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Abstract

We give a complete characterization of the class of upward monotone
generalized quantifiersQ1 andQ2 over countable domains that satisfy the
schemeQ1x Q2y � ! Q2y Q1x �. This generalizes the characterization
of such quantifiers overfinitedomains, according to which the scheme holds
iff either Q1 is 9 or Q2 is 8 (excluding trivial cases). Our result shows that
in infinite domains, there are more general types of quantifiers that support
these entailments.

1 Introduction

A generalized quantifierover a domainE is a setQ � }(E). For instance, over a
domainE and someX � E, the following are the generalized quantifiers that are
more traditionally written as9x 2 X and8x 2 X , respectively:some(X) def= fA � E : X \A 6= ;g.every(X) def= fA � E : X � Ag.
We call such quantifiersEXIST(“existential”) andUNIV, respectively.1 The quan-
tifiersQ that are bothEXISTandUNIV are of the formfA � E : x 2 Ag for somex 2 E, which are precisely the principal ultrafilters overE.

WhenQ1 andQ2 are generalized quantifiers andR a binary relation, the for-
mulaQ1x Q2y R(x; y) is often writtenQ1Q2R, which is interpreted inE as
follows.

(1) fx 2 E : Rx 2 Q2g 2 Q1,
1We do not simply say thatsome(X) is existentialto avoid confusion with the larger class of

quantifiers that Keenan and Westerståhl (1996) callintersective, and which are often referred to as
existential.
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whereRx = fy 2 E : R(x; y)g. Henceforth we will also use the notationRy forfx 2 E : R(x; y)g, considering the following equivalence:

(2) Q2Q1R�1 , fy 2 E : Ry 2 Q1g 2 Q2.
Previous studies of generalized quantifiers have characterized variousscope

commutativityproperties of quantifiers in constructions with multiple quantifica-
tion. Notably, Westerståhl (1996) characterizes the class of self-commutingquan-
tifiers – those quantifiersQ that satisfy the following equivalence:

(3) For allR � E2: QQR, QQR�1.
Zimmermann (1993) characterizes the class ofscopelessquantifiers – those quan-
tifiersQ that satisfy the following equivalence.

(4) For allQ1 � }(E), for all R � E2: QQ1R, Q1QR�1.
He shows that the scopeless quantifiers overE are precisely the ultrafilters overE
that are closed under intersections of length� jEj.

Westerståhl (1986) studies the more general problem of characterizing the gen-
eralized quantifiersQ1; Q2 that satisfy the following unidirectional entailment.

(5) For allR � E2: Q1Q2R) Q2Q1R�1.
When this entailment holds, we say thatQ1 is (scopally)dominantoverQ2.

For the sake of completeness we give in section 2 a simple proof of West-
erståhl’s characterization of domination between quantifiers infinitedomains. The
main part of the paper is section 3, where this characterization is extended tocount-
abledomains. Section 4 concludes with some remarks about scope commutativity,
finiteness and monotonicity in natural language semantics.

2 Finite domains

Westerståhl’s characterization is restricted toupward monotonequantifiers overfi-
nite domains. Standardly, by saying that a quantifierQ overE is upward monotone
we mean thatQ is closed under supersets:A 2 Q andA � B impliesB 2 Q.
Under upward monotonicity and finiteness of the domain, Westerståhl’s claim can
be stated as follows.2

Fact 1 LetQ1 andQ2 be upward monotone quantifiers over a finite domainE.Q1 is dominant overQ2 iff these quantifiers fall under at least one of the following
cases.

2Westerståhl characterizes scope entailments fordeterminers– functions from sets to generalized
quantifiers. The following is a simpler statement of the result for generalized quantifiers.
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(i) Q1 is EXIST.

(ii) Q2 is UNIV.

(iii) Q1 = }(E) andQ2 6= ;.
(iv) Q2 = ; andQ1 6= }(E).

Proof The ‘if” direction of the proof is easy. For the “only if” direction, assume
thatQ1 is dominant overQ2. First it is easy to see that ifQ1 = }(E) thenQ2 6= ;
and that ifQ2 = ; thenQ1 6= }(E). Assume for contradiction that no one of the
conditions(i)-(iv) holds. Then by finiteness ofE there is a minimal setA 2 Q1
such thatjAj � 2 (otherwise by upward monotonicity,Q1 = }(E) or Q1 =some(Sfxg2Q1fxg)). Similarly, by finiteness ofE there areB1; B2 2 Q2 such thatB1\B2 =2 Q2 (otherwise by upward monotonicity,Q2 = ; orQ2 = every(\Q2)).
Given the setsA;B1 andB2, and an arbitrarya 2 A, it is easy to verify that the
relation (fag � B1) [ ((A n fag) � B2) contradicts our assumption thatQ1 is
dominant overQ2. 2
Westerståhl (1996) calls two quantifiersQ1; Q2 � }(E) independentif they satisfy
the following equivalence.

(6) For allR � E2: Q1Q2R, Q2Q1R�1.
Using Fact 1 it is easy to establish the following corollary.

Corollary 2 LetQ1 andQ2 be upward monotone quantifiers over a finite domainE. ThenQ1 andQ2 are independent iffQ1 andQ2 fall under at least one of the
following cases.

(i) BothQ1 andQ2 are EXIST.

(ii) BothQ1 andQ2 are UNIV.

(iii) Either Q1 or Q2 (or both) are principal ultrafilters.

(iv) EitherQ1 or Q2 are trivial, but not both.

By saying that a quantifierQ is trivial we mean thatQ = }(E) orQ = ;.
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Examples For illustratingscope domination in simple natural language sentences,
consider a well-known type of example.

(7) Some priest visited every city.

Let us assume that the nounspriest andcity are denoted by the setsP;C � E
respectively, and that the verbvisitedis denoted by the binary relationV � E2.
Sentence (7) has two readings, depending on the order in which the quantifiers
operate on the arguments of the relationV :

(8) a. some(P ) every(C) V
b. every(C) some(P ) V �1

The statement in (8a) is called theobject narrow scope(ONS) reading of sentence
(7), whereas the the statement in (8b) is called theobject wide scope(OWS) reading
of the sentence. As a matter of first-order logic, (8a) entails (8b) but not vice versa.
Thus, the quantifiersome(P ) is dominant over the quantifierevery(C) for anyP;C � E, but the opposite does not hold.

The situation is similar in cases where (exactly) one of the existential/universal
quantifiers is replaced by another upward monotone quantifier, not necessarily first-
order. The sentences in (9) below illustrate some cases likethat, where the ONS
reading entails the OWS reading. The corresponding quantifiers we assume are
given in (10).

(9) a. At least half/at least two/all but at most five of the priests visited every
city.

b. Some priest visited at least half/at least two/all but at most five of the
cities.

(10)

at least half of the(X) = fA � E : jX \ Aj � jX nAjgat least n(X) = fA � E : jX \ Aj � ngall but at most n of the(X) = fA � E : jA nX j � ng
Note that the generalized quantifierat least half of the(X) is not first-order de-
finable.

Westerståhl’s result shows that over finite domains, theEXISTquantifiers (forQ1) and theUNIV quantifiers (forQ2) are the only non-trivial upward monotone
quantifiers that lead to entailments as in (5). Thus, the sentences in (7) and (9) are
representative of the cases where upward monotone quantifiers lead to an entail-
ment from the ONS reading to the OWS reading on finite domains.
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3 Countable domains

As Westerståhl observes, his characterization of scope dominance over finite do-
mains in Fact 1 does not hold for infinite domains. Thus, over infinite domains
there are non-trivial upward monotonic quantifiers besidesthe EXISTandUNIV
quantifiers that give rise to scope entailments. Consider the following example
(following Westerståhl), whereE is assumed to be countable.

(11) Infinitely many dots are contained in at least one of the three circles.Q1 = fA � E : jD \Aj = @0gQ2 = fA � E : C \A 6= ;g; wherejCj = 3
It is easy to verify thatQ1 is dominant overQ2, butQ1 andQ2 are upward mono-
tone and the conditions in Fact 1 do not hold. Incidentally, sinceQ2 is EXIST, it is
dominant overQ1.

In this section we characterize scope dominance in the classof upward mono-
tone quantifiers over countable domains. First, we observe the close relation be-
tween scope dominance anddualityof GQs. ThedualQd (cf. Barwise and Cooper (1981))
of a generalized quantifierQ overE is defined by:Qd def= fA � E : E nA =2 Qg:
Any EXISTquantifier is the dual of aUNIV quantifier and vice versa (note that(Qd)d = Q for any quantifierQ). It is also easy to observe the following fact.

Fact 3 Q1 is dominant overQ2 iff Qd2 is dominant overQd1.
This fact follows directly from the definition of scope dominance and duality, and
the observation that for anyR � E2 we have:Q1 Q2 R , :(Qd1 Qd2 (E2 nR)):

Let us define some properties of quantifiers that will be useful for characteriz-
ing scope dominance. First, we say that a quantifierQ satisfies theunion property
(U) if for all A1; A2 � E: if A1 [A2 2 Q thenA1 2 Q orA2 2 Q. For example,
anyEXISTquantifier satisfies (U), while aUNIV quantifierevery(X) satisfies (U)
if and only ifX is either a singleton or the empty set. The set of all infinite subsets
of E satisfies (U) as well.

Further, we say that a quantifierQ satisfies theDescending Chain Condition
(DCC) if for every descending sequenceA1 � A2 � � � �An � � � � in Q, the
intersection\Ai is inQ as well. For example, anyUNIV quantifier satisfies (DCC).
An EXISTquantifiersome(X) satisfies (DCC) if and only ifX is finite. Another
quantifier that satisfies (DCC) is the following, where the domainE = N is the set
of natural numbers:

5



fA � N : 8n 2 N [2n 2 A _ 2n+ 1 2 A]g.
If every set in a quantifierQ contains a finite subset that is also inQ, we say thatQ satisfies (FIN). The following fact uses (FIN) in characterizing dual properties

to (U) and (DCC) over the class of upward monotone quantifiers.

Fact 4 For any upward monotone generalized quantifierQ over a domainE:

(i) Q satisfies(U) iff Qd is a filter.

(ii) If E is countable:Q satisfies(DCC) iff Qd satisfies(FIN).

Proof The proof of (i) is easy.
For (ii), assume thatQ is (DCC) and assume for contradiction that there isA 2 Qd
such that for allB � A: if B 2 Qd thenB is infinite. LetB0 � A be a finite
set. HenceB0 =2 Qd, andE n B0 2 Q. By countability ofE, we can denoteA n B0 = faig1i=1. LetBi+1 = Bi [ fai+1g, for anyi � 0. By our assumption
onA we have,Bi =2 Qd for any i � 0, henceE n Bi 2 Q for any i � 0. ButTi(E nBi) = E nA =2 Q, in contradiction toQ being (DCC).
Conversely, assume thatQ satisfies (FIN). LetB1 � B2 � : : : be a descending
chain inQd, thusE n Bi =2 Q for any i � 1. Assume for contradictionB =TiBi =2 Qd, thusE n B = Si(E n Bi) 2 Q. By assumption onQ, there existsA0 � Si(E n Bi) such thatA0 2 Q andA0 is finite. Hence, there isn such thatA0 � E nBn, and from upward monotonicity ofQ, it follows thatE nBn 2 Q, in
contradiction to the assumption.2

Using these two pairs of dual properties, our main Theorem can be stated as
follows.

Theorem 5 LetQ1 andQ2 be upward monotone quantifiers over a countable do-
mainE. Then the following are equivalent:

I. Q1 is dominant overQ2.
II. Q1 andQ2 fall under at least one of the following cases.

(i) Q1 is EXIST.

(ii) Q2 is UNIV.

(iii) Q1 satisfies(U),Q2 6= ; andQ2 satisfies(DCC).

(iv) Q2 is a filter,Q1 6= }(E) andQ1 satisfies(FIN).

(v) Q1 = }(E) andQ2 6= ;.
(vi) Q2 = ; andQ1 6= }(E).
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Note that, in contradistinction to Fact 1, clauses (iii) and(iv) in this theorem imply
that in countable domainsEXISTandUNIV quantifiers are not the only non-trivial
upward monotone quantifiers that give rise to scope entailments. Each of these
two clauses contains a different generalization ofEXISTand UNIV quantifiers.
For (iii), over finite domains the upward monotone quantifiers that satisfy (U) are
exactly theEXISTquantifiers and}(E), and the (DCC) requirement forQ2 is
trivially satisfied. For (iv), over finite domains the filtersare theUNIV quantifiers
and;, and the “finiteness” requirement forQ2 is trivially satisfied. Note also that,
in any domain, theUNIV quantifiers are (DCC) and theEXISTquantifiers satisfy
the “finiteness” requirement. Thus, Fact 1 is a (simple) special case of Theorem 5.

We note that any filter over countable domain that satisfies (DCC) is UNIV.
From this and from Fact 4 it follows that whenQ1 andQ2 are upward monotone
quantifiers over a countable domain, statement (II) is equivalent to statement (II’)
below.

(II’) All of the following requirements hold:

(i’) Qd1 orQ2 (or both) are filters;

(ii’) Qd1 orQ2 (or both) satisfy (DCC);

(iii’) Qd1 orQ2 (or both) are not empty.

In the proof of Theorem 5, we use both formulations (II) and (II’).

Proof of Theorem 5

(II) ) (I):

We prove only the entailment from clause (iv) to (I). The entailment from clause
(iii) to (I) then follows directly from Facts 3 and 4. The entailments from the other
clauses in (II) to (I) are easy to prove.

Assume that (iv) holds, hence every set inQ1 contains a finite set inQ1, Q1 6=}(E) andQ2 is closed under finite intersections. Assume thatQ1Q2R holds, and
denoteA = fx 2 E : Rx 2 Q2g 2 Q1. Let F 2 Q1 be a minimal finite
subset ofA in Q1. By monotonicity ofQ1 andQ1 6= }(E) it follows thatF 6= ;.
Let B = Tx2F Rx. SinceQ2 is closed under finite intersections,B itself is inQ2. For everyy 2 B, Ry � F and thereforeRy 2 Q1. It follows that the setfy : Ry 2 Q1g containsB and hence is inQ2. We thus showed thatQ2Q1R�1
holds, as required.

(I) ) (II’):

We assume that for everyR � E2: Q1Q2R) Q2Q1R�1.
To show that (i’) holds, assume thatQd1 is not a filter, so from Fact 4 it follows
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thatQ1 does not satisfy (U). Hence, by upward monotonicity ofQ1, it contains a
setA = A1 [ A2 whereA1 andA2 are disjoint and neither of them is inQ1. To
show thatQ2 is closed under finite intersections, hence a filter, let us denote for
anyB1; B2 2 Q2: R = (A1 � B1) [ (A2 �B2):
We havefx : Rx 2 Q2g 2 Q1 and thereforeB def= fy : Ry 2 Q1g 2 Q2. But,
sinceA1; A2 =2 Q1, we haveB = B1 \ B2, henceB1 \ B2 2 Q2.
To show that (ii’) holds, assume thatQd1 does not satisfy (DCC), so from Fact 4
it follows that there is a setA 2 Q1 such that every subset ofA that is also inQ1 is infinite. To show thatQ2 satisfies (DCC), letB1 � B2 : : : � Bn � : : : be
a sequence of sets inQ2, and letB be their intersection. We again assume thatE is the set of natural numbers, and enumerateA = fa1; a2; : : : ; g. Consider the
relation R = 1[n=1(fang �Bn):
Then the setfx : Rx 2 Q2g = A 2 Q1, or Q1Q2R, and by our assumption it
follows thatQ2Q1R�1 holds, orfy : Ry 2 Q1g 2 Q2. We claim that this last
set equalsB, soQ2 satisfies (DCC). Clearly, for everyy 2 B: Ry = A 2 Q1.
However, ify =2 B then there isn such thaty =2 Bm for all m � n, and thereforeRy � A is finite. By our previous observation, suchRy is not inQ1.
Clause (iii’) trivially holds.2

As in the case of scope dominance over finite domains, the following corollary
of Theorem 5 allows us to characterize the pairs ofindependentquantifiers.

Corollary 6 Let Q1 andQ2 be upward monotone quantifiers over a countable
domainE. ThenQ1 andQ2 are independent iffQ1 andQ2 fall under at least one
of the following cases, withQ1 andQ2 interchangeable.

(i) Q1 is EXIST and non-trivial, hence equal tosome(X) for someX 6= ;.
EitherX is finite andQ2 satisfies(U), orX is infinite andQ2 is EXIST.

(ii) Q1 is UNIV and non-trivial, hence equal toevery(X) for someX 6= ;.
EitherX is finite andQ2 is a filter, orX is infinite andQ2 is UNIV.

(iii) Q1 or Q2 are principal ultrafilters.

(iv) For some finite collectionX � }(E) of finite sets,Q1 = SX2X every(X),
andQ2 is an ultrafilter.
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(v) EitherQ1 or Q2 are trivial, but not both.

Remark: Since we assume here the Axiom of Choice, non-principal ultrafilters
exist overE, so (iv) is not subsumed by (iii).

Proof The “if” direction easily follows from Theorem 5. For the “only if” direc-
tion, we use the following two claims, whereQ is an upward monotone quantifier
over a countable domainE.

Claim 1. Q satisfies both (U) and (DCC) iffQ = }(E) orQ = some(X) for some
finiteX � E.

Proof of claim 1. The proof of the “if” direction is easy. For the “only if” dirrec-
tion, assume thatQ satisfies (U) andQ 6= }(E). Then by monotonicity there are
no minimal sets inQ other than singletons. LetA be some arbitrary set inQ. If A
is finite then it must contain a singleton inQ. If A is infinite, then either it contains
a singleton inQ, or by (U) and the countability ofE, we can form a descending
chain of subsets ofA, all inQ, whose intersection is empty. From (DCC) it follows
that; 2 Q and by monotonicityQ = }(E), in contradiction to our assumption.
Thus, every set inQ contains a singleton inQ, and ifX = fx 2 E : fxg 2 Qg
then by monotonicityQ = some(X). Suppose for contradiction thatX is infinite,
then again by (DCC), we conclude that; 2 Q, contradiction.

Claim 2. If Q satisfies (DCC) and (FIN) then there are finitely many finite minimal
sets inQ.

Proof of claim 2. Assume for contradiction that there are infinitely many finite
minimal sets inQ, and denote this collection of sets byX . It follows that for anyA;B 2 X such thatA 6= B, A \B is a proper subset of bothA andB. LetF1 be
in X . BecauseF1 is finite andX is infinite, there must be someF 01 ( F1 such that
the collection of setsX1 = fF 2 X : F \ F1 = F 01g is infinite. We can continue
this process by definingFi; F 0i andXi for everyi � 1 as follows:F 0i+1 is some proper subset ofFi such thatfF 2 Xi : F \ Fi+1 = F 0i+1g is

infinite.Xi+1 def= fF 2 Xi : F \ Fi = F 0igFi+1 is some set inXi.
We obtain an infinite sequenceF1; : : : ; Fi; : : : of finite minimal sets inQ, together
with F 01; : : : ; F 0i ; : : :, such that for everyi, F 0i ( Fi and for everym > n, Fm \Fn = F 0n.

We now letAn = Sm�n Fm. This is a decreasing sequence of sets, all inQ,
so by (DCC),A = T1n=1 An is in Q. We claim thatA = S1n=1 F 0n. Indeed, note
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thatA consists of all elements which belong to infinitely many setsFn. Let x be
some element in

S1n=1 F 0n, thusx 2 F 0n for somen. For everym > n, x 2 Fm
becauseFm 2 Xn. Thusx is in infinitely many setsFm, and thereforex 2 A. For
the opposite direction, assume thatx 2 A, thus belongs to infinitely manyFn. In
particular it belongs to someFm; Fn for m > n. But thenx 2 (Fm \ Fn) = F 0n,
thus belonging to

S1n=1 F 0n.
By our assumption onQ, the setA contains a finite subsetB 2 Q. The setB is then contained in the union of finitely many setsF 0n, which implies that for

somem (larger than all thesen’s): B ( Fm. Because bothFm andB are inQ,
this contradicts the minimality ofFm.

We now assume thatQ1 andQ2 are independent and prove that one of the condi-
tions (i) to (v) holds. If one of the quantifiersQ1 andQ2 is trivial, it easily follows
that the other one is not trivial, so (v) holds. We thus assumethat bothQ1 andQ2
are not trivial.

Assume thatQ1 is EXIST. By Theorem 5,Q1 is dominant overQ2, and forQ2
to be dominant overQ1, one of the following must hold:� Q2 too isEXIST, hence (i) holds;� Q1 is UNIV, hence it is a principal ultrafilter and (iii) holds;� Q2 satisfies (U) andQ1 satisfies (DCC) henceQ1 must besome(X) for

some finiteX , and thus condition (i) holds;� Q1 is a filter, hence it is a principal ultrafilter and (iii) holds.

Symmetrically, ifQ2 is EXISTthen (i) or (iii) holds. Similar considerations show
that ifQ1 (orQ2) is UNIV, then (ii) or (iii) must hold.

Assume now that bothQ1 andQ2 are neitherEXISTnor UNIV. Consider the
two possibilities according to Theorem 5 thatQ1 is dominant overQ2:� Q1 satisfies (U) andQ2 satisfies (DCC). By claim 1 and the assumption

thatQ1 is notEXISTit follows thatQ1 does not satisfy (DCC). Therefore,
by Theorem 5 and dominance ofQ2 overQ1, it follows thatQ1 is a filter,
and every set inQ2 contains a finite set inQ2. SinceQ1 satisfies (U), it
directly follows that it is furthermore an ultrafilter. By claim 2, the setX of
minimal sets inQ2 is finite, and all the sets it contains are finite too. Hence,Q2 = SX2X every(X), so (iv) holds.� Q1 satisfies (FIN) andQ2 is a filter. If Q1 is a filter then it follows that
it contains only one minimal set, in contradiction to the assumption that it
is not UNIV. Hence, by to Theorem 5 and dominance ofQ2 overQ1, Q2
satisfies (U) andQ1 satisfies (DCC), so (iv) holds again.
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2
Examples First let us note that in example (11) above,Q2 = some(C) for a finiteC (jCj = 3). Q1 satisfies (U), henceQ1 andQ2 fall under clause (i) in Corollary
6, and the ONS reading of the sentence is equivalent to the OWSreading. The
following example illustrates quantifiersQ1 andQ2 that fall under the dual clause
(ii) in Corollary 6.

(12) Each of the three circles contains all but finitely many dots.Q1 = fA � E : C � Ag; wherejCj = 3Q2 = fA � E : jD nAj < @0g
To illustrate non-trivial usages of clause (iv) in Corollary 6, we would have to use
non-principal ultrafilters, which we here omit.

As for dominance between quantifiers without independence,the quantifiers
in (13) and (14) below satisfy clauses (iii) and (iv) of Theorem 5 respectively.
Hence, in these cases the ONS reading entails the OWS reading, but not vise versa
(assuming a finiten > 0).

(13) Infinitely many dots are contained in all but at mostn circles.

(14) At leastn circles contain all but finitely many dots.

Similarly, consider the following examples.

(15) Infinitely many dots are contained in circle 1 or [circles 2 and 3].

(16) Circle 1 and [circles 2 or 3] contain all but finitely manydots.

We assume that the object of sentence (15) and the subject of sentence (16) denote
the following quantifiers respectively, for three different circlesc1, c2 andc3.fA � E : c1 2 A _ (c2 2 A ^ c3 2 A)gfA � E : c1 2 A ^ (c2 2 A _ c3 2 A)g
Also the quantifiers in these sentences satisfy respectively clauses (iii) and (iv) of
Theorem 5, hence the scope dominance, but the two quantifiersin each sentence
are not independent.
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4 Concluding remarks

In this paper we have characterized scope dominance and independence for up-
ward monotone generalized quantifiers over countable domains. This is a natural
extension of the results by Westerståhl and Zimmermann about self-commuting
and scopeless quantifiers. This characterization directlyextends a previous result
by Altman et al. (2001), which concentrated on a subclass of quantifiers on count-
able domains, calledfinitely basedquantifiers. Our results are still partial in some
obvious respects. First, we did not characterize scope dominance for uncountable
domains. Theorem 5 does not hold for such domains, for the similar reasons that
Fact 1 about finite domains does not hold for countable domains. Consider for in-
stance the following sentence and quantifiers, parallel to (11) above over countable
domains.

(17) Uncountably many dots are contained in at least one of the countably many
circles.Q1 = fA � E : jD \Aj = @1gQ2 = fA � E : C \A 6= ;g; wherejCj = @0

The quantifierQ1 is dominant overQ2, but these quantifiers do not satisfy the
conditions of Theorem 5. Thus, a further generalization of our result is called for.

It is also natural to look for a characterization of dominance withnon-upward
monotonequantifiers. One can also add further requirements on the relationR in
(5), and obtain more quantifiersQ1 andQ2 that exhibit scope dominance for this
restricted class of relations. Such more refined characterizations are relevant for
natural language, where there are often logical restrictions on the possible deno-
tations of binary relations. For instance, in the sentenceevery priest is taller than
some peasant, where the relationbe taller thanis transitive, the ONS reading and
the OWS reading are equivalent over finite domains, by contrast to the case with
generalR’s.

Characterizations of scope independence are useful for reducing ambiguity in
computational representations of natural language sentences. A system that goes
in this direction, using the results that were obtained in the present paper, appears
in Altman and Winter (2002).
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Keenan, E. and Westerståhl, D. (1996). Generalized quantifiers in linguistics
and logic. In van Benthem, J. and ter Meulen, A., editors,Handbook of Logic
and Language. Elsevier, Amsterdam.
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