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Abstract

This papersummarizesthe architectureof Lexical ResourceSemantics
(LRS). It demonstrateshow to encodethe languageof two-sortedtheory
(Ty2; Gallin, 1975) in typed featurelogic (TFL), and then presentsa for-
mal constraintlanguagethatcanbeusedto extendconventionaldescription
logics for TFL to make direct referenceto Ty2 terms. A reductionof this
extensionto ConstraintHandlingRules(CHR; FrühwirthandAbdennadher,
1997) for thepurposesof implementationis alsopresented.

1 Intr oduction

Lexical ResourceSemantics(LRS) hasalreadybeenusedin analysesof various
syntacticandsemanticphenomenaon paper,1 but until now it did not have a com-
putationalimplementation,in part becausestandardtypedfeaturelogic (TFL) is
so ill-suited to the job of servingasthe formal basisof a computationallanguage
for describingsemantics.All is far from lost,however; it turnsout to berelatively
simpleto extenda TFL-baseddescriptionlanguageto incorporatethe primitives
required,which we believe will have applicationto computationalsemanticsex-
tendingwell beyondLRS.Thoseprimitivesarealsodescribedhere.

Implementationsof computationalsemanticscanbeaccomplishedin TFL —
Minimal RecursionSemantics(MRS; Copestake etal., 2003) standsasonepartic-
ularly well-known exampleof this. Evenin MRS,however, structurethatencodes
embeddingconstraints(theso-calledqeqconstraints)mustbe representedalong-
side the basiccomponentsof the semantictermsbeingconstructed,andseveral
necessary“bookkeeping”principlesto addressfreevariables,acyclicity etc.must
eitherbe statedin the grammaralongsidethe real principlesthat are the subject
of linguistic investigation,or (as is conventionalin MRS) relegatedto an extra-
grammaticalresolutionprocedurethat exists outsideTFL altogether. TFL's own
semantictypesystemalsodoesnot provide semantictyping beyond ����� , andso
therichertypingrequiredby all non-trivial theoriesof semanticalform musteither
bestructurallyencodedinto theobjectlanguageor forgottenentirely. Indeed,no
MRS-basedgrammarto our knowledgeavails itself of any true semantictyping
beyondanimate, time, eventandother ����� sortsthataresyntacticallyconvenient
for theEnglishResourceGrammar.

This is not to saythatLRS is merelyanalternative to MRS. In somerespects,
they aresimply incomparable.MRS also hasno model-theoreticinterpretation,
servinginsteadasa sortof front-endfor “the realsemantics”that is deemedto 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.

1Theseinclude: negative concordin Polish,sentential(interrogative) semanticsin German,the
scopeof adjunctsin Dutch,the(past)tensesystemof Afrikaans,andnegationin Welsh.SeeRichter
andSailer(2004) andthereferencescitedtherein.



too impracticalfor therapiddevelopmentof largegrammars.Partsof thepresent
proposalare probablybetterthoughtof as an alternative to the ConstraintLan-
guagefor LambdaStructures(CLLS; Egget al., 2001), a constraintlanguageover
lambda-termtreeswith linguistically motivatedconstraints.CLLS's description
language,however, hastaken shapearounda very orthodoxview of the syntax-
semanticsinterfaceasa setof translationrulesthat augmentphrasestructure.In
our view, paceEggandErk (2002), makingthis suitableto HPSGrequiresmore
thanusing typedfeaturestructuresin placeof atomiccategories. Many seman-
tic principles, just as many syntacticprinciples,are betterexpressedas univer-
sally quanti�ed constraints,anda semanticaldescriptionlanguagemustprovide
the primitives necessaryto accommodatethis. CLLS also takes the very tradi-
tionalview thatsemanticcompositionproceedsentirelythroughbeta-reduction.In
CLLS, thisview bringsacertainamountof explicit overheadinto thegrammartoo,
in theform of explicit links betweenlambdasandboundvariables.LikeMRS and
many otherunderspeci�edapproaches,however, we have beenforcedto abandon
it in recognitionof the abundanceof concord,discontinuityand propernaming
effectsfrom naturallanguagewith which it seemsirreconcilable.

Section2 introducesthesemanticintuitionsbehindLRSandtheprinciplesthat
institutionalizethem. Section3 provides further justi�cation (in brief) through
someexamplesof dif�cult logical form constraintsthatthey enableusto express.
Section4 thenpresentsaconstraintlanguagethatdirectlyextendsstandardmodels
of typedfeaturelogic to incorporateTy2 terms,andshowshow tostraightforwardly
implementthis extensionusingConstraintHandlingRules(CHR; Frühwirth and
Abdennadher, 1997) on topof theTRALE system(Penn, 2004).

2 LRS: Fundamental Principles

Although LRS was originally conceived of as a framework-dependentimprove-
mentonFlexibleMontagueGrammar(Hendriks, 1993) implementedwithin HPSG,
it hasmoved beyond a reconstructionof the Montagovian tradition within TFL.
With its combinationof techniquesderivedfrom modeltheoreticsemanticsin the
Montagovian tradition, Logical Form (LF) semanticsin the generative tradition
(von Stechow, 1993), andunderspeci�edprocessingin computationalsemantics,
LRS now mergesinsightsfrom several linguistic traditionsinto a very expressive
but computationallyfeasibleframework for naturallanguagesemantics.

The architectureof LRS envisagesunderspeci�edprocessingasmediatedon
the syntacticsideby TFL descriptions,andon the semanticsideby expressions
from atermdescriptionlanguagewhichcomprisesthenecessarydevicesfor scope
underspeci�cationasdevelopedin computationalsemantics.Theguidingassump-
tionsbehindLRS arethat: (a) all semanticandsyntacticidiosyncrasiesarelexical
(includingconstructiontypeidiosyncrasies),and(b) thereis no non-functionalse-
manticcontribution from outsideof the lexicon. LRS distinguishesbetweenlexi-
cal semanticsandcompositionalsemantics.Lexical semanticsremainsunderthe



CONTENT attribute. CONTENT valuesaresubjectto theoriesof linking, of semantic
selectionandof HPSG'straditionalBINDING THEORY. Compositionalsemantics,
on theotherhand,is locatedin thevalueof a new attributeLF of signs,andis thus
notvisibleto syntacticandsemanticselectionby heads.An interfacetheorywhich
links certaincomponentsof thelocal contentto certainpartsof thecompositional
semanticsallows for someamountof interaction,suchasthe lexical selectionof
thesemanticvariablesof argumentsby syntacticheads.

In whatfollows,we discussonly compositionalsemantics.2 In Section2.1we
show how to encodethelanguageof two-sortedtheory(Ty2; Gallin, 1975) in TFL.
This encodingthenserves to illuminate the connectionbetweenLRS andHPSG
in Section2.2, in which we discusstheconstraintswhich constitutethesemantic
compositionmechanismof LRS. In our computationalimplementationof LRS
(Section4), theencodingpartof thetheorydisappearsentirelyandis replacedby
providing thetermsof Ty2 as�rst classcitizensin thedenotationof anappropri-
ately extendeddescriptionlanguage.The semanticcompositionmechanismwill
remaineffectively unchanged,however.

2.1 Speci�cation of Ty2

The purposeof this sectionis to demonstratehow Ty2 canbe encodedin a par-
ticularversionof TFL, RelationalSpeciateRe-entrantLanguage(RSRL).Readers
not interestedin thetechnicaldetailsmightskip thissectionandproceedwith Sec-
tion 2.2.

A speci�cationof Ty2 needsanappropriatesignatureanda setof constraints
which denotesmodelswhoseobjectscorrespondto thenaturalnumbers(usedas
indicesof variablesandnon-logicalconstants),thetypes,andthewell-formedex-
pressionsof Ty2. The signature,�	��

� , is shown in Figure1. It mustbe part of
any signatureof a grammarspeci�cation in TFL using Ty2 for semanticrepre-
sentations.The sorts,attributes,andrelationsymbolsin ����

� will be explained
togetherwith theprincipleswhichenforcethewell-formednessof theTy2 expres-
sionsin grammarmodels.They areshown in (1).

(1) a. TheNATURAL NUMBERS PRINCIPLE:

integer � ���

x�

zero�

b. TheCOMPLEX TERM PRINCIPLES:

application �

��

�

�

TYPE 2

FUNCTOR TYPE �

IN 1
OUT 2 �

ARG TYPE 1

���

�

�

abstraction �

��

�

�

TYPE �

IN 1
OUT 2

�

VAR TYPE 1
ARG TYPE 2

���

�

�

2See(Sailer, 2004) for adiscussionandempiricalmotivationof thearchitectureof localsemantics
in LRS.



equation�

�

�

TYPE truth
ARG1 TYPE 1
ARG2 TYPE 1

�

� negation �

�

TYPE truth
ARG TYPE truth�

l-const �

�

�

TYPE truth
ARG1 TYPE truth
ARG2 TYPE truth

�

� quanti�ers �

�

TYPE truth
SCOPE TYPE truth�

c. TheTY2 NON-CYCLICITY PRINCIPLE:3

ty2 � �

1 � �"!$#

�&%

1 �('

'

'*),+.-

��

�0/�1

� 2 ty2-component 3
465 1 7

1

d. TheTY2 FINITENESS PRINCIPLE:

ty2 � �

1
�

2 8

ty2-component 3 2 5�4

7

� member
8 2 5 1

�

chain�69:9

e. TheTY2 IDENTITY PRINCIPLE:

ty2 � �

1
�

2 3 copy 3 1 5 2 7

�

1 ; 2 7

f. TheTY2-COMPONENT PRINCIPLE:

�

1
�

2

<=

=

=>

ty2-component 3 1 5 2 7@?

<=
>

1 ; 2 A

!CB

�

3 D

2
�E%

3
�GF

ty2-component 3 1 5 3
7IH

'

'

'
)J+.-

��

�LKNMPO

Q

MPO

O

O

Q

g. TheCOPY PRINCIPLE:

�

1
�

2

<
=

=

=

=
>

copy 3 1 5 2 7R?

<=

=>

!S#

1
�ET

�UF 2
�&T
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'
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h. TheSUBTERM PRINCIPLE:

�

1
�

2 D

subterm 3 1 5 2 7@?

D

1
�

me�`F 2
�

me�aF

ty2-component 3 1 5 2 7

HbH

Themeaningfulexpressionsof Ty2 aresimpleor complex expressionsin the
denotationof thesortme. Objectsin thedenotationof mehave anattribute TYPE,
whosevalueindicatesthe type of the expression. If it is a simpleexpression(a
variableor anon-logicalconstant), it is indexedby a naturalnumber, which is the
valueof theattributeNUM-INDEX.

TheNATURAL NUMBERS PRINCIPLE, (1a), guaranteesthecorrespondenceof
objectsin thedenotationof integer to thenaturalnumbers.An integer con�guration
in modelsof c

��

� is either a zero entity or a non-zero entity on which a term
consistingof a �nite sequenceof PRE attributesis de�ned whoseinterpretationon
thenon-zero entity yieldsanentity of sort zero. Thenumberof PRE attributesin

3The symbol dfehgji denotesthesetof attributesof the signatureklehgji . Similarly, mlehg*i in (1g)
denotesthesetof maximallyspeci�c sortsof klehgji .



ty2
me TYPE type

variable NUM-INDEX integer
constant NUM-INDEX integer
application FUNCTOR me

ARG me
abstraction VAR variable

ARG me
equation ARG1 me

ARG2 me
negation ARG me
l-const ARG1 me

ARG2 me
disjunction
conjunction
implication
bi-implication

quanti�ers VAR variable
SCOPE me

universal
existential

type
atomic-type

entity
truth
w-index

complex-type IN type
OUT type

integer
zero
non-zero PRE integer

Relations
append/3
copy/2
member/2
subterm/2
ty2-component/2

Figure1: Thesignature�V��

� for agrammarof Ty2 expressions



this termcorrespondsto thenaturalnumberrepresentedby thecon�gurationunder
thenon-zero entity.

The six COMPLEX TERM PRINCIPLES, (1b), are responsiblefor the proper
typing of complex Ty2 expressions. Theseare the application of a functor to
anargument(

�

)@npo"qsr o�t

3*u

o q

7

1

o

), lambdaabstractions(
8wvyxyz

r o q|{

)

o

9

n}o"q~r o�t

), equations
( 3

)

o

;

u

o

7P•

), negatedexpressions( 3

2

)

•h7€•

), expressionsformedfrom two mean-
ingful expressionsby conjoiningthemwith a logicalconnective (e.g., 3

)

•

FUu

• 7 •

),
andquanti�cationalexpressions(e.g., 3

�

x z

r o

)

••7‚•

). In modelsof theTFL grammar
thecorrecttyping of themeaningfulexpressions,indicatedin theexamplesgiven
in parentheseswith thetype � (for truth) andthemeta-variable ƒ , is guaranteedby
theCOMPLEX TERM PRINCIPLES.

Theremainingprinciplesfall in two groups:thetaskof theprinciples(1c)–(1e)
is to guaranteethe well-formednessof the ty2 con�gurationsin grammarmodels
in the sensethat all all ty2 con�gurationscorrespondto Ty2 expressions(or nat-
ural numbersandtypes);the remainingthreeprinciples,(1f)–(1h), determinethe
meaningof relationsymbolswhichareneededeitherin theprecedingthreeprinci-
plesor in Section2.2 in thecompositionprinciplesof LRS. Accordingto (1f) the
relationty2-component holdsbetweeneachpair of Ty2 objects 1 and 2 such
thateither 1 and 2 areidenticalor 1 is acomponentof 2 (i.e., 1 canbereachedby
startingfrom 2 andfollowing a �nite sequenceof attributes).With (1g), two Ty2
objects1 and 2 in anexpressionarein thecopy relationiff thecon�gurationsof
objectsunderthemareisomorphicallycon�gured: they all havethesameattributes
andcorrespondingattributevaluesof thesamesorts.Thesubterm relation,de-
terminedby (1h), will be particularlyimportantin Section2.2. It holdsbetween
eachpairof meobjects1 and 2 if f 1 is asubtermof 2 . For perspicuitywewill use
anin�x notationbelow andwrite ` 1 „ 2 ' for subterm 3 1 5 2 7

. Theappend and
member relationsymbols,which alsobelongto the signature�…��

� in Figure1,
receive their usualinterpretation.We omit the principlesde�ning their intended
meaning.

TheTY2 NON-CYCLICITY PRINCIPLE, (1c), excludesthepossibilityof cyclic
termcon�gurations.Cyclic terms(andtypes)aretermswhich containthemselves
ascomponents.Sinceit is not clearwhatcyclic con�gurationsof this kind should
correspondto in two-sortedtypetheory, they haveto beexcludedfrom ourmodels.
TheTY2 FINITENESS PRINCIPLE, (1d), usesthe�nitenessof chainsin RSRLto
enforcethe�nitenessof ty2con�gurations.Thelastprinciple,theTY2 IDENTITY

PRINCIPLE in (1e), enforcesa kind of extensionalityin our modelsof Ty2 expres-
sions.It requiresthatany two isomorphicsubcon�gurationsin a ty2 con�guration
beactuallyidentical.For example,if the�rst variableof type † ,

x(‡

r�ˆ

, occursmore
thanoncein aTy2 expression,its correspondingmodel(asdeterminedby ourcon-
straints)will containexactlyonecon�gurationof objectsrepresenting

x(‡

r�ˆ

.4

4For anextensivediscussionandconcreteexamplesof models,see(Richter, 2004). Sailer(2003)
provesthattheRSRLspeci�cationof Ty2 sketchedhereis correct.



2.2 SemanticComposition

For thepurposeof illuminatingtheconnectionbetweenLRSandHPSGin afamil-
iar way, onecanthink of LRSin termsof asimpleTFL speci�cation.Thesignature
of theRSRLencodingof anLRS grammarcontainsthefollowing attributes,sorts
andappropriatenessspeci�cations:

(2) Thesortlrs (LF valueof signs)

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

From the previous sectionwe know that the objectsin the denotationof the
sortmearetheelementsof thesetof well-formedexpressionsof Ty2. Thecrucial
differencebetweensystemssuchasFlexible MontagueGrammarandLRS is that
the former employs the lambdacalculuswith (intensional)functionalapplication
andbeta-reductionfor semanticcomposition.Semanticcompositionin LRSbuilds
onatripartitedistinctionbetweeninternalcontent,externalcontentandtheseman-
tic contribution(s)of a signto theoverall semanticrepresentationof anutterance.
Whileexternalandinternalcontentaresubstantiveconcepts,therepresentationfor-
matof PARTS asalist of mesis anartifactof theLRSencodingin TFL. Ratherthan
thinking of PARTS valuesaslists of expressions,it is moreaccurateto view them
asthespeci�cationof thosenodesof thetermgraphof aTy2 expressionwhichare
contributed to the meaningof the naturallanguageexpressionby the given sign.
Only thetopmostnodeof eachelementon PARTS countsasbeingcontributed.

Theinternalcontentof asignis thescopallylowestsemanticcontributionof the
semanticheadof thesign. Its membershipin PARTS characterizesit asanecessary
contribution of meaningto eachsyntactichead.

(3) TheINCONT PRINCIPLE (IContP):
In eachlrs, the INCONT valueis anelementof thePARTS list anda compo-
nentof theEXCONT value.

lrs �

<

>

�

�

EXCONT 1
INCONT 2
PARTS 3

�

�

F member 3 2 5 3
7

F 2 „ 1
M

Q

Theexternalcontentof a signis themeaningcontribution of its maximalpro-
jectionto themeaningof theoverallexpression.Whenasignentersinto asyntactic
constructionasa non-head,its externalcontentmusthave beencontributedin the
completedsyntacticdomain:

(4) TheEXCONT PRINCIPLE (EContP):

a. In every phrase,the EXCONT valueof the non-headdaughteris an ele-
mentof thenon-headdaughter's PARTS list.

phrase � ‰

� NH-DTR LF �

EXCONT 1

PARTS 2 �Š�

F member 3 1 5 2 7•‹



b. In everyutterance,everysubexpressionof theEXCONT valueof theutter-
anceis anelementof its PARTS list, andevery elementof theutterance's
PARTS list is a subexpressionof theEXCONT value.

u-sign �

�

1
�

2
�

3
�

4
<=>

‰

� LF �

EXCONT 1
PARTS 2

�|�

F 3 „ 1 F member 3 4 5 2 7h‹

�

3 member 3 3 5 2 7

F 4 „ 1 7

MPO

Q

Theexternalcontentvalueof anutteranceis its logical form in thetraditional
sense.Accordingto the secondclauseof the EContP, which is a kind of closure
principle,thelogical form comprisesall andonly themeaningcontributionsof the
lexical elementsin theutterance.

The LRS PROJECTION PRINCIPLE makes the internal and external content
locally accessiblethroughoutheadprojections,andit guaranteesthatthemeaning
contributionsof all subsignsof asignwill becollected.

(5) LRS PROJECTION PRINCIPLE:

In eachheaded-phrase,

a. theEXCONT valueof theheadandthemotherareidentical,

phrase �

�

LF EXCONT 1
H-DTR LF EXCONT 1 �

b. the INCONT valueof theheadandthemotherareidentical,5

phrase �

�

LF INCONT 1
H-DTR LF INCONT 1 �

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

phrase �

<

>

�

�

LF PARTS 1
H-DTR LF PARTS 2
NH-DTR LF PARTS 3

�

�

F append 3 2 5 3 5 1 7

M

Q

TheSEMANTICS PRINCIPLE (SP)speci�esrestrictionsonhow to combinethe
meaningcontributionsof differenttypesof syntacticandsemanticdaughters.For
eachkind of meaningcompositionwhich introducessubtermrestrictions,the SP
speci�esa clause.Theprimarytaskof theseclausesis to statemutualembedding
constraintsbetweenthetermsof eachsyntacticdaughter. If therelativeembedding
of themeaningcontributionsis not�x eddeterministically, weachieveadescriptive
underspeci�cationof readings:

(6) SEMANTICS PRINCIPLE (SP):

5We take thenounto betheheadof a quanti�ed NP.



1. if the non-headis a quanti�er then its INCONT value is of the form
Œ

�Ž• •0•’‘�“ , the INCONT valueof theheadis a componentof • , andthe
INCONT valueof thenon-headdaughteris identicalwith the EXCONT

valueof theheaddaughter,

�

NH-DTR SS LOC CAT HEAD det�

�

<=

=

=

=

=>

��

�

�

�

�

H-DTR LF �

EXCONT 1

INCONT 2 �

NH-DTR LF 1

�

� INCONT

�

�

quanti�ers

SCOPE �

l-const
ARG1 3 �

�

�

�

�

���

�

�

�

�

F 2 „ 3
M O

O

O

O

O

Q

2. if thenon-headis a quanti�ed NP with an EXCONT valueof the form
Œ

�Ž• •�•”‘�“ , thenthe INCONT valueof theheadis acomponentof ‘ ,

�

1
<
=

=

=
>

��

�

�

NH-DTR

��

�

�

SS LOC CAT �

HEAD noun

SUBCAT •:–

�

LF EXCONT �

quanti�ers
ARG2 1 �

���

�

�

���

�

�

�

�

2

D

�

H-DTR LF INCONT 2 �

F 2 „ 1 H

M
O

O

O

Q

3. [clausesfor adverbialmodi�ers, markers,�llers, . . . ]

2.3 An Example

With theLRSprinciplesof Section2.2wecannow analyzesentenceswith quanti-
�er scopeambiguitiessuchasEverystudentreadsa book. In a�rst approximation,
we would like to assignthetwo readingsin (7b) and(7c) to thissentence:

(7) a. Everystudentreadsabook.

b.
v —

{

� �˜��™

3hš`›�›•œ"žw3

—

5

™

7

F

�‚�

3*Ÿ
 :¡£¢¥¤§¦¨ hžw3

—

5

�

7

�ª©

¤�«£¢`žw3

—

5

�

5

�

5

™

7
7:7

c.
v —

{

� �¬�‚�

3*Ÿ
 :¡£¢¥¤§¦˜ 
ž

3

—

5

�

7

� ��™

3­š`›�›•œ
ž

3

—

5

™

7

F

©

¤�«£¢
ž

3

—

5

�

5

�

5

™

7
7:7

In the�rst reading,(7b), theexistentialquanti�er of a booktakeswide scopeover
theuniversalquanti�er of everystudent. Thereis oneparticularbookwhichevery
studentreads.In (7c) thescoperelationof the two quanti�ers is reversed.Every
studentreadsa book,but it is not necessarilythesamebook. We write

—

for the
�rst variableof type † anduseintuitive namesfor non-logicalconstants,suchas
student ž , book ž andread ž . Thevariable� is aDavidsonianeventvariable.

Figure 2 illustrateshow an LRS grammarof English licensesthe two read-
ingsof sentence(7a). Becauseof theperspicuityof thecomputationaldescription
languageof LRS, we do not useRSRL descriptionsof lrs objectsat the nodes
of thesyntactictreein the �gure. Insteadwe usethedescriptionlanguageof the
LRS implementationlanguageto be introducedin Section4. In this languagelrs
descriptionsarenotatedasTy2 expressionsaugmentedwith a small inventoryof



additionalsymbols.The�gure depictstheLRSspeci�cationsof thelexical entries
of animplementedgrammarandtheinformationaboutthelrsof eachphrasewhich
canbederivedaccordingto theLRSprinciplesof theprevioussection.

In the implementationlanguagê
)

meansthat the (possiblyaugmented)Ty2
expression

)

is the EXCONT valueof thesign's lrs. The INCONT valueis notated
betweencurly brackets, ®�uR¯ . Squarebrackets signal a subterm relationship.

)

•

u

“ (or, equivalently,
)

4

•

u

“ ) meansthat u is a subtermof
)

. We write •

u

“ if we
do notknow anythingaboutanexpressionexceptthat u is asubtermof it.

At the two NP nodes,Clause(1) of the SEMANTICS PRINCIPLE requiresthe
internal contentof the head(student(w,X) and book(w,Y) ) to be in the
restrictorof the universaland the existentialquanti�er, respectively. At the VP
and S nodes,it is Clause(2) that brings the internal contentof the verbalhead
(read(w,e,X,Y) ) in thescopeof bothquanti�ers.

As aneffect of theEContP, we know theexternalcontentsof thenon-headsin
all phrases:At theNPnodes,theexternalcontentof thedeterminersis identicalto
their internalcontents,asthesearetheonly elementsbeingcontributedthatcontain
theinternalcontentsastheirsubexpression.Beingcontributedis thesameasbeing
on the PARTS list in theRSRLspeci�cation. In the implementation,every (sub-)
expressionmentionedcountsasbeingcontributed,unlessexplicitly markedother-
wise. At theVP node(andanalogouslyat theS node),theexternalcontentof the
NP somebookmustbeidenticalto thatof thedeterminer:this is theonly element
beingcontributed by the NP that satis�es the conditionexpressedin the lexical
entryof book, i.e., that theexternalcontentbea quanti�er thatbindsthevariable

™ . Notethat the lexical entryof bookhasa meta-variable,Y, in theargumentslot
of typeentity. Thelocalselectionmechanism,notdepictedhere,is responsiblefor
identifying thevariable™ , contributedby theexistentialquanti�er, with Y.

At the S node,the secondclauseof the EContPapplies,i.e., the expressions
beingcontributedspecifyexactly theexpressionswhich canbeusedin theresult-
ing logical form. Thereareexactlytwo Ty2 expressionswhicharecompatiblewith
thecontributionsandstructuralrequirementsof thelexical entriesandthatalsoful-
�ll thesubexpressionrequirementsgiven by the SEMANTICS PRINCIPLE. Either
the universalquanti�er of every studentis in the nuclearscopeof the existential
quanti�er of a book, or viceversa.

3 LF Constraints

Thelinguistic rationalebehindthearchitectureof LRS is evidencedby thesmooth
integrationof: (I) “typical” LF constraintssuchasquanti�er islandconstraints,(II)
a straightforward andnovel accountof negative concord(or multiple exponents)
phenomena,and(III) a treatmentof traditionally problematicLF discontinuities,
thusintegratinginsightsfrom thegenerative literatureon thesyntax-semanticsin-
terfacein termsof LogicalForms.LRSreanalyzestheseinsightsin termsof thead-
ditionalexpressive �e xibility providedby a truly constraint-basedgrammarframe-
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Figure2: ThesentenceEverystudentreadsa book



work. With a systematicaccountof typical LF constraints,LRS goesbeyond the
dataanalyzedin alternative frameworksusedin HPSGsuchasMRSor UDRT.

For reasonsof space,we will give only a very brief andabstractoverview of
thetypesof LF constraintsfor whichLRS is designed,andwedo notdiscusscon-
creteexamplesin this paper. Quanti�ers islands(typeI constraints)arediscussed
in (Sailer, 2003, pp.58–61).A comprehensive empiricalmotivationfor the“mul-
tiple exponent”analysisof negative concordin Polish(typeII constraints)andan
explicit LRS analysisthereofareprovided in (RichterandSailer, 2004, pp. 115–
126). Examplesof LF discontinuities(typeIII constraints)andtheir LRS analysis
arediscussedin (RichterandSailer, 2004, pp. 126–131)and in (Richter, 2004,
Chapter6).

A typicalLF constraintof typeI concernsquanti�er islands: A universalquan-
ti�er maynot take scopeoutsideof theclausein which it is realizedovertly. As a
constraintthis is usuallyregardedasodd,sinceexistentialquanti�ersin embedded
contexts mayoutscopeopaquematrix predicates,producingso-calledde-re read-
ings. LRS canstaterestrictionson thescopeof quanti�ersnaturally. They do not
differ from any ordinarysyntacticrestrictionin HPSG. Anothersourceof type I
LF constraintis statementsthatpostulatethatno quanti�er (of a certaintype)may
intervenein the logical form betweentwo given logical operators. Conversely,
we might requirethatbetweena negationoperatorandsomeconstantonly certain
quanti�ersmayintervene.

Type II constraintstake advantageof HPSG's conceptof token identity for a
novel descriptionof puzzlingfactssuchasnegativeconcordin Romancelanguages
or in Polish. The NEG CRITERION restatesa principle of HaegemanandZanut-
tini (1991) from a new perspective: For every verb, if thereis a negation in the
EXCONT valueof theverbthathasscopeover theverb's INCONT value,thenthat
negationmustbe an elementof the verb's PARTS list. In otherwords,if thereis
a negationwith scopeover the verb in the verbalprojection,the verb itself must
alsocontribute the very samenegation. Similarly, the NEGATION COMPLEXITY

CONSTRAINT for Polishexpressesaninsight in termsof LRS which Corblin and
Tovena(2001) found to hold for many languages:For eachsign, theremay be
at mostonenegation that is a componentof the EXCONT valueandhasthe IN-
CONT valueasits component.Thisexpressesa(language-dependent) upperbound
on the numberof negationstakingscopeover eachotherandover themain verb
of sentences.It alsorelieson thepossibility that, in negative concordlanguages,
negationscontributedby differentlexical itemsmightbeidenti�ed with eachother
in thesemanticrepresentation.A third principlewhich builds on the fact that the
samemeaningcomponentmight becontributedby several lexical elementsis the
WH-CRITERION (for German,RichterandSailer, 2001, p. 291): In every clause,
if the EXCONT value is of the form

vGÃ

{ÅÄ

, thenthe EXCONT valueof the clause
mustbecontributedby thetopicalizedsign(againrephrasingawell-known princi-
plefrom theliterature).Similar“multiple exponent”effectswerefoundin theLRS
analysisof tensein Afrikaans.

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



makemeaningcontributionsto asentencethatmustberealizeddiscontinuouslyin
the logical form of the overall expressionto which they belong. The intervening
meaningcomponentsareunpredictableandcannot bestatedin a �nite list. Anal-
ysesof thesephenomenaaretypically providedby underspeci�cationformalisms
whichallow for decomposingthelogicalcontributionsof lexical itemsandleaving
slotsfor insertingotherpiecesof representations.

4 Formal Speci�cation

A formal speci�cationof the coreprinciplesof LRS requiresa term description
languagefor Ty2 with an is-component-ofrelation(`

)

is a subtermof u '), 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-
formedexpressionsof Ty2 (which we have presentedin Section2.1), aswell as
four HPSGprinciplesfor IContP, EContP, LRS PROJECTION PRINCIPLE andSP
themselves(Section2.2). Notetheabsenceof beta-reductionfrom theformalism.

This coreof theLRS architectureallows oneto assignto eachsentencea log-
ical representationwith a model-theoreticinterpretation;it usesdescriptive under-
speci�cationto assignto eachwell-formedutteranceoneor morefully speci�ed
logical form(s)asits meaningrepresentation.If anutteranceis Æ -waysambiguous,
thedenotationof thegrammarwill contain Æ modelsof it which differ at leastin
their meaningrepresentation.In keepingwith thetraditionof logical form seman-
tics,however, thesemanticalcomponentsof theseutterancesaremodelledby Ty2
terms, not theentitiesof Ty2'smodelsthemselves;thus,noextraexpressive power
beyondTFL'smodeltheoryis actuallyrequired.

Formally, we augmentTFL's model theorywith four additionalpartial func-
tions: Ç
È�É

4•Ê

�ÌËÍ™•Î

Ï~Ð€Ñ"Ò`Ð¥Ó

4•Ê

�ÌË’™ Î

È"Ô
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4•Ê

�ÌËÍ™•Î

Ñ"Ò`ÐaÓ
ÕPÏ6Ö
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ËÍ™•Î0��×
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where Ê is theuniverseof theTFL model.If sem, incontandexcontwerefeatures
in the signatureof TFL, they would be interpretedby functionsmapping Ê to

Ê . Thesefunctions,however, allow us to refer insteadto a separatecollectionof
entitiesthatmodelthestructureof Ty2 terms.Semis theprincipalmeansof access
to this collection,potentiallyassociatingany entity in themodelwith a Ty2 term,
i.e.,a semantics.In practice,this associationprobablyonly occurswith signs,and
semreplacesthe LF attribute. Any entity canadditionallyhave incontandexcont
values,which in practiceareemployed in accordancewith the intuitionsof LRS.
Amongotherthings,this meansthat thesevalues,wherethey exist, will typically
besubtermsof thetermthatsemrefersto. ContribconverselyattributeseveryTy2
termin theimageof semto theentitiesthatcontributedit.



4.1 Constraint Language

Oncethis modelis in place,we needa syntaxto referto it. Augmentingthestan-
dardsorts-and-featuressignatureof anHPSGdescriptionlanguage,we addto it a
collectionof semantictypedeclarations,suchasshown in Figure3. Thesedecla-

semtype [t,f] 4 t.
semtype [student,book]: (s->e->t).
semtype read: (s->e->e->e->t) .
semtype [every,some]: (e->t->t->t).
semtype w4 var(s).
semtype q: findom [every,some].
semtype [a,e,x,y,z]: var(e).
semtype lambda: (var(A)->B->(A- >B)) .

Figure3: An examplesemtype signature.

rationsdeclarethesemanticconstantsandsemanticvariablesthatcanthenbeused
in ourTy2 terms.Ourdescriptionlanguagedoesnotstipulatethebasictypesof the
semantictypesystem(above, t , e, ands), but it doesallow for functionalclosure.
Notice thateven lambda is just anotherconstant,althoughit hasa polymorphic
functionaltype. Thereis no reasonto distinguishit becausebeta-reductionhasno
distinguishedrole in this semantics— if it weredesired,it would needto be en-
codedasa relationor phrase-structurerule just asany othertransformation.The
var/1 operatordistinguishessemanticvariablesfrom semanticconstants.This
distinctionis importantbecause,althoughthereis no beta-reduction,thereis still
alpha-renamingwithin variablescope,whichwede�ne to bethesameasthescope
of TFL variablesin descriptions.Constantsareuniqueandnever renamed.In the
exampleabove, q is a �nite domainvariable— aninstanceof it standsfor oneof
eitherevery or some.

Having enhancedthe signature,we are then in a position to enhancea TFL
descriptionlanguagewith extra LRS descriptions.Givena countablyin�nite col-
lection of meta-variables( Ø ), the LRS descriptions( Ù ) arethe smallestsetcon-
taining:Ú

thesemanticconstantsof thesignature,Ú

thesemanticvariablesof thesignature,Ú

applications,ÛR3*ÙÝÜ•5

{�{�{

5
Ù

z
7

, where
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– ƒ canbeany type(functionalor not),6

6Thus,thecaseof ä�å^æ is alreadycoveredby includingthesemanticconstants.



Ú

meta-variablebinding: Ø	4&Ù ,Ú

subtermbinding: Ù

ˆ
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•

ÙlÜ 5
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5
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z

“ ,Ú

subtermchain: Ø

•}çŠè_é

Ø…ê

çë•p•6ç
ì

,Ú

incontbinding: ®�Ù@¯ ,Ú

excontbinding: ˆ Ù ,Ú

contribution: ÙŽíGî0Ø ,Ú

uniquecontribution: ÙŽíGØ ,Ú

negative contribution: ÙŽí

é

Ø , andÚ

implication: ïGíGðS4GÙ@ñ\ò

�

Ù .

Becausetheseareincludedin theclosureof theTFL descriptionlanguage,they can
beconjoinedanddisjoinedwith conventionalTFL descriptions,andthey canalso
beappliedat featurepaths.In theinterpretation,however, while TFL descriptions
constrainthechoiceof elementó

+

Ê directly, LRSdescriptionsmostlyconstrain
our choiceof

Ç
È�É

3*ó

7

+

Ë’™•Î . Incont and excont binding insteadconstrainour
choiceof

Ï~ÐyÑ"Ò`ÐaÓ

3*ó

7

+

Ë’™•Î and

È"Ô

Ñ"Ò`Ð¥Ó

3*ó

7

+

Ë’™ Î , andthecontributionconstraints
constrainourchoiceof theelementsof

Ñ"Ò`ÐaÓ
ÕPÏ6Ö

3

Ç
È�É

3*ó

7
7”ô

×

3•Ê

7

.
Subtermbinding, Ù

ˆ

4

•

ÙlÜ 5

{�{�{

5
Ù

z

“ , saysthat ÙÝÜ•5
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areall subtermsof
Ù

ˆ

. Meta-variablesestablishtheequalityof subtermswithin anLRS description,
within a larger TFL description(which may refer to the semanticterm of more
than one featurepath's value), or acrossthe scopeof descriptionvariablesin a
singleconstruct(suchassharingthesemanticsof themotherandheaddaughterof
a phrase-structurerule). A subtermchainconstrainsa subtermfrom bothends:it
mustfall alongthechainfrom Ø

•6çwè

to Øõê

ç
•}•}çëì

.
Whatdescriptionsdonotneedtoexplicate,crucially, areall of thewell-formed-

nesspropertiesentailedby ourinterpretationof thesedescriptionprimitives.Math-
ematically, our modelswill alreadybe limited to thosethatobserve thenecessary
well-formednessproperties,andcomputationally, LRS descriptionsareclosedun-
dera �x edsetof algebraicrulesthatenforcethem,asgivenbelow. Theserulescan
be extended,in fact, to allow for universallyquanti�ed implicationalconstraints
over semanticterms,muchasHPSGprinciplesappearin TFL. The implication,

ïGíGð$4`Ù
ñ

ò

�

Ù , statesthatfor everysubtermð of thetermbeingdescribed,if ð is
describedby Ù@ñ , thenthe Ù holdsof thetermdescribed.In keepingwith TRALE's
interpretationof implicationalconstraintsin TFL, theantecedentsof theseseman-
tic implicationsareinterpretedusingsubsumptionratherthanclassicalnegation.



4.2 Description LanguageIntegration

LRSdescriptionsareidenti�ed within ALE descriptionsby theirembeddingwithin
a @lrs/1 macrothatprovidesthenecessaryglueto CHR.As a simpleexample,
considerthefollowing expressionof clause(1) of theLRS PROJECTION PRINCI-
PLE above in TRALE syntax:

phrase *> (daughters:hdtr: lf : @lrs([ˆAlpha]),
lf: @lrs([ˆAlpha])) .

Themeta-variableAlpha is boundin theconsequentof thisuniversallyquanti�ed
principleto boththeexcontof theheaddaughterandtheexcontof themother, thus
equatingthem.Thesquarebracketsarenecessarybecausethisexcontmustonly be
a subtermof thesemanticsof theheaddaughterandthesemanticsof themother,
andnotnecessarilyidentical.

TheIContPabove is expressedas:

sign *> lf: @lrs([ˆE:[{I}]]) .

Themeta-variableI is identi�ed asthe incontof thesign's LF valueby thecurly
bracesof theincontbindingprimitive. This is asubterm(innersquarebrackets)of
E, which is identi�ed asits excont(caret),andasasubterm(outersquarebrackets)
of its semvalue. Unlike the TFL presentation,PARTS lists and otherstructural
overheadarenot requiredin our typedfeaturestructuresbecausemeta-variables
dually referto botha termandthecollectionof all of its subterms.

4.3 CHR Implementation

In our Prologimplementationof LRS within the TRALE system,all LRS descrip-
tionsarecompiledinto constraintsof aConstraintHandlingRules(CHR)handler,
andtheir well-formednesspropertiesareimplementedasthe constrainthandling
rulesthemselves.Theprimitive constraintsthey arecompiledinto are:Ú

node(N,ArgTypes ,R esTyp e) : nodeNhasargumenttypesArgTypes
with resulttypeResType .Ú

literal(N,Lit,A ri ty) : nodeN is labelledby literal Lit with arity
Arity .Ú

findom(N,Lits) : nodeNis labelledby oneof theliteralsin Lits .Ú

ist(N,M,A) : nodeNis theAth argumentof nodeM.Ú

st(N,M) : nodeN is asubtermof nodeM.Ú

excont(FS,N) : theexcontof featurestructureFS is N.Ú

incont(FS,N) : theincontof featurestructureFS is N.



Ú

contrib(FS,N) : featurestructureFS contributedN.Ú

uniquecontrib(F S, N) : featurestructureFS uniquelycontributedN.Ú

nocontrib(FS,N) : featurestructureFS did notcontributeN.

The nodesreferredto herearenodesof the typedterm graphsthat representthe
logical formsthatwe areassembling.In additionto theseprimitives,thetransitive
closureof st/2 , calledststar/2 is alsocomputedon-line.

CHR rulesconsistof propagators(
;÷ö

) thatdetectthepresenceof acombina-
tion of constraints(left-handside)in aglobalconstraintstore,andin thatpresence,
executeProloggoals(right-handside) that typically addmoreconstraintsto the
store. Detection,as in TRALE, amountsto suspendinguntil subsumptionholds.
Simpli�cation rules( ø ) additionallyremove left-hand-sideconstraintsdesignated
by appearingto theright of the ï . If no ï is provided,thenall left-hand-sidecon-
straintsareremoved.Right-hand-sidegoalscanalsobeguarded( ù ) — if theguard
fails, thenthegoalis notexecuted.

In CHRthen,thefollowing algebraicrulesareusedtoenforcewell-formedness:Ú

literal/arityconsistency
literal(N,Lit1, Ar ity 1) ï literal(N,Lit2 ,A rit y2 )

ø Lit1 = Lit2, Arity1 = Arity2.Ú

literal extensionality
literal(N,F,A), literal(M,F,A)

;÷ö

ext args(A,N,M) | N=M.Ú

constants
literal(N, ,0) ï st(M,N) ø M = N.Ú

�nite domains
findom(N,Lits), literal(N,Lit, )

;÷ö

member(Lit,Lits ).Ú

immediatesubtermirre�exivity
ist(N,N, )

;(ö

fail.Ú

immediatesubtermuniqueness
ist(M1,N,A) ï ist(M2,N,A) ø M1 = M2.Ú

subtermre�exivity
st(N,N) ø true.

Ú

subtermidempotence
st(M,N) ï st(M,N) ø true.Ú

subtermsubsumption
ist(M,N, ) ï st(M,N) ø true.



Ú

subtermantisymmetry
st(M,N), st(N,M) ø M = N.Ú

subtermupwardantisymmetry
ist(M,N, ), st(N,M) ø M = N.Ú

typeconsistency
node(N,ATypes1, RType 1) ï node(N,ATypes2 ,R Type2)

ø RType1 = RType2, ATypes1 = ATypes2.Ú

literal well-typing
node(N,ATypes, , ), literal(N, ,A)

;÷ö

length(ATypes,A ).Ú

immediatesubtermwell-typing
node(M, ,MResType), node(N,NArgType s, ), ist(M,N,A)

;÷ö

nth(A,NArgTypes ,MResType).Ú

incontandexcontfunctionhood
incont(X,N) ï incont(X,M) ø N=M.
excont(X,N) ï excont(X,M) ø N=M.Ú

uniquecontribution injectivity
uniquecontrib(F S1,N) ï uniquecontrib( FS2, N)

ø FS1=FS2.Ú

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

negative contribution idempotence
nocontrib(X,N) ï nocontrib(X,N) ø true.Ú

negative contribution negativity
nocontrib(FS,N) , contrib(FS,N) ø fail.

ext args/3 is aguardthatcheckstheargumentsof NandMfor equality.
This collectionof rules is completein the sensethat any inconsistency that

mayexist with respectto our standardof well-formednessin Ty2 will bedetected.
They are not completein the sensethat the result of simpli�cation underthese
ruleswill be minimal in any useful sense,suchashaving a minimal numberof
distinctnodesin theresultingtermgraph,or aminimalnumberof (non-immediate)
subtermarcs. The questfor a combinationof propagatorsandsearchthat would
establishminimality ef�ciently (in practice,at least)remainsto bepursued.

Turning to semanticimplication,every instanceof an implicationdescription
is compiledinto its own CHR primitive constraint.This constraintoccurson the
left-handsideof exactly onenew propagator, which is chargedwith enforcingthe
implication. To requirethatuniversalquanti�ersnot outscopeclausalboundaries,
for example,wemayrequireof clausesthat:



\/X:every(_,_,_ ) --> [ˆ[X]]).

Let uscall this implicationinstancei . We introducea new primitive i/1 , which
will beappliedto semantictermsfor which implicationi is assertedto hold. We
thenaddonenew propagatorto enforcetheimplication:

i(LF),ststar(X, LF), li te ral (X ,e ve ry ,3)
==> node(Ex,_,_),s t(E x, LF), ex con t( FS,E x) ,st (X ,E x) .

Here,LF will beboundto thetermto which i applies,X, to theuniversallyquanti-
�ed variableXstatedin theimplicationsourcecode,andFS, to thefeaturestructure
with whichLF is theassociatedsemanticalterm.

5 Conclusion

By separatinglinguisticrepresentationsandprinciplesfromstructuralwell-formed-
nessandcomputationalconsiderations,we aspireto do a betterjob of both. This
separationcanbe achieved by expandingthe descriptionlanguagewith a setof
primitives that intuitively capturethe requirementsof semanticaltheories(LRS
andotherwise)that manipulatelogical forms astypedterm graphs,not by using
TFL at any aestheticcost.

Theextensionpresentedherecapturesthebasicprimitivesfoundin MRS and
CLLS,theexceptionsbeingtheparallelismandanaphoricbindingconstraintsprim-
itively expressedby CLLS. Futureempiricalstudyis requiredbeforeextendingthe
languagein this direction,in our opinion, becausemuchof what falls underthe
rubricsof ellipsisandbindingis notpurelyasemanticphenomenon.

A moreinterestingdirectionin which to extendthepresentwork is towardsa
semanticswhich doesnot stopat logical form. Semanticsinvolvesmeaning,and
meaningis only distinguishablein the presenceof inference.Although we have
presentedthe semanticimplicationof our descriptionlanguageasa tool for con-
ventionallinguistic constraintsor for perhapsextendinga very common-sensical
coreof well-formednessconditions,they areequallywell applicableto inference
morebroadlyconstrued.This inferencewould be groundedin presuppositional
contentandsharedbackgroundknowledgeasmuchasit would bein thesyntactic
structureof typedlambdaterms.
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Frühwirth,T. andAbdennadher, S.1997.Constraint-Programmierung. Springer.

Gallin, Daniel.1975.IntensionalandHigher-Order Modal Logic. North-Holland,
Amsterdam.

Haegeman,Liliane andZanuttini, Raffaella.1991.Negative Headsand the Neg
Criterion.TheLinguisticReview 8, 233–251.

Hendriks,Herman.1993.StudiedFlexibility. ILLC DissertationSeries1995-5,In-
stitutefor Logic, LanguageandComputation,Amsterdam.

Penn,G. 2004.BalancingClarity andEf�ciency in TypedFeatureLogic through
Delaying. In Proceedingsof the 40th Annual Meetingof the Associationfor
ComputationalLinguistics, pages240–247.

Richter, Frank. 2004. Foundationsof Lexical ResourceSemantics.Habilitation
Thesis.Seminarfür Sprachwissenschaft,Universiẗat Tübingen.

Richter, Frank and Sailer, Manfred.2001.On the Left Peripheryof German�-
nite Sentences.In W. DetmarMeurersandTibor Kiss (eds.),Constraint-Based
Approachesto GermanicSyntax, pages257–300,Stanford:CSLI Publications.

Richter, Frank and Sailer, Manfred.2004.Basic Conceptsof Lexical Resource
Semantics.In Arnold BeckmannandNorbertPreining(eds.),EuropeanSummer
School in Logic, LanguageandInformation2003– CourseMaterial I , volume5
of CollegiumLogicum, pages87–143,Kurt GödelSocietyWien.
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