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We proposean OT-theoretictypology of vowel harmonysystemsbasedon a comparativestudy of
front/backharmony Harmonyprocessesre governedby a generalconstraintthat imposesfeature
agreemenbn neighboringsegments.Disharmonic(“neutral”) segmentsarisewhenthis constraintis
dominatedby markednessonstraintsand/orby faithfulnessconstraintgdhat governsegmentnvento-
ries. Theseconstraininteractiongdeterminevhetherdisharmonicsegmentareopaqueor transparent,
andfix the cross-linguisticallydiversebehaviorof the latter We makecrucial use of two modesof
local constraintonjunctionwhich arealreadyimplicit in thecurrenttheory Our proposalestrictsthis
theoryby eliminatingthe possibility of freely stipulatingthe domainof local conjunction.

1 Harmony

1.1 Balto-Finnic vowelharmony

The scopeof a harmonyprocessin a languageis determinedby its phonologicalinventoryin

two respects. First, harmonyspreadsa featureto the fullest extentthat the inventory allows:
morphologicalrestrictionsaside, all lexically contrastivevowels participatein vowel harmony
unlesssomeconstrainton the distribution of the harmonicfeaturepreventsit. Secondly only
lexically contrastivevowelsparticipatan vowelharmonyor, to putit anothemay, lexicalharmony
is typically structure-preservingn thesensehatit introducesno newvowel types?

Forexamplethefactthati ande donotbecometi and*d (backi andbacke) in backharmony
contextsin Finnishis connectedvith the factthat*i and*® arenot phonemian thelanguageas
we cantell independentlyrom thefactthattheydo notoccurin initial syllableswhichdisplaythe
languages full setof vowel contrasts.Votic andSouthEstoniancloselyrelatedlanguagesvhich
do havee~0 harmonyhavephonemidd/, whichis distinctivein initial syllables.

Thesawo generalizationfoldfor all front/backharmonysystemshatwe know of. All Balto-
Finniclanguagesat least,obeyin principle the samefront/backharmonyconstraint.Their actual
harmonypatternsvary quite widely, accordingto how they interactwith otherconstraints.Wiik
1988 documentssevenvowel systemsan Estoniandialects,and harmonyoperatego the fullest

1This researctwassupportedn partby an NSF Twinning Grantto the authors.Our thanksgo to Luc Baronian,
EdwardFlemming,and PaulKroeger,for patientlyandinsightfully discussinghis materialwith usin our Stanford
phonologyseminaiin 2000.We arealsoindebtedo Bert Vaux,andespeciallyto anastuteandmeticulousanonymous
reviewerfor raisingquestionsandmakingsuggestionsvhich havehelpedusimprovethefinal version.

2This secondgeneralizatiorhasapparenexceptions.Someareclearly dueto an overlayof postlexicalharmony
(Kiparsky 1985)or to local assimilationprocesseskor examplejn EasterrKhanty*i and*® arenot phonemicand
donotundergovowelharmonybuttheyariseasallophone®f /i/ and/e/ by localassimilationin certainbackcontexts.
Whetherall apparenexceptiongo thegeneralizatiortanbe explainedawayremaingo be seenof course.



extentin each.All sevenof thesevowel systemsarealsoinstantiatecdutsideof Estonianin other
Balto-Finniclanguagesandin all of themtooharmonyoperateso thefullestextent. Thefollowing
tablesummarizeshedata.

(1) Balto-Finnic Estonian Initial syllables Non-initialsyll. Harmonicalternations
EastVotic N.Seto uoaudaiedi uoauodaied u~U,o~0,a~a,e~0d

Votic dial. S.Seto uoauodaiedi uoalaied u~U,a~a, e~0
Finnish N.E. uoaloaie uoaloaie u~i, o~0, a~a
West\Votic N.Tarto uoaluodaiedi uoaaied a~a, e~0
EnarveVeps S.W. uoauoaied wuailaie u~u, a~a
Vepsdial. Western uoalodoaied uaaie a~a

Livonian Northern uoauovaied wuaie -

At oneextreme Easternvotic andthe NorthernSetodialectof Estonianhavethe four harmonic
pairs/a~a, 0~e, 0~0, u~u/ plusunpaired/i/ (Kiparsky andPajusaluMS). At the otherextreme
are Livonian and NorthernEstonian,with their restrictedinventory of non-initial vowels, which
permitsno harmonywhatever Wiik pointsout for Estoniandialects,andthe otherBalto-Finnic
languagegonfirm,thefollowing partial hierarchyof intermediatenventories:a > 0/6 > 0. Any
dialectthathasvowel harmonyat all hasat leasta~& harmony;in additionpossiblyu~u and/or
e~0 harmony;andif oneof these thenpossiblyo~6 harmony Wiik alsoobserveshattheseim-
plicationalrelationshipgeflectgeneraimarkednesasymmetriesFor example the generalization
that everyfront/backharmonysystemhasat leasta:a harmonyreflectsthe fact that frontnessis
morecompatiblewith lownesgshanwith rounding,sothatais lessmarkedthano, U.

Takentogetherthesetwo generalizationsuggesthata harmonysystemcanbe understoocs
aresolutionof theconflictingclaimsof avery generaprocessvhich spreads feature andspecific
constraintsvhich neutralizethatfeature. The vowel inventory andthe extentof vowel harmony
aredeterminedy theinterrankingof neutralizatiorconstraintsvith antagonistidaithfulnesscon-
straints.

1.2 Neutral vowels

By definition, vowels (or more generally segmentsjare NEUTRAL if they do not undergohar-
mony. A vowel fails to undergoharmonywhenits harmoniccounterparis prohibited,eitherin
theinventoryof phonemegcontext-freeneutralizationpr by adistributionalrestriction(positional
neutralization)e.g.theabsenc®f non-initialt in Southeaster&stonian.

Althoughthebasicaccounbf disharmonys quitesimple, thebehaviorf neutralvowelsshows
someinterestingcomplicationsandtheseform the maintopic of ourinvestigation Neutralvowels
differ in howtheycombinewith harmonicvowels. Thefundamentatlivisionamongneutralvowels
is betweeroPAQUEvowelsandTRANSPARENT vowels.Opaquesowelsaredefinedasthosewhich
interruptharmonyandinitiate a new harmonicdomain,and transparentowels are thosewhich
are“skipped” by harmony? From a theoreticalpoint of view, opaquevowelsdo not seemvery
problematicfor two reasonsin thefirst place,their behavioris quite uniform, andsecondlythis

3Harmonictransparencynd opacity in this senseshould be distinguishedfrom derivationaltransparencyand
opacity arising from feeding/bleedingand non-feeding/non-bleedinigteractionsbetweenconstraintsrespectively
(aswell asfrom othercauses)Confusingly harmonidransparencgreategslerivationalbpacity andharmonicopacity
createglerivationatransparencyaswe shallseedirectly below



behaviorfollows a patternof minimizing harmonyviolationswhich canbe readily characterized
by almostany OT-basedapproach.

The very existenceof transparenneutral vowels, on the other hand, immediatelyraisesa
theoreticalpuzzle: why shouldthe doubly disharmonic...a...i...a... everbe preferableto
..a...1...4..., which hasjust one disharmonictransition? The term “transparent’reflectsthe
powerful intuition, which hasguidedmany an analysisin differentways, that the effect of har-
mony somehoweachesacross”this kind of neutralvowel. But how cansuchapparentaction
at a distance”be reconciledwith the principle of locality on which so manyfundamentatesults
in phonologydepend?This hasbeenoneof the centralissuesaboutvowel harmonyfrom the be-
ginning,andhasbecomamoreurgentstill with theadventof OT (Bakovic2000,Ni Chiosain and
Padget2001).

The division of neutralvowelsinto opaqueand transparentowels, on the basisof whether
they trigger harmonyor not, only beginsto scratchthe surface. The harmonicpermeabilityof
neutralvowelsis manifestedn remarkablydiverseways. Thereare at leastas many kinds of
neutralityin phonologyasthereare in internationalrelations. The boundarybetweenthem s
complex,and variouskinds of mixed behavioroccur Somevowels are neutralstem-internally
but trigger harmonyin morphologicallyderivedenvironmentspthersdo not. More subtly, some
actually prefer disharmoniccombinationspthersprefer harmoniccombinationsand which way
the preferencegoescanitself dependon whetherthe environmenis derivedor not. Moreover,if
thereareseverakransparenvowels,theymaydivergein respecto theseproperties.

All this variationis neitherrandomnor simply a gradientmatterof “degreeof transparency”.
We will presentevidencefor strict generalizationshoth absoluteandimplicational,and propose
explanationgor them. One of the centralresultsof OT phonologyis that many categoriegpre-
viously positedas primitive emergefrom the interactionof independentlymotivatedconstraints.
The best-knownexampleis the foot inventory previouslypostulatedn the theory of stressand
prosodicmorphology which hasbeenarguedto be derivablefrom constraintson prosodicform
(seeKager1999,Ch. 4 for a clearexposition). Similarly, we think that the complexpatternsof
disharmonyfollow from the samekind of interplay of faithfulnessconstraintswvith context-free
andcontext-sensitivenarkednessonstraintghatgovernsharmonyitself.

2 Disharmony

2.1 Thetypology of neutral vowels

Cross-linguisticallyso-calledtransparenvowelsmay differ with respecto the contextin which
neutralizatioroccurs.They may be context-freelyneutral,or participatein harmonyin somecon-
textswhile beingneutralin others,or finally be idiosyncraticallyneutral. Contextualneutrality
may be determinedorosodically(for example,initial/stressed/s. non-initial/unstressegdosition)
or by the harmoniccontext. For example,in Southernvepsian(Wiik 1989)andin the SouthEs-
tonianMulgi dialect(Tanning1961:33),u is neutralafter vowelsof unlike height([...a...u...]
versus*[. ..a...Uu...]) butharmonicotherwise(*[. ..u...u...], *[. ..0...u...]), whereasa is al-
waysharmonic! Becausef suchcontextuaheutralizationa vowel may be neutralevenif it has
aharmonicpartnerin thelanguages inventory:therelevantnotionof contrasts a contextuabne.

“However a is retainedafterthe neutralvoweli, asin minnas'go’ (pres.pass.gxceptn thecontextof palatalized
consonantge.g.Transl.Plil|a-ksi‘quietly’); contrasfaa-nu ‘stayed’ mui-wa ‘to sell’.
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Our studyof front/backharmonyleadsto threetypologicalgeneralizations.

UnmarkednessNeutralvowelsbearan unmarkedvalue of the harmonizingfeature. For ex-
ampletheunmarkedvalueof backnesss [-Back] for unroundedhonlowvowels,and[+Back] for
othervowels. For front/backharmonysystemstherefore heutralvowelscanbe oneof i, e, a, 0,
u, butnoti, 0, &, 6, 0. In thelanguagesve focuson here,the neutralvowelsarei ande; Seto
furnishesaninstanceof neutralo.

Uniformity. All neutralvowelswith a givenvalue[aF] of the harmonicfeaturewill be either
opaqueor transparentin Seto,for instance[-Back] neutralvowelsaretransparentand[+Back]
neutralvowelsareopaque.

Asymmetry Transparenvowelshavea predictablefeaturevalue;in front/backharmonysys-
temsit is [-Back].

In whatfollows we mapout the spaceof variationandmodelit by an OT factorial typology,
whoseleadingideais thatthe categoryof “neutralsegment’in all its variety arisefrom the com-
petitionbetweercontextuakonstraintandfeatureco-occurrenceonstraints.

2.2 Markednessand faithfulness

The markednesgonstraintsthat govern harmonyare of two types: featural markedneson-
straints and context-sensitiv&eombinatoricconstraints. The ranking of theseconstraintswith
respecto faithfulnessconstraintsleterminesheinventoryin a particularpositionor context.

(2) Featuramarkednessonstraints

a. [_Ili?j] = [-BK]: If avowelis nonlowandunroundedit mustbefront. This constraint

will bemnemonicallyreferredto as*i,* 0.

b. [-BK] = [_Ili?j] . If avowelis front, it mustbe nonlowandunroundedmnemonically:
*4,%0,*0).

We chooseheimplicationalformatin (2) overa co-occurrencéormat (suchas*[-Lo,—Rd,+BK],
*[+Lo,—-Bk], *[+Rd,—BKk]) in orderto precludesatisfactionof the constraintsoy vowelsthat are
simply underspecifiedor oneof thefeatures.In orderto conformto theimplicationalconstraints
(2a,b),vowelsmustbe positively specifiedfor therequiredfeaturevalue. Of coursejf othercon-
straintsor principles(suchasthe constraintSPECIFY proposediy RingenandHeinamaki 1999)
rule outunderspecifiegtowels,we mayreinstatehesimpleco-occurrenceestrictions Eitherway,
theimportantpointis thatunderspecificatioplaysno role in our solution. Every underspecified
output candidatesuccumbgo a more harmonicfully specifiedcandidate and for every under-
specifiedinput, the optimal outputcandidatas afully specifiedwell-formedpossibleword of the
language.Let us addthatthis doesnot necessarilymeanthat we consideran underspecification
analysisof harmonyunfeasible or undesirable Our aim is simply to presenta coherentaccount
of vowel harmonywithoutusingunderspecificatiomotto assesshecomplexissuegaisedby the
alternative.

The featuralmarkednessonstraintsn (2) shouldprobablybe further decomposedAs men-
tioned,a is lessmarkedthani, 6, which suggestshatin additionto (2b) thereis a more specific
constraint*0,*U. Whenthelatteris morehighly ranked,andotherconstraintgntervenebetween
them,splitssuchasthosenotedabovefor SouthernvepsiarandMulgi result.
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The combinatorianarkednessonstrainthatwe will assumelrivesharmonyis statedn (3).>

(3) Combinatorianarkednessonstraint
AGR(F): Adjacentsegmentsnusthavethe samevalueof the feature[F] (Bakovic 2000:4,
cf. Kramer2000).

In thelanguagestudiedhere [F] = [Back], butthesameconstrainholdsfor anyharmonicfeature.
We alsorequirethefaithfulnessconstraintsn (4).°
(4) Positionaffaithfulnessconstraints:

a. IDENT-01(Back): An [aBack] input segmentin an initial syllable mustnot havea
[—aBack] outputcorrespondeniBeckmanl1998).

b. IDENT-F; (Back): An [aBack]inputsegmenin aninitial foot mustnothavea[—aBack]
outputcorresponden{Theinitial foot of aword comprisests first two syllables.)

c. IDENTRoOT(Back): An [aBack] input segmenin a root mustnot havea [—aBack]
outputcorrespondent)(Note that this is an ordinary positionall/O faithfulnesscon-
strainta la Beckmann not the Output/OutputconstraintSA-IDENT(F) proposedoy
Bakovic2000:23).

Thesefaithfulnessconstraintdoecomevisible in alanguagevhentheydominatemarkednesson-
straintssuchas (3) AGR(Back). They determinethe controlling (“triggering”) environmentsn
harmonysystemsTheconstrain{(4a) | DENT-o0; (Back) singlesout thefirst vowel of the harmonic
domain. The privilegedstatusof the word-initial syllableestablishedy IDENT-0;(Back) means
two things:it is atriggerof harmonyandit is a positionof maximalcontrastevenindependently
of anyharmony Theeffectsof this constraintarevisiblein all thelanguageshatwe areconcerned
with. Certaincontrastan the harmonicfeatureare suppresseth non-initial syllables,regardless
of themorphologicaimakeupof theword.

Theotherprivilegedenvironmentsarethefirst foot, andthe RooT (themonomorphemistem).
Like IDENT-01(Back), theseconstraintdhavetwo functions.In theresolutionof disharmonythey
causethe featurevalue of thefirst foot andof theroot to prevail. And they accountfor the “de-
rived environment’asymmetriecommonlyseenin harmonysystems.The overarchinggeneral-
izationhereis thatharmonicconstraintsmay be stricterin derivedenvironmentshanmorpheme-
internally, andstricterin non-initial feet.

In FinnishandVepsianat least,thetwo relevantfaithfulnessconstraintg4b) IDENT-F; (Back)
and(4c) IDENTRooT(Back) arelocally conjoinedinto a constraintwhich singlesout thefirst foot
of theroot.

(5) IDENT-F;(Back)& IDENTROOT(Back): An [aBack]inputsegmenin thefirst foot of aroot
mustnot havea [ —aBack] outputcorrespondent.

SOurreviewerdrawsourattentionto McCarthys argument2002:28fn. 19)thatthis constrainshouldbereplaced
by Padgett SPREAD constraint: “If any segmenis associatedvith F, then every segments associatedvith F”.
McCarthypointsout thata constraintsuchas AGR(Back) cannotdistinguish.for example betweernthe sequencea
aag aaaa andaaaa, becausall of themviolateit just once. The sameis true of symmetricSPREAD(Back).
However,a constraintSPREAD(+Back) selectsa a a & asthe minimal violation, and converselySPREAD(—Back)
selectsa a & a. In the analysisproposedelow it may be possibleto replacethe AGR constraintdy corresponding
SPREAD constraintsyith subtleformalandempiricalramificationghatremainto beexplored.

SFaithfulnesdo lexically stressedyllables(Beckman1998)alsoplay a role in vowel harmony Syllableswith
postlexicalrhythmic stressbehavejust like unstressedyllables,however On the role of lexical stressin Finnish
phonologyincludingharmonyseeKiparsky2003.



Forexamplejn Finnish,affixesarefrontedafterall-neutralstems:sii-na ‘it (essive)’,viit-ta ‘five

(abessive)’. But within simple disyllabic stemswith a neutralvowel in the first syllable, front
andbackharmonicvowelscontrastin the secondsyllable: sina ‘you’ vs. kina ‘squabble’ riitt &-
‘suffice’ vs.viitta ‘cloak’.” Butthisfaithfulnesseffectonly extendghroughthefirst foot. Fromthe
third syllableon, the front/backcontrastis neutralizedevenin roots. After two or moresyllables
with neutralvowels, only front vowelsoccur: kipina ‘spark’, lipea ‘lye’ vs. impossible*kipina,

*lipea.?

Local constraintconjunction(Smolensky1993, Kager 1999:392-400ombinesbasic con-
straintsinto a new constraintwhich is violated whenboth its conjunctsare violated. (6) shows
how the conjoinedconstraint(5) works.

(6) Faithfulnessn Finnishneutral+backowel combinations:

a. [viitta — aisin thefirstfoot of theroot(conjoinedconstraintlocksfronting)
b. *viit-ta — aisin thefirstfoot butnotin theroot(conjoinedconstraininapplicable)
c. *kipina — aisintherootbutnotin thefirst foot (conjoinedconstraininapplicable)

In a suffixing languagesuchas Finnish, the effectsof theseconstraintoverlapsignificantly
The privileged statusof the initial syllable determinedoy IDENT-o0;(Back) is normally not de-
tectable. Still, it canbe seenin loanwordadaptationpy a kind of Emergencef the Unmarked.
The following instancef loanwordadaptationin colloquial/uneducate&innish showthat the
first vowel prevails®

(7) a. Peugeot— posH (not*poso)

b. olympialaiset— olumpialaisetOlympic games’trotyyli — rotuli “TNT’, pulityyri —
pulituuri ‘shellacvarnish’

2.3 Varieties of neutrality

Before completingthe constraintdet us review the typological spaceof neutralvowel behavior
descriptively concentratindirst on the purely phonologicalside. To fix the behaviorof an[«aF]
neutralvowel, we mustknow threethings: whetherit transmitd —aF] harmonywhetherit trans-
mits [aF] harmonyandwhetherit triggers[aF] harmonyonits own. Noneis entirely predictable
from any of the others,but thereare manyimplicationalregularities. To schematizeéhe typol-
ogy for front/backharmony we symbolizetransparenvowelsby i, backharmonicvowelsby a,
andfront harmonicvowelsby &, and assumdeft-to-right harmonyin virtue of (4), asin all the
languagesn our sample.

e Transparencyto backharmonyls...a...i...a... excluded?

"However,vocalic affixesafter monosyllabicrootsactlike stem-internalowels: pes-u‘washing’, tiet-o ‘knowl-
edge’,el-o'living’. We arenotsurewhatconstrainis responsibldor this subregularitySincevocalicsuffixes(unlike
consonantabnes)inducearoot/syllable-boundargnismatchanad hocsolutionwould betheconjunctionof *&,*8,*U
andtheappropriatéALIGN constraint.

8Exceptwhena velar precedeswhen,on the contrary the contrastis neutralizedn favor of a backvowel, e.g.
itikka ‘mosquito’, viisikko ‘group of five’.

®Whentheinitial syllableis stressedasin the languagesonsideredhere the effectof IDENT-01(Back)is indis-
tinguishabldrom faithfulnesgo stressedyllableswhich raisesthe questionwhethertheformercouldbereducedo
thelatter. But Turkish,in spiteof its word-final stress showsthe samespecialstatusof initial syllablesanindication
thatlDENT-01(Back)is notreducibleto faithfulnesgo stressedyllables.



e Transparencyo frontharmonyls...a...i...a... excluded?

e Triggeringof frontharmonyls...i...a... excluded?

Thetablein (8) mapsout the differentwaysin which the Finno-Ugriclanguagedreatthese
situations. For the time being we focus on morphologicallyderived environmentgwhere the
last vowel is part of a suffix), which show more of the markednesgonstraintsat work: some
of the languagesmposestricterharmonyconstrainton themthanon root-internalenvironments
becausehefaithfulnessconstraint DENTROOT(Back) introducedn thelastsubsectiomlocksthe
markednesgonstraintsfrom taking effect. Thereare eight logically possiblecombinations of
whichthefour representedy shadedowsarenotinstantiated.

(8) Thephonologicalifferentiationof neutralvowelsin derivedenvironments:

[[ala] [[a]i] [[ai]a] [[ai]a] [[i]a]

a. Finnish * [ *
b. Uyghur,W Estonian * O * * O
c. (Unattested) * O * O *
d. EnarveVepsianMulgi * (] * O (]
e. Khanty NE Estonian * O g * *
f. (Unattested) * O O * O
g. (Unattested) * O O O *
h. (Unattested) * O O O O

The bracketsshow morphologicalconstituency Eachcolumnin the table representsa type of
disharmony® The starsin the first columndiagnoseharmonyitself: if a languagedoesnot bar
non-neutrakdisharmoniovowelsin adjacentyllablesit doesnot haveharmonyat all. The check
marksin the secondcolumndiagnoseneutrality: if alanguagedoesnot allow suchsequencesf
syllablesit doesnot haveneutralvowelsat all. The lastthreecolumnsof (8) representhethree
critical diagnosticgustlistedthatestablisithe descriptivetypologyof neutralvowels.

In all the languagesthe vowel i is neutral(unpaired);in somealsoe is neutral*! But these
neutralvowels behavedifferently, as shown. For example,Uyghur hasback vowel endingsin
bothyol-imizKa ‘our road-DAT" andsinip-ta‘class-LOC’ (Vaux 2000),whereFinnishtreatsthe
correspondingonfigurationgdifferently, e.g. sot-i-mis-ta‘warring-PART’ versussinis-& ‘blue-
PART’.12

We will proceedontheassumptiorthatthe four unattestegystemsn (8) aresystematigaps,
for two reasons First, the attestedypesare predictedby constraintshat are motivatedindepen-
dentlyof theworkingsof harmonysystemsyhile the missingtypeswould requireadditionaloth-
erwiseunnecessargomplications Secondlyasimilartypologyseemso holdsfor ATR harmony
At leastthreeof the four typesthat we find in back/frontharmonyoccuralsoin ATR harmony

10The table is basedon Wiik 1988, 1989 plus the following: our interpretationof the datain Must 1995 (NE
Estoniantexts,seeesp.p. 22), Juhkam& Sepp2000(WesternEstoniantexts),and Tanning1961(textsin the Mulgi
dialectof SouthEstonian)the generativeanalyse®f Uyghurvowel harmonyby Lindblad 1990andVaux2000,and
thepainstakinglescriptivestudyof vowel harmonyin Karjalainens EasterrKhantytextsby Vértes1977.

11Both languagepreseninterestingcomplicationsvhich we setasidehere. As mentionedjn Easterrkhanty, an
optionalpostlexicallocal assimilationprocesreatesacki, , withoutinteractingwith harmonyin anyway. Thisis
easilydealtwith in StratalOT (Kiparsky2000,forthcoming)but problematidan parallelOT.

12In Uyghur, a closedclassof rootsexceptionallytriggersfront harmony: /bir-IAr/ — birlar ‘ones’. Also, roots
wherel/i/ is adjacentto /k, g/ regularlyinducefront harmony(presumablytriggeredby the palatalconsonant)’/ki-
giz+lAr/ — kigizlar ‘felt rugs’, lyik-IAr/ — yiklar ‘loads’ (Lindblad1990).
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and noneof the four typesmissingin back/frontharmonyare instantiatedn ATR harmony as
far aswe know. Wolof (Ka 1994, Archangeli& Pulleyblank1994)is an analogto Finnish,and
Turkana(Noske1990)and Shilluk (Gilley 1992)are comparabldo Uyghurand EasternKhanty,
respectively(in therelevantrespectspf course).

Thebasicphonologicatypologyresultsfrom theintersectiorof two binary properties.

Thefirst binary propertydistinguished-innishandEasterrKhantyfrom UyghurandVepsian.
In Finnishand EasternKhanty, neutralvowelstrigger harmony in Uyghur andVepsianthey do
not. This partof thetypologyis generatedby alternativerankingsof thetwo previouslyintroduced
constraintg2b) *a, *u, *0 and(3) AGR(Back). UyghurandVepsianavoid the markedvowelsa,
U, 6 atthe costof permittingmildly disharmonicsequencelBke i a. FinnishandEasternrKhanty
converseltoleratethesemarkedvowelsin orderto eliminatesuchdisharmoniccombinationsin
termsof constraintranking:

9) a. Finnish,EasterrKhanty: AGR(Back) > *&,*0,*l
b. UyghurandVepsian:*&,*0,*i > AGR(Back)

(10) —
| Finnish | ... | AGr(Back) | *a,*0,*01 | ... |
[i]a ia *
O ia *
[i]a ia x
O ia *
(11)
| Uyghur | ... [ *a*0,*u | AGR(Back) | ... |
[ila O ia *
ia *
[ila O ia *
ia *

Thisaverysimpleillustrationof howthetypologyof neutralvowelsreflectsalternativeresolutions
of the conflictbetweersyntagmaticonstraint§suchasAGR(Back)) andparadigmaticonstraints
(suchas*&,*o,*).

Of coursethis cannotbethewholestory: root-internally Finnishwelcomescombinationgike
i a with openarms!® whereast still excludescombinationdike & a. This fact tells usthatthere
must be another,more selectiveconstraintwhich is violated by & a but not by i a. This more
selectiveconstrainimustdominate(5) (sinceit treatsrootsandderivedenvironmentslike), which
aswe alreadyknow in turn dominategshe moregeneraharmonyconstraintAGR(Back). Suppose
this new constraintforbids a harmonyviolation that involves markedvowels. In otherwords,
disharmonywith markedvowelsis bothworsethandisharmonyalone andworsethanmarkedness
alone. We needno new primitive constraintdo implementthis idea. Rather,we againuselocal
constraintconjunctionto combinethe existingconstraintsAGR(Back) and* &, *0, *u into a new
constraintMARKED HARMONY (MH):

(12) MARKED HARMONY (MH): (3) AGR(Back)& (2b,c)*a,*0,*u

B3In fact, disyllabic roots of the type i a are decidedlyfavoredover roots of the typei &, by roughly the same
ratio asa is favoredovera. Similarly for all othercombinationsf neutraland harmonicvowels. Thereare many
complicationdgnvolving both nativeandforeignvocabularywhich we cannotgo into here;seeRingen& Heinamaki
1999, Valimaa-Blum1999,andKiparsky2003for somerecenttreatments.
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Theconjoinedconstraints violatedwhenbothits conjunctsareviolated,as(13)illustrates.

(13) Finnishdisharmonywithin roots:

a. *aa — aisbothmarkedanddisharmonidqviolatingtheconjoinedconstraint)
b. Oia — aisdisharmonidutunmarkedno violationof the conjoinedconstraint)
c. Uia — aismarkedbutharmonic(no violation of theconjoinedconstraint)

It remainsfor usto accountfor the fact that“long-distancemarkeddisharmony”,exemplified
by sequencesuchasai aandai &, is badin FinnishandUyghur,andgoodin the otherlanguages
— exceptof coursewhere excludedby the constraintrankingsalreadyestablisheqnamely in
EasterrKhantyai ais rejectedn favorof ai & by (9a),andin EnarveVepsianai ais rejectedn
favor of ai a by (9b)). In otherwords,neutralvowelsaretransparentn FinnishandUyghur To
accounfor transparencye needa constrainthatsomehoworbidsdisharmonyacrossntervening
neutralvowels. Whenthatconstraintdominateshe stricterlocal harmonyconstraintAGRrR(Back),
transparencyesults.

Again,we needno newprimitive constraintgo getthisresult. As formulatedn theliteratureso
far (Kager1999:393)thetheoryof constraintconjunctionrequiresspecificationof somedomain
in which violationsof conjoinedconstraintsare assessedsuchasa segmenta morphemepor a
word. Insteadof embracinghis full freedom et ussupposehattherearejusttwo interpretations
of conjoinedconstraints:

(14) a. CONSTRAINT CONJUNCTION (GENERALIZED CASE): A conjoinedconstraintC,;&C,
is violatedwhenC,; andC, areviolated.

b. CONSTRAINT CONJUNCTION (CORE CASE): A conjoinedconstraintC,&C, is vio-
latedwhenC; andC, areviolatedandtheminimal substringghatcontaintheviolations
overlap.

By specifyingthe domainof constraintevaluationin the two alternativewaysin (14) we obtain
two versionsof theconjoinedconstraini(12) MH thatprecludeslisharmonyof markedvowels.

(15) a. GENERALIZED MH: adomainmaynotcontainbothavowelmarkedfor F andavowel
disharmonidor F.

b. CorRe MH: avowel maynotbebothmarkedfor F anddisharmonidor F.

For example,CoRE MH s violatedby the sequencesa & anda a, but not by the sequences i
aoraia, whereasGENERALIZED MH is violatedby all of them. The sequencé o & hastwo
violationsof bothconstraintgonein thesubstringa o, theotherin thesubstringo &). Thesequence
ai ai &hastwo violationsof GENERALIZED MH (namelya i a anda i &), but no violationsof
CORE MH.

Theseconstraintscompletethe desiredfactorial typology of neutrality Neutral vowels are
transparenif GENERALIZED MH outrankssomeantagonisticconstraint(be it faithfulnessor
markedness)The precisenatureof the transparenbehaviorfollows from the natureof the dom-
inatedconstraint. In the languagesinderconsiderationijt is AGR(Back), which would enforce
local harmonythatis, opacityratherthantransparency

(16) a. Transparencye.g.Finnish): GENERALIZED MH > AGR(Back)
b. Opacity(e.g.EasterrKhanty): AGR(Back) > GENERALIZED MH

Notethatthis treatmenibf transparencyequiresthat a conjoinedconstraintcanbe outrankedoy
the conjunctghatcomposet (contraryto whatis usuallyassumedKager1999:393).
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(17)

(18

| Transparent/i/ | ... | GENERALIZED MH | AGR(Back) | ... |
[ai]a aia * *
O aia
[aila O aia Kz
aia * *
)\ Opaquel/i/ | ... | AGR(Back) | GENERALIZED MH | ... |
[ai]a aia * *
O aia
[ai]a aia **
O aia * *

Combiningthe threevariably rankedconstraintsdiscussedso far, we derive the empirically
attestedour-waytypologyof (8):

(19) Finnish: GENERALIZED MH > AGR(Back) > *&,*0,*u

| Finnish | GENERALIZED MH | AGR(Back) | *&,*0,*ii
[ai]a aia * * *
O aia =
[ai]la O aia *x
al a * * *
[i]a ia *
O ia *

(20) Uyghur: GENERALIZED MH > *&,*0,*U > AGR(Back)

(21) Vepsian*a,*0,*u > GENERALIZED MH, AGR(Back)

(22) Khanty: AGR(Back) > GENERALIZED MH, *&,*0,*u

| Uyghur | GENERALIZED MH | *&,*0,*Ul | AGR(Back) |
[ai]a aia * * *
O aia =
[ai]la O aia *x
al a * * *
[ila O ia *
ia *

| Vepsian | *&,*0,*01 | GENERALIZED MH | AGR(Back) |
[aila O aia] * * *
aia|
[ai]la O aia *x
al a * * *
[ila O ia *
ia *




| Khanty | AGR(Back) | GENERALIZED MH | *&,*0,*il

[ai]a aia * * *

O aia o
[ai]a aia **

O aia * * *
[i]a ia *

O ia *

Note thattherearefour ratherthansix distinct systems.Thereasonis that, if eitherthe general
harmonyconstraintAGR(Back) or the generalanti-harmonymarkednessonstraint*a,*0,*u rank
atthetop (asin Khanty and Vepsian respectively)he rankingof othertwo constraintgemains
moot.

In all four typesof languagesthe constraintgust discussedre dominatedoy the threecon-
straints*i,*0 > IDENT-0,(Back), CORE MH. That CORE MH is alwaysrankedat leastashigh
asGENERALIZED MH is simply a consequencef the factthatconstraintavhich excludemarked
configurationsareneveroutrankedoy constraintavhich excludeunmarkedconfigurationgthisis
really thedefinitionof markedness)Sincewe areconsideringonly systemswith neutralvowelsi
e, theconstrain{—Lo,—Rd] = [-BK] (*},*0) outranksthe harmonyconstraintsn all thelanguages
considerechere. The lack of nonlow back unroundedvowelsimposedby the high ranking of
[-Lo,—Rd] = [-BK] is typical of front-backharmonysystemsandfrequentin vowel systemsn
generalof course. Also common,in languagesvith andwithout harmonyis the neutralizatiorof
contrastsn non-initialsyllableshatarisesvhenl DENT-0; (Back)outranksnarkednesesonstraints
which suppresgeaturecontrasts.

In the languagesinderconsiderationthen, all candidateswith back unroundedvowels are
excludedby undominated—Lo,—Rd] = [-Bk], andwill be omittedin whatfollows. So/i/ in any
inputalwayssurfacesasi.

(23) :

| Input || | *i,*0 | IDENT-01(Back) | ... |
[ai] || O ai

ai *

ai *
[ai] || O ai

ait *

ai *
[i] o i

i * *
[i] O i

i *
[ai] | O ai

ai| *

ai *
[ai] | O ai

ai| *

ai *
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Thereversaankingl DENT-01(Back) > *i is attestedn Seto(Southeasteristonian)where/i/ is
adistinctiveharmonicbackvowelin initial syllablesonly (KiparskyandPajusaluMsS).

Finally, therankingof IDENTRoOT(Back) (hereconjoinedwith IDENT-F, (Back))with respect
to AGR(Back) and*&,*0,*u is whatdeterminesvhetherotherwiseprohibitedcasef disharmony
involving neutralvowelsaretoleratedwithin roots. This seemgo beanindependensite of cross-
linguistic variationwhich doesnot interactwith the othertypological parametersve havecon-
sidered. The following tableauxshowhow the root-internalcounterpart®f the derivedcasesn
(19)-(22)work outin thefour types.

In Finnish,IDENTROOT(Back)& IDENT-F; (Back)andGENERALIZED MH outrankAGR(Back).
Consequentlgequencesf thetypedi a, ai & andi i aareprecludedacrosgheboard,whereas
a contrastswith i a root-internally(e.g.viitta ‘cloak’ vs.riitt &- ‘suffice’) butis precludedacrossa
boundary(e.qg.viit-ta ‘five (partitive)’).

(24) Finnish: GENERALIZED MH, IDENTROOT(Back) & IDENT-F;(Back) > AGR(Back) >

*a *b *U
| Finnish | GENMH | IDRT(Back) & ID-F1(Back) | AGR(Back) | *&,*8,*l |
aia aia * * *
O aia =
aia O aia *x
ala * * *
ia O ia *
i a * *
ia ia * *
O ia *
iia iia *
O iia *

For Vepsian,Tunkelo 1946:700statesthat & neveroccursbeyondthe secondsyllable of the
word if the precedingsyllable hasthe neutralvowel i (cf. Wiik 1989:99). So (at leastfor low
vowels)backnesss neutralizedafterthefirst foot, butin favor of thebackvowel: notonlyi i a but
evenai ais excludednorpheme-internallyAccordingly, therankingmustbe | DENTROOT(Back)
& IDENT-F;(Back)>> *&,*0,*ll > GENERALIZED MH, AGR(Back).

(25) VepsianipeNTRooT(Back)& IDENT-F; (Back)> *&,*0,*u > GENERALIZED MH, AGR(Back)
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| Vepsian | IDRT(Back) & ID-F1(Back) | *&,*0,*ii | GEN MH | AGR(Back) |

aia O aia * * *
aia *x

aia O aia * * *
aia *x

aia O aia *k

a.|a. * * *

ia O ia *
ia * *

ia ia * *
O ia *

iia O iia *
iia *

iia 0O iia *
iia *

In Uyghur,while neutralrootstriggerbackharmonyon suffixes,front andbackvowelsappar-
ently mix freely with neutralvowelswithin roots. (At least,we havefound no evidencethatroot
length,via ID-F; (Back),playsavisiblerole.) In system®f thistype,ai aandai a arepermittedf
IDENTROOT(Back) > GENERALIZED MH, andexcludedotherwise(thesituationshownin (26)).
Demotionof IDENTRoOT(Back) below*&,*0,*l moreovemeutralizes atoi a.

(26) Uyghur: GENERALIZED MH > IDENTRoOT(Back) > *&,*0,*u, AGR(Back)

| Uyghur | GENMH | IDRT(Back) | *&,*0,*ti | AGR(Back) |

aia aia * * *
O aia * =

aia O aia * *x

ala * * *

ia 0O ia *
ia * *

ia ia * *
O ia *

iia O iia *
iia * *

iia iia * *
O iia *

EasterrKhanty representshe otherextreme whereAGR(Back) outranksthe otherthreecon-
straints. The ranking AGR(Back) > IDENTRoOT(Back) excludesroot-internal*i a (aswell as
root-internal*a i a). In fact, neitherthe textualdatanor the analysisof Vértes1977 givesany
indicationof a differencebetweerroot-internalandcross-morphemibarmonyin this language.

(27) EasterrKhanty: AGR(Back) > IDENTRoOT(Back), GENERALIZED MH, *&,*0,*U
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| Khanty | AGR(Back) | IDRT(Back) | GEN MH | *4,%0,*Ul

aia aia * * *

O aia * iz
aia aia *x &

O aia * 2 2
ia ia *

O ia * *
ia ia * &

O ia K
iia iia *

O iia * *
iia iia * e

O iia K

In sum, it seemghat root faithfulnessplays no role eitherin languagesvherethe harmony
constraintAGR(Back) is very strong(suchasKhanty), or in languagesvherethe anti-harmonic
neutralizationconstraint*&,*0,*U is very strong(suchasVepsian).It is in languagesvhereboth
theseconstraintsare rankedclosetogether(Finnishand Uyghur, in our case)that thereis room
for morphologicalandroot-faithfulnesseffects. Here, wherethe strengthof harmonyand anti-
harmonyaremorecloselymatchedfaithfulnessto thelexical form by IDENTROOT(Back) cantip
thebalancebetweertheir conflictingdemands.

Summingup the discussiorso far, the collatedrankingsfor the four languagesare givenin
(28).

(28) a. Finnish: *},*® > IDENT-0;(Back), CORE MH, GENERALIZED MH > IDRT(Back)
& ID-F;i(Back)> AGR(Back) > *a,*0,*U

b. Vepsian:*i,*0>> IDENT-01(Bk), COREMH > IDENTROOT(Back) & IDENT-F; (Back)
> *4,*0,*U > GENERALIZED MH > AGR(Back)

c. Uyghur: *£,*6 > IDENT-01(Back),CORE MH, GENERALIZED MH > IDENTROOT(Back)
> *a4,*0,*U > AGR(Back)

d. Eastern Khanty: *i,*0 > IDENT-01(Bk) > CORE MH > AGR(Back) > IDENT-
RooT(Back) > GENERALIZED MH, *&,*0,*l

Someof the moreinterestingdifferencesand similaritiesbetweenthe four systemsareillus-
tratedin thefollowing tableaux.
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[aila| O aia * O aia *
aia * & & ai a R
ala * * *% ala * * *%
[ai]a aia * * | * |0 aia I
O aia GE3 aia x*
a.|a. * * *%* ala * * *%*
aia aia * * 1 * 10 aia * | x| %
O aia GE3 aia xk
a.|a. * * *%* ala * * *%*
[i]a ia * O ia *
O ia * ia *
ia O ia X O ia td
ia * * ia * *
ia ia * * ia * *
O ia * 1O ia *
iia iia * O iia td
O iia @ iia *
iia iia * O iia *
O iia & iia *
aa aa * * * * aa * * * *
O aa & * 0 aa N
aa * * aa * e

15




~—~ ~~
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* nd * * o | *.
1818125 |8 w 1418|353 |<|8
Input Khanty =10 | =0 % Uyghur =100 =% | <
[ai]a aia ** O aia *
0 aia * *ox aia * * *
ala * * *% ala * * *%
[ai]a aia * o aia * o
O aia *»* 0 aia *x
ala * *%* * ala * * **
aia aia * x| * aia * o
O aia 2 * 0 aia e
ala * *%* * ala * * **
[i]a ia * O ia *
O ia &3 ia *
[i]a ia * O ia *
a ia * ia *
Ia ia * O ia *
O ia E3 & ia * *
ia ia o ia * *
O ia * 1O ia *
iia iia * O iia *
O iia * * iia N
iia iia o iia * *
O iia * 1O iia *
aa aa * * * * aa * * * *
O aa 2 * 0 aa e
aa * * aa * *

2.4 Deriving the typological generalizations

If correct,our analysisshouldderivethe remainingtrue typologicalgeneralizationsboutneutral
vowelsaswell. Abovewe formulatedthreeempiricalgeneralizationsynmarkednesasymmetry
anduniformity. Thesedo follow from thefactorialtypologyof the constraintsystem.

The unmarkednespropertyfollows from the leadingideathat harmonyreflectsthe interac-
tion of generalsyntagmaticconstraintyin this caseAGR(Back) andits conjoinedversion)with
paradigmatigestrictionson vowel contrasts.Thereis no “harmonyrule”, thereforeno stipulated
contextuarestrictionson the harmonyprocessRather,neutralityis enforcedoy markednesson-
straints. We know that theseconstraintssuppresgeaturedistinctionsin favor of the unmarked
featurespecifications. That is why neutralvowels show the unmarkedvaluesof the harmonic
feature.

The uniformity propertyis a consequencef the generalityof the featuralmarkednesgon-
straints(2). The predictionhereis weakerthanin the precedingcase,in thatit dependson the
substancef the actualconstraintshatwe haveposited. To the extentthat thereexistmore spe-
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cific markednesgonstraintghat single out particularneutralvowels, non-uniformity shouldbe
possible.

The asymmetryproperty(in the caseat hand,the generalizatiorthat back neutralvowelsin
front/backharmonysystemsareopaqueatherthantransparentjollows from the proposedanaly-
sisof transparencyNeutralvowelsaretransparentvith respecto backnessiarmonywhenGEN-
ERALIZED MH (the conjunctionof *&,*0,*l and AGR(Back)) rankshigh. In (16) we sawthat
underthe ranking GENERALIZED MH > AGR(Back), i is transparentand underthe ranking
AGR(Back) > GENERALIZED MH, i is opaque But, asthefollowing tableauxshow o is opaque
underboththeserankings.In fact,thesequencé o ais betterthanthesequencé o & with respect
to front/backharmonyon anyrankingof the constraintsve have(contrast(30) and(18)).

29
( )\ Opaque/o/ | ... | GENERALIZED MH [ AGR(BacK) | ... |
[ao]a O &oa * *
aoa *% *%*
[ao]a O aoa * *
aoa *% *%*
(30)
| Opaque/o/ | ... | AGRr(Back) | GENERALIZED MH | ... |
[ao]a O aoa * *
aoa *% *%
[ao]a O &aoa * *
aoa *% *%

Undereveryrankingof the proposectonstraintsneutralvowelsareunmarkedwith respecto
the harmonicfeature,back neutralvowels are opaque(ratherthantransparent)andif evenone
front neutralvowelis transparentll of themmustbe. Moreover this predictionholdsfor all types
of neutralvowels,whethercontext-freecontextual or idiosyncratic.

In theinstantiation®f theconjoinedconstrainschemg15) consideredofar, theconjunctthat
excludegshemarkedvowelsis (2b) (*&,*0,*0). In principleall markednessonstraintshouldcon-
join with AGR(Back) bothin thecoremodeandin thegeneramode!* Suchconjoinedconstraints
arein factinstantiatedFor Turkish,Clements% Sezerl983proposehegeneralizatiorihatstable
exceptiongo front/backharmonydo not containthe markedvowelso, U, i (butonly theunmarked
vowelsi, e, a, 0, U). This meanghat (3) alsoconjoinswith (2a) into a constraintAGR(Back) &
*},*0. Theconstraintrankingfor Turkishwould be asfollows:

AGR(Back) & *+,0
AGR(Back) &*&,*0,*u
Turkishroot-internal“non-derivedenvironment”)disharmonyasdiscussedy ClementandSezer

occursbecausd DENTRoOT(Back) intervenesbetweenthe conjoinedconstraintbarring marked
disharmonyandmoregeneramarkednessonstraintsncludingtheplainharmonyconstraintAGRr(Back).

(31) Turkish: { } > IDENTROOT(Back) > *i,0, AGR(Back),*a,*0,*u

(32) Turkishrootdisharmony:

a. *ol — uUisbothmarkedanddisharmoniqviolatingthe conjoinedconstraint)
b. Ooe — eisdisharmonidutunmarkedno violationof theconjoinedconstraint)
c. ou — uwismarkedbutharmonic(no violationof theconjoinedconstraint)

¥However,asItd andMesterhavenoted,conjoinedconstraintshouldbe mutually relevant,n somesensewhich
remaingo bepreciselyexplicated.
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Clements& Sezermreporta similar situationwith respecto roundingharmony which canbe ac-
countedfor in a parallelfashion.

3 Conclusions

We havepresented tentativetypology of front/backvowel harmonysystemsconcentratingon

disharmonyphenomenabDisharmonic/zowelsareeitheropaqueor transpareniandthelattershow
cross-linguisticallyvery diversebehavior The leadingidea of our analysisis that disharmony
ariseswhena generalharmonyconstrainthatimposedeatureagreemenbn neighboringvowels
is dominatedby faithfulnessconstraintsandby markednessonstraintghat governvowel inven-

tories. We showedthat the empirically attestedypology of disharmonyis derivablefrom these
assumptionsn the basisof uncontroversiatonstraintsTheonly noveltywasto makeuseof two

modesof local constrainttonjunctionwhich howeverarealreadyimplicit in thetheory Farfrom

beingaweakeningof thetheory our proposais in thisrespecmorerestrictivethanthe heretofore
countenancedlternativeof allowing the domainof local conjunctionto befreely stipulated.
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