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Abstract

In this pap er w e revisit Puste-

jo vsky's prop osal to treat on tologi-

cally complex w ord meaning b y so-

called dotted pairs. W e use a higher-

order feature logic based on Ohori's

record � -calculus to mo del the se-

man tics of w ords lik e b o ok and li-

br ary , in particular their b eha vior

in the con text of quan ti�cation and

cardinalit y statemen ts.

1 In tro duction

The treatmen t of lexical am biguit y is one of

the main problems in lexical seman tics and in

the mo deling of natural language understand-

ing. Pustejo vsky's framew ork of the \Gen-

erativ e Lexicon" made a con tribution to the

discussion b y emplo ying the concept of t yp e

co ercion, th us replacing the en umeration of

readings b y the systematic con text-dep enden t

generation of suitable in terpretations, in the

case of systematic p olysemies (Pustejo vsky ,

1991; Pustejo vsky , 1995). Also, Pustejo vsky

p oin ted to a frequen t and imp ortan t phe-

nomenon in lexical seman tics, whic h at �rst

sigh t lo oks as another case of p olysem y , but

is signi�can tly di�eren t in nature.

(1) The b o ok is blue/on the shelf.

(2) Ma ry burned the b o ok.

(3) The b o ok is amusing.

(4) Ma ry understands the b o ok.

(5) The b o ok is b eautiful.

(6) Ma ry lik es the b o ok.

(7) Ma ry read the b o ok.

Examples (1)-(4) suggest an inheren t am bi-

guit y of the common noun b o ok : blue , on the

shelf , and burn sub categorize for a ph ysical

ob ject, while amusing and understand require

an informational ob ject as argumen t. (5) and

(6) are in fact am biguous: The statemen ts

ma y refer either to the shap e or the con ten t

of the b o ok. Ho w ev er, a thorough analysis of

the situation sho ws that there is a third read-

ing where the b eaut y of the b o ok as w ell as

Mary's p ositiv e attitude are due to the har-

mon y b et w een ph ysical shap e and informa-

tional con ten t. The action of reading, �nally ,

is not carried out on a ph ysical ob ject alone,

nor on a pure informational ob ject as argu-

men t, but requires an ob ject whic h is essen-

tially a com bination of the t w o. This indi-

cates a seman tic relation whic h is conjunctiv e

or additiv e in c haracter, rather than a dis-

junction b et w een readings as in the am biguit y

case. In addition to the more philosophical ar-

gumen t, the assumption of a basically di�er-

en t seman tic relation is supp orted b y observ a-

tions from seman tic comp osition. If the ph ysi-

cal/informational distinction in the seman tics

of b o ok w ere just an am biguit y , (8) and (9)

w ould not b e consisten tly in terpretable, since

the sortal requiremen ts of the noun mo di�er

( amusing and on the shelf , resp.) are incom-

patible with the selection restrictions of the

v erbs burn and understand , resp ectiv ely .

(8) Mary burned an am using b o ok.

(9) Mary understands the b o ok on the shelf.

Pustejo vsky concludes that on tologically

complex ob jects m ust b e tak en in to accoun t



to describ e lexical seman tics prop erly , and he

represen ts them as \dotted pairs" made up

form t w o (or more) on tologically simple ob-

jects, and b eing seman tically categorized as

\dotted t yp es", e.g., P � I in the case of b o ok .

He con vincingly argues that complex t yp es

are omnipresen t in the lexicon, the ph ys-

ical/informational ob ject distinction b eing

just a sp ecial case of a wide range of dotted

t yp es, including con tainer/con ten t ( b ottle ),

ap erture/panel ( do or ) building/institution

( libr ary ).

The part of the Generativ e Lexicon con-

cept whic h w as not concerned with on to-

logically complex ob jects, i.e., t yp e co er-

cion and co-comp osition mec hanisms using

so-called qualia information, has triggered a

line of in tensiv e and fruitful researc h in lexi-

cal seman tics, whic h led to progress in repre-

sen tation formalisms and to ols for the com-

putational lexicon (see e.g. (Cop estak e and

Brisco e, 1995; D• olling, 1995; Busa and Bouil-

lon, forthcoming; Egg, 1999)). In con trast,

a problem with Pustejo vsky's prop osal ab out

the complex ob jects is that the dotted-pair

notation has b een formally and seman tically

not clear enough to form a starting p oin t for

meaning represen tation and pro cessing.

In this pap er, w e presen t a formally sound

seman tic reconstruction of complex ob jects,

using a higher-order feature logic based on

Ohori's record � -calculus (1995) whic h has

b een originally dev elop ed for functional- and

ob ject-orien ted programming. W e do not

claim that our reconstruction pro vides a full

theory of the of the p eculiar kind of on tolog-

ical ob jects, but it app ears to b e useful as a

basis for represen ting lexical en tries for these

ob jects and mo deling the comp osition pro-

cess in whic h they are in v olv ed. W e will not

only sho w that the basic examples ab o v e can

b e treated, but also that our treatmen t pro-

vides a straigh tforw ard solution to some puz-

zles concerning the b eha vior of dotted pairs

in quan ti�cational, cardinalit y and iden tit y

statemen ts.

(10) Mary burned ev ery b o ok in the library .

(11) Mary understo o d ev ery b o ok in the

library .

(12) There are 2000 b o oks in the library .

(13) All new b o oks are on the shelf.

(14) The b o ok on y our b o ok-shelf is the one

I sa w in the library .

In (10), the quan ti�cation is ab out ph ysical

ob jects, whereas in (11), it concerns the b o oks

qua informational unit. (12) is am biguous b e-

t w een a n um b er-of-copies and a n um b er-of-

titles reading. The resp ectiv e readings in (10)

and (11) app ear to b e triggered b y the sortal

requiremen ts of the v erbal predicate, as the

am biguit y in (12) is due to the lac k of a se-

lection restriction. Ho w ev er, (13) { uttered

to w ards a customer in a b o ok store { has a

natural reading where the quan ti�cation re-

lates to the information lev el and the pred-

icate is ab out ph ysical ob jects. Finally , (14)

has a reading where a relation of non-ph ysical

iden tit y is ascrib ed to ob jects whic h are b oth

referred to b y ph ysical prop erties.

2 The Record- � -Calculus F

�

In order to reduce the complexit y of the calcu-

lus, w e will �rst in tro duce a feature � -calculus

F and then extend it to F

�

. F , is an exten-

sion of the simply t yp ed � -calculus b y feature

structures (whic h w e will call records). See

Figure 1 for the syn tactical categories of the

ra w terms.

W e assume the base t yp es e (for individu-

als) and t (for truth v alues), and a set L =

f `

1

; `

2

; : : : g of features. The set of w ell-t yp ed

T ::= e j t j T ! T

0

j f f `

1

: T

1

; : : : ; `

n

: T

n

g g

(T yp es: �; � ; : : : )

M ::= X j c j ( MN ) j �X

T

: M j M :`

j f f `

1

= M

1

; : : : ; `

n

= M

n

g g

(F orm ulae A ; B ; : : : )

� ::= ; j � ; [ c : T ] (Signature)

� ::= ; j � ; [ X : T ] (En vironmen t)

Figure 1: Syn tax

terms is de�ned b y the inference rules in Fig-

ure 2 for the t yping judgmen t � `

�

A : � . The

meaning of this judgmen t is that term A has



t yp e � 2 T relativ e to the (global) t yp e as-

sumptions in the signature � and the (lo-

cal) t yp e assumptions � (the con text ) for the

v ariables. As usual, w e sa y that a term A

is of t yp e � (and often simply write A

�

to

indicate this), i� � `

�

A : � is deriv able b y

these rules. W e will call a t yp e a record

[ c : � ] 2 �

� `

�

c : �

[ X : � ] 2 �

� `

�

X : �

� `

�

A : 
 ! � � `

�

C : 


� `

�

A C : �

� ; [ X : � ] `

�

A : �

� `

�

�X

�

: A : � ! �

� `

�

A : f f : : : ; ` : �; : : : g g

� `

�

A :` : �

� `

�

A

1

: �

1

: : : � `

�

A

n

: �

n

� `

�

f f `

1

= A

1

; : : : ; `

n

= A

n

g g

Figure 2: W ell-t yp ed terms in F

t yp e (with features `

i

), i� it is of the form

f f `

1

: �

1

; : : : ; `

n

: �

n

g g . Similarly , w e call an F -

term A a record , i� it has a record t yp e.

Note that record selection op erator \." can

only b e applied to records. In a sligh t abuse

of notation, w e will also use it on record t yp es

and ha v e A

�

:` : �:` .

It is w ell-kno wn that t yp e inference with

these rules is decidable (as a consequence w e

will sometimes refrain from explicitly mark-

ing t yp es in our examples), that w ell-t yp ed

terms ha v e unique t yp es, and that the calcu-

lus admits sub ject reduction, i.e that the set

of w ell-t yp ed terms is closed under w ell-t yp ed

substitutions.

The calculus F is equipp ed with an (op-

erational) equalit y theory , giv en b y the rules

in Figure 3 (extended to congruence relations

on F -terms in the usual w a y). The �rst t w o

are just the w ell-kno wn � � equalit y rules from

� -calculus (w e assume alphab etic renaming

of b ound v ariables wherev er necessary). The

second t w o rules sp ecify the seman tics of the

record dereferencing op eration \ : ". Here w e

kno w that these rules form a canonical (i.e.

terminating and con
uen t), and t yp e-safe (re-

duction do es not c hange the t yp e) reduction

system, and that w e therefore ha v e unique

� � � -normal forms. The seman tics of F

�

is a

straigh tforw ard exten tion of that of the sim-

ply t yp ed � -calculus: records are in terpreted

as partial functions from features to ob jects,

and dereferencing is only application of these

functions. With this seman tics it is easy to

sho w that the ev aluation mapping is w ell-

t yp ed ( I

'

( A

�

) 2 D

�

) and that the equalities

in Figure 3 are sound (i.e. if A =

� � �

B , then

I

'

( A ) = I

'

( B )).

( �X

�

: A ) B !

�

[ B =X ] A

X =2 free ( A )

( �X : A X ) !

�

A

f f : : : ; ` = A ; : : : g g :` !

�

A

� `

�

A : f f `

1

: �

1

; : : : ; `

n

: �

n

g g

f f `

1

= A :`

1

; : : : ; `

n

= A :`

n

g g !

�

A

Figure 3: Op erational Equalit y for F .

Up to no w, w e ha v e a calculus for so-

called closed records that exactly pr e-

scrib e the features of a record. The se-

man tics giv en ab o v e also licenses a sligh tly

di�eren t in terpretation: a record t yp e � =

f f `

1

: �

n

; : : : ; `

n

: �

n

g g is descriptive , i.e. an F -

term of t yp e � w ould only b e required to

ha v e at le ast the features `

1

; : : : `

n

, but ma y

actually ha v e more. This mak es it neces-

sary to in tro duce a subt yping relation � ,

since a record f f ` = A

�

g g will no w ha v e the

t yp es f f ` : � g g and f fg g . Of course w e ha v e

f f ` : � g g � f fg g , since the latter is less restric-

tiv e. The higher-order feature logic F

�

w e

will use for the linguistic analysis in section 3

is giv en as F extended b y the rules in Fig-

ure 4. The �rst rule sp eci�es that record



k � n

f f `

1

: �

1

; : : : ; `

n

: �

n

g g � f f `

1

: �

1

; : : : ; `

n

: �

k

g g

� `

�

A : � � � �

� `

�

A : �

� 2 B T

� � �

� � �

0

� � �

0

�

0

! � � � ! �

0

Figure 4: The op en record calculus F

�

t yp es that prescrib e more features are more

sp eci�c, and th us describ e a smaller set of

ob jects. The second rule is a standard w eak-

ening rule for the subt yp e relation. W e need

the re
exivit y rule for base t yp es in order to

k eep the last rule, whic h induces the subt yp e

relation on function t yp es from that of its do-

main and range t yp es simple. It states that

function spaces can b e enlarged b y enlarg-

ing the range t yp e or b y making the domain

smaller (in tuitiv ely , ev ery function can b e re-

stricted to a smaller domain). W e sa y that �

is co v arian t (preserving the direction) in the

range and con tra v arian t in the domain t yp e

(in v erting the direction).

F or F

�

, w e ha v e the same meta-logical re-

sults as for F

�

(the t yp e-preserv ations, sub-

ject reduction, normal forms, soundness,. . . )

except for the unique t yp e prop ert y , whic h

cannot hold b y construction. Instead w e ha v e

the principal t yp e prop ert y , i.e. ev ery F

�

-

term has a unique minimal t yp e.

T o fortify our in tuition ab out F

�

, let us

tak e a lo ok at the follo wing example: It

should b e p ossible to apply a function F

of t yp e f f `

1

: � g g ! � to a record with

features `

1

; `

2

, since F only exp ects `

1

.

The t yp e deriv ation in Figure 5 sho ws that

F f f `

1

= A

1

�

1

; `

2

= A

2

�

2

g g is indeed w ell-t yp ed.

In the �rst blo c k, w e use the rules from Fig-

ure 4 (in particular con tra v ariance) to estab-

lish a subt yp e relation that is used in the sec-

ond blo c k to w eak en the t yp e of F , so that it

(in the third blo c k) can b e applied to the ar-

gumen t record that has one feature more than

the feature `

1

required b y F 's t yp e.

1 � 2

f f `

1

: �

1

; `

2

: �

2

g g � f f `

1

: �

1

g g

f f `

1

: �

1

g g ! � � f f `

1

: �

1

; `

2

: �

2

g g ! �

F : f f `

1

: �

1

g g ! � �

F : f f `

1

: �

1

; `

2

: �

2

g g ! �

�

� `

�

A

i

: �

i

� `

�

f f `

1

= A

1

�

1

; `

2

= A

2

�

2

g g : f f `

1

: �

1

; `

2

: �

2

g g

� `

�

F f f `

1

= A

1

�

1

; `

2

= A

2

�

2

g g : �

Figure 5: A F

�

example deriv ation

3 Mo deling on tologically complex

ob jects

W e start with the standard Mon tago vian

analysis (Mon tague, 1974), only that w e base

it on F

�

instead of the simply t yp ed � -

calculus.

F or our example, it will b e su�cien t to

tak e the set L of features as a sup erset of

f P ; I ; H g (where the �rst stand for ph ysical,

and informational facets of an ob ject). In our

fragmen t w e use the extension F

�

to struc-

ture t yp e e in to subsets giv en b y t yp es of

the form f f `

1

: e; : : : ; `

n

: e g g . Note that thro w-

ing a w a y all feature information and mapping

eac h suc h t yp e to a t yp e E in our examples

will yield a standard Mon tago vian treatmen t

of NL expressions, where E tak es the role

that e has in standard Mon tague grammar.

Linguistic examples are the prop er name

Mary , whic h translates to ma ry

0

: f f H : e g g , shelf

whic h translates to shelf

0

: f f P : e g g ! t , and

the common noun b o ok whic h translates to

b o ok

0

: f f P : e; I : e g g ! t .

A predicate lik e blue requires a ph ysical ob-

ject as argumen t. T o b e precise, the argumen t

need not b e an ob ject of t yp e f f P : e g g , lik e a

shelf or a table. blue can b e p erfectly ap-

plied to complex ob jects as b o oks, libraries,

and do ors, if they ha v e a ph ysical realization,



irresp ectiv e of whether it is accompanied b y

an informational ob ject, an institution, or an

ap erture. A t �rst glance, this seems to b e a

signi�can t di�erence from kind predicates lik e

shelf and b o ok . Ho w ev er, it is OK to in terpret

the t yp e assignmen t for kind predicates along

with prop ert y denoting expressions: In b oth

cases, the o ccurrence of a feature ` means that

` o ccurs in the t yp e of the argumen t ob ject.

Th us, f f ` : e g g ! t is a sortal c haracterization

for a predicate A with the follo wing impact:

1. A has a v alue for feature ` , p ossibly

among other features,

2. the seman tics of A is pro jectiv e, i.e.,

the applicabilit y conditions of A and ac-

cordingly the truth v alue of the result-

ing predication is only dep enden t of the

v alue of ` .

Note that 1. is exactly the b eha vior that w e

ha v e built the extension F

�

for and that w e

ha v e discussed with the example in Figure 5.

W e will no w come to 2.

Although t yp e e nev er o ccurs as argumen t

t yp e directly in the translation of NL expres-

sions, represen tation language constan ts with

t yp e- e argumen ts are useful in the de�nition

of the seman tics of lexical en tries. E.g., the

seman tics of b o ok can b e de�ned using the

basic constan t book

�

of t yp e e ! e ! t ,

as �x: ( book

�

( x: P ; x: I )), where book

�

expresses

the b o ok-sp eci�c relation holding b et w een

ph ysical and informational ob jects

1

.

The fragmen t in Figure 6 pro vides represen-

tations for some of the lexical items o ccurring

in the examples of Section 1, in terms of the

basic expressions

mar y

�

: e; shel f

�

; bl ue

�

; amusing

�

: e ! t

on

�

; book

�

; bur n

�

; under stand

�

: e ! e ! t;

r ead

�

: e ! e ! e ! t

Observ e that the represen tations nicely re-


ect the distinction b et w een linguistic arit y

of the lexical items, whic h is giv en b y the � -

pre�x (e.g., t w o-place in the case of r e ad ), and

1

Pustejo vsky conjectures that the relation holding

among di�eren t on tological lev els is more than just a

set of pairs. W e restrict ourselv es to the extensional

lev el here.

W ord Meaning/T yp e

Mary f f H = mar y

�

g g : f f H : e g g

shelf �x: ( shel f

�

( x: P )): f f P : e g g ! t

b o ok �x:book

�

( x: P ; x: I )

f f P : e; I : e g g ! t

amusing �x:amusing

�

( x: I )

f f I : e g g ! t

on �xy :on

�

( x: P ; y : P )

f f P : e g g ! f f P : e g g ! t

burn �xy :bur n

�

( x: H ; y : P )

f f P : e g g ! f f P : e g g ! t

underst. �xy :under stand

�

( x: H ; x: I )

f f H : e g g ! f f I : e g g ! t

r e ad �xy :r ead

�

( x: H ; y : P ; y : I )

f f H : e g g ! f f P : e; I : e g g ! t

Figure 6: A tin y fragmen t of English

the \on tological arit y" of the underlying ba-

sic relations (e.g., the 3-place-relation holding

b et w een a p erson, the ph ysical ob ject whic h

is visually scanned, and the con ten t whic h is

acquired b y that action). In particular, all

of the meanings are pro jectiv e, i.e. they only

pic k out the features from the complex argu-

men ts and mak e them a v ailable to the basic

predicate. Therefore, w e can reconstruct the

meaning term R = �xy :r ead

�

( x: H ; y : P ; y : I )

of r e ad if w e only kno w the relev an t features

(w e call them selection restrictions) of the ar-

gumen ts, and write R as r ead

�

[ f H gf P ; I g ].

The in terpretation of sen tence (2) via basic

predicates is sho wn in (15) to (17). F or sim-

plicit y , the de�nite noun phrase is translated

b y an existen tial quan ti�er here. (15) sho ws

the result of the direct one-to-one-translation

of lexical items in to represen tation language

constan ts. In (16), these constan ts are re-

placed b y � -terms tak en from the fragmen t.

(17) is obtained b y � -reduction and � -equalit y

from (16): in particular, f f H = mar y

�

: H g g is

replaced b y the � -equiv alen t mar y

�

.

(15) 9 v :book

0

( v ) ^ bur n

0

( f f H = mar y

�

g g ; v )

(16) 9 v : ( �x:book

�

( x: P ; x: I ))( v ) ^

( �xy :bur n

�

( x: H ; x: P ) )( f f H = mar y

�

g g ; v )

(17) 9 v :book

�

( v : P ; v : I ) ^ bur n

�

( mar y

�

; v : P )



(18) and (19) as seman tic represen tations for

(4) and (7), resp ectiv ely , demonstrate ho w the

predicates understand and r e ad pic k out ob-

jects of appropriate on tological lev els. (20)

and (21) are in terpretations of (8) and (9) re-

sp ectiv ely , where nested functors coming with

di�eren t sortal constrain ts apply to one ar-

gumen t. The represen tations sho w that the

functors select there appropriate on tological

lev el lo cally , thereb y a v oiding global inconsis-

tency .

(18) 9 v ( book

�

( v : P ; v : I )) ^

( under stand

�

( mar y

�

; v : I ))

(19) 9 v ( book

�

( v : P ; v : I )) ^

( r ead

�

( mar y

�

; v : P ; v : I ))

(20) 9 v ( book

�

( v : P ; v : I )) ^ amusing

�

( v : I ) ^

( bur n

�

( mar y

�

; v : P ))

(21) 9 v ( book

�

( v : P ; v : I )) ^ 9 ushel f

�

( v : P ) ^

on

�

( v : P ; u: P ) ^

( under stand

�

( mar y

�

; v : I ))

The lexical items b e autiful and like in (5) and

(6), resp., are p olysemous b ecause of the lac k

of strict sortal requiremen ts. They can b e

represen ted as relational expressions con tain-

ing a parameter for the selection restrictions

whic h has to b e instan tiated to a set of fea-

tures b y con text. like , e.g., can b e translated

to l ik e [ S ]

0

, with l ik e [ f P g ]

0

, l ik e [ f I g ]

0

, and

l ik e [ f P ; I g ]

0

as (some of the) p ossible readings.

Of course this presupp oses the a v ailabilit y of

a set of basic predicates l ik e

�

i

of di�eren t on-

tological arities.

4 Quan ti�ers and Cardinalities

W e no w turn to the b eha vior of non-

existen tial quan ti�ers and cardinalit y op er-

ators in com bination with complex ob jects.

The c hoice of the appropriate on tological lev el

for an application of these op erators ma y

b e guided b y the sortal requiremen ts of the

predicates used (as in (10)-(12)), but as (13)

demonstrates it is not determined b y the

lexical seman tics. W e represen t quan ti�ers

and cardinalit y op erators as second-order re-

lations, according to the theory of gener-

alized quan ti�ers (Mon tague, 1974; Barwise

and Co op er, 1981) and tak e them to b e pa-

rameterized b y a con text v ariable S � L for

selection restrictions in the same manner as

the predicates like and b e autiful . The v alue

of S ma y dep end on the general con text as

w ell as on seman tic prop erties of lexical items

in the utterance.

W e de�ne the seman tics of a parameter-

ized quan ti�er Qj

S

b y applying its resp ec-

tiv e basic, non-parameterized v arian ts to the

S -pro jections of their argumen t predicates P

and Q to features in S , whic h w e write as P j

S

and Q j

S

, resp ectiv ely . F ormally P j

f `

1

;::: ;`

n

g

is

�x

1

: : : x

n

: 9 u:P ( u ) ^ x

1

= u:`

1

^ : : : ^ x

n

= u:`

n

A �rst prop osal is giv en in (22). (23)

giv es the represen tation of sen tence (13) in

the \b o okstore reading" (omitting the seman-

tics of new and represen ting on the shelf as

an atomic one-place predicate, for simplicit y),

(24) the reduction of (23) to ordinary quan-

ti�cation on the S -pro jections, whic h is equiv-

alen t to the �rst-order form ula (25), whic h in

turn can b e sp elled out as (26) using basic

predicates.

(22) Qj

S

( P ; Q ) , Q ( P j

S

; Q j

S

)

(23) ev er y j

f I g

( book

0

; on shel f

0

)

(24) ev er y

�

�

book

0

j

f I g

; on shel f

0

j

f I g

�

(25) 8 x: 9 u: ( x = u: I ^ book

0

( u ))

= ) 9 v :x = v : I ^ on shel f

0

( v )

(26) 8 x: 9 u: ( x = u: I ^ book

�

( u: P ; u: I ))

= ) 9 v :x = v : I ^ on shel f

�

( v : P )

As one can easily see, the instan tiation of S

to f I g triggers the w an ted 89 reading (\for

all b o oks (as informational ob jects) there is a

ph ysical ob ject on the shelf "), where the in-

stan tiation to f P g w ould ha v e giv en the 88

reading, since on shel f

0

is pro jectiv e for P

only , and as a consequence w e ha v e

on shel f

0

j

f P g

= �x: 9 u:on shel f

0

( u ) ^ x = u: P

= �x: 9 u:on shel f

�

( u: P ) ^ x = u: P

, �x: 9 u:on shel f

�

( x ) ^ x = u: P

, �x:on shel f

�

( x )



The extension to cases (10)-(12) is straigh t-

forw ard.

The prop osed in terpretation ma y b e to o

p ermissiv e. T ak e a situation, where new pub-

lications are alternativ ely a v ailable as b o ok

and on CD-R OM. Then (22)-(26) ma y come

out to b e true ev en if no b o ok at all is on

the shelf (only one CD-R OM con taining all

new titles). W e therefore sligh tly mo dify the

general sc heme (22) b y (27), where the re-

striction of the quan ti�er is rep eated in the

n uclear scop e.

(27) Qj

S

( P ; Q ) ,

Q ( P j

S

; ( �x:P ( x ) ^ B ( x )) j

S

)

F or ordinary quan ti�cation, this do es not

cause an y c hange, b ecause of the monotonic-

it y of NL quan ti�ers. In our case of lev el-

sp eci�c quan ti�cation, it guaran tees that the

second argumen t co v ers only pro jections orig-

inating from the righ t t yp e of complex ob-

jects. W e giv e the revised �rst-order repre-

sen tation corresp onding to (26) in (28).

(28) 8 x: 9 u: ( x = u: I ^ book

�

( u: P ; u: I ))

= ) 9 v :x =

v : I ^ book

�

( v : P ; v : I ) ^ on shel f

�

( v : P )

5 Conclusion

Our higher-order feature logic F

�

pro vides

a framew ork for the simple and straigh tfor-

w ard mo deling of on tologically complex ob-

jects, including the puzzles of quan ti�cation

and cardinalit y statemen ts. In this frame-

w ork, a n um b er of in teresting empirical ques-

tions can b e further pursued:

The on tology for complex ob jects can b e in-

v estigated. So far, w e constrained ourselv es to

the simplest case of \dotted pairs", and ma y

ev en ha v e tak en o v er a wrong classi�cation

from the literature, talking ab out the dualism

of ph ysical and informational ob jects, where a

t yp e/tok en distinction migh t ha v e b een more

adequate. The realit y ab out b o oks (as w ell as

b ottles and libraries) migh t b e more complex,

ho w ev er, including b oth the P / I distinction as

w ell as hierarc hical t yp e/tok en structures.

The linguistic selection restrictions are

probably more complex than w e assumed in

this pap er: As Pustejo vsky argues (1998),

w e ma y ha v e to tak e distinguish exo cen tric

and endo cen tric cases of dotted pairs, as w ell

as pro jectiv e and non-pro jectiv e v erbal pred-

icates.

Another fruitful question migh t b e whether

the framew ork could b e used to reconsider the

mec hanism of t yp e co ercion in general: It ma y

b e that at least some cases of rein terpretation

ma y b e b etter describ ed b y adding an on to-

logical lev el, and th us creating a complex ob-

ject, rather than b y switc hing from one lev el

to another.

W e w ould lik e to conclude with a v ery gen-

eral remark: The data t yp e of feature struc-

tures as emplo y ed in our formalism has b een

widely used in grammar formalisms, among

other things to incorp orate seman tic informa-

tion. In this pap er, a logical framew ork for

seman tics is prop osed, whic h itself has fea-

ture structures as a part of the meaning rep-

resen tation. It ma y b e w orth while to consider

whether this prop ert y can b e used to tell a

new story ab out treating syn tax and seman-

tics in a uniform framew ork.
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