MARBURGER ARBEITEN ZUR
LINGUISTIK

Correspondence Theory: More

Candidates Than Atoms in the
Universe

Markus Walther

March 2001

Institut fur Germanistische Sprachwissenschatft
Philipps-Universitat Marburg
Wilhelm-Ropke-Str. 6A
D-35032 Marburg

e-mail: Markus.Walther@mailer.uni-marburg.de

archive: http://www.uni-marburg.de/linguistik/mal



Abstract

In Correspondencé&heory (McCartly & Princel995),
elementf two strings(S;, S;) belongingto designated
representationdkevels suchas (input, output) may be-
comeassociatethroughanarbitrarycorrespondence-
lation, while constraintdike MAX, DEP evaluatesuch
string pairs relative to the set of elementwisecorre-
spondenceshey find. Using someelementarycalcula-
tions, | shav that the numberof candidategroduced
by correspondence-theoret@EN quickly grows out of
proportion,exceedingthe estimatecamountof atomsin
the entireuniversefor strings.S; of lengthgreater6 un-
derconsenrative upperboundsor amountof epenthesis,
reduplicatiorandallophonicinventorysize.Thisfinding
suggestshatit is hopelesgo do realisticmanualverifi-
cationof correspondence-theoretinalyseswhile leav-
ing opensuitablerestrictionsof theformal power of cor-
respondenceas e.g. proposedby Primitive Optimality
Theory(Eisner1997).While phonologymay not count,
phonologistxlearlyshouldsometimes.
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1 Introduction

Correspondenceheory(McCarthy& Princel995;Kager1999)(henceforthCT)
is an increasinglypopularextensionof classicalOptimality Theory (Prince &
Smolensl 1993)in whichthenotionof correspondencketweerelement®f two
stringsplaysa centralrole! Historically, this notion first cameup in reduplica-
tive morphologywheretheoristswantedto talk abouttherelationbetweercorre-
spondingsegmentof thebaseandthereduplican{McCarthy& Princel994),but
the modelhasbeengeneralizecalmostimmediately(McCarthy& Princel995),
in particularto input-outputcorrespondencénput-outputcorrespondenamaybe
safelyassumedo bethestandardnstantiationof CT in thesensahatconstraints
will needto referencet in themostbasicanalyticscenariosi.e. thosethatrequire
neitherformal meandor handlingreduplicatiomor meandor describingoutput-
outputrelations.Hence,we will focusthe following discussionon this type of
correspondencéhoughnothingcrucially hingeson this decision.

CT abandongshemonostratatonceptiorof its predecessan favour of atwo-
level model.In the old conception- the so-called‘containment’variety of OT
— the underlyingrepresentatiofUR) was merely enrichedwith prosodicstruc-
ture, underparsingnarksand epenthetisegments but the underlyinginput was
guaranteedo be containedn every candidateln CT, however, this guarantees
nolongerupheld.In fact, the surfacerepresentatio{SR) producecby GEN may
now beary (prosodicallydecorated¥tring dravn from the allophonicinventory
of the world’s languagesevenif thereis no discerniblesimilarity to the under
lying form, andit is the soleresponsibilityof the constraintgo ensurethat the
correctoutputis produced.

In orderto relateUR andSR, CT introduceghe conceptof a correspondence
relation R, whosepurposein the input-outputspecializatiorof correspondence
is to recordpairingsof individual elementdrom UR andSR. Hereis the original
definition:

Giventwo stringsS; andS,, correspondence is a relation’R from
the elementf S, to thoseof S,. Elementse € S, andg € S, are
referredto ascorrespondents of anotherwhenaR 3. (McCarthy &
Prince1995,14, emphasisn original)

1This work hasbeenfundedby the Germanresearcrageny DFG undergrantWI 853/4-2.
Many thanksto the participantf the Marburg phonologydiscussiorgroupfor helpful comments
andcriticism, in particularBirgit Alber, Stefan Girgsdies WolfgangKehrein,andRichardWiese.
All remainingerrorsandshortcominggremine.



Accordingto theinventorsof CT, elementsrejust (tokensof) sggmentsalthough
they addthat generalizatiorto “moras, syllables,feet, headsof feet,aswell as
tonesandevendistinctive featuresor featurenodes”(McCarthy& Prince1995,
14) shouldbe straightforvard. Constraintsaarenow empaveredto evaluateentire
two-level mappingdetweersubpart®f UR andSRinsteadf theformerSR-only
modeof strictoutputorientation andthey maydistinguishbetweercorrespondent
andnon-correspondesggmentpairswhenevaluatingsuchmappingsThefamily
of correspondenaelationsRy x, sr; inducedby thesetof (UR;,SR;) pairsis best
thoughtof asa hiddenpartof the universalGEN function,which continuedo be
parametrizedy inputUR (= S;) only:

Eachcandidatepair (S;,S,) comesfrom Genequippedwith a corre-
spondenceelationbetweersS, andS, ... Thereis alsoa correspon-
dencerelationfor each(l,0) candidate-painndeed,onecansimply
think of GenassupplyingcorrespondenceelationsbetweenS; and
all possiblestructuesoversomealphabet(McCarthy& Princel995,
14f, emphasisadded

If insteadR existed outside of GEN, i.e. if somethinglike a set of tailor-
made correspondenceelations R; ; were stored within each lexical entry
(URZ, {(Ri,la SRl), (RZ’,Q, SRQ), ceey (Ri,ka SRk)}), 0 < k < oo, onewouldhave
to facea massve increasen idiosyncraticinformation,which seemshardto de-
fend.

To illustrate the freedomintroducedby correspondencehereis a graphi-
cal renderingof somelinguistically usefulcorrespondencesom areal analysis
(Kager1999,62-69):

1)
fusion metathesis deletion  epenthesis
N1 D2 01 02 N1 P2 N1 b2
NS > | | |
my2 Cy C, P 1 o P2

Note how this selection encompassesmary-to-one correspondencegfu-
sion), correspondencesnvalidating precedencerelationships across tiers
(fusion,metathesisyabsenceof correspondencaith the output (deletion) and
input (epenthesis)in additionto straightforvard precedence-preservirane-to-
onecorrespondencegpartsof deletion,epenthesis)Also displayedareinstances
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of correspondingsegmentsthat miss perfectidentity (both correspondenceis
fusion,leftmostcorrespondenca epenthesis).

2 How many correspondences and candidates?

In this section,l will develop somesimpleformulaeto calculatethe numberof
correspondenceand resultingcandidatesTo male it easierto understandthe
presentationvill be brokendown into a numberof intermediatesteps.

Just two strings. how many correspondences? We aregiventwo finite-length
strings .Sy, Se, andaskoursehes:how mary waysarethereto drav correspon-
dencdinesbetweerelementof S; andS,? RecallthatCT placesno restrictions
whatsoger on multiple corresponcand also allows for the possibility that any
individual elementmay not correspondertb ary counterpartThe reasoningev-
idently is that the constraintsshouldseethe richestpossibleset of candidates-
GEN shouldnot berestrictve andtake over somework of CON.
Simplecombinatoricgshenleadusto theconclusiorthatary elemenbf string
S; cancombinewith every subsebf elementsn the string S,. Note thatwe can
freely corvert betweenstring andsetrepresentationBy representinggachstring
sggmentz asatuple(z, position_of _z) in the setrepresentatiorcf. McCarthy&
Prince(1994,p.7,fn.8).For example,with stringpositionsstartingat 1 the string
aba is equivalentlyrepresentetly asets = {(b, 2), (a, 3), (a, 1)}. Designatinghe
lengthsof |S;| = n and|S2| = m andusingthe factthatfor a givensets with
cardinalitym the setof all subsetof s hascardinality2™, we getthe following

formula:
2m-2". . 2" e

(2) numberO fCorrespondences(n, m) = < ~- g
n times

How many output strings for given input? To answerthe questionwe
needto look at two factors. The first factor encompassepossible ways to
increasethe length of an input string S;. There are two obvious subfc-
tors, epenthesisand reduplication.Hence,let us posit correspondingrariables
amountO f Epenthesis, amountO f Red. The first variableis a naturalnumber
thatdesignatethe maximunrmumberof epentheticegments percandidatestring

2Thetermis slightly imprecise asit is immaterialwhetherthosesegmentsare actuallynon-
corresponder{trueepenthesis)r not(e.g.geminationyowellengthening)All thatmatterds that
they causehelengthof S; to increase.



S,. A reasonablelefault valuefor mostpracticalcasesvould seemto be 2. The
secondvariableis a naturalnumberwhichis 1 for noreduplication2 for a maxi-
mum of onetotal reduplicationof Sy, 3 for atotal triplication of S; andsoforth.
Again,areasonableefault valuewould be 2. Puttingthingstogetherwe get:

(3) maxOutputLength(n) = n - amountO f Red + amountO f Epenthesis

Theprecedindiguregivesthemaximumlengthof S, asafunctionof thelengthn
of S;. Notethatwe mustnotthink of thelengthincreaseasbeingcounterbalanced
by thepeculiamatureof thefactorscontrikutingto thisincreasedueto universal-
ity, epentheti@andreduplicatedegmentsof anysegmentalquality will be posited
by GEN, with only the constraintdeingresponsibldor restrictingreduplicatve
or epenthetiadentity in appropriatevays.Also, onemustnot be misleadby the
factthatthe setof correspondenceelationsfor the ‘Full Model’ of reduplication
depictedn (McCarthy& Prince1995,ex. (145)) doesnot explicitly drav anar
row betweennput andoutput.Not only is [-O correspondencmentionedn the
paragraptprecedingtheir example(145), but alsothe outputlevel surely must
continueto functionasthesolelevel overwhich phoneticnterpretations defined
— reduplicatedvord forms arepronouncedfterall. Thus,restrictingthe present
discussiorto I-O correspondencand at the sametime includinga reduplicatve
factorcontrikutingto anoveralllengthincreaseloesmalke sense.

However, we are not finishedyet. At eachpositionin S; we have a choice
betweenrall crosslinguisticallypossibleallophonesWhy is this? Simply because
GEN is againunderstoodas beinguniversal,henceshouldnot prejudiceagainst
ary possiblesggmentalcorrespondenn the surfaceform, leaving thatwork en-
tirely to the constraintsObviously it is not a simpletaskto determinehe maxi-
mum numberof crosslinguisticallypossibleallophonesHowever, a conserative
lower bound may be derived from the numberof distinct ssgmentsmentioned
in the UPSID databas®f over 400 language¢Maddiesonl984),which yieldsa
countof 913.Thus,maa, aconstantdenotinghemaximumamountof allophones,
will recevethevalueof 913asthedefault.

To completethe picture,we only needto obsene that,dueto the existanceof
truncationprocesse# the world’s languagesall stringsof lengthshorterthan
maxOutputLength(n) alsoneedto be generatedFor a fixed length k£ we get
maa® differentstrings becauseve have a choicebetweeroneof maa allophones

3Thelower boundis a conserative estimatebecausgi) UPSIDonly samplesnventoriesrom
~ 450 languagesbut thereare at least6000 of themand (ii), languagesnay well exhibit allo-
phoneswith phonologically-controlledlistribution which arenot phonemidn ary language.
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at eachof the £ independenpositions.Summingover all lengths,we therefore
arrive atthefollowing formulafor the numberof outputstrings:

(4)  numOutputs = maa® + maa® + - - - + maam**OuPutlength(n)

Oneinput, many outputs and correspondences: what’sthe total? It istime
to put the piecestogetheramalgamatindormulae(2) and(4). We learnedfrom
(2) how mary correspondencehlerearefor two fixedstringssS;, So. Equation(4)
shavedushow mary S, will resultfrom asingleS;. Becausehecorrespondence
possibilitiesareindependentf the concretesegmentalidentitiesin eachof the
mary Se, strings,but obviously dependenbn their length— segmentscannotcor-
respondo noneisting material—, we now needto multiply both quantitiesper
lengthclass This givesusthefinal formulafor thetotalnumberof corresponding
string-stringpairsproducedby GEN (summandsvritten accordingto increasing
lengthclass):

numCandidates(n) = 2" - maa® + 2"" - maa' + 2" - maa® + . ..

+ 2n-maw0utputLength(n)

(5)

. maamawOutputLength(n)
Notethatall we have donesofaris to calculatethe numberof undecoratedtring-
stringpairsundercorrespondencdhisis only alower boundon theactualnum-
berof candidatebecausen real candidatesn outputstringis only theterminal
yield of aprosodidree,whichaddssubsyllabiaolesand/ormoras syllablestruc-
ture,foot structure prosodicwords,andpossiblyhighercateyories.Crucially, the
assignmenof prosodictreesto outputstringsis againmary-to-one,asemptycat-
egories,differentsyllabificationsof the samestring, subtreessiolating the strict
layer hypothesisof the prosodichierarchyetc. have all beendefendedandused
in actualanalysesAs a consequencdhesealternatve assignmentsieedto be
producedby universalGEN andwe would againhave to multiply the quantityin
(5) by someunknaown but probablylarge amountto arrive at the real numberof
candidates.

To give thereaderboth a feeling for the multitude of possibilitiesthatarises
undercorrespondence-theoretBEN andhelp herverify the formulain (5) for a
concreteexample,figure 1 on pagel6 shavs a sampletakulationfor an unreal-
istically smallallophonealphabet: = {a,b} andaninput string of length2 with
no increasalueto epenthesisr reduplicationThetalulationis exhaustve, each
candidatds unigue,andthe resultingnumberof 73 candidatess just whatthe
formulapredicts.



Any realistic numbers? To computevaluesaccordingto (5), we needto
fix valuesfor thefree parameteramountO f Epenthesis, amountO f Red, maa.
A reasonablefirst choice is to take the default values from above:
amountO f Epenthesis = 2,amountO f Red = 2, maa = 913. Herethenare
somevaluesfor numCandidates(n) with the just-mentionecparameteralues,
takulatedfor inputstringssS; of increasindengthn:

(6) tabulate _num.candidates(7)

n =1 => 11123488168255
order = 10714
n =2 => 2373031750999377744277
order = 10722
n =3 => 81011296023204627124804791886 81
order = 10731
n = 4 => 44252451301762855290066685306 456093887 1313
order = 10742
n =5 => 38677993444544289869469482656 0694 75143 3949 6\
90953561633
order = 10754
n =6 => 54090121103604523912750049507 268344749 3198 4\
207274730971903465813057
order = 10767
n =7 => 12103073513179019905409440814 149448380 7393 6\
02599135992123284015849845591 2075364481
order = 10782

Thesevalueswerecomputedusinga simplescriptfed into thearbitrary-precision
calculatorbc, whichis availableon mary UNIX-lik e systemsThescriptis docu-
mentedn appendixA.

To put thosefiguresinto perspectie: it is assumedhatthe numberof atoms
forming the obsenable massof the entire universeis in the order of 10™
(seee.qg.http://www.sunspot.noao.edu/PR/answerbook/arse.htri#q70). Thus,
with only length-7inputswe have alreadysurpassethatorder!

Becauseof the thoroughlyexponentialnatureof formula (5), nothingreally
hingeson the particularchoiceof default parametersEven the mostrestricted
casepossible,which hasan absurdoutput inventory consistingof a single al-
lophoneand a total ban on additionalepenthesi®r reduplication,displaysthe
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exponentialblowup, endingup well above 107 alreadyfor length-17inputslike
Englishindustrialization[mdastriolaizei[n]. Thereasorfor this behaiour is evi-
dentfrom inspectionof (5): theformulacontainswo kindsof exponentiaterms,
andshrinkingthe allophoneinventorysizeto 1 haseliminatedonly oneof them.
Theexponentiafactorsmodellingthenumberof correspondengeatterngemain.
In otherwords,the existenceof freecorrespondenca itself is sufficientto cause
thedreadedxponentialblowup.

3 What arethe consequences?

Checking of correspondence-theoretic analyses by hand is impossible. A
nave enumeratiorof candidatesunderCT is simply infeasible,given the sheer
numberof candidateshatariseevenfor shortinputs.But thatis the currentstan-
dardpractice- shov sometableauxwith numberof candidate#n theorderof 10*
at most,andconcludethatthe claim to winner statusof somecandidatemarked
with thehandsymbolis valid.

Onemightrespondoy trying to improve on nave enumeratior- let usdevise
someclever enumeratiorschemeThe questionthenbecomesCanwe devise a
universalsortingorderfor candidatesothatlazy productionof candidates- only
changesomecorrespondencstart patternif demandedy the constraintswith
the changegoingfrom minimal to maximaldeviancealongsomecanonicakoute
— is a practicalpossibility?It seemaot. Supposesomeonalevisesa constraint
which favoursaweird selectionof correspondengeatternthatmaybe somevhat
hardto graspfor humansjput demonstratablgolvesan empiricalpuzzle.If this
constrainis top-ranled,thecandidateshatdonotviolateit will haveto comefirst
in theconstraint-inducedortingorder eventhoughthey maybewidely separated
in the easy-to-graspanonicakortingorder In otherwords,theanalystagainhas
to useherintuition aboutwhich candidateso includein the winnercomputation
insteadof carryingouta mechanicaproof basedn aneasilymemorizeccanoni-
calsortingorder becauséhelatteris notguaranteetb leadto anoptimality proof
in areasonablyhorttime framefor all possibleconstraintsThis dependencef
sortingontheactionof constraintshereforedestrgys the hopeof comingup with
aonce-and-fo@ll sortingorderthatis valid acrossanalysesndrerankings.

Does SPE-type derivationalism face the same problems? No. EachSPErule
producessomelocal modificationsof a singlephonologicalobjectstring, which
aretypically very easyto verify. Abbreviatory corventionsand specialrule ap-

7



plicability conditionsdo complicatethe picturesomeavhat, but withoutinvalidat-
ing the generalpoint: it is comparatrely easyto checkthatall therule-induced
mappingsin a derivational cascaddrom UR to SR are indeedlicensedby the
respectrerules.

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

()
1. N — m/__ [+labial]
2. N — n

Let ustake the stringsiNpractical andiNtractableasinputs. Then,applying
therulesin the orderindicatedreducedo first scanningfor a length-2substring
N[+labial] , which—with appropriatelefinitionof thefeaturebundleinvolvedas,
say [+labial] = {b,p, f,v} — yieldsa matchat string position2 for iNpractical
and no matchfor iNtractable Having carriedout the substitutionN — m at
position2 of thefirst string, we rescanboth stringsfor the length-1substringN,
which now yields a matchfollowed by substitutionNV — n only for iNtractable
at position 2. The outputstringsthus producedare impractical andintractable
Clearly, rule applicationis simpleenoughto be exhaustvely checled by handfor
mostcases.

But betteryet, evensupposinghatrule compleity did look overwhelmingin
aparticularinstancee still have the mechanicafule translationstrategy thatis
rigorouslydefinedin Kaplan& Kay (1994).Eachrule individually translatesnto
a finite-statetransducera mathematicallywell-understoodormal device. Next,
entirerule cascadesmvolving anarbitrary fixednumberof rulesarecollapsednto
a singletransducethat encodeghe overall input-to-surbcemappingby simply
connectingndividual transducersvith the mathematicatompositionoperator
Sinceeachof thesesteps- including the final applicationto a giveninput or set
of inputs— is alsopracticallycomputablepne cansimply delegatethe analysis-
checkingtaskto a computerprogramthat implementsthe rule-translation-and-
applicationprocedure(e.g. by using the FSA Utilities software of van Noord
1997).Assuminghatthesoftwarefaithfully reproducethemathematicatlescrip-
tions,computerizedule checkings nothinglessthananexhaustve mathematical
proof of the claimsa givenrule-basednalysismakeswith respecto the correct
outputstrings.Thus,paceMcCarthy(1999,392),it is notthe casethat,especially

4Kaplan& Kay give full detailsof thefinite-statetransducersorrespondingo our rulesin (7)
andalsoshov thecompositiortransducecollapsingserialapplicationof rule 2 afterrule 1.
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for morethantwo interactingrules,the “broad consequenceas rule orderingand
serialismremainlargely unexamined”:the problemwas solved in a mathemati-
cally andcomputationallysoundway mary yearsago.

Does containment-type classical OT have similar problems? It seemshat
classicalOT facesa muchlesssevereblowup in the numberof candidatesasa
functionof inputlength.Thereareatleasttwo factorsinvolved:underparsingnd
epenthesidror agivenstring Sy, |S1| = n, thereare2" candidateutputstringsto
dueunderparsingeachsubsebdf S; maybeunderparseincludingtheemptyset,
which meanso underparsingt all). Epenthesiss interpretedo work on top of
this: for agivenabstracepenthetielementeachpossiblyunderparsedandidate
of lengthn canhave it insertedat oneof n + 1 positions.If thereis a maximum
of k& epenthetigositionsandthe entirerangeof inserting0,1, . .. ,k epenthetic
elementss consideredwe getamultiplicativefactorof 1+ (n+1)! + (n+1)? +
-+-+ (n + 1)*. Thetotalis thereforedefinedasfollows:

numCandidatesClassical = 2" - (1+ (n+1)' + (n+1)*+ ...
+ (n + 1)amountOprenthesis)

(8)

This numberisesmuchmoreslowly (amountOfEpenthesi®):

9)
n=1= 14

order = 1072
n =2 => 52

order = 1072
n =3 => 168

order = 1073
n =4 => 496

order = 1073
n=5=> 1376

order = 1074
n =6 => 3648

order = 1074
n =7 => 09344

order = 1074

n =8 = 2329



order = 1075

n =9 => 56832
order = 105
n =10 => 136192
order = 1076

To reach10, one needsa very long string of lengthn=244. Of course,con-
tainmenttheoryasoriginally definedhasseveral deficits,amongsthemthe ab-
stractnes®f epenthesiswherea concretesegmentalidentity is not definedfor
epentheticegmentsandthe unclearstatusof both reduplicationand metathesis
in thatmodel.Also, underspecifiethput segmentswould resultin anincreasen
the numberof candidatesbecausef the variousways of fleshingthem out to
fully specifiedcandidateskinally, longerinputswould certainlyfavour acompu-
tationalevaluationaswell: e.g. (Karttunen1998) notedthat his simplified defi-
nition of GEN alreadyproducedl,7 million candidategor input /abracadabra/.
However, for checkingof analyseger se— our mainconcernhere— containment
theoryremainsdefinitelypreferrablego CT.

Are there other mathematical or computational strategies available? Per
hapshut thisneedsnoreresearchOnemighttry to resortto anintensionaformal
descriptionof both candidatesetsandCT constraints‘Don’t literally enumerate
at all, just describethe possibilitiesusingsomecompactformal notation”would
bethesloganhere.

As soonasthis pathis followed, one of two possibilitiesarise:(A) conduct
mathematicaproofs basedon the intensionalformal descriptionspor (B) auto-
matethe proofsvia a suitablecomputationaévaluationprocedurePossibility(A)
seemdll-suited to theneed=f thepracticingphonologistevenif proofschemata
could be constructedhat would somehav abbreviate the difficult manualcon-
structionof proofsby only requiringthefilling-in of certainpartsthatwould vary
as a function of the constraintsand rankingsused.Possibility (B) immediately
invokesthefollow-up questionof a suitableformal basisfor formalizingthe con-
straintsand GEN. Sofar, concreteproposalsn this domainhave all usedfinite-
stateautomatdo represen€CONandGEN, for goodreasonskinite-stateautomata
arevery attractve in termsof mathematicatlarity andefficient processingThe
drawvbackfor presenpurposess thatsuchautomatacannotsystematicallyrepre-
sentthetokenidentity requiredn differentiatingoetweercorrespondingegments
that may have the sameseggmentalquality: a; anda, may have differentcorre-

10



spondentsasindicatedby the subscriptsFinite-stateautomatahowever, cannot
manageamnorethana finite, a priori fixed numberof suchdifferentiatingindices
(or equivalentdevices),whichis problematidoecausén generaho principledup-
perboundon thelengthof inputsseemdo be available.Of course pneis freeto
rejectthe provenfinite-statebasisfor CON andGEN formalization,but thenthe
burdenof proofshiftsto therejectorto comeupwith anadequatéormalandcom-
putationaltreatmenof CT usingwhaterer more powerful formalismis proposed
instead.

At present,a wiser stratgly seemsto be to stick to the finite-stateframe-
work andseekwaysto reducethe excessve power of arbitrarycorrespondence.
A goodcandidateo startwith might be Primitive Optimality (Eisner1997; Al-
bro 1997)(henceforthOTP). We aregenerallyinterestedn OTP becauset rep-
resentsGEN andconstraintswith finite-stateautomatathus possessing sound
formal and computationabasis.More to the point, OTP favoursa modeof rep-
resentatiorwherephonologicainformationis arrangedn anautosgmental-like
fashionpeingsplitamongafixednumberof tiers,includingtechnicatiersdiffer-
entiatingbetweerunderlyingandsurfacematerialor insertedversusdeletedsub-
strings.However, comparedo the autosgmentalfinite-statetreatmentof (Bird
& Ellison 1994),thereare no explicit associatiorines; rather correspondence-
as-associatiors construedlirectly via temporaloverlapof temporallyextended
‘autos@ments’or ‘gestures’.The job of GEN, CON and EVAL is to fleshout
the temporallyunderspecifiednput in a way that producesanotherfinite-state
automatomepresentinghewinner(s).Leaving mattersatthat,thepossibilitiesre-
sultingfrom thisimplicit-correspondence-through-temporakdapmodelwould
be greatlyrestricted.This is becausen the original CT proposalcrossedcorre-
spondencearevalid, but both Bird & Ellison’s andEisners temporalsemantics
of representationaliagramgurn ary violation of the no-crossingconstraintinto
an empty automatonjeaving essentiallythe two optionsof local spreadingand
one-to-oneorrespondence.

Unfortunately this might be restrictedjust a little too much, becauseahen
metathesigndreduplicationbecomempossibleto express A generalreatment
of crossingcorrespondencagquiresnot only greatetthan-rgularformal power
for GEN, e.g.Multiple Context FreeGrammargAlbro 2000),but alsonon-finite-
stateconstraintsdue to the token identity problemmentionedabove. However,
a representationarick might offer at leastsomehelp herewithin the confines
of finite-stateOTP (p.c. Dan Albro): for eachunderlyinginput string UR on its
own tier, mechanicallyadd a secondderved, tier UR,.,,,, representingall pos-
sible permutationof UR. Sincetiers arejust automataandthe setof permuta-
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tions is representablas an automatonfoo, this much certainly seemspossible
within afinite-stateframeavork. Onewould thenhave thefreedomof makingcon-
straintssensitve to eitherthe original UR tier or the derved UR,.,, tier when
evaluatingcorrespondence-as«rlapagainsta given surfacetier. Sincethe two
UR tiers are systematicallyrelated,a constraintcannow assesssay a formally
non-crossingorrespondenceetweerSR andsegmentsin UR,,,,, while the di-
rectcorrespondencassingUR would cross.While this allows for scenariodike
Ipati r —/tapkg,..., — [ta?]sg, it still doesnotgive usthegenerahbility to distin-
guishbetweersegmentshatonly differin position,like/pa &/ r —/paas/vr,eom
—in otherwords,thetokenidentity problemremains.

In sum,a promisingrouteto modify CT’s problematianotionof arbitrarycor-
respondencenight beto revert to the autosgmental-temporademanticf rep-
resentationgnd rule out both formally crossingcorrespondenceand overt la-
belling of correspondendadices,asproposedy Primitive Optimality Theory It
remaingo beseenwhetherthe phonologicacommunitywill adoptOTP asanewv
referencdramenork.

What about other types of correspondence? Thereis not muchto sayhere,
becausetherinstantiationsik e base-reduplicardr input-reduplicantorrespon-
denceareclearly alsocorrespondencasa the formal senseThus,they canonly
addtheir combinatorypotentialto the setof possibilitiesarisingthrough‘basic’
I-O correspondenc&hesituationis in principlesimilarwith output-outpu{O-O)
correspondenc&heresurfacerepresentationsf individualwordsor word forms
directly correspondvith oneanother However, if 1-O correspondenceereall-
togethereliminatedin aradical,massvely parallelO-O-only model,the ensuing
new calculationamightindeedieadto new results. However, sincethe numberof
wordformsis infinite in practicein language$k e GermarandTurkish(freecom-
pounding,iterateduseof affixes),andinfinite in theoryin every languagedueto
productvity, it is very unclearat presentiow preciselya pure O-O modelwould
handlethoseimportantaspectof language)et alonewhethersucha modelis
practically computableat all. Evenif it could be shovn to be formally wellde-
finedunderthosecircumstanceghe ensuingnumbersof correspondenceasould
beinfinite in thelimit, thusonly worseninghe manualkheckingproblemthatthis
paperhashighlighted.
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4 Conclusion

| have shavn thatcorrespondenctheory(McCarthy& Princel995)generates
horribly largeamountof candidatesvhich quickly surpassethheamountof atoms
in the entireuniverseeven undermostrestrictve assumptionsThis finding ren-
dersthe standardpracticeof eyeballinga few hand-selectedandidates highly

guestionablenterprisavith doubtful scientificstatus Whatever the problemsof

theolderdervationaltheoriesascomparedo thecorrespondence-theorefiame-
work maybe,they arerenderednsignificantin thefaceof the sheeiimpossibility
of manuaberificationof concreteanalysesn thelatter Furthemresearctnvolving

modificationof centralassumption®f correspondencteoryand/orcomputer
izedanalysischeckingseemsnevitableto restoreat leastsomeof the credibility
of this extensionof OT. While phonologymay not count, phonologistsclearly
shouldsometimes.
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A Script for numCandidates calculation using bc
# (c) 2001 by Markus Walther,  University of Marburg
define  num_candidates _recursiv e (len, n, maa) {

if (en < 1) return (1);
return  (num_candidates _recursiv e(le n-1, n, maa) \

+ (2°(n*len))*(m aa’l en));
}
define num_candidates (n,r edupf actor, epent hesi sf act or ,maa) {
len = n*redupfactor+ep enth esisf acto r;

return ( num_candidates_ re cursi ve(l en,n ,maa) );

}

define tabulate_num_c andi dat es (max) {
for ( i=l; i<=max; i++ ) {

result = num_candidates( i, 2, 2,9 13);

print "n =" i, " => " resul

print ~ "\n";

print " order = 10™, length(result) ;
print ~ "\n";

}

print ~ "\n";
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Figure 1: GEN output with correspondencedor S, = ab, ¥ = {a,b},

amountO f Epenthesis = 0, amountO f Red = 1, maa = 2
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