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Abstract

In CorrespondenceTheory(McCarthy & Prince1995),
elementsof two strings(S� , S� ) belongingto designated
representationallevels suchas (input, output) may be-
comeassociatedthroughanarbitrarycorrespondencere-
lation, while constraintslike MAX , DEP evaluatesuch
string pairs relative to the set of elementwisecorre-
spondencesthey find. Using someelementarycalcula-
tions, I show that the numberof candidatesproduced
by correspondence-theoreticGEN quickly grows out of
proportion,exceedingtheestimatedamountof atomsin
theentireuniversefor strings

� � of lengthgreater6 un-
derconservativeupperboundsfor amountof epenthesis,
reduplicationandallophonicinventorysize.Thisfinding
suggeststhat it is hopelessto do realisticmanualverifi-
cationof correspondence-theoreticanalyses,while leav-
ing opensuitablerestrictionsof theformalpowerof cor-
respondence,as e.g. proposedby Primitive Optimality
Theory(Eisner1997).While phonologymaynot count,
phonologistsclearlyshouldsometimes.
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1 Introduction

CorrespondenceTheory(McCarthy& Prince1995;Kager1999)(henceforth:CT)
is an increasinglypopularextensionof classicalOptimality Theory (Prince&
Smolensky 1993)in whichthenotionof correspondencebetweenelementsof two
stringsplaysa centralrole.1 Historically, this notion first cameup in reduplica-
tivemorphology, wheretheoristswantedto talk abouttherelationbetweencorre-
spondingsegmentsof thebaseandthereduplicant(McCarthy& Prince1994),but
themodelhasbeengeneralizedalmostimmediately(McCarthy& Prince1995),
in particularto input-outputcorrespondence.Input-outputcorrespondencemaybe
safelyassumedto bethestandardinstantiationof CT in thesensethatconstraints
will needto referenceit in themostbasicanalyticscenarios,i.e. thosethatrequire
neitherformalmeansfor handlingreduplicationnormeansfor describingoutput-
output relations.Hence,we will focus the following discussionon this type of
correspondence,thoughnothingcruciallyhingeson thisdecision.

CT abandonsthemonostratalconceptionof its predecessorin favourof a two-
level model. In the old conception– the so-called‘containment’variety of OT
– the underlyingrepresentation(UR) wasmerelyenrichedwith prosodicstruc-
ture,underparsingmarksandepentheticsegments,but theunderlyinginput was
guaranteedto becontainedin every candidate.In CT, however, this guaranteeis
no longerupheld.In fact,thesurfacerepresentation(SR)producedby GEN may
now beany (prosodicallydecorated)stringdrawn from theallophonicinventory
of the world’s languages,even if thereis no discerniblesimilarity to the under-
lying form, andit is the soleresponsibilityof the constraintsto ensurethat the
correctoutputis produced.

In orderto relateUR andSR,CT introducestheconceptof a correspondence
relation � , whosepurposein the input-outputspecializationof correspondence
is to recordpairingsof individualelementsfrom UR andSR.Hereis theoriginal
definition:

Given two stringsS� andS� , correspondence is a relation � from
theelementsof S� to thoseof S� . Elements��� S� and 	�� S� are
referredto ascorrespondents of anotherwhen �
��	 . (McCarthy&
Prince1995,14,emphasisin original)

1This work hasbeenfundedby the Germanresearchagency DFG undergrantWI 853/4-2.
Many thanksto theparticipantsof theMarburg phonologydiscussiongroupfor helpfulcomments
andcriticism, in particularBirgit Alber, StefanGirgsdies,WolfgangKehrein,andRichardWiese.
All remainingerrorsandshortcomingsaremine.
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Accordingto theinventorsof CT, elementsarejust(tokensof) segments,although
they addthat generalizationto “moras,syllables,feet, headsof feet, aswell as
tonesandevendistinctive featuresor featurenodes”(McCarthy& Prince1995,
14) shouldbestraightforward.Constraintsarenow empoweredto evaluateentire
two-levelmappingsbetweensubpartsof URandSRinsteadof theformerSR-only
modeof strictoutputorientation,andthey maydistinguishbetweencorrespondent
andnon-correspondentsegmentpairswhenevaluatingsuchmappings.Thefamily
of correspondencerelations�
������� ����� inducedby thesetof (UR� ,SR� ) pairsis best
thoughtof asa hiddenpartof theuniversalGEN function,which continuesto be
parametrizedby inputUR (= S� ) only:

Eachcandidatepair (S� ,S� ) comesfrom Genequippedwith a corre-
spondencerelationbetweenS� andS������� Thereis alsoa correspon-
dencerelationfor each(I,O) candidate-pair. Indeed,onecansimply
think of GenassupplyingcorrespondencerelationsbetweenS� and
all possiblestructuresoversomealphabet.(McCarthy& Prince1995,
14f, emphasisadded)

If instead � existed outside of GEN, i.e. if somethinglike a set of tailor-
made correspondencerelations ����� � were stored within each lexical entry�! #" �%$'& � �(���)�*$*+ " �-,*$ � �(��� ��$*+ " �*,*$������.$ � �(��� /0$1+ " /2,*30, , 46587�5:9 , onewouldhave
to facea massive increasein idiosyncraticinformation,which seemshardto de-
fend.

To illustrate the freedomintroducedby correspondence,here is a graphi-
cal renderingof somelinguistically usefulcorrespondencesfrom a real analysis
(Kager1999,62-69):

(1)

fusion metathesis deletion epenthesis; � <<<< = �> > > >? �%� �
@ � AAAAAA @ �B B B B B B@ � @ �

; � = �
= �

; � = �
C � D = �

Note how this selection encompassesmany-to-one correspondences(fu-
sion), correspondencesinvalidating precedencerelationships across tiers
(fusion,metathesis),absenceof correspondencewith the output (deletion) and
input (epenthesis),in addition to straightforward precedence-preservingone-to-
onecorrespondences(partsof deletion,epenthesis).Also displayedareinstances
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of correspondingsegmentsthat miss perfect identity (both correspondencesin
fusion,leftmostcorrespondencein epenthesis).

2 How many correspondences and candidates?

In this section,I will develop somesimpleformulaeto calculatethe numberof
correspondencesandresultingcandidates.To make it easierto understand,the
presentationwill bebrokendown into anumberof intermediatesteps.

Just two strings: how many correspondences? Wearegiventwo finite-length
strings +E�*$1+F� , andaskourselves:how many waysarethereto draw correspon-
dencelinesbetweenelementsof +E� and +F� ? RecallthatCT placesno restrictions
whatsoever on multiple corresponceandalsoallows for the possibility that any
individual elementmaynot correspondentto any counterpart.Thereasoningev-
idently is that the constraintsshouldseethe richestpossiblesetof candidates–
GENshouldnotberestrictiveandtakeoversomework of CON.

Simplecombinatoricsthenleadusto theconclusionthatany elementof string+E� cancombinewith every subsetof elementsin thestring +F� . Note thatwe can
freely convert betweenstringandsetrepresentationsby representingeachstring
segmentG asa tuple

� G
$ =IH�J�KMLNKOH�P H�Q GR, in thesetrepresentation,cf. McCarthy&
Prince(1994,p.7,fn.8).For example,with stringpositionsstartingat 1 thestringSUT*S is equivalentlyrepresentedby aset J = & � T $ � ,V$ � S $XWY,*$ � S $ � ,X3 . Designatingthe
lengthsof Z[+E�2Z]\ P and Z[+F��Z]\ ? andusingthe fact that for a givenset J with
cardinality ? thesetof all subsetsof J hascardinality ��^ , we get the following
formula:

PR_ ?`TVa�b0c Q @ H b0b0a Jd=eHfP]g a P]h a J � P $ ? ,i\ � ^kj � ^ ����� j � ^l m'n oprq � ^ts!u \ � ^rv p(2)

How many output strings for given input? To answer the question we
need to look at two factors. The first factor encompassespossibleways to
increasethe length of an input string +E� . There are two obvious subfac-
tors, epenthesisand reduplication.Hence,let us posit correspondingvariablesSY? Hf_wPwL c QFxy= a PRL-z a J�K%J $ SY? Hf_ePRL c Q " a g . The first variableis a naturalnumber
thatdesignatesthemaximumnumberof epentheticsegments2 percandidatestring

2The term is slightly imprecise,asit is immaterialwhetherthosesegmentsareactuallynon-
correspondent(trueepenthesis)or not(e.g.gemination,vowel lengthening).All thatmattersis that
they causethelengthof {U| to increase.
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+F� . A reasonabledefault valuefor mostpracticalcaseswould seemto be2. The
secondvariableis anaturalnumberwhich is 1 for no reduplication,2 for a maxi-
mumof onetotal reduplicationof +E� , 3 for a total triplication of +E� andsoforth.
Again,a reasonabledefault valuewouldbe2. Puttingthingstogether, weget:

?`S G c _eL�=�_eL~} a Pw��L-z � P ,r\ P j SY? Hf_wPwL c Q " a g�� SY? Hf_wPwL c QFxy= a PRL-z a J�K%J(3)

Theprecedingfiguregivesthemaximumlengthof +F� asafunctionof thelength P
of +E� . Notethatwemustnotthink of thelengthincreaseasbeingcounterbalanced
by thepeculiarnatureof thefactorscontributingto this increase:dueto universal-
ity, epentheticandreduplicatedsegmentsof anysegmentalqualitywill beposited
by GEN, with only theconstraintsbeingresponsiblefor restrictingreduplicative
or epentheticidentity in appropriateways.Also, onemustnot bemisleadby the
factthatthesetof correspondencerelationsfor the‘Full Model’ of reduplication
depictedin (McCarthy& Prince1995,ex. (145))doesnot explicitly draw anar-
row betweeninput andoutput.Not only is I-O correspondencementionedin the
paragraphprecedingtheir example(145), but also the output level surelymust
continueto functionasthesolelevel overwhichphoneticinterpretationis defined
– reduplicatedword formsarepronouncedafterall. Thus,restrictingthepresent
discussionto I-O correspondenceandat thesametime includinga reduplicative
factorcontributing to anoverall lengthincreasedoesmakesense.

However, we arenot finishedyet. At eachposition in +F� we have a choice
betweenall crosslinguisticallypossibleallophones. Why is this?Simply because
GEN is againunderstoodasbeinguniversal,henceshouldnot prejudiceagainst
any possiblesegmentalcorrespondentin thesurfaceform, leaving thatwork en-
tirely to theconstraints.Obviously it is not a simpletaskto determinethemaxi-
mumnumberof crosslinguisticallypossibleallophones.However, a conservative
lower bound3 may be derived from the numberof distinct segmentsmentioned
in theUPSIDdatabaseof over 400languages(Maddieson1984),which yieldsa
countof 913.Thus,?`SUS , aconstantdenotingthemaximumamountof allophones,
will receive thevalueof 913asthedefault.

To completethepicture,we only needto observe that,dueto theexistanceof
truncationprocessesin the world’s languages,all stringsof lengthshorter than?`S G c _IL�=I_IL~} a PR�UL-z � P , alsoneedto be generated.For a fixed length 7 we get?`SUS / differentstrings,becausewehaveachoicebetweenoneof ?`SUS allophones

3Thelowerboundis aconservativeestimatebecause(i) UPSIDonly samplesinventoriesfrom� 450 languages,but thereareat least6000of themand(ii), languagesmay well exhibit allo-
phoneswith phonologically-controlleddistributionwhicharenotphonemicin any language.
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at eachof the 7 independentpositions.Summingover all lengths,we therefore
arriveat thefollowing formulafor thenumberof outputstrings:

PR_ ?`c _IL�=I_IL-J \ ?`S�SY� � ?`SUS � � j2j2j � ?`SUS ^t�~�V��� q[� � q�� s p.�~q�����p2�(4)

One input, many outputs and correspondences: what’s the total? It is time
to put the piecestogether, amalgamatingformulae(2) and(4). We learnedfrom
(2) how many correspondencestherearefor two fixedstrings+E�V$*+F� . Equation(4)
showedushow many +F� will resultfrom asingle +E� . Becausethecorrespondence
possibilitiesare independentof the concretesegmentalidentitiesin eachof the
many +F�%� strings,but obviouslydependenton their length– segmentscannotcor-
respondto nonexisting material–, we now needto multiply both quantitiesper
lengthclass. Thisgivesusthefinal formulafor thetotalnumberof corresponding
string-stringpairsproducedby GEN (summandswritten accordingto increasing
lengthclass):

PR_ ? @ S P]gYKOg S L a J � P ,r\ � p v � j ?`SUSY� � � p v � j ?`SUS � � � p v � j ?`SUS � � ������ � p v ^t�N�V�I� q[� � q�� s p'�Nq�����p�� j ?`SUS ^��N�V��� q[� � q�� s p'�Nq�����p��(5)

Notethatall wehavedonesofar is to calculatethenumberof undecoratedstring-
stringpairsundercorrespondence.This is only a lowerboundon theactualnum-
berof candidatesbecausein realcandidatesanoutputstring is only the terminal
yield of aprosodictree,whichaddssubsyllabicrolesand/ormoras,syllablestruc-
ture,foot structure,prosodicwords,andpossiblyhighercategories.Crucially, the
assignmentof prosodictreesto outputstringsis againmany-to-one,asemptycat-
egories,differentsyllabificationsof the samestring,subtreesviolating the strict
layer hypothesisof the prosodichierarchyetc.have all beendefendedandused
in actualanalyses.As a consequence,thesealternative assignmentsneedto be
producedby universalGEN andwe would againhave to multiply thequantityin
(5) by someunknown but probablylargeamountto arrive at the realnumberof
candidates.

To give the readerbotha feeling for themultitudeof possibilitiesthatarises
undercorrespondence-theoreticGEN andhelpherverify theformulain (5) for a
concreteexample,figure1 on page16 shows a sampletabulation for an unreal-
istically smallallophonealphabet� = & a,b3 andan input stringof length2 with
no increasedueto epenthesisor reduplication.Thetabulationis exhaustive,each
candidateis unique,andthe resultingnumberof 73 candidatesis just what the
formulapredicts.
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Any realistic numbers? To computevalues accordingto (5), we need to
fix valuesfor thefreeparametersSU? Hf_ePRL c QFx�= a PwL-z a J2K!J $ SY? H�_ePRL c Q " a g $ ?`SUS .
A reasonable first choice is to take the default values from above:SY? Hf_wPwL c QFxy= a PRL-z a J�K%J \ � $ SY? H�_ePwL c Q " a g \ � $ ?`SUS \�� � W . Here thenare
somevaluesfor PR_ ? @ S P]gYKOg S L a J � P , with the just-mentionedparametervalues,
tabulatedfor inputstrings+E� of increasinglength P :

tabulate num candidates(7)(6)

n = 1 => 11123488168255
order = 10ˆ14

n = 2 => 2373031750999377744277
order = 10ˆ22

n = 3 => 81011296023204627124804791886 81
order = 10ˆ31

n = 4 => 44252451301762855290066685306 4560 93887 1313
order = 10ˆ42

n = 5 => 38677993444544289869469482656 0694 75143 3949 6\
90953561633

order = 10ˆ54
n = 6 => 54090121103604523912750049507 2683 44749 3198 4\

207274730971903465813057
order = 10ˆ67

n = 7 => 12103073513179019905409440814 1494 48380 7393 6\
02599135992123284015849845591 2075 36448 1

order = 10ˆ82

Thesevalueswerecomputedusingasimplescriptfed into thearbitrary-precision
calculatorbc, which is availableonmany UNIX-lik esystems.Thescriptis docu-
mentedin appendixA.

To put thosefiguresinto perspective: it is assumedthat thenumberof atoms
forming the observable massof the entire universe is in the order of

� 4��!�
(seee.g.http://www.sunspot.noao.edu/PR/answerbook/universe.html#q70).Thus,
with only length-7inputswehavealreadysurpassedthatorder!

Becauseof the thoroughlyexponentialnatureof formula (5), nothingreally
hingeson the particularchoiceof default parameters.Even the most restricted
casepossible,which hasan absurdoutput inventory consistingof a single al-
lophoneand a total ban on additionalepenthesisor reduplication,displaysthe
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exponentialblowup,endingup well above
� 4 �!� alreadyfor length-17inputslike

Englishindustrialization[ �������U�N�~ -� D2¡£¢�¤£¥.¦ ��§N� ]. Thereasonfor this behaviour is evi-
dentfrom inspectionof (5): theformulacontainstwo kindsof exponentialterms,
andshrinkingtheallophoneinventorysizeto 1 haseliminatedonly oneof them.
Theexponentialfactorsmodellingthenumberof correspondencepatternsremain.
In otherwords,theexistenceof freecorrespondencein itself is sufficient to cause
thedreadedexponentialblowup.

3 What are the consequences?

Checking of correspondence-theoretic analyses by hand is impossible. A
naive enumerationof candidatesunderCT is simply infeasible,given the sheer
numberof candidatesthatariseevenfor shortinputs.But that is thecurrentstan-
dardpractice– show sometableauxwith numberof candidatesin theorderof

� 4 �
at most,andconcludethat theclaim to winnerstatusof somecandidatemarked
with thehandsymbolis valid.

Onemight respondby trying to improveonnaiveenumeration– let usdevise
someclever enumerationscheme.The questionthenbecomes:Canwe devise a
universalsortingorderfor candidate,sothatlazyproductionof candidates– only
changesomecorrespondencestartpatternif demandedby the constraints,with
thechangegoingfrom minimal to maximaldeviancealongsomecanonicalroute
– is a practicalpossibility?It seemsnot. Supposesomeonedevisesa constraint
which favoursaweirdselectionof correspondencepatternthatmaybesomewhat
hardto graspfor humans,but demonstratablysolvesanempiricalpuzzle.If this
constraintis top-ranked,thecandidatesthatdonotviolateit will haveto comefirst
in theconstraint-inducedsortingorder, eventhoughthey maybewidely separated
in theeasy-to-graspcanonicalsortingorder. In otherwords,theanalystagainhas
to useher intuition aboutwhich candidatesto includein thewinnercomputation
insteadof carryingoutamechanicalproofbasedonaneasilymemorizedcanoni-
calsortingorder, becausethelatteris notguaranteedto leadto anoptimalityproof
in a reasonablyshorttime framefor all possibleconstraints.This dependenceof
sortingon theactionof constraintsthereforedestroys thehopeof comingupwith
aonce-and-for-all sortingorderthatis valid acrossanalysesandrerankings.

Does SPE-type derivationalism face the same problems? No. EachSPErule
producessomelocal modificationsof a singlephonologicalobjectstring,which
aretypically very easyto verify. Abbreviatory conventionsandspecialrule ap-
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plicability conditionsdo complicatethepicturesomewhat,but without invalidat-
ing the generalpoint: it is comparatively easyto checkthat all the rule-induced
mappingsin a derivationalcascadefrom UR to SR are indeedlicensedby the
respective rules.

Here is an exampleillustrating easyverifiability of SPErules.Considerthe
two rulesunder(7), takenfrom Kaplan& Kay (1994):

(7)

1. N ¨ m / [+labial]
2. N ¨ n

Let us take the stringsiNpractical and iNtractableasinputs.Then,applying
the rulesin theorderindicatedreducesto first scanningfor a length-2substring
N[+labial] , which– with appropriatedefinitionof thefeaturebundleinvolvedas,
say, © �«ª SUT K S ª­¬¯® & T $ = $ Q $X°I3 – yieldsa matchat stringposition2 for iNpractical
and no matchfor iNtractable. Having carriedout the substitution

; ¨ ? at
position2 of thefirst string,we rescanbothstringsfor the length-1substringN,
which now yieldsa matchfollowedby substitution

; ¨ P only for iNtractable
at position2. The outputstringsthusproducedare impractical and intractable.
Clearly, ruleapplicationis simpleenoughto beexhaustively checkedby handfor
mostcases.

But betteryet,evensupposingthatrulecomplexity did look overwhelmingin
a particularinstance,we still have themechanicalrule translationstrategy that is
rigorouslydefinedin Kaplan& Kay (1994).Eachrule individually translatesinto
a finite-statetransducer, a mathematicallywell-understoodformal device. Next,
entirerulecascadesinvolvinganarbitraryfixednumberof rulesarecollapsedinto
a single transducerthat encodesthe overall input-to-surfacemappingby simply
connectingindividual transducerswith the mathematicalcompositionoperator.4

Sinceeachof thesesteps– includingthefinal applicationto a giveninput or set
of inputs– is alsopracticallycomputable,onecansimply delegatetheanalysis-
checkingtask to a computerprogramthat implementsthe rule-translation-and-
applicationprocedure(e.g. by using the FSA Utilities software of van Noord
1997).Assumingthatthesoftwarefaithfully reproducesthemathematicaldescrip-
tions,computerizedrulecheckingis nothinglessthananexhaustivemathematical
proof of theclaimsa givenrule-basedanalysismakeswith respectto thecorrect
outputstrings.Thus,paceMcCarthy(1999,392),it is not thecasethat,especially

4Kaplan& Kay givefull detailsof thefinite-statetransducerscorrespondingto our rulesin (7)
andalsoshow thecompositiontransducercollapsingserialapplicationof rule2 afterrule1.
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for morethantwo interactingrules,the“broadconsequencesof ruleorderingand
serialismremainlargely unexamined”:the problemwassolved in a mathemati-
cally andcomputationallysoundwaymany yearsago.

Does containment-type classical OT have similar problems? It seemsthat
classicalOT facesa muchlesssevereblowup in the numberof candidatesasa
functionof input length.Thereareat leasttwo factorsinvolved:underparsingand
epenthesis.For agivenstring +E�V$�Z)+E��Z�\ P , thereare � p candidateoutputstringsto
dueunderparsing:eachsubsetof +E� maybeunderparsed(includingtheemptyset,
which meansno underparsingat all). Epenthesisis interpretedto work on top of
this: for agivenabstractepentheticelement,eachpossiblyunderparsedcandidate
of length P canhave it insertedat oneof P`� �

positions.If thereis a maximum
of 7 epentheticpositionsandthe entirerangeof inserting0,1, ����� , 7 epenthetic
elementsis considered,wegetamultiplicativefactorof

� � � P±� � , � � � P±� � , � �j2j2j � � P²� � , / . Thetotal is thereforedefinedasfollows:

PR_ ? @ S P]gYKOg S L a J @ ª S JfJ�K!h S ª \ � p j � � � � P²� � , � � � P²� � , � � ������ � P²� � , �N^t³O� p'q �e´1µ � s p'q�� s!u � u ,(8)

Thisnumberrisesmuchmoreslowly (amountOfEpenthesis=2):

(9)

n = 1 => 14
order = 10ˆ2

n = 2 => 52
order = 10ˆ2

n = 3 => 168
order = 10ˆ3

n = 4 => 496
order = 10ˆ3

n = 5 => 1376
order = 10ˆ4

n = 6 => 3648
order = 10ˆ4

n = 7 => 9344
order = 10ˆ4

n = 8 => 23296
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order = 10ˆ5
n = 9 => 56832

order = 10ˆ5
n = 10 => 136192

order = 10ˆ6

To reach
� 4 �!� , one needsa very long string of length P =244. Of course,con-

tainmenttheoryasoriginally definedhasseveral deficits,amongstthemthe ab-
stractnessof epenthesis,wherea concretesegmentalidentity is not definedfor
epentheticsegments,andtheunclearstatusof both reduplicationandmetathesis
in thatmodel.Also, underspecifiedinput segmentswould resultin anincreasein
the numberof candidates,becauseof the variouswaysof fleshingthemout to
fully specifiedcandidates.Finally, longerinputswouldcertainlyfavouracompu-
tationalevaluationaswell: e.g.(Karttunen1998)notedthat his simplified defi-
nition of GEN alreadyproduced1,7 million candidatesfor input /abracadabra/.
However, for checkingof analysesperse– ourmainconcernhere– containment
theoryremainsdefinitelypreferrableto CT.

Are there other mathematical or computational strategies available? Per-
haps,but thisneedsmoreresearch.Onemighttry to resorttoanintensionalformal
descriptionof bothcandidatesetsandCT constraints.“Don’t literally enumerate
at all, just describethepossibilitiesusingsomecompactformal notation”would
bethesloganhere.

As soonasthis pathis followed,oneof two possibilitiesarise:(A) conduct
mathematicalproofs basedon the intensionalformal descriptions,or (B) auto-
matetheproofsvia asuitablecomputationalevaluationprocedure.Possibility(A)
seemsill-suitedto theneedsof thepracticingphonologist,evenif proofschemata
could be constructedthat would somehow abbreviate the difficult manualcon-
structionof proofsby only requiringthefilling-in of certainpartsthatwouldvary
asa function of the constraintsand rankingsused.Possibility (B) immediately
invokesthefollow-upquestionof asuitableformalbasisfor formalizingthecon-
straintsandGEN. So far, concreteproposalsin this domainhave all usedfinite-
stateautomatato representCONandGEN,for goodreasons.Finite-stateautomata
arevery attractive in termsof mathematicalclarity andefficient processing.The
drawbackfor presentpurposesis thatsuchautomatacannotsystematicallyrepre-
sentthetokenidentityrequiredin differentiatingbetweencorrespondingsegments
that may have the samesegmentalquality: S � and S � may have differentcorre-
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spondents,asindicatedby thesubscripts.Finite-stateautomata,however, cannot
managemorethana finite, a priori fixednumberof suchdifferentiatingindices
(or equivalentdevices),whichis problematicbecausein generalnoprincipledup-
perboundon thelengthof inputsseemsto beavailable.Of course,oneis freeto
rejecttheprovenfinite-statebasisfor CON andGEN formalization,but thenthe
burdenof proofshiftsto therejectorto comeupwith anadequateformalandcom-
putationaltreatmentof CT usingwhatever morepowerful formalismis proposed
instead.

At present,a wiser strategy seemsto be to stick to the finite-stateframe-
work andseekwaysto reducethe excessive power of arbitrarycorrespondence.
A goodcandidateto startwith might be Primitive Optimality (Eisner1997;Al-
bro 1997)(henceforth:OTP). We aregenerallyinterestedin OTP becauseit rep-
resentsGEN andconstraintswith finite-stateautomata,thuspossessinga sound
formal andcomputationalbasis.More to thepoint, OTP favoursa modeof rep-
resentationwherephonologicalinformationis arrangedin anautosegmental-like
fashion,beingsplit amongafixednumberof tiers,includingtechnicaltiersdiffer-
entiatingbetweenunderlyingandsurfacematerialor insertedversusdeletedsub-
strings.However, comparedto the autosegmentalfinite-statetreatmentof (Bird
& Ellison 1994),thereareno explicit associationlines; rather, correspondence-
as-associationis construeddirectly via temporaloverlapof temporallyextended
‘autosegments’or ‘gestures’.The job of GEN, CON andEVAL is to fleshout
the temporallyunderspecifiedinput in a way that producesanotherfinite-state
automatonrepresentingthewinner(s).Leaving mattersat that,thepossibilitiesre-
sultingfrom thisimplicit-correspondence-through-temporal-overlapmodelwould
be greatlyrestricted.This is becausein the original CT proposalcrossedcorre-
spondencesarevalid, but bothBird & Ellison’s andEisner’s temporalsemantics
of representationaldiagramsturn any violation of theno-crossingconstraintinto
an emptyautomaton,leaving essentiallythe two optionsof local spreadingand
one-to-onecorrespondence.

Unfortunately, this might be restrictedjust a little too much, becausethen
metathesisandreduplicationbecomeimpossibleto express.A generaltreatment
of crossingcorrespondencesrequiresnot only greater-than-regular formal power
for GEN,e.g.Multiple Context FreeGrammars(Albro 2000),but alsonon-finite-
stateconstraintsdue to the token identity problemmentionedabove. However,
a representationaltrick might offer at leastsomehelp herewithin the confines
of finite-stateOTP (p.c. Dan Albro): for eachunderlyinginput string UR on its
own tier, mechanicallyadda second,derived, tier UR� s·¶!^ representingall pos-
sible permutationsof UR. Sincetiers arejust automata,andthe setof permuta-
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tions is representableasan automaton,too, this muchcertainlyseemspossible
within afinite-stateframework.Onewouldthenhavethefreedomof makingcon-
straintssensitive to either the original UR tier or the derived UR� sM¶!^ tier when
evaluatingcorrespondence-as-overlapagainsta givensurfacetier. Sincethe two
UR tiers aresystematicallyrelated,a constraintcannow assess,say, a formally
non-crossingcorrespondencebetweenSRandsegmentsin UR� sM¶O^ , while thedi-
rectcorrespondencesusingUR would cross.While this allows for scenarioslike
/pat/��� – /tap/���¹¸%º­»½¼ – [ta¾ ] ��� , it still doesnotgiveusthegeneralability to distin-
guishbetweensegmentsthatonly differ in position,like/pa� a� / ��� – /pa� a¿ / ���¹¸%º­»½¼
– in otherwords,thetokenidentityproblemremains.

In sum,apromisingrouteto modify CT’sproblematicnotionof arbitrarycor-
respondencemight be to revert to the autosegmental-temporalsemanticsof rep-
resentationsandrule out both formally crossingcorrespondencesand overt la-
bellingof correspondenceindices,asproposedby PrimitiveOptimalityTheory. It
remainsto beseenwhetherthephonologicalcommunitywill adoptOTPasanew
referenceframework.

What about other types of correspondence? Thereis not muchto sayhere,
becauseotherinstantiationslike base-reduplicantor input-reduplicantcorrespon-
denceareclearlyalsocorrespondencesin the formal sense.Thus,they canonly
addtheir combinatorypotentialto thesetof possibilitiesarisingthrough‘basic’
I-O correspondence.Thesituationis in principlesimilarwith output-output(O-O)
correspondence,wheresurfacerepresentationsof individualwordsor wordforms
directly correspondwith oneanother. However, if I-O correspondencewereall-
togethereliminatedin a radical,massively parallelO-O-onlymodel,theensuing
new calculationsmight indeedleadto new results.However, sincethenumberof
wordformsis infinite in practicein languageslikeGermanandTurkish(freecom-
pounding,iterateduseof affixes),andinfinite in theoryin every languagedueto
productivity, it is very unclearat presenthow preciselya pureO-O modelwould
handlethoseimportantaspectsof language,let alonewhethersucha model is
practicallycomputableat all. Even if it could be shown to be formally wellde-
finedunderthosecircumstances,theensuingnumbersof correspondenceswould
beinfinite in thelimit, thusonly worseningthemanualcheckingproblemthatthis
paperhashighlighted.
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4 Conclusion

I have shown thatcorrespondencetheory(McCarthy& Prince1995)generatesa
horribly largeamountof candidateswhichquickly surpassestheamountof atoms
in the entireuniverseevenundermostrestrictive assumptions.This finding ren-
dersthe standardpracticeof eyeballinga few hand-selectedcandidatesa highly
questionableenterprisewith doubtfulscientificstatus.Whatever theproblemsof
theolderderivationaltheoriesascomparedto thecorrespondence-theoreticframe-
work maybe,they arerenderedinsignificantin thefaceof thesheerimpossibility
of manualverificationof concreteanalysesin thelatter. Furtherresearchinvolving
modificationof centralassumptionsof correspondencetheoryand/orcomputer-
izedanalysischeckingseemsinevitableto restoreat leastsomeof thecredibility
of this extensionof OT. While phonologymay not count,phonologistsclearly
shouldsometimes.

References

Albro, D. (1997).Evaluation,Implementation,andExtensionof PrimitiveOp-
timality Theory. Master’s thesis,Departmentof Linguistics,UCLA.

Albro, D. (2000).TakingPrimitiveOptimalityTheoryBeyondtheFiniteState.
In: J. Eisner, L. Karttunen& A. Thériault (Eds.),SIGPHON2000‘Finite-
StatePhonology’ – Proceedingsof theFifth Workshopof theACL Special
InterestGroupin ComputationalPhonology, Luxembourg, 57–67.6thAu-
gust2000,COLING 2000.

Bird, S. & T. M. Ellison (1994).One-Level Phonology. ComputationalLin-
guistics20(1), 55–90.

Eisner, J. (1997).Efficient generationin primitiveOptimalityTheory. In: Pro-
ceedingsof the35thAnnualMeetingof theAssociationfor Computational
Linguisticsandthe8th Conferenceof theEuropeanAssociationfor Com-
putationalLinguistics, Madrid.

Kager, R. (1999).OptimalityTheory. CambridgeUniversityPress.

Kaplan,R. & M. Kay (1994).Regular modelsof phonologicalrule systems.
ComputationalLinguistics20(3), 331–78.

Karttunen,L. (1998).The ProperTreatmentof Optimality in Computational
Phonology. In: Proceedingsof FSMNLP’98.International Workshopon

13



Finite-StateMethodsin Natural Language Processing, BilkentUniversity,
Ankara,1–12.(CLA-9804002,ROA-258-0498).

Maddieson,I. (1984).Patternsof sound. CambridgeUniversityPress.

McCarthy, J.& A. Prince(1994).TheEmergenceof theUnmarked:Optimality
in ProsodicMorphology. In: M. Gonzalez(Ed.),Proceedingsof theNorth-
EastLinguisticsSociety, Vol. 24, Amherst,MA, 333–379.GraduateLin-
guisticStudentAssociation.(ROA-13).

McCarthy, J. & A. Prince(1995).Faithfulnessandreduplicative identity. In:
J. Beckman,L. W. Dickey & S. Urbanczyk(Eds.),Papers in Optimality
Theory, Vol. 18vonUniversityof MassachusettsOccasionalPapersin Lin-
guistics, 249–384.Amherst,MA: GraduateLinguisticStudentAssociation.
(ROA-60).

McCarthy, J.J. (1999).Sympathyandphonologicalopacity. Phonology16(3),
331–400.

Prince,A. & P. Smolensky (1993).OptimalityTheory. ConstraintInteractionin
Generative Grammar. Technicalreport RuCCSTR-2, RutgersUniversity
Centerfor CognitiveScience.

vanNoord,G. (1997).FSA Utilities: A toolbox to manipulatefinite-stateau-
tomata.In: D. Raymond,D. Wood& S.Yu (Eds.),AutomataImplementa-
tion, Vol. 1260von Lecture Notesin ComputerScience, 87–108.Springer
Verlag.(Softwareunderhttp://grid.let.rug.nl/ � vannoord /Fsa/ ).

14



A Script for numCandidates calculation using bc

# (c) 2001 by Markus Walther, University of Marburg

define num_candidates _r ecurs iv e (len, n, maa) {
if (len < 1) return (1);
return (num_candidates _r ecur siv e( le n- 1, n, maa) \

+ (2ˆ(n*len))*(m aaˆl en) );
}

define num_candidates (n ,r edupf ac to r, epent hesi sf act or ,maa) {
len = n*redupfactor+ep enth es isf ac to r;
return ( num_candidates_ re cu rsi ve (l en,n ,maa) );

}

define tabulate_num_c andi dat es (max) {
for ( i=1; i<=max; i++ ) {
result = num_candidates( i, 2, 2,9 13);
print "n = ", i, " => ", result;
print "\n";
print " order = 10ˆ", length(result) ;
print "\n";
}
print "\n";

}
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1. S T 2. S TS 3. S TS 4. S TÀ ÀS 5. S TÀ ÀS
6. S T

T 7. S±ÁÁ T
T 8. S T

T 9. SÂÁÁ T
T

10. S TS S 11. S TÃ ÃS S 12. S TS S 13. S TÃ ÃS S 14. S TS S 15. S TÃ ÃS S
16. S TS S 17. S TÃ ÃS S 18. SÅÄÄ TS S 19. SÅÄÄ TÃ ÃS S 20. S6ÄÄ TS S 21. SÆÄÄ TÃ ÃS S
22. S ÄÄ TS S 23. S ÄÄ TÃ ÃS S 24. S ÄÄ TS S 25. S ÄÄ TÃ ÃS S
26. S TS T 27. S TÇ ÇS T 28. S TS T 29. S TÇ ÇS T 30. S TS T 31. S TÇ ÇS T
32. S TS T 33. S TÇ ÇS T 34. S±ÁÁ TS T 35. S«ÁÁ TÇ ÇS T 36. SÂÁÁ TS T 37. S«ÁÁ TÇ ÇS T
38. S ÁÁ TS T 39. S ÁÁ TÇ ÇS T 40. S ÁÁ TS T 41. S ÁÁ TÇ ÇS T
42. S T

T S 43. S TÈ ÈT S 44. S T
T S 45. S TÈ ÈT S 46. S T

T S 47. S TÈ ÈT S
48. S T

T S 49. S TÈ ÈT S 50. S�ÉÉ T
T S 51. S�ÉÉ TÈ ÈT S 52. S`ÉÉ T

T S 53. S�ÉÉ TÈ ÈT S
54. S ÉÉ T

T S 55. S ÉÉ TÈ ÈT S 56. S ÉÉ T
T S 57. S ÉÉ TÈ ÈT S

58. S T
T T 59. S TÇ ÇT T 60. S T

T T 61. S TÇ ÇT T 62. S T
T T 63. S TÇ ÇT T

64. S T
T T 65. S TÇ ÇT T 66. S ÁÁ T

T T 67. S ÁÁ TÇ ÇT T 68. S ÁÁ T
T T 69. S ÁÁ TÇ ÇT T

70. S ÁÁ T
T T 71. S ÁÁ TÇ ÇT T 72. S ÁÁ T

T T 73. S ÁÁ TÇ ÇT T
Figure 1: GEN output with correspondencesfor S� = ab, � = & a,b3 ,SY? Hf_wPwL c QFxy= a PRL-z a J�K%J \Ê4�$ SY? Hf_wPwL c Q " a g \ � $ ?`S�S \ �

16


