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Abstract
Thispaperdescribesa framework for multimodalcategorial systems,i.e. systemsthatallow
differentmodesof logicalbehaviour to bedisplayedwithin asinglesystem.Fromalinguistic
point of view, this characteristicamountsto makingavailablemultiple modesof linguistic
descriptionwithin a singleformalism. A key advantageis that whenit comesto treatinga
givenphenomenon,themultimodalapproachallows thata level of descriptionbeexploited
thatencodesonly thoseaspectsof linguistic structurethat arerelevant to the phenomenon.
Thisadvantageis illustratedin relationto theanalysisof bindingphenomena.Thetreatment
of commandasymmetriesin binding is basedon adoptingan approachwheregrammatical
hierarchyis encodedvia categorialargumentorder. This treatmentof grammaticalhierarchy
is itself madepossibleby adaptingaproposalfor thetreatmentof Englishin whichobserved
wordordermayresultfrom localverbmovement,calledheadpromotion.

1 Intr oduction

The theoryof grammaticalrelationsproposedin Dowty [3], in which grammaticalhier-
archyor relative obliquenessis encodedvia categorial argumentorder(i.e. subcategorisa-
tion order),hasprovidedthebasisfor accountsof a rangeof phenomenawithin Montague
Grammar, includingrelationchanging,control,andcommandrelationsin binding.It is well
known that this approachis not compatiblewith a purelyconcatenative treatmentof string
formation,requiringin MontagueGrammaruseof the non-concatenative stringoperation
wrap [1]. Of variousattemptsto reconstructwrapwithin alternative frameworks,we note
particularlytheproposalof Jacobson[8], in whichEnglishhasan‘underlying’ orderwhere
verbsfollow their directobjects,with observedword orderresultingfrom headpromotion,
i.e. boundedmovementof theverbto VP initial position.

In this paper, an approachto formulatingmultimodalcategorial systemsis described.
Then,it is shown thatanargumentorderbasedtreatmentof grammaticalhierarchycanbe
employed within a multimodalgrammar, when it is combinedwith a treatmentof word
order that is inspiredby Jacobson’s proposal. This grammaris thenappliedto the treat-
mentof bindingrelations.Themultimodalapproachallows usto choosefor any linguistic
phenomenonaddressed,a level of descriptionthat encodesonly the aspectsof linguistic
structurethatarerelevantto thetreatmentof thatphenomenon.In thecaseof binding,this
allows usto handlethealternative boundusesof eachanaphoror personalpronounwhilst
avoiding theneedfor multiple lexical assignments.



2 Multimodal Categorial Grammar

Recentwork in Categorial Grammarhasseenthe proposalof a numberof ‘multimodal’
approaches,which make availablemultiple modesof construction,realisedin syntaxvia
differentproductoperators��� — eachwith associatedimplicationals

�� ,
�� , its left and

right residuals.
�

For eachproductoperatorthereis acorrespondingoperatorin theunderly-
ing interpretive semantics,andthebehaviour of theformerreflectstheaxiomsthatgovern
the latter in the interpretive semantics.Suchaxiomscanbedivided into threesubgroups:
(i) modeinternal axioms, which involve only a singlemodality, e.g. familiar associativity���	��
���	��������
���	�������	��� ; (ii) interaction axioms, wheremore thanonemodality is
involved,e.g. ��� � 
������������
� � � ���!����� ; (iii) linkage or inclusionaxioms, which allow
derivationfrom onemodeto another, e.g. ��� � � " � ������� . Intuitively, themovefrom one
modeto anotherallowedby a linkageaxiomis akin to movementfrom onedescriptionof a
linguisticobjectto anotherlessinformative description.

2.1 A Natural DeductionFormulation

Weadopta labellednaturaldeductionformulation,employing inferencerules(1–3)below.
In this formulation,labelledformulaetake the form: #%$�&('*) , with & a type, ) a ‘se-
mantic’ lambdaterm,and # a marker term. Marker termsarestructuredobjectsthat are
built up asdeductionproceeds,andthestructuralinformationthey recordis usedin ensur-
ing appropriatestructuresensitivity in deduction(andhencethis systemis an instanceof
a labelleddeductivesystem[4]). In linguistic derivations,assumptionsthat correspondto
lexical itemshave lexically providedmarker andsemanticcomponents(loosely, theword’s
‘string’ or ‘phonology’andits meaning).Otherassumptionshaveasimplevariablefor their
marker andsemanticterms(which maybegivenasthesamevariable,to aid readability).
Theuseof marker termsto recordsignificantstructuralinformationcloselyparallelstheuse
of structuredconfigurationsof typesin varioussequentandnaturaldeductionlogical for-
mulations. However, marker termsprovide a moreconcise/readablerepresentationof the
proof’s significantstructuralinformation.+ In a linguisticcontext, a marker maybeviewed
asdescribingthelinguisticstructureof theobjectderived.

(1) ,�- A ./ B : 0 12- B : 3 .4 E5 ,268791;:�- A :
5 093<:

[ =�- B : = ]5 ,2687�=>:�- A : 0 .4 I,�- A ./ B : ?�=A@ 0
(2) 1B- B : 3 ,�- B .C A : 0 .D E5 1�6 7 ,8:�- A :

5 093<:
[ =�- B : = ]5 =�6 7 ,E:�- A : 0 .4 I,�- B .C A : ?�=A@ 0

(3) [ =�- B : = ],[ FG- C: F ],�H 5 =I6E7�F�:KJL- A : 0 1B- B 687 C: 3
M 7 E,�H 1JA- A : H 3ON 5 =I6PFI:KJQ@ 0

,�- A : 0 1B- B : 3 M 7 I5 ,P6E7R1S:�- A 687 B : TU0WVS3OX
Y
We noteparticularlyHepple[5, 7] andMoortgat& Oehrle[10], who introducemultimodalframeworks

of the similar characterto the onethat is describedin this paper, althoughthereareotherproposalsthat are
multimodal in the senseof including multiple groupsof operatorswithin a singlesystem,e.g. Morrill [11],
Morrill & Solias[12].Z

Notethat in (3), ,�H 5 =�6 7 F�:KJ and ,�H 1J refer to marker termsthatareidenticalexceptthatwhere
5 =R6 7 FI:

appearsasasubtermin one, 1 appearsin theother.



Additional structural rules, which directly reflectaxiomsof theunderlyingsemantics,
act to modify the form of the marker and therebyplay a crucial role in determiningthe
propertiesof the derivability relation. For example,the associativity structuralrule [a] in
(4),whichmirrorstheassociativity axiom 
�9� � 
�[� � ���O���\
O
�I� � ���]� � ��� , is requiredto allow
derivationof the‘composition’theoremX ^� Y, Y ^� Z _ X ^� Z, asillustratedin (5),andalso
the furtherexample(6). The theoremsof (5,6) mirror the theoremsX/Y, Y/Z _ X/Z and
(X/Z)/Y, Y ` Z _ X of theassociative Lambekcalculus(L ). Indeed,a systemwith only the
singlemodality a plus the rules(1–4)constitutesa formulationof L . Furtherexamplesof
structuralrulesaretherulesof permutationandlinkageshown in (7,8).

(4) ,�H 5Ub 6 ^
5Uc 6 ^Ad :S:KJL- A : 0

[a],�H 5S5Ub 6 ^
c :L6 ^Ad :KJL- A : 0

(5)
b - X e/ Y :

b c - Y e/ Z :
c

[ d - Z : d ]5Uc 6 ^Ad :B- Y :
5Uc
d :5Ub 6 ^

5Uc 6 ^�d :S:B- X :
5Ubf5Uc
d :S: [a]5S5Ub 6 ^

c :L6 ^Ad :B- X :
5Ubf5Uc
d :S:5Ub 6 ^

c :�- X : ? d @
5Ubf5Uc
d :S:

(6)
b - (X e/ Z) e/ Y :

b
[
c - Y :

c
] [ d - Z : d ] FG- Y 6 ^ Z : F5Ub 6 ^

c :B- X e/ Z :
5UbAc :5S5Ub 6 ^

c :�6 ^�d :�- X :
5S5UbAc : d : [a]5Ub 6 ^

5Uc 6 ^�d :S:�- X :
5S5UbAc : d :5Ub 6 ^ F�:�- X : H FIN 5Uc 6 d :KJQ@

5S5UbAc : d :
(7) ,�H 5Ub 6 ^

c :KJA- A : 0 H gKNihjJ,�H 5Ub 6lk c :KJW- A : 0
(8) ,�H 5Ub 6 ^

c :KJA- A : 0
[p],�H 5Uc 6 ^

b :KJA- A : 0
Thequestionremainsof how the linearorder(i.e. word order)consequencesof deriv-

ationsaredetermined.We cannotsimply look at the linear orderof assumptionswritten
on thepage,sincenot all modalitiescarrysimpleorderingimport. For example,for a per-
mutativemodality � � (i.e. subjectto (8)), wecannottakeamarker 
�m� � ��� asindicatingthat
awordcorrespondingto theassumptionlabelled� precedesonefor theassumptionlabelled� . Instead,we mustidentify a subsetof modalitieswhich do have simplelinearorderim-
port, andtake word/linearorderto beindicatedonly by markersthatareconstructedusing
only thosemodalities.

2.2 Atomic Decompositionof Structural Relations

Themultimodalapproachfavoursa linguisticmodelwith rich lexical encodingof syntactic
information,i.e. not only word orderandsubcategorisation,but also(e.g.) default brack-
etting,head-dependentrelations,etc. Wherepartof this informationis not needed,it can
bediscardedin amoveto a lessinformative modeof description,onethatencodesonly the
informationthatis relevantto thetreatmentof thephenomenonat issue.Suchanapproach,
however, threatensa bewildering proliferationof modes,eachwith its own associatedax-
ioms. Partly in responseto this problem,this paperwill explore the ideathat themultiple
modesare not simply individually stipulated,but insteadarisevia a set n of structural
atoms, with eachmodebeingindexedby somesubsetof n , i.e. eachmodebeingrealised
via anoperator��� , where oqp\n . Underthis approach,only thesinglelinkageaxiom(9)
is required.Otheraxiomsarespecifiedschematically, i.e. requiringthatcertainatomsbe
present/absent.Sincestructuralatomscanonly bediscarded,andgiventhatlinkageallows



movementto lessinformativedescriptions,it followsthatstructuralatomsshouldin general
correspondto restrictionsonstructuralfreedom,i.e. sothatasatomsarediscarded,greater
structuralfreedom,andhencelessinformative descriptions,result.

�r���s�t" � �r�	u�� 
v pwo �(9)

Somenotationalconventionsarerequired.The atomsetsthat index modesarewritten as
atom‘strings’, e.g.asin �	x]y for z �!{O�B| . Obviously �	x]y}�(�	y8x . We will use o�~ v to indicate
anatomsethaving subsetso and v which are disjoint. Hence,for example,equating������	u�� x indicatesthat o ��v�� z ��| andthat ���� v .

For illustration,let usconsiderasystemhaving two structuralatoms� and � , whichcor-
respondto thestructuralrestrictionsof non-associativityandnon-permutativity(‘ordered’),
respectively. The systemrequiresthe axioms(10a,b),whosesideconditionsexcludethe
presenceof therelevant atoms.This atomsetgivesrise to four modes,i.e. themodesin-
dexedby thesubsets:z�� { � | , z�� | , z>� | and � . Takenalone,thesemodeswould correspond
to thefamiliarsystemsNL (non-associative Lambekcalculus),NLP (non-associative Lam-
bekcalculuswith permutation),L (associative Lambekcalculus),andLP (theLambek-van
Benthemcalculus),respectively.

a. 
������
���������O���\
O
����������������� ( � �� o )

b. 
���������9�t
��������� 
 � �� o �
(10)

A simpletransitive verbsawmight have the lexical type(np�8�� s) �j�� np (i.e. employing
operatorsof themostrestrictive modeno, wherebothorderandbrackettingarepreserved)
allowing thederivation (11) of Kim sawLee. For this system,it is naturalto accepteither
of thenon-permutative modes� or �[� asindicatingword order. Hencethefinal marker in
(11) doesindicatetheintendedwordorderKim sawLee.

(11) �8����- np: kim � �i�j��- (np�j�C s)���/ np: saw� � �;�!- np: lee�5 �i�j�¡6 �8� � �;�E:�- np�j�C s: (saw� lee� )5 �8���¢6 �j�
5 �i�j�¡6 �j� � �;�E:S:B- s: (saw� lee� kim � )

Sincebracketting is preserved in no, we cannot(e.g.) derive kim sawass �8�� np. But,
sincemovementfrom modeno to modeo is possibleunderlinkage,wecanderive kimsaw
ass �� np, i.e. asfollows:

(12) �8����- np: kim � �i�j��- (np�j�C s)���/ np: saw� =�- np: =5 �i�j�¡6 �8� =>:�- np�j�C s: (saw� = )5 �8���¢6 �j�
5 �i�j�¡6 �j� =>:S:�- s: (saw� = kim � )

[ £�¤ ]5 �8����6 �
5 �i�j�¡6 � =>:S:B- s: (saw� = kim � )

[a]5S5 �8����6 � �i�j�!:L6 � =>:B- s: (saw� = kim � )5 �8����6 � �i�j�!:�- s �/ np: ?�= .(saw�]= kim � )
Similarly, sinceorder is preserved in the mode � , as it is in �[� , we cannotderive a type
suchass �� np for kim sawtoday(as in e.g. . . .whokim saw today), but, sinceneither
brackettingnororderarepreservedin mode� , wecanderivea types� np,asin (13) (using
undecorated� and � to representtheoperatorsof mode� ).



(13) �8�¥�¦- np: kim � �i�j��- (np�j�C s)���/ np: saw� =�- np: = §©¨Oª��j«�- s���C s: today�5 �i�j��6 �8� =>:�- np�j�C s: (saw� = )5 �8�¥��6 �j�
5 �i�j��6 �j� =>:S:�- s: (saw� = kim � )5S5 �8����6 �j�

5 �i�j��6 �j� =>:S:*6 �8� §©¨Oª��j«	:�- s: (today� (saw� = kim � ))
[ £ ¤ ]5S5 �8����6 5 �l�8�¬6!=>:S:*6�§©¨Oª��j«	:�- s: (today� (saw��= kim � ))

[a,p¤ ]5S5S5 �8����6R�l�8�!:�6�§©¨Oª��j«	:�6�=>:�- s: (today� (saw� = kim � ))5S5 �8����6��i�j�!:*6�§©¨Oª��8«	:B- s/ np: ?�= .(today� (saw�>= kim � ))
2.3 Eliminating Explicit Mark er Terms

The labellingof formulaewith bothmarker andsemantictermsis not a necessaryfeature
of thismultimodalapproach.Thetwo termscanbeeliminatedin favour of asinglelambda
term that fully recordsthe structureof the proof (i.e. which recordsnot only instances
of applicationsandabstractionsbut alsotheir associatedmodalities).Sucha lambdaterm
makesexplicit markersredundant,sincethesetof possiblemarkersthatcouldbeassociated
with any proof that is labelledwith this lambdaterm canbe directly computedfrom the
informationthat the term records.We shall develop a new formulationalongtheselines
over the next threesubsections.The ultimatevalueof this move, aswe shall see,is to
enablean approachin which lexical itemsmaybe associatedwith complex lexical string
terms,constructedusingtheoperatorsof theprooflabellingalgebra,to givewhateffectively
amountsto lexical encodingof partialproofstructure.

In thenew formulation,labelledformulaetake theform: &('*) , with & atype, ) arichly
labelledlambdaterm. The naturaldeductionrulesarenow as in (14–16). Note that the
formulationincludesno structuralrules,sincethereareno explicit marker termson which
they couldoperate.

(14) A ./ B : 0 B : 3 .4 E
A :
5 0I3<:; .

[B : = ]
A : 0 .4 I

A ./ B : ?  . =A@ 0
(15) B : 3 B .C A : 0 .D E

A :
5 3�0	:;® .

[B : = ]
A : 0 .D I

B .C A : ?L® . =A@ 0
(16) [B : = ],[C : F ]

A : 0 B 6 7 C: 3
M 7 E

A : H 3ON 5 =I687�FI:KJQ@ 0
A : 0 B : 3 M 7 I

A 6 7 B : TU0WVS3OX 7
Themethodfor ensuringcorrectinferencinginvolvesreconstructingfor any proof the

marker termsthatcouldbeassociatedwith comparableproofsundertheoriginal formula-
tion. Theproof (17) illustrateskey aspectsof theuseof markersin relationto theoriginal
formulation. Eliminationinferencescombinetogetherthemarkersof precedingformulae.
Structuralrule usesmodify theend-formula’s marker. Commonly, thereis morethanone
way thata givenmarker canbemodified,i.e. thereis a setof possiblemarkersthatcould
result from applyingstructuralrules. The final introductionstepmodifiesthe preceding
marker, providedthatit satisfiescertainform requirements.



(17)
b - X ���/ Y :

b c - Y �j�/ Z :
c

[ d - Z : d ]5Uc 6 �8� d :�- Y :
5Uc
d :5Ub 6 �8�

5Uc 6 �8� d :S:�- X :
5Ubf5Uc
d :S: [ £ ¤ ]5Ub 6 �

5Uc 6 �2d :S:�- X :
5Ubf5Uc
d :S: [a]5S5Ub 6 �

c :L6 �2d :�- X :
5S5UbAc : d :5Ub 6 �

c :�- X �/ Z : ? d @
5S5UbAc : d :

We will definea mappinḡ , which returnsfor any proof termof thenew formulation,
thesetof markersthatcouldbeassociatedwith correspondingproofsof theoriginal formu-
lation. Thedefinitionwill includecasesfor applicationstepsin proof termsthatcombine
subtermmarker sets,andcasesfor abstractionstepsthat modify subtermmarkerswhich
satisfycertainform requirements,andsoon. Whatwould bemissingif eachcasesimply
reflecteda termconstructionstepis theeffectsof structuralrules. Theseeffectscanbeal-
lowedfor by includingmarker rewriting stepsin someof thedefiningcases.Thefollowing
definingclausesarerequired(in which °²± ³ indicatesthat ³ derivesfrom ° undersome
sequence,possiblynull, of structuralrule rewrites):

¯ .1 ¯ 
´f� = z ´�µ]´ �·¶*¸f¹�º�»�¼ |
¯ .2 ¯ 
O
¾½À¿]�<Á 7 � = z ��µ	Â��!{O� ~ � � ¯ 
¾½f��ÃÄ� � ¯ 
S¿���ÃÅ
�¬������� ± ��|
¯ .3 ¯ 
O
¾½À¿]�<Æ 7 � = z ��µ	Â��!{O� ~ � � ¯ 
¾½f��ÃÄ� � ¯ 
S¿���ÃÅ
�¬� � ��� ± ��|
¯ .4 ¯ 
;Ç Á 7 ´ ~ ½f� = z ��µ*
¾������´f� � ¯ 
¾½��8|
¯ .5 ¯ 
;ÇBÆ 7 ´ ~ ½f� = z ��µ*
´�������� � ¯ 
¾½��8|
¯ .6 ¯ 
OÈÉ¿��f
´}����Ê��ÌË ~ ½f� = z ��µ]�IÈU
´�����Ê��ÌË � ¯ 
¾½���Ã\� � ¯ 
S¿]��Ã\�IÈ �*Ë ± �f|
¯ .7 ¯ 
OÍS½B{8¿]Î � � = z ��µ]� � ¯ 
¾½�� ÃÄ� � ¯ 
S¿]��Ã%
�¬������� ± �f|
Note the casesherewhich lack marker rewriting. For ¯ .1, the marker is atomicandso
cannotbe affectedby rewriting. For the abstractioncases̄ .4 and ¯ .5, marker rewriting
addsnothing(i.e. sinceany result Ê thatcouldbederivedby a rewrite � ± Ê will also
resultfrom arewrite of theform 
´m������� ± 
´m����Ê�� atanearlierstepplussubtractionof� at thisstep).

Considerhow ¯ allows us to distinguishcorrectandincorrectproofs. Given the cor-
respondencebetweenthe definingcasesof ¯ andthe stepsof proof constructionfor the
original formulation,theexistenceof any marker in ¯ 
ÏE� (whereÏ is aproof termproduced
underthenew formulation)shows that thereis somesequenceof logical andstructuralin-
ferencesthat would allow us to derive the sameresultunderthe original formulation. If,
on theotherhand,theset ¯ 
ÏO� is empty, thereis no suchsequenceof inferencesunderthe
original formulation,andso the proof at issueis not correct. In short then,a proof with
proof term Ï is correctiff ¯ 
ÏO��Ð� � .
(18) X �j�/ Y :

b
Y ���/ Z :

c
[Z : d ]

Y :
5Uc
d : �j�

X :
5Ubf5Uc
d :j�j� :����

X �/ Z : ?L � d @
5Ub�5Uc
d :���� :����

(19) X �j�/ Y :
b

Y �j�/ Z :
c

[Z : d ]
Y :
5Uc
d : ���

X :
5Ubf5Uc
d :���� :j�j�

X �j�/ Z : ?2�j� d @
5Ub�5Uc
d :���� :����

For example,proof (18) is correct,andproof(19) incorrect(thelattersincethecombin-
ationrequires(implicit) associativity, but theresultindicatesa non-associative mode).The



proof termof (18) hasa subterm
��
�f���]Á�j�
�]Á
�8� , whosemarker setincludes
�¬�	ÑAÒÓ
���	ÑAÒI���O� ,

plus its variantsunderrewriting from [ p ,a,p],including 
O
����Ò����[��Ò���� and 
O
�¬��������ÒI��� .
Hence,the marker setof ÇBÁ �

� ~ 
�I
������Á�j�
�]Á
�j� includes 
����Ò���� and 
�¬����� , showing that the

sametheoremis derivableundertheoriginalformulation(e.g.seeproof(17)w.r.t. 
�¡��Ò���� ).
Theproof termof theincorrectproof (21),however, hasanemptymarker set.

Sinceproofsno longerincludeexplicit markers,we mustaccordinglymodify thebasis
for identifying their word orderconsequencesto insteadrequirethe presencewithin the
proofterm’smarkersetof amarker thatis constructedusingonly appropriate(i.e. ordering)
modalities.

2.4 Normalisation and PossibleProofs

We candefine v -normalisationof the typedlambdatermsusedfor proof labellingvia the
following contractionrules(notated±¢Ô ), whichdivide into two groups:betacases( v ) and
commutative cases( Õ ).


O
;Ç2Á 7 ´ ~ ½���¿��<Á 7
u
±sÔ ½ÖÈÉ¿��	´*Ë


S¿�
;ÇBÆ 7 ´ ~ ½f�O�<Æ 7
u
±sÔ ½ÖÈÉ¿��	´*Ë

ÈUÍ;¿	{ Õ Î � �f
´�����Ê��ÌË ~ ½
u
±sÔ ½ÖÈÉ¿��	´2{ Õ �	Ê×Ë


O
OÈ Õ �f
´À����Ê��ÌË ~ ½��I¿]�<Á Ø Ù±sÔ È Õ �f
´}����Ê��ÌË ~ 
¾½À¿]�<Á Ø

S¿�
OÈ Õ �f
´À����Ê��ÌË ~ ½f�O� Æ Ø Ù±sÔ È Õ �f
´}����Ê��ÌË ~ 
S¿�½f� Æ Ø

O
OÈ Õ �f
´À����Ê��ÌË ~ ¿]��½��<Æ Ø Ù±sÔ È Õ �f
´}����Ê��ÌË ~ 
S¿�½f�<Æ Ø

¾½�
OÈ Õ �f
´À����Ê��ÌË ~ ¿��O�<Á Ø Ù±sÔ È Õ �f
´}����Ê��ÌË ~ 
¾½À¿]�<Á Ø
ÍE
OÈ Õ �f
����ÚÛ���ÌË ~ ½f�j{8¿]Î � Ù±sÔ È Õ �f
�¬��Ú×���ÌË ~ ÍS½2{8¿]Î �
ÍS½2{>
OÈ Õ �f
����ÚÓ���ÌË ~ ¿]�OÎ � Ù±sÔ È Õ �f
�¬��Ú×���ÌË ~ ÍS½2{8¿]Î �
ÈU
OÈ Õ �f
´À��ÚÛÊ��ÌË ~ ¿]�O�f
� �������ÌË ~ ½ Ù±sÔ È Õ �f
´}��ÚÛÊ��ÌË ~ 
OÈÉ¿]�f
� �������ÌË ~ ½��

(20)

Thebetacasesmirror unnecessary‘detours’in proofswhereaconnective is introducedand
then immediatelyeliminated. The commutationcasesrelateto semanticallynon-distinct
alternatives for orderinga [ � E] instancebeforeor after someother inference. Commut-
ing contractionsmay be requiredto allow the identificationandeliminationof otherwise
implicit betaredexes,e.g.asin therewrite:


O
OÈ Õ �f
�������ÌË ~ 
;Ç Á ´ ~ ½��O�<¿�� Á ±ÜÔ È Õ �f
�������ÌË ~ 
O
;Ç Á ´ ~ ½f�<¿]� Á ±ÜÔ È Õ �f
�������ÌË ~ ½ÖÈÉ¿��	´*Ë
Normalisationdefinesequivalenceof terms,i.e. two termsareequivalentiff they have

thesamenormalform. However, considerationof equivalencebringsup anunusualchar-
acteristicof the approachas it is currently formalised,namelythat it is possibleto have
termsthatareequivalent,whereonedescribesa correctproof andtheotherdoesnot. For
example,the terms(21a,b),correspondingto proofs (22,23)respectively, are equivalent
(having (21c)astheir normalform), but only proof (22) is correct. Theproofsderive the
theoremX �� Y _ X �� Y, differing in thatthefirst proceedsvia anintermediatetypeX �� Y
(again),whereasthesecondhasanintermediatetypeX � Y. Thesecondproof is incorrect
becausethis intermediatetype X � Y doesnot preserve the modeinformationof the ini-
tial assumption,andhencethemarker setfor thesubsequenteliminationdoesnot include



any elementsof theform 
¾½}��Ò9��� to licensethefinal introductionstep.In short,structural
informationthatis discardedatonestageis lost for laterinferences.

a. Ç2Á
�
� ~ 
O
;Ç2Á �

´ ~ 
��´��<Á �
�����<Á
�

b. Ç2Á
�
� ~ 
O
;Ç Á ´ ~ 
��´��<Á �

����� Á
c. Ç2Á

�
� ~ 
�¬���<Á �

(21)

(22) X �/ Y :
b

[Y : = ] [Y :
c
]

X :
5Ub =>:; �

X �/ Y : ?L � v.
5Ub =>:; �

X :
5S5 ?  � =A@

5Ub =>:  � :
c :  �

X �/ Y : ?  � y.
5S5 ?  � =A@

5Ub =>:  � :
c :  �

(23) X �/ Y :
b

[Y : = ] [Y :
c
]

X :
5Ub =>:; �

X / Y : ?L v.
5Ub =>:; �

X :
5S5 ?  =A@ 5Ub =>:  � :

c : 
X �/ Y : ?  y.

5S5 ?  � =A@
5Ub =>:  � :

c : 
This paradoxicalsituation(i.e. having equivalenttermsthat differ in correctness)can

be resolved by modifying thecorrectnesscriterionso that ¯ is appliednot to proof terms
themselves,but ratherto their normalforms. Sinceequivalenttermshave thesamenormal
form, they cannotthendiffer in correctness.Theeffect of adoptingthis modifiedcorrect-
nessconditionis to expandthesetof possibleproofs,e.g. allowing (23) asan additional
proof of the sametheoremas(24). Note that this move hasno effect on the derivability
relation.Firstly, any theoremnow acceptedwaspreviously accepted.Thus,a theoremnow
acceptedhasa proof whoseterm hasa normalform having a non-emptymarker set,but
that normalform termitself describesa proof of thesametheoremthat is acceptedunder
boththeoriginalandmodifiedversionsof thecorrectnesscondition.Secondly, any theorem
previously acceptedis still now accepted.Theproof of this point involvesfirstly showing
for eachcontractionrule in (20) thatapplyingthecontractionrule to a termgeneratesan-
othertermwhosemarkersetincludesthemarkersetof theinput term.It follows,by simple
induction,thatany termhaving a non-emptymarker sethasa normalform thatalsohasa
non-emptymarker set,andhencethatany proofpreviouslyacceptedis still now accepted.

2.5 Including lexical information in proofs

For the original formulation, the existenceof separatemarker and semantictermswith
eachformulaprovidesa straightforwardbasisfor theinclusionof lexical stringandlexical
semanticinformationin linguistic derivations,e.g. as in (11–13). How cansuchlexical
informationbeincludedin proofsof thenew formulation,wheretherearenoexplicit marker
terms,andwherethelambdatermlabelsencodemodedistinctionsthatseeminappropriate
for naturallanguagesemanticpurposes?

Lexical assumptionsin proofswill beassociatedwith a singleterm Í STRING { SEM ÎjÝ ÞSß ,
which pairstogetherthelexical item’s stringandsemanticterms,sothattheproof termre-
turnedby any derivationincludesbothaspectsof lexical information.Suchaterm,however,
canbevieweddifferentlydependingonwhetherweareinterestedin its ‘string’ or semantic
consequences.This ideaof ‘taking differentviews’ is implementedvia two reductionpro-
cedures.Thefirst, ‘string reduction’(notated±sÔ ), reducesa proof termto theappropriate
form for proof correctnesstestingusing ¯ , andrequiresthe contractionrulesfor normal-
isation in (20) plus the additional‘lexical projection’ rule in (24), which simply returns
the string componentof a lexical pair. The ‘semanticreduction’procedure(notated±áà ),
definedin (25), also requiresa lexical projectionrule, plus some‘delta’ rules ( â ) which



deleteunwantedmodalitymarkings.We will alsoincludein thedefinitionthecontraction
rules(26)whicheffectbetanormalisation,althoughthis is not requiredby theaccount.

ÍS½2{8¿]Î8Ý ÞSß ã±áÔ ½(24)

ÍS½2{8¿]Î Ý ÞSß ã±áà ¿
Ç2Á 7 ´ ~ ½ ä±áà Ç�´ ~ ½
Ç2Æ 7 ´ ~ ½ ä±áà Ç�´ ~ ½

¾½}¿]�<Á 7 ä±áà 
¾½}¿]�

S¿�½f�<Æ 7 ä±áà 
¾½}¿]�

(25)


O
;Ç�´ ~ ½��I¿]�
u
±sà ½PÈÉ¿]�	´*Ë

ÈUÍ;¿	{ Õ Î��f
´}��Ê��ÌË ~ ½
u
±sà ½PÈÉ¿]�	´2{ Õ �	ÊåË


O
OÈ Õ �f
´À��Ê��ÌË ~ ½f��¿]� Ù± à È Õ �f
´��ÛÊ��ÌË ~ 
¾½À¿]�

¾½�
OÈ Õ �f
´À��Ê��ÌË ~ ¿��O� Ù±sà È Õ �f
´��ÛÊ��ÌË ~ 
¾½À¿]�
ÈU
OÈ Õ �f
´À��Ê��ÌË ~ ¿]�O�f
� �����ÌË ~ ½ Ù±sà È Õ �f
´��ÛÊ��ÌË ~ 
OÈÉ¿]�f
� �����ÌË ~ ½��
ÍE
OÈ Õ �f
�������ÌË ~ ½f�j{8¿]Î Ù±sà È Õ �f
�������ÌË ~ ÍS½2{8¿]Î
ÍS½2{>
OÈ Õ �f
�������ÌË ~ ¿]�OÎ Ù±sà È Õ �f
�������ÌË ~ ÍS½2{8¿]Î

(26)

Considerthis approachin relation to proof (27). String reductionof the proof term
yields 
iæ�çKèé
iê�ëWì�íQî8îA� Á�j�

� Æ
�8� , whosemarkersetincludes
iæ	çè¢�	Ñ�Òf
iê�ëWì��	Ñ�Ò�íQî8îA�O� , showing that

theproof is correctandthat theword orderKim sawLeeis indicated.Semanticreduction
yieldstheundecoratedterm:((sawï leeï ) kim ï ).
(27) np: TK�8�¥�mVÌð*ñUòÀ�¥X;ó ô�õ (np���C s)���/ np: T¾�i�j�9V;ö<÷�øÓ��X¾ó ô�õ [np:

b
] np: T¾� �;��VÌù¥ú�ú>�¥XSó ô¥õ

np�j�C s:
5 T¾�i�j�9VSö<÷>øÓ�¥X ó ô¥õ b : �j�

s:
5 TK�8����V;ð�ñ�ò � X ó ô¥õ V 5 T¾�i�j�9V;ö<÷�ø � X ó ô�õ b :���� :�®���

s �/ np: ?L � x.
5 TK�8���mVÌð*ñUò � X;ó ô�õ2V 5 TK�l�8�9V;ö<÷�ø � X;ó ô¥õ b :j�j� :j®�j�

s:
5S5 ?L �
b @ 5 TK�8����V;ð�ñ�ò � X ó ô¥õ V 5 T¾�i�j�9V;ö<÷�ø � X ó ô�õ b :���� :�®��� :ÓTS� �;��V;ù¥ú�ú � X ó ô�õ :; �

Giventhatstringreductioncombinesbothlexical projectionandbetanormalisationinto
asingleprocedure,aninterestingpossibilityarises.Namelythatinsteadof providing aword
with a simpleatomfor its lexical string component,we might insteadprovide a complex
termthatis built usingtheoperatorsof theproof termalgebra.Stringreductioncouldthen
act to fold this lexical term in with theproof term,so that the two togetherdeterminethe
correctnessof a proof. Sinceany proof term encodesthe structureof a naturaldeduction
proof, sucha move would amountto allowing lexical encodingof partial proof structure.
Weshallseesomeexamplesof thisapproachin thefollowing subsections.

2.6 Linguistic Example1: Quantification

Thepotentialvalueof allowing lexical encodingof partialproofstructurecanbeillustrated
for quantification. A possiblelexical assignmentfor someoneis given in (28). Note the
complex string term, which is onethat would ariseundera ‘type raising’ transformation
suchas np _ s� (s� np). This type allows the derivation (29) of John gavesomeone



money. (Note that,dueto spacelimitations, theproof hasonly lexical string termsin the
placewherelexical string/semanticpairsshouldappear.)

s� (s� np): Í;Ç Á ´ ~ 
´¬ê]ûAè�îEûAüPî*� Á { someoneï Î Ý Þ¾ß(28)

(29) (someone)

s/ (s/ np): ?  =A@ 5 =��i¨j�Ó�S¨jýL�8: 
(john)

np: john

(gave)

((np���C s)�j�/ np)�j�/ np: gave [np: = ]
(money)

np: money

(np���C s)�j�/ np:
5©þ �8ÿj�P=>: ���

np�j�C s:
5S5©þ �8ÿj�P=>:���� �Ó¨jýW�i«	:����

s:
5�� ¨���ý 5S5©þ �jÿj�P=>:j�j� �Ó¨jýW�i«>:���� :�®���

s/ np: ?L�=A@ 5�� ¨���ý 5S5©þ �8ÿj��=>:j�j� �Ó¨jýW�i«	:���� :�®���
s:
5S5 ?Lf=A@ 5 =��i¨j�×�S¨jýW�j:;�:f?Lf=A@ 5�� ¨���ý 5S5©þ �jÿj�P=>:���� �Ó¨8ýL�i«>:j�j� :j®�j� :;

Stringandsemanticreductionof theproof termyield theresults(30a,b).Thenotation ����
in (30a) is usedto point out a significantelementof the reducedterm’s marker set,one
indicatingtheword orderJohngavesomeonemoney (shown to theright of _ ). Notehow
thequantifier’s ‘type raised’stringtermcombineswith thetermfor therestof thesentence
andappliesit to the stringatomsomeone, so that it is ultimately the verb that determines
thequantifier’s word orderposition.� Multiple quantifiercasesarehandledby this account
asit stands,i.e. with alternative scopingsbeingderived.

a. ±sÔ 

	]û��*üs
O
�*ë��Wîmê]ûAè�îEûAüPî*�]Á�8� è�ûAüÖî����]Á�8� �]Æ�8����� 

	�û��*ü��	Ñ�ÒÓ
O
�*ë��AîÓ�	ÑAÒ�ê]ûAè�îEûAüÖîW�[�	Ñ�Ò�è�ûAüPî����O�
_ Johngavesomeonemoney

b. ±sà someoneï ( Ç�´ .(gaveï moneyï ´ john ï ))

(30)

2.7 Linguistic Example2: Extraction

Anothercaserequiringa complex lexical string term is wh-movement.Adaptinga stand-
ardapproachwithin categorial grammar, therelative pronounassignment(31) treatsit asa
functionthatcombineswith a ‘sentencemissingNP’, thelatterbeingcategorisedsimplyas
s� np, allowing that theNP canbe‘missing’ from anywherewithin theembeddedclause.
Theassociatedstringtermis onethatappliestheproof termof the ‘sentencemissingNP’
to � , the‘null string’ atom,andtherebyfixesthesiteof themissingNPasbeingempty. An
examplederivation is givenin (32) (againwith only stringtermsincluded),andtheresults
of applyingthereductionproceduresto its prooftermareshown in (33). Theuseof thenull
stringatomplaysa key role herein allowing thatthefull structureof theembeddedclause
is recoveredundernormalisation.Without it, thenormalisedstringtermwouldstill involve
abstractionover thepositionof themissingNP, andthis termwouldnotyield amarker that
wassufficient to determineword order. The lexical string termof (28), unlike thequanti-
fier’s, doesnot encodeto a correctproof. In its useof the null string atom,it effectively
involvesaninstanceof deletion.Wemight view thetermasimportingproof structurethat,
by lexical stipulation,goesbeyondthelimits of thesyntacticlogic to abroaderlogic includ-
ing rulessuchdeletion,andsoon.

rel �j�� (s� np): � Ç�Á�j� )*~ 
lì��*ç�����
 )�� � Á �]Á�8� {������! �� ï!" Ý ÞSß(31)#
SeeMorrill & Solias[12], Hepple[6], andOehrle[13] for relatedproposals.



(32) (which)

rel ���/ (s/ np): ?P��� ,�@
5 �$���&%'� 5 ,)(Ì:;B:j�j�

(john)

np: john

(bought)

(np�j�C s)�j�/ np: bought [np: = ]
(today)

s�j�C s: today

np���C s:
5+* ¨-, þ �]§�=>:j�j�

s:
5�� ¨���ý 5+* ¨., þ ��§�=>:���� :�®���

s:
5S5�� ¨���ý 5+* ¨., þ ��§�=>:j�j� :j®�j� §©¨Oª��8«	:�®���

s/ np: ?  =A@ 5S5�� ¨���ý 5+* ¨-, þ �]§f=>: �j� : ®�j� §©¨Oª��8«	: ®���
rel :
5S5 ? ��� ,�@

5 �$���/%'� 5 ,0(Ì:  : �j� : 5 ?  =A@ 5S5�� ¨��]ý 5+* ¨., þ ��§�=>: ��� : ®��� §©¨Oª��j«	: ®�j� :S: �j�
a. ±sÔ 
O
;Ç Á�j� )*~


lì��*ç����G
 )1� � Á � Á�j� ��
;Ç Á ´ ~ 
O

	�û��*üs
�28û�34��65�´f� Á�j� � Æ�8� 5;û87Lë��2� Æ�j� �O� Á�j����� 
lì��*ç������	ÑAÒ�
O

	]û��*ü �	ÑAÒÓ
�2Eû�34��95��	Ñ�Ò � �O���	ÑAÒ:5;û;7Lë��B�O�
_ which johnboughttoday

b. ±sà 
<���=�< �� ï 
;Ç�´ ~ 
<>8?A@=B6C ï 
EDF?HG=IH�)> ï ´KJ;?)�=L ï �O�O�O�
(33)

3 HeadPromotion within a Multimodal Grammar

Accordingto a theoryof grammaticalrelationsthathasbeenusedwithin MontagueGram-
mar, grammaticalrelationsmapto specificargumentplaces,e.g. a subjectis the last ar-
gumentsoughtby a verb,a directobjectthenext-to-lastargument,andsoon (Dowty [3]).
Lexical argumentorderprovidesan orderingover grammaticalrelations,onethat corres-
pondsto thetraditionalnotionof grammaticalhierarchyor relative obliqueness,i.e. sothat
any earlierargumentof the verb is moreobliquethanany laterargument,the subjectbe-
ing the leastobliqueargumentof all. Combiningthis theorywith a purely concatenative
grammaticalframework leadsto a predictionthat (e.g.) the mostobliqueargumentof a
verb shouldalwaysappearadjacentto it, which is contradictedby examplessuchasLee
gaveKim vodkawherethesecondobjectvodkais mostoblique.Suchproblemsareavoided
within MontagueGrammarby useof thenon-concatenative stringoperationwrap [1] (e.g.
with the TVP stringgavevodkabeing‘wrapped’aroundtheobjectstringkim in deriving
theVP gaveKim vodka).

Jacobson[8], workingwith ahybridcategorial/phrasestructureframework,avoidsthese
problemsin a differentway, by adoptingthe ideathat Englishhasan ‘underlying’ order
whereverbs follow their direct objects,and henceare adjacentto any secondobject, if
present.Observedwordorderresultsvia boundedmovementof theverbto VP initial posi-
tion, giving e.g.: [ M)N [ M gave]� [ OHN kim] [ PQM)N Ïi� [ OHN vodka]] ]

In this section,a treatmentof English word order is describedwhich is inspiredby
Jacobson’s proposal,andwhich allows theabove treatmentof grammaticalhierarchyto be
adoptedwithin amultimodalgrammar. Thefollowing structuralatomsarerequired:R : left elementis headS : right elementis head

� : non-permuting(‘ordered’)
Õ : ‘commandpreserved’
a : internalargumentT : non-abstract(‘utterable’)

Following Moortgat& Morrill [9], the accountemploys modesthat distinguishbetween
headsanddependents,asindicatedby the presenceof eitherthe structuralatom R or S .
In 
���VU � ��� , � is headand � its dependent,whereas� is headin 
���VW � ��� . To make



head-dependentrelationsmoreexplicit, we will allow thata headedmodesuchas � U � can
bewritten as R � , e.g. asin 
� R �²��� . (This notationis intendedto bereminiscentof the
‘arrow structures’of dependency grammar, whereheads‘point’ at their dependents.)The
atom Õ marksargumentsfor whichcommandinformationis preserved,aswill beexplained
in thenext section.As before,atom � indicatesnon-permutativity, andatom a identifiesthe
internal(i.e. non-subject)verbarguments.Theaccountmakescrucialuseof a distinction
betweenabstractandnon-abstractmodes:only the latter, which includethe atom T , are
‘phoneticallyinterpretable’,i.e. allow for wordorderdetermination.Morespecifically, it is
stipulatedthatwordorderdeterminationshouldinvolve only thenon-abstractmode��ÒYX .

Theessenceof theaccountis thatinternalargumentsof Englishverbslack the T atom,
but, in thespaceof possiblemarker terms,this featuremaybegainedasa sideeffect of a
restructuringin which theheadelementis (left) ‘promoted’over theargument.Thatahead
may undergo suchpromotionis lexically marked by the presenceof the operatorZ . For
example,the ditransitive verb gavehasa lexical assignmentasfollows, whoseargument
orderaccordswith obliqueness,andwhoselexical stringis markedwith Z .

(np[ �+\ ^� (np[ �+\E]� s))̂ �'\ ^� np: �4Z �ë��Aî*{�I_B6`Ha ï<" Ý ÞSß(34)

(35) (lee)

np: � �;�
(kim)

np: �8���
(gave)

(npb �<c eC (npb �Ec/dC s))e �Ec e/ np: f þ �jÿj� (vodka)

np: ÿ8¨OªE���
npb �Ec eC (npb �Ec/dC s):

5 f þ �jÿj�!ÿ8¨OªE���>: e �Ec e
npb �Ec/dC s:

5 �8��� 5 f þ �jÿj�!ÿ8¨OªE���>:åe �Ec e :×®b �Ec e
s:
5 � �;� 5 �8��� 5 f þ �jÿj��ÿ8¨OªE���>:×e �Ec e :×®b �<c e :�®b �Ec/d

The derivation (35) yields the resultsshown in (36a,b)underreduction. To allow for the
promotionoperator, thedefinitionof ¯ mustbeextendedwith theextra clause(37),which
not only provides a correspondingoperatorin the marker domain,but also introducesa
null string atomthat servesasa placeholderfor the verb atomasit promotes.The string
term(36a)yields the ‘maximal’ marker (36c). This marker contains‘abstract’modes(i.e.
lacking T ) andsocannotitself provideadirectbasisfor determiningwordorder.

a. ±sÔ 
líQî8î}
iæ	çèé
 Z *ë��Aîg�Aû;7�æWëf�}Á^ �+\ ^ ��Æ[ �'\ ^ � Æ[ �+\<]
b. ±sà (gaveï vodkaï kim ï leeï )
c. ���� 
líUîjî S Ò Ù X¡
iæ	çè S Ò Ù � 
O
 Z �ë��Aî R ÒhX � � R Ò Ù � �Aû;7�æAë��O�O�

(36)

¯ .8 ¯ 
 Z ½���� z 
 Z � R ÒYX � ��µ�� � ¯ 
¾½���ÃÄ� ± �2|(37)

Additional marker axiomsthat involve thepromotionoperatorareshown in (38). Axiom
(38a)allows a promotionoperatorto be discarded.Axioms (38b,c)allow a headthat is
markedwith thepromotionoperatorto bepromotedover its internalarguments,thoseargu-
mentsbeingmadenon-abstractasa sideeffect. Sucha patternof restructuringis shown in
(39),wherethefinal marker is onethatindicatesthewordorderLeegaveKim vodka.

a. Z �·" � �
b. 
 Z � R ����� R u�� � � � Z � R �²
� R u*� � X ���
c. � S u*� � 
 Z � R �����s� Z � R �²
¾� S u�� � X ���

(38)




líQî8î S Ò Ù X¡
iæ�çKè S Ò Ù � 
O
 Z *ë��Aî R ÒYX � � R Ò Ù � ��û87�æAë��O�O�
± 
líQî8î S Ò Ù X¡
iæ�çKè S Ò Ù � 
 Z *ë��Wî R ÒYX¡
 � R Ò Ù � Xi��û;7AæAë��O�O�O�
± 
líQî8î S Ò Ù X¡
 Z *ë��Wî R ÒYX¡
iæ�çKè S Ò Ù � X¡
 � R Ò Ù � Xj��û87�æAë��O�O�O�
± 
líQî8î S Ò Ù X 
��ë��Aî R ÒhX 
iæ	çè S Ò Ù � X 
 � R Ò Ù � X ��û;7�æWë��O�O�O�
± 
líQî8îm��ÒhXk*ë��Aî×�AÒYXÀæ	çè\�WÒhX � �AÒYXi�Aû;7�æWëf�

(39)

Notehow this accountdoesnot strictly involve ‘movement’.Rather, amongstthemul-
tiple descriptionsof a derivedobjectthatthemultimodalapproachallows, thosewhich are
relevant to word orderdisplaya restructuringanalogousto verbmovement.Notealsothat
the‘movement’allowedby this methodis inherentlybounded,i.e. would not allow a head
to move out of its own domain. This approachhaspotentialfor applicationto otherphe-
nomenainvolving boundedheadmovement,e.g.of thefinite verbin V2 languages.

4 CommandRelationsin Binding

Oneapproachto handlingreflexives in Categorial Grammarhasinvolved makingthema
functionover verb types,with a semanticsthatequatestwo verbargumentpositions[15].
Challengesfor suchanapproachincludeincorporatingthe limitationson binding thatare
handledvia c-commandin PSGapproacheswhilst still allowing thepermissiblecases,other
thanby simply assigninga list of lexical categoriesthatseparatelyencodeeachpossibility.
Within MontagueGrammar, Bach& Partee[2] handlecommandconstraintsvia acondition
F-commandon argumentstructure(wherebyany argumentF-commandsany ‘earlier’ (and
hencemoreoblique)argumentsof the samefunctorandtheir subconstituents).A related
o-commandconditionhasbeenusedwithin Head-drivenPhraseStructureGrammar, which
recreatesF-commandin termsof subcategorisationlists [14].

As in theprevioussection,we useanapproachwhererelative obliquenessis encoded
via lexical argumentorder. This encodingprovidesthe basisfor handlingcommandrela-
tions.A key advantageof themultimodalapproachis thatit will allow usto exploit a level
of descriptionwhereinformationrelevantto thetreatmentof bindingis encoded,but where
otherinformationhasbeendiscarded,with thebenefitof avoiding theneedto assignmul-
tiple lexical entrieswherethiswouldotherwisehavebeenrequired.Thelevel of description
werequireis onewhereheadednessstill countsbut linearorderdoesnot,sotheaxiom(40a)
is included,whichunderminesthelatterwhilst maintainingtheformer.

a. � R ���(� � S �À� 
 � �� o �
b. � S �G
� R u����¢� 
� S �¡��� R u�� 
 Õ �� oml Õ �� v��(40)

Theaxiom(40b) is a form of associativity — onewhich reversesthe relative hierarchical
positionof two dependentsof thesamehead.If freely operative, this axiomwould under-
mine therelative obliquenessinformationinitially encodedby lexical argumentorder, but
theaxiomis insteadrestrictedto applyonly providedoneor bothdependencieslack the Õ
(‘commandpreserved’) atom.Hence,two dependenciesthatretainthisatommustmaintain
the relative hierarchicalpositionbetweenthemthatwaslexically given. Theflexibility of
this level of descriptionis suchthata marker canrestructureto the form 
O
� R Ù ��� R Ù ���
iff � correspondsto anargumentthatF-commands� . Furthermore,since � and � mustbe
dependentsof thesamehead,aform of locality is imposed,onewhichis comparableto that
usedin thebindingaccountof Pollard& Sag[14]. Thereflexive assignment(41), usedin
thederivation(42)of JohnshowedMary himself, exploits this level of description.

(ŝ \� np)� (ŝ \� np̂ \� np): Í;ÇHn ~ 
�no�*çè�ê]î�í p[� Á {jÇ_n[Ç�� ~ 
�nP�2�Ö�OÎ Ý Þ¾ß(41)



(42) (himself)

q ?�r�@ 5 rs���¥���l�l� tL:;(se c/ np)/ (se c/ npe c/ np) [np: d ]
(mary)

np: �Ó�.uÌ« (showed)

q f �E�	¨8�Ö�Sª(npb �Ec eC (npb �Ec/dC s))e �<c e/ np [np:
c
]

(john)

np:
� ¨���ý

npb �Ec eC (npb �Ec/dC s):
5 f ���>¨j�P�;ª c :×e �Ec e

npb �Ec/dC s:
5 �Ó�.uÌ« 5 fR�E�	¨j�P�Sª c :×e �Ec e :×®b �Ec e

s:
5wv�5 �Ó�-ui« 5 f �E�	¨j�P�Sª c :Óe �<c e :×®b �Ec e :}®b �<cwd

se c/ np: ?L d @
5wv�5 �Û�.ui« 5 f �E�	¨j�P�Sª c :×e �Ec e :×®b �Ec e :À®b �<cwd

se c/ npe c/ np: ?L c ?L d @
5wv�5 �Û�.uÌ« 5 f �E�	¨j�P�Sª c :×e �Ec e :×®b �Ec e :�®b �Ecwd

se c/ np:
5S5 ?�r�@ 5 r:�������l�l� tW:;�: 5 ?L c ?L d @ 5wv�5 �Ó�.uÌ« 5 f ���>¨j�P�;ª c :Óe �Ec e :×®b �<c e :}®b �Ec/d :S:;

s:
5S5S5 ?�r�@ 5 rs�������l�l� tW:  : 5 ?  c ?  d @ 5wv�5 �Ó�-ui« 5 f �E�	¨j�P�Sª c : e �<c e : ®b �Ec e : ®b �<cwd :S:  � ¨��]ý*: e c

a. ±sÔ 

	]û��*üs
lè�ë�x.��
 Z ê.��ûAì�î�7zy a;#·)�{;| n[��Á^ �'\ ^ ��Æ[ �+\ ^ � Æ[ �+\E]���� 

	�û���ü S Ò Ù X¬
iê-��ûAì�î-7 R ÒYX¡
lè�ë�x}� S Ò Ù � X¬
 � R Ò Ù � Xj�*çè�ê]î]í p[�O�O�O�
b. ±sà (showedï john ï mary ï john ï )

(43)

Notethattheproof includesadditionalassumptionscorrespondingto thebinderandreflex-
ive positions(labelledwith variables� and � respectively). Theseassumptionscombine
with theverb,plusa furtherNP, to derive asentencecategorysubproofwith thestringterm
shown in (44a),which yields,amongstothers,themarker in (44b). Marker (44b) restruc-
turesto the form 
O
¾½ R Ù ��� R Ù ��� , as shown in (44c). Consequently, the assumptions
labelled � and � canbedischargedin introductioninferencesto yield a results ^ \� np̂ \� np,
which formstheargumentof thereflexive type. Normalisationensuresthattheword order
positionsof boththereflexive andthebinderareasdeterminedby theverb.

a. 
+~�
lè¬ë�x.� 
 Z ê-��ûWì�î�7¡��� Á^ �'\ ^ � Æ[ �+\ ^ � Æ[ �+\E]
b. ���� 
¾� S Ò Ù X(
lè�ë�x}� S Ò Ù � 
 Z ê-�fûAì�î�7 R Ò Ù � ���O�O�
c. ± 
¾� S Ù 
lè¬ë�x.� S 
 Z ê-��ûAì�î-7 R Ù ���O�O�

± 
¾� S Ù 
O
lè¬ë�x.� S Z ê-��ûAì�î-7P� R Ù ���O�
± 
O
O
lè�ë�x}� S Z ê-�fûAì�î�7Ö� R Ù ��� R Ù ���

(44)

This approachreadilyextendsto allow for non-localcommandrelations.Rewriting a
marker 
� R 
� R ���O� ± 
O
� R ��� R ��� effectively amountsto moving the‘embedded’
dependent� upwardsto actasadependentatahigherlevel. Axiom (45a)allowsarestricted
form of suchrestructuring,providedall dependenciesaremarkedas‘commandpreserving’,
andensuringthattheupwardly moveddependency is markedwith �Õ (indicating‘non-local
commandpreservation’) ratherthan Õ (for ‘ local commandpreservation’). The local re-
structuringaxiom mustbe modifiedto take accountof both Õ and �Õ , as in (45b). In this
system,a marker canrestructureto the form 
O
� R��Ù ��� R Ù ��� iff argument� non-locally
F-commands� , i.e. � originatesfrom within anargumentthat is locally F-commandedby� . Hence,thelexical assignment(46)canbeusedfor non-locallyboundpronounuses,e.g.
asin Everyboy� thinksMary likeshim� .

a. � R � � Ù 
� R ä � � ���s� 
� R � � Ù ��� R ä � �Ù � 
&� � z>Õ { �Õ |��
b. � S �G
� R u����¢� 
� S �¡��� R u�� 
 Õ { �Õ �� o�lÄÕ { �Õ �� v��(45)

(ŝ \� np)� (ŝ \� np̂��\� np): Í;ÇHn ~ 
�no�*çè�� Á {jÇHn[Ç�� ~ 
�nP�B�Ö�OÎ Ý ÞSß(46)
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