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Abstract

This papersummarizeshe architectureof Lexical Resource&semantics
(LRS). It demonstratetiow to encodethe languageof two-sortedtheory
(Ty2; Gallin, 1975 in typedfeaturelogic (TFL), andthen presentsa for-
mal constrainianguagehat canbe usedto extendcorventionaldescription
logics for TFL to make directreferenceto Ty2 terms. A reductionof this
extensionto ConstraintHandlingRules(CHR; FrihwirthandAbdennadher
1997 for the purpose®f implementatioris alsopresented.

1 Intr oduction

Lexical ResourceSemanticLRS) hasalreadybeenusedin analysesf various
syntacticandsemantigphenomenan paper* but until now it did not have acom-
putationalimplementationjn part becausestandardyped featurelogic (TFL) is
soill-suited to the job of servingasthe formal basisof a computationalanguage
for describingsemanticsAll is far from lost, however; it turnsoutto berelatively
simpleto extenda TFL-baseddescriptionlanguageto incorporatethe primitives
required,which we believe will have applicationto computationakemanticsex-
tendingwell beyondLRS. Thoseprimitivesarealsodescribedhere.

Implementation®f computationakemanticcanbe accomplishedn TFL —
Minimal RecursiorSemantic§MRS; Copestak etal., 2003 standsasonepartic-
ularly well-knowvn exampleof this. Evenin MRS, however, structurethatencodes
embeddingconstraintgthe so-calledgeq constraintsmustbe represente@long-
side the basiccomponentf the semantictermsbeing constructedand several
necessarybookkeeping”principlesto addresdree variables agyclicity etc. must
eitherbe statedin the grammaralongsidethe real principlesthat are the subject
of linguistic investigation,or (asis corventionalin MRS) relegatedto an extra-
grammaticakesolutionprocedurethat exists outside TFL altogether TFL's own
semantidype systemalsodoesnot provide semantiayping beyond , andso
therichertyping requiredby all non-trvial theoriesof semanticaform musteither
be structurallyencodednto the objectlanguageor forgottenentirely Indeed,no
MRS-basedgrammarto our knovledgeavails itself of ary true semantictyping
beyondanimate time eventandother sortsthataresyntacticallycorvenient
for the EnglishResourc&srammar

Thisis notto saythatLRS is merelyanalternatve to MRS. In somerespects,
they are simply incomparable.MRS also hasno model-theoretidnterpretation,
servinginsteadasa sortof front-endfor “the realsemantics'thatis deemedo be

We are greatly indebtedto Manfred Sailer for his co-developmentof LRS, and the insight-
ful feedbackhe has provided, arising from his ongoing grammardevelopmentwork with this
implementation.

Theseinclude: negative concordin Polish, sententiafinterrogatie) semanticsn German the
scopeof adjunctsn Dutch,the (past)tensesystemof Afrikaans,andnegationin Welsh. SeeRichter
andSailer(2009 andthereferencesgitedtherein.



too impracticalfor the rapid developmentof large grammars.Partsof the present
proposalare probablybetterthoughtof as an alternatve to the ConstraintLan-
guagefor LambdaStructuregCLLS; Eggetal., 200, a constrainfanguageover
lambda-termtreeswith linguistically motivated constraints. CLLS's description
language however, hastaken shapearounda very orthodoxview of the syntax-
semanticsnterfaceasa setof translationrulesthataugmentphrasestructure.In
our view, paceEggandErk (2002, makingthis suitableto HPSGrequiresmore
thanusingtypedfeaturestructuresn placeof atomic cateyories. Many seman-
tic principles, just as mary syntacticprinciples, are betterexpressedas univer-
sally quanti ed constraintsand a semanticadescriptionlanguagemust provide
the primitives necessaryo accommodatehis. CLLS also takesthe very tradi-
tional view thatsemanticcompositiorproceedentirelythroughbeta-reductionln
CLLS, thisview bringsa certainamountof explicit overheadnto thegrammatoo,
in theform of explicit links betweerlambdasandboundvariables.Like MRS and
mary otherunderspeci edapproachedhowever, we have beenforcedto abandon
it in recognitionof the alundanceof concord,discontinuityand propernaming
effectsfrom naturallanguagewith whichit seemsrreconcilable.

Section2 introduceghe semantigntuitionsbehindLRS andthe principlesthat
institutionalizethem. Section3 provides further justi cation (in brief) through
someexamplesof dif cult logical form constraintghatthey enableusto express.
Sectiond thenpresents constrainfanguagehatdirectly extendsstandardnodels
of typedfeaturdogic toincorporately2 terms,andshavs how to straightforvardly
implementthis extensionusing ConstraintHandling Rules(CHR; Frihwirth and
Abdennadherl997 ontop of the TRALE system(Penn 2004).

2 LRS: Fundamental Principles

Although LRS was originally conceved of as a framavork-dependenimprove-
menton Flexible MontagueGrammai(Hendriks 1993 implementedvithin HPSG,
it hasmoved beyond a reconstructiorof the Montagwian tradition within TFL.
With its combinationof techniqueglerived from modeltheoreticsemanticsn the
Montagwian tradition, Logical Form (LF) semanticdn the generatre tradition
(von Stechav, 1993, andunderspeci edprocessingn computationasemantics,
LRS nov megesinsightsfrom several linguistic traditionsinto a very expressie
but computationallyfeasibleframeawvork for naturallanguagesemantics.

The architectureof LRS ervisagesunderspeci edprocessingas mediatedon
the syntacticside by TFL descriptionsandon the semanticside by expressions
from atermdescriptionanguagevhich compriseshenecessargevicesfor scope
underspeci catiorasdevelopedin computationakemanticsThe guidingassump-
tionsbehindLRS arethat: (a) all semantiandsyntacticidiosyncrasiegrelexical
(includingconstructiortypeidiosyncrasies)and(b) thereis no non-functionake-
manticcontritution from outsideof the lexicon. LRS distinguishedetweenexi-
cal semanticsand compositionasemantics Lexical semanticgemainsunderthe



CONTENT attribute. CONTENT valuesaresubjecto theorief linking, of semantic
selectiorandof HPSGSstraditionalBINDING THEORY. Compaositionakemantics,
ontheotherhand,is locatedin thevalueof a new attribute LF of signs,andis thus
notvisibleto syntacticandsemanticselectiorby heads An interfacetheorywhich
links certaincomponent®f the local contentto certainpartsof the compositional
semanticsallows for someamountof interaction,suchasthe lexical selectionof
the semantiovariablesof agumentsoy syntacticheads.

In whatfollows, we discusonly compositionabemanticg. In Section2.1we
shav how to encoddhelanguagef two-sortedheory(Ty2; Gallin, 1975 in TFL.
This encodingthensenesto illuminate the connectionbetweenLRS andHPSG
in Section2.2, in which we discussthe constraintavhich constitutethe semantic
compositionmechanisnmof LRS. In our computationaimplementationof LRS
(Sectiond), the encodingpartof thetheorydisappeargntirely andis replacedy
providing thetermsof Ty2 as rst classcitizensin the denotationof anappropri-
ately extendeddescriptionlanguage. The semanticcompositionmechanisnwill
remaineffectively unchangedhowever.

2.1 Speci cation of Ty2

The purposeof this sectionis to demonstraténow Ty2 canbe encodedn a par
ticularversionof TFL, RelationalSpeciatedRe-entrant anguagédRSRL). Readers
notinterestedn thetechnicaldetailsmight skip this sectionandproceedwvith Sec-
tion2.2

A speci cationof Ty2 needsan appropriatesignatureanda setof constraints
which denotesmodelswhoseobjectscorrespondo the naturalnumbers(usedas
indicesof variablesandnon-logicalconstants)the types,andthe well-formedex-

pressionf Ty2. The signature, , Is shavn in Figure 1. It mustbe part of
ary signatureof a grammarspeci cationin TFL using Ty2 for semanticrepre-
sentations.The sorts,attributes,and relation symbolsin will be explained

togethemwith the principleswhich enforcethe well-formednes®f the Ty2 expres-
sionsin grammarmodels.They areshavnin (1).

(1) a. TheNATURAL NUMBERS PRINCIPLE:

integer X zeo

b. TheCoMPLEX TERM PRINCIPLES:

TYPE IN
L IN : TYPE out
application FUNCTOR TYPE abstiaction
ouT VAR TYPE[1]
ARG TYPE ARG TYPE[2]

2See(Sailer, 2004 for adiscussiorandempiricalmotivationof thearchitecturaf localsemantics
in LRS.



TYPE truth
equation  ARG1TYPE negation
ARG2 TYPE
TYPE truth
[-const  ARG1TYPE truth  quanti ers
ARG2 TYPE truth

TYPE truth
ARG TYPE truth

TYPE truth
SCOPE TYPE truth

c. TheTY2 NON-CYCLICITY PRINCIPLE:3

ty2 ty2-component
d. TheTY2 FINITENESS PRINCIPLE:

ty2 ty2-component member [2] [T chain
e. TheTY2 IDENTITY PRINCIPLE:

ty2 copy

f. TheTY2-COMPONENT PRINCIPLE:
ty2-component

ty2-component

g. TheCoPY PRINCIPLE:
copy

copy [3 [4]

[l

h. The SUBTERM PRINCIPLE:

me me
subterm ty2-component

The meaningfulexpressionf Ty2 aresimpleor complex expressionsn the
denotatiorof the sortme Objectsin the denotatiorof mehave anattribute TY PE,
whosevalue indicatesthe type of the expression. If it is a simple expression(a
variableor anon-logicalconstany, it is indexed by a naturalnumberwhichis the
valueof theattribute NUM-INDEX.

TheNATURAL NUMBERS PRINCIPLE, (18), guaranteethe correspondencef
objectdn thedenotatiorof integer to thenaturalnumbers An integer con guration
in modelsof is eithera zewo entity or a non-zeo entity on which a term
consistingof a nite sequencef PRE attributesis de ned whoseinterpretatioron
the non-zeo entity yields an entity of sortzen. The numberof PRE attributesin

3The symbol denoteghe setof attributesof the signature . Similarly, in (19
denoteghe setof maximally speci ¢ sortsof



ty2
me TYPE type

variable NUM-INDEX integer
constant NUM-INDEX integer
application FUNCTOR me
ARG me
abstaction VAR variable
ARG me
equation ARGl me
ARGZ2 me

negation ARG me
[-const ARGl me
ARG2 me
disjunction
conjunction
implication
bi-implication
guantiers VAR
SCOPE me
universal
existential
type
atomic-type
entity
truth
w-index

comple-type IN type
OuT type

integer

zeo

non-zeo PRE integer
Relations
append/3
copy/2
member/2
subterm/2
ty2-component/2

Figurel: Thesignature

variable

for agrammarof Ty2 expressions



thistermcorrespondso the naturalnumberrepresentedy thecon gurationunder
thenon-zeo entity.

The six CoMPLEX TERM PRINCIPLES, (1b), areresponsiblgor the proper
typing of complex Ty2 expressions. Theseare the application of a functor to
anargument( ), lambdaabstractions( ), equations
( ), negatedexpressiong ), expressiongormedfrom two mean-
ingful expressiondy conjoiningthemwith alogical connectie (e.g., ),
andquanti cationalexpressionge.g., ). In modelsof the TFL grammar
the correcttyping of the meaningfulexpressionsindicatedin the examplesgiven
in parenthesewith thetype (for truth) andthemeta-ariable , is guaranteetby
the COMPLEX TERM PRINCIPLES.

Theremainingprinciplesfall in two groups:thetaskof theprinciples(1¢0—(1€
is to guaranteehe well-formednes®f the ty2 con gurationsin grammarmodels
in the sensehatall all ty2 con gurationscorrespondo Ty2 expressiongor nat-
ural numbersandtypes);the remainingthreeprinciples,(1f)—(1h), determinethe
meaningof relationsymbolswhich areneedeckitherin theprecedinghreeprinci-
plesorin Section2.2 in the compositionprinciplesof LRS. Accordingto (1f) the
relationty2-component  holdsbetweereachpair of Ty2 objects[1] and[2) such
thateither1 andz) areidenticalor [1] is acomponenbf 2] (i.e.,[1 canbereachedy
startingfrom [2) andfollowing a nite sequencef attributes). With (1g), two Ty2
objectd1] and[z) in anexpressiorarein thecopy relationiff the con gurationsof
objectsunderthemareisomorphicallycon gured: they all have thesameattributes
andcorrespondingttribute valuesof the samesorts. The subterm relation,de-
terminedby (1h), will be particularlyimportantin Section2.2 It holdsbetween
eachpair of meobjectd1] and[z] iff (1] is asubtermof [2. For perspicuitywe will use
anin x notationbelowv andwrite 1 [2] for subterm . Theappend and

member relation symbols,which alsobelongto the signature in Figure 1,
receve their usualinterpretation. We omit the principlesde ning their intended
meaning.

TheTy2 NON-CycLICITY PRINCIPLE, (1¢), excludesthe possibilityof cyclic
termcon gurations. Cyclic terms(andtypes)aretermswhich containthemseles
ascomponentsSinceit is not clearwhatcyclic con gurationsof this kind should
correspondo in two-sortedypetheory they have to beexcludedfrom our models.
TheTyY2 FINITENESS PRINCIPLE, (1d), usesthe nitenessof chainsin RSRLto
enforcethe nitenessof ty2 con gurations.Thelastprinciple,the TY2 IDENTITY
PrRINCIPLE in (1€), enforcesakind of extensionalityin our modelsof Ty2 expres-
sions.It requiresthatarny two isomorphicsubcon gurationsn aty2 con guration
beactuallyidentical. For example,if the rst variableof type , , occursmore
thanoncein aTy2 expressionits correspondingnodel(asdeterminedy our con-
straints)will containexactly onecon guration of objectsrepresenting .4

“For anextensie discussiorandconcreteexamplesof models see(Richter 2004. Sailer(2003
provesthatthe RSRL speci cationof Ty2 sketchedhereis correct.



2.2 SemanticComposition

For the purposeof illuminating theconnectiorbetween.RS andHPSGin afamil-
iar way, onecanthink of LRSin termsof asimpleTFL speci cation. Thesignature
of the RSRLencodingof anLRS grammarcontainsthe following attributes,sorts
andappropriatenesspeci cations:

(2) Thesortlrs (LF valueof signs)

Irs EX(TERNAL-)CONT(ENT) me
IN(TERNAL-)CONT(ENT) me
PARTS list(me)

From the previous sectionwe know that the objectsin the denotationof the
sortmearethe elementof the setof well-formedexpression®f Ty2. Thecrucial
differencebetweersystemssuchasFlexible MontagueGrammarandLRS is that
the former employs the lambdacalculuswith (intensional)functionalapplication
andbeta-reductiofior semanticomposition.Semanticompositionn LRS builds
onatripartitedistinctionbetweerinternalcontentgxternalcontentandtheseman-
tic contritution(s) of a signto the overall semantiaepresentationf anutterance.
While externalandinternalcontentaresubstantie conceptstherepresentatiofor-
matof PARTS asalist of mesis anartifactof theLRS encodingn TFL. Ratherthan
thinking of PARTS valuesaslists of expressionsit is moreaccurateo view them
asthespeci cationof thosenodesof thetermgraphof a Ty2 expressiorwhich are
contributed to the meaningof the naturallanguageexpressionby the given sign.
Only thetopmostnodeof eachelementon PARTS countsasbeingcontriluted.

Theinternalcontentof asignis thescopallylowestsemanticontritution of the
semanticheadof thesign. Its membershipn PARTS characterize# asanecessary
contrikution of meaningio eachsyntactichead.

(3) ThelNCONT PRINCIPLE (IContP):
In eachirs, the INCONT valueis anelementof the PARTS list anda compo-
nentof the EXCONT value.

EXCONT

Irs INCONT member 2] [3]
PARTS

Theexternalcontentof a signis the meaningcontrikution of its maximalpro-
jectionto themeaningof theoverallexpression Whenasignentersnto asyntactic
constructiorasa non-headits externalcontentmusthave beencontritutedin the
completedsyntacticdomain:

(4) TheEXCONT PRINCIPLE (EContP):

a. In every phrasethe EXCONT value of the non-headdaughteris anele-
mentof thenon-headlaughtes PARTS list.

EXCONT

member [I 2
PARTS

phrase NH-DTR LF



b. In everyutteranceevery subexpressiorof theEXCONT valueof theutter
anceis anelementof its PARTS list, andevery elemenif the utterances
PARTS list is a subexpressiorof the EXCONT value.

EXCONT

u-sign F oARTS member 4] [2]

member

The externalcontentvalueof an utterancas its logical form in the traditional
sense.Accordingto the secondclauseof the EContR which is a kind of closure
principle,thelogical form comprisesll andonly the meaningcontritutionsof the
lexical elementsn theutterance.

The LRS PROJECTION PRINCIPLE malesthe internal and external content
locally accessiblehroughoutheadprojections andit guaranteethatthe meaning
contributionsof all subsignsf asignwill becollected.

(5) LRS PROJECTION PRINCIPLE:
In eachheaded-plase

a. theEXCONT valueof theheadandthe motherareidentical,

LF EXCONT

phrase H-DTR LF EXCONT

b. theINCONT valueof theheadandthe motherareidentical?

LF INCONT [1]

hr
phrase H-DTR LF INCONT

c. the PARTS valuecontainsall andonly the elementsf the PARTS values
of thedaughters.

LF PARTS

phrase H-DTR LF PARTS append
NH-DTR LF PARTS

The SEMANTICS PRINCIPLE (SP)speci esrestrictionson how to combinethe
meaningcontritutions of differenttypesof syntacticandsemantiadaughters For
eachkind of meaningcompositionwhich introducessubtermrestrictions,the SP
speci esaclause.The primarytaskof theseclausess to statemutualembedding
constraintdetweerthetermsof eachsyntacticdaughterlf therelatve embedding
of themeaningcontritutionsis not x eddeterministicallywe achieve adescriptve
underspeci catiorof readings:

(6) SEMANTICS PRINCIPLE (SP):

SWe take the nounto bethe headof a quanti ed NP.



1. if the non-heads a quanti er thenits INCONT value is of the form

, the INCONT valueof the headis acomponenbf , andthe

INCONT valueof the non-headdaughteiis identicalwith the EXCONT
valueof theheaddaughter

NH-DTR SS LOC CAT HEAD det

EXCONT [1
H-DTRLF
INCONT
quanti ers
NH-DTRLF INCONT I-const

E
ARG1

2. if thenon-heads a quanti ed NP with an ExconNT value of the form
, thenthe INCcONT valueof the headis acomponenof

HEAD  noun
SSLOC CAT
SUBCAT
NH-DTR . H-DTRLF INCONT [2
L EXCONT quanti ers
ARG2

3. [clausedor adwerbialmodi ers, marlers, llers, ...]

2.3 An Example

With the LR S principlesof Section2.2 we cannow analyzesentencewith quanti-
er scopeambiguitiessuchasEverystudentreadsabook In a rst approximation,
we would like to assignthetwo readingsn (7b) and(7¢) to this sentence:

(7) a. Everystudenteadsabook.
b.

C.

In the rst reading,(7b), the existentialquanti er of a booktakeswide scopeover
theuniversalquanti er of everystudent Thereis oneparticularbookwhich every
studentreads.In (7¢) the scoperelationof the two quanti ersis reversed.Every
studentreadsa book, but it is not necessarilyhe samebook. We write ~ for the
rst variableof type anduseintuitive namesfor non-logicalconstantssuchas
student , book andread . Thevariable is aDavidsonianeventvariable.
Figure 2 illustrateshow an LRS grammarof Englishlicensesthe two read-
ingsof sentencé€7a). Becausef the perspicuityof the computationatlescription
languageof LRS, we do not use RSRL descriptionsof Irs objectsat the nodes
of the syntactictreein the gure. Insteadwe usethe descriptionlanguageof the
LRS implementatiorlanguageo beintroducedin Section4. In this languagdrs
descriptionsare notatedas Ty2 expressionsaugmentedvith a smallinventory of



additionalsymbols.The gure depictsthe LRS speci cationsof thelexical entries
of animplementedyrammarandtheinformationaboutthelrs of eachphrasewhich
canbederivedaccordingo the LRS principlesof the previoussection.

In theimplementationanguage meansthatthe (possiblyaugmentedYy2
expression is the EXCONT valueof thesign'sIrs. TheINCONT valueis notated
betweencurly braclets, . Squarebraclets signal a subterm relationship.

(or, equvalently ) meanghat isasubtermof . Wewrite if we
do notknow arnything aboutanexpressiorexceptthat is a subtermof it.

At the two NP nodes,Clause(l) of the SEMANTICS PRINCIPLE requiresthe
internal contentof the head (student(w,X) and book(w,Y) ) to bein the
restrictorof the universaland the existential quanti er, respecirely. At the VP
and S nodesiit is Clause(2) that brings the internal contentof the verbal head
(read(w,e,X,Y) )in thescopeof bothquanti ers.

As aneffect of the EContRwe know the externalcontentsof the non-headn
all phrasesAt the NP nodesthe externalcontentof the determinerss identicalto
theirinternalcontentsasthesearetheonly element$eingcontritutedthatcontain
theinternalcontentsastheir subepression Beingcontrikutedis thesameasbeing
on the PARTS list in the RSRL speci cation. In theimplementationgvery (sub-)
expressiommentionedcountsasbeingcontrituted,unlessexplicitly marked other
wise. At the VP node(andanalogoushat the S node),the externalcontentof the
NP somebookmustbeidenticalto thatof the determinerthisis theonly element
being contrituted by the NP that satis es the condition expressedn the lexical
entry of book i.e., thatthe externalcontentbe a quanti er thatbindsthe variable

. Notethatthelexical entry of bookhasa meta-ariable,Y, in the agumentslot
of typeentity. Thelocal selectiormechanismnotdepictechere,is responsibldor
identifying thevariable , contritutedby the existentialquanti er, with .

At the S node,the secondclauseof the EContPapplies,i.e., the expressions
beingcontributed specifyexactly the expressionsvhich canbe usedin theresult-
ing logicalform. Thereareexactly two Ty2 expressionsvhicharecompatiblewith
thecontrilutionsandstructurarequirementsf thelexical entriesandthatalsoful-

Il the subepressiorrequirementgyiven by the SEMANTICS PRINCIPLE. Either
the universalquanti er of every studentis in the nuclearscopeof the existential
guanti er of abook or viceversa

3 LF Constraints

Thelinguistic rationalebehindthearchitectureof LRS is evidencedby the smooth
integrationof: (I) “typical” LF constraintsuchasquanti er islandconstraints(ll)

a straightforvard and novel accountof negative concord(or multiple exponents)
phenomenaand(lll) atreatmentof traditionally problematicLF discontinuities,
thusintegratinginsightsfrom the generatie literatureon the syntax-semanticis-

terfacein termsof Logical Forms.LRSreanalyzeshesdnsightsin termsof thead-
ditionalexpressie e xibility providedby atruly constraint-basegrammaiframe-



%009
[ (A'm)ooq €
‘M Ab] L (AIIA1A)
N 19Q
o<m_1/\ speal JuapnIs
(O Al (A'myooq T4A) | @ (xompeas 19) Im) _ [ (x‘Mhuepns Kisne
dN A ‘M Xbl (IX1Ix]%)
< N 19Q
dNOD av3H <
av3aH
[ [ (A'X ‘a'm)peal I'[(A'm)»ooq]‘'h) ]

(I (A'x'a'm)pear  19) I'm) (x I x ‘mpuspms ]'x) .
dA dN
o<m_I/Joo

[ [ (A xa'm)pear ] [(x ‘M)JuapniIs]‘x)
([ (A x'9'm)peal I'[(A‘m)xo0q]‘'A) ]

([ Axe'mpeas J9) [I'm)
S

~

Figure2: Thesentencé&verystudentreadsa book



work. With a systematiaccountof typical LF constraints|. RS goesbeyond the
dataanalyzedn alternatve framewvorksusedin HPSGsuchasMRS or UDRT.

For reasonf spacewe will give only a very brief andabstractovervien of
thetypesof LF constraintdor which LRS s designedandwe do notdiscusson-
creteexamplesin this paper Quanti ersislands(typel constraintsjarediscussed
in (Sailer 2003 pp.58-61).A comprehense empiricalmotivationfor the “mul-
tiple exponent’analysisof negative concordin Polish(typell constraintspndan
explicit LRS analysisthereofare providedin (Richterand Sailer, 2004 pp. 115—
126). Examplesof LF discontinuitieqtypelll constraintspndtheir LRS analysis
are discussedn (Richterand Sailer, 2004 pp. 126—131)andin (Richter 2004
Chapters).

A typical LF constrainbf typel concerngjuanti er islands A universalquan-
ti er may not take scopeoutsideof the clausein whichit is realizedovertly. As a
constrainthisis usuallyregardedasodd, sinceexistentialquanti ersin embedded
contexts may outscopeopaquematrix predicatesproducingso-calledde-te read-
ings. LRS canstaterestrictionson the scopeof quanti ers naturally They do not
differ from ary ordinarysyntacticrestrictionin HPSG. Anothersourceof type |
LF constrainis statementghatpostulatehatno quanti er (of a certaintype)may
intervenein the logical form betweentwo given logical operators. Conversely
we mightrequirethatbetweera negationoperatorandsomeconstanbnly certain
qguanti ersmayinterene.

Typell constraintdake adwvantageof HPSGS conceptof token identity for a
novel descriptiorof puzzlingfactssuchasnegative concordn Romancdanguages
or in Polish. The NEG CRITERION restatesa principle of Haegemanand Zanut-
tini (1991 from a new perspectie: For every verb, if thereis a negationin the
EXCONT valueof theverbthathasscopeover theverb's INCONT value,thenthat
negationmustbe an elementof the verb's PARTS list. In otherwords, if thereis
a nggationwith scopeover the verb in the verbal projection,the verbitself must
alsocontrilbute the very samenegation. Similarly, the NEGATION COMPLEXITY
CoNSTRAINT for Polishexpressesninsightin termsof LRS which Corblinand
Tovena (2001 found to hold for mary languages:For eachsign, theremay be
at mostone neggationthatis a componenbf the EXCONT value and hasthe IN-
CONT valueasits componentThis expresses (language-depeedi upperbound
on the numberof negationstaking scopeover eachotherand over the mainverb
of sentenceslt alsorelieson the possibility that, in negative concordlanguages,
negationscontributedby differentlexical itemsmightbeidenti ed with eachother
in the semantiaepresentationA third principle which builds on the factthatthe
samemeaningcomponentight be contrituted by several lexical elementss the
WH-CRITERION (for German RichterandSailer, 2001, p. 291): In every clause,
if the EXCONT valueis of the form , thenthe EXCONT value of the clause
mustbe contritutedby thetopicalizedsign (againrephrasingawell-known princi-
plefrom theliterature).Similar “multiple exponent’effectswerefoundin theLRS
analysisof tensein Afrikaans.

LF discontinuities(lll) are a lexical phenomenon:A lexical elementmight



make meaningecontritutionsto a sentencéhatmustberealizeddiscontinuouslyn

thelogical form of the overall expressionto which they belong. The intervening
meaningcomponentareunpredictable@ndcannot be statedn a nite list. Anal-

ysesof thesephenomenaretypically provided by underspeci catiorformalisms
which allow for decomposinghelogical contritutionsof lexical itemsandleaving

slotsfor insertingotherpiecesof representations.

4 Formal Speci cation

A formal speci cation of the core principlesof LRS requiresa term description
languagé€for Ty2 with anis-component-ofelation(” is a subtermof '), meta-
variables,which, for us, are the variablesof the TFL, and a way of attributing
semantic‘contribution” by lexical items. It alsorequiresa setof axiomsfor well-
formed expressionf Ty2 (which we have presentedn Section2.1), aswell as
four HPSGprinciplesfor IContR EContP LRS PROJECTION PRINCIPLE andSP
themseles(Section2.2). Notethe absencef beta-reductiorfrom theformalism.

This coreof the LRS architectureallows oneto assignto eachsentence log-
ical representatiowith a model-theoretiénterpretationjt usesdescriptve under
speci cationto assignto eachwell-formed utteranceone or morefully speci ed
logicalform(s)asits meaningepresentationf anutterances -waysambiguous,
the denotatiorof the grammarwill contain  modelsof it which differ at leastin
their meaningrepresentationin keepingwith thetraditionof logical form seman-
tics, however, the semanticatomponent®f theseutterancesremodelledby Ty2
terms nottheentitiesof Ty2's modelsthemseles;thus,no extra expressie power
beyond TFL's modeltheoryis actuallyrequired.

Formally, we augmentTFL's modeltheorywith four additionalpartial func-
tions:

where istheuniverseof the TFL model.If semincontandexcontwerefeatures
in the signatureof TFL, they would be interpretedby functionsmapping to

. Thesefunctions,however, allow usto referinsteadto a separateollectionof
entitiesthatmodelthe structureof Ty2 terms.Senis the principalmeanf access
to this collection,potentiallyassociatingary entity in the modelwith a Ty2 term,
i.e.,asemanticsln practice this associatiomprobablyonly occurswith signs,and
semreplaceghe LF attribute. Any entity canadditionallyhave incontandexcont
values,which in practiceareemplg/edin accordancevith the intuitions of LRS.
Among otherthings, this meanghatthesevalues,wherethey exist, will typically
besubtermsf thetermthatsemrefersto. Contrib corverselyattributesevery Ty2
termin theimageof semto the entitiesthatcontriltutedit.



4.1 Constraint Language

Oncethis modelis in place,we needa syntaxto referto it. Augmentingthe stan-
dardsorts-and-featuresignatureof anHPSGdescriptionlanguageye addto it a
collectionof semantidype declarationssuchasshavn in Figure 3. Thesedecla-

semtype [t,f] t.

semtype [student,book]: (s->e->t).
semtype read: (s->e->e->e->t)
semtype [every,some]. (e->t->t->1).

semtype w var(s).

semtype Q. findom [every,some].

semtype [a,eX.y,z]: var(e).

semtype lambda: (var(A)->B->(A- >B)) .

Figure3: An examplesemtype signature.

rationsdeclarehe semanticconstant&ndsemantio/ariableghatcanthenbeused
in our Ty2 terms.Our descriptionlanguagedoesnot stipulatethe basictypesof the
semantidypesystem(above,t , e, ands), but it doesallow for functionalclosure.
Noticethatevenlambda is just anotherconstantalthoughit hasa polymorphic
functionaltype. Thereis noreasorto distinguishit becausdeta-reductiommasno
distinguishedole in this semantics— if it weredesired,it would needto be en-
codedasa relationor phrase-structureule just asary othertransformation.The
var/l operatordistinguishessemanticvariablesfrom semanticconstants.This
distinctionis importantbecausealthoughthereis no beta-reductionthereis still

alpha-renamingithin variablescopewhichwe de ne to bethesameasthescope
of TFL variablesin descriptions Constantareuniqueandnever renamed.n the
exampleabore, q is a nite domainvariable— aninstanceof it standsor oneof
eitherevery orsome.

Having enhancedhe signature we arethenin a positionto enhancea TFL
descriptionlanguagewith extra LRS descriptions Givena countablyin nite col-
lection of meta-ariables( ), the LRS descriptiony ) arethe smallestsetcon-
taining:

the semanticonstant®f the signature,
thesemantiovariablesof the signature,

applications, , Where

- ,all ,and
— canbeary type (functionalor not) 8

®Thus,the caseof is alreadycoveredby includingthe semanticonstants.



meta-wariablebinding: ,
subtermbinding: :
subtermchain: ,
incontbinding: ,
excontbinding:” ,

contrikution: ,
uniquecontrikution: ,

negative contritution: , and
implication:

Becauseheseareincludedin theclosureof the TFL descriptionanguagethey can
be conjoinedanddisjoinedwith corventional TFL descriptionsandthey canalso
be appliedat featurepaths.In theinterpretationhowever, while TFL descriptions
constrainthe choiceof element directly, LRS descriptiongnostly constrain
our choiceof . Incont and excont binding insteadconstrainour
choiceof and , andthecontribution constraints
constrainour choiceof the elementf :

Subtermbinding, , saysthat areall subtermsof

. Meta-\ariablesestablishthe equalityof subtermswithin an LRS description,
within a larger TFL description(which may refer to the semanticterm of more
than one featurepaths value), or acrossthe scopeof descriptionvariablesin a
singleconstruci{suchassharingthe semantic®f the motherandheaddaughteof
a phrase-structuraule). A subtermchainconstrainsa subtermfrom both ends:it
mustfall alongthe chainfrom to .

Whatdescriptionglonotneedo explicate,crucially, areall of thewell-formed-
nesspropertieentailedoy ourinterpretatiorof thesedescriptiorprimitives. Math-
ematically our modelswill alreadybe limited to thosethatobsere the necessary
well-formednesgpropertiesandcomputationallyLRS descriptionsreclosedun-
dera x edsetof algebraiqulesthatenforcethem,asgivenbelov. Theserulescan
be extended,in fact, to allow for universally quanti ed implicational constraints
over semanticterms,muchasHPSGprinciplesappearin TFL. The implication,

, Stateghatfor every subterm of thetermbeingdescribedif is
describedby , thenthe holdsof thetermdescribedln keepingwith TRALE'S
interpretatiorof implicationalconstraintsn TFL, theantecedentef theseseman-
tic implicationsareinterpretedusingsubsumptiomatherthanclassicahegation.



4.2 Description Languagelntegration

LRSdescriptionsareidenti ed within ALE descriptiondy theirembeddingvithin

a@Irs/1 macrothatprovidesthe necessarglueto CHR. As asimpleexample,
considetthe following expressiorof clause(1) of the LRS PROJECTION PRINCI-

PLE aborein TRALE syntax:

phrase *> (daughters:hdtr: If : @Irs(["Alpha]),
If:  @Irs(["Alpha]))

Themeta-ariableAlpha is boundin theconsequentf this universallyquanti ed
principleto boththe excontof the headdaughteandthe excontof the mother thus
equatinghem.Thesquaredracletsarenecessarpecausehis excontmustonly be
a subtermof the semanticof the headdaughterandthe semanticof the mother
andnot necessarilydentical.

ThelContPabove is expresseds:

sign  *> If:  @Irs(E:[{I}]D

The meta-ariablel is identi ed astheincontof the sign's LF valueby the curly

braceof theincontbindingprimitive. Thisis a subterm(innersquarebraclets)of

E, whichisidenti ed asits excont(caret),andasa subterm(outersquarebraclets)
of its semvalue. Unlike the TFL presentationpARTS lists and other structural
overheadare not requiredin our typed featurestructuresbecausaneta-ariables
dually referto bothatermandthe collectionof all of its subterms.

4.3 CHR Implementation

In our Prologimplementatiorof LRS within the TRALE systemall LRS descrip-
tionsarecompiledinto constraint®of a ConstraintHandlingRules(CHR) handler
andtheir well-formednesgropertiesare implementedasthe constrainthandling
rulesthemseles. The primitive constraintshey arecompiledinto are:

node(N,ArgTypes ,ResType) : nodeNhasagumentypesArgTypes
with resulttypeResType .

literal(N,Lit,A ri ty) : nodeNis labelledby literal Lit with arity
Arity
findom(N,Lits) : nodeNis labelledby oneof theliteralsin Lits

ist(N,M,A)  :nodeNis the Ath algumentof nodeM
st(N,M) :nodeNis asubtermof nodeM
excont(FS,N) :theexcontof featurestructureFSis N.

incont(FS,N) :theincontof featurestructureFSis N.



contrib(FS,N) : featurestructurerS contritutedN.
uniquecontrib(F S, N): featurestructureFS uniquelycontrituted N.
nocontrib(FS,N) . featurestructureF S did not contritute N.

The nodesreferredto hereare nodesof the typedterm graphsthat representhe
logical formsthatwe areassemblingln additionto theseprimitives,thetransitive
closureof st/2 , calledststar/2 is alsocomputedon-line.

CHRrulesconsistof propagator¢ ) thatdetectthe presencef acombina-
tion of constraintgleft-handside)in aglobalconstrainsstore, andin thatpresence,
executeProlog goals(right-handside) that typically add more constraintgo the
store. Detection,asin TRALE, amountsto suspendingintil subsumptiorholds.
Simpli cation rules( ) additionallyremove left-hand-sideconstraintglesignated
by appearingo theright of the . If no is provided,thenall left-hand-sidecon-
straintsareremoved. Right-hand-sidgoalscanalsobeguarded ) — if theguard
fails, thenthe goalis notexecuted.

In CHRthen, thefollowing algebraiqulesareusedo enforcewell-formedness:

literal/arity consisteng

literal(N,Lit1, Arity 1) literal(N,Lit2 ATt y2)
Litl = Lit2, Arityl = Arity2.

literal extensionality

literal(N,F,A), literal(M,F,A)
ext _args(A,N,M) | N=M.

constants

literal(N, ,0) st(M,N) M= N.

nite domains
findom(N,Lits), literal(N,Lit, )
member(Lit,Lits ).

immediatesubtermirre e xivity
ist(N,N, ) fail.

immediatesubtermuniqueness
ist(M1,N,A) ist(M2,N,A) M1 = M2.

subternre exivity
st(N,N) true.

subtermidempotence
st(M,N) st(M,N) true.

subtermsubsumption
istt(M,N, ) st(M,N) true.



subtermantisymmetry

st(M,N),  st(N,M) M= N.
subtermupwardantisymmetry

ist(M,N, ), st(N,M) M = N.
typeconsisteng

node(N,ATypesl, RTypel) node(N,ATypes2 ,RType2)
RTypel = RType2, ATypesl = ATypes2.

literal well-typing
node(N,ATypes, _ ), literal(N, LA)
length(ATypes,A ).

immediatesubtermwell-typing
node(M, _MResType), node(N,NArgType s, ), Iist(M,N,A)
nth(A,NArgTypes ,MResType).

incontandexcontfunctionhood
incont(X,N) incont(X,M) N=
excont(X,N) excont(X,M) N

uniquecontritution injectivity
uniquecontrib(F S1,N) uniquecontrib( FS2, N)
FS1=FS2.

uniquecontribution subsumption
uniquecontrib(F S1,N) contrib(FS2,N) FS1=FS2.

negatie contribution idempotence
nocontrib(X,N) nocontrib(X,N) true.

negative contritution negatiity
nocontrib(FS,N) , contrib(FS,N) fail.

ext _args/3 is aguardthatchecksgheamgumentsf N andMfor equality

This collection of rulesis completein the sensethat ary inconsisteng that
may exist with respecto our standardf well-formednesé Ty2 will be detected.
They are not completein the sensethat the resultof simpli cation underthese
ruleswill be minimal in ary usefulsense suchas having a minimal numberof
distinctnodedn theresultingtermgraph,or aminimalnumberof (non-immediate)
subtermarcs. The questfor a combinationof propagator&nd searchthat would
establistminimality ef ciently (in practice atleast)remaingo bepursued.

Turningto semantidmplication, every instanceof animplication description
is compiledinto its own CHR primitive constraint. This constraintoccurson the
left-handsideof exactly onenew propagatqgrwhich is chagedwith enforcingthe
implication. To requirethatuniversalquanti ers not outscopeclausalboundaries,
for example , we mayrequireof clauseghat:



VX:every(, ,_ ) > [IXID.

Let uscall thisimplicationinstance . We introducea new primitive i/l , which
will beappliedto semantidermsfor which implicationi is assertedo hold. We
thenaddonenew propagatoto enforcetheimplication:

i(LF),ststar(X, LF), Ii teral (X,e very ,3)
==> node(Ex,_, ),s t(E x, LF), excont( FSEX) ,st (X,EX) .

Here,LF will beboundto thetermto whichi applies X, to theuniversallyquanti-
ed variableX statedn theimplicationsourcecode,andFS, to thefeaturestructure
with which LF is theassociatedemanticaterm.

5 Conclusion

By separatindinguisticrepresentationsndprinciplesfrom structuralwell-formed-
nessandcomputationatonsiderationsye aspireto do a betterjob of both. This
separatiorcan be achiezed by expandingthe descriptionlanguagewith a set of
primitives that intuitively capturethe requirementof semanticatheories(LRS
and otherwise)that manipulatelogical forms astypedterm graphs,not by using
TFL atary aestheticost.

The extensionpresentedherecaptureghe basicprimitivesfoundin MRS and
CLLS, theexceptionseingtheparallelismandanaphoridindingconstraintprim-
itively expressedby CLLS. Futureempiricalstudyis requiredbeforeextendingthe
languagen this direction,in our opinion, becausenuch of whatfalls underthe
rubricsof ellipsisandbindingis not purelya semantigghenomenon.

A moreinterestingdirectionin which to extendthe presentwork is towardsa
semanticsvhich doesnot stopat logical form. Semanticsnvolves meaning,and
meaningis only distinguishablen the presenceof inference. Although we have
presentedhe semantiamplication of our descriptionlanguageasa tool for con-
ventionallinguistic constraintsor for perhapsextendinga very common-sensical
coreof well-formednesgonditions,they areequallywell applicableto inference
more broadly construed. This inferencewould be groundedin presuppositional
contentandsharedackgroundknowledgeasmuchasit would bein the syntactic
structureof typedlambdaterms.
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