
Towardsa Typologyof Disharmony

PaulKiparsky
Karl Pajusalu

We proposean OT-theoretictypology of vowel harmonysystemsbasedon a comparativestudy of
front/backharmony. Its treatmentof neutralvowelsimproveson thoseofferedby sympathy, turbidity,
andtargetedconstraints.

1 Harmony

1.1 Balto-Finnic vowelharmony

Thescopeof a harmonyprocessin a languageis determinedby its phonologicalsystem.1 Specif-
ically, cross-linguisticanalysisrevealstwo generalizationsthatconnectvowel harmonyprocesses
to vowel inventories.Thefirst generalizationis thatharmonyspreadsa featureto thefullestextent
thatthevowelsystemallows:morphologicalrestrictionsaside,all lexicallycontrastivevowelspar-
ticipateunlesssomeconstrainton thedistributionof theharmonicfeaturepreventsit. Thesecond
generalizationis thatonly lexically contrastivevowelsparticipatein vowel harmony, or, to put it
anotherway, lexical harmonyis typically structure-preserving, in the sensethat it introducesno
newvowel types.2

Forexample,thefact that i andedonotbecome*i and* õ (backi andbacke) in backharmony
contextsin Finnishis connectedwith thefact that*i and* õ arenot phonemicin the language,as
wecantell independentlyfrom thefact thattheydonotoccurin initial syllables,whichdisplaythe
language’s full setof vowel contrasts.Votic andSouthEstonian,closelyrelatedlanguageswhich
do havee∼õ harmony, havephonemic/õ/, which is distinctivein initial syllables.

Thesetwo generalizationsholdfor all front/backharmonysystemsthatweknowof. All Balto-
Finnic languages,at least,obeyin principlethesamefront/backharmonyconstraint.Their actual
harmonypatternsvary quitewidely, accordingto how they interactwith otherconstraints.Wiik
1988documentssevenvowel systemsin Estoniandialects,andharmonyoperatesto the fullest
extentin each.All sevenof thesevowel systemsarealsoinstantiatedoutsideof Estonianin other
Balto-Finniclanguages,andin all of themtooharmonyoperatesto thefullestextent.Thefollowing
tablesummarizesthedata.

1This researchwassupportedin partby anNSFTwinning Grantto theauthors.Our thanksgo to Luc Baronian,
EdwardFlemming,andPaulKroeger,for patientlyandinsightfully discussingthis materialwith us in our Stanford
phonologyseminarin 2000.

2This secondgeneralizationhasapparentexceptions.Someareclearlydueto anoverlayof postlexicalharmony
(Kiparsky1985)or to local assimilationprocesses.For example,in EasternKhanty*i and* õ arenot phonemic,and
do not undergovowel harmony, but they ariseasallophonesof /i/ and/e/ by assimilationin certainbackcontexts.
Whetherall apparentexceptionsto thegeneralizationcanbeexplainedawayremainsto beseen,of course.
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[1] Balto-Finnic Estonian Initial syllables Non-initial syll. Harmonicalternations
EastVotic N. Seto u o a ü ö ä i e õ i u o a ü ö ä i e õ u∼ü, o∼ö, a∼ä, e∼õ
Votic dial. S.Seto u o a ü ö ä i e õ i u o a ü ä i e õ u∼ü, a∼ä, e∼õ
Finnish N.E. u o a ü ö ä i e u o a ü ö ä i e u∼ü, o∼ö, a∼ä
WestVotic N.Tarto u o a ü ö ä i e õ i u o a ä i e õ a∼ä, e∼õ
EnarveVeps S.W. u o a ü ö ä i e õ u a ü ä i e u∼ü, a∼ä
Vepsdial. Western u o a ü ö ä i e õ u a ä i e a∼ä
Livonian Northern u o a ü ö ä i e õ u a i e

At oneextreme,EasternVotic andthe NorthernSetodialectof Estonianhavethe four harmonic
pairs/a∼ä, õ∼e, o∼ö, u∼ü/ plusunpaired/i/ (KiparskyandPajusaluMS). At theotherextreme
areLivonian andNorthernEstonian,with their restrictedinventoryof non-initial vowels,which
permitsno harmonywhatever. As Wiik pointsout for Estonian,and is confirmedby the other
Balto-Finnic languages,the intermediateinventoriesobeya partial hierarchyä � ü/õ � ö: any
dialectthathasvowel harmonyat all hasat leasta∼ä harmony;in additionpossiblyu∼ü and/or
e∼õ harmony;andif oneof these,thenpossiblyo∼ö harmony. Wiik alsoobservesthattheseim-
plicationalrelationshipsreflectgeneralmarkednessasymmetries.For example,thegeneralization
that everyfront/backharmonysystemhasat leastä:a harmonyreflectsthe fact that frontnessis
morecompatiblewith lownessthanwith rounding,sothat ä is lessmarkedthanö, ü.

Takentogether,thesetwo generalizationssuggestthata harmonysystemcanbeunderstoodas
aresolutionof theconflictingclaimsof averygeneralprocesswhichspreadsafeature,andspecific
constraintswhichneutralizethatfeature.

The vowel inventory, andconsequentlyvowel harmony, is determinedby the interrankingof
neutralizationconstraintswith antagonisticfaithfulnessconstraints.

1.2 Neutral vowels

By definition, vowels (or more generally, segments)are NEUTRAL if they do not undergohar-
mony. A vowel fails to undergoharmonywhenits harmoniccounterpartis prohibited,either in
theinventoryof phonemes(context-freeneutralization)or by adistributionalrestriction(positional
neutralization),e.g.theabsenceof non-initial i in SoutheasternEstonian.

Althoughthebasicaccountof disharmonyis quitesimple,thebehaviorof neutralvowelsshows
someinterestingcomplications,andtheseform themaintopicof our investigation.Neutralvowels
differ in howtheycombinewith harmonicvowels.Thefundamentaldivisionamongneutralvowels
is betweenOPAQUEvowelsandTRANSPARENT vowels.Opaquevowelsaredefinedasthosewhich
interruptharmonyandinitiate a new harmonicdomain,andtransparentvowelsarethosewhich
are“skipped” by harmony.3 From a theoreticalpoint of view, opaquevowelsdo not seemvery
problematic,for two reasons.In thefirst place,their behavioris quiteuniform,andsecondly, this
behaviorfollows a patternof minimizing harmonyviolationswhich canbereadilycharacterized
by almostanyOT-basedapproach.

The very existenceof transparentneutral vowels, on the other hand, immediatelyraisesa
theoreticalpuzzle: why should the doubly disharmonic. . .a.. . i. . .a.. . ever be preferableto

3Harmonictransparencyand opacity in this senseshouldbe distinguishedfrom derivationaltransparencyand
opacity, arising from feeding/bleedingandnon-feeding/non-bleedinginteractionsbetweenconstraints,respectively
(aswell asfrom othercauses).Confusingly, harmonictransparencycreatesderivationalopacity, andharmonicopacity
createsderivationaltransparency, aswe shallseedirectlybelow.
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. . .a.. . i. . . ä.. . , which hasjust onedisharmonictransition? The term “transparent”reflectsthe
powerful intuition, which hasguidedmanyan analysisin different ways, that the effect of har-
monysomehowreaches“across”this kind of neutralvowel. But how cansuchapparent“action
at a distance”be reconciledwith theprincipleof locality on which somanyfundamentalresults
in phonologydepend?This hasbeenoneof thecentralissuesaboutvowel harmonyfrom thebe-
ginning,andhasbecomemoreurgentstill with theadventof OT (Bakovic2000,Nı́ Chiośain and
Padgett2001).

The division of neutralvowels into opaqueandtransparentvowels,on the basisof whether
they trigger harmonyor not, only beginsto scratchthe surface. The harmonicpermeabilityof
neutralvowels is manifestedin remarkablydiverseways. Thereare at leastas many kinds of
neutrality in phonologyas thereare in internationalrelations. The boundarybetweenthem is
complex,andvariouskinds of mixed behavioroccur. Somevowelsareneutralstem-internally
but triggerharmonyin morphologicallyderivedenvironments,othersdo not. More subtly, some
actuallyprefer disharmoniccombinations,otherspreferharmoniccombinations,andwhich way
thepreferencegoescanitself dependon whethertheenvironmentis derivedor not. Moreover,if
thereareseveraltransparentvowels,theymaydivergein respectto theseproperties.

All this variationis neitherrandomnor simply a gradientmatterof “degreeof transparency”.
We will presentevidencefor strict generalizations,bothabsoluteandimplicational,andpropose
explnationsfor them.Oneof thecentralresultsof OT phonologyis thatmanycategoriespreviously
positedasprimitive emergefrom theinteractionof independentlymotivatedconstraints.Thebest-
known exampleis the foot inventorypreviouslypostulatedin the theoryof stressandprosodic
morphology, which hasbeenarguedto bederivablefrom constraintson prosodicform (seeKager
1999,Ch. 4 for a clearexposition).Similarly, we think that thecomplexpatternsof disharmony
follow from the samekind of interplayof faithfulnessconstraintswith context-freeandcontext-
sensitivemarkednessconstraintsthatgovernsharmonyitself.

2 Disharmony

2.1 The typology of neutral vowels

Cross-linguistically, so-calledtransparentvowelsmaydiffer with respectto thecontextin which
neutralizationoccurs.Theymaybecontext-freelyneutral,or participatein harmonyin somecon-
textswhile beingneutralin others,or finally be idiosyncraticallyneutral. Contextualneutrality
may be determinedprosodically(for example,initial/stressedvs. non-initial/unstressedposition)
or by theharmoniccontext.For example,in SouthernVepsian(Wiik 1989)andin theSouthEs-
tonianMulgi dialect(Tanning1961:33),u is neutralafter vowelsof unlike height([. . . ä.. .u.. . ]
versus*[. . . ä.. . ü.. . ]) but harmonicotherwise(*[. . .u.. . ü.. . ], *[. . . ü.. .u.. . ]), whereasa is al-
waysharmonic.4 Becauseof suchcontextualneutralization,a vowel maybeneutralevenif it has
aharmonicpartnerin thelanguage’s inventory:therelevantnotionof contrastis acontextualone.

On thebasisof ourstudyof front/backharmony, weproposethreetypologicalgeneralizations.

Unmarkedness. Neutralvowelsbearanunmarkedvalueof theharmonizingfeature,in virtue
of suppressionof the contrast,eitherby a context-freefeatureco-occurrenceconstraint,or by a

4i. . .a is retained,asin minnas‘go’ (cond.),exceptin thecontextof palatalizedconsonants(e.g.Transl.Pl.iļ ļä-ksi
‘quiet’); contrastjää-nü ‘stayed’müü-dä ‘sell’.
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prosodicallyor segmentallydefinedcontextualneutralization.Forexample,theunmarkedvalueof
backnessis [–Back] for unroundednonlowvowels,and[+Back] for othervowels.For front/back
harmonysystems,therefore,neutralvowelscanbeoneof i, e,a, o, u, but not i , õ, ä, ö, ü. In Seto,
wehavealreadyseenthat i, e,o canbeneutralvowels(andevenits othertwo unmarkedvowelsa,
u canbeneutralin certaincases,asweshallsee).

Uniformity. All neutralvowelswith a givenvalue[αF] of theharmonicfeaturewill beeither
opaqueor transparent.In Seto,for instance,the[–Back]neutralvowelsareall transparent,andthe
[+Back] neutralvowelsareall opaque,a generalizationwhich will be confirmedasexaminethe
wholesystemandfind moreinstancesof eachtype.

Asymmetry. Transparentvowelshavea predictablefeaturevalue; in front/backharmonysys-
temsit [–Back].

In what follows we mapout thespaceof variationandmodelit by anOT factorial typology,
whoseleadingideais that thecategoryof “neutralsegment”in all its varietyarisefrom thecom-
petitionbetweencontextualconstraintsandfeatureco-occurrenceconstraints.

2.2 Markednessand faithfulness

The markednessconstraintsthat governharmonyare of two types: featural markednesscon-
straints, and context-sensitivecombinatoricconstraints. The ranking of theseconstraintswith
respectto faithfulnessconstraintsdeterminestheinventoryin aparticularpositionor context.

[2] Featuralmarkednessconstraints

a.
[
–Lo
–Rd

]
⇒ [–Bk]: If avowel is nonlowandunrounded,it mustbefront. Thisconstraint

will bemnemonicallyreferredto as*i ,*õ.

b. [–Bk] ⇒
[
–Lo
–Rd

]
: If avowel is front, it mustbenonlowandunrounded(mnemonically:

* ä,*ö,*ü).

The implicational format in [2] is chosenover the simple co-occurrenceformat (such as *[–
Lo,–Rd,+Bk], *[+Lo,–Bk], *[+Rd,–Bk]) in order to precludesatisfactionof the constraintsby
vowelsthat aresimply underspecifiedfor oneof the features.In orderto conformto the impli-
cationalconstraints[2a,b], vowelsmustbepositivelyspecifiedfor therequiredfeaturevalue. Of
course,if otherconstraintsor principles(suchastheconstraintSPECIFY proposedby Ringenand
Heinämäki 1999)rule out underspecifiedvowels,we may reinstatethe simpleco-occurrencere-
strictions.Eitherway, theimportantpoint is thatunderspecificationplaysno role in our solution.
Every underspecifiedoutput candidatesuccumbsto a moreharmonicfully specifiedcandidate,
andfor everyunderspecifiedinput, the optimaloutputcandidateis a fully specifiedwell-formed
possibleword of thelanguage.Let usaddthatthis doesnot necessarilymeanthatwe consideran
underspecificationanalysisof harmonyunfeasible,or undesirable.Our aim is simply to presenta
coherentaccountof vowel harmonywithout usingunderspecification,not to assessthe complex
issuesraisedby thealternative.

The featuralmarkednessconstraintsin [2] shouldprobablybe furtherdecomposed.As men-
tioned,ä is lessmarkedthanü, ö, whichsuggeststhat[2b] conflatestwo constraints* ä and* ö,*ü,
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of which the latteruniversallyrankshigher. Insofarasotherconstraintsintervenebetweenthem,
splitssuchasthosenotedabovefor SouthernVepsianandMulgi will result.

Thecombinatoricmarkednessconstraintthatdrivesharmonyis statedin [3].

[3] Combinatoricmarkednessconstraint

AGR(F): Adjacentsegmentsmusthavethesamevalueof the feature[F] (Bakovic2000:4,
cf. Krämer2000).

In thelanguagesstudiedhere,[F] = [Back], butthesameconstraintholdsfor anyharmonicfeature.
.

We alsorequirethetwo familiar faithfulnessconstraintsin [4].

[4] Faithfulnessconstraints

a. IDENT-�1(Back): An [αBack] input segmentin a stem-initialsyllablemustnot havea
[−αBack] outputcorrespondent).(PositionalFaithfulness,Beckman1998).

b. IDENTSTEM(Back): An [αBack] input segmentin a stemmustnot havea [−αBack]
outputcorrespondent).(Notethatthis is anordinaryI/O faithfulnessconstraint,not the
Output/OutputconstraintSA-IDENT(F) proposedby Bakovic2000:23).

Thesefaithfulnessconstraintsbecomevisible in a languagewhentheydominatesomemarkedness
constraint,suchas[3] AGR(Back). Theydeterminetwo controlling(“triggering”) environments
in harmonysystems.Oneis thefirst vowel of theharmonicdomain,which is singledout by the
constraint[4a] IDENT-�1(Back). Theprivilegedstatusof theword-initial syllableestablishedby
IDENT-�1(Back) meanstwo things: it is a trigger of harmony, andit is the positionof maximal
contrast(evenindependentlyof anyharmony).Theeffectsof this constraintarevisible in all the
languagesthatwe areconcernedwith. Certaincontrastsin theharmonicfeaturearesuppressedin
non-initialsyllables,regardlessof themorphologicalmakeupof theword.

Thesecondcontrollingenvironmentis theSTEM. Thefaithfulnessconstraint[4a] thatensures
this is [4b] IDENTSTEM(Back). Like IDENT-�1(Back), IDENTSTEM(Back) hastwo functions.
When stemand affix havedistinct harmonicvalues,it causesthe valueof the stemto prevail.
And it accountsfor the“derivedenvironment”asymmetriescommonlyseenin harmonysystems.
Theoverarchinggeneralizationhereis thatharmonicconstraintsaremoreseverein derivedenvi-
ronmentsthanstem-internally. Forexample,in Finnish,affixesarefrontedafterall-neutralstems:
si-nä ‘it (essive)’viit-tä ‘five (abessive)’.But within simplestems,backandfront harmonicvowels
contrastafterneutralvowels:siä ‘you’, kina ‘squabble’,viitta ‘cloak’, riitt ä- ‘suffice’.5

In a suffixing languagesuchasFinnish,theeffectsof thetwo constraintsIDENTSTEM(Back)
and IDENT-�1(Back) overlapsignificantly. Still, eventhoughthe privilegedstatusof the initial
syllabledeterminedby IDENT-�1(Back) is normally not detectable,it canbe seenin loanword
adaptation,by a kind of Emergenceof theUnmarked.Thefollowing datafrom Finnishshowthat
thefirst vowelprevails:6

5Vocalicaffixesaftermonosyllabicrootsact like stem-internalvowels: pes-u‘washing’, tiet-o ‘knowledge’,el-o
‘living’.

6Whentheinitial syllableis stressed,asin the languagesconsideredhere,theeffectof IDENT-�1(Back) is indis-
tinguishablefrom faithfulnessto stressedsyllables,which raisesthequestionwhethertheformercouldbereducedto
thelatter. But Turkish,in spiteof its word-finalstress,showsthesamespecialstatusof initial syllables,anindication
thatIDENT-�1(Back)is not reducibleto faithfulnessto stressedsyllables.
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[5] a. Peugeot→ pös̈o (not *poso)

b. olympialaiset→ olumpialaiset, trotyyli→ rotuli, pulityyri→ pulituuri

2.3 Varieties of neutrality

Beforecompletingthe constraintslet us review the typologicalspaceof neutralvowel behavior
descriptively. To fix thebehaviorof an [αF] neutralvowel, we mustknow threethings: whether
it transmits[−αF] harmony, whetherit transmits[αF] harmony, andwhetherit triggers[αF] har-
monyon its own. Noneis entirelypredictablefrom anyof theothers,but therearemanyimplica-
tional regularities.To schematizethetypologyfor front/backharmony, we symbolizetransparent
vowelsby i, backharmonicvowelsby a, andfront harmonicvowelsby ä, andassumeleft-to-right
harmonyin virtueof [4], asin all thelanguagesin oursample.

• Transparencyto backharmony. Is . . .a.. . i. . . ä.. . excluded?

• Transparencyto front harmony. Is . . . ä.. . i. . .a.. . excluded?

• Triggeringof front harmony. Is . . . i. . .a.. . excluded?

Thetablein [6] mapsout thedifferentwaysin whichtheFinno-Ugriclanguagestreatthesesit-
uations.Thereareeightlogically possiblecombibations,of which thefour representedby shaded
rowsarenot instantiated.

[6] Thedifferentiationof neutralvowelsin derivedenvironments:

[ [ ä ] a ] [ [ a ] i ] [ [ a i ] ä ] [ [ ä i ] a ] [ [ i ] a ]
a. Finnish * ✓ * * *
b. Uyghur,W Estonian * ✓ * * ✓

c. (Unattested) * ✓ * ✓ *
d. EnarveVepsian,Mulgi * ✓ * ✓ ✓

e. Khanty, NE Estonian * ✓ ✓ * *
f. (Unattested) * ✓ ✓ * ✓

g. (Unattested) * ✓ ✓ ✓ *
h. (Unattested) * ✓ ✓ ✓ ✓

Eachcolumnin thetablerepresentsa typeof disharmony.7 Thestarsin thefirst columndiagnose
harmonyitself: if a languagedoesnot barsequencesof disharmonicvowelsin adjacentsyllables
it doesnot haveharmonyat all. Thecheckmarksin thesecondcolumndiagnoseneutrality: if a
languagedoesnotallow suchsequencesof syllablesit doesnothaveneutralvowelsatall. Thelast
threecolumnsof [6] representthethreecritical diagnosticsjust listedthatestablishthedescriptive
typology of neutralvowels. Sinceharmonyis often suspendedinsidestemsby the faithfulness
constraint[4b] — towhichwewill returnin amoment— weconsiderherethederivedenvironment
case(asshownby thebrackets),in orderto castournetaswideaspossible.8

7The table is basedon Wiik 1988, 1989 plus the following: our interpretationof the datain Must 1995 (NE
Estoniantexts,seeesp.p. 22), Juhkam& Sepp2000(WesternEstoniantexts),andTanning1961(textsin theMulgi
dialectof SouthEstonian),thegenerativeanalysesof Uyghurvowel harmonyby Lindblad1990andVaux2000,and
thepainstakingdescriptivestudyof vowelharmonyin Karjalainen’sEasternKhantytextsby Vertes1977.

8In Seto,for example,front neutralvowelscombinewith backvowelswithin stems;thecombinationis starredin
thelastcolumnof thetablebecausesuffixalvowelsarealwaysfrontedafterneutral-vowelstems.
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In all the languages,the vowel i is neutral(unpaired);in somealsoe is neutral.9 But these
neutralvowel behavedifferently asshown.For example,Uyghurhasbackvowel endingsin both
yol-imiz-Ka ‘our road-dat’andsinip-ta ‘class-loc’ (Vaux 2000),whereFinnish treatsthe corre-
spondingconfigurationsdifferently, e.g.sot-i-mis-ta‘warring-part’ versussinis-ẗa ‘blue-part’.

We will proceedon theassumptionthatthefour unattestedsystemsin [6] aresystematicgaps,
for two reasons.First, theattestedtypesarepredictedby constraintsthataremotivatedindepen-
dentlyof theworkingsof harmonysystems,while themissingtypeswould requireadditionaloth-
erwiseunnecessarycomplications.Secondly, asimilar typologyseemsto holdsfor ATR harmony.
At leastthreeof the four typesthat we find in back/frontharmonyoccuralsoin ATR harmony,
andnoneof the four typesmissingin back/frontharmonyare instantiatedin ATR harmony, as
far aswe know. Wolof (Ka 1994,Archangeli& Pulleyblank1994)is an analogto Finnish,and
Turkana(Noske1990)andShilluk (Gilley 1992)arecomparableto UyghurandEasternKhanty,
respectively(in therelevantrespects,of course).

We proposethatthebasictypologyresultsfrom theintersectionof two binaryproperties.

Thefirst binarypropertydistinguishesFinnishandEasternKhantyfrom UyghurandVepsian.
In FinnishandEasternKhanty, all-neutralcontextstriggerharmony(in derivedenvironments),in
UyghurandVepsiantheydonot. Alternativerankingsof thetwo previouslyintroducedconstraints
[2b] ä, ü, ö and [3] AGR(Back) generatethis part of the typology. Uyghur andVepsianprefer
to avoid themarkedvowelsä, ü, ö. In FinnishandEasternKhanty, avoidingthemarkedvowels
vowelsä, ü, ö is lessimportantthaneliminatingevenmildly disharmonicvowel combinations.In
termsof constraintranking:

[7] a. Finnish,EasternKhanty: AGR(Back)� * ä,*ö,*ü

b. UyghurandVepsian:* ä,*ö,*ü� AGR(Back)

[8]
Finnish . . . AGR(Back) * ä,*ö,*ü . . .

[ i ] a i a *
☞ i ä *

[ i ] ä i a *
☞ i ä *

[9]
Uyghur . . . * ä,*ö,*ü AGR(Back) . . .

[ i ] a ☞ i a *
i ä *

[ i ] ä ☞ i a *
i ä *

Thisaverysimpleillustrationof howthetypologyof neutralvowelsreflectsalternativeresolutions
of theconflictbetweensyntagmaticconstraints(suchasAGR(Back))andparadigmaticconstraints
(suchas* ä,*ö,*ü).

9Both languagespresentinterestingcomplicationswhich we setasidehere.As mentioned,in EasternKhanty, an
optionalpostlexicallocalassimilationprocesscreatesbacki , õ, without interactingwith harmonyin anyway. This is
easilydealtwith in StratalOT (Kiparsky2000,forthcoming)butproblematicin parallelOT.
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Of course,this cannotbe the whole story by a long shot: stem-internally, Finnishwelcomes
combinationslike i a with openarms,whereasit still excludescombinationslike ä a. Thisfact tells
usthat theremustbeanother,moreselectiveconstraintwhich is violatedby ä a but not by i a. It
alsotellsusthatthismoreselectiveconstraintdominatesIDENTSTEM(Back) (sinceit treatsstems
andderivedenvironmentsalike), which aswe alreadyknow in turn dominatesthe moregeneral
harmonyconstraintAGR(Back). We proposethat this newconstraintforbidsa harmonyviolation
that involves markedvowels. The idea is that disharmonywith markedvowels is both worse
thandisharmonyalone,andworsethanmarkednessalone.We needno newprimitive constraints.
Rather,we uselocal constraintconjunction(Smolensky1993,Kager1999:392-400)to combine
the existingconstraintsAGR(Back) and * ä, * ö, * ü into a new constraintMARKED HARMONY

(MH):

[10] MARKED HARMONY (MH): [3] AGR(Back)& [2b,c] * ä, * ö, * ü

A conjoinedconstraintis violatedwhenboth its conjunctsareviolated. Example[11] will help
makethegeneralideaclear.

[11] Finnishdisharmonywithin stems:

a. *a ä — ä is bothmarkedanddisharmonic(violating theconjoinedconstraint)
b. ✓i a — a is disharmonicbutunmarked(noviolationof theconjoinedconstraint)
c. ✓i ä — ä is markedbut harmonic(noviolationof theconjoinedconstraint)

We muststill accountfor the fact that sequencessuchas ä i a anda i ä arebad in Finnish
andUyghur,andgoodin theotherlanguages,exceptof coursewhereexcludedby theconstraint
rankingsalreadyestablished(namely, in EasternKhanty ä i a is rejectedin favor of ä i ä by [7a],
andin EnarveVepsiana i ä is rejectedin favor of a i a by [7b]). This is simplywhatwe normally
meanwhenwesaythatneutralvowelsaretransparentin FinnishandUyghur. To accountfor it we
needa constraintthatmilitatesagainstlong-distancedisharmony. Whenthatconstraintdominates
themoregeneralharmonyconstraintAGR(Back), transparencyresults.

Again,weneednonewprimitiveconstraintsto getthisresult.As formulatedin theliteratureso
far (Kager1999:393),thetheoryof constraintconjunctionrequiresspecificationof somedomain
in which violationsof conjoinedconstraintsareassessed,suchasa segment,a morpheme,or a
word. Insteadof embracingthis full freedom,let ussupposethattherearejust two interpretations
of conjoinedconstraints:

[12] a. CONSTRAINT CONJUNCTION (GENERALIZED CASE): A conjoinedconstraintC1&C2

is violatedwhenC1 andC2 areviolated.

b. CONSTRAINT CONJUNCTION (CORE CASE): A conjoinedconstraintC1&C2 is vio-
latedwhenC1 andC2 areviolatedandtheminimalsubstringsthatcontaintheviolations
overlap.

By specifyingthe domainof constraintevaluationin the two alternativewaysin [12] we obtain
two versionsof theconjoinedconstraint[10] MH thatprecludesdisharmonyof markedvowels.

[13] a. GENERALIZED MH: domainmaynot containbotha vowel markedfor F anda vowel
disharmonicfor F.
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b. CORE MH: avowelmaynotbebothmarkedfor F anddisharmonicfor F.

For example,CORE MH is violatedby the sequencesa ä and ä a, but not by the sequences̈a i
a or a i ä, whereasGENERALIZED MH is violatedby all of them. The sequencëa o ä hastwo
violationsof bothconstraints(onein thesubstring̈a o, theotherin thesubstringo ä). Thesequence
ä i a i ä hastwo violationsof GENERALIZED MH (namelyä i a anda i ä), but no violationsof
CORE MH.

Theseconstraintscompletethe desiredfactorial typology of neutrality. Neutral vowels are
transparentif GENERALIZED MH outrankssomeantagonisticconstraint(be it faithfulnessor
markedness).Theprecisenatureof the transparentbehaviorfollows from thenatureof thedom-
inatedconstraint. In the languagesunderconsideration,it is AGR(Back), which enforceslocal
harmony, henceopacityratherthantransparency.

[14] a. Transparency(FinnishandUyghur): GENERALIZED MH � AGR(Back)

b. Opacity(EasternKhantyandVepsian):AGR(Back)� GENERALIZED MH

Note that this treatmentof transparencyrequiresthata conjoinedconstraintcanoutrankthecon-
junctsthatcomposeit (contraryto whatis usuallyassumed,Kager1999:393).

[15]
Opaque/i/ . . . GENERALIZED MH AGR(Back) . . .

[ ä i ] a ä i a * *
☞ ä i ä

[ a i ] ä ☞ a i a **
a i ä * *

[16]
Transparent /i/ . . . AGR(Back) GENERALIZED MH . . .

[ ä i ] a ä i a * *
☞ ä i ä

[ a i ] ä a i a **
☞ a i ä * *

If constraintswhich excludemarkedconfigurationsareneveroutrankedby constraintswhich
excludeunmarkedconfigurations(this is really thedefinitionof markedness),CORE MH, which is
subsumedby GENERALIZED MH, would alwaysberankedat leastashigh asthelatter. On these
assumptions,thecollatedrankingsdiscussedsofar areasgivenin [17].10

[17] a. Eastern Khanty: *i ,*õ� IDENT-�1(Bk)� IDENT-�1(Back),CORE MH � IDENT-
STEM(Back)� AGR(Back)� GENERALIZED MH, * ä,*ö,*ü,

b. Vepsian: *i ,*õ� IDENT-�1(Bk), CORE MH � IDENTSTEM(Back)� GENERAL-
IZED MH � * ä,*ö,*ü, AGR(Back)

10The rankingof the two constraintsAGR(Back) and IDENTSTEM(Back), which determineswhethersequences
containingneutral-backvowel combinationsact alike stem-internallyandin derivedforms, is not clearto us for all
languagesfrom theavailabledata. In Finnish,the rankingis clearlyasgivenabove.It seemsthat this rankingis an
independentlanguage-specificmatterwhichnothaveanyfurtherconsequencesfor therestof thesystem.
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c. Finnish: *i ,*õ� IDENT-�1(Back),CORE MH, GENERALIZED MH� IDENTSTEM(Back)
� GENERALIZED MH � AGR(Back)� * ä,*ö,*ü

d. Uyghur: *i ,*õ� IDENT-�1(Back),CORE MH, GENERALIZED MH� IDENTSTEM(Back)
� * ä,*ö,*ü� AGR(Back)

Illustrativetableauxfor eachof thefour systemsfollow. Sinceweareconsideringonly systems
with neutralvowels,the two constraints[–Lo,–Rd]⇒ [–Bk] IDENT-�1(Back) rankhighestin all
thelanguagesconsideredhere.Thereforethefollowing typesof combinationswill betreatedalike.

Input *i ,*õ IDENT-�1(Back) . . .

[ a i ] ☞ a i
a i *
ä i *

[ a i ] ☞ a i
a i *
ä i *

[ i ] ☞ i
i * *

[ i ] ☞ i
i *

[ ä i ] ☞ ä i
ä i *
a i *

[ ä i ] ☞ ä i
ä i *
a i *

In general,all candidateswith backunroundedvowelswill beexcludedby undominated[–Lo,–Rd]
⇒ [–Bk], andwill be omittedin what follows. The moreinterestingdifferencesandsimilarities
betweenthefour systemsareillustratedby thefollowing combinations.Notethedifferentiationof
stem-internalandderivedenvironmentsdueto IDENTSTEM(Back).
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Input Khanty *i
,*

õ

ID
-�

1
(B

k)

C
O

R
E

M
H

ID
S

T
E

M
(B

k)

A
G

R
(B

k)

G
E

N
M

H

*ä
,*

ö
,*

ü

[ a i ] a a i a **
☞ a i ä * * *

ä i ä * * **

[ ä i ] a ä i a * * *
☞ ä i ä **

a i a * * **

ä i a ☞ ä i a * * *
ä i ä *
a i a * * ** **

[ i ] a i a *
☞ i ä *

i a ☞ i a *
i ä * *

i ä i a * *
☞ i ä *

ä a ä a * * * *
☞ ä ä * **

aa * *

Vepsian *i
,*

õ

ID
-�

1
(B

k)

C
O

R
E

M
H

ID
S

T
E

M
(B

k)

G
E

N
M

H

*ä
,*

ö
,*

ü

A
G

R
(B

k)

☞ a i a **
a i ä * * *
ä i ä * * **

ä i a * * *
☞ ä i ä **

a i a * * **

☞ ä i a * * *
ä i ä * **
a i a * * **

☞ i a *
i ä *

☞ i a *
i ä * *

i a * *
☞ i ä *

ä a * * * *
☞ ä ä * **

aa * *

Finnish *i
,*

õ

ID
-�

1
(B

k)

C
O

R
E

M
H

G
E

N
M

H

ID
S

T
E

M
(B

k)

A
G

R
(B

k)

*ä
,*

ö
,*

ü

[ a i ] a ☞ a i a **
a i ä * * *
ä i ä * * **

[ ä i ] a ä i a * * *
☞ ä i ä **

a i a * * **

ä i a ä i a * * *
☞ ä i ä * **

a i a * * **

[ i ] a i a *
☞ i ä *

i a ☞ i a *
i ä * *

i ä i a * *
☞ i ä *

ä a ä a * * * *
☞ ä ä * **

aa * *

Uyghur *i
,*

õ

ID
-�

1
(B

k)

C
O

R
E

M
H

G
E

N
M

H

ID
S

T
E

M
(B

k)

*ä
,*

ö
,*

ü

A
G

R
(B

k)

☞ a i a **
a i ä * * *
ä i ä * * **

ä i a * * *
☞ ä i ä **

a i a * * **

ä i a * * *
☞ ä i ä * **

a i a * * **

☞ i a *
i ä *

☞ i a *
i ä * *

i a * *
☞ i ä *

ä a * * * *
☞ ä ä * **

aa * *
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2.4 Deriving the typology

If correct,our analysisshouldderive the true typologicalgeneralizationsaboutneutralvowels.
Abovewe formulatedthreeempiricalgeneralizations,unmarkedness, asymmetry, anduniformity.
Thesedo follow from thefactorialtypologyof theconstraintsystem.

The unmarkednesspropertyfollows from the leadingideathat harmonyreflectsthe interac-
tion of generalsyntagmaticconstraints(in thiscaseAGR(Back))with paradigmaticrestrictionson
vowelcontrasts.Thereis no “harmonyrule”, thereforeno stipulatedcontextualrestrictionson the
harmonyprocess.Rather,neutralityis enforcedby markednessconstraints.We know that these
constraintssuppressfeaturedistinctionsin favor of the unmarkedfeaturespecifications.That is
why neutralvowelsshowtheunmarkedvaluesof theharmonicfeature.

The uniformity propertyis a consequenceof the generalityof the featuralmarkednesscon-
straints[2]. The predictionhereis weakerthanin the precedingcase,in that it dependson the
substanceof theactualconstraintsthatwe haveposited.To theextentthat thereexistmorespe-
cific markednessconstraintsthat singleout particularneutralvowels,non-uniformityshouldbe
possible.

The asymmetryproperty(in the caseat hand,the generalizationthat backneutralvowelsin
front/backharmonysystemsareopaqueratherthantransparent)follows from theproposedanaly-
sisof transparency. Neutralvowelsaretransparentwith respectto backnessharmonywhenGEN-
ERALIZED MH (the conjunctionof * ä,*ö,*ü and AGR(Back)) rankshigh. In [14] we sawthat
underthe ranking GENERALIZED MH � AGR(Back), i is transparent,and underthe ranking
AGR(Back)� GENERALIZED MH, i is opaque.But, asthefollowing tableauxshow, o is opaque
underboththeserankings.In fact,thesequencëa o a is betterthanthesequencëa o ä with respect
to front/backharmonyon anyrankingof theconstraintswehave(contrast[19] and[16]).

[18]
Transparent /o/ . . . GENERALIZED MH AGR(Back) . . .

[ ä o ] a ☞ ä o a * *
ä o ä ** **

[ ä o ] ä ☞ ä o a * *
ä o ä ** **

[19]
Opaque/o/ . . . AGR(Back) GENERALIZED MH . . .

[ ä o ] a ☞ ä o a * *
ä o ä ** **

[ ä o ] ä ☞ ä o a * *
ä o ä ** **

Undereveryrankingof theproposedconstraints,neutralvowelsareunmarkedwith respectto
the harmonicfeature,backneutralvowelsareopaque(ratherthantransparent),andif evenone
front neutralvowel is transparent,all of themmustbe.Moreover,thispredictionholdsfor all types
of neutralvowels,whethercontext-free,contextual,or idiosyncratic.

In the instantiationsof the conjoinedconstraintschema[13] consideredso far, the conjunct
thatexcludesthemarkedvowelsis [2b] (* ä,*ö,*ü). In principleall markednessconstraintsshould
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conjoinwith AGR(Back) both in thecoremodeandin thegeneralmode.11 Suchconjoinedcon-
straintsarein fact instantiated.For Turkish,Clements& Sezer1983proposethe generalization
thatdisharmonicwordsdo notcontainthemarkedvowelsö, ü, i (but only theunmarkedvowelsi,
e, a, o, u). This meansthat [3] alsoconjoinswith [2a] into a constraintAGR(Back) & *i ,*õ. The
constraintrankingfor Turkishwouldbeasfollows:

[20] Turkish:
{

AGR(Back)& *i ,õ
AGR(Back)&* ä,*ö,*ü

}
� IDENTSTEM(Back)� *i ,õ, AGR(Back),* ä,*ö,*ü

Turkish stem-internal(“non-derivedenvironment”)disharmonyas discussedby Clementsand
SezeroccursbecauseIDENTSTEM(Back) intervenesbetweenthe conjoinedconstraintbarring
markeddisharmonyandmoregeneralmarkednessconstraintsincluding the plain harmonycon-
straintAGR(Back).

[21] Turkishstemdisharmony:

a. *e i — i is bothmarkedanddisharmonic(violating theconjoinedconstraint)
b. ✓eu — u is disharmonicbutunmarked(no violationof theconjoinedconstraint)
c. ✓e ü — ü is markedbutharmonic(no violationof theconjoinedconstraint)

3 Other approaches

Neutralvowels interferewith vowel harmonyin oneof two ways: eitherby creatingislandsof
frontnessin backharmonicdomains(transparentvowels),or by introducingnew backdomains
(opaquevowels). In thepresentsectionwe arguethat thedevicespreviouslyproposedin OT for
dealingwith neutralityarenot suitable.TheseincludeSympathy, ExtendedSympathy, Turbidity,
andTargetedConstraints(seeKiparsky2000andforthcoming,for amoregeneralcritiqueof these
devices).

3.1 Sympathy

For transparentvowels,a Sympathysolutionof thetypeadvocatedby McCarthymight posit that
harmonyis outrankedby a constraintwhich requiresa vowel to havethe samebacknessas a
Sympathycandidatethatdoesnotundergoharmony. TheSympathycandidate(the“❀-candidate”)
mustbe theoptimalcandidatethatsatisfiessomeFaithfulnessconstraint(with theunderstanding
that all sympathyconstraintsareexcludedfrom the selectionprocess).In the derivationof Seto
Estoniankopima‘to grope’,thebackvowelof thefinal syllablemustharmonizewith thepreceding
backvowel in *kopima. This is theSympathycandidate.TheFaithfulnessconstraintthatselectsit
mustthenbeIDENT-I/O(Back).

McCarthy’s revisedformulationof Sympathytheory(McCarthy1999)positstwo constraints,
❀CUMUL and❀DIFF, universallyrankedin that order. ❀CUMUL winnowsout all candidates
whicharenot CUMULATIVE, meaningthattheydonothaveasupersetof the❀-Candidate’s faith-
fulnessviolations. Such“incommensurable”candidatescanneverbe optimal. The sympathetic

11However,asItô andMesterhavenoted,conjoinedconstraintsshouldbemutuallyrelevant,in somesensewhich
remainsto bepreciselyexplicated.
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candidateitself, therefore,doesnot violate❀CUMUL, but, in thecaseswheresympathydoesany
work, it is rejectedby somehigher-rankingconstraint.Thefunctionof ❀DIFF is tochoosebetween
remainingcandidates,possiblyin conjunctionwith otherconstraintsof thesystem.❀DIFF assigns
oneviolation mark to everycandidatefor eachunfaithful mappingthat it doesnot sharewith the
❀-Candidate.Thus,it choosesthecandidatethatis mostsimilar to theSympathycandidate.

McCarthy’s formulationof theconstraints❀CUMUL and❀DIFF is reproducedin [22].

[22] Givenasympatheticcandidate❀-Cand,to evaluateacandidateE-Cand:

a. ❀CUMUL : E-Candis cumulativewith respectto ❀-Cand.That is, U❀-Cand⊆ UE-Cand

(whereU is thesetof acandidate’s faithfulnessviolations).

b. ❀DIFF: Every unfaithful mappingincurredby E-Candis also incurredby ❀-Cand.
That is, assignoneviolation markfor everymemberof thesetUE-Candwhich is not in
U❀-Cand.

c. ❀CUMUL � ❀DIFF (universally).

To makeit clearhow this ideaworks, we showthe derivationin two stages.The first stage
is representedin [23] andshowshow ✬IDENT(Back) selectsthesympathycandidate.For clarity,
I omit ❀CUMUL and❀DIFF from this tableaubecausethe theory stipulatesthat they mustbe
disregardedfor thispurpose.Assumefirst thattheunderlyingform is /kopima/.

[23]
setotab . . . . . . . . . ✬IDENT(Back) . . . . . .

Input: /kopima/
a. ❀ kopima ✓

b. kopima *
c. kopimä **
d. kopimä *

Themostharmoniccandidatethatconformsto theselectorconstraint✬IDENT(Back) is ❀kopima.
Thenexttableau[24] showshow theactualoutputcandidateis chosenby sympathyto ❀kopima,
by * I and❀DIFF. Herewe let AGR(Back)standfor whateverconstraintor constraintsdrivevowel
harmony.

[24]
setotabz * I ❀CUMUL ❀DIFF AGR(Back) ✬IDENT(Back) . . .

Input: /kopima/
a. ❀ kopima *
b. ☞ kopima * ** *
c. kopimä ** * **
d. kopimä * * * *

Sincethe Sympathycandidate(a) ❀kopima hasno faithfulnessviolationsrelativeto underlying
/kopima/,all candidateshavea supersetof its faithfulnessviolations.TheSympathycandidate(a)
kopimaandcandidate(d) arethrownout becausetheyviolateσ-WF (which hasto dominatethe
Sympathyconstraints❀CUMUL and❀DIFF if theseareto haveanyeffect).Of theremainingtwo
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candidates,(b) kopima, beingcloserto ❀kopima, bettersatisfies❀DIFF. In this way Sympathy
defeatsAGR(Back),asdesired.

Thesameresultwouldbeobtainedif /kopima/werechosenastheunderlyingform.

By Richnessof theBaseandFreedomof Analysis,wemustallowanycombinationof front and
backvowelsin inputs,and,moreover,sincefrontnessbeyondtheinitial syllableis nondistinctive,
the choicein thosepositionsmustconvergeon the sameoutput. Suppose,then,we choosethe
input /kopimä/. ✬IDENT(Back)will nowchoosethis inputastheSympathycandidate.

[25]
Seto . . . . . . . . . ✬IDENT(Back) . . . . . .

Input: /kopimä/
a. kopima **
b. kopima *
c. ❀ kopimä ✓

d. kopimä *

Again all thecandidatesarecommensurablewith theSympathycandidate(c) ❀kopim̈a, because
eachhasasupersetof thelatter’s faithfulnessviolationrelativeto underlying/kopimä/. Of thetwo
candidatesthatsurviveσ-WF, it is theSympathycandidateitself, identicalto theunderlyingform,
thatbestsatisfies❀DIFF.

[26]
Seto * I ❀CUMUL ❀DIFF AGR(Back) ✬IDENT(Back) . . .

Input: /kopimä/
a. ☞ kopima * **
b. kopima * ** *
c. ☞❀ kopimä * *
d. kopimä * * * *

Therefore,underthis choiceof input form, Sympathyagainfails to selectthedesiredoutput.The
outputderivedis, in fact,notapossiblewordof Finnish.We concludethatSympathysubvertsthe
fundamentalOT assumptionsof Richnessof theBaseandFreedomof Analysis.

3.2 ExtendedSympathy

Theargumentsofar hasassumedthatsympathycandidatesmustbeselectedby Faithfulnesscon-
straints. This strictureshouldnot be given up in a casualway, because(asMcCarthyshows)it
is conceptuallyan essentialpart of the theory and hasimportantempirical consequences.But
problemslike theonewe havesketchedout haveneverthelessled severalauthorsto proposethat
markednessconstraintstoo canfunction asselectorconstraints(Itô andMester1997,Merchant
1997,De Lacy 1998,Walker 2000). The versionof SympathyTheory in which this is allowed
is calledEXTENDED SYMPATHY. Walker specificallyarguesthat harmonyis transmittedacross
interveningneutralvowels in local fashionvia a Sympathycandidatein which neutralvowels
covertlyparticipatein theharmonicprocess.

ExtendedSympathyfaresbetterthanoriginal Sympathyin onerespect:we cannow forcethe
desiredSympathycandidatekopima by usingharmonyas the selector. In this way the correct
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outputwould be derivedhereand in similar words. But usingharmonyas the selectorhasthe
unfortunateeffectof makingopaquevowelstransparent.Letusdevelopthispointwith theexample
of thevowel /o/ in theSouthernSetodialectof Estonian,which is neutralin virtue of a constraint
thatprohibitsö. Dominatedby IDENT-�1(Back), this constraintneutralizestheo:ö in non-initial
syllables.

As discussedabove,we correctly predict that o, like all back neutralvowels in front/back
harmonysystems,is opaque;cf. forms suchas lähko-l̃o, with a backvowel after the opaqueo).
How would this result be obtainedunderExtendedSympathy? The sameharmonyconstraint
is at stake,so the samesympatheticconstraintshouldbe visible. Under ExtendedSympathy,
the sympathycandidatefor lähko-l̃o hasto be be the fully harmonic*l ähk̈o-le. On the basisof
sympatheticharmony, wewouldthenderive*l ähko-leinsteadof lähko-l̃o. [27] showstheselection
of the❀-candidateunderExtendedSympathy.

[27]
Seto . . . . . . . . . ✬AGR(Back) . . . . . .

Input: /lähko-le/(or /lähk̈o-le/, /lähko-l̃o/, etc.)
a. ❀ lähk̈o-le ✓

b. lähko-l̃o *
c. lähko-le **
d. lähk̈o-lõ *

Themostharmoniccandidatethatconformsto theselectorconstraintis❀lähk̈o-le. [28] showshow
theincorrectoutputcandidate*l ähko-leis chosenbysympathyto❀lähk̈o-leontheassumptionthat
theunderlyingform is /lähk̈o-le/. Any of theotherunderlyingformswould give thesamewrong
result.

[28]
Seto * ö ❀CUMUL ❀DIFF AGR(Back) ✬IDENT(Back) . . .

Input: /lähk̈o-le/
a. ❀ lähk̈o-le *
b. lähko-l̃o ** * **
c. ☞ lähko-le * ** *
d. lähk̈o-lõ * * * *

Candidates(a) and(d) arethrownout becausetheyviolate* ö (which, asbefore,hasto dominate
theSympathyconstraintsin orderfor ❀CUM and❀DIFF to haveanyeffect at all). ❀DIFF then
decidesagainstthedesired(b) lähko-l̃o in favorof theunwanted(c) *l ähko-le. ExtendedSympathy
fails to predicttheopacityof backneutralvowelsin theseharmonysystems.Moreover(asfar aswe
cantell) it evenpredictsthatall neutralvowelsof a languagewill eitherbetransparentor opaque,
which is falsified by SetoEstonian.We concludethat eventhe ExtendedSympathyapproachto
opacityis inconsistentwith OT’s fundamentalprinciplesof Richnessof theBaseandFreedomof
Analysis.

3.3 Turbidity

Goldrick (2000)attackstheproblemof non-patentconstraintinteractionby introducingtwo types
of input/outputrelations,anabstract,structuralrelationof PROJECTION, andanaudible,surface
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relationof PRONUNCIATION. Normally the two relationscoincide— what is projectedis pro-
nouncedand vice versa. But becausethe two relationsare subjectto separateMAX and DEP

constraintstheycandivergeunderthepressureof structuralmarkednessconstraints.

Turbidity theoryoffersanotherwaytoachievepartialoutputvisibility of neutralizedunderlying
information.Any suchsolutionrunsinto thesameproblemassympathy, namelythattherequired
underlyingrepresentationscannotbe guaranteedwheretheyarenoncontrastive,asin thecaseat
hand.Consequentlyturbidity makesthesamefalseempiricalpredictionsassympathy.

3.4 Targetedconstraints

Bakovic(2000)developsyetanotherapproachto neutralvowelsbasedonthenotionof TARGETED

CONSTRAINTS, which he creditsto Colin Wilson. As Bakovic explains,the appealingintuition
behindit is that“transparent-vowelcandidateshavemorein commonwith theideal,fully-harmonic
candidatethan opaque-vowelcandidatesdo” (p. 272). Undoubtedlykopimasoundsmore like
*kopima thankopim̈a does.Thequestionis whethertargetedconstraintscashin this intuition to
explainhowneutralvowelswork.

Targetedconstraintscarryoutpairwise(ratherthanglobal)constraintevaluationsof candidates.
Constraintevaluationproceedsby successivepairwisecomparisonsbetweencandidates,whose
outcomesareaccumulateduntil theoptimalcandidateis found.

Thetargetedversionof theconstraintthat rulesout *i in Seto(a direct translationof a similar
constraintof Bakovic’s)wouldbe:

[29]
⊙

[–Back,–Round,+High]

Let x be any candidateandζ be any [–Back,–Round,+High]vowel in x. If candidatey is
exactlylike x exceptthatζ is not [–Back,–Round,+High],theny is betterthanx.

Much dependson the right sequenceof pairwisecomparisons,for which Bakovicadoptsthe
following principlesformulatedby Wilson:

[30] a. Ordering. Startingwith the highest-rankedconstraintin the hierarchy, if the current
constraintassertsthe orderingx � y, thenaddx � y to the cumulativeorderingO,
exceptwhenthe oppositeordering(i.e. y � x) is in O. Repeatfor the next highest-
rankedconstraintin the hierarchy. [To which Bakovic adds:The order in which the
relativeorderingsamongcandidatesthat a given constraintassertsareaddedto O is
givenby theabsoluterankingwhich thatconstraintestablishesamongthecandidates.]

b. Transitiveclosure.For anycandidatesx, y, andz, if bothx � y andy � z arein the
cumulativeorderingO, thenx � z is alsoin O (i.e.x � y & y � z ⇒ x � z).

c. Optimality. A candidateisoptimal if andonly if it isnotworsethananyothercandidate
in thefirst cumulativeordering(i.e.whentheloop in (a) ends).

Still cleavingto Bakovic’s exposition,we considerthe derivationof kopimafrom /kopi-ma/.
This time we neednot worry aboutthebacknessof thenon-initial input vowels,for targetedcon-
straintsdo not rely on faithfulnessto underlyingrepresentations.Ignoring all but the four most
interestingcandidates,weobtainthetableauin [31], wherethedesiredoutputform is thewinner.
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[31]
Candidates

⊙
[+Back,–Round,+High] AGR(Back)

Input: /kopi-ma/
a. kopima d � a !
b. kopimä a � b !
c. kopimä b � c !
d. ☞ kopima a, b, c � d
Cum.ordering: d � a, b � c d � a � b � c

Crucially, both[+Back,–Round,+High]andAGR(Back)mustbetargetedconstraints,evaluatedin
thepairwisefashionstipulatedin [30].

Now considerthevowelo. Onourproposal,thedesiredopaquebehaviorfollows from ranking
theneutralizationconstraint* ö aboveAGR(Back) (but belowIDENT-�1(Back),sinceö is distinc-
tive in initial syllables).Moreover,we showedthata hypotheticaldialectwhereo is transparent
(ratherthanopaque)couldnotbedealtwith in ourframework,agoodresultbecausethedatashow
thatbackvowelsmustbeopaquewith respectto front/backharmony.

Undertargetedconstraintsthis is not thecase.Thereis no reasonwhy o would not be trans-
parentlike i. The tableauin [32] is exactlyparallel to the onein [31], differing only in that the
markednessconstraintexcludes̈o ratherthani. Thepredictedoutputis *l ähko-leinsteadof correct
lähko-l̃o.

[32]
Candidates

⊙
[–Back,+Round,–High] AGR(Back)

Input: /lähko-le/
a. lähk̈o-le d � a !
b. ✓ lähko-l̃o a � b !
c. lähk̈o-lõ b � c !
d. ☛ lähko-le a, b, c � d
Cum.ordering: d � a, b � c d � a � b � c

Plainly, targetedconstraintsgive thewrongresultfor opaquevowels. It seemsthat this treat-
mentof neutralvowelswould requirea mix of targetedconstraints(for transparentvowels)and
ordinaryconstraints(for opaquevowels)within oneconstraintsystem,a formally undesirableout-
comebecausethe two kinds of constraintsare evaluatedin completelydifferent ways. Absent
priciplesthatdeterminewhenaconstraintis targetedandwhenit is not targeted,weagainlosethe
predictionthatbackneutralvowelsareopaquewhile front neutralvowelscanbetransparent.

4 Conclusions

We havepresenteda tentativetypology of front/backvowel harmonysystems,concentratingon
disharmonyphenomena.Disharmonicvowelsareeitheropaqueor transparent,andthelattershow
cross-linguisticallyvery diversebehavior. The leadingidea of our analysisis that disharmony
ariseswhena generalharmonyconstraintthat imposesfeatureagreementon neighboringvowels
is dominatedby markednessconstraintsthat governvowel inventoriesandby faithfulnesscon-
straints.We showedthat theempiricallyattestedtypologyof disharmonyis derivablefrom these
assumptionson thebasisof uncontroversialconstraints.Theonly noveltywasto makeuseof two
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modesof local constraintconjunction,which howeverarealreadyimplicit in thetheory. Farfrom
beinga weakeningof the theory, our proposalis In this respectmorerestrictivethanthe hereto-
fore countenancedalternativeof allowing thedomainof local conjunctionto befreely stipulated.
In a concludingargumentwhich complementsKiparsky 2000andforthcoming,we showedthat
our analysiscomparesfavorably to thosebasedon sympathyandrelatedapproachesto opaque
constraintinteractions.
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NÍ CHIOSÁIN , MÁIRE, AND JAYE PADGETT. 2001.Markedness,segmentrealization,andlocal-
ity in spreading.MS.

NOSKE, MANUELA . 1990. Vowel harmonyin Turkana. Studiesin the Linguistic Sciences
20:123-34.

RINGEN, CATHERINE, AND ROBERT M. VAGO. 1998.Hungarianvowel harmonyin Optimality
Theory. Phonology15:393-416.
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