

uu o0 U6 OU

Let us consider now the patterns which emerge from the typology in (4). How does the application
of rounding harmony correlate with the height and backness dimensions? Stated differently, what
conditions favor the application of rounding harmony? First, it is apparent that cross-height harmony (i.e.
harmony in which the trigger and target disagree in height) is disfavored. Intypes 3 and 4, for instance, we
find noinstances of cross-height harmony whatsoever. Furthermore, there exist no rounding harmony
types which require that the trigger and target disagree in height. That is, in al instances in which some
cross-height harmony is allowed, we find that some or all configurationsin which the trigger and target
agree in height are exploited as harmony configurations as well. We can thus conclude that harmony is
favored when the trigger and target agree in height.

Crossheight harmony in the Al configuration is apparently preferred over cross-height harmony in
the configuration 1A. Types2, 5, 7 and 9 exhibit harmony triggered by anon-high vowel and targeted by a
high vowel, but not vice-versa26 The only typeswhich exhibit crossheight harmony when the trigger is
high and the target is non-high are types 7-9 which exhibit harmony in this configuration only when the
vowelsin question are front, and type 1, in which rounding harmony applies across-the-board. This cross
height asymmetry can be stated with a universal implication: Harmony in the configuration I1A implies
harmony in the configuration Al, but not vice-versa. From this we can conclude that high vowels are

26| types 7 and 9, of course, cross-height harmony is observed among front vowels regardless of the height
specifications of the trigger and target, since in these types rounding harmony is unrestricted among front vowels.
When the vowelsin question are back, however, we see that when the potential trigger and target disagree in height,
harmony is observed only in the configuration Al, never in the configuration |A.
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preferred as targets of rounding harmony over non-high vowels. By the same token, non-high vowels are
preferred astriggers of rounding harmony over high vowels.

Finally, we find patterns like those observed in types 7-9 in which rounding harmony is observed
among front vowels while, in certain of the anal ogous back-vocalic contexts, rounding harmony fails to
apply. Thereverse scenario is unattested, however. That is, we do not find languages in which rounding
harmony applies unconditionally among back vowels, while certain conditions are imposed on the
application of harmony when the vowelsin question are front.

To summarize, the application of rounding harmony is correl ated with the height and backness
dimensions asfollows:

5 Conditions Favoring the Application of Rounding Harmony

a Rounding harmony is favored when the trigger and target agree in height.
b. Rounding harmony is favored when the target is high.

¢. Rounding harmony is favored when the trigger is non-high.

d. Rounding harmony is favored when the trigger (and target) are front.
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Chapter 4 Against a Rule-Based Approach to the Typology of
Rounding Har mony

In traditional autosegmental analyses of vowel harmony, e.g. Clements & Sezer (1982), Archangeli
(1985), Cole & Trigo (1988), the harmonic feature is represented as an autosegment occupying itsown tier.
By virtue of the fact that the harmonic feature occupiesitsown tier, it is allowed to function independently
of all other featural specifications. Similarly, any other features which must be mentioned in the structural
description of avowel harmony rule are themselves represented as autosegments and reside on their own
tiersaswell.

Thus, arounding harmony rule in which the feature [+round] spreads rightward from vowel to
vowel, regardless of how the trigger and target segments are specified for other features, will have the
representation shown in (1):

D Unconditioned Rounding Harmony:  Autosegmental Andlyss

vV V

|

[+round]

A rounding harmony rule in which some condition on thetrigger isimposed, e.g. that the trigger must be
associated with the feature [F], is represented as shown in (2a), while arounding harmony rule which
requires that the target be associated with the feature [F] has the representation in (2b):

2 Conditioned Rounding Harmony:  Autosegmentd Andlys's

[|F] [F.
a \ 2y b. vV Vv
L~ L7
[+round] [+round]

Within this representational framework, certain rounding harmony systems receive avery simple
analysis. For instance, thesimplerulein (1) characterizestype 1 harmony in which rounding spreads from
the vowel of theinitial syllable of aword to all subsequent vowels. Type 2 harmony, inwhich [round)]
spreads from any rounded vowel onto a high vowel in a subsequent syllable, is also characterized very
simply, the rule being that givenin (3):
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)] Rulefor Type 2. Autossgmentd Andyss

[+round]

Systems in which the trigger and target must agree in height, e.g. types 3, 4, and 6, may be
represented as shownin (4). Intheserules, the trigger and target are multiply -linked to asingle [+high]
autosegment:

@ Schematic Rulefor Types 3 & 4: Autosegmentd Andyss

Other types require more complex analyses. For instance, consider type 5. Intype5, rounding
harmony applies when the trigger and target agree in height or when the target is[+high]. Thus, to
characterize this system we need both the rulein (3) which states that rounding harmony targets high
vowels, and the rulein (4) which states that rounding harmony applies when the trigger and target agreein
height. Assuming that one wishesto characterize rounding harmony as a unified phenomenonin atype 5
language, one might formulate a single, albeit complicated, rule such asthat givenin (5). The rulewill of
necessity refer to disjunctive environments, which are represented here as conditions on the application of
therule. Thisrule statesthat the feature [+round] spreads from vowel to vowel provided one of two
conditionsis met: (a) when thetarget is[+high], or (b) when the trigger and target agree in height.

©)] Rulefor Type5: Autossgmentd Andyss

Lrhigh>, <[+highl>,

2w
\Y V
gw
[+round]
Condition: aorb
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An even more complex ruleisrequired for type 9. Recall that in type 9, rounding harmony applies
across the board when the trigger and target are front. When the trigger and target are back, rounding
harmony appliesif they agreein height or if the target ishigh. Thus, in type 9, rounding harmony is
observed when one of the two conditions operative in type 5 is met, or when athird condition which states
that the trigger and target must both be [-back] ismet. Therulefor type9isgivenin (6):

6) Rulefor Type9: Autossgmentd Andyss

<[#highl>, <[+high]>,
2w
V V

geWg
[+round] <[-back]>,

Condition: a b,orc

Assuming a correct version of feature theory, the autosegmental model can in principle characterize
the class of elements available for spreading, and presumably [+round] isamember of that class. In
addition, the theory provides a means by which to represent conditions on spreading. Several such
conditions were formalized in the rules given above, for example. However, conditions on the trigger and
target of spreading rules are not constrained in any principled way within thismodel. Thus, no predictions
are made regarding what the observed range of conditions on harmony rulesis expected to be, apart from
the incorrect prediction: that based on simplicity.

Therefore, while rules can be written characterizing each of the nine types which constitute the
typology of rounding harmony, a great many additional rounding harmony patterns can be characterized as
well. Since the range of conditions which may beimposed on agiven spreading rule is unconstrained, and
since for agiven language the harmony rule may involve more than one conditional statement, it follows
that any conceivable rounding harmony pattern can be characterized within this model.

Consider the basic Turkic vowel inventory in which vowels are either high or non-high, back or
front, and rounded or unrounded. Given such a system, the trigger and target of arounding harmony rule
will each bear a specification for [£back] and [£high]. Thus, solely on the basis of backness and height, the
number of trigger-target combinationsis 16:
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7 16 Trigger + Target Combingtions

Trigger Target |
[+back] [+high] [+back] [+high]
1 + + + +
2 - + + +
3 + - + +
4 + + - +
5 + + + -
6 - - + +
7 + - - +
8 + + - -
9 - - +
10 - - R
n + - - -
12 - + - -
13 - - + -
14 - + + -
15 + - +
16 - + - +

We know that given the availability and necessity of disjunctive rules (i.e. rulesin which one or
several conditions must be met in order for aruleto apply), any conceivable subset of the configurations

listed in (7) may betargeted by asinglerule. Therefore, 216 rylesare expressible within thismodel. A very
small subset of these is shown here:

€S)] Subsat of the Expressble Rounding Harmony Rules Autosegmental Andlyss

Trigger-Target Configuration RuleA | RuleB | RuleC | RuleD | RuleE | RuleF | etc...

1 yes no yes no yes yes yes/no
2 yes yes no yes yes no yes/no
3 yes yes yes no no yes yes/no
4 yes yes yes yes yes yes yes/no
5 yes yes yes yes Ves yes yes/no
6 yes yes yes yes yes yes | yes/no
7 yes yes yes yes yes yes yes/no
8 yes yes yes yes yes yes | yes/no
9 yes yes yes yes yes yes yes/no
10 yes yes yes yes yes yes | yes/no
11 yes yes yes yes yes yes yes/no
12 yes yes yes yes yes yes yes/no
13 yes yes yes yes yes yes yes/no
14 yes yes yes yes yes yes yes/no
15 yes yes yes yes yes yes yes/no
16 yes yes yes yes yes yes yes/no

76



Abigail R. Kaun UCLA Ph. D. dissertation, 1995

Rule E in (8) isthe null case by which there is no domain in which rounding harmony applies. If we

subtract the null case, we are |eft with 216-1 (= 65,535) rounding harmony rules.

This may be compared with the typological results of Chapter 3 which showed that only nine
patterns are attested. One might object to this criticism on the grounds that a great many of the 65,545
possible ruleswould be absurdly barogque and that presumably some complexity metric would be available
to rule them out. Thisargument does not go through, however, since it implicitly assumes that asimpler rule
will be more widely attested than a more complex rule. Thisassumptionis clearly incorrect, since the
simplest rounding harmony rule of al - spread [+round] from vowel to vowel - istypologically very rare.

In addition to the fact that the autosegmental analysis predicts alarge number of nonoccurring
rules, the theory suffers from another serious flaw: it provides no account of the patterns observed at the
end of Chapter 3. At the end of that chapter, we concluded that a number of factors contribute to the
likelihood that rounding harmony will apply within agiven domain. It was determined that non-high vowels
are preferred as triggers of rounding harmony, whereas high vowels are preferred as targets. Rounding
harmony is preferred when the participating vowels are front and when its output yields a sequence of
rounded vowels which agree in height. Within the autosegmental framework, these patterns have no formal
status and hence can only be understood as the manifestations of universal tendencies. For instance, to
explain the fact that high vowels are the preferred targets of rounding harmony, one might cite the following
claim, made by Ultan (1973), which relates the susceptibility of high vowelsto harmony to their relative low
degree of sonority, vis-a-vis non-high vowels:

The less sonorous avowel (or class of vowels) the more prone it will beto assimilate; and
conversely, the more sonorous it is the more resistant it will be to assimilation. (Ultan, p.
44

Nonetheless, the fact that the |anguages of the world select from avery small set of rounding harmony rules
isnot built-in to the formal account and thus remains unanalyzed.

In the following chapters, | outline an optimality theoretic approach to rounding harmony typology
which | will show provides a superior fit with the typological facts. Chapter 5 presents the phonetic
motivation for the optimality theoretic constraints which | propose, and the constraints themselves are laid
out in Chapter 6, along with an introduction to optimality theory. In Chapter 8, specific rule-based
approaches to rounding harmony typology are discussed and are shown to be incompatible with the
typology asawhole.
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Chapter 5 The Phonetic Motivation of the Constraints

The theory which | present here characterizes harmony as a perceptually-driven phenomenon. A
perceptually -based approach to harmony is taken in the works of Suomi (1983), and more recently to other
phonological phenomenain Jun (1995), Silverman (1995) and Flemming (1995). Harmony isviewed asa
means by which to enhance the probability that a given contrast or set of contrasts will be accurately
perceived by the hearer. Suppose that two competing representations for a given string are available, those
givenin (a) and (b):

a Cv CVCYV bh CV CV CV

7] (A [F) [£F]

The decision to prefer (b) over (a) has the positive conseguence that it provides the listener with increased
exposure to the feature value in question. In (&), acoustic cuesfor each value of feature [F] span roughly a
single syllable, whereasin (b), the acoustic cues of [F] span the entire word. Thus, harmony givesriseto
the perceptual enhancement of the [+F] contrast by extending its duration, although it does so at the cost of
reducing the set of distinct representations.

The harmonic structure in (b) has an additional advantage over the structurein (a). Suppose the
listener knows that a given feature is harmonic and thus that over some span the val ue of that feature will
remain constant. Over that span, then, the feature value must be identified only once. If theidentificationis
made early on in the string, the acoustic dimension associated with the harmonic feature need no longer be
attended to, and attention may be focused on other aspects of the acoustic signal. If only atentative
identification of the harmonic feature value is made early on, additional input is available in the remainder of
the string for verification. Finally, if the acoustic cues of the feature in question are somehow obscured in
the early portion of the string, the feature value is still potentially recoverable from information carried in the
|atter portion of the string.

With respect to the claim that harmony is a means of facilitating the correct identification of the
triggering vowel, an additional point should be made. It iswell known that vowels exert a coarticulatory
effect on neighboring vowels. Both anticipatory and carryover coarticulatory effects have been
documented for languages such as English (Bell-Berti & Harris 1976), Russian (Purcell 1979), and Catalan
(Recasens 1984). Inagiven VjCVj utterance, the articulation of Vj will typically affect that of Vj, and vice-
versa. It seemsreasonable to assumethat in VCV utterancesin which the vowels areidentical or similar,
coarticulatory effectswill be either non-existant or fairly minor. If the goal isto maximize the perceptibility of
agiven vowel, then by insisting that vowels in neighboring syllables be identical or similar to that vowel,
the effects of coarticulation will be eliminated or at least reduced. Thus, the presence of harmony in the
grammar of alanguage reinforces the perception of the harmony trigger in two ways.

5.1 Positional Neutralization (Steriade 1993, 1995)

Steriade (1993) surveys arange of casesin which feature contrasts are limited to certain positions
inaword. Theseinclude (i) languagesin which laryngeal contrasts are limited to onset consonants, asin
German, Russian, and Maidu; (ii) languages such as Guarani in which the nasal vs. oral contrast in vowelsis
found only in stressed syllables; (iii) languages such as Diola Fogny and Japanese in which place of
articulation contrasts among nasals are found only in onset position; aswell as (iv) languages, such as
those discussed in Chapter 2, in which contrastive rounding islimited to initial syllables.

One widedly-held view, shared by analysts such as [t6 (1986), Goldsmith (1990), I1t6 & Mester (1993),
and 1t6, Mester & Padgett (1994), isthat such restrictions should be characterized in terms of prosodic
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licensing. Under the prosodic licensing account of distributional restrictions such as those referred to
above, grammars may contain statements to the effect that a given contrast must be licensed by some
prosodic position or category. As Steriade points out, this analytic strategy impliesthat it is prosodic
structure per sewhich makes possible the occurrence of certain featural contrasts. Steriade challengesthis
implication, suggesting instead that where we find distributional generalizations such as “the contrast Fis
found only in position P,” what is making possible the occurrence of F is*“some property availablein P.”
She suggests that such a property is one which serves to enhance the contrast F, either articulatorally,
perceptually or both.

Also problematic for the prosodic licensing account of positional neutralization, according to
Steriade, is the existence of many licensing contexts which are not statable in prosodic terms alone, or
worse, not statablein prosodic terms at all. For example, in Hindi contrastive nasality among vowelsis
licensed in long nuclei aswell asin open syllables. In Hausa, the [+high] contrast among vowelsislicensed
inlong nuclei aswell asinword final position. Thus, thereis no unigque prosodic category which could be
said to license the occurrence of [+nasal] in Hindi or the occurrence of [£high] in Hausa. Steriadelistsa
number of cases of positional neutralization in which no prosodic category can be invoked as alicenser,
such as the case of Klamath in which contrastive glottalization and aspiration are licensed only in the
presence of afollowing sonorant, regardless of the position of syllable boundaries. Similarly, contrastive
retroflexion in many languages of Indiaand Australiaislicensed in consonants only when avowel
precedes, again regardless of the position of syllable boundaries. The relevant acoustic cue for retroflexion
is apparently to be found in the formant transitions from the vowel into the coronal consonant. It isthus
post-vocalic position in which contrastive retroflexion is observed: adistribution which defies statement in
terms of prosodic licensing.

Thus, positional neutralization is characterized by Steriade as “the limitation of perceptually
difficult contrasts to positions where they can be identified morereliably” (Steriade 1993). By way of
example, she cites the frequently observed restriction on place features among nasals by which nasals may
contrast for place featuresin onset position but not in coda position. The claim is that place contrasts
among nasals are perceptually relatively difficult, more so than among oral consonants, for instance (here
Steriade cites Ohala1975).27 Furthermore, the clearest acoustic cues signaling place of articulation among
nasals, which typically lack a prominent burst, reside largely in the transition from the consonant into a
following vowel (here, Steriade cites Ohala1990). Thus, place of articulation distinctions among nasals
stand a better chance of being identified correctly in onset position than in coda position.

Among vowels, Steriade cites arange of contrasts which in some languages are subject to
positional neutralization. By hypothesis, these are contrasts which are perceptually relatively difficult.
These include contrastive nasality and contrastive rounding, mentioned above, as well as |laxness contrasts
which are subject to positional neutralization in languages such as Italian and Brazilian Portuguese;
backness contrasts, which are distributionally restricted in the Uralic and Altaic languages; and subtle
distinctions of height, which are found to be subject to positional neutralization in many Bantu languages.

Steriade’ s survey yielded as the most common positions to which such contrasts are limited the
following: word-peripheral position (i.e. in either word-initial or word-final syllables), metrically strong
positions, and under length. She suggests that these positions share a common property, namely relatively
greater duration. Itisthe greater duration of these positional licensers, Steriade argues, which facilitates the
contrasts in question:

For the listener, extraduration means extra exposure to a dubious vowel quality and thus a
better chance to identify it correctly. For the speaker, extra duration means the ability to
complete agesture rather than fall short of the articulatory target. (Steriade 1993)

Thus, in Steriade’ s terms, length is both a perceptual facilitator aswell as an articulatory facilitator. Note,
however, that articul atory facilitation can be viewed, ultimately, as avehicle for meeting perceptual needs,
since amore fully articulated gesture will almost always give rise to strongerperceptual cues.

270hala, inturn, cites M alécot (1960).
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Now, if Steriade’ s conclusions regarding the nature of vowel contrast licensersis correct, it follows
that duration is agrammatically relevant factor in the distribution of vowel features. This conclusion then
lends credence to the view of harmony for which | am arguing in this study, namely that vowel harmony isa
mechanism for temporally extending perceptually difficult qualities.

5.2 Suomi’s Perceptual Motivation Theory (1983)

In the preceding section | have attempted to esteblish alink between positional neutralization and
harmony, claiming that both are grammatical means by which to insure that a phonologically relevant
contrast can be adequately maintained. Suomi (1983) takes a different line from the one proposed here.
Suomi characterizes harmony as a means to facilitate the perception of weak vowelsin positions lacking
prominence by rendering the occurrence of such vowels predictable. Thus, what Suomi’ stheory accounts
for isthe neutralization of feature contrastsin positionsin which their identifiability might be jeopardized. In
Suomi’ stheory, the driving force behind harmony isto render the quality of weak vowels contextually
predictable. The quality of these vowelsis non-distinctive, however, thus this goal would appear to be
functionally unmotivated, given the communicative task which faces speakers. In the theory advocated
here, by contrast, the objective which drives harmony isthat of insuring that contrastive features are
correctly identified.

Despite this difference, however, the conceptualization of harmony proposed here derives much
from Suomi’ s perceptual theory of palatal vowel harmony. Suomi advocates a substantively -based
approach to the phenomenon of vowel harmony in the Uralic and Altaic languages. This approach is based
on the notion that certain vowels are perceptually less salient than others and that harmony serves to
enhance the perceptibility of such vowels.

Suomi notes that the Uralic and Altaic languages displaying palatal vowel harmony (harmony
based on the feature [back]) share acommon feature. 1n each of these languages, the vowel inventory
includes cross-linguistically common vowels alongside relatively uncommon vowels such as the front
rounded vowels i and 6 and the high back unrounded vowel z. In hisanalysis of harmony in Finnish, the
vowels are divided broadly into two categories on the basis of their typological distribution. Theweak
vowels are those which arerelatively rare cross linguistically, including the front vowels i1, 8 and®. The
strong vowels of Finnish are those which are typologically more common, includingi, e, u, oand a. Suomi
argues that the crossHinguistic popul arity of the strong vowelsvis-a-visthe relative rarity of the weak
vowelsis a perceptual effect:28

“It is generally agreed that the primary vowels are typologically more common because
they form the set of vowels that are perceptually maximally distinct from one another.”
(Suomi 1983, p. 6)

The strong vowels of Finnish are further subdivided on the basis of their perceptual similarity to the weak
vowels. The strong vowelsu, 0 anda are claimed to bear acrucia similarity to the weak vowelsi, 6 and &
respectively, and constitute the class of bounded strong vowels. The strong vowelsi and e, by contrast,
bear no such similarity to the weak vowels, and thus constitute the class of unbounded strong vowels.29

28(it ng Lindblom (1972), Suomi argues that the drive to maximize articulatory ease is not the primary factor
underlying recurring cross-linguistic vowel inventory patterns.

29Given the acoustic features which Suomi assumes (or for that matter any standard set of distinctive features), it is not
made clear why the strong vowel i is any less similar to the weak vowel Githan uis. Likewise, e might be expected
to be no lesssimilar to 6 than o is. Nonetheless, i and e are said to be unbounded whileu and o are bounded The
motivation for treating these two sets of vowels differently is apparent, since Suomi’s bounded vowels enter into
harmonic alternations and are subject to harmonic restrictionsin Finnish, while the unbounded vowels are not.
However, apart from phonological patterning, no principled distinction between the two sets of vowelsfalls out
from Suomi’ s framework.
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It isthe weak vowels and the bounded strong vowels which are subject to palatal vowel harmony
restrictions in Finnish, whereas the unbounded strong vowels are freely distributed. Restrictions on the
distribution of the weak vowels and those vowels which are potentially confusable with them, i.e. the
bounded strong vowels, make their occurrence to alarge extent predictable. Asaconsequence, the hearer’s
task ismade easier.

Suomi’ s analysis focuses on the distribution of vowelsin non-initial syllables, i.e. in the positions
targeted by harmony. As stated, the palatal vowel harmony rules of combinability characterize harmony as a
means of rendering the quality of vowelsoccurring in norinitial syllables predictable on the basis of the
vowel quality occurring in theinitial syllable. Implicit in this approach is the assumption that the relevant
perceptual contrasts are more readily discerned in positions of prominence, e.g. in theinitial syllable of a
word, and that the goal of harmony isto facilitate perception in positions lacking prominence. In my view,
thisisincorrect, however. It seemsunlikely that agrammatical phenomenon such as harmony would bein
place in order to facilitate the accurate perception of qualities which carry no contrastive information.
Harmony should instead be viewed as a means of enhancing the perceptibility of the triggering element
where correct lexical identificationis at stake.

5.3 What Constitutes a “ Per ceptually Difficult Contrast?”

Up to this point, | have assumed that certain vocalic contrasts are more perceptually difficult than
others. The notion of perceptual difficulty must of course be made explicit. This enterprise runstherisk of
becoming circular if, having adopted the hypothesis that those contrasts which are sometimes subject to
harmony restrictions constitute the set of perceptually difficult contrasts, we then cite the fact that agiven
contrast is sometimes subject to harmony restrictions as evidence for that contrast’ srelative perceptual
difficulty. Inthe sectionswhich follow, | will argue for the relative perceptual difficulty of certain contrasts
on the basis of facts independent of harmonic patterning.

531 Flvs F2

Thereisreason to believe that vocalic contrasts which are acoustically manifested in the frequency
of F1 are perceptually more salient than those whose acoustic manifestationsinvolve the frequency of F2.
That is, it isarguably the case that height contrasts are perceptually more robust than backness and
rounding contrasts. Oneindication of thisisthe primacy of height distinctions over backness and rounding
distinctions in cross-linguistic vowel inventory patterns.

There are, apparently, no vowel inventories lacking phonological oppositionsinvolving height.30
However, inventories are attested in which vowel height aloneis distinctive, to the exclusion of oppositions
based on backness and rounding. Trubetzkoy (1958, trans. by Baltaxe, 1969) cites Adyghe, Abkhas and
Ubyk as instantiating this possibility. Inthese languages, the vowels have been analyzed as being
distinctively opposed on the basis of height but receive their rounding and backness characteristicsfrom
neighboring consonants. Donegan (1985) adds to thislist Kabardian (Kuipers 1960), Higi (Mohrlang 1971),
Gude (Hoskison 1974) and Marshallese (Bender 1971, Choi 1992).

That height contrasts should be more basic than contrasts of backness and rounding requires
explanation. Lindblom arguesthat if F1 and F2 are assumed to contribute equally to perceptual distance,
one would expect the backness and rounding dimension to allow for a greater number of contrasts than the
height dimension. According to Lindblom’s (1975) model, the distance between the high vowelsi and u,
expressed in mels (a perceptual scale of frequency), was determined to be 850, far greater than that between
i and a (675) and between u and a (only 550). Nonetheless, surveys such as Sedlak (1969) and Crothers

30Trubetzkoy challenges J. van Ginneken's (1932) claim that Lak, an East Caucasian language of Central Daghestan,
lacks phonemic oppositions based on height. This language has apparently three vowel phonemes which arein
genera redlized asi, u, and a. Van Ginneken characterizes these oppositions purely in terms of backness and
rounding, wherei is front unrounded, u is back rounded and ais back unrounded. Trubetzkoy points out, however,
that when these sounds occur adjacent to strongly palatalized consonants, the otherwise high vowels are lowered,
and all vowels are fronted; i surfacesas e, u surfacesas 0, and a surfacesas . Thus, in the palatalization context
there exists between /i/ and /al an opposition based on height.
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(1978) indicate that the typologically preferred number of vowels situated betweeni and u iszero. By
contrast, inventories most often recruit one additional vowel to occupy the space between betweeni and a
and between u and a.

The important acoustic difference between F1 and F2 appears to berelative intensity. F1 hasa
greater inherent intensity than F2 (as well as the higher formants). Lindblom (1986) invokes this acoustic
asymmetry to explain the primacy of the height dimension over the backness and rounding dimensionsin
vowel inventory patterns:

...the dimension of F1 (a maor correlate of articulatory opening and vowel height) is
favored in vowel contrasts over higher formants (related mainly to front-back and
rounding). Lindblom (1975) argues that if vowel systems had developed security margins
guaranteeing a certain amount of perceptual differentiation in communication under noisy
conditions, they would be expected to exploit F1 (height and sonority) more than the other
formants, since, according to acoustic theory, F1 is more intense and thus statistically
more resistant to noise. (Lindblom 1986, p. 22)

To conclude this section, evidence from the design of vowel inventories suggests that oppositions
based on height are more basic than oppositions based on backness and rounding. Lindblom proposes a
perceptual explanation for this asymmetry on the basis of the acoustic dimension of intensity. Lindblom’s
explanation, if correct, indicates that contrasts which are acoustically cued by the frequency of F2 are
perceptually less salient than contrasts whose acoustic cues are carried by F1. Furthermore, we know from
cross- linguistic inventory patterns that this difference plays arolein the organization of phonological
systems. Therefore, given that F2 distinctions are less salient than F1 distinctions, | submit that height
contrasts are less likely to be subject to positional neutralization and harmony than are backness and
rounding contrasts.31

5.3.2 Enhancement

The perceptual difficulty of F2 contrastsis predicted to increase when the features associated with
F2 (i.e. [xback] and [+round]) function contrastively, independently of one another. | refer hereto the
phenomenon known as enhancement (Stevens, Keyser & Kawasaki 1986). Stevens, Keyser & Kawasaki
study the relationship between distinctive and redundant featuresin phonological systems, identifying two
types of redundancy. Onetypeisintrinsic redundancy whereby certain features are articulatorally
constrained so asto occur only in the presence of certain other features. The features[nasal] and
[sonorant] are cited as instantiating intrinsic redundancy: “The feature [+sonorant] is required if the sound
isto contain the property that indicates the feature [+nasal]” (Stevens, Keyser & Kawasaki 1986, p. 428).
The second type of redundancy identified by Stevens, Keyser & Kawasaki is pertinent to our discussion.
Thistype of redundancy obtains when a certain feature which is not distinctivein agiven languageis
invoked under some or al circumstances to enhance the acoustic properties associated with some feature
which is used distinctively. Backness and rounding features are most often mutually enhancing in just this
way.

Typically, the [round] opposition and the [+back] opposition are mutually enhancing: front
vowels are unrounded; back non4ow vowels are rounded. When we say that [round] enhances [back], and
vice-versa, what we mean isthe following: The presence of lip-rounding in the articul ation of avowel
induces alowering of all formants. At the same time, the acoustic cue associated with back vowelsisa
relatively low F2 value. Therefore, the presence of lip-rounding reinforces the cue that aback vowel is
indeed back. By the same token, the acoustic cue associated with front vowelsisarelatively high F2 value,
so the absence of lip rounding enhances the cue that afront vowel isindeed front. More to the point,

31Height harmony is attested in Bantu (Clements 1991) as well asin Pasiego (Penny 1969, 1970). These languages
share the property of having arelatively height-crowded vowel inventory with three degrees of contrastive height
among the front unrounded vowels as well as among the back rounded vowels. The issue of inventory crowding and
harmony is discussed in §7.6.
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perhaps, isthe fact that the combination of backness and lip-rounding produces an acoustic entity [u]
which is maximally distinct from that produced by the combination of frontness without lip-rounding,
namely [i].

Back-round enhancement is exploited in the great majority of languages, where we find lip rounding
accompanying the articul ation of the non-low back vowels, theu- and o-type vowels, and the absence of
lip-rounding - indeed, in some languages active lip-spreading- accompanying the articul ation of thei- and e-
type vowels.

However, in aminority of languages backness and rounding are independently contrastive. The
hypothesisisthat in languages in which the [+round] opposition and the [+back] opposition do not stand
in arelationship of mutual enhancement, the perceptual cues available for recovering the backness and
rounding values of agiven vowel will berelatively weak. And indeed, we find that backness harmony and
rounding harmony are very frequently found in languages in which the features [+round] and [+back] are
not mutually enhancing. For instance, backness harmony is observed in Hungarian and Finnish. In these
languages lip-rounding enhances [+back], but among the front vowels, the rounding and backness
dimensions function independently of one another. Both backness harmony and rounding harmony are
observed in many Turkic languages. In these languages the roundness and backness dimensions are never
mutually enhancing: rounding contrasts obtain among both the front vowels and the back vowels.

The point then is as follows. The backness and roundness dimensions are usually coordinated in
such away so that [+round] accompanies [+back]. Stevens, Keyser & Kawasaki attribute this robust
tendency to perceptual saliency. If thisexplanation is correct, then we know that the goal of maximizing the
perceptual distancein F2 isrelevant to the organization of phonological systems. It istherefore reasonable
to suppose that where this goal is not met by inventory restrictions, it may instead by achieved by other
grammatical strategies, such as positional neutralization and harmony.

Historically, we find numerous instances in which a crowded vowel inventory has led to the
neutralization of vowel contrasts. Donegan (1985) cites many such cases, including the merger of the front
rounded vowelswith the front unrounded vowelsin Darstadt German as well as Alsatian, and the merger of
z and £ withi and e, respectively, in Yellow Lahu. Chomsky and Halle (1968, p. 352) citeasimilar casein
Viennese German in whichi and U are neutralized to i beforer, asin the wordsvier and fur , both realized as
[fir]. In French, many younger speakers are exhibiting a merger of o5 and € and in current American
English, many speakers are have merged a and o.

5.4 Lip Rounding and theHeight and Backness Dimensions

I will suggest that an additional factor which contributes to the perceptual difficulty of agiven
contrast isthat of relative articulatory magnitude. The claim will be that the magnitude of the lip-rounding
gesture is not equivalent for all rounded vowels.

Linker's (1982) data indicate that non-high rounded vowels tend to be less rounded than high
rounded vowels. And similarly, front rounded vowels tend to involve less lip -rounding and/or protrusion
than the anal ogous back rounded vowels (Linker 1982).32  The hypothesis, then, isthat in contextsin
which the articul atory manifestations of the [+round] opposition are relatively small, they will give rise to
relatively small acoustic differences. Asaconsequence, weaker perceptual cueswill be availablefor
determining whether a given vowel is rounded or unrounded.

5.4.1 The Articulation of Rounded Vowels. Linker (1982)

Linker (1982) studied labial activity in vowelsfor five different languages: English, Cantonese,
Finnish, French and Swedish. One of her goals was to identify the linguistically significant parameters of lip
position in vowel articulations. The set of languages was selected on the basis of a number of criteria. First,
the languages are genetically fairly diverse. Also, four of these five languages (i.e. all save English) have
both front and back rounded vowels of varying heights. Thus, the data set allowed for the comparison of

32Thisis very clearly the case among high vowels. Among non-high vowels, languages appear to differ with respect to
the degree of lip-rounding associated with front versus back vowels. Thisissueis discussed in depth below.
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labial activity in back versus front rounded vowels, as well as acomparison of the labial articulation of high
versus non-high rounded vowels.

Linker's datainvolved measurements of 24 distinct dimensions taken from still photographs of the
side and front view of the mouth.33 Using afactor analysis algorithm called PARAFAC (Harshman 1970,
Harshman, Ladefoged & Goldstein 1977, Harshman & Berenbaum 1980), Linker identified the articul atory
dimensions of lip position which are relevant for distinguishing vowels within each of the languages
studied. These dimensions typically involved horizontal opening, vertical opening, lip protrusion, or some
combination thereof. Additionally, by means of acomputer program called CANON (Goldstein, n.d.), Linker
was ableto isolate a set of canonical factors of lip position relevant to all of the languages studied.

Two canonical factors were found. Thefirst involves horizontal opening and, to alesser extent, lip
protrusion. A diagram isshownin (1):

D The Effects of Canonicd Factor 1 (Based upon Linker’sFig. 37, p. 84)

A,
—_—
rr
Given any two vowels, the vowel with a higher value for Canonical Factor 1 will involverelatively decreased

horizontal opening and slightly increased protrusion relative to the vowel whose value of Canonical Factor 1
islower.

The second factor involves vertical opening and protrusion, as shown in the diagramin (2):

() The Effects of Canonica Factor 2 (Based upon Linker’ sFg. 38, p. 84)

—
)
- -
A relatively higher value of Canonical Factor 2 reflects decreased vertical opening and increased protrusion.
The vowels of each of the languages studied are arranged along a continuum for both Canonical

Factors. In all languages, the rounded vowels are clustered at the higher end of both scales, while the
unrounded vowels are distributed at the lower end of the scales. Thisresult isreassuring given that we

33For each language, data from eight male subjects were obtained. Photographs were taken simultaneously with audio
recordings.
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expect rounded vowels to involve greater labial activity than unrounded vowels. Consider the distribution
of the vowels of Finnish, shownin (3) and (4). | use the vowel symbols chosen by Linker, including [y] to
represent the high front rounded vowel which istranscribed elsewherein the present work as[]:

3 Loadings dong Canonica Factor 1. Fnnish

-200 -300 -400 -500 -600 -700 -800 -900

4 Loadings dong Canonica Factor 2: Finnish

300 200 100 0.00 -100 -200 -300 -400
I I I I I I I I

u y oo aie v

In addition to this coarse division, further regularities emerge from a comparison of the four
languages which contain both front and back rounded vowels, i.e. Finnish, Cantonese, French and Swedish.
In all of the languages studied, the high rounded vowels have a higher value for both of the Canonical
Factors than do the non-high rounded vowels. Thisistruein (3) and (4) above which indicate the Finnish
results, aswell asin (5) and (6) below which show the Cantonese val ues:

5 Loadings dong Canonica Factor 1. Cantonese

-200 -300 -400 -500 -600 -700 -800 -900
I I I I I I I I

6) Loadings dong Canonicd Factor 2. Cantonese

300 200 100 0.00 -100 -200 -300 -400
I I I I I I I I

uy @o i ea

The remaining languages display the same pattern. For clarity, | include only the rounded vowels:
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) Loadings dong Canonicd Factor 1. French

-200 -300 -400 -500 -600 -700 -800 -900
I I I I I I I I

€5)] Loadings aong Canonical Factor 2. French

300 200 100 0.00 -100 -200 -300 -400
I I I I I

uyego @ 0

(©)] Loadings dong Canonicd Factor 1. Swedish

-200 -300 -400 -500 -600 -700 -800 -900
I I I I I I I I
u 0 yol ce

(100  Loadingsdong Canonica Factor 2. Swedish

300 200 100 000 -100 -200 -300 -400
I I I I I
au  opyllce

Note that in Swedish, the back vowels are all situated on the higher end of the scales relative to the front
vowels. Nonetheless, within the class of back rounded vowels, the higher vowels show an increased value
of the Canonical Factors relative to the non-high vowels.

The separation between the front and back vowelsin Swedish brings us to the next important
observation. In general, back rounded vowels display greater values of Canonical Factor 1 and Canonical
Factor 2 than the corresponding front rounded vowels. That isto say, they involve more extreme lip-
rounding gestures. Thisistrue acrossthe board in Swedish. In the remaining languages, this patternis
invariably observed among the high vowels; that is, u is always located higher on the scales thany.
Among the non-high vowels, the languages in Linker’s study differ with one another. In Finnish and
Swedish, the front rounded vowels are lower on both scal es than the corresponding back vowels. In
Cantonese and French, by contrast, the non-high front vowels are situated above the non-high back
vowels.

On the basis of Linker’'s analysis, therefore one may reach the following conclusions. Two factors
involving lip position are relevant for distinguishing rounded vowels from unrounded vowels. In all of the
languages studied, the articulation of high rounded vowelsinvolves agreater degree of these factors than
the articulation of non-high rounded vowels; that is, in asense the high rounded vowels are “more
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rounded” than the non-high rounded vowels. Furthermore, the articulation of u-type vowels always
involves agreater degree of both rounding factors than does the articulation of y-type vowels.

To summarize, vowel height strongly influences the degree of lip-rounding associated with a given
vowel, with high vowelsinvolving relatively greater magnitude lip-rounding gestures. Where languages
agree with respect to the influence of backness on the degree of lip-rounding, it is the back vowels which
have arelatively greater magnitude lip-rounding gesture vis-a-vis the front vowels.

5.4.2 The Perception of Rounded Vowels—Terbeek (1977)

| have suggested that one source of relative perceptual difficulty isrelated to relative articulatory
magnitude. The hypothesisisthat where the articulation associated with a given phonological contrast is
realized with arelatively low-magnitude gesture, the acoustic cues avail able to the listener will be relatively
subtle. Asaresult, the perceptual task with be comparatively difficult. Above, we saw experimental
evidence indicating that the degree of lip-rounding associated with rounded vowels is dependent upon the
dimensions of height and backness. Specifically, high vowels are more rounded than non-high vowels, and
back vowels tend to be more rounded than front vowels. If the relative magnitude hypothesisis correct,
then high vowels should be perceived as more rounded than non-high vowels, and back vowels should be
perceived as more rounded than front vowels.

The hypothesis advanced above is supported by the results obtained in Terbeek’ s (1977)
investigation of the factors which contribute to perceptual distancesin the vowel space. Terbeek’s study
investigated the perceptual distance among 10 monophthongs. The monophthongs studied were{i, y, e,
o, 7, u, a, 0, Y, and I}. Speakers of five languages served as subjects. English, German, Thai, Turkish, and
Swedish. For each of these subjects, somebut not all of the monophthongs were similar to vowels
occurring in the listener’ s native language.

One of Terbeek’s primary goals was to identify the perceptual attributes according to which
listeners perceive vowels. The data consisted of triadic comparisons of the test vowelsin the context
[bAb__]. Thetask wasto determine which of the three stimuli sounded the most distinct from the others.
From the responses collected, dissimilarity matrices were constructed, and these were submitted to a
PARA FAC factor analysis agorithm (Harshman 1970, Harshman, Ladefoged & Goldstein 1977, Harshman &
Berenbaum 1980). Terbeek’s PARAFAC anaysisyielded a 6-dimensional solution, indicating that six
factors are relevant to the identification of vowels within amulti-dimensional space. These six dimensions
correlate more or less with the standard phonol ogical oppositions shownin (11):

(11) Dimensions of Vowd Identification (Terbesk, 1977)

Dimendon1l: Back vs Nonback (1)

Dimenson2: Back vs. Nonback (2)34
Dimenson 3: Low vs. Nonlow
Dimenson4: High vs. Nonhigh
Dimenson5: Round vs Nonround
Dimenson6: Peripherd vs. Centra

Theresults of Terbeek’ sinvestigation indicate that along the Round versus Nonround continuum,
the rounded vowel s are arranged as shown schematically here (relative distance is approximated):

34Back vs. Nonback (1) separated the front and back vowels with one exception. On the basis of this factor, the vowel
[z] was grouped with the front vowel cluster. The vowel [I] fell between the back and front vowel clusters. Back
vs. Nonback (2) grouped the vowel [z] with the cluster of back vowels and placed [l] at the low end of the scale
aong with {9, i, e, and y}.
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(12) The Round vs Nonround Continuum (Terbeek, 1977)

This arrangement indicates that non-high vowels and front vowels are perceived as relatively nonround:
The high vowelslie on the higher end of the scale relative to the non-high vowels, and the back vowelslie
on the higher end of the scale relative to the front vowels.

Theresults of Terbeek’s perceptual study thus support the relative articulatory magnitude
hypothesis. Those vowelswhich werefound in Linker’s study to involve arelatively small lip rounding
gesture, i.e. the non-high vowels and the front vowels, are perceived as being relatively less rounded than
those vowels whose articul ation involves comparatively greater articulatory magnitude. Therefore, itis
plausible to conclude that contrastive rounding among non-high vowels is perceptually more subtle than
contrastive rounding among high vowels, and, by the same token, that contrastive rounding among front
vowelsis perceptually more subtle than contrastive rounding among back vowels. This being the case, we
expect to find instancesin which rounding harmony is triggered by non-high vowels and not high vowels,
and we expect to find cases where rounding harmony is triggered by front vowels and not back vowels,
since the function of harmony isto improve the listener’s chances at correctly discerning a subtle featural
contrast.

5.5 *ROLO

In Chapter 6, | will introduce a constraint labeled* ROLO which states a dispreference for vowelsin
which liprounding combines with relatively low jaw position. We saw abovein 85.4.1 that non-high
rounded vowels are articulated with asmaller degree of lip-rounding than high rounded vowels; this
suggeststhat lip -rounding and jaw-lowering are in some sense antagonistic gestures. Linker’s Canonical
Factor 2 is based on two positional criteria: lip protrusion and vertical opening. Thus, unsurprisingly,
rounded vowels have greater protrusion and lesser vertical opening than unrounded vowels. Clearly, a
lowered jaw position compromises the potential for achieving asmall vertical opening.

The dispreference for rounded vowelsin the lower region of the vowel space is manifested in at
least two crossdinguistic vowel inventory patterns. In Maddieson’ sPatterns of Sounds (1984), phonetically
low rounded vowels are found to be extremely rare. Of the 523 low vowelslisted in UPSID (the UCLA
Phonetic Segment Inventory Database, which contains the segment inventories of 317 languages), only 37,
or 7%, arerounded. The remaining 93% are unrounded. A further asymmetry emerges from Maddieson’s
survey. Thisasymmetry involves vowelsin the mid region of the vowel space. We find that mid back
rounded vowels are often recorded as being higher than their front unrounded counterparts. A selection of
such inventories from UPSID are given below in (15)-(31). Thereverse scenario, whereby the mid back
vowel is recorded as being lower than its front unrounded counterpart, is strikingly rare. Only two such
inventories appear in UPSID, shown in (32)-(33)

In my survey of thisasymmetry, | did not include inventories in which an additional vowel in either
the front or back series was present (or absent) and could be argued to “ push” one of the mid vowelsto a
position either higher or lower than otherwise expected. For instance, Seneca was not included among
those languages in which the mid front vowel was unexpectedly higher than the corresponding mid back
vowel. Senecawas excluded because an extravowel, namely®, is present in theinventory. Arguably, the
presence of thislow front vowel induces a shift of the vowel e to a higher point in the vowel spacein order
to avoid crowding:



Abigail R. Kaun UCLA Ph. D. dissertation, 1995

(13) Seneca
high i u
highmid e
mid 0
low u g

Similarly, the Ojibwalong vowel inventory was not included among those cited as reflecting the
common back-front asymmetry among mid vowels, even though the mid back vowel is recorded as being
higher than itsfront counterpart. Thisis dueto thefact that the inventory lacks a high back vowel. This
gap, rather than ageneral principle dictating against the combination of lip-rounding and comparatively low
jaw position, could be argued to be responsible for the relative height of the back mid vowel. Stated
differently, the Ojibwavowel o: is not obviously the counterpart of e: any more than it is the counterpart of
i

(14  Ojbwa

high i

high mmid o
md e.

low a.

Some of the UPSID inventoriesin which the mid back vowel isrecorded as being higher than its
mid front counterpart are listed here:
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(15  Tarascan

high
higher mid
lower mid
low

(16) Déakota
high
mid
lower mid
low

(17 Ocama
high
higher mid
lower mid
low

(18  Kunen
high
mid
lower mid
low

(29 Batak
high
mid
lower mid

low

@) Mao

() Kan

UCLA Ph. D. dissertation, 1995
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(2

(23

2

(%)

(29)

ey

(23

Hawaiian
high
mid
lowe mid
low

Yagaia
high

mid

lower mid
low

Sdepat
high
higher mid
lower mid
low

Nasol

high
higher mid
lower mid
low

Yagaria
high

mid

lower mid
low

Zoque
high

md

lower mid

low

Komi

high
higher mid
u mid
0 low
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(29 Sogi (3) Marg
high i u high i u
hgher mid 0 md KO
mid e lower mid €
low a lov a
30 Hebrew
high i U
mid o
lower mid e
low a

Those inventories which show the reverse asymmetry are listed here:

(3@ Khaia (33) Agmna
high i u high i u
higher mid e higher mid e
lower mid 5 mid £
low a lower mid 5
low a

Therefore, from Maddieson’ s survey we may draw the following conclusions. First, low rounded
vowels are typologically extremely rare. Second, among vowels within the mid region, rounded vowels are
often higher than their unrounded counterparts. These two observations lend support to the claim that lip-
rounding in combination with relatively low jaw position is dispreferred.

5.6  Uniformity

In Chapter 6, Iwill introduce a constraint labeled UNI FORM RD] which states that the
autosegment [+round] may not be multiply-linked to vowel positions which are distinctly specified for
height.35 This constraint refers to the phonol ogy-phonetics interface and implicitly suggests that
phonological autosegments are interpreted in the phonetics asinstructions to reach some gestural target.
With respect to the typological patterns observed in rounding harmony, UNI FORM RD] characterizes
formally the fact that in many systems, sequences of rounded vowels differing in height are not found as the
output of harmony.

| suggest that uniformity constraints reflect arequirement that a given articulatory instruction, or
autosegment, have a uniform execution mechanism throughout its span of association. In other words, a
single autosegment should be interpreted phonetically as an instruction to achieve a single target

35This constraint appearsto dictate only that vowels multiply linked to asingle [+round] autosegment may not be
distinct in height. 1t must say nothing about other features, in particular backness, because in Shuluun Héh where
this constraint is ranked high and is often decisive, sequences of rounded vowels disagreeing in backness are alowed
to surface. For adiscussion, see Chapter 7.

92



configuration. The preceding sections have presented evidence that the lip-rounding gesture
accompanying rounded vowelsis not equivalent for all vowels: thelabial activity involved in the
articulation of lower rounded vowels and to some extent front rounded vowelsisrelatively small.

Thereisalso reason to believe that the liprounding gestures associated with high and non-high
vowels arein fact qualitatively different. | would argue that a single feature [+round] should not be rejected
as aphonological primitive due to the fact that rounded vowels constitute anatural class. The phonological
feature [+round] does not correspond to an invariant articulatory event, however. Consider for instance the
two factors found by Linker to be linguistically relevant for Finnish:36 Finnish Factors 1 and 3 differ in that
Factor 1 involves vertical opening, while Factor 3 involveslip protrusion3” How the vowels are arranged
along these Factor scalesis shown in (34) and (35). Therounded vowels arein alarger typeface to enhance
their visibility:

(3  Loadingsadong Factor 1. Fnnish

u y ai 0e(CC u

(33  Loadingsdong Factor 3: Finnish

-200 -100 0.00 100 200 300 400 500
I I I I I

uyo oe a el

These distributions indicate that while the high rounded vowels of Finnish involve a considerably smaller
vertical opening than the lower rounded vowels (Factor 1), the degree of lip protrusion isvirtually the same
for all rounded vowelsin Finnish (Factor 3). Thus, in Finnish the labial gesture associated with high
rounded vowels involves an approximation of the lips aswell as lip protrusion, whereas the labial gesture
associated with lower vowels involves merely protrusion.

Let us consider now the factors relevant for Swedish which emerge from Linker’'sstudy. Swedish
Factors 2 and 3 differ in that Factor 2 is correlated with horizontal opening, whereas Factor 3 is correlated
with vertical opening38 Factor 2 divides the vowels roughly into four groups, as shown here:

36These arethe Finnish-specific Factors, along with which the Factors specific to Cantonese, French, Swedish and
English were fed into the CANON program. By means of the CANON program, the Canonical Factors discussed in
§6.3 were discovered.

37TPARAFAC yielded a 3-Factor solution for Finnish; however, only Factors 1 and 3 appear to be linguistically
significant. Factor 2 yields virtually no segregation of the vowel set.

38gwedish Factor 1, like Finnish Factor 2, is apparently linguistically insignificant.
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(3) Loadingsaong Factor 2 Swedish

-300 -200 -100 0.00 100 200 600
I I I I I I

I
gu o0 oy [le a ie

Asindicated, the lowest of the Swedish rounded vowels (  and oe) have the greatest degree of horizontal
opening, followed by the high and mid front rounded vowels (¢ and y). The least degree of horizontal
opening is observed in the high back and central rounded vowels (4 andu), with back rounded o lying
toward the low end of the scale.

Swedish Factor 3 divides the rounded vowe sinto only two duders

(37  Loadingsaong Factor 3: Swegish

-200 -100 0.00 100 200 300 400 500
I I I I I I I I

i  eau oy g«

The high rounded vowels (with the exception of y) show the least degree of vertical opening. The entire
class of non-high rounded vowels has a greater degree of vertical opening with relatively little
differentiation among the higher and lower members of that class. Thus, while small height distinctions
among Swedish vowels are related to the degree of horizontal lip opening, only gross distinctions of height
strongly influence the degree of vertical opening.39

This experimental evidence suggests that both the degree and the quality of the labial activity
associated with a given rounded vowel is dependent on the other articulatory dimensions of that particular
vowel. Itistherefore reasonableto claim that where a phonological representation containsasingle
autosegment [+round] associated to positions which differ in their specification for the height and/or
backness dimensions, that autosegment will of necessity correspond in the phonetics to an instruction to
achieve more than one rounding target. The claim, then, isthat this situation isnot optimal. A constraint of
the uniformity family is, by the very nature of constraints, surface-violable (see Chapter 6 for adiscussion of
the theory of constraints and constraint interaction). And indeed, we see many instances in the typology of
rounding harmony inwhich it isviolated. Thus, the claim boils down to a hypothesis about the relationship
between phonological elements, in particular autosegments, and the phonetic implementation component.
Under this hypothesis, autosegments in the phonology are interpreted as instructions to achieve a gestural
target in the phonetics. Uniformity thus states a preference for direct phonol ogy-to-phonetics mapping.

39For Cantonese, only one Factor was found to be linguistically significant. This Factor involved horizontal opening
and front view area. For French, two Factors were found to be linguistically relevant. The first involved horizontal
opening and front area view, while the second involved vertical opening and lower lip protrusion. The effects of
height and backness were essentially equivalent for both of these Factors.
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5.6.1 Multiple Linking in Phonology and Phonetics (Boyce, 1988)

| have suggested that there exists a constraint (or family of constraints) dictating that asingle
phonological specification should correspond, phonetically to a uniform execution mechanism. | have
labeled thisuniformity. The uniformity hypthesis would appear fairly inplausibleif it turned out to be the
case that features multiply linked in phonological representation were phonetically interpreted as discrete
features or gestures at the segmental level. That is, one might expect that the phonological structurein (38a)
is mapped to the phonetic representation in (38b):

(3  Posshle Phonology-Phonetics Mapping

a Phonologica Representation b. Phonetic Representation

cvcCcyvCcCcy cvcCcyv CcyVv
ige g g g
[+round] [+round][+round][+round]

If it turned out to be the case that afeature multiply linked in the phonology were rendered as a set of
independent segmental specifications, as shown in (38), then a putative constraint dictating that asingle
phonological autosegment should have a uniform phonetic realization would appear unmotivated.

If, on the other hand, a single feature multiply-linked in phonological representation could be
shown to correspond to a single phonetic feature (or gesture), then uniformity would appear quite plausible:

(39  Alternative Phonol ogy-Phonetics Mapping

a Phonologica Representation b. Phonetic Representation

cvcCcyv Ccy cvcCcyv Ccy
ige ige [+round]
[+round]

If the mapping in (39) turned out to be accurate, then uniformity could be stated asin (40):

(40)  UNIFORM TY A single autosegment in the phonol ogy
corresponds to a single gesture in the
phonetics, the need for articulatory

adjustments in the execution of a single
articulatory gesture should be avoided.

Experimental evidencein support of the hypothesis that there isindeed a one-to-onerel ationship
between phonol ogical features and phonetic featuresisto be found in Boyce's (1988) study of
coarticulation in English and Turkish.
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Boyce studied vowel-to-vowel coarticulation in English and TurkishuCgqu utterances. These two
languages were chosen for comparison because there is good reason to believe that ssgmentally identical

sequences may be assigned distinct phonological representationsin these languages. Turkish, asa
rounding harmony language, arguably representsuCgu sequences as containing asingle [+round]

autosegment multiply-linked to both vocalic positions. English, which lacks rounding harmony, would
plalusibly be expected to represent the same sequence with two independent [+round] specifications:

(4)  uCou Sequencesin English and Turkish

a English b Turkish
u CO u u CO u
g g ur
[+round] [+round] [+round]

The question investigated by Boyce was whether the distinct phonological representations shown
in (41) correspond to distinct articulatory patterns, and in fact her results clearly indicate that they do.

The English articulatory pattern, based upon measurements of lip activity and position, yielded a
“trough” Jike pattern, shown schematically in (42). The tracing representslip protrusion (especialy of the
lower lip):

(42)  English “Trough” Paitern

e
u Co u

Asindicated, the lips attained a position of protrusion in the articulation of the first rounded vowel, then
receded during the articulation of the consonantal sequence, then once again attained a position of
protrusion for the second rounded vowel.

The Turkish articulatory pattern was qualitatively different. The results obtained by Boyce showed
a“plateau” -like pattern in the articulation of uCqu sequences by Turkish speakers. Thisis shown

schematically in (43):

(43)  Turkish “Plateau” Pattern




In the Turkish articulation, as shown, the lips attained a position of protrusion during the articulation of the
first rounded vowel and remained protruded throughout the utterance. One plausible interpretation of
these experimental findingsisthefollowing: whereas the English speakers executed two lip-rounding
movements, the Turkish speakers executed only one. This suggests that the distinct phonological
representations appropriate for English and Turkish give rise to distinct phonetic behavior. A single
[+round] autosegment in the phonology correspondsto asingle lip-rounding gesture in the phonetics.

To summarize, | have claimed that uniformity refers to the phonology -to-phonetics mapping: A
singe phonological specification corresponds to a single phonetic event. The constraint, then, is operative
in the phonology but refers to the phonetic interpretation of phonological structure40

5.6.2 Excursus. Another Uniformity Effect

If uniformity, asdiscussed thusfar, isthe correct analysis of the frequently observed avoidance of
cross-height harmony in rounding harmony systems, one might expect to find instances in which uniformity
of features other than [+round] playsarolein limiting multiple association. In this section | suggest one
such case.

Padgett (1991) has observed that while nasal assimilation to stopsis prevalent, nasal assimilation
tofricativesistypically avoided. Padgett cites such asymmetriesin English, Zoque, Lithuanian, A guaruna,
and Attic Greek, among other languages. Under Padgett’s analysis, [+continuant] isadependent of the
place node, and the failure of nasalsto assimilate to fricativesis the result of universal marking conditions
which disallow nasal fricatives. If [+continuant] isadependent of the place node, then when place spreads,
continuancy by necessity does as well:

(44  Asamildionin N+ Sequence

[+nesd]
g
Root
g
Place
d

[corond] [-continuant]

45  Asamildion in N+s Sequence

40gmilarly, the alignment family of constraints (McCarthy & Prince 1993b) refers to the phonol ogy -morphology
interface. Alignment constraints require that certain phonological domains be co-extensive with certain
morphological domains. Uniformity and alignment therefore bear a certain similarity: both state a preference for a
transparent mapping of the elements of phonological representation onto the representational elements of some
other component of grammar.
97
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[+needl]
g

Og

Root

Place
é
[corond] [+continuant]

Citing the crosslinguistic absence of contrastively nasalized continuant consonants, Padgett appealsto the
existence of auniversal condition which prohibits nasalized fricatives, stated in (46):

(46)  [+nesd, +oons) 4 [-cont]

It isthe universal condition in (46) which rules out assimilation of nasals to continuants, under Padgett’s
analysis.

However, Padgett cites anumber of casesin which nasals do in fact assimilate to continuants,
including Icelandic, Kikongo and Swahili. The existence of such counter-examples substantially weakens
the claim that the absence of nasal assimilation to continuantsis due to a universal marking convention
which disallows the feature combination *[+nasal, +cons, +cont].

The correct insight in Padgett’ s proposal, | think, isthe notion that continuancy and place of
articulation are phonetically related. Specifically, the constriction formed in the articulation of anasal stopis
essentially the same as that formed in the articulation of a homorganic oral stop. By contrast, the
constrictions associated with anasal stop and an oral continuant are distinct, both in degree and in shape.

| suggest that the failure of nasals to assimilate to continuantsis a uniformity effect, the relevant
constraint being UNI FORM PL] . Consider for instance the sequence n+s. Both consonantsinvolve a
coronal articulation. The articulations are not uniform, however. For the nasal stop, the tongue is sealed
around the sides and front of the palate, whereas for the oral fricative, the center of the tongue is grooved
and thereis no seal acrossthe front of the palate. By contrast, the oral gesture involved in the articulation
of the nasal stop and the oral stop in ap+t sequence are equivalent. | submit that it isUNI FORM PL]
which is responsible for the fact that nasals tend not to assimilateto continuants in place of articulation. As
an optimality-theoretic constraint, however, UNI FORM PL] isviolable, as evidenced in such languages as

Icelandic, Kikongo and Swahili.



Chapter 6 An Optimality-theoretic Account of the Typology of
Rounding Har mony

In this chapter, | present an optimality -theoretic account of the typology laid out in Chapter 3. |
formulate a set of constraints and show how these constraints interact to yield the empirically observed
typology. The groundwork for these constraints was laid out in Chapter 5. The substance of Chapter 5
demonstrates that the constraints proposed here are grammatical articulations of functionally motivated
principles, rather than arbitrary formal constructs. The purpose of this chapter isthusto introduce the form
and content of the proposed constraints and to show how they function together to yield an explicit and
predictive optimality-theoretic account of the typology of rounding harmony.

6.1 Optimality Theory

Optimality theory (Prince & Smolensky 1993, McCarthy & Prince 1993 a,b) has at itsroots the
notion that cross-linguistic regularities in phonol ogical phenomena are to be found in output configurations
rather than ininput configurations or in the formal details of rules. Specifically, the theory seeks to account
for how representational well-formedness determines the assignment of grammatical structure. To thisend,
researchers working within the framework of optimality theory are concerned with developing atheory of
constraints. Within this theory the phonological rule as such has no formal status.

Optimality-theoretic constraints differ from traditional well-formedness constraintsin two
fundamental respects. First, constraintsare not necessarily mutually consistent. That is, in responseto a
given representation, constraints may return conflicting decisions. Optimality-theoretic constraints are
therefore violable, since aparticul ar representation can in principle satisfy one set of constraints while
violating others. In other words, the constraints of optimality theory are not of necessity surface-true.
What is always true, however, isthat in cases constraints convlict, it is the highest-ranked constraint which
isdecisive.

Furthermore, the theory maintains that constraints on representational well-formedness form the
substance of universal grammar. Individual grammars consist of a particular ranking of thisfixed set of
constraints. This ranking has the property of strict dominance by which a given constraint takes priority
over al constraints ranked lower. The function of the grammar then isto identify which surface
representation best satisfies the constraint hierarchy. For agiven input, or underlying representation, a
variety of plausible outputs are evaluated. The degree to which they satisfy the constraint hierarchy is
denoted as their relative “harmony.” (Note that this use of the term “harmony” is distinct from that which
has been used up until now in reference to vowel-to-vowel assimilation.) The function of the constraint
hierarchy isthusto find the most harmonic output representation for a given input.

An optimality-theoretic grammar is structured as shownin (1):

D The Structure of aGrammar (Prince & Smolensky 1993, p. 4)

a Gen(Iny £  {Ouy, Ou, ..}
b. H-Evad (Outj, LEi£ ) £ Ougy

The grammar consists of two components: Gen (for Generator) and H-Eva (for Harmonic
Evaluation). Both are functions. Gen operates on input representations (Iny), generating alarge set of
output representations (Outy, Outy, ...). These outputs are referred to ascandidates. Competing candidates
are evaluated by H-Eval which rates each onein terms of its harmony. The candidate with the highest
degree of harmony is the candidate, or output, which surfaces. In the scheme above, thisis Outyeg).

Given that optimality theoretic constraints are claimed to be universal whiletheir ranking relative to

one another is decided mostly language-specificaly, it is clear that optimality theory isinherently amodel of
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linguistic typology. A possible grammar is some ranking of afixed set of universal constraintsand all legal
rankings are possible grammars.

6.2 Preliminary Constraint Set

I will begin by proposing four constraints, each of which reflects one of the observations madein
Chapter 3. Recall that the typological facts yielded the following generalizations:

) Genadizaions from Chepter 3

a Rounding harmony is favored when the trigger and target are [-back].
b. Rounding harmony is favored when the trigger and target agree in height.
¢. Rounding harmony is favored when the target is[+high].

Generalization (c) followed from the fact that cross-height harmony is frequently observed when
thetrigger isnon-high and the target is high, whereas in the reverse configuration, harmony is very often
blocked. It was also suggested that this asymmetry indicates that northigh vowels are preferred over high
vowels astriggers of harmony. | believe both interpretations of the typological patterns arein fact relevant,
and discuss constraints on trigger height in 86.6 and in Chapter 7.

Tothelistin (2), one must of course add the observation that rounding harmony is a cross-
linguistically observed phenomenon. | will assume that from the perceptual standpoint, it is advantageous
to extend the duration of all phonological features. Thus, ageneral constraint which we can label
EXTENDa is operative- all featureswant to spread. The feature we focus on hereis[round], thusthe
relevant instantiation of EXTENDa will belabeled EXTEND] RD] 41. EXTEND[ RD] dictates that within
the domain of aword, any instance of the feature [+round] must be associated with all available vocalic
positions. Note that no reference is made here to directionality, so in principle EXTEND constraints may
giveriseto bidirectional spreading. Theissue of directionality istaken up briefly in §7.8.

(3  EXTEND[RD]: The autosegment [+round] must be associated to all
available vocalic positions withina word.

The configuration in (a) thusincurs an EXTEND[ RD] violation, whereas thosein (b) and (c) do
not:

41n Chapter 7, | evaluate the possibility of characterizing harmony in terms of alignment (Smolensky 1993,
McCarthy & Prince 1993b), where the domain of some harmonic feature is forced into alignment with certain
morphological domains, predominantly the prosodic word. | conclude there that alignment is not the appropriate
formal means by which to characterize harmony.
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@) EXTEND[ RD] Decisons

a Violates ExTEND| RD] b. Satisfies ExTEND] RD] C. Satisfies ExTEND[ RO]
(noinstance of [ RD] inthe
representation)

[V V V] [V V V] [V V V]

[+round] [+round]

The structure in (a) violatesEXTEND] RD] because only one of the three vowelsin theword is
[+round], while (b) and (c) satisfy it because they contain all round or non-round vowels respectively.

Theclaimthat all else equal, all features should spread, that isthe claim that there exists ageneral
constraint EXTENDa, isastrong one. Clearly the theory must address the question of why some features
are more prone to spreading than others. Within the framework of optimality theory, this problem will be
understood by means of constraint interaction: constraints on faithfulness and articulatory ease will be
called upon to mediate the effects of the perceptually motivated EXTENDa. The development of amore
fully articulated theory of EXTENDa isleft for further study at this point.

The preference for rounding harmony when the vowels in question are front suggests an additional
EXTEND constraint which dictates that the feature [round], when it occurs in combination with the feature [-
back], should be extended throughout the domain of the word. Recall from Chapter 5 that there is reason to
believe that rounding contrasts among front vowels are perceptually more subtle than rounding contrasts
among back vowels. Therelevant constraint is stated in (5):

)] EXTEND[ RD] i f [- BK] : The autosegment [+round] must be associated to
all available vocalic positions within a word
when simultaneously associated with [-back] .

EXTEND[ RD] | F[ - BK] dictates that [round] must be multiply-linked when that feature occursin
combination with a[-back] specification, whether or not [-back] ismultiply-linked. Thus, under the proposal
that | am advancing, the application of rounding harmony is not characterized as being afunction of
backness harmony. Compare Steriade’ s (1979) metrical analysis, discussed in Chapter 8, in which rounding
harmony in the relevant cases is dependent on the existence of backness harmony. The fact that the
relevant cases always involve backness harmony aswell as rounding harmony is not an accident, however.
It ismy view that both types of harmony share a common motivation - the extension of avowel quality
whose perception is both linguistically significant and acoustically subtle.

The constraint EXTEND[ RD] | F[ - BK] ranks high in the grammars of those languages which
exhibit afront-back asymmetry in their systems of rounding harmony. This constraint will assign violations
to the configuration in (6):
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(6)  Violates ExTEND] RD] | F[ - BK]

a [-back]

[V V V]

[+round]

The configurationsin (7) satisfy EXTEND[ RD] | F[ - BK] :

(7)  Structures Salisfying EXTEND[ RD] | F[ - BK]

a [-back]

/N

[V V V]

[+round]

C. [+back]

[V V V]

[+round]

e [+back]

[V V V]

4

[+round]

b. [-back]

[V V, V]

[+round]

d.  [+back]
[V V V]

[+round]

f. [+back]

[V V, V]

4

[+round]

A third constraint must be proposed to reflect the dispreference for rounding harmony when the
trigger and target disagree in height. | suggest that the relevant constraint rejects instances of the multiple-
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association of agiven feature when the positions to which that feature is associated bear specifications for
mutually conflicting features. | will label this constraint UNI FORM RD] :

(8  UNIFORM RD: The autosegment [+round] may not be multiply
linked to dlots bearing distinct feature

specifications.42

Thus, ignoring the backness tier for the moment, UNI FORM RD] will assign aviolation to the
configurationsin (9), but not to those in (10):

(©) Structuresin Vidlaion of uni FORM RD]

a [-TI] [+T|] b. [+l‘-||] [-F‘”]
P
[+round] [+round]

(10 Structures Setisfying uni FORM RD)

a [-HI] b. [+HI]
AN /N
P

[+round] [+round]

Uniformity, as discussed in Chapter 5, isrelated to the phonol ogy-to-phonetics mapping. It
dictates that a single specification in the phonology should correspond to auniform articulatory setting or
gesture. Linker's (1982) study of labial activity in vowels showed that there is a clear difference between the
lip-rounding gesture associated with high vowels and that associated with non-high vowels. From Boyce's

42The facts from Shuluun Héh (see the discussion in §7.3) suggest that UNI FORM RD] requires only that vowels
multiply -linked to a single [+round] specification must agree with respect to height. Thisis due to the fact that
while this constraint is clearly operative in Shuluun Hoh, harmonic sequences of rounded vowels need not agree with
respect to backness in that language.
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(1988) study of lip activity in English and Turkish, we saw that there is support for the notion that asingle
multiply-linked feature in the phonology corresponds to a single feature in the phonetics.43

In Chapter 3, we saw that while in many cases cross-height rounding harmony is avoided, some
instances of cross-height rounding harmony are observed. For those systemsin which some or all cross-
height contexts give rise to rounding harmony, it must be the case that some EXTEND constraint outranks
UNI FORM RD] .

Finally, we concluded in Chapter 3 that high vowels are preferred as rounding harmony targets
over non-high vowels. As proposed in Chapter 5, this pattern is the consequence of an articulatorally
motivated constraint which dictates against the combination of lip-rounding with relatively low jaw position.
The relevant constraint is labeled* ROLO (Kirchner 1993). Under the formulation of * ROLO which |
would like to suggest, aviolation is assigned to any vowel whose phonological specification givesrise to
lip-rounding accompanied by lowered jaw position in its phonetic implementation.

1 +roo Vowels should not be simultaneoudly specified [+round]
and [-high] .

Kirchner (1993) introduced the constraint * ROL O, which he characterizes as disallowing the feature
combination [+round, +low], to characterize the absence of rounding harmony targeting non-high vowelsin
Turkish.

| assume that the articulation of any non-high vowel involves sufficiently low jaw position so asto
fall under thejurisdiction of * ROLO. For asingle vowel, the interpretation of this constraint is

unambiguous. The representation in (12a) violates* ROLOwhereas that in (12b) does not:

(12 +ro.o Dedsons Single Vowds

a Violates* roLO b. Satisfies* ROLO
[-hi] [+‘hi]
V \V
[+round] [+round]

In the context of harmony, * ROLOwill assign violations to configurations containing vocalic
positions linked simultaneously to both [+round] and [-high]. Thus, when the potential trigger and the

43Uniformity, as | have characterized it, evaluates specific feature combinations in multiply -associated structures. It
may well turn out that the actual constraint evaluates phonological representations endowed with considerably
greater phonetic detail than has traditionally been assumed to be present phonologicaly. here, | claim that the
degree and or nature of lip-rounding in high vowels differs from that of non-high vowels, and that this differenceis
phonologically relevant. The correct analysis might then encode more than one type of lip-rounding in phonological
representations. | do not pursue this issue here.
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potential target are both specified [+high], * ROLO will be indifferent to whether or not rounding harmony
obtains:

(13)  Input Representation

V \/
[+highl  [+high
[+round]
(14  Candidates
a Saidies*roLo b. Saiffies*roLo
[+high] [+high] [+high] [+high]
V V V
[+round] [+round]

Were the potential target to be non-high, however, * ROLOwould dictate against harmony since

the candidate which includes multiple association of the feature [+round] would of course contain avowel
position linked simultaneously to [+round] and [-high]:

(15  Input Representation

Vv \Y
[+high]  [-high]
[+round]
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(16) Candidates
a Saisfies*roLo b. Vioates* roLo
[+high] [-high] [+high]  [-high]
\ \Y \%
[+round] [+round]

In (16a), noviolation of * ROLO isincurred since the only vocalic position linked to the feature [+round] is
simultaneously linked to the feature [+high]. On the other hand, the candidate in (16b) does incur a* ROLO

violation.
Where both the potential trigger and the potential target of harmony are specified [-high], * ROLO
dictates against harmony since the candidate exhibiting multiple association will incur two* ROLO

violations, while the singly-linked candidate will incur only one violation:

(17  Input Representation

Vv Vv

[-hign]  [-high]

[+round]

(18 Candidates

a Vidaes * ro o once b. Viodaes roLo twice

[—hi‘gh] [—hifh] [-high] [-h‘igh]
V V L/ V

[+round] [+round]

In principle, additional candidates must also be entertained. These are the candidates which fully
satisfy * ROLOby failing to parse one or the other of the features whose combination is prohibited by
* ROLO. Both of the candidatesin (19) fully satisfy* ROLO in this manner. The structurein (a) contains an

unparsed [+round] specification while the structurein (b) contains unparsed [-high] specifications. By
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“unparsed” | mean that a specification present in the input is absent in the output. (Angled brackets
represent unparsed material):

(19  Underparsed Candidates

a Sdaisfies*ro o, but b. Satisfies* ro g but
violates paRsE violaes pARSE
[-high] [—hiTh] <[-high]> <[-high]>
\% V \%
|
<[+round]> [+round]

Failing to parse featuresis of course not without cost. The candidatesin (19) incur violations of
PARSE which states that material present in the input representation must be present in the output
representation (Prince & Smolensky 1993, McCarthy & Prince). If in a given system either of the candidates
in (19) isfound to be the most harmonic analysis of the input in (18), it must be the case that* ROLO
outranks PARSE, i.e. that the desire to avoid the combination {[+round], [-high]} takes priority over the
requirement that an output representation be faithful to the content of the input.

It thus follows that in such systems, non-high rounded vowels will never be found in surface
representations. Since all known rounding harmony languagesdo tolerate non-high rounded vowels on the
surface (though often in quite limited distribution), we may assume that PARSE is highly ranked in the
relevant systems. Thus, we will disregard underparsed candidates such as those in (19) in the remainder of
this discussion.

One type of rounding harmony pattern in which the effects of * ROLOare clearly observable is that
in which cross-height harmony is asymmetric. In many rounding harmony systems, a[-high] [+high]
sequence undergoes harmony, giving rise to a sequence such aso-u, whereas a sequence [-high] [+high]
does not, and u-a surfacesin preference to* u-0. In these languages, UNI FORM RD] must be ranked lower
than one or both of the EXTEND constraints since vowels need not agreein height to harmonize. * ROLO
must outrank the relevant EXTEND constraint(s), however, preventing harmony where it would give rise to
an offending non-high rounded vowel. * ROLO will of course be non-decisive when all competing
candidates violate this constraint to the same degree. Consider for instances the representationsin (20b).
Both structures violate* ROLO exactly once. Nonetheless, itisafact that in anumber of languages the
structurein (b), which represents a sequence such aso-u, will be allowed to surface, while the structurein
(@), which represents a sequence such asu-o, will not;
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(200  Cross-Height Harmonic Sequences

a Violaes+RroLo b. Vidaes*roLo

[+hi‘gh] [-hiTh] [-hirh] [+hiTh]
v V v \

[+round] [+round]

This cross-height asymmetry can be captured quite simply by invoking a specific form of PARSE
which, for many of the rounding harmony systems that we have seen, can be stated as:

(21)  PARSE[Rp] ! Nit A feature [+round)] affiliated with
an initial syllable must be parsed
in phonological structure.

Such a constraint is clearly required independently in the Altaic languages, where contrastive
rounding is often limited to initial syllables. If thisPARSE constraint outranks* ROL O, then a structure
such asthat in (20b) will potentialy surface. Under the same constraint ranking, the structure in () will not
be allowed to surface. The manner in which these constraints interact to characterize the observed cross-
height asymmetry is explained here. The relevant ranking isthat shown in (22), where a constraint to the left
of adouble arrow (>>) outranks all constraints listed to theright:

(Z2) PARSE[RD]!Nit >> *ROLO >>  EXTEND[ RD|

Where the input configuration contains a high vowel in the initial syllable followed by anon-high
vowel in the subsequent syllable, the violation assigned by * ROLO will be decisive and anon-harmonic

structure will surface. An asterisk indicates a constraint violation, and the arrow in the leftmost column
identifies the winning candidate. Here we seethat it is possible to satisfy PARSE, the highest ranking

constraint, and still avoid violating* ROLO:
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(23) Tableau. ua>uo

| A PARSE[ RD] Init *ROLO EXTEND[ RD]
[ |+R]
I A *
<[ +R] >
I A *
A |
[+R]
I A *
|/
[+R]

Wherethe initia syllable contains a non-high vowel and the subsequent syllable contains ahigh
vowel, thetwo candidates which satisfy the highest ranked constraint, PARSE, tiewithrespectto * ROLO.

In this case, EXTEND[ RD] isdecisive; thus, o-u surfacesin preference to o-z:

(24 Tableau: ou>o0y

A PARSE[ RD] Init *ROLO EXTEND[ RD|

I
[+R]

Al *

<[ +R] >

A I * *

I
[+R]

Al *
| /
A [ +R]

The analysis of the cross-height asymmetry is therefore characterized as follows. While ano-u and
u-0 sequences each incur the same number of * ROLO violations, the fact that the former is often allowed to
surfacein languages where the latter is not is nonethel ess attributabl e to the constraint* ROLO. More
precisely, this asymmetry results from the interaction between* ROLOand PARSE

To summarize, in addition to the PARSE constraint givenin (25), | have proposed four constraints,
each of which is motivated by the typological patterns observed in Chapter 3:
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(25 Summary of Proposed Condraints

a EXTEND| RD]

b EXTEND[ RD] | F[ - BK]
C. UNI FORM RD]

d * ROLO

These constraints are motivated by the typological patterns of Chapter 3, but just asimportantly, they are
phonetically motivated as well, as shown in Chapter 5. The important point hereisthat the typological data
lead usto posit a particular set of constraints, and it turns out that those constraints can be shown to be
functionally grounded. Therefore, the optimality theoretic model allows usto connect the typology directly
to functional principles while providing aformal account of the typological facts.

6.3 Constraint Decisions

In this section, we will see how the proposed constraints interact to yield many of the typologically
observed patterns. | will beillustrating the harmony patterns by means of a system of vocalic oppositions
in which rounding is contrastive among both the front vowels and the back vowels, and in which two
degrees of height are phonologically contrasted. For simplicity, | will represent all potential trigger-target
pairs as agreeing with regard to backness. Thisis meant only asameans for simplifying the discussion; it
is not the case that harmonic sequences of rounded vowelsmust agree with respect to rounding in al
rounding harmony |anguages.44

The potential trigger-target combinations which we will consider in this chapter are those listed in
(26). Inthe course of this discussion, the triggering vowel will be shown on the |eft, while the potential
target will be the vowel on the right, each vowel representing the peaks of adjacent syllables:

(26)  Trigger-Target Combinations

uu 2D o-u U5
] 6-0 6 U0

I will assume throughout that the PARSE constraint given in (21) is highest ranked; thus, the
trigger will always surface as[+round]. The candidates for comparison, shown schematically, will then be
those shown in (27), where a given configuration may either be harmonic or non-harmonic, as shown:

44Harmonic sequences of rounded vowels do very frequently agree with respect to backness since, outside of Turkic, in
most rounding harmony languages all rounded vowels are back. Within Turkic, rounding harmony exists alongside
backness harmony, so all vowel sequences (within native roots and across morpheme boundaries) agree in backness.
In Shuluun H6h Mongolian, discussed in some depth in Chapter 7, we find rounding harmony but no backness
harmony. Furthermore, this language has both front and back rounded vowels. Harmonic sequences of rounded
vowels which disagree in backness do indeed surface in Shuluun Hoh.
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(27) Candidetes

a [+oack]

P
I

o
[+round]
(u-u)

b, [+back]

P
A

o8
[+round]
(0-0)

c.  [+baK]

P
A

ey
[+round]
(0-u)

d  [+bak]

P
I

o
[+round]
(u-0)

e [-bak

P
I

89
[+round]
(i)

f. [-bak

P
A

89
[+round]
(©-0)

[+back]
gp
VS. I
g
[+round]
(U-z)
[+back]
gp
VS, A
g
[+round]
(0-a)
[+back]
gp
VS, A
g
[+round]
(o-2)
[+back]
gp
VS, I
g
[+round]
(u-a)
[-beck]
gp
VS I
[+round]
(i)
[-back]
gp
VS. A
g
[+round]
(G-¢)
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g [-back]

P
A

o8]
[+round]
(©-0)

h [bak]

P
I

89
[+rounc]
(i-0)

In astandard optimality theoretic tableau, these candidates are listed in the first column, with the
various constraints occupying the columns on the right. The constraints are shown in descending order,

[-back]

ap
VS, A

[+round]
(U-e)

the most highly ranked appearing the furthest to the left, e.g.:

(28 Sample Tableau

CANDIDATES

CONSTR 1

CONSTR 2

CONSTR 3

CAND 1

CAND 2

The candidate structures are eval uated on the basis of each constraint, and constraint violations
areindicated with asterisks. By way of example, consider the sample tableau in (29) in which hypothetical

constraint violations have been filled in:

(29  Sample Tableau Indicating Hypotheticd Condraint Violaions

CANDIDATES

CONSTR 1

CONSTR 2

CONSTR 3

£
CAND 1

CAND 2
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Of the two competing candidates A and B, A satisfies constraint 1 but incurs violations of
constraints 2 and 3. Candidate B satisfies constraint 3 but incurs violations of constraints 1 and 2. The
winning candidate is indicated with an arrow. Candidate A wins since the most highly ranked constraint
which it violatesis constraint 2. The competing candidate, Candidate B, violates a higher-ranked constraint,
namely constraint 1. An exclamation point isindicated next to the violation mark whichisfatal, i.e. that
violation which eliminates the candidate in question from competition. In the tableau in (29), Candidate B's
violation of constraint 1isfatal, asindicated. Thus, while both candidates violate the same number of
constraints, one candidate is preferred over the other by virtue of the fact that the constraints are ranked
relative to one another.

It is conventional practice to indicate with shading those constraint violations which are non-
decisivein Harmonic Evaluation (H-Eval). Incorporating shading to indicate which constraints play a
decisiverolein determining the optimal candidate, the tableau in (29) may be rendered as shown in (30):

(30  Sample Tableau Indicating Hypotheticd Condraint Violaions

CANDIDATES CONSTR 1 CONSTR 2 CONSTR3
/E

CAND 1 * *

CAND 2 *| *

Let us now consider each of the constraints proposed in §6.2. EXTEND] RD] assignsaviolation
to any configuration in which the feature [+round], if present, is not multiply-linked. This constraint will
thus dictate in favor of harmony in al of the triggertarget combinations listed above. To represent the
candidates as shown in (27) will be excessively cumbersome in discussing the effects of each constraint
with respect to the entire range of trigger-target combinations. Instead, | will use the short-hand shown in
(31). Thischart indicates that the constraint EXTEND[ RD] dictatesin favor of harmony for each of the

trigger-target pairs:
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(3) Hamony DedSons EXTEND] RD]

EXT[ RD]

A U-u
U—zL *

£ oo
o-a *

A o-U
o-7, *

A U-H
ua *

£ G
Ui *

£ 060
Ge *

£ 060
O *

£ 0
Ue *

Therefore, if left to its own devices, EXTEND[ RD] will always choose a harmonic sequence over a

non-harmonic sequence.
EXTEND[ RD] | F[ - BK] assigns violations only to those configurations in which the feature

[+round] is not multiply linkedand it is associated with avocalic position to which the feature [-back] is aso
associated. Therefore EXTEND[ RD] | F[ - BK] makes no decisions for the back vocalic trigger-target

sequences. | represent thisindifference by leaving the relevant cell empty. For front vocalic triggertarget
sequences, EXTEND[ RD] | F[ - BK] dictatesin favor of harmony. For back-vocalic trigger-target

sequences, EXTEND[ RD] | F[ - BK] assigns no violations and is thus non-decisive (this non-decisiveness
isindicated by the absence of an arrow (A)):
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(32  Hamony Dedsons ExTEND[ RD] | F[ - BK]

EXT[ RD]
| F[ - BK]

u-u

Uz

970

o-a

o-U

07,

U5

u-a

£

tHi

£ 060

O-¢

£ o6

G-

£ U0

Ure

UNI FORM RD] assigns violations only to cross-height harmonic sequences, as shownin (33).

Thus, it dictates against harmony in the sequenceso-u, u-o, 6-, U-0. For al height-identical sequences,
namely u-u,0-o, U-0, 6-6, UNI FORM RD] isindifferent, as shown:
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(33  Hamony Dedisons uni FORM RD]

UNI [ RD]

U-u
Uz,

0-0
o-a
o-u *
£ 077,
UH *
A u-a
tHi
00
Oe
5u | *
£ O
R
£ Ue

Note that unlike the EXTEND constraints, UNI FORM RD] never dictatesin favor of harmony. Its

function isinstead to record a dispreference for harmony in certain contexts, indicated in (33). Inthe
absence of multiple-linking, or where the trigger and target agree in height, UNI FORM RD] assigns no
violations.

* ROLOdecisions are shown in (34). One* ROLOVviolation is assessed for each offending vowel.
This means that to the candidates being compared here, * ROLOmay assign no violations, asingle violation,
or twoviolations. The preferred candidate will be that which violates* ROLO the least. Therefore, as
shown, it is possible for a candidate to incur a constraint violation and still be found to be the optimal
candidate by virtue of that constraint. For thisto be the case, the competing candidate must incur a greater
number of violations of the constraint in question:
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(3  Hamony Dedsons. * RoLO

*ROLO

U-u

Uz,

-9 *%
£ sa *

o-u *

07z *

UH *
A Uu-a

ki

6-0 **
A G-¢ *

6-u *

O-i *

U0 *
£ Ue

Asshown, although* ROLOissuesviolationsin avariety of configurations, it is decisive only when the
target is non-high.

6.4 Preliminary Typological Predictions

In the preceding section, | have shown the violations which each of the four proposed constraints
assigns to the triggertarget pairs under consideration. It isof course the case that these constraints are not
mutually consistent. That is, for certain trigger-target pairs, certain of these constraints conflict with one
another. EXTEND[ RD] , for instance, dictatesin favor of harmony when the trigger and target are both non-
high, yielding o-o in preferenceto o-a. * ROLO, by contrast, dictates against harmony in this context,
preferring o-a overo-o. One defining feature of optimality theory isthat constraints on surface
representations need not be surface true and may conflict with one another. Where constraints arein
conflict, it isthe higher ranking constraint which prevails. Therefore, in order to characterize the typology of
rounding harmony by means of the constraints proposed here, we must consider how the constraints
interact with one another.

Four constraints can be ranked in 24 (4!) orders. All of these distinct constraint rankings are listed
in (35). Thus, for instance, the first hierarchy ranksEXTEND[ RD] above EXTEND] RD] | F[ - BK] , whisis
ranked above* ROLQ UNI FORM RD] isranked lowest.:
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(33 24 Unique Orderings of 4 Condrants

EXT[ RD] >
EXT[ RD] >

EXT[ RD] >

EXT[ RD] >

EXT[ RD] >

EXT[ RD] >

EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
* ROLO>

* ROLO>

* ROLO>

* ROLO>

* ROLO>

* ROLO>

UNI FORM RD] >

UNI FORM RD] >

UNI FORM RD] >

UNI FORM RD] >

UNI FORM RD] >

UNI FORM RD] >

EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
* ROLO>

* ROLO>

UNI FORM RD] >
UNI FORM RD] >
EXT[ RD] >

EXT[ RD] >

* ROLO>

* ROLO>

UNI FORM RD] >
UNI FORM RD] >
EXT[ RD] >

EXT[ RD] >

EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
UNI FORM RD] >
UNI FORM RD] >
EXT[ RD] >

EXT[ RD] >

EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
* ROLO>

* ROLO>

* ROLO>

UNI FORM RD] >
EXT[ RD] | F[ - BK] >
UNI FORM RD] >
EXT[ RD] | F[ - BK] >
* ROLO>

* ROLO>

UNI FORM RD] >
EXT[ RD] >

UNI FORM RD] >
EXT[ RD] >

* ROLO>

EXT[ RD] | F[ - BK] >
UNI FORM RD] >
EXT[ RD] >

UNI FORM RD] >
EXT[ RD] >

EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
* ROLO>

EXT[ RD] >

* ROLO>

EXT[ RD] >

EXT[ RD] | F[ - BK] >
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UNI FORM RD]
*ROLO

UNI FORM RD]
EXT[ RD] | F[ - BK]
*ROLO

EXT[ RD] | F[ - BK]
UNI FORM RD]
*ROLO

UNI FORM RD]
EXT[ RD|

*ROLO

EXT[ RD|

UNI FORM RD]
EXT[ RD] | F[ - BK]
UNI FORM RD]
EXT[ RD|

EXT[ RD] | F[ - BK]
EXT[ RD|

*ROLO

EXT[ RD] | F[ - BK]
*ROLO

EXT[ RD|

EXT[ RD] | F[ - BK]
EXT[ RD|

Each of these 24 patterns generates some rounding harmony pattern. It isnot the case, however,
that each pattern generated isunique. For instance, it isclear that any ordering in which EXTEND[ RD] is
the most highly ranked constraint will give rise to arounding harmony pattern in which harmony is
observed across-the-board. Thus, the six orderings listed in (36) al give rise to the rounding harmony

pattern givenin (37):

(36) ExTEND RD] > All other congtraints

EXT[ RD] >
EXT[ RD] >
EXT[ RD] >
EXT[ RD] >
EXT[ RD] >
EXT[ RD] >

EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
* ROLO>

* ROLO>

UNI FORM RD] >
UNI FORM RD] >

* ROLO>

UNI FORM RD] >
EXT[ RD] | F[ - BK] >
UNI FORM RD] >
EXT[ RD] | F[ - BK] >
* ROLO>
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UNI FORM RD]
*ROLO

UNI FORM RDJ
EXT[ RD] | F[ - BK]
*ROLO

EXT[ RD] | F[ - BK]
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(37) Reaulting Rounding Harmony Paitern (Type 1)

u-u 0-0 o-u u-o
G0 |60 |60 |00

Furthermore, any ordering in which EXTEND[ RD] and EXTEND[ RD] | F[ - BK] (the two
constraints which dictate in favor of harmony) outrank * ROLO and UNI FORM RD] (the two constraints
which dictate against harmony) will similarly give rise to the across-the-board pattern shown in (37). Thus,
tothelist in (36) must be added the orderings in (38) which characterize across the board rounding harmony
aswell:

(38) EXT[RD] I F[- BK] > EXTEND] RD] > All other constraints

EXT[RD] | F[- BK]>  EXT[ RD] > *ROLO> UNI FORM RD]
EXT[RD] | F[-BK]>  EXT[ RD] > UNI FORM RD] > *ROLO

Where* ROLOis highest-ranked, a number of patterns emerge. Thefirst of theseisthetype 2
pattern, shown in (39), in which only high vowels are targeted by rounding harmony:

(39) Resulting Rounding Harmony Pettern (Type 2)

u-u 9-0 o-u u-o
U |66 |ou | U0

This pattern is generated by three distinct constraint rankings, including those two in which * ROLOisthe
only constraint outranking EXTEND[ RD] . Also yielding this pattern isthe ordering in which* ROLO is
highest ranked and UNI FORM RD] islowest ranked:

(40  Ordeingswhich Yidd the Paitern in (39)

* ROLO> EXT[ RD] > EXT[ RD] | F[ - BK] > UNI FORM RD]
* ROLO> EXT[ RD] > UNI FORM RD] > EXT[ RD] | F - BK]
* ROLO> EXT[RD] | F[ - BK] > EXT[ RD] > UNI FORM RD]

The manner in which the constraintsinteract to yield the patternin (39) is shown in the tableau in
(41), aswell asthat in (42). In both, the decisive ruling isindicated with an arrow, and those constraints
ranked too low to be decisive are separated by dotted linesto indicate that relative to one another, they are
unranked:

119



(4D

*ROLC> EXTEND[ RD]

*ROLO |EXT[RD] |UNI[RO] | EXT[RO] i
(1 F[ - BK]
£ Uuu
U-ZL *
o) **
y:s o-a * @
/CE o_u * *
57, * *|
U5 *1 *
£ ua *
£ U
H *1 *
0-0 **|
/CE (':')_8 * * *
£ o6 * *
0‘| * *! *
-0 *1 *
/E U‘S * *
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(42 *ROLO> EXTEND| RD] | F[ - BK], EXTEND| RD|

*ROLO | EXT[ RD] { EXT[ RD] | UNI [ RD|
| F[ - BK]
£ U-u
U—zL *|
979 **!
/CE o_a * *
/E 5-U * *
97, * *|
U5 *1 *
£ ua *
£ Ul
ki *1 *
6-0 x|
ICE 0-8 * * *
£ 60 * *
0‘| * *! *
U6 x| E
J/E U'S * *

Thus, whenever * ROLOand EXTEND[ RD] are at the top of the constraint hierarchy with* ROLO
outranking EXTEND[ RD] , the same pattern emerges. Thisisthetype 2 pattern.
There exist three remaining rankingsin which* ROLOisrankest highest. These arelistedin (43):

(43 +roLo Ranked Highes

*ROLO> EXT[RD] | F[-BK] > UNI FORM RD] > EXT[ RD]
*ROLO>  UNI FORM RD] > EXT[ RD] > EXT[ RD] | F[ - BK]
*ROLO>  UNI FORM RD] > EXT[RD] | F[-BK] > EXT[ RD|

Thefirst of these rankings gives rise to an unattested rounding harmony pattern. The tableau in (44) shows
how this ranking givesrise to the harmony pattern shown in (45):
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4  Tableau

*ROLO EXT[RD] UNI[RD] EXT[RD|
| F[ - BK]
£ WU
lJ-zL *1
-9 **!
£ oa * *
O'U * *|
E 57 * *
(T * *
£ Uua *
£ U
UHi *1 *
6-6 **|
/CE 6-8 * * *
£ 06U * *
O_I * *! *
-0 * *
/E U—g * *

(45  Hrdg Unattested Rounding Harmony Pettern

u-u 0-0 o-u u-o
-0 |60 |oU |00

In this unattested pattern, an asymmetry is observed among the front and back vowels. Thisis not
theusual front-back asymmetry, however. In this pattern, only asubset of front vocalic sequences admits
harmony where in the anal ogous back vocalic sequences, harmony is not observed. In point of fact,
however, in all attested front-back asymmetries, the entire range of front vocalic sequences admits harmony.
Aswe will see below, the system of constraints which | am proposing predicts three rounding harmony
patterns which, to my knowledge, are unattested. Two of these share the property that stricter restrictions
are imposed on harmony among back vowel s than among front vowels, while harmony among front vowels
is subject to certain restrictions. It would appear that this small set of unattested patterns constitutes a
natural gap.

The remaining two constraint hierarchies listing * ROL Oat the top characterize the type 4 pattern.

In the type 4 pattern, harmony is observed only when the trigger and target are both high:



(46) TheType4 Patern

u-u 0-0 o-u u-o
U |60 |60 |00

As shown in the following tableaux, type 4 is generated by any constraint hierarchy in which
* ROLOand UNI FORM RD] outrank the EXTEND constraints. Two tableaux areincluded to demonstrate

thetype 4 pattern:

@7  Tableau
*ROLO | UNI[RD] | EXT[ RD] | EXT[ RD|
| F[ - BK]

£ Uuu
lJ-zL *
970 **!
o-a * *
5-U * *|

/CE O_Zl * *
() *1 *

£ ua *

£ U
ki * *
60 **|

ICE 0-8 * * *
o-a * *1

/CE O_I * * *
-0 * *

/E U—g * *




(48) Tableau
UNI[RD] | *ROLO |EXT[RD] i EXT[ RD]
| F[ - BK]
£ Uuu
lJ-zL *|
-9 **!
£ oa * *
5-U *| *
/E O_Zl * *
() *1 *
£ Uua *
£ U
ki * *
60 |
/CE 6'8 * * *
o-a * *
£ G * * *
-0 * *
/E U'S : * ; *

From the six orderingsin which UNI FORM RD] isthe most highly ranked constraint, three

patterns emerge. Two of these rankings generate the type 4 pattern just discussed. These are the rankings
which correspond to two of the constraint hierarchies represented in (48), namely the constraint hierarchies
shownin (49):

(49  Additiond Congraint Hierarchies Characterizing Type 4

UNI FORM RD] > *ROLO> EXT[ RD| > EXT[ RD] | F[ - BK]
UNI FORM RD] > *ROLO> EXT[RD] | F[-BK] > EXT[ RD]

The second pattern generated by ranking UNI FORM RD] highest isthat shown in (50), whereby

rounding harmony occurs only when the trigger and target agree in height. In Chapter 3, this pattern was
|abeled type 6:
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(B0)  TheType6 Patern

u-u 0-0 o-u u-o
G0 |60 |60 |00

The rankings which generate the type 6 pattern are all of thosein which UNI FORM RD] isthe
highest-ranked constraint, and* ROLOis ranked lower than EXTEND[ RD] . Asshownin (51)-(53), three

distinct rankings each give rise to the same rounding harmony pattern:

(G1)) Tableau
UNI [RD] | EXT[RD] | EXT[RD] | *ROLO
| F[ - BK]
A U-u
U-z *|
/CE e **
o-a *1 *
o-u *| *
/CE O_Z * *
U5 *| *
£ ua *
£ U0
(ki *1 *
£ 060 o
O‘S *| * *
-t *| E
/CE 0‘| * * *
6 *| 5
/E U'S * *




(52

Tableau

UNI[RD] | EXT[RD] | *ROLO | EXT[ RD]
| F[ - BK]
/E u-u
lJ-zL *|
/CE -9 *%
5-a *| *
o-u *l *
/CE O_Zl * *
U5 *1 *
£ ua *
/E U
Uk *1 *
£ 060 bl
6'8 *! * *
6-U *| *
/CE O_I * * *
U0 *| *
/E lj-g * *
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(5 Tableau

UNI [ RD] | EXT[RD] |EXT[RD] | *ROLO
| F[ - BK]
£ U-u
lJ-zL *1
/CE -9 *%
5-a *| *
s-Uu *1 *
/CE O_Zl * *
U5 *1 *
£ Uua *
£
ki * k
£ 60 *x
6‘8 *| * *
o-U %] *
J[E O * * *
% %] *
/E U—g * *

One final ranking placesUNI FORM RD] at the top of the hierarchy. Thisrankingisshownin (54),
with the pattern it generates following in (55). This pattern is unattested:
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&4  Tableau
UNI[RD] | EXT[RD] | *ROLO |EXT[ RD]
| F[ - BK]
£ WU
lJ-zL *|
-3 **!
[E o_a * *
o-u *l *
/CE O_Zl * *
U *1 *
£ UuUa *
£ U
- * *
£ 0606 **
('j_e *! * *
6-u * *
/CE O_I * * *
-0 * *
/E U—g * *
55  2nd Unattested Peattern
Wu |00 |oUu |[uUo
0 |06 |60 |00

This predicted but unattested pattern suffers from the same flaw as that listed in (45) above. It
reflectsafront-back asymmetry while still restricting in some way those front vocalic environmentsin which
rounding harmony obtains, whereas cases known to me which involve afront-back asymmetry exhibit
across-the-board harmony in front vowel contexts. Asbefore, | suggest that thisis anatural gap. Inthis
case as well asin the other unattested patterns which the model predicts to be possible, the trigger-target
pairs which are excluded from harmonic interaction form a class which is excluded in one or more actually
occurring harmony systems.

We have yet to consider four final orderings, all of which place at the top of the hierarchy the
constraint EXTEND[ RD] | F[ - BK] highest. These arelistedin (56):
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(56)  Condrant Hierarchies

EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >
EXT[ RD] | F[ - BK] >

* ROLO>
* ROLO>
UNI FORM RD] >
UNI FORM RD] >

EXT[ RD] >
UNI FORM RD] >
EXT[ RD] >

* ROLO>

UNI FORM RD]
EXT[ RD]
*ROLO

EXT[ RD]

Thefirst of these rankings generates afinal unattested rounding harmony pattern whereby
harmony is observed among the front vowels regardless of the height of the trigger and target, whereas
among the back vowelsthe trigger and target must agree in height. This pattern, represented in (57), is
generated by the constraint hierarchy in (58).

(57)  3rd Unattested Pattern

u-u 2-2 o-u u-o
-0 6-0 6-U U-6
(530 Tableau
EXT[RD] |UNI[RD] | EXT[RD] | *ROLO
| F[ - BK]
£ WU
U—ZL *|
/CE 579 **
5-a *1 *
5-U *| *
/CE O_Z(‘ * *
U5 *| *
£ ua *
£ 0
Ui *1 *
£ 60 **
6‘8 *! * *
£ o0 * *
0‘| *! * *
£ 0 * *
Ue *| *




Thefinal three orderings giverise to attested patterns, the first of whichisthetype 7 pattern,
shownin (59). This pattern is generated by the ordering in (60) in which* ROLOis outranked only by

EXTEND[ RD] | F[ - BK] and UNI FORM RD] islowest ranked:

(B9 TheType7 Patern

u-u 0-0 o-U u-o
G0 |66 |60 | U0

(60) Tableau
EXT[RD] | *ROLO [EXT[RD] | UNI[ RD]
| F[ - BK]
£ WU
U-ZL *|
579 **!
/CE O_a * *
/CE o_u * *
57 * *|
U5 *| *
£ ua *
£ 0
Uk *| *
£ 066 **
6'8 *! * *
£ 06U * *
0‘| *! * *
£ U6 * *
Ue *| *

Where UNI FORM RD] isranked above EXTEND] RD] , the type 8 pattern emerges; rounding
harmony isobserved acrossthe-board among front v owels but when the vowels in question are back the

trigger and target must both be [+high]. Two constraint hierarchies give rise to the type 8 pattern, as
shownin (62) and (63). These arethe hierarchiesin which EXTEND[ RD] | F[ - BK] is highest ranked and

EXTEND[ RD] islowest ranked:



(6D

62)

The Type 8 Pattern
wu 9-0 o-u u-o
U 06-0 6-U U-6
Tableau
EXT[RD] | *ROLO | UNI[RD] | EXT[ RD]
| F[ - BK]
£  uUu
U—zL *|
53 **!
5-a * *
5-U * *|
/CE O_Z‘ * *
U5 *1 &
£ ua *
£ U0
U-i *1 ks
£ 060 **
6‘8 *| * *
£ 60 * *
O *1 2 £
£ U0 * *
U'S *| *
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63

Tableau
EXT[RD] |UNI[RD] | *ROLO | EXT[ RO]
| F[ - BK]
£ WU
U-z *|
270 **1
y:s o-a * &3
5-U *| *
/CE O_ZL * *
U5 *1 tJ
/E u-a d
£
Ui *| d
£ 066 Lk
(':')_8 *! * *
£ o6l * J
O *| &3 &
£ U6 * k3
u_e *! *

6.5 Summary: Preliminary Constraint Set

Thusfar, we have examined the interactions of a preliminary constraint set consisting of four
constraints. Nine patterns were predicted, of which three are apparently unattested. These patterns are

listed in (64):

64  Unattested Patterns
Unattested Pattern 1
UHu  |[o0-0 o-U u-o
k0 |06 |60 u-0
Unattested Pattern 2
WU |o0-0 o-U u-o
-0 |6-0 |60 U-0
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Unattested Pattern 3
wu  |o-o o-u u-o2
-0 |6-06 [0 U-6

Six attested patterns were predicted, and these are listed in (65):

(65  Attested Patterns Predicted

Typel
u-u 2-9 o-u u-o
U0 6-0 6-U U-6

Type 2
Uu |o0-0 |oU |UoD
¢t |60 |60 [U-O

Typed
u-u 9-2 o-u u-o
U 0-0 6-u u-0

Type6
Wu |o-0 |o-U |[uUo
0 |66 |60 |U-0

Type7
u-u 9-0 o-u u-o
-0 6-0 6-U U-6

Type8
uu 2-0 o-u u-o
U 06-0 o6-u u-6

Three patterns are missing from this predicted typology, namely types 3, 5and 9. In all three of
these types, the problematic harmony domain involves a non-high trigger:



(66)  Attested Patterns. Not Predicted

Type3
Uu o5 J|o-u |uo
0 |66 |(oU0 |00

Type5
u-u 2-2 o-u u-o
U0 6-0 6-U u-0

Type9
wu 2-0 o-u u-o
U 06-0 o6-u u-6

The four constraints proposed above cannot generate the type 3 pattern because although
UNI FORM RD] , if ranked high enough, will dictate against harmony in the cross-eight sequences 2-u, u-
o, 60, 0-6 and will dictate against harmony where the trigger and target are non-high, thus ruling out o-o,
0-6, neither of the constraints which dictate against harmony in certain configurations can conspire to block
harmony when the trigger and target are both high vowels, i.e. ruling out the sequencesu-u, U-i. Thetype 3
pattern is discussed further in Chapter 7, where | suggest that thisisin fact a sub-case of type 6, where
trigger and target must agree with respect to height.

Types5 and 9 constitute aminimal pair. Intype5, harmony is blocked when the potential trigger is
high and the potential target isnon-high. Intype9, harmony is blocked in that configuration only when the
vowelsin question are back. Among front vowels, harmony applies across the board. This pattern is not
generated by any ranking of the constraints discussed above. This cross-height asymmetry may at first
glance seem explainablein terms of UNI FORM RD] and * ROLQ The non-harmonic sequences involve a
trigger and target of distinct heights, in violation of UNI FORM RD] . The potential target isnon-high, in
violation of * ROLO. The problemisthat if UNI FORM RD] isranked highest, then all cross-height
harmony will beruled out. If * ROLOisranked highest, then theillicit crossheight configuration will be
ruled out, but same-height harmony targeting a non-high vowel will be ruled out aswell. In the discussion
earlier in this section, | demonstrated the patterns generated by each ranking in which these two constraints
rank highest, and none of those yielded the type 5 and 9 patterns. One additional constraint isrequired to
account for these types.

6.6 An Additional Constraint

The pattern found in types 5 and 9 suggests an additional constraint which dictates that [+round]
should spread from anon-high trigger. Recall from Chapter 5 that there is reason to believe that rounding
contrasts among non-high vowels are perceptually more subtle than rounding contrasts among high
vowels. Therelevant constraint isgivenin (67):

(67  Congtrant§ EXTEND| RD] | F[ - HI ]



Intype5, the configurations |1, AA, and Al are all harmonic, yielding the sequencesu-u, 0-0, and
0-u. Only IA isnon-harmonic; thus, u-a surfaces in preference tou-o. Exactly this pattern emergesfrom
any ranking inwhich EXTEND[ RD] | F[ - HI ] isranked highest, followed immediately by either
UNI FORM RD] or * ROLO. Thisfollows from the fact that EXTEND[ RD] | F[ - HI ] dictatesin favor of
harmony in the configurations AA and Al, while both UNI FORM RD] and * ROLO serve to block harmony
in the configuration IA. One such ranking isgiven in (68):

(68) A Condrant Hierarchy for Type5

EXT[RD] |UNI[RD] | *ROLO |EXT[RD] | EXT[ RD]
| F[- HI ] | F[ - BK]
A U-u
U-z *1
/CE 573 *%*
o-a *| w3 &3
/CE O_u * *
o7, *| * *
UsH *| *
£ ua *
£ G
ki *| *
£ 00 *
6‘8 *| * * *
£ ol * *
G *| * * *
(-0 %] *
£ Ue * *

The entire set of rankings which giveriseto the type 5 pattern is shown in (69). In each of these orderings,
EXTEND[ RD] | F[ - HI ] isranked highest, followed immediately by either * ROLOor UNI FORM RD] .
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(69  Orderings Generating the Type 5 Pattern

EXT[RD] | F[-HI] > *ROLO > EXT[RD] > EXT[RD] | F[-BK] > UNI[RD|
EXT[RD] I F[-HI] > *ROLO > EXT[RD] > UNI[RD] > EXT[RD] I F[ - BK]
EXT[RD] | F[-HI] > *ROLO > EXT[RD] | F[-BK] > EXT[RD] > UNI[RD|
EXT[RD] | F[-HI] > *ROLO > EXT[RD] | F[-BK] > UNI[RD] > EXT[RD|
EXT[RD] I F[-HI] > *ROLO > UNI[RD] > EXT[RD] > EXT[RD] I F[ - BK]
EXT[RD] I F[-HI] > *ROLO > UNI[RD] > EXT[RD] | F[- BK] > EXT[RD|
EXT[RD] I F[-HI] > UNI[RD] > EXT[RD] > EXT[RD]|F[-BK] > *ROLO
EXT[RD] I F[-HI] > UNI[RD] > EXT[RD]|F[-BK] > EXT[RD] > *ROLO
EXT[RD] I F[-HI] > UNI[RD] > EXT[RD]|F[-BK] > *ROLO > EXT[ RD|
EXT[RD] I F[-HI] > UNI[RD] > *ROLO>EXT[RD] > EXT[RD | F[- BK]

EXT[RD] I F[-HI] > UNI[RD] > *ROLO > EXT[RD] | F[- BK] > EXT[ RD|

Type 9 isthe same as type 5, except that across-the board harmony is found among front vowels.
Thus, intype 9, bothEXTEND[ RD] | F[ - H'] andEXTEND[ RD] | F [ - BK] must be ranked highest.

Immediately following must be either * ROLOor UNI FORM RD] . A tableau demonstrating constraint
interaction under one such ordering is shown in (70):



(70) A Condraint Hierarchy for Type 9

EXT[RD] | EXT[RD] | *ROLO [UNI[RD] | EXT[ RD]
I F[-HI] |l F[-BK]
£ WU
U—zL *|
/CE 979 *%
O'a ~k! * *
/CE O_u * *
97, *| * *
U5 *1 5
£ ua *
£
U-i *| ka
£ 66 **
6'8 *! * * *
£ 60 * *
0‘| ~k! * * *
£ U0 * *
Ue *1 &
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The entire set of rankings which giverise to the type 9 pattern is shownin (71). In each of these
orderings, EXTEND[ RD] | F[ - H'] and EXTEND[ RD] | F[ - BK] are ranked highest, followed immediately
by either * ROLO or UNI FORM RD] :

(7))  Condraint Hierarchies Generating the Type 9 Pattern

EXT[RD] I F[-HI] >
EXT[RD] I F[-HI] >
EXT[RD] I F[-HI] >
EXT[RD] I F[-HI] >
EXT[RD] | F[ - BK] >
EXT[RD] | F[ - BK] >
EXT[RD] | F[ - BK] >
EXT[RD] | F[ - BK] >

EXT[RD] | F[ - BK] >
EXT[RD] | F[ - BK] >
EXT[RD] | F[- BK] >
EXT[RD] | F[- BK] >
EXT[RD] | F[-HI] >
EXT[RD] | F[-HI] >
EXT[RD] | F[-HI] >
EXT[RD] | F[-HI] >

*ROLO > EXT[RD|
*ROLO > UNI [ RD]

>

>

UNI[RD] > EXT[ RD]
UNI[RD] > *ROLO >

*ROLO > EXT[ RD|
*ROLO > UNI [ RD]

>

>

UNI[RD] > EXT[ RD]
UNI[RD] > *ROLO >

UNI [ RD]
EXT[ RD|
> *ROLO
EXT[ RD|
UNI [ RD]
EXT[ RD|
> *ROLO
EXT[ RD|

The addition of EXTEND[ RD] | F[ - HI ] tothe constraint set increasesto 120 (5 factorial) the
number of logically possible constraint rankings. No new types apart from types 7 and 9 are admitted under



this expanded constraint set, however, asindicated in the Appendix. With this set of proposed rankings, 11
rounding harmony types are predicted. Of those predicted, eight are attested, and only one attested system
is not predicted purely by means of these five proposed constraints, namely type 3. | will demonstrate,
however, that this patternisin fact identical to type 6 with respect to the constraint hierarchy. Wheretype 3
languages differ from type 6 languagesisin the structure of their respective vowel inventories and how
features combine to specify the vowelswhich surface. Thisdistinction isdiscussed in detail in Chapter 7.

The constraint-based analysis presented here characterizes the observed typological patterns as
resulting from the interaction of substantive functional principles. It accountsfor the attested range of facts
while over-generating only very modestly.
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Chapter 7 Implementation

In this chapter | address a number of issues which arise in the course of implementing the
constraints proposed in Chapter 6 within individual languages, particularly those rounding harmony
systems discussed in Chapters 2 and 3 which require height agreement between the harmony trigger and
target. Theseinclude Mongolian and Tungusic, discussed extensively in Chapter 2, which exhibit harmony
when the trigger and target are both non-high, and the Y okuts dial ects, to be discussed below, which
exhibits harmony when the trigger and target agree in height. The rounding harmony patterns found in
these languages rai se a number of issues which bear on the optimality theoretic treatment of vowel harmony
proposed in thisthesis and on the nature and role of the principles and constraints which | have claimed
giveriseto the phenomenon of vowel harmony.

Some of these are issues which must be addressed in any theory of vowel harmony, such as the
transparent behavior of i in Mongolian, the form and content of underlying (or input) representations, and
the formal mechanism of harmony. Authors such as Kirchner (1993), Smolensky (1993), and Cole &
Kisseberth (1994) have argued that harmony is driven by constraints of the alignment family (McCarthy &
Prince 1993). Citing data from Hungarian (87.2), | will arguethat it isinappropriate to characterize harmony in
terms of alignment.

Theseissues will be addressed in the sectionsto follow. One issue specific to the theory proposed
inthisthesisarisesin the analysis of Y okuts, where the height identity condition imposed on harmony
holds only of lexical representations. That is, harmonic trigger-target combinations of distinct heights are
found in surface representations. In the static, non-derivational approach to harmony advocated here where
the mechanism of rule-ordering is unavail able, an appropriate means of distinguishing underlying height
specifications from surfaceheight specificationsisrequired. A solution to this problem isproposedin 8§7.5.
Apart from thisformal complication, the Y okuts pattern poses a challenge to the claim that same-height
harmony is driven by auniformity constraint dictating that a single phonological specification should
correspond to auniform articulatory setting. In Y okuts, uniformity must be understood as being evaluated
on amore abstract level. | return to this problem below.

7.1 Harmony asAlignment: Smolensky’s Analysisof Finnish
Transparency

Smolensky (1993) presents an analysis of transparency in Finnish vowel harmony which seeksto
account for the behavior of the neutral vowels (i, €), in particular their transparency to backness harmony.
Hisanalysis, like those of Kirchner (1993) and Cole & Kisseberth (1994), characterizes harmony as the
alignment of a harmonic domain with the edges of a morphological constituent, usually the word. A brief
discussion of Smolensky’ s analysis of Finnish is presented in this section. In §7.2, | citedatafrom
Hungarian loanwords (Ringen & Kontra (1989), Kontra& Ringen (1986)) which poses serious problems for
thealignment analysis. Inthat section, and in 87.3, | propose an account of transparency in terms of
extension as opposed to alignment.

Citing the following passage from 1t6, Mester & Padgett (1994), Smolensky (1993) explores the
means by which optimality theory might capture the observation that unmarked elements are relatively
inactive, phonologically:

It is commonly observed that redundant phonological features in language are inert,
neither triggering phonological rules nor interfering with the workings of contrastive
features. ... This distinction between ‘active’ contrastive and ‘inactive’ redundant
features is expressed in the theory through the notion of (under)specification of features
in phonology. (1t6, Mester & Padgett 1994)

Smolensky suggests that this effect is the consequence of the fact that constraints dictating against the
presence of unmarked elementsin phonological representationswill tend to be lowranked in comparison to
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those which disfavor marked elements. Asaresult, constraintsreferring to marked elementswill tend to
interact with other constraints with more frequency, sinceit isrelatively high-ranking constraints which are
decisive in harmonic evaluation (H-Eval). Smolensky links his view of markedness as manifested in the
constraint hierarchy to the inert status of unmarked features. He thus eschews the mechanism of
phonological underspecification as ameans of explaining the inactivity of unmarked elements, and in fact
advocates some version of full specification.

Among the cases cited in Smolensky (1993) is transparency in the backness harmony system of
Finnish. He assertsthat the absence of [+back] counterparts for the vowelsi and e in Finnish reflects the
relatively high ranking of markedness constraints disall owing the feature combinations which characterize
the vowelsz and +. The analysis he presentsin fact addresses only the issue of i-transparency, and it is
thisanaysiswhich | will outline here. The claim isthat the constraints which shape the underlying vowel
inventory are markedness statements and are universally ranked relative to one another. The relevant
constraints are shownin (1):

(@] Universa Dominance Reations (Smalensky, p. 9)

*+B/l >>*-B/l The feature [+back] isworse than the feature
[-back] in combination with the features
[ -round, +high, -low].

*-B/O >>*+B/O The feature [ +back]is worse than the feature
[-back] in combination with the features
[+round, -high, -low].

B stands for [back]; | standsfor the feature combination [-round & +high & -low], and O stands for the
feature combination [+round & -high & -low]. Thus, the dominance relationsin (1) characterize the fact that
a high back unrounded vowel z is more marked than a high front unrounded vowel i, and that amid front
rounded vowel 8 ismore marked than amid back rounded vowel 0. In Finnish, which hasi, o, and 6 but
lacks z, the constraint *+B/I is surface unviolated, whereas the other constraints listed in (1) are surface-
violated.

Now although the dominance relationsin (1) are claimed to be universal, the overall constraint
hierarchy which characterizes a particular grammar may separate the markedness constraints with
independent constraints which do not refer to feature combination markedness. That is, while auniversal
dominance relation holds of certain classes of markedness constraints, these constraints are not necessarily
ranked consecutively in grammars.

Two constraints intervene between* +B/ | and *- B/ | in Smolensky’s analysis. These are the
faithfulness constraints PARSE and FI LL, which, with respect to the analysis of Finnish vowel harmony,

are specifically PARSEB (the feature [back] must be parsed into phonological structure) and FI LLB (the

feature [back] must not be introduced into phonological structure).
Smolensky represents harmony in terms of bracketed domains which are labeled with the harmonic
feature in question. For instance, the harmonic sequenceooo will be represented as shown in (2):

) Representation of goo

[+BO O O]

140



Harmony is achieved by means of a constraint from the alignment family (McCarthy & Prince 1993) which
dictatesthat the right edge of a[+back] domain must be aligned with the right edge of aword:

(3 AL\ +B] (Smoensky, p. 10)

Align right edge of a[+back] domain with right word edge.

Transparency is represented by means of embedded harmonic domains. For instance, in the representation
of oio, a[-back] domain is nested within a[+back] domain:

@ Nested Domains. oio

[eO[.811 O]

In order to account for the fact that not all vowel harmony systems exhibit transparency effects,

Smolensky suggests that domain-embedding comes at a cost, namely that of incurring aviolation of a
constraint which he calls* EMBED.

(5)  *Emsep (Smolensky, p. 10):

A root node is parsed into a non-embedded [+back] domain.

*EMBED is not simply anotational variant of the ban on crossed association lines (Goldsmith 1976,
Clements 1977, etc.). Consider the representation in (6), where association lines cross once. This
representation is to be compared with that in (7) which will be assessed one * EMBED violation. These
representations are essentially equivalent and reflect the attested transparency configuration in which one
element is transparent to spreading from atrigger on one side and atarget on the other side:

6 Crossed Associdion Lines Structure

+ ‘F
opf

g fp

VoV Vv
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) Embedded Structure

LeVIEVIV]

In (8) and (9) we see representations of a considerably more exotic and probably unattested configuration.
Two features are multiply-linked. Inthe association of each feature asingle position is skipped over, i.e. a
single vowel istransparent:

€5)] Crossed Associdion Lines Structure

+ -F

gpop
Vv Vv Vv Vv

9 Embedded Structure

g VIFIVIIV] ] V-F

Evaluated in terms of crossed association lines, the structure in (8) is no worse than that shown in
(6); association lines cross oncein both representations. Evaluated in terms of * EMBED, (9) isworse than

(7) inthat (9) will be assigned two violations of * EMBED, whereas (7) will be assigned only one.

These constraints allow for the representation of i-transparency, as shown in the tableau in (10).
Crucially, the markedness constraint which disallows high front unrounded vowels (* -B/1) is highly ranked,
guaranteeing that an underlying sequence such as OIO will not be parsed as asingle +B domain, yielding
*0z0. Also crucialy, ALI GN outranks* EMBED, giving rise to transparency in Finnish:

142

142



(100 Tadeau: oi o (from Smaensky, p. 10)

O 1 O *+B/l | parse | *-B/l | ALign*B | *EMBED i *-B/O | *+B/O
ok
A+BO[BI]C] * * **
0i0%°
[+BO | O] * | * * %
0z0
[+B[-B! Ol * ** * *
0i0
[+BOl[-B! Ol * *|0146 * *
0i0
[-BO | O] * | * *%
6io

Thevowel i not only failsto undergo backness harmony, but it is also transparent to backness harmony.
Thus, oioisselected in preference tooi6. Smolensky points out that by reversing the ranking of ALI GN
and * EMBED, a system differing from that of Finnish by treating i as opaque to backness harmony would
be derived.

7.2  Against Harmony asALlI GNMVENT: Data from Hungarian

Kontra& Ringen (1986), Ringen (1988), and Ringen & Kontra (1989) present evidence from
loanwords that in avariety of contexts, the so-called neutral vowels of Hungarian do not exhibit parallel
behavior. | will show that this disparate behavior poses a serious problem for the alignment theory of
harmony and transparency outlined in 87.1. | instead propose atheory according to which harmony is
driven by constraints requiring the extension of certain qualities. | will further suggest that the appearance
of strings of transparent segments is subject to continuity constraints which dictate that atemporal span
associated with a given feature should be uninterrupted.

The phonetic vowel inventory of standard Hungarianislisted in (11):

(11)  Hungarian Vowds (from Ringen & Kontra, p. 182)

i i 4, U uu
e 6, 0. 0, 0.
e aa

45Theitalicized sequences shown following each candidate output are meant to indicate how each output will surface.
They are not part of the formal representation.

46Here, 10 refersto the sequence which separates the right bracket of the [+back] domain from right-bracket of the
word domain.
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In general, the back vowels{ u, u:, 0, 0:, a, a:} do not co-occur with the front vowels{, U:, 6, 6:}. The front
vowels{i, i:, e} aredescribed as being neutral to backness harmony because they occur in what are
typically referred to as mixed vowel roots. Examples areshownin (12):

(12 Mixed Vowd Rooats (from Ringen (1988), p. 328)47

radi:r ‘eraser’
kavics ‘pebble
tanyer ‘plate

radi:r-nak ‘eraser-DAT
kavics-nek ‘pebble-DAT
tanyer-nak  ‘plae-DAT

O o RN el o

Asshown in (d-f), suffixes occurring with mixed vowel roots are back harmonic. For instance, radi:rnak
occurs rather than*radi:rnek. Therefore, the neutral vowels are allowed to co-occur with back vowels
within roots and are transparent to root-to-suffix backness harmony.

The status of the front vowel e is controversial. | will follow Ringen & Kontrain assuming that itis
afront harmonic vowel.

The loanword patterns discovered by Ringen & Kontra are interesting and somewhat complex.
Essentially, the neutral vowelsfall into two classes, thefirst consisting of i andi:. These vowels exhibit the
greatest degree of transparency. The second class consists of the vowel e: which also displays a certain
degree of transparency in loanwords, but less than that exhibited by the high vowelsi andi:. A further
finding which will turn out to be of special importanceisthe fact that sequences of two neutral vowels are
typically opaque to harmony.

In Ringen and Kontra s experimental work, subjects were given sentences containing uninflected
roots and were asked to supply the appropriate suffixes. The relevant test words were loanwords
containing one of the neutral vowelsin the final syllable preceded by aback vowel somewherein the word.
The vowelsi andi: were transparent to backness harmony, i.e. they occurred with back vocalic suffixesin
the vast majority of the subjects’ responses. Some of the roots which show this pattern are listed in (13).
These are taken from the discussion in Ringen & Kontra (1989, p. 184):

47 adopt Hungarian orthographic conventions with one exception. Whereas long vowels are orthographically
represented with acute accents, | will indicate length with acolon. For example, instead of radir ‘eraser,” | will write

radi:r.
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(13)  Trensparency in Loanwords. j, j: (+ back-vowd suffixes)

a aktiv ‘active

b kuzv ‘itdic

C. sdami ‘sdami’

d kondrukti:v ~ ‘congdructive
e pantomim ‘pantomime
f. imperai:v ‘imperdive
g neolit ‘nedlithic’

h vegetati:v ‘vegetative
. illuszris’illugrious

Of interest isthe observation that i andi: were treated as transparent vowelsin disyllabic aswell as
polysyllabic words.

A different pattern emerged from the subjects’ treatment of the vowel e:. The vowel e was
typically treated as transparent in the cases where the root was disyllabic. The examples shownin (14) are
from Ringen & Kontra (1989, p. 187):

(14  Transparency in Loanwords. e: (+ back-vowel suffixes)

a kave ‘coffee

b trgpez ‘trapeze

C. anket ‘medting’
d koktel *cocktal’

e konkret ‘concrete
f. somszed ‘neighbor’

In polysyllabic words, the vowel e was virtually always treated as opaque with respect to backness
harmony. That is, in polysyllabic wordsin which the final vowel wase: and a back vowel preceded
somewhere within the root, subjects chose front vocalic suffixesin the overwhelming majority of cases.
Thiswastrue regardless of the backness of the vowel intheinitial syllable. Some examplesfrom Ringen &
Kontra (1989, p.187) arecited in (15) and (16):

(25  Initid Vowd isFront (+ front-vowe suffixes)

a hidrogen ‘hydrogen’
b wingdez ‘Singhdesg
C. krizantem ‘ chrysanthemum’
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(26)  Initid Vowd isBack (+ front-vowe suffixes)

a mgonez ‘mayonnaise
b autogen ‘autogenous
C. homogen ‘homogenous

Thus, in disyllabic wordsi, i: and e: behaved identically with respect to their harmonic patterning: All were
usually transparent to root-to-suffix backness harmony. In polysyllabic wordsthe high vowels i and i: were
transparent to backness harmony, wherease: was opaque.

An additional finding made by Ringen & Kontrainvolved sequences of neutral vowels. It was
overwhelmingly the case that front vocalic suffixes were selected when the test words ended in a sequences
of two neutral vowels. Nearly all of Ringen & Kontra s datainvolved sequencesof i and or i:. Some

examples from Ringen & Kontra (1989, p. 188) are shown in (17)48:

(17  Two Neutrd Vowds (+ front-vowd suffixes)

a harakiri ‘ hari-kari’

b dibi ‘dibi’

C. padi:zis ‘pardyss
d bronchitisz ‘bronchitis
e poezs ‘poery’

An analysis of transparency in Hungarian should therefore account for the facts listed in (18):

(18  Transparency / Opacity Facts

a  Thevowd g istransparent to backness harmony in disyllabic words,
otherwisg, it is opague.

b. A gngleoccurrenceof j or j: istrangparent to backness harmony.

C.  Seguences of two neutrd vowes are opague to backness harmony.

At this point, | would like to outline an alignment analysis of the factslisted in (18). Asl will show,
the constraints required in order to account for the transparency and opacity facts of Hungarian are
numerous.

We begin by addressing the asymmetry which obtains between the high neutral vowelsi and i:
and the mid neutral vowel . Harmony in Finnish is analyzed by Smolensky (1993) as being driven by a
constraint which dictates that a +B-domain must be aligned with the right edge of aword. Giventhatitis|-
back] vowels which are transparent to [+back] harmony in Hungarian, we will assume that the same
constraint holds here:

48, similar pattern was discovered for Finnish by Heindmaki & Ringen (1994).
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(19 ALIG\B Align the right edge of a +B-domain with the right edge
of a word.

Transparency is achieved by Smolensky viatwo types of constraints. The first recordsthe fact that the
[+back] counterparts of the Finnish neutral vowels are not among the surface vowels of the language. The
same is true of Hungarian which lacksz, z; (the [+back] counterpartsof i, i:) and + (the [+back] counterpart
of e). Therefore, we will assume that essentially the same constraints on feature co-occurrence are

operative in Hungarian as those proposed by Smolensky for Finnish49:

(200  Congraints on Feature Co-occurrence

*B | The feature [+back] does not combine with the features
[+high, -low, -round)]

*B/ E The feature [+back] does not combine with the features
[-high, -low, -round]

Given that transparency is allowed in Hungarian, just asit isin Finnish, the constraint on
embedded domains given in (21) will be relatively low-ranked:

(2) +emBED A root node is parsed into a non-embedded B-domain.

Now, we saw that in Hungarian, the high neutral vowelsi, i: are transparent to backness harmony whether
the trigger occursin aninitial syllable or in anon-initial syllable. In each case the assumed trigger is
underlined. Note that the data are shown without suffixes. We see here only the triggers of harmony and
the transparent elements which follow:

(22 TriggerisInitid (+ back-vowe suffixes)

akti:v ‘active
kgrzi:v ‘itdic

e o

495mol ensky does not in fact formulate the constraint which dictates against the co-occurrence of the features
specifying the vowel +:.
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(23)  Trigger isNorvinitid (+ back-vowe suffixes)

a sdami‘sdami’

b konsrukiv  ‘condructive
C. pantomim ‘pantomime
d imperativ ‘imperdive
e nedit ‘nedlithic’

f. vegetati:v ‘vegetative
g illusztris‘illugtrious

Theanalysiswill be essentially identical to that proposed by Smolensky for Finnish. Following Smolensky,
the input representations will contain backness specifications for all root vowels and no backness
specification for suffixal vowels. Therefore, the root akti:v, when occurring with a suffix will have the input
representation shownin (24). | arbitrarily represent the suffix as A: - anon-high vowel which is unspecified
for backness:

(24  Input Representation: akti:v-A

Aktl:v-A

g 9
+B-B

Candidate output structures are represented with backness domains rather than multiply-linked
autosegments, as shownin (25). In Smolensky’s analysis consonants are left out of the representation.
Consonants are included in the representations given in (25) and, for concreteness, B-domain boundaries
are placed at syllable boundaries:

(&)  Candidate Structures

a [.eAK] [gtlv-A] akti:v-e
b, [.pAktlv-A] aktz:v-a
C. [.gAK] Lgth] [.gV-Al akti:v-e
£ d [,gAK [gtIv] -A] akti:v-a

The candidate in (&) represents treatment of i: as a harmonic vowel. This candidate will be ruled out by
virtue of its failure to conform toALI GN"B. The candidatein (b) represents the case in which the neutral
vowel actually undergoes backness harmony, surfacing asz;. This structurewill be ruled out by virtue of
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itsfailure to parse an underlying occurrence of the feature [-back]. Thus, PARSEB must rank fairly high.
The candidate in (c) represents the case in which afeature valueis assigned to the suffixal vowel
independently of the root specifications. Theidentity of suffixal vowelsis clearly dependent on that of the
root vowels; thus, this structure must be eliminated from competition. This may be achieved by ranking
FI LLB relatively high in the constraint hierarchy. The candidate in (d) corresponds to the observed data.
Thus, whileit incursaviolation of * EMBED, it nonethel ess is deemed the optimal candidate. Thisindicates
that * EMBED ranks relatively low.

The manner in which the constraints interact to select the candidate in (d) over thosein (a-c) is
shown in the tableau in (27). The constraints must be ranked as shown in (26): PARSEB, FI LLB, and

AL| GN*Boutrank * EVMBED.

(2600  Patid Congrant Hierarchy

PARSEB, FI LLB.ALI GNYB >> * ENBED.

27  Tebleau
AKv-A PARSEB | FILLB | ALI GN*B| *EMBED
g g
+B-B | |
[,gAK] [gtl:v-A] *
[,gAktl:v-A] *|
[+BAk] [-Btl :] [_BV-A] *| *
£ [,gAK[gthVv]-A] *

The behavior of e:israther different. We saw that this vowel typically exhibits transparency only
when it occupies the second syllable of aword. Some examples are shown in (28), wherethetrigger is
underlined:

(28  Trigger isInitid; e: is Trangparent

a kave: ‘coffeel

b trapez ‘trapeze

C. koktel ‘cocktal’

d konkret ‘concrete

149



If the behavior of e: paraleled that of i, i:, we would expect transparency to backness harmony in the words
in (29) aswell. Instead, e: is analyzed as being opague in these forms and front vocalic suffixes are chosen:

(29)  Trigger isNortinitid; e is Opaque

hidrogen ‘hydrogen’
singalez ‘Singhdese
C. krizantem ‘ chrysanthemun

oo

d mgonez ‘mayonnaisg
e autogen ‘autogenous
f. homogen ‘homogenous

In order to account for this pattern, one might posit two alignment constraints, the first of which forcesleft
and right alignment of a +B-domain.

30  ALIGNBL R Align left and right edges of a +B-domain with left
and right word edges.

A second alignment constraint will refer only to right-alignment. Thisisthe constraint stated abovein (19)
and restated herein (31):

3B  ALIGNBR Align the right edge of a + B-domain with the right
edge of aword.

Thus, we have one constraint dictating that a +B domain should be right- and left- aligned, and a second
constraint dictating that a backness domain should be right-aligned. The next move isto posit some
constraint which intervenes between these alignment constraintsin the hierarchy. The effect of this
constraint must be to block harmony acrosse: but not acrossi, i:. In other words, this constraint must
disalow an embedded e: while allowing an embeddedi, i:. One possibility isto separate * EMBED into two
constraints, one dictating against embedded & and the other dictating against embeddedi, i:. We would
thus have two * EMBED constraints, as listed in (32) and (33)°0:

(3  +EmBeD A root node dominating the features of | is parsed into a
nornembedded B-domain.

50 ppealing to sonority, we might instead state the * EMBED constraints in terms of vowel height: a[+high]
transparent vowel incurs alower-ranked * EMBED violation than a [-high] transparent vowel. The ideawould then
bethat it is worse to skip over amore sonorous (non-high) vowel than it is to skip over aless sonorous (high)

vowel.
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(3  *EmBEDE A root node dominating the features of E is parsed into
a non-embedded B-domain.

The constraint * EMBEDE will rank higher than* EMBED!' , sincei, i: transparency is observed in abroader
range of contexts than e: transparency. The constraint hierarchy will thus be as shown in (34):

(3@  Patid Condrant Hierarchy

PARSEB, FI LLB, ALI GN*BR, L >> * EMBEDE>> AL| GNTBR >> * EMBED!

For aword likeka: ve:, theinput representation with a suffixal vowel unspecified for backness will be as
shown in (35). Candidate output structures are listed in (36):

(35  Input Representation: ka:ve: -A

kA:VE-A

g g
+B -B

(3) Candidate Srructures

a [,gkA] [gVE-A] ka:ve: -e
o] [gKAVE-A] ka:v+:-a
C [LgKA][gVE] [g-A] kave-e

/E d [.gKA: [gVE] -AY ka:ve: -a

The candidate in (a) violates both alignment constraints and is thus eliminated from competition. The
candidate in (b) will be disqualified on the basis of its violation of the highly ranked PARSEE constraint.
Candidate (c) violates FI LLB whichisat the top of the constraint hierarchy. The optimal candidate, that
shown in (d), violates the higher ranked of the * EMBED constraints, namely * EMBEDE. Thisviolation is

motivated by the fact that the structure avoids violation of the still higher rankingALI GNBR, L. A tableau
showing the constraint interaction yielding (d) as the optimal parse for suffixed ka: ve: is shown in (37):
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(37) Tableau
Aktl:v-A PARSEB! FI LLB! ALGN*B|+EMBDE | ALGN*B | *EMBD
g g RL R
+B-B _ _
[,gKA] [gVE-A] *| *
[,gKAVE-A] *|
[,gkA] [gVE] [g-Al *| * *
£ [,gKA: [ gVE] -A] *

The context in which e: is opaque to backness harmony, namely when it occurs past the second

syllable of the word, allows usto see how the interleaving of two different alignment constraints and two
different * EMBED constraints functions to yield e: opacity. The input representation associated with a

suffixed form of mayone:z‘mayonnaise’ will be that shown in (38):

(38  Input Representation: mayone:z-A

mMAYOnEz-A

g 99
+B+B -B

A variety of plausible candidate output structures should be compared in order to show how the system will
work:
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(39  Candidate Output Structures. mayone z-A

£ a  [,gmA][,gy0] [gnEZA]

b [+BmA] [+ByonE:Z'A]

C. [,gMAYONE:ZA]

mayone: z-e

mayons: z-a

Mmayor-: z-a

d [.eMA] [,gYOl [ gNE] [,5Z-A] mayone:z-a

€ [+BrnA] [+ByO [-BnE:] Z'A]

mayone: z-a
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The candidate in (@) violates both alignment constraints. Nonetheless, it is this candidate which is selected

asmost optimal. Candidates such asthosein (b) and (c) will be eliminated as a consequence of their
violation of the highly ranked PARSE constraint: (b) violatesPARSE once, and (c) violates PARSE twice.

The candidatein (d) incursaFIl LL violationand isthusruled out. The candidatein (e) isthe most
interesting because it must not be found to be the most optimal candidate parse, despite the fact that when
the embedded domain contains ahigh vowel i, i:, the candidate anal ogous to that in (e) isthe preferred

candidate. To see how (€) isrejected for an input such as mayone: z, consider the tableau in (40):

(40  Téableau
MAYONEZA PARB | FILLB | ALN*B | ~EMBE | ALN*B| «EMB!
g 9 ¢ R L R
+B +B -B
& [,gmA] [,gyO] [gNEZ-A] * ==
[ieMA] [,gYONEZ-A]| ™!

[eMAYOrEZA]

*|*

[.eMAILgYOILgNE]LgZ-Al

*|

[sMA] [,gYO [gnE] Z-A]

*|

In order to account for the fact that a sequence of two neutral vowelswill be opagque to backness
harmony, we must propose athird * EMBED constraint. To show that thisis so, let us consider the
representation of the suffixed forms of alibi to which the subjects of Ringen & Kontra' s study assigned [-
back] vocalic suffixes. Theinput representation will be as shown in (41), and some plausible candidate

output structures arelisted in (42):
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(41)  Input Representation: alibi-A

Allbl-A
g g g9
+B-B +B

(42  Candidate Output Structures. alibi-A

a LeAl [gl 1] [gbl -A] alibi-e

b [gAl[gllblI-A] alibi-e
¢ LgAllbl-A] alzbz-a

d  [gAl Lgl1Lgh [, -Al alibi-a
e [.gALgllbl] -A] alibi-a
f. [.gA Lgl 11 [gbl] -Al alibi-a

Output candidate (a), which correspondsto the true output form, violates both alignment constraints. The
candidate in (b) violates both alignment constraints, as well asPARSEB. The candidatein (c), while fully

satisfying the alignment constraints, will be assigned two violations of PARSEB. The candidatein (d)
violates both alignment constraints and also violatesFI LL B because it introduces a backness specification
not present in the input. The candidatein (e) violatesPARSEB once, and since two high vowels are parsed
in an embedded B-domain, this candidate also violates * EMBED twice: The structurein (f) should be the

optimal candidate because it violates only the lowest ranking constraint, namely *EMBED! . The tableau
shows how the constraint hierarchy we have established fails to select the correct output in the case of a
word such asalibi-A in which the suffix is preceded by two neutral vowels:



(43  Tableau
Al lbl-A PARB | FILLB | ALNYB | <EMBE | ALN*B| *ENB!
g 9 g R L R
B -B -B
[.gA] [ gl ] [ghl -A] *1 *
alibi-e
LA LJID-A]| * *
alibi-e
[.gAllDbl-A]f *I*
alzbz-a
LAl [l 1] [ghl] [ig-Al *! * *
alibi-a
[.gA[gllbl] -A]| *! *x
alibi-a
£ [LeAlgllLghl] -A] ; *
alibi-a

The incorrect results which this constraint hierarchy yields suggest the need for athird constraint
on embedding which must outrank both alignment constraints. Its purposeisto rule out embedding of two

vowels (or two syllables). A problem arisesin the formulation of thisthird constraint on embedding.
Smolensky’ soriginal statement of * EMBED was that shown in (44), repeated from (21) above:

(49  *EmBED A root node is parsed into a non-embedded B-domain.

The new constraint must rule out a structure such as the schematic one shown in (45), where F stands for
some feature:

@ [ IEFT1 ]

Thus, it is evident that the new constraint on embedding cannot be stated in terms of the element that is

parsed into an embedded domain. The elements“X” in (46) and (47) are all parsed into an embedded
domain, so by virtue of * EMBED, these structures should be evaluated as follows: (46) is assessed one

* EMBED violation, whereas (47) is assessed two. Unless candidates are otherwise tied with respect to the
higher ranking constraints two* EMBED violations are no worse than one;

@ [ [X] ]

@ [ X1EX] ]
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We saw, however, that while asingle violation of * EMBED is tolerated, multiple violations are not.
The new constraint on embedding must therefore be qualitatively different from * EMBED. The constraint in
(48) would rule out any instances of multiple embedding:

(48)  *MULTI - EVBED No more than one domain may be
embedded within a larger domain.

If * MULTI - EMBED outranks the alignment constraintsin Hungarian, thenalibi-Awill not be assigned the

parse in (49) because this representation contains two embedded domains, and it is more important to avoid
multiple domain-embedding than it is to satisfy alignment:

49 [LgAlglllLghl] -Al alibi-a

To summarize thus far, we have proposed two independent alignment constraints and three
constraints on embedding. These constraintsarelisted in (50). Aswe will see below, further constraints on
embedding will be required to account for the transparency facts of Hungarian.

(50)  Proposed Condraints (Prdiminary)

*MULTI - EMBED
* EMBEDE

* EMBED!

ALI G\BL, R

ALl G\BR

L et us now consider mixed rootsin which the final vowel isfront and non-neutral. The non-neutral
front vowelsin Hungarian are{e, 0, U:, 6, 6:}. Some wordsfrom Ringen and Kontra' s study include those
listed in (51):

(51) partner ‘partner’
amulett ‘amulet’
sziifrazsett ‘suffragette

ofor ‘chauffeur’

Q0 Do

These words were assigned front vocalic suffixes by Ringen and Kontra's subjects. However, the
constraintsin (50), ranked as we have been assuming thus far, will predict back vocalic suffixes for words
such asthese. Consider for example asuffixed form of partner, which will have the input representation in
(52), and the plausible candidate output structures listed in (53):
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(520  Input Representation: partner-A

PANAr-A
g g9
+B B

(53)  Candidate Output Structures

a [+gPAM] [gnAr-A] partner-e
b [,gPAMNATr-A] partnar-a

C. [+gPA] [ gnAT] [,g-A] partner-a
d [.gPAIt[ gnAr] -A] partner-a

The appropriate candidate is that shownin (a). However, (@) violates both alignment constraints. The
candidatesin (b) and (c) are ruled out because they violate the faithful ness constraints PARSEP and

FI LLB, respectively. The candidatein (d) should be the optimal candidate, given the constraints and the
constraint hierarchy we have thus far postulated. The * EMBED constraintsrefer only to embedded high

and mid vowels. (Recall that orthographic e represents the phonetically low vowel e.)
Words such aspartner, amulett, and sziifrazsett, with opaque phonetic e, suggest the need for an
additional * EMBED constraint:

&4  *emseDA A root node dominating the features of A is
parsed in a non-embedded domain.

The word sofor, which is aso assigned front vocalic suffixes, suggests the need for afifth* EMBED
constraint, perhaps this one:

(55  *EmBEDO A root node dominating the features of O is parsed
in a non-embedded domain.

Itisclear wherethisdiscussionisleading. In order to make the alignment analysis of harmony and
transparency go through, we in essence will need separate * EMBED constraints for each one of the opaque
vowels, in addition to the constraint dictating against multiple embedding.

If these constraints are all independent of one another, then in principle we predict that they can be
arranged in any logically possibleranking. If thisisright, then we expect to find some constraint
hierarchies which giverise to rather odd transparency patterns. Suppose for instance that all but one
* EMBED constraint are ranked fairly high- above all of the alignment constraints. Now, if the one* EMBED
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constraint which ranks low is* EMBEDY, we have asystem like Hungarian except that only the mid front
rounded vowel is transparent to harmony. Furthermore, no principle rules out ranking* MULTI - EMBED
beneath all alignment constraints. Thus, we should expect to find vowel harmony systemsin which
potentially very long strings of vowels (or syllables) are transparent. No such vowel harmony systems are
known to me.

In point of fact, the constraints needed to account for the attested facts of Hungarian predict that
any subset of the vowels- and strings of any length - could exhibit transparency in some language. This
result cannot be correct. In Finnish and Hungarian, it isthe high front unrounded vowel i, i: and, to some
extent, the mid front unrounded vowel e which exhibits transparency. In Mongolian (to be discussed
below), it isthe high unrounded vowel which displays transparency to rounding harmony.

A proponent of the alignment theory might counter this criticism by claiming the existence of a
universal hierarchy of * EMBED constraints. Suppose that the * EMBED constraints are always organized as
shownin (56):

(56  Univera *engep Hierarchy

* MULTI - EMBED >> *EMBEDA >> *EMBEDS >> *EMBEDVY >> *EMBEDE >> *EMBED

Theideawould be that while other constraints may be ranked between elements in this hierarchy, these
constraints' hierarchical ranking relative to one another isfixed. | will in fact be suggesting an approach
rather like this below.

The general theory of harmony and transparency which | have outlined here can be characterized
asstated in (57):

(67)  Statement of the Alignment Theory of Harmony & Transparency

a  Harmonic spans are characterized as domains subject to dignment
condrants.

b.  Therdevant dignment condraints dictate that the edges of phonologica
domains should coincide with the edges of morphologica domains

C.  Inorder to saisfy dignment, agiven domain may be embedded within a
larger harmony domain.

d  Doman embedding may be checked by congraints (*evBED, * MULTI -

EVBED) dictating againgt the gppearance of a given segment type or
number of segmentsin an embedded domain.

The problem with thistheory, in my view, liesin the answers it provides to the following questions:
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(B8) Quedions & Answers

Q  Why doesvowe harmony exist?

Condraints dictate that the edges of harmonic domains must coincide with
the edges of morphologica domains.

Q  Why does transparency exist?

Trangparency (i.e. domain-embedding) exigsin order to satisfy dignment
condrants.

Q  What determines whether a given vowel will be transparent?

A given vowd will be transparent (i) if, by parsng it in an embedded
domain, some dignment condraint is satisfied, and (ii) if that dignment
condraint outranks the congraint which dictates againgt the embedding of
that particular vowd.

According to the alignment theory, harmony and transparency exist in response to a requirement that the
domains of certain phonological features should coincide with certain morphological domains. Opacity then
constitutes the failure of alignment. The constraints which give rise to opacity are the* EMBED constraints
which state that certain vowels should not be parsed into embedded domains. We suggested that there
must exist a* EMBEDhierarchy which reflects the fact that asingle vowel ismore likely to occur in an
embedded domain than a string of vowels (or syllables), and a high front vowel is more likely to be
embedded than alower vowel or arounded vowel.

The question which then arisesisthe following: If the goal of harmony isto line up the edges of a
featural span with the edges of the word, then why should the number and quality of intervening segments
matter? That is, if the alignment theory of harmony is correct, then the |eft and/or right edge of a harmony
domain should be crucial, but the intermediate material should be of no import. To characterize the
Hungarian situation, if the goal isto insure that the right and left edge of a +B-domain are aligned with the
right and | eft edge of the word, the quantity and quality of intervening vowel should beirrelevant. We saw
that thisis not the case, however.

7.3  Harmony asEXTENSI ON: Hungarian

Thetheory of transparency which | would like to propose draws a direct correlation between the
goals of harmony and the class of elements that are sometimes transparent to harmony. Asoutlinedin
Chapter 5, thereis reason to believe that the features involved in harmony systems are features which mark
relatively subtle perceptual contrasts. | have argued that the goal of harmony isto extend the temporal span
of these features in an effort to facilitate perception. The relevant constraints should thus be labeled as
such, namely as EXTEND constraints.

The position | am taking rejects the notion that harmony is driven by grammatical statements
dictating that the edges of harmonic spans should be aligned with the edges of morphological domains such
astheword. If we analyze harmony by means of a set of EXTEND constraints, then we arein aposition to
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understand why certain classes of segments exhibit transparency effects while othersdo not. | would like to
suggest that transparent elements are those el ements which may occur during the span of some feature
while still allowing for the interpretation of that span as a cohesive phonetic event. Stated differently, the
purpose of harmony is to extend the duration of some feature. Elements or strings of segments may exhibit
transparency if their occurrence does not constitute a substantial interruption of the signal associated with
the extended feature.

I will begin by proposingtwo distinct but related EXTEND constraints for Hungarian. My

constraints refer to contrastive backness, since it makes no sense to suppose that afeature will be subject
to EXTEND constraints meant to facilitate its perceptibility when that feature does not enter into any

phonological opposition, et alone a perceptually difficult one.
The first EXTEND constraint refers to position in the initial syllable, afact which may at first glance

appear somewhat ad hoc.

(59  EXTENDB[ p; g A contrastive [+back] specification
associated with an initial syllable should
be extended to all available vowd positions.

It isthe case, however, that theinitial syllable has adegree of primacy in Hungarian, asin Turkic and
Mongolian. Inthe native roots of all of these languages, certain features are contrastive (unpredictable)
only ininitial syllables. In post-initial syllables, the value of harmonic featuresisin general predictable on
the basis of theidentity of the vowel occupying theinitial syllable. In addition to the constraint in (59), we
will also have the constraint in (60) which does not refer to position within aword:

60  ExTENDB A contrastive [+back] specification should be
extended to all available vowel positions.

A further constraint will be labeled SPECI FYB. This constraint dictates that vowels should be specified for

backness. In the case of suffixal vowels, which | assumeto lack lexical specification for backness, this
constraint will have the effect of insuring that suffixal vowels are specified for backnessin output
representations:

(6) speciFYB Vowels are specified for backness.

Aswe know, suffixal vowelsin Finnish and Hungarian agree in backness with one of the root
vowels, that is, they are not simply assigned a backness value at random or by default. Thisindicates that

FI LLBwill play arolein the analysis of harmony in these languages:

62 FILLB Output representations do not contain backness
specifications absent in the input.

Finally, we must explain why certain segments or strings of segments may be transparent to
backness harmony. Here, | would like to propose a transparency continuum. At one end, we find those
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elements which are most readily treated as transparent for the reasons outlined above. At the other end, we
find those elements (or strings of elements) which are most likely to be opaque. To my knowledge, no cases
are cited in the literature in which rounded vowels are transparent to vowel-to-vowel feature sharing
phenomena. Low a-type vowels are typically opaque, blocking ATR harmony (Casali 1993b) as well as
Bantu height assimilation in Bantu (Clements 1991). Casali notesthat while neutral a-type vowels are
normally opague to ATR harmony, in KiBudu, a Bantu language of Zaire, the neutral vowel a is transparent.
Flemming (1993) also notes that the low vowel a is reported as being transparent to height harmony in
Pasiego (Penny 1969, 1970). Based on these typological tendencies, | will propose the transparency
continuum in (63):

63  Trangparency Continuum

268, cop’: ceoe. el coe. ceoel, coe. oEE
Ss roundedV  lowV  mdV highV G, laynged C

The transparency continuum is provisional, and should be understood as being afirst attempt to
characterize the relative likelihood that a given element will be allowed to interrupt the extended span of
some vocalic feature. The claimisthat in some cases, vowel features may extend across alaryngeal
consonant but not across any element(s) lying further to the left on the continuum. Thisisthe casein
languages such as Acomaand Nez Perce, for instance (Steriade 1987). Similarly, many vowel harmony
systems allow a consonant (or sequence of consonants) to interrupt the span of some extended feature,
while all vowels must either undergo harmony or block harmony. In terms of the transparency continuum,
this pattern may be characterized in terms of a sort of cut-off point; nothing to the left of Cg is allowed to
interrupt a shared vocalic feature. Note that the transparency continuum is at least in part a sonority
hierarchy. Elements higher on the sonority hierarchy are characterized by relatively greater intensity and, at
least among vowels, they are characterized by relatively greater duration. These properties|lend credence to
the hypothesis that elements lying toward the left of the transparency continuum would constitute a
relatively more substantial (or salient) interruption.

Constraints may refer to the transparency continuum. Such constraints will be labeled
CONTI NUI TY. Continuity constraintsidentify cut-off points on the transparency continuum. For example,

CONTI NUI TY® states that any element to the left of Cg on the transparency continuum may not interrupt
the domain of association of some feature. For Hungarian, the constraints are listed in (64-65):

64  conti NU TYhIgh v No element to the |eft of “ high V' may
interrupt an extended feature domain.

(65  conminuTYMd V No element to the left of “mid V' may
interrupt an extended feature domain.

To summarize, | have proposed the following constraints to account for the facts of Hungarian discussed in
87.2.
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66 Summary of Proposad Condraints

EXTENDE[ pr vy
EXTEND

SPECI FYB

FILLB

CONTI NUI TYhi ghV
CONTI NUI TYM dV

To show how these constraints interact to characterize the Hungarian transparency and opacity
facts, let us begin with disyllabic words. When the root contains two harmonic vowels, it isthe vowel of the
second syllable which determines the backness of a subsequent suffixal vowel. The examplescitedin
Ringen & Kontra (1989) include those shown in (67):

(67)  Disyllabic Roots Two Harmonic Vowes

a koniv ‘book’

b, sofor ‘chauffeur’
¢. blro‘burea’

d. patner ‘partner’
e. Joszef ‘ Joseph’

Of relevance is the fact that the vowel in the initial syllablein words such as these doesnot determine the
backness value of a suffixal vowel despite the preferences of EXTEND®[ pr yg. This fact indicates that
CONTI NUI TYM dV must outrank EXTENDB[ py \; that is, alow vowel (€) or arounded vowel is situated
too low on the transparency continuum and is thus not allowed to be skipped. I1nwords such asthese, the
backness value of the suffixal vowel is dependent on the backness of the final root vowel. Thus FI LLB
must rank high. However, the suffixal vowels are specified for backness; thus, SPECI FYB must rank high
aswell. The constraint hierarchy in (68) will allow us to account for harmony in words such as those listed

in (67):

68)  Prdiminary Condrant Hierarchy

SPECI FYB, FI LLB, coNTI Nul TYM dV >> EXTENDB[ py

Thetableau in (69) illustrates how this hierarchy yields afront suffixal vowel following sofdr. The and
candidate is ruled out by SPECI FYB, while the second candidate violates the faithfulness constraint
FI LLB and is thereby eliminated from consideration.

162

162



69  Tableau: sofor-A

sOfOr-A

g g
+B -B

SPECB

FI LLB

conrm dv

EXTH pr v

sOfor- A

g9
+B-B

*|

sOfOr- A

g9 G
+BB +B

*|

sOfor- A

g g ?
+B B

*|

A sOfOr- A

g or
+B-B

Thethird candidate is ruled outnot by the ban on crossed association lines, but by CONTI NUI TYM dV,
since arounded vowel intervenesin the span of an extended feature, and “rounded vowel” fallsto the left of
“mid vowel” on the transparency continuum.®l Thefinal candidate is optimal, despite the fact that it failsto

conform to EXTENDH py yg.-

In (70) the tableau for a suffixed form of the disyllabic word ka: ve: is shown. For clarity, | represent
the (non-contrastive) backness specifications of the neutral vowelsin parentheses. Thefirst two

candidates are eliminated by SPECI FYB andFI LLB, respectively:

S51The appropriateness of association linesin these representations is clearly questionable. To avoid this problem, one
might instead employ bracketed domains, following Smolensky (1993). | use association lines here merely in order
to bring into focus the analysis as involving extension rather than alignment.
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(70  Tableau: ka:ve:-A

KAVE-A SPECB FILLB | conmaVv

+E? _Bg EXTH prva

KA:VE:- A *1
g g
+B (-B)
KA:VE:- A *|
g g G
+B (-B)+B
A KAVE-A
g g ?
+B (-B)
kA:VE:- A *|
g gt i i
+B (-B)

Thethird candidate satisfies CONTI NUI TY™ dV since the element which is ski pped does not fall to the left

of the continuity cut-off (Mid Vowel). Thus, the decision is left up toEXTENDS[ Pr Wi Which is satisfied
by the third candidate, but not the fourth candidate. Thereforeka:ve:-a, in which theinitial vowel dictates
the backness value of the suffixal vowel, surfaces.

Similarly, the candidate corresponding to akti:v-a, with aback vocalic suffixal vowel, is selected as
the output form of suffixed akti:v:

(71)  Tableau: akti:v-A

akti:v-A SPECB FILLB CONTN dV

aktiv- A *| :

g g

+B (-B)

aktizv- A *|

g g G
+B (B) +B
A ativ- A

g g ?
+B (-B)

aktizv- A *|
g ot
+B (-B)

Since the transparent vowel is high (and unrounded), the decision isleft up to EXTENDH py -

Let us now consider casesin which EXTENDB is decisive. These include formsin which the
transparent vowel occurs past the second syllable of the word. Only i, i: istransparent in this context.
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Thus, it must be the case that CONTI NUI TYNi 9hV outranks EXTENDB, since nothing further to the left of
“high vowel” istransparent in the relevant situations. To show how harmony will work for roots such as
mayone:z (to which front suffixal vowels are added) and pantomim (to which back suffixal vowels are
added), consider first thetableau in (72). Thetop-ranking constraints SPECI FYBand FI LLBhave been
left out in order to leave room for the remaining constraints and, for the sake of brevity, candidatesin
violation of these constraints are not listed here:

(72  Tableau mayone:zA

mAyOnA:z- A R CONTM dV conThi ghV | ExTB

9 9 9 B
+B +B (-B) EXT [ Pr

mAyOnA:z- A *|
g 9 g9

ce
+B +B (-B)
mAYyOnA:z- A *

9 9 49

+B +B (-B)
A mAyOnA:z- A

g g at
+B +B (-B)

In thefirst candidate the initial backness value is extended to the suffixal vowel. This candidate cannot
surface dueto its violation of CONTI NUI TYM dV, The sequence of elements which has been skipped lies
to theleft of “mid vowel’ on the transparency continuum, yieldinga CONTI NUI TYM dV yiolation. Thus,
although this form satisfiesEXTENDS] Pr Wi, it violates ahigher ranking constraint and is thus eliminated
from consideration. The remaining two candidates both violate EXTENDB[ prwg- Thedecision between
them isleft up to the next highest ranking constraint, namely CONTI NUI TYNi gV, A5 shown, even
though the final candidate violates EXTENDBwhile the second candidate does not, it isthe final candidate

which is selected, due to the decision of CONTI NUI TYNi 9hV, The mid neutral vowel istherefore opaque

in a polysyllabic word such asmayone: z, and it iswith this vowel that the suffix vowel agreesin backness.
In (73) the tableau is shown for asuffixed form of pantomim Inthiscase, it isthe final candidate

which isfound to be optimal. Both the second and third candidates violateEXTENDB[ py . In fact, both
violate EXTENDB aswell. The differenceisin the number of violations of EXTENDB violationsincurred by
these competing candidates, as shown:
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(73  Tableau pantomim-A

PANtOMIm- A R CONTM dV conThi ghV | ExTB

9 9 9 B
+B +B (-B) EXT [ Pr

pAntOm Im- A *| * *
g g g

e
+B +B (-B)
EpAntOm Im- A * *
g g g

?
+B +B (-B)
pAntOmim A * **|

g g gt
+B +B (-B)

Based on thistableau, aword such aspantomimshould therefore occur with back vocalic suffixes,
and indeed Ringen & Kontra’ s subjects assigned back vocalic suffixesin cases such asthis.

Thefinal case which must be discussed is the case in which a sequence of neutral vowelsis
opaque to backness harmony, regardless of the height of those neutral vowels. Skipping a sequence of
more than one syllable peak is avoided due to the fact that doing so would substantially violate continuity.
Thetableau for alibi-A is shown in (74):

(74  Tableau alibi-A

ali bi- A L CONTM dV conThi ghV | ExTB

B Ee) EXTL prva

ali bi- A T >
99 g c
+B (-B)(-B)
Aali bi- A * *
999 7
+B (-B)(-B)
Aali bi- A * *
g g o
+B (-B)(-B)

Based on the four constraints shown in (74), it is not possible to tell which candidate surfaces; the second
and third candidates arein atie. Of course, they are phonetically indistinguishable, both realized asalibi-a.

Presumably the second candidate would be ruled out by arelatively low-ranking CONTI NUI TYCO;
however, this constraint does not play acritical rolein Hungarian otherwise. Thefirst constraint listed is
ruled out by CONTI NUI TY™M dV, pecause the transparent element lies lower on the transparency

continuum than “mid vowel”. In essence, this amounts to saying that two syllable peaks, albeit high
unrounded syllable peaks, constitute an interruption of the harmonic span which is excessively substantive.
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The analysis proposed here establishes a connection between the goal of harmony and the class of
elements which may be transparent in a harmonic configuration. 1n 87.4, | lay out the transparency and
opacity facts of Mongolian and Tungusic, showing that these two language groups constitute a minima
pair with respect to transparency. The analysisinvokes constraints of the types proposed in this section
for Hungarian.

7.4  Transparency & Opacity: Mongolian & Tungusic

Asvan der Hulst & Smith (1988) note, Mongolian and Tungusic constitute aminimal pair with
respect to the transparency of i in rounding harmony domains. The specific datathey useto illustrate the
point are different from those shown here. Nonetheless, the relevant point isthe same. In Khalkha
Mongolian and Shuluun Hoh, the high front unrounded vowel i (aswell asits[-ATR] counterpartr in
Shuluun H6h) is transparent to rounding harmony, as shown in (75) and (76):

(/5 i Trangparent to Rounding Harmony:  Khalkha Mongolian

a ogidor ‘yesterday’
*ogider

h XotiXs: ‘town (REFL GENY
*Xot-iXa:

C. Noir-ixy: ‘deep (REFL GENY
*hir-iXa:

d tonr-ixo. ‘iron (REFL GENY
*tomr-i:xe

(76)  {i, 1} Trangparent to Rounding Harmony: Shuluun Ho6h

a ogidor ‘yesterday’
*ogldgr

b Oot1Xo: ‘town (REFL GENY’
*Oot-1:xa

C. Noel-1Xo: ‘deep (REFL GENY
*Noel-1:Xa

d tonr-ixo: ‘iron (REFL GENY
*tomr-ixg:
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(77

@)

The high rounded vowels, by contrast, are opaque to harmony in Mongolian. They not only fail to
trigger harmony, but they block harmony when they intervene between a viable trigger and a potential non-
high target, as shown in (77) and (78):

{u;, u} Opague to Rounding Harmony: KhalkhaMongolian

(SN SR © g}

)/TQ ™o

or ‘enter’

or->d ‘enter (PERF)’

orull ‘enter (CAUY’
sryil-ad ‘enter (CAU, PERF)’
*Qr-():|-;):d

tor ‘be born

tor-od ‘be born (PERF)

tor-ul ‘be born (CAU)’
tor-ul-ed ‘be born (CAU, PERF)’
*tor-ul-od

{u, u} Opague to Rounding Harmony

o oo

|Q ™o

of ‘enter’

sr-5d ‘enter (PERF)’

or-ull ‘enter (CAUY’
or-yl-ad ‘enter (CAU, PERF)’
*5r-uil-0:d

tor ‘be born’

tor-od ‘be born (PERF)

tor-ul ‘be born (CAUY
tor-ul-£:d ‘be born (CAU, PERF)
*tor-ul-od

In Tungusic, however, al high vowels are opague to rounding harmony, as shown in (79) and (80):
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(80)

High Vowds Block Rounding Harmony:  Oroch

oggica ‘dried out’

(*ogico)

dokgina ‘to hear’

(*dokgino)

obbyla ‘to give as a daughter’ s dowry’
(*obbylo)

gosyla ‘to quare’

(*gosylo)

High VVowds Block Rounding Harmony: Ulcha

oyilavu ‘leggings
*oyilovu

omlra ‘uterus
*omijro

orkigtala ‘uncomfortably’
*orkiqtolo

dokila ‘indde

*dokilo

bolodzuvami ‘as 00N as it becomes Autumn’
*bolodAzuvomi

dizombudzuvambuvu ‘to remind’
*dzombudAzuvombuvu

kovulavu ‘to raseamagt (naut.)’
*kowvulovu

koruka ‘pike (fish) skin’

*koruko

In order to understand the difference between the Mongolian pattern and the Tungusic pattern, we
need simply rank the CONTI NUI TY constraints in the appropriate positions relative to the other
constraints; that is, we acknowledge the fact that with respect to transparency, Mongolian and Tungusic
have different cut-off points. In Tungusic, only sequences of consonants may be transparent to rounding
harmony. All vowels are either targets or blockers. In Mongolian, by contrast, a high unrounded vowel

may be transparent. Thus, CONTI NUI TYNi ghV Wil outrank the relevant EXTEND constraints in
Mongolian. In Tungusic, the more strict constraint CONTI NUI TY<0 will outrank the relevant EXTEND
constraint.
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Theresult will then be asfollows: If warranted by the other constraints (principally UNI F(PNR),
EXTENDR f -H will beallowed to prevail even where a high unrounded vowel intervenes between the

non-high trigger and the non-high target in Mongolian. In Tungusic, however, EXTENDRN f -H will be

allowed to prevail only when consonants intervene between the trigger and the target of harmony. All
vowels which cannot be targets will block harmony. Schematic tableaux are shown in (81) and (82). Wewill

first consider the Mongolian tableau:

(8)  Tableau: Mongolian Trangparency

AlA conThighV i UNIFORMR | EXTENDR; f-HI Cont @
A
AlA *1
of T
[+R]
AlA *1
gf
[+R]
AlA *|
g
[+R]
s Al A *
gt
[+R]

The same candidate output structures will be submitted for evaluation in Tungusic. Due to the Tungusic
transparency cut-off which is represented by the high ranking of astricter CONTI NUI TY constraint, namely

CONTI NUI TY®, harmony will be blocked when a high vowel intervenes between the potential trigger and
target of harmony. The schematic tableau isshownin (82):
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Tableau: Tungusic Opecity

AlA

g
[+R]

conThi ghv

CONT®

UNI FORMR

EXTENDR; f - HI

AlA

o T
[+R]

*|

AlA

gf
[+R]

*|

£A T A

g
[+R]

AlA

gt
[+R]

*|

Against Harmony as Alignment: Shuluun H6h

Shuluun Hoh appears, at first glance, to provide an argument for the treatment of harmony as
alignment rather than extension. In Shuluun Hoh, two distinct morphological domains are relevant to the
distribution of front and back rounded vowels. Alignment, but not extension, by its very nature involves
explicit reference to morphological domains. It turns out, however, that the facts of Shuluun Hoh pose a
serious challenge to the alignment analysis, as | show here. The analysis which invokes EXTEND

constraints is comparatively straightforward.

In Shuluun H6h, the harmonic behavior of back vowels differs from that of front vowels. Harmony

yields back rounded vowels in root and affix syllables, while front rounded vowels surface only in root

syllables:

(8) Root Targets
toro-
oro-
joroxgloxc-
noxoe-
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(84  Affix Targets

doro-go’r ‘Sirrup -INSTR
moeerj-0'r ‘horse -|NSTR
obs-te: ‘grasscomIT
(*obs-tg:)

od-t ‘star -comIT’
(Fod-tce)

It might appear that this asymmetry could be captured el egantly by means of alignment. Alignment
constraints dictate that a given phonological constituent must coincide with a given morphological
constituent. The alignment analyses presented in §7.1-2 characterized harmonic domains as bracketed
structures, with constraints of the alignment family forcing the alignment of harmonic domains with the right
and/or left edge of aword. To account for the distributional facts of Shuluun Héh, we might propose two
separate alignment constraints, one requiring the alignment of a[+round] domain with Root edges, and the
other requiring the alignment of [+round] to Prosodic Word edges:

(85  Alignment Condrantsin Shuluun Hoh

ALl G\RRoot , R: Align{[+round] domain, R, Roat, R}

ALl G\Rerwd, R Align{[+round] domain, R, P'Wd, R}

In order to characterize the fact that front rounded vowels are banned in suffixal syllables while
back rounded vowels are allowed, one might appeal to auniversal constraint (or constraints) dictating that
front vowels should not be rounded. In an effort to be consistent with Smolensky’ s account of Finnish
presented above, | will represent the relevant constraints as * R/l which dictates that the feature [+round] is
incompatible with the feature combination [+high, -back], and * R/E which dictates that the feature [+round)]
isincompatible with the feature combination [-high, -back]. Suppose these constraintsarerankedin
Shuluun Hoh as shown in (86):

(86  Shuluun Hoh Condraint Sub-hierarchy

*RI1T >> ALIGNRRoot, R >> *RE >> ALIGNRPrWI, R

Theideawould then be asfollows. If these constraints are ranked as shown in (87), the marked
status of the vowelsce and ¢ should be irrelevant to harmony within the domain of the root, since alignment
to theright edge of aroot takes priority over the avoidance of the marked combination [+round, -back, -
high]. Within suffix syllables, however, * B/E will prevail and prevent the marked vowels from appearing. In
their place, we will instead find * and e.
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We expect the low-ranked ALI GNRPr Wi, R to have observable effects, however. In particular, we
want this constraint to rule in favor of back rounded vowelsin suffix syllables. Suchisnot the case,
however, as demonstrated in the tableaux in (87) and (88). In the candidate structures shown here, square
brackets ([...]) represent a phonological domain, and a straight bracket (|) represents a morphological

boundary. | assume also that the faithfulness constraint PARSER is highly ranked, as shown:

(87  Tableau noxce:-t*: ‘dog-INSTR

NAXEHE: PARSER | ALIGNR/Root *RIE | ALIGNR/Prwd

+R

[RNAIXE IE]

* *
nox"“ -t !

£ [+RPAXE] IE]

noxoee: -t

[+RNAXERE] |

. . *| * %
noxoe:-toe: :

nNAXE: [tE: |
nax":-t" *|

Asdemonstrated in (87), this system correctly chooses [noxce:-t":] asthe most harmonic candidate for
‘dog-INSTR’. However, due to the nature of alignment and its requirement that edges of domains coincide,

the system incorrectly chooses [doro-g&:r] asthe most harmonic candidate for * stirrup-INSTR’, as shown in
(88):

(83  Tadeau doro-go:r ‘sirmupINSTR

dlArA gAr PARSER | ALIGNR/Root *RIE | ALIGNR/Prwd
+R

[+RAA]rA | AT |
dork-g&r *l * *

£ [+rdATA] [gAr |

doro-g&:r ** *
(/B [+RAATA|QAT] |
doro-go:r ¥l e
dA rA | QAT |
dArk-gKkir *1
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Clearly the problemisthat if we analyze harmony in terms of alignment, we are claiming that theedges of
harmonic domains are forced into alignment with the edges of morphological domains. The correct output
for (88), indicated with an arrow in parentheses, violates the higher ranking of the two alignment constraints.
In the correct surface form, the right edge of the [+round] domain does not coincide with the right edge of
theroot.

One conceivable solution isto claim that two distinct constraint hierarchies comprise the
phonology of Shuluun Hoh, the first of which evaluates candidates containing only root material, and the
second of which evaluates candidates containing roots and affixes, i.e. the Prosodic Word. McCarthy &
Prince (1993a) adopt a multi-leveled solution for Axininca Campawhere at what they term theprefix level,

FI LL outranks PARSE, while at the suffix level, PARSE outranksFI LL . The model isderivational in that
the output of one level serves astheinput to the subsequent level. Candidates evaluated by the Prosodic
Word hierarchy will all contain in them the optimal parse of the root and will vary only in how the affixal
material is parsed and how the string as awholeis parsed.

The necessary hierarchieswill be those shownin (89). Inthe Root hierarchy, alignment has priority
over the need to avoid occurrences of the vowelsce and ¢. In the Prosodic Word hierarchy, these
constraints are ranked in reverse order, and the avoidance of the vowelsoe and ¢ takes precedence over
aignment:

(89  Shuluun Hoh Condraint Hierarchies

a Root Hierarchy ALIGR >> *RE
b Prosodic Word Hierarchy *RIE >> ALIG\R

To show how the two-level model would work for Shuluun Hoh, let usfirst consider the casein
which * R/ E dictates against rounding of asuffixal vowel, asinnoxce:-t*: ‘dog-INSTR'. Crucidly, the

marked vowe ce isallowed to surface within the root, but is not allowed to surfacein the suffix. Thus, the
Root hierarchy will function as shownin (90):

(0  Root Hierarchy noxceit®: ‘dog-INSTR

NAXE: PARSER ALIGNR/Root *RIE
+R

[-RNANE |

*
nox“ !

£ LrnAE]|

noxoe:

NAXE: |
nax": *1

174



175

The Prosodic Word hierarchy eval uates candidates which contain the optimal parse from the Root

hierarchy, as shownin (91):

(91) Prosodic Word Hierarchy noxce:t: ‘dog-INSTR'

[+RNAXE] - tE:

PARSER

*RIE

ALIGNR/Prwd

£ [+RNAXE] - tE:
noxe:-ti-

[+RNAXE: - tE:]
noxoe:-toe:

* k|

The Root hierarchy would operate as shown in (92) for the word containing back vocalic targets of rounding

harmony:

(92) Root Hlerarchy doro:go:r ‘Stirrup-INSTR’

dArA

+R

PARSER

ALIGNR/Root

*RIE

[+ROAITA|
dork

*|

£ [+rOATA]]
doro

dATA|
dArK

*1

The Prosodic Word hierarchy eval uates candidates which contain the optimal parse from the Root

hierarchy, as shown in (93):
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(93) Prosodic Word Hlerarchy doro:go:r ‘stirrup-l NSTR’

[+RAATA] - gAr PARSER “RIE ALIGNR/Prwd

[+ROArA] - gA:r
dorog:r *|

/£ [+ROATA -gA:] |
dorogo:r

The alignment analysis thus required the postul ation of two distinct (though presumably largely
overlapping) constraint hierarchies for Shuluun Hoh; one relevant only to roots and the other relevant to
entirewords. My view isthat to the extent possible, one should avoid postulating multiple levels, since at
the current time at least, we have no theory of the extent to which the constraint hierarchies relevant at
distinct levels can differ from one another. In principle, we might expect to find wildly different constraint
hierarchies operative at distinct levels. Thispredictionis probably undesirable.

An EXTEND solution need not appeal to a multi{eveled grammar because EXTEND constraints
make no reference to the edges of the harmonic span; rather, EXTEND constraint dictate that a harmonic
feature should be extended to all available positions.

One possibility then isto propose two distinct EXTEND constraints, the first stating that the
feature [+round] should be extended to all available positions within the root, and the second stating that
the feature [+round] should be extended to all available positions within theword. A constraint stating a
dispreference for front rounded vowels will intervene in the Shuluun Ho6h constraint hierarchy. The
constraints are stated informally in (94):

(%)  ExTENDR Root 55 *front rounded vowel s >> EXTENDR Vord

Where the suffixal vowel is[+back], both EXTEND constraints can be satisfied. Where the suffixal vowel is
[-back], however, only the higher ranking EXTENDR ROOt can be satisfied. Satisfaction of

EXTENDR Vrd wi|| force aviolation of the higher ranking constraint banning front rounded vowels.
Crucially, it will be possible for aword likedoro: gor to surface in satisfaction of both EXTEND constraints
because EXTEND does not refer to the edges of a harmonic span. EXTEND constraints simply enforce
maximal association.

7.6  Height Identity Harmony and Inventory Crowding

As shown above, rounding harmony in Mongolian and Tungusic is triggered by non-high vowels
and targets nornrhigh vowels. Thus, the trigger and target must agree in height and they must be non-high.
The same patternisfound in Murut (Prentice 1971). Rounding harmony systems are attested, however, in
which the trigger and target must agree in height but may be either high or non-high. The best known
example of thisis Y okuts, of which the two dialects Y awelmani and Wikchamni have been discussed
extensively in the phonological literature. Furthermore, rounding harmony systems exist in which the trigger
and target must agree in height and must be high. Thisisthe system found in Hixkaryana, Tsou, and
Kachin Khakass. The purpose of this section isto explain why these three types exist alongside one
another.
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The answer to this question will liein the structure of the vowel inventories of the languagesin
question, and in the notion of crowding. Consider the chart in (95) which presents the underlying vowel
inventories arranged by harmony type:

9%  Vowd Inventories

a AA harmony b. Il harmony c. AA 1l harmonys2
KhakhaMongolian Hixkaryana Wikchamni
i u Zu i 7z u
0]
& (6] e 0]
a o u a 2
Murut Tsou
1 u 1 Z u
a (o) & a (¢}
Oroch Kachin Khakass
i u iu  zu
u
K
u a bl e o ao

The important observation to make on the basis of thistableis the difference between the inventories of the
AA languages and the languages of the other two groups. Inthe AA languages in which rounding
harmony isobserved only between non-high vowels, note that the high portion of the vowel spaceis
relatively uncrowded; that is, high vowels are either front and unrounded or back and rounded, meaning
that they are maximally separated in the vowel space. The lower portion of the vowel spacein these
languages is considerably more crowded. In Khalkhaand Murut, there is a contrast between back
unrounded a and back rounded o, and in the Tungusic language Oroch, there is athree-way vowel contrast
between front unrounded, back unrounded, and back rounded.

Now, compare this with the vowel spaces of the Il languages and the AA Il language. 1n both of
these groups, the top halves and the lower halves of the vowel spaces are both relatively crowded. That is,
the languages of neither group oppose two and only two maximally distinct vowel qualities. Hixkaryana
displays a contrast between high back unrounded z and high back roundedu. Tsou has athree-way
contrast among high vowels, and in Kachin Khakass, the upper portion of the vowel space is crowded
indeed, with four contrastive qualities.

According to the functionally motivated view of harmony which | have been devel oping
throughout the course of thisthesis, vowel harmony servesto extend the listener’ s exposure to a vowel

S2How Y awelmani fitsin is discussed below.
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quality which is potentially difficult to identify accurately. Here we see rounding harmony among high
vowels only when the high portion of the vowel spaceisrelatively crowded. Where the high portion of the
vowel spaceincludesonly two qualities and those qualities are maximally distinct (front unrounded vs. back
round), the contrast islikely to bereadily discernible. Thus, from afunctional perspective, theneedto
invoke harmony as a means of reducing a potential perceptual difficulty faced by the listener will arise only
when some substantive difficulty presentsitself. Here, we find rounding harmony among high vowels only
when the two high vocalic qualities which are phonol ogically opposed in the language are less than
maximally distinct (Hixkaryana), or when there are three or more high vocalic qualities which must be
perceived as being distinct.

Formally, we will capture the distinction by means of the statement of the relevant EXTEND
constraints. Here, | will need to clarify my assumptions regarding the nature of underlying representations
and the role of underspecification. Following Steriade (1994), | will assume that short of trivial
underspecification (e.g., consonants are not specified for [+ATR], vowels are typically not specified for
[constricted glottis] or [spread glottis]), there is no systematic featural underspecification. However, | will
claim that constraints may refer to contrastiveness. For our purposes, EXTEND constraints operating on
the feature [+round] (or in Finnish and Hungarian, the feature [+back]) may dictate that only contrastive
values of agiven constraint are subject to extension.>3

In all same-height harmony languages, UNI FORMR will play an important role, ruling out any
instances of cross-height harmony. In the type 4 languages where both the harmony trigger and the
harmony target must be [+high], * ROLOplays adecisive role aswell, ruling out harmony wherethetarget is
non-high. In type 3 languages, namely Mongolian and Tungusic, harmony will be triggered only by non-
high vowels, sinceit is only among non-high vowels that rounding is contrastive. Among the high vowels,
rounding is predictable on the basis of backness; that is, EXTEND constraints will only enforce the
extension of [+round] when that feature plays an entirely independent contrastiverole. Asstatedin §7.3
above, thisinterpretation of EXTEND constraints is compatible with the functional motivation which| clam
underliesthe existence of EXTEND constraints. EXTEND constraints reflect a means by which the task of
correctly identifying a perceptually subtle contrast is made easier. Inavowel systemwithonlyi andu in
the high region, the round vs. unround distinction presumably poses no serious perceptual challenge.

One system appears to contradict the proposed relation between inventory crowding and the
likelihood and nature of harmony. Y awelmani Y okuts (Newman 1944, Kuroda 1967, Archangeli 1984) is
typically analyzed as having four underlying vowel qualities:

(99  Yawdmani Underlying Vowe Inventory

i u

a (0]

Despite the lack of crowding in the high portion of the vowel space, this language displays same
height harmony among both the high vowels and the low vowels, just like in the Wikchamni dialect. High
suffixal vowels are rounded following a high rounded root vowel but surface asi following a non-high root
vowel whether it isrounded or not>4 Similarly, any non-high suffixal vowel will surface as rounded

53¢ appears to be the case that in general, only contrastive feature specifications are subject to EXTENDconstraints.
However, in Yawelmani Y okuts, which | discuss below, non-contrastive [+round] and contrastive [+round] are both
subject to the relevant EXTEND constraints.

54Additionally, along high vowel in aroot will surface asmid, i.e. either ase: or o:. | return to thisissue below.
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following an underlying o in theroot. Following an underlyingly high vowel in the root, however, anon-
high suffixal vowel invariably surfaces asa:

97)  Suffixd Alternaions Yawdmani (data from Kuroda, pp. 10 and 14)

High Suffixa Vowe

a giy -hin ‘touch-AORIST’

b. mut-hun ‘swear-AORIST’

C. xat-hin ‘eat-AORIST’

d. gop-hin ‘take care of an infant-AORIST’

Non-high Suffixd Vowel

€ xat-taw ‘eat-NONDIRECTIVE GERUND’

f. gop-tow ‘take care of an infant-NONDIRECTIVE GERUND’
g giy -taw ‘touch-NONDIRECTIVE GERUND’

h. mut-taw ‘swear-NONDIRECTIVE GERUND’

This pattern appears to stand in direct conflict with the claim made regarding the relationship
between vowel space crowding and the likelihood of harmony. Thelower half of the Y awelmani vowel
space counts as “crowded” by my criteria, due to the fact that the vowels are not maximally separated along
the backness and rounding dimension. The upper half of the vowel space by no means qualifies as being
crowded, however, the vowelsi and u being maximally separated.

I would like to suggest that the functional principles which | have claimed account for the harmony
patterns we have thus far observed were indeed relevant at an earlier stage of the language. Note that
Y awelmani and Wikchamni are very closely related. It appearsthat Wikchamni reflects the system of vowel
contrasts present in the ancestral language (Newman 1944) while Y awelmani (and other Y okuts dialects
(Gamble 1978, p. 22)) innovated avowel merger, merging*z and * u.

Now the fact that rounding harmony in synchronic Yawelmani is no longer functionally motivated
to the extent that it isin synchronic Wikchamni does not discredit the notion that functional principles
provide the foundation of grammar. Indeed, the merger of *z and * u reflects a response to the same
perceptual principle which I claim underlies the phenomenon of vowel harmony. Thesetwo vowelsare
acoustically very similar, and thus their distinction is dangerously subtle, perceptually.

For the analysis of synchronic Y awelmani, it must be the case that the EXTEND constraints refer to
all instances of [+round], not just those which are minimally contrastive. As| will suggest below in §7.6, the
existence of vowel raising and vowel lowering phenomenain Y awelmani gives rise to an often rather opagque
relationship between the underlying and surface representations of vowels. In fact, under certain
circumstances underlying vowel contrasts are entirely neutralized on the surface. Rounding harmony to
some extent removes the ambiguities created by raising and lowering. So while the merger of *z and *u
should have removed the perceptual advantage of having rounding harmony among the high vowels, it is
by no means the case that rounding harmony among high vowelsin Y awelmani is entirely gratuitous.
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7.7 Uniformity & Abstractness. Yokuts

Onefinal point deserves mention, particularly in light of the commentsjust made. It isthe case that
rounding harmony in Y awelmani and Wikchamni requires underlying height identity of the trigger and
target. On the surface, however, harmonic sequences disagreeing in height are found frequently. In
addition, surface sequences where one would expect to find harmony, but where one does not, are also
found. Some examplesfrom Y awelmani are shown here:

(9B  Yawdmani Harmonic Sequences(Datafrom Kuroda, p. 10, 14)

a wow-lu ‘andl-PASSIVE AORIST’
b. sudo-K'ut ‘remove-PASSIVE AORIST’
c. cuyo-taw ‘urinale-NONDIRECTIVE GERUND’

Smilar sequences arise in Wikchamni:

99  Wikchamni Harmonic Sequences (Data from Gamble, p. 17)

a ¢'uto-su ‘urinate-AORIST’
b. two:-huy ‘play-CONSEQUENT ADJUNCT’
c. tuyo-na ‘eat-FUTURE’

These sequences arise because in both dialects, underlyingi and u surface as mid whenever they would
occur long. That is, longi: and u: normally do not occur on the surface.

Formally, we could account for this pattern in a number of ways. We could postpone the lowering
effect to the phonetic interpretation component with a statement that long, non-low vowels are pronounced
asmid. Under thisanalysis, UNI FORMR  would always be satisfied in the phonol ogical component.5°
Alternatively, we could propose two separate constraint hierarchies for Y okuts, as was suggested abovein
the alignment analysis of Shuluun Hoh. Inthefirst, UNI FORMRwould rank high, and candidates containing
long high vowels would not be assessed any special violation marks. In the second hierarchy, which would
eval uate candidates containing the optimal parse from the first instance of H-Eval, UNI FORMRwould rank
low, and a constraint dictating that long vowels must be non-high would be ranked relatively high in the
constraint hierarchy .5

A third alternative which appearsto meto be the most responsible isto capitalize on the fact that
there are only two degrees of lexically contrastive height in Yokuts. Theideawill be that the contrastive

55This account is not only unsatisfying, but also probably wrong. Due to a shortening effect which occursin closed
syllables, some instances of lowered i: and u: in fact surface as shorteand o. | will not address this complication
any further here, but acknowledge that one would need to do so in afull formal account of harmony and length in
Y okuts.

56The constraint responsible for long vowel lowering could be construed as creating a sonority match: Lower vowels
are more sonorous than higher vowels, and longer vowels are more sonorous than shorter vowels. | will not attempt
to formalize this constraint here.
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height specificationswill be encoded in the phonological representation differently fromthe non-contrastive
third degree of height. For the purpose of assessing UNI FORMR violations, it will be the contrastive
representations which are relevant. One possible formal representation of this distinction is shown in (100):

(100) a [,qU I] b. [gU I]

I
[-hi]

The [+round] domain brackets elements of identical height, thus satisfying UNI FORMR at the level required.

More interesting than the formal articulation of the role of height in the Y okuts harmony system are
the consequences that thisissue has for uniformity as | have characterized it. If UNI FORMRisa
functionally motivated principle which states that a single [+round] autosegment should correspond to a
single rounding gesture, than how can the Y okuts form in (100b) be said to satisfy this constraint?

It ismy view that while constraints are functionally motivated, they also comprise part of an
abstract, formal system. This system may conspire to undo the functional benefits of constraints, even
when those constraints are highly enough ranked so as to be visibly operative. | suggest that the role of
UNI FORMR in Yokutsisjust such asituation.

Onefinal point should be raised in relation to the fact that certain output structures may be

required to satisfy UNI FORMR only at arather abstract level. Stated in derivational terms, two processes
effect vowel height in Y okuts, both of which have the potential to neutralize underlying contrasts. One of
these islowering, by which under certain circumstances the contrast between underlying /u:/ and
underlying /o:/ isneutralized. The other israising, which, if stated asarule, raises/o/ to /u/ when the
subsequent syllable containsthe vowel i. Examples of both lowering and raising in Wikchamni are shown in
(101), where the underlined vowels have undergone either raising or lowering:

(101) Wikchamni Neutrdization

Rasng

a /hutu/ ‘know E hutsu ‘know-AORIST’

b. /t’oyox/ ‘doctor’ E t’gyix-vsi ‘doctor-AORIST’

C. ltovof ‘heed A  w'-iyin ‘headINTENSIVE POSSESSOR'
d. /oot ow/ ‘har At w-iyin ‘har-INTENSIVE POSSESSOR
Lowering

a /hoyo ‘name€  [E hoyorsi ‘Name-AORIST’

b. /&utu ‘uinate€ A ¢'utorsu ‘urnae-AORIST’

Although the underlying contrast between /u/ and /o/ may be neutralized due to the effects of lowering and
raising, note that no ambiguity arises. The form of the suffix will aways reflect the underlying height of the
root vowel. If the suffix vowel agrees with the root vowel in rounding, then the underlying root vowel must
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agree in height with the suffixal vowel, asin ¢'uto:=%u, ‘urinate-AORIST’. If the suffixal vowel and the root
vowel disagree in rounding, then their underlying heights must be distinct, asint'uyix-3i, ‘ doctor-AORIST".
Therefore, the fact that UNI FORMR need only be satisfied at an abstract level may appear to
challenge the claim that constraints are statements of functional principles, given that this constraint has
been characterized as being articulatorally motivated. However, it should not go unnoticed that by requiring

satisfaction of UNI FORMR at the underlying rather than surface level, a separate and useful function is
served - that of aiding in the recoverability of the lexical identity of root morphemes.

7.8 Directionality

Up until this point | have not made explicit my analysis of directionality in rounding harmony. On
the whole, rounding harmony isfound to proceed rightward. Thisisthe general casein Turkic, Mongolian,
Tungusic and Yokuts. | will argue that directionality comes as an automatic consequence of positional
neutralization and that directionality is not encoded in the statement of EXTEND constraints or, indeed,
anywhere.

In Turkic, Mongolian and Tungusic contrastive [+round] isin general limited to initial syllables,
whilein Y okuts, contrastive [£round)] is limited to stem syllables. All of these languages are suffixing, thus
itisstrings of vowelslocated to the right of a syllable specified [+round] which are potential targets of
rounding harmony. The grammatical means by which positional neutralization can be characterizedisin
terms of licensing (Steriade 1995), as given in the constraints shown in (102):

(102 a. [+round] mus be licensed by association to the initid syllable.

b. [+round] must be licensed, in & least one segment, by associaion to the  initid
gyllable

Thelicensing constraint in (102a) dictates that [+round] may be associated only with an initial
syllable. This reflectsthe state of affairsin Bashkir (Steriade 1993), where rounded vowels are found only in
initial syllables and no rounding harmony is observed. Thelicensing constraint in (102b) dictates that
[+round] must be associated with an initial syllable while not ruling out additional associations. This
reflects the state of affairsin the rounding harmony languages discussed in this thesis, where a[+round]
specification is associated with an initial anchor and, subject to the decisions of various constraints,
potentially associated with subsequent syllablesaswell.

In Akan (Clements 1977) contrastive [ATR] values occur only in root morphemes. Unlike the Uralic
and Atalic languages, however, Akan possesses prefixes as well as suffixes. Consequently, [ATR] harmony
in thislanguage is bi-directional, with values spreading from the stem leftward onto prefixes as well as
rightward onto suffixes. Galab (Steriade 1981) is reported to be arounding harmony type 3 language (i.e.,
rounding harmony istriggered by only non-high vowels and targetsonly non-high vowels). In this
language, both prefixes and suffixes are present and both are subject to rounding harmony. Thus, asin
Akan, harmony is bi-directional. 1n languages such as these, the relevant licensing constraint will be stated
asin (103), where F represents the harmonic feature:

(103 [F] must be licensed, in at least one segment, by membership in the stlem.

The basic scenario will thus be that directionality is aby-product of positional neutralization.
Where the harmonic featural contrast is licensed only in aword-peripheral position, harmony will be uni-
directional. Where the harmonic featural contrast islicensed in a position which is potentially (or always)
word-medial, harmony will be bi-directional. Both language types share the neutralization of a particular
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featurein positionsin which it is not readily discernible (Steriade 1993), and both employ the perceptually-
motivated strategy of extending the temporal span of that feature in order to increase the probability that it
will beidentified correctly. Directionality istherefore captured not by means of explicit statementsin the
grammar, but by the interaction between (non-directional) EXTEND constraints and licensing constraints.
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Chapter 8 Other Approachesto Rounding Har mony

In this chapter, | consider arange of rule-based approaches to the typology presented in Chapter 3.
Some of the models discussed here have been proposed specifically to analyze some subset of the rounding
harmony typology. Theseinclude Steriade (1981), Odden (1991) and Vaux (1993). Others, such asthe
generic autosegmental analysis discussed in Chapter 4 and Selkirk’s Mgjor Articulator Theory, are examined
from the perspective of rounding harmony typology for the first time here.

With respect to its ability to characterize the typology in Chapter 3, each model will be shown to
have certain advantages over the others. | will also show, however, that none of these models paints a
coherent picture of the observed range of rounding harmony patterns. Equally seriously, none of these
models attempts in any substantive way to explain the existence of vowel harmony phenomena. That is,
the only apparent motivation for harmony is that these models provide aformal mechanism for the
expression of vowel harmony rules.

8.1 TheMetrical Theory of Vowel Harmony (Steriade 1981)

The metrical theory of vowel harmony presented in Steriade (1981) treatsin detail the issue of
rounding harmony typology and proposes analyses of two important characteristics of the typology. The
first of these isthe fact that rounding harmony in the domain Al (i.e. triggered by a non-high vowel and
targeting ahigh vowel) is far more widely attested than harmony in the domain IA (i.e. triggered by ahigh
vowel and targeting a non-high vowel). Secondly, Steriade proposes aformal analysis of the existence of
thefront-back asymmetry in certain languages whereby harmony is unrestricted among front vowels but is
subject to height-sensitive constraints among back vowels.

Within Steriade’ s metrical theory, which builds on and proposes amendmentsto that of Halle &
Vergnaud (1980), avowel harmony ruleis stated parametrically and refers, among other things, to the
domain of harmony. Harmonic domains are metrical feet headed by the harmonizing feature, and within most
harmony systems, all vowels are projected for foot construction.

The mechanism of harmony involves the percolation of the harmonic feature to all elementswithin
the foot, subject to afilter which dictates that the harmonizing feature must match the specification of the
most deeply embedded segment - the Designated Terminal Element . Suppose that the harmonizing feature
is[+F], and compare the tree structuresin (1):

(@] Sample Harmony Trees

[+F] +F

Harmony will apply to the structurein (a), since the harmonizing feature matches the specification of the
Designated Terminal Element. Thus, the specification [+F] will percolate to all vowels within the foot.
Harmony will not apply to the structurein (b), however, sincein (b) the harmonizing feature (listed at the
root of the tree) does not match the specification of the Designated Terminal Element. In the structurein (b),
therefore, harmony will not be observed.
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Steriade relates the asymmetry between the domains Al and | A to the fact that non-high vowels are
more sonorous than high vowels. She proposes that harmonic foot construction rules may be sensitive to
various prominence dimensions including stress, association to high tone, and sonority (wherelow vowels
are of greater sonority than high vowels). Comparethetreesin (2).

()] Harmony Trees: (A = non-high vowd, | = high vowd)

Inthetreein (a), each element within the harmony foot is of equal sonority. Inthetreein (b), there
isasonority discrepancy, and the more sonorous segment is that which has been assigned to the position
of Designated Terminal Element. In (c) wefind a segment of lesser sonority in the Designated Terminal
Element position. Steriade proposes that where afoot construction rule is quantity -sensitive, it will
construct the treesin (a) and (b), but (c) will instead be footed as shown in (3), where the more sonorous
vowel demarcates the left edge of the harmony foot:

3 Unmarked Quantity-sengtive Footing for Tree (20)

L et us suppose that the harmonic featureis[+round]. If theinitial vowel of each sequence bearsa
specification for [+round] in underlying representations, rounding harmony will apply in the configurations
in (4a) and (4b) but will be blocked in (4c):

()] Rounding Harmony Trees

[+R] [+R] [+R]
a || 1 I b. /?\ I I C. I A A A
|
[+R] [+R] [+R]
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In (a) and (b), the feature [+round] is allowed to percolate to all segments within the harmony foot because
the tree label matches the feature specification of the Designated Terminal Element. In (c), however,
harmony is blocked because the tree label does not match the feature specification of the Designated
Terminal Element. Here, the Designated Terminal Element in fact has no specification for the harmonic
feature.

To summarize, thefact that All isan often attested rounding harmony domain, whereas1AA is
rarely attested, islinked to the sonority dimension: non-high vowels are of greater sonority than high
vowels, and as such they may sometimes be chosen over high vowels to demarcate the edge of a quantity-
sensitive harmony foot.

I would like to suggest two problems with thisanalysis. Thefirst isatechnical matter which relates
to the fact that in some rounding harmony types, namely types 4 and 8, harmony is observed only when the
trigger and target are both [+high].57 Steriade statesthat “...the presence of All domainsinaRH [rounding
harmony] system impliesthat of 111 domains” (p. 37). However, the proposed parameters of foot
construction rules do not predict that where I11 is parsed as a single harmony foot, in some cases All is not.
It would seem, therefore, that the reverse implication is aso true, i.e. that the presence of 111 domainsimplies
the presence of All domains. Thisissueis not addressed explicitly, though Steriade cites |anguages of
types 4 and 8 in her survey of rounding harmony phenomena. Thus, an additional ingredient not available
in Steriade’' s framework is needed. Steriade’ s analysis provides an explanation for why harmony often
applieswithin the Al domain and rarely within the IA domain, but we still do not understand why in some
instances neither domain isharmonic.

The second problem involves the quantity-sensitivity parameter. Tree construction rules may be
either quantity-sensitive or quantity-insensitive. For Steriade's analysis of harmony in Turkic to go
through, the tree construction rules for all backness harmony processes must be quantity -insensitive, and
the tree construction rulesfor all rounding harmony processes must be quantity-sensitive. Within the
proposed model, however, quantity sensitivity is a parameter entirely independent of the parameter which
determines the identity of the harmonic feature. The theory thereforepredicts that we should find four basic
types of Turkic languages:

5 Predicted Vowe Harmony Typology for Turkic

Type | Harmonic Festure = [-back] | Harmonic Feeture = [+round]
A Quantity-sengtive quantity-sengtive

B quantity-insengtive quantity-insengtive

C quantity-sendtive quantity-insengtive

D Quantity-insendtive quantity-sengtive

At least two of these types are entirely absent, however. Type D isthe normal Turkic case, where backness
harmony has as its domain the entire word, whereas rounding harmony domains are height sensitive. Kirgiz-
A, in which both backness harmony and rounding harmony apply across the board, instantiates type B.
However, no instantiations of types A or C are attested. What this boils down to isthe fact that the tree
construction rules for backness harmony are always quantity-insensitive, while tree construction rules for
rounding harmony are frequently quantity-sensitive. Within Steriade’s model, this correlation between
quantity-sensitivity and the identity of the harmonic featureis accidental.

Steriade introduces the term parasitic harmony to refer to the phenomenon found in certain Turkic
languages whereby acrossthe-board rounding harmony is observed in front-vocalic words. The analysis

STThisistrue of type 8 only when the participating vowels are [+back].
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capitalizes on the fact that in these languages, a harmony tree spanning the entire word is made available by
the operation of backness harmony. That sametreeis claimed to be responsible for the percolation of
[+round] in those languages which choose the re-labeling option in (6):

©) Re-labding Option (Steriade, p. 45)

Re-labd atree[a F].

If the re-labeling option is chosen, aroot labeled [-back], such asthat in (7a), may be relabeled [-back,
a round], asin (7b):

) Paragitic Harmony as Root Re-labding (lower casea= 3)

o [-B] b [-B, aR]
/ \ ™~
V V V V V V

The consequences of the re-labeling in (b) will be asfollows. If the Designated Termina Element is
specified [ -back], its [-back] value along with its [+round] value will percolateto all vowelswithin the
harmony foot. If the Designated Terminal Element is specified [+back], however, no percolation will occur,
and the default values [+back] and [-round] will be spelled out for al non-initial vowels.

Under thisanalysis, the Turkic languages which evidence some form of rounding harmony will fall
broadly into two categories: those which exploit the re-labeling option and those which ignore it.
Independently of the re-labeling option, each of these languages will have a parameterized rule to account
for non-parasitic rounding harmony. However, notice that since re-labeling and rounding harmony are
formally represented as being independent of one another, it need not be the case that those languages
which exploit the re-labeling option must have in their grammar a separate rounding harmony rule. That is,
the model predicts that languages should exist in which rounding harmony is observed only when it is
parasitic to backness harmony. No such languages are attested, however. Asshown in Chapter 6, the
optimality theoretic analysis proposed in Chapter 6 correctly does not predict the existence of such a
pattern.

By the same token, the formal mechanisms proposed in the metrical analysis do not provide a
principled account of why rounding harmony parasitic on backness harmony isfairly wide-spread, whereas
backness harmony parasitic on rounding harmony is unattested. That is, we do not find casesin which a
tree such asthat in (8a) isre-labeled to give thetreein (8b):
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€S)] Unattested Root Re-labding

a [+R b [+R, aB]

i C] i
\% Vv \Y V

< @
<

The analysis proposed in Chapter 6 does not characterize “ parasitic’ harmony as such. That is, the
co-existence of rounding harmony and backness harmony in the Turkic languages is not derived formally,
but is explained functionally. In the extremely crowded inventory of Turkic, both backness contrasts and
rounding contrasts are potentially in jeopardy, perceptually. Thus, they are both likely toshow up in high
ranking alignment constraints with the goal of easing the task faced by the listener.

Finally, Steriade’ s analysis of Turkic assumes that backness harmony rulesrefer only to the
specification [-back]. In the absence of such an assumption, the model predicts that reverse front-back
asymmetriesin which rounding harmony parasitic on [+back] should occur. No such casesarefound. This
assumption implicitly relies on the existence of atheory of underspecification by which [-back], but not
[+back], will be available to backness harmony rules. And, according to Steriade (1994), no principled
theory which makes this prediction islikely to be forthcoming.

8.2 Back/Round Constituency (Odden 1991)

As does the metrical theory discussed above, the geometry of vowel features proposed by Odden
(1991) provides amechanism for explaining why in some Turkic languages, acrossthe-board rounding
harmony is observed among front vowels but not among back vowels. In hismodel, the features [back] and
[round] form a constituent independent of the height features. Odden arguesfor a V-Place (Vocaic-Place)
node separate from C-Place (Consonantal-Place) node. V-Place dominates two nodes, a Height node and a
Back-Round node;

)] Odden’ s Geometry (1991, p. 265)

Place
Dorsa
Labid
Corona
Vowel Place
Height Back-Round

/|\
(low) ATR high round back

Odden cites both acoustic and phonological evidence for the constituency of [back] and [round)].
He points out that the primary acoustic correlate of these featuresinvolves the frequency of the second
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formant (F2), whereas the height features are correlated acoustically with the frequency of the first formant
(F1). Inarguing for aBack-Round node, Odden cites the existence of a number of phenomenawhereby the
features[back] and [round] appear to spread together in assimilation rules. The most convincing of theseis
the analysis of Eastern Cheremissin which suffixal ealternateswith 6 and o. The front rounded alternant
occurs when the final vowel of the stem is front rounded, whereas the back rounded alternant occurs when
thefinal vowel of the stem isback rounded. According to Wessels (1992), the same harmonic patternis
found within roots and among short or reduced vowels. Under her analysis, height is non-contrastive
among short vowels. Among long vowels, [£high] contrasts are limited to the initial syllable of aword. On
the basis of this distribution, Eastern Cheremissfallsinto type 1, whereby rounding spreads onto any
eligible vowel regardless of the height or backness of the trigger and target.

Let us consider the extent to which Odden’s geometry is capable of capturing the front-back
asymmetry observed among Turkic rounding harmony patterns. Suppose we assume, as Steriade (1981)
does, that frontness harmony involves spreading the feature [-back], and that [+back] isintroduced later in
the derivation asthe default value. Given thisassumption, two rules are available within Odden’ s geometry:

(100  Two Turkic Backness Harmony Rules. Odden’s Geometry

a V-Place | | b. V-Place L —
Back-Round Back-Round Back-Round
(I+round]) [-back] ([+round]) [-back]

Rule (a) states that the terminal node [-back] spreads rightward from vowel to vowel. Inrule (b), the entire
back-round node spreads rightward from vowel to vowel, just in case it dominates the terminal feature [-
back]. The availability of these two rules predicts two Turkic patterns: oneinwhich rounding harmony is
entirely independent of backness harmony (rule (a)), and one in which rounding harmony is observed
across the board when the vowels involved are [-back] (rule (b)). Thisresult is consistent with the harmony
facts of Turkic outlined above in Chapter 2.

Several criticisms may be made of this approach to backness asymmetriesin Turkic, however. As
with Steriade’ s parasitic harmony analysis, the Odden-style analysis relies crucially on the assumption that
in frontness harmony (at least in Turkic), [-back] is the active feature value. If [+back] were the value which
spreads, we would expect to find reverse asymmetries in which rounding harmony among back vowelsis
unrestricted, whereas among front vowels, rounding harmony is either constrained by trigger or target
conditions or absent entirely. Such reverse asymmetries are not found. Thus, both the metrical analysis
and an analysisinvoking Odden’ s vowel feature geometry can be maintained only if [+back] is unavailable
for spreading in Turkic.

The Odden-style analysis, along with the metrical analysis, both incorrectly predict the existence of
systems in which rounding harmony applies only among front vowels. No such system exists. Thus, while
we find Turkic languages such as Bashkir in which rounded vowels occur only in word-initial syllables and
in which no rounding harmony is observed, all Turkic languages which evidence some form of rounding
harmony do so in some or all back-vocalic contexts.

In addition, both the Odden-style analysis and the metrical analysis may be viewed as flawed in
that in those rounding harmony systems displaying afront-back asymmetry, (at least) two separate
rounding harmony rules must be posited - one for rounding harmony in front-vocalic contexts and one or
more for rounding harmony in back-vocalic contexts.

A final criticism regarding the Odden-style analysis of front-back asymmetriesin Turkic involves
an unattested but predicted pattern. The analysis hinges upon the availability of two frontness harmony
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rules - one which spreads only the terminal feature [-back] and one which spreads the Back-Round node.
Nothing in the theory dictates that one of the terminal features [+back] and [+round] isin any way
subordinate to the other. Therefore, since two backness harmony rules are available and both are exploited,
it must be the case that two rounding harmony rules are also available:

(11)  Two Turkic Rounding Harmony Rules. Odden’s Geometry

a. V-Place | b. V-Place L -
Back-Round Back-Round Back-Round
([-back]) [+r0fmd] ([-back]) [+round]

Despite the availability of these two rounding harmony rules, we find that rule (b) is never exploited. That
is, we never find cases of parasitic harmony in which frontness spreads just in case rounding also spreads.

Incorporated into the metrical theory was an explicit proposal regarding the correlation of rounding
harmony processes with vowel height. Theanalysisisappealingin that it relates vowel height featuresto
sonority and, in turn, relates a given vowel’ s sonority to its ability to demarcate the beginning of ametrical
foot. Thus, theformal analysisisin part phonetically motivated. We saw that this aspect of the analysisis
capable of generating some, though not all, of the desired results. On the other hand, the relationship
between the features[ -back] and [+round] isin no way phonetically motivated: The proposition that a[-
back] tree could be re-labeled {[-back], [around]} is presented purely as aformal mechanism.

By contrast, Odden’ s geometry presents as phonetically motivated the relationship between the
features[back] and [round]. And indeed, aswe saw, Odden’s geometry does provide for the split within
Turkic, whereby in one group of languages rounding harmony functions entirely independently of backness
harmony, whereas in another group the operation of rounding harmony is dependent on the backness class
of the word.

With respect to the rel ationship between rounding harmony and the height dimension, however, it
is clear that within Odden’ s framework the small range of attested patterns, aswell as an enormous range of
logically possible but unattested patterns, can all be represented formally, and the theory is unequipped to
discern among them. Thus, in terms of the interactions between height and rounding harmony, Odden’ s
geometry fares no better than the simple autosegmental analysis discussed in Chapter 4.

A rather different geometry of vowel featuresis proposed in Selkirk (1991). Thisgeometry, along
with aproposal for constraining multiple association, are considered in §8.3. Within Selkirk’s model, the
features representing the roundness and height dimensions bear a more direct relationship to one another
than they do in Odden’smodel. Thus, unlike Odden’s geometry, Selkirk’s model makes certain predictions
regarding the relationship between rounding harmony and the height dimension. In addition, Selkirk’s
model allows for two geometric relations to hold between the features corresponding to [round] and [back] -
onein which the features are sisters and one in which they stand in a dominance relation. In 88.3, the
availability of these two optionsis considered with regard to the front-back asymmetries observed among
Turkic rounding harmony systems.

8.3 Constraintson Multiple Association (Selkirk 1991)

In Selkirk’s Major Articulator Theory of Vowels (1991), aunified set of featuresis used to
characterize both vowels and consonants. The vowel features [£high], [+low], [£back], and [+round] are
replaced with the articul ator labels traditionally employed to represent consonantal place of articulation.
They are divided into two subgroups, namely thecolor features and the sonority features:
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(12  Mgor Articulatorsfor Vowe Place (Sdkirk 1991)

a Cdor: LABIAL (replaces the traditiond festure [+round])
CORONAL (replaces the traditiond festure [-back])

b. Sonority:. PHARYNGEAL (replaces the treditiond fegture [+high)
DORSAL (replaces the traditiond feature [+low])

The position of these two groups of articulators within the feature tree is parameterized such that alanguage
may be color-dependent or sonority-dependent. Furthermore, within a given class, features may either be
sisters of one another, or adominance relation between them may obtain. In (13), some of the available
options for representing a high front rounded vowel [ii] are shown:>8

(13) PossbleVowd Articulaiors Geometries

a Color-dependent b. Color-dependent
(Sdters) (Dominance)
R(ljot Fl\’oot
DOR DOF
/\ |
LAB COR C|:OR
LAE
C. Sonority-dependent d. Sonority-dependent
(Sigers) (Dominance)
Root Root
2N !
LAB COR COR
N |
DOR Il_AE
DOF

58The decision to represent LABIAL dependent on CORONAL, rather than the other way around, will turn out to be
convenient in the discussion below. It should be noted, however, that within Selkirk’s model, either dependence
relation is well-formed, and the choice between one or the other is claimed to be language -specific.
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In (a) and (b), the representations are color-dependent. Thus, the DORSAL articulator reflecting a
sonority value equivalent to the traditional feature [+high] is at the top of the place hierarchy. In (a), the
dependent color features are sisters, LABIAL corresponding to the traditional feature[+round] and
CORONAL to the traditional feature[-back]. The structuresin (c) and (d) are sonority-dependent. Thus,
the color features LABIAL and CORONAL are at the top of the hierarchy, and the dominated sonority
feature DORSAL isat the bottom of the hierarchy. In (c), the color features are sisters, whereasin (d), they
stand in adominance relation, CORONAL dominating LABIAL. A treesimilar to that in (d) - differing only
inthat LABIAL dominates CORONAL -isaso licit within Selkirk’s framework.

To begin, let us consider the manner in which this geometric parameterization handles the front-
back asymmetry observed among Turkic rounding harmony systems. Within Odden’s model, it was
suggested above that two backness harmony rules are available in Turkic- onein which the feature [ -back]
spreads, and one in which the entire back-round node spreads. Adopting for the moment Selkirk’s model,
let us suppose that Turkic languages are al color-dependent, but that in some, the color features are sisters
of one another, while in othersthe color features stand in adominance relation. This means that in some
systems LABIAL and CORONAL will be sisters, whilein others CORONAL will dominate LABIAL. We may
then say that there is a single backness harmony rule which spreads the feature CORONAL from vowel to
vowel. Backness harmony in the two geometric configurations given in (14) will have different
consequences:

(14  The Consequences of Backness Harmony in Two Geometric Configurations

a Sders b. Dominance
R(l)ot R(l)ot Fleoot Il?oot
D/O\R EHAR/DOR I?OR PHAR/DOR
LAB COR COR
|
LAB

When the rule appliesin the configuration in (a) in which LABIAL and CORONAL are sisters, the output is
amultiply linked CORONAL articulator. This characterizes backness harmony without concomitant
rounding harmony. When the rule appliesin (b), however, the output isamultiply linked CORONAL
articulator which dominates the articulator LABIAL. As shown, when backness harmony applies within this
dominance configuration, parasitic rounding harmony is observed. Within this model, then, the difference
between Turkic languages which exhibit afront-back asymmetry and Turkic languages which do not is
explained on the basis of the sisterhood versus dominance parameter 9

Under Selkirk’s proposal, the front-back dimension is represented by the privative feature
CORONAL, with no feature corresponding to the traditional feature [+back]. Consequently, thereis no need
to explain the absence of reverse front-back asymmetries. Since the only feature available for characterizing
backness harmony ist he feature CORONAL, acrossthe-board rounding harmony among back vowels
alongside conditioned rounding harmony among front vowelsis predicted to not occur. That is, since the
traditional feature [+back] has no formal equivalent in Selkirk’s model, the LABIAL articulator can never get
a“freeride” on backness harmony in back vocalic contexts. In order to explain the absence of systemsin

59This analysis resembles that of Mester (1986).
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which backness harmony is parasitic on rounding harmony, we might claim that among the color features,
the only dominance relation available is that in which CORONAL dominates LABIAL:

(15  Unattested Parasitic Backness Harmony

*Root oo
D(BR _ PHAR/DOR

LAIB

COR

This analysis shares one drawback with those of Steriade and Odden, however. In each of these
systems, the asymmetric behavior of rounding harmony among front vs. back vowels cannot be
characterized without positing at least two rounding harmony rules. Assuming that these rules areindeed
separate, we have no way of understanding why one never finds languages in which rounding harmony is
observed exclusively among front vowels.

In the previous section, | pointed out that within Odden’ s geometry, the height features are
represented entirely independently of the feature [round]. From thiswe concluded that the geometry makes
no predictions regarding how rounding harmony and the height dimension will berelated. Within Selkirk’s
geometry, however, the height features (i.e. sonority) and rounding stand in arelation of dominance relative
to one another, and thus may be expected to interact. | will consider here the observation made in Chapter 3
that rounding harmony is often disallowed when its application would yield a sequence of rounded vowels
of distinct heights.

This phenomenon is apparently one which Selkirk would ascribe to the Multiple Linking
Constraint:

“... it is proposed that the multiple linking of a feature in phonological representation is
constrained by the identity of the elements which dominate the multiply linked feature in
the representation, and moreover that the constraints on adjacency in wellformed multiple
linkings are afunction of these identity restrictions.” (p. 39)

Under Selkirk’ s theory, identity may be computed in one of two ways, both of which refer to the heads to
which agiven featureis multiply-linked. The heads may be subject to strict identity, or they may be subject
to classidentity. That is, for agiven rule one of two clauses of the Multiple Linking Constraint will be
operative, clause (i) or clause (ii):

193



194

(16  Sdkirk's Multiple Linking Condrant (pargphrasd)

A multiply-linked feature must be dominated by

(i) Identica heeds
(i) Heads bdonging to the same class

Let us consider rounding harmony types 2 and 4 which differ minimally. In both types only high
vowels aretargets. Intype 2, however, the trigger and target may disagree in height, whereasin type 4, the
trigger and target must agree in height. In (a), we see the representation of a harmonic u-u sequence. In (b),
a harmonic o-u sequenceis represented. For both, | have assumed a col or-dependent geometry in which
articulators within a class are related by dominance:

(17  u-uand u-o asthe Output of Rounding Harmony

a u u b. 0 u
I’TOt F(TOt root I’?Ot
DOR _ DOR OR DOR
~ | _~
. PHAR —
LAB LAB

If clause (i) of the Multiple Linking Constraint isinvoked, only the representationin (a), in which
the heads are identical, will be allowed to surface. Thisisdueto thefact that in the representation of u-u,
the multiply linked instance of LABIAL isassociated with identical heads (both DORSAL). Inthe
representation of o-u, by contrast, the heads are not identical (PHARYNGEAL vs. DORSAL), and clause (i)
of the Multiple Linking Constraint isviolated. If the Multiple Linking Constraint’s more lenient clause (ii) is
invoked, then both representations will belicit, since in both cases the multiply linked feature is associated
with heads belonging to the same class, hamely the class of sonority features. Thus, under aMultiple
Linking Constraint analysis, the difference between types 2 and 4 need not be reflected in the structural
descriptions of the rounding harmony rules. Rather, the difference may be characterized as a function of
which clause of the Multiple Linking Constraint isimposed on therule: For type 2, clause (ii) isimposed,
whereas for type 4, clause (i) isimposed.

Notice, however, that we need not appeal to the availability of two distinct Multiple Linking
Constraint clauses to explain the difference between types 2 and 4. Instead, the constraints on trigger and
target height could just aswell be written directly into the structural description of therule;
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(18  Didinct Rulesfor Types2& 4

Type2 Type4
root root rqot root

| T 7
(DOR) DOR DOR DOR

/ /
(P|HAR), g d
/

LAB LAB

Both rules specifically target [+high] (DORSAL) vowels. In addition, thetype 4 ruleistriggered
only by [+high] (DORSAL) vowels. Thus, while the Multiple Linking Constraint would appear to be on the
right track for expressing the existence of minimal pairs such astypes2 and 4, it is not clear that the
constraint in fact has any roleto play at all, given the available geometry and assumptions about the
information content that may be present in phonological rules.

Consider now type 5 in which rounding harmony applies when the trigger and target agree in
height, or when the target is high. To capture this system, we need two rules, one sensitive to clause (i) of
the Multiple Linking Constraint, and the other sensitive to clause (ii):

(19 Rulesfor Type5
a rﬂot r?ot b r(rot root
([|PHAR]) ([FHAR]) s ([PHAR])
([E?l?j)/ ([DORI) ([D?R/])/ DOF
LAB LAB
MLC clause (i) MLC clause (ii)

Inrule(a), LABIAL spreads from vowel to vowel provided that the output conformsto clause (i) of the
Multiple Linking Constraint. This gives us harmony where the trigger and target agree in height. Inrule (b),
rounding harmony targets only high vowels, and the output need only satisfy clause (ii) of the Multiple
Linking Constraint. Notice that this analysis suffers from the same problem faced by Steriade’ s and
Odden’ s analyses and by the simple autosegmental analysisfrom section 4.1: Multiple rules are required to
characterize what we would like to view as a unified phenomenon. Here, for instance, we find that high
vowel s undergo contextual rounding regardless of the height of the triggering vowel. Y et we are forced to
say that the rule responsible for contextual rounding of high vowels when the triggering vowelsis also high
is not the same rule as that which givesrise to contextual rounding of high vowelswhen the triggering
vowels are non-high.

To summarize, we have examined two aspects of Selkirk’s Major Articulator model in light of the
typology of rounding harmony. Thefirst of these involved the relation between the sonority features and
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the color features, and the claim that within a class, features may either be in a dominance relation with one
another, or they may be sisters. We saw that if we assume the Turkic languages are col or-dependent and
that within the color class CORONAL universally dominates LABIAL (unless CORONAL and LABIAL are
sisters), we derive the two categories observed within Turkic: those languages in which rounding harmony
applies across the board in front-vocalic words but only conditionally in back-vocalic words, versus those
languages in which no front-back asymmetry obtains within the rounding harmony system. Two
assumptions are crucial to thisanalysis. Thefirst involves class dependency. Selkirk claims that the choice
between col or-dependency and sonority-dependency is made on alanguage-by-language basis; thus, we
expect to find sonority-dependent Turkic-type languages in which backness and/or rounding harmony give
rise to concomitant height harmony. Such systems are unattested, however.

Similarly, we assumed that when the color features stand in a dominance relation, CORONAL
universally dominates LABIAL. By making this assumption we ruled out the possibility of Turkic-type
systems in which backness harmony is observed only parasitic on rounding harmony. It isimportant to
note, however, that nothing in the theory dictates that in some languages LABIAL does not dominate
CORONAL. For instance, Selkirk argues that whilein Kimatuumbi DORSAL dominates PHARYNGEAL, in
Ngbakathe reverse dominance relation must be posited, that is PHARY NGEAL must dominate DORSAL.
Thus, the claim among the color features, LABIAL may never dominate CORONAL, is purely a stipulation.

Second, we considered the Multiple Linking Constraint as aformal device for understanding the
fact that in many instances rounding harmony is avoided when the trigger and target are of distinct heights.
Two problems were noted. Thefirst involved redundancy in the system. We saw that minimal differences
in rules could be captured either by imposing different Multiple Linking Constraint clauses on the same rule
or by incorporating the difference directly into the structural descriptions of therules. More seriously, we
saw that for some systems, multiple rules were required to represent what is arguably a single phenomenon.
This problem is shared by all rule-based analyses.

8.4 Markedness (Vaux 1993, Calabrese 1993)

In apaper by Vaux (1993), asubset of rounding harmony phenomena are analyzed within the
markedness theory proposed in Calabrese (1993). In his paper, Vaux treats rounding harmony which targets
non-high vowels, which he labelslabial attraction, as a phenomenon distinct from rounding harmony
which targets high vowels, which he termslabial harmony.50 Vaux analyzes only labial attraction. The
decision to separate these phenomena appears to be motivated by facts from the history of Altaic: While
labial harmony is reconstructable for Proto-Turkic (Menges 1947), labial attraction emerged only later and
only in certain geographical areas. In thissection | will briefly present Vaux’s analysis of the typology of
labial attraction, then consider whether this analysis may be successfully extended to the typology of |abial
harmony.

In analyzing the typology of Labial Attraction, Vaux advances the following claim:

“...certain features within certain feature configurations are marked or complex, and
phonological rules can be sensitive only to these marked features, and not to unmarked
features.” (p. 234)

The prediction then is that the feature [+round] will spread onto a neighboring non-high vowel when its
occurrence in the trigger configuration is marked. Uncontroversialy, Vaux assumes that [+round] is marked
inthe configurations{___, [+low]} and{___, [-back]}.

Labial attraction by definition always targets norrhigh vowels. However, the set of triggering
vowels differs from language to language. Vaux’stypology, modified slightly so asto avoid confusion with
the typology presented in Chapter 3, isgivenin (20).

60vaux’s use of the terms labial harmony and labial attraction follows the traditional useage found in literature on
Turkic linguistics (e.g., Menges 1968).
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(200 Vaux'sTypology of Labid Attraction

Type Triggers Languages

A o,6,u,U Kirgiz-A

B 0,0,U Kirgiz-B, Alta

C 0,0 Y akuts1

D 0, U Karakadpak, Chulym Taar, Kyzyl Khekass

In all of these languages, rounding is contrastive among both front and back vowels. Thus, in al of
these languages, U and 6 are predicted to trigger labial attraction, since they are specified with a marked
occurrence of [+round], {___, [-back]}.

Vaux points out, however, that these languages differ along the height dimension. IntypesA-C,
there are arguably only two phonological degrees of height, which Vaux assumes are represented with the
features [+high] and [+low]. Intype D languages, with the exception of Kyzyl Khakass, the front unrounded
vowelsdisplay athreeway height contrast {i-e-d}. The three heights are thus represented phonologically
as[+high], [-high, -low] and [+low]. Therefore, within the markedness theory, o in types A -C will also be
expected to trigger labial attraction, sinceit is specified with amarked occurrence of [+round], {___ [+low]}.
In type D, however, [+low] must be reserved to represent the vowel &, while the height features for the
vowelso and 6 are {[-high], [-low]}. Thus, for type D languages (with the exception of Kyzyl Khakass), o
will not be expected to trigger |abial attraction since its [+round] specification does not occur in amarked
configuration. The vowel o in type D languagesisrepresented as {[+round], [-high], [-low]}.

Three problems with this analysis present themselves immediately. Thefirst of theseinvolves
Kyzyl Khakassin which we expect the vowel o to trigger labial attraction. Thislanguage, like the languages
of types A-C, has only atwo-way height contrast. Thus, given Vaux’s analysis of types A -C, the Kyzyl
Khakass vowels o and 6 should be specified as[+low], giving rise to amarked occurrence of [+round].
Although Vaux does consider Kyzyl Khakassin histypology, he does not explain why in thislanguage the
vowel o failsto trigger labial attraction.

Secondly, no explanation on the basis of markedness can be forwarded to explain why in Y akut
(type C), the high vowel (i does not trigger labial attraction, sinceit is specified with a marked occurrence of
[+round], {___,[-back]}. Vaux suggeststhat a parasitic harmony analysis may be necessary to account for
type C and cites Steriade (1981). He does not discuss whether his markedness analysis and Steriade’'s
metrical analysis are to any extent mutually compatible, however.

Finaly, thefactthat the vowel u triggerslabial attraction in type A is unexplained under a
markedness account. Vaux suggeststhat in Kirgiz-A, labial attraction has become “generalized.” Clearly,
the possibility of this sort of generalization runs contrary to the essential claim advanced by Vaux, namely
that phonological rules can be sensitive only to marked feature values. Calabrese (1993) suggeststhat in
type A, therule of labial attraction is sensitive to contrastive feature specification, whereasin types B-D the
ruleis sensitive only to marked feature specifications.

This move constitutes a substantial weakening of the theory advocated by Vaux. | makeasimilar
move in the discussion of Yawelmani rounding harmony triggered by u (Chapter 7). | claim that while
EXTEND constraints typically refer to contrastive feature specifications, they do under some circumstances
refer to non-contrastive feature specifications. My claim isthat dueto historical shiftswithin the segment
inventory, it is possible for an EXTEND constraint to refer to afeature which is no longer contrastive. Inthe
Vaux-Calabrese model, under normal circumstances assimilation rules are claimed to spread only marked

61Additionally, Vaux cites diaects of Eastern Mongolian in which only non-high vowels trigger labid attraction
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feature values. In some exceptional casescontrastive features values may spread (the implication being that
unmarked non-contrastive feature values will never be spread in assimilation rules). These two positions of
course make different predictions since markedness and contrastiveness are by no means the same thing.
With respect to what Vaux terms “labial harmony” (targeting high vowels), itis clear that contrastiveness
and not markednessiis the relevant property of featuresinvolved in rounding harmony.

We consider now how Vaux’s account of the typology of labial attraction can be extended to the
domain of labial harmony, i.e. to rounding assimilation which targets high vowels. With the exception of
type 3, al of the rounding harmony types discussed in Chapter 3 exhibit harmony when the potential trigger
and target are both high vowels. Thus, the sequencesiCU and uCu are found as the output of rounding
harmony in nearly al of the attested systems. Within the markedness framework proposed by Vaux &
Calabrese, we are not surprised to find GCU sequences as the output of harmony: The vowel Uis specified
with amarked occurrence of the feature [+round]. The sequence uCu is not expected within the markedness
account, however, since the feature [+round] is clearly unmarked in the configuration ~ {___, [+high],
[+back]}. Therefore, we areforced to conclude that whilelabial attraction is often (though not always)
subject to Vaux’s markedness constraint on triggers, labial harmony isvirtually never subject to this
constraint. The markedness constraint on triggers must thus be viewed as a property of labial attraction
systems, not as aproperty of assimilation rulesin general.

Finaly, | will return to the criticism which has by now become quite familiar. If it iscorrect to view
vowel-to-vowel assimilation involving propagation of the feature [+round] as a unified phenomenon, all
rule-based approaches will require that rounding harmony in certain languages be represented by means of
multiplerules. Vaux explicitly rejects the proposition that labial attraction and labial harmony constitute a
unified phenomenon. Whether or not his position on this matter isjustified, and | am obviously of the
opinion that it isnot, | presume that VVaux would view contextual rounding of high vowels (i.e. 1abial
harmony) as a unified phenomenon. We saw above that the markedness theory in no way accounts for the
typology of labial harmony and thus leaves a substantial portion of the typology presented in Chapter 3
unanalyzed.

And in fact, none of the rule-based approaches discussed here accounts for the observed
typological facts. The optimality-theoretic analysis proposed earlier in thisthesis, by contrast, constitutes
an explicit formal system based on the interaction of substantive phonetic principles. Its successvis-a-vis
theobserved facts suggests that substantive approaches to phonology such asthat presented here are
worth pursuing further.
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Appendix

All 120 constraint hierarchies containing the five proposed constraints are listed here, followed by the
rounding harmony pattern which each one characterizes. The three unattested patterns are designated UA
1-3:

. EXT[ RD] >EXT[ RD] | F[ - BK] >* ROLO>UNI [ RD] >EXT[ RD] | F[- HI ] type
. EXT[ RD] >EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] | F[ - HI ] >UNI [ RD] type
. EXT[ RD] >EXT[ RD] | F[ - BK] >UNI [ RD] >* ROLO>EXT[ RD] | F[- HI ] type
. EXT[ RD] >EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] | F[- HI | >*ROLO t ype
. EXT[ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[- HI ] >* ROLG>UNI [ RD] type
. EXT[ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[- HI ] >UNI [ RD] >* ROLO t ype
. EXT[ RD] >* ROLO>EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] | F[- HI ] type
. EXT[ RD] >* ROLG>EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - H ] >UNI [RD] type
. EXT[ RD] >* ROLO>UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[- HI ] type
. EXT[ RD] >* ROLO>UNI [ RD] >EXT[ RD] | F[- HI ] >EXT[ RD] | F[-BK] type 1
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. EXT[ RD] >* ROLO>EXT[ RD] | F[- HI | >EXT[ RD] | F[ - BK] >UNI [RD] type 1
. EXT[ RD] >* ROLO>EXT[ RD] | F[- HI ] >UNI [ RD] >EXT[ RD] | F[-BK] type 1
. EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] | F[-HI ] type
. EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ] >*ROLO t ype
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. EXT[ RD] >UNI [ RD] >* ROLO>EXT[ RD] | F[- BK] >EXT[RD] | F[-HI ] type
. EXT[ RD] >UNI [ RD] >* ROLO>EXT[ RD] | F[- HI ] >EXT[ RD] | F[ - BK] type
. EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - HI | >EXT[ RD] | F[ - BK] >* ROLO t ype
. EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - HI ] >* ROLO>EXT[ RD] | F[ - BK] type
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. EXT[ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >* ROLO>UNI [ RD] type
. EXT[ RD] >EXT[ RD] | F[ - H ] >EXT[ RD] | F[ - BK] >UNI [ RD] >* ROLO t ype
. EXT[ RD] >EXT[ RD] | F[ - HI ] >* ROLO>EXT[ RD] | F[ - BK] >UNI [ RD] type
. EXT[ RD] >EXT[ RD] | F[ - HI ] >* ROLO>UNI [ RD] >EXT[ RD] | F[ - BK] type

N N N DN
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. EXT[ RD] >EXT[ RD] | F[ - HI ] >UNI [ RD] >EXT[ RD] | F[ - BK] >* ROLO t ype
. EXT[ RD] >EXT[ RD] | F[ - HI ] >UNI [ RD] >* ROLO>EXT[ RD] | F[ - BK] type
. EXT[ RD] | F[ - BK] >EXT[ RD] >* ROLG>UNI [ RD] >EXT[ RD] | F[-HI ] type
. EXT[ RD] | F[ - BK] >EXT[ RD] >* ROLO>EXT[ RD] | F[ - HI ] >UNI [RD] type
. EXT[ RD] | F[ - BK] >EXT[ RD] >UNI [ RD] >* ROLO>EXT[ RD] | F[-HI ] type
. EXT[ RD] | F[ - BK] >EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - HI ] >*ROLO t ype
. EXT[ RD] | F[ - BK] >EXT[ RD] >EXT[ RD] | F[ - HI ] >* ROLG>UNI [ RD] type
. EXT[ RD] | F[ - BK] >EXT[ RD] >EXT[ RD] | F[ - HI ] >UNI [ RD] >* ROLO t ype
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. EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] >UNI [ RD] >EXT[ RD] | F[-HI | type
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32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] >EXT[ RD] | F[ - HI ] >UNI [ RD]
EXT[ RD] | F[ - BK] >* ROLG>UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - HI ]
EXT[ RD] | F[ - BK] >* ROLO>UNI [ RD] >EXT[ RD] | F[ - HI | >EXT[ RD]
EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] | F[ - HI ] >EXT[ RD] >UNI [ RD]
EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] | F[ - HI ] >UNI [ RD] >EXT[ RD]
EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] >* ROLO>EXT[ RD] | F[ - HI ]

type
type
type
type
type
UA 3

EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - HI ] >*ROLO UA 3

EXT[ RD] | F[ - BK] >UNI [ RD] >* ROLO>EXT[ RD] >EXT[ RD] | F[ - HI ]
EXT[ RD] | F[ - BK] >UNI [ RD] >* ROLG>EXT[ RD] | F[ - HI | >EXT[ RD]

type
type

EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] >* ROLO UA 3

EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] | F[ - HI | >* ROLO>EXT[ RD]
EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI | >EXT[ RD] >* ROLO>UNI [ RD]

UA 3
type

EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ] >EXT[ RD] >UNI [ RD] >* ROLO t ype

EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI | >* ROLO>EXT[ RD] >UNI [ RD]
EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI | >* ROLO>UNI [ RD] >EXT[ RD]

type
type

EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ] >UNI [ RD] >EXT[ RD] >* ROLO t ype

EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI | >UNI [ RD] >* ROLO>EXT[ RD]
* ROLO>EXT[ RD] >EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] | F[ - HI ]
* ROLO>EXT[ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ] >UNI [ RD]
* ROLO>EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ]
* ROLO>EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK]
* ROLO>EXT[ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >UNI [ RD]
* ROLO>EXT[ RD] >EXT[ RD] | F[ - HI ] >UNI [ RD] >EXT[ RD] | F - BK]
* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - HI ]
* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] >EXT[ RD] | F[ - HI ] >UNI [ RD]
* ROLO>EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - HI ]
* ROLO>EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD]
* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI | >EXT[ RD] >UNI [ RD]
* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ] >UNI [ RD] >EXT[ RD]
* ROLO>UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ]
* ROLO>UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK]
* ROLO>UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] >EXT[ RD] | F[ - HI ]
* ROLO>UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ] >EXT[ RD]
* ROLO>UNI [ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] >EXT[ RD] | F[ - BK]
* ROLO>UNI [ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >EXT[ RD]
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67. * ROLO>EXT[ RD] | F[ - H ] >EXT[ RD] >EXT[ RD] | F[ - BK] >UNI [ RD] type
68. * ROLO>EXT[ RD] | F[ - HI ] >EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - BK] type
69. * ROLO>EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >EXT[ RD] >UNI [ RD] type
70. * ROLO>EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] type
71. * ROLO>EXT[ RD] | F[- HI ] >UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ -BK] type
72. * ROLO>EXT[ RD] | F[- HI ] >UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] type
73. UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] | F[-HI ] type
74. UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ] >*ROLO t ype
75. UNI [ RD] >EXT[ RD] >* ROLO>EXT[ RD] | F[ - BK] >EXT[RD] | F[-HI ] type
76. UNI [ RD] >EXT[ RD] >* ROLG>EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ -BK] type
77. UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >*ROLO t ype
78. UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - HI ] >* ROLO>EXT[ RD] | F[ - BK] type
79. UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] >* ROLO>EXT[ RD] | F[-HI ] type
80. UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] >EXT[ RD] | F[ - HI ] >*ROLO t ype
81. UNI [ RD] >EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] >EXT[ RD] | F[ -HI ] UA 2
82. UNI [ RD] >EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] | F[ - HI | >EXT[ RD] UA 2
83. UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - Hl ] >EXT[ RD] >*ROLO t ype
84. UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - H ] >* ROLO>EXT[ RD] type
85. UNI [ RD] >* ROLO>EXT[ RD] >EXT[ RD] | F[- BK] >EXT[RD] | F[-HI ] type
86. UNI [ RD] >* ROLO>EXT[ RD] >EXT[ RD] | F[- HI ] >EXT[ RD] | F[ -BK] type
87. UNI [ RD] >* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] >EXT[ RD] | F[-HI ] type
88. UNI [ RD] >* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] | F[ - HI ] >EXT[ RD] type
89. UNI [ RD] >* ROLO>EXT[ RD] | F[ - HI ] >EXT[ RD] >EXT[ RD] | F[ - BK] type
90. UNI [ RD] >* ROLO>EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >EXT[ RD] type
91. UNI [ RD] >EXT[ RD] | F[ - HI | >EXT[ RD] >EXT[ RD] | F[ - BK] >*ROLO t ype
92. UNI [ RD] >EXT[ RD] | F[ - HI | >EXT[ RD] >* ROLG>EXT[ RD] | F[ -BK] type
93. UNI [ RD] >EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >EXT[ RD] >* ROLO t ype
94. UNI [ RD] >EXT[ RD] | F[ - HI | >EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] type
95. UNI [ RD] >EXT[ RD] | F[ - HI | >* ROLO>EXT[ RD] >EXT[ RD] | F[ - BK] type
96. UNI [ RD] >EXT[ RD] | F[ - HI | >* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] type
97. EXT[ RD] | F[ - HI ] >EXT[ RD] >EXT[ RD] | F[ - BK] >* ROLO>UNI [ RD] type
98. EXT[ RD] | F[ - HI ] >EXT[ RD] >EXT[ RD] | F[ - BK] >UNI [ RD] >* ROLO t ype
99. EXT[ RD] | F[ - HI ] >EXT[ RD] >* ROLO>EXT[ RD] | F[ - BK] >UNI [ RD] type
100. EXT[ RD] | F[ - HI ] >EXT[ RD] >* ROLO>UNI [ RD] >EXT[ RD] | F[- BK] type 1
101. EXT[ RD] | F[ - HI ] >EXT[ RD] >UNI [ RD] >EXT[ RD] | F[ - BK] >* ROLO type 1
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102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.

EXT[ RD] | F[ - HI | >EXT[ RD] >UNI [ RD] >* ROLO>EXT[ RD] | F[- BK] type
EXT[ RD] | F[ - HI ] >EXT[ RD] | F[ - BK] >EXT[ RD] >* ROLO>UNI [ RD] type
EXT[ RD] | F[ - HI | >EXT[ RD] | F[ - BK] >EXT[ RD] >UNI [ RD] >* ROLO t ype
EXT[ RD] | F[ - HI | >EXT[ RD] | F[ - BK] >* ROLO>EXT[ RD] >UNI [ RD] type
EXT[ RD] | F[ - HI | >EXT[ RD] | F[ - BK] >* ROLO>UNI [ RD] >EXT[ RD] type
EXT[ RD] | F[ - HI | >EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] >* ROLO t ype
EXT[ RD] | F[ - HI | >EXT[ RD] | F[ - BK] >UNI [ RD] >* ROLG>EXT[ RD] type
EXT[ RD] | F[ - HI | >* ROLO>EXT[ RD] >EXT[ RD] | F[- BK] >UNI [ RD] type
EXT[ RD] | F[ - HI | >* ROLO>EXT[ RD] >UNI [ RD] >EXT[ RD] | F[- BK] type
EXT[ RD] | F[ - HI ] >* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] >UNI [ RD] type
EXT[ RD] | F[ - HI | >* ROLO>EXT[ RD] | F[ - BK] >UNI [ RD] >EXT[ RD] type
EXT[ RD] | F[ - HI | >* ROLO>UNI [ RD] >EXT[ RD] >EXT[ RD] | F[- BK] type
EXT[ RD] | F[ - HI | >* ROLO>UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] type
EXT[ RD] | F[ - HI | >UNI [ RD] >EXT[ RD] >EXT[ RD] | F[ - BK] >*ROLO t ype
EXT[ RD] | F[ - HI ] >UNI [ RD] >EXT[ RD] >* ROLO>EXT[ RD] | F[- BK] type
EXT[ RD] | F[ - HI ] >UNI [ RD] >EXT[ RD] | F[ - BK] >EXT[ RD] >* ROLO t ype
EXT[ RD] | F[ - HI ] >UNI [ RD] >EXT[ RD] | F[ - BK] >* ROLG>EXT[ RD] type
EXT[ RD] | F[ - HI ] >UNI [ RD] >* ROLO>EXT[ RD] >EXT[ RD] | F[- BK] type
EXT[ RD] | F[ - HI ] >UNI [ RD] >* ROLO>EXT[ RD] | F[ - BK] >EXT[ RD] type
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