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Abstract

We give a complete characterization of the class of upwardatone
generalized quantifier§; and - over countable domains that satisfy the
schemeR 1z Q2y & — @2y Qi1x ¢. This generalizes the characterization
of such quantifiers ovdinite domains, according to which the scheme holds
iff either @1 is 3 or @)» is V (excluding trivial cases). Our result shows that
in infinite domains, there are more general types of quargifieat support
these entailments.

1 Introduction

A generalized quantifieover a domair¥ is a set) C p(F). For instance, over a
domain£ and someX C F, the following are the generalized quantifiers that are
more traditionally written asz € X andVz € X, respectively:

some(X) f {ACE:XNA#0}.
every(X) e {ACFE:X CA}

We call such quantifier&XIST(“existential”) andUNIV, respectively- The quan-
tifiers () that are botiEXISTandUNIV are of the form{ A C E' : 2 € A} for some
x € F, which are precisely the principal ultrafilters over

When¢); and(), are generalized quantifiers afitla binary relation, the for-
mula@Qiz Qy R(z,y) is often writtenQ, Q2 R, which is interpreted in¥ as
follows.

(1) {z € E: Ry € Q2} € Q1

"We do not simply say thatome(X) is existentialto avoid confusion with the larger class of
quantifiers that Keenan and Westerstahl (1996) in&dirsective and which are often referred to as
existential




whereR, = {y € £/ : R(z,y)}. Henceforth we will also use the notatidi¥ for
{z € F: R(x,y)}, considering the following equivalence:

(2) QxR e {yeF: R € Q1} € Q.

Previous studies of generalized quantifiers have charaeterariousscope
commutativityproperties of quantifiers in constructions with multipleagtifica-
tion. Notably, Westerstahl (1996) characterizes thesctdself-commutingjuan-
tifiers — those quantifier§ that satisfy the following equivalence:

(3) ForallR C E*: QQR < QQR™L.

Zimmermann (1993) characterizes the classanfpelesguantifiers — those quan-
tifiers ( that satisfy the following equivalence.

(4) ForallQ, C p(F),forall R C E* Q1R & Q1QR™L.

He shows that the scopeless quantifiers dvere precisely the ultrafilters oveérs
that are closed under intersections of length?|.

Westerstahl (1986) studies the more general problem afcterizing the gen-
eralized quantifier§), @)- that satisfy the following unidirectional entailment.

(5) ForallR C E?: 1Q2R = QQQlR_l.

When this entailment holds, we say tliat is (scopally)dominantover().

For the sake of completeness we give in section 2 a simplef pfod/est-
erstahl’s characterization of domination between qti@nsi infinite domains. The
main part of the paper is section 3, where this charactéoizéd extended toount-
abledomains. Section 4 concludes with some remarks about scopeatativity,
finiteness and monotonicity in natural language semantics.

2 Finitedomains

Westerstahl's characterization is restrictedipsvard monotonguantifiers ovefi-
nite domainsStandardly, by saying that a quantifi¢iover £ is upward monotone
we mean thaf) is closed under supersetd: ¢ ¢ andA C B impliesB € Q).
Under upward monotonicity and finiteness of the domain, @sgihl’s claim can
be stated as follows.

Fact 1 Let )y and @), be upward monotone quantifiers over a finite doma&in
(1 is dominant ovet), iff these quantifiers fall under at least one of the following
cases.

2\Westerstahl characterizes scope entailmentdétarminers- functions from sets to generalized
quantifiers. The following is a simpler statement of the tefem generalized quantifiers.



() QisEXIST.

(i) Qs is UNIV.

(i) Q1 = p(£) andQ, % 0.
(iv) Q2 =0andQ; # p(E).

Proof The ‘if” direction of the proof is easy. For the “only if” diction, assume
that(), is dominant over),. First it is easy to see that(}, = p(F) thenQ), # 0
and that ifQ); = 0 then@, # p(F). Assume for contradiction that no one of the
conditions(i)-(iv) holds. Then by finiteness df there is a minimal sett € ()
such that|A| > 2 (otherwise by upward monotonicity); = p(£) or Q1 =
some(U{x}te{x})). Similarly, by finiteness of’ there areB,, By € )2 such that
B1 N By ¢ Q (otherwise by upward monotonicit, = § or Q, = every(NQ2)).
Given the setsi, B; and B;, and an arbitrary: € A, it is easy to verify that the
relation ({a} x B1) U ((A\ {a}) x By) contradicts our assumption th@4 is
dominant over),. O

Westerstahl (1996) calls two quantifi€)s, Q> C o(E) independerif they satisfy
the following equivalence.

(6) Forallk C E% 1Q2R & QQQlR_l.
Using Fact 1 it is easy to establish the following corollary.

Corollary 2 Let(); and@), be upward monotone quantifiers over a finite domain
FE. Then@), and(), are independent iif); and(), fall under at least one of the
following cases.

(i) Both@® and(@), are EXIST.

(i) Both@, and(@, are UNIV.
(iii) Either Q1 or @, (or both) are principal ultrafilters.
(iv) Either@ or @), are trivial, but not both.

By saying that a quantifigp is trivial we mean thaf) = o(F) or@Q = 0.



Examples For illustrating scope domination in simple natural langeiaentences,
consider a well-known type of example.

(7) Some priest visited every city.

Let us assume that the noupsest andcity are denoted by the sef3 C' C F
respectively, and that the vewlisitedis denoted by the binary relatioi C EZ.
Sentence (7) has two readings, depending on the order irhwthi quantifiers
operate on the arguments of the relation

(8) a.some(P) every(C)V
b. every(C') some(P) V!

The statement in (8a) is called tbbject narrow scop€ONS) reading of sentence
(7), whereas the the statement in (8b) is calledtbject wide scopOWS) reading
of the sentence. As a matter of first-order logic, (8a) es{@b) but not vice versa.
Thus, the quantifiesome(F) is dominant over the quantifiewvery(C') for any
P C C F, but the opposite does not hold.

The situation is similar in cases where (exactly) one of tistential/universal
quantifiers is replaced by another upward monotone quantifienecessarily first-
order. The sentences in (9) below illustrate some casegHite where the ONS
reading entails the OWS reading. The corresponding quarstifvte assume are
given in (10).

(9) a. Atleast half/at least two/all but at most five of theepts visited every

city.
b. Some priest visited at least half/at least two/all but asniive of the
cities.
at_least_half of _the(X) = {ACFE:|XNAl>|X\Al}
(10) at.least_n(X) = {ACFE:|XNA|l>n}

all_ but_at_most_n_of the(X) = {AC FE:|A\ X|<n}

Note that the generalized quantifr least_half_of_the(X) is not first-order de-
finable.

Westerstahl's result shows that over finite domains BX¢STquantifiers (for
(21) and theUNIV quantifiers (for);) are the only non-trivial upward monotone
quantifiers that lead to entailments as in (5). Thus, theesees in (7) and (9) are
representative of the cases where upward monotone quantdiad to an entail-
ment from the ONS reading to the OWS reading on finite domains.



3 Countabledomains

As Westerstahl observes, his characterization of scopegirdmce over finite do-
mains in Fact 1 does not hold for infinite domains. Thus, oménite domains
there are non-trivial upward monotonic quantifiers besithesE XISTand UNIV
quantifiers that give rise to scope entailments. ConsiderfaHowing example
(following Westerstahl), wher# is assumed to be countable.

(11) Infinitely many dots are contained in at least one of kined circles.
Q: = {ACE:CNnA#0}, where|C|=3

It is easy to verify that), is dominant over),, but(), and(), are upward mono-
tone and the conditions in Fact 1 do not hold. Incidentaihce(, is EXIST, itis
dominant over);.

In this section we characterize scope dominance in the ofagsward mono-
tone quantifiers over countable domains. First, we obsém@elpse relation be-
tween scope dominance adwalityof GQs. ThedualQ? (cf. Barwise and Cooper (1981))
of a generalized quantifié€p over F' is defined by:

Q' Z {ACE:E\A¢Q).
Any EXISTquantifier is the dual of &NIV quantifier and vice versa (note that
(QH4 = @ for any quantifier)). It is also easy to observe the following fact.

Fact 3 @, is dominant over), iff Q4 is dominant over)s.

This fact follows directly from the definition of scope doraimce and duality, and
the observation that for ang C £* we have:

Q1 Q: R & ~(Q] Q4 (E*\ R)).

Let us define some properties of quantifiers that will be udeficharacteriz-
ing scope dominance. First, we say that a quantifisatisfies theinion property
(Uyifforall Ay, A, C F:if Aj U Ay € QthenAy € Q) or Ay € (). For example,
any EXISTquantifier satisfies (U), while ENIV quantifierevery (X ) satisfies (U)
if and only if X is either a singleton or the empty set. The set of all infinitesets
of I satisfies (U) as well.

Further, we say that a quantifi€y satisfies thddescending Chain Condition
(DCC) if for every descending sequendg O Ay D ---A, D ---in @, the
intersectiomA; isin @) as well. For example, aryNIV quantifier satisfies (DCC).
An EXISTquantifiersome(.X') satisfies (DCC) if and only i is finite. Another
quantifier that satisfies (DCC) is the following, where thendin I/ = N is the set
of natural numbers:



{ACN:VneN[2ne Av2n+1¢€ Al}.

If every set in a quantifief) contains a finite subset that is als@jnwe say that
() satisfies (FIN). The following fact uses (FIN) in characterg dual properties
to (U) and (DCC) over the class of upward monotone quantifiers

Fact 4 For any upward monotone generalized quantifieover a domain¥':
(i) Q satisfieqU) iff Q7 is afilter.
(i) If Fis countablex) satisfie{DCC) iff Q¢ satisfie{FIN).

Proof The proof of (i) is easy.

For (i), assume thap is (DCC) and assume for contradiction that therd is ()¢
such that for allB C A: if B € Q? thenB is infinite. LetBy C A be a finite
set. HenceBy ¢ @7, andE \ By € . By countability of &/, we can denote
A\ By = {a;}2,. Let B;y; = B; U {a;;+1}, forany: > 0. By our assumption
on A we have,B; ¢ Q7 forany: > 0, henceE \ B; € () forany: > 0. But
N,(E\ B;) = E\ A ¢ (Q,in contradiction ta) being (DCC).

Conversely, assume thét satisfies (FIN). LetB; O By D ... be a descending
chain inQ?, thusE \ B; ¢ @ foranyi > 1. Assume for contradictiol? =
N; B: ¢ Q4 thusk\ B = |J;(E \ B;) € Q. By assumption o), there exists
A" C UU,(E\ B;) such thatd’ € @ andA’ is finite. Hence, there i8 such that
A" C FE'\ B, and from upward monotonicity @, it follows thatF \ B, € @, in
contradiction to the assumption.

Using these two pairs of dual properties, our main Theorembeastated as
follows.

Theorem 5 Let(); and(), be upward monotone quantifiers over a countable do-
main £. Then the following are equivalent:

I. Q¢ isdominant ovef).
II. @, and@)- fall under at least one of the following cases.

() QisEXIST.

(i) Q2 is UNIV.
(i) Q satisfieqU), @, # 0 andQ),, satisfie{DCC).
(iv) Q. isafilter,1 # p(F) andQ; satisfiegFIN).
(V) Q1 = p(E) andQ; # 0.

(Vi) Qs = 0 andQ, # p(E).



Note that, in contradistinction to Fact 1, clauses (iii) &wjiin this theorem imply
that in countable domairisXISTandUNIV quantifiers are not the only non-trivial
upward monotone quantifiers that give rise to scope entailsneEach of these
two clauses contains a different generalizatiorEofIST and UNIV quantifiers.
For (iii), over finite domains the upward monotone quantifigrat satisfy (U) are
exactly theEXIST quantifiers ando(£), and the (DCC) requirement fap, is
trivially satisfied. For (iv), over finite domains the filtease theUNIV quantifiers
and(, and the “finiteness” requirement f@), is trivially satisfied. Note also that,
in any domain, th&JNIV quantifiers are (DCC) and tHeXISTquantifiers satisfy
the “finiteness” requirement. Thus, Fact 1 is a (simple) gpease of Theorem 5.

We note that any filter over countable domain that satisfigSGPis UNIV.
From this and from Fact 4 it follows that whép and(), are upward monotone
quantifiers over a countable domain, statement (l1) is exddeit to statement (II')
below.

(1)  All of the following requirements hold:

(i) Q% orQ, (or both) are filters;
(i) Qf or Q. (or both) satisfy (DCC);
(i) Q% orQ; (or both) are not empty.

In the proof of Theorem 5, we use both formulations (Il) arig.(l

Proof of Theorem 5

(= (1):

We prove only the entailment from clause (iv) to (I). The dmant from clause
(iii) to (1) then follows directly from Facts 3 and 4. The eittgents from the other
clauses in (Il) to (1) are easy to prove.

Assume that (iv) holds, hence every setjan contains a finite set i, Q1 #
o(F) andQ; is closed under finite intersections. Assume tQaf); R holds, and
denoteA = {z € F : R, € 2} € @;. LetF € @, be a minimal finite
subset of4 in (). By monotonicity ofQ); and@, # p(F) it follows thatF' # 0.
Let B = ﬂl,eF R,. Since(, is closed under finite intersections, itself is in
Q2. Foreveryy € B, RY DO F and thereforekRY € (). It follows that the set
{y : RY € ()} containsB and hence is irf),. We thus showed tha&p,Q,R~!
holds, as required.

= (I):
We assume that for evetly C E?: Q1Q:R = Q,Q1R~".

To show that (i") holds, assume th@t is not a filter, so from Fact 4 it follows
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that@); does not satisfy (U). Hence, by upward monotonicityqf it contains a
setA = A; U A, whereA, and A, are disjoint and neither of them is {p;. To
show that(); is closed under finite intersections, hence a filter, let usotkefor
any By, By € (3!

R = (Al X Bl) U (A2 X BQ)

We have{z : R, € Q»} € Q; and therefore3 < {y: RY € O} € Q. But,
sinced,, A, ¢ 1, we haveB = B; N By, henceB; N B, € ()s.

To show that (ii’) holds, assume th@t does not satisfy (DCC), so from Fact 4
it follows that there is a sett € (), such that every subset of that is also in
@1 is infinite. To show tha{), satisfies (DCC), leB; 2> B,... D> B, D ... be

a sequence of sets {@;, and letB be their intersection. We again assume that
E is the set of natural numbers, and enumerate {ay,as, ..., }. Consider the
relation

R= G ({an} x By)

Then the sef{z : R, € @2} = A € @y, or Q,Q2R, and by our assumption it
follows thatQ,Q; R~ holds, or{y : RY € Q.} € QQ. We claim that this last
set equals3, so(), satisfies (DCC). Clearly, for every € B: RY = A € ;.
However, ify ¢ B then there i such thaty ¢ B, for all m > n, and therefore
RY C Aisfinite. By our previous observation, suéi is not in@;.

Clause (i) trivially holds. D

As in the case of scope dominance over finite domains, thewaollg corollary
of Theorem 5 allows us to characterize the pairsxdependenguantifiers.

Corollary 6 Let ; and ), be upward monotone quantifiers over a countable
domainFE. Then,; and(@), are independentiff); and(), fall under at least one
of the following cases, witp; and(), interchangeable.

(i) Q. is EXIST and non-trivial, hence equaldeme(X') for someX ## (.
Either X is finite and(, satisfieqU), or X is infinite and®, is EXIST.

(i) @1 is UNIV and non-trivial, hence equal tvery (X ) for someX # ().
Either X is finite and(),, is a filter, or X is infinite and@), is UNIV.

(i) @Q; or Y, are principal ultrafilters.

(iv) For some finite collectiot” C (k) of finite sets@)y = [Jy y every(X),
and(), is an ultrafilter.



(v) Either@, or @), are trivial, but not both.

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

Proof The “if” direction easily follows from Theorem 5. For the “bnif” direc-
tion, we use the following two claims, whe€gis an upward monotone quantifier
over a countable domaif1.

Claim 1 () satisfies both (U) and (DCC) it) = (L) or ) = some(.X') for some
finite X C F.

Proof of claim 1 The proof of the “if” direction is easy. For the “only if” diec-
tion, assume thap satisfies (U) and) # o(F). Then by monotonicity there are
no minimal sets ir®) other than singletons. Let be some arbitrary seti@y. If A

is finite then it must contain a singletondh If A is infinite, then either it contains
a singleton iny, or by (U) and the countability of/, we can form a descending
chain of subsets o, all in Q, whose intersection is empty. From (DCC) it follows
that() € @ and by monotonicityy) = p(F), in contradiction to our assumption.
Thus, every set i) contains a singleton i, and if X = {z € £ : {2} € Q}
then by monotonicityy) = some(.X'). Suppose for contradiction that is infinite,
then again by (DCC), we conclude tifag (), contradiction.

Claim 2 If ) satisfies (DCC) and (FIN) then there are finitely many finitaimial
sets ing).

Proof of claim 2 Assume for contradiction that there are infinitely manyténi
minimal sets int), and denote this collection of sets Ay It follows that for any
A, B € X suchthatd # B, AN B is a proper subset of both andB. Let I} be
in X'. Becausd is finite and’ is infinite, there must be sonig C F such that
the collection of seta; = {I" € X' : I'N Iy = F|} is infinite. We can continue
this process by defining;, ! and.; for every: > 1 as follows:

F!,, is some proper subset 6t such tha{ /' € X; : F N Fiyy = I} }is
infinite.

def

Xy ={FeX;:FnF, =1}

F;+1 issome setint;.

We obtain an infinite sequenég, . . ., F;, ... of finite minimal sets irf), together
with I, ..., F/, ..., such that for every, F’ C F; and for everym > n, F,, N
F,=1F".

We now letA, = J,,-, Fin. This is a decreasing sequence of sets, afpin
so by (DCC),A = (', 4, isin Q. We claim thatd = | J°Z, F}. Indeed, note

n=
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that A consists of all elements which belong to infinitely many Jéis Let = be
some element i), , F), thusz € F) for somen. For everym > n, 2 € F,,
becausd’,, € X,,. Thusz is in infinitely many setd,,, and therefore: € A. For
the opposite direction, assume that A, thus belongs to infinitely many,,. In
particular it belongs to somg,,, F,, for m > n. Butthenz € (F,, N F,,) = F},
thus belonging tg J;~ | F.

By our assumption o), the setA contains a finite subsé® € (). The set
B is then contained in the union of finitely many séts which implies that for
somem (larger than all these’s): B C F),,. Because botlt},, and B are inQ,
this contradicts the minimality of,,.

We now assume th&}; and@), are independent and prove that one of the condi-
tions (i) to (v) holds. If one of the quantifie€s;, and(), is trivial, it easily follows
that the other one is not trivial, so (v) holds. We thus asstiratboth(); and(),
are not trivial.

Assume thaf), is EXIST By Theorem 5¢), is dominant ovet),, and forQ)-
to be dominant ovef);, one of the following must hold:

e (), 100 iSEXIST hence (i) holds;
e ()1 iSUNIV, hence itis a principal ultrafilter and (iii) holds;

e (), satisfies (U) and); satisfies (DCC) henc€; must besome(.X) for
some finiteX, and thus condition (i) holds;

e (), is afilter, hence it is a principal ultrafilter and (iii) holds

Symmetrically, if(), is EXISTthen (i) or (iii) holds. Similar considerations show
that if @1 (or Q) is UNIV, then (ii) or (iii) must hold.

Assume now that botty; and(), are neitheleXISTnor UNIV. Consider the
two possibilities according to Theorem 5 thiag is dominant over)s:

e (), satisfies (U) and). satisfies (DCC). By claim 1 and the assumption
that@, is not EXISTit follows that(); does not satisfy (DCC). Therefore,
by Theorem 5 and dominance @f over(),, it follows that(), is a filter,
and every set irf), contains a finite set id),. Since(), satisfies (U), it
directly follows that it is furthermore an ultrafilter. Byaim 2, the seft’ of
minimal sets i), is finite, and all the sets it contains are finite too. Hence,

Q2 = Uxcy every(X), so (iv) holds.

e (), satisfies (FIN) and)- is a filter. If @, is a filter then it follows that
it contains only one minimal set, in contradiction to theuasption that it
is notUNIV. Hence, by to Theorem 5 and dominance(f over )1, ()2
satisfies (U) and); satisfies (DCC), so (iv) holds again.
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Examples Firstletus note thatin example (11) abogs, = some(C') for a finite
C (|C] = 3). @, satisfies (U), henc€, and(), fall under clause (i) in Corollary
6, and the ONS reading of the sentence is equivalent to the @atBng. The
following example illustrates quantifie€g; and(), that fall under the dual clause
(i) in Corollary 6.
(12) Each of the three circles contains all but finitely maoysd

Q1 = {ACFE:CC A}, wherelC|=3

Q2 = {ACE:|D\A[<Ro}
To illustrate non-trivial usages of clause (iv) in Corojl&, we would have to use
non-principal ultrafilters, which we here omit.

As for dominance between quantifiers without independetiee guantifiers
in (13) and (14) below satisfy clauses (iii) and (iv) of Thewr 5 respectively.
Hence, in these cases the ONS reading entails the OWS readingpt vise versa
(assuming a finite. > 0).

(13) Infinitely many dots are contained in all but at mogiircles.
(14) Atleastn circles contain all but finitely many dots.
Similarly, consider the following examples.

(15) Infinitely many dots are contained in circle 1 or [cicand 3].
(16) Circle 1 and [circles 2 or 3] contain all but finitely madgts.

We assume that the object of sentence (15) and the subjemtigie (16) denote
the following quantifiers respectively, for three diffeteirclesc,, c; andces.

{ACFE:c1 €AV (€ ANcs € A)}
{ACFE:c1 € AN(c € AVes € A}

Also the quantifiers in these sentences satisfy respegiialises (iii) and (iv) of
Theorem 5, hence the scope dominance, but the two quantifieech sentence
are not independent.
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4 Concluding remarks

In this paper we have characterized scope dominance ang@dndence for up-
ward monotone generalized quantifiers over countable dmndihis is a natural
extension of the results by Westerstahl and Zimmermanmitakef-commuting
and scopeless quantifiers. This characterization dirextignds a previous result
by Altman et al. (2001), which concentrated on a subclassiahtifiers on count-
able domains, callefinitely basedjuantifiers. Our results are still partial in some
obvious respects. First, we did not characterize scope mmmee for uncountable
domains. Theorem 5 does not hold for such domains, for thi¢agireasons that
Fact 1 about finite domains does not hold for countable dosn&onsider for in-
stance the following sentence and quantifiers, parallel 1p @bove over countable
domains.

(17) Uncountably many dots are contained in at least oneeotduntably many
circles.
Q2 = {Ag ECOA#@:h WherE|C| =Ny

The quantifier), is dominant ovei)., but these quantifiers do not satisfy the
conditions of Theorem 5. Thus, a further generalizationwfresult is called for.

It is also natural to look for a characterization of dominaméth non-upward
monotonegjuantifiers. One can also add further requirements on thagoalR in
(5), and obtain more quantifie€s, and(), that exhibit scope dominance for this
restricted class of relations. Such more refined charaetoins are relevant for
natural language, where there are often logical restnstion the possible deno-
tations of binary relations. For instance, in the sentexvery priest is taller than
some peasantvhere the relatiome taller thanis transitive, the ONS reading and
the OWS reading are equivalent over finite domains, by cehtmthe case with
generalR’s.

Characterizations of scope independence are useful fachegl ambiguity in
computational representations of natural language seeserA system that goes
in this direction, using the results that were obtained mpghesent paper, appears
in Altman and Winter (2002).

Acknowledgments

The first and third authors were partly supported by grani889210 ("Extensions
and Implementations of Natural Logic”) from the United $&srael Binational
Science Foundation (BSF), Jerusalem, Israel.

References

12



Altman, A., Keenan, E., and Winter, Y. (2001). Monotonigityd relative scope
relations. InProceedings of the 14th Amsterdam Colloquium

Altman, A. and Winter, Y. (2002). Computing dominant reaglirin scopally
ambiguous sentences. Unpublished ms., Technion — Isrst#lite of Technol-
ogy. Downloadable at http://www.cs.technion.acwinter/.

Barwise, J. and Cooper, R. (1981). Generalized quantifietsiatural language.
Linguistics and Philosophy:159-219.

Keenan, E. and Westerstahl, D. (1996). Generalized dfiestin linguistics
and logic. In van Benthem, J. and ter Meulen, A., editbtandbook of Logic
and LanguageElsevier, Amsterdam.

Westerstahl, D. (1986). On the order between quantifiarEurberg, M. et al.,
editors,Acta Universitatis Gothoburgensigsages 273—-285.

Westerstahl, D. (1996). Self-commuting quantifiefee Journal of Symbolic
Logic, 61:212-224.

Zimmermann, T. E. (1993). Scopeless quantifiers and opsraiournal of
Philosophical Logic22:545-561.

13



