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Abstract

Much of the recent work in computational semantics has addressed the problem
of analysing ambiguous sentences; that is, sentences which have more than one pos-
sible meaning. A favoured solution has been to represent ambiguous sentences with
underspecified meaning languages which are not committed to any one of the possible
meanings, but which allow additional information to be used to determine a correct
meaning as it becomes available.

A problem facing many underspecified meaning representations is that partial
scopes may be expressed which do not correspond to well formed final meaning rep-
resentations. This paper presents work in progress on providing a solution to this; a
structure is proposed which is independent of the grammatical and semantic theories
used, but which allows only those partial scopings which are actually available to a
speaker. An efficient deductive framework for determining whether a partial scoping
is available is also provided.

Keywords: Quantifier scope ambiguity, underspecification

1 Introduction

A long standing problem within computational semantics is the correct analysis of am-
biguous sentences; that is, sentences which may have more than one meaning. Given a
sentence displaying quantifier scope ambiguity, such as Every man loves a woman, part
of the problem of representing the sentence’s meaning is to distinguish between the two
possible meanings:

Vz(rep(z) — Jy(woman(y) A love(z,y)))

where every man loves a (possibly) different woman, or
Jy(woman(y) A Vz(man(z) — love(z,y)))

where a single woman is loved by every man.



Various methods exist to obtain all the available readings of such sentences. Cooper
[Co083] described a system of “storing” the quantifiers as A-expressions during the parsing
process and retrieving them at the sentence level; different orders of quantifier retrieval
generate different readings of the sentence. More recently, ambiguity has been captured
by exploiting non-determinism in deductive semantic construction systems, exemplified by
the constraint-based semantics project [DLPS96] and Carpenter’s categorial logic [Car94].

However, systems are required which, as well as capturing ambiguity, should under-
specify meaning. We characterise underspecification as a pair of requirements:

1. the meaning of a sentence should be represented in a way that is not committed to
any one of the possible (intended) meanings of the sentence, and

2. it should be possible to incrementally introduce partial information about the mean-
ing, if such information is available, and without the need to undo work that has
already been done (monotonicity).

This paper discusses some shortcomings with quantifier scope representation in some
contemporary underspecified systems (eg. Alshawi and Crouch’s Quasi-Logical Form
(QLF) [AC92] and Reyle’s Underspecified Discourse Representation Theory (UDRT) [Rey95]),
and outlines a system that is currently being developed to address them.

2 Requirements for Underspecified Scope Representation

A principal aim of systems providing an underspecified representation of quantifier scope
ambiguity is to be able to represent partial scopings. That is, it should be possible to
state that some of the quantifiers have some scope relative to each other, while remaining
uncommitted to the relative scope of the remaining quantifiers. However, representations
which simply allow partial scopes to be stated without further analysis do not adequately
capture the behaviour of quantifiers in a sentence.

A semantic representation that is similar to a (very naive form of) QLF is used to
illustrate how simply representing partial scope orders without further analysis does not
clearly provide all the information that is available from a partial scoping. Quantified
terms in this representation are labelled with an index and a partial scoping is represented
by a list of indices at a predicate, so that the order of the indices represents the relative
scope of quantifiers in the final logical form. For example, for the sentence Every man
loves a woman, the two fully disambiguated forms are:

[+i,+j]:1ove(<+i every x man(x)>, <+j exists y woman(y)>)

Vz(man(z) — Jy(woman(y) A love(z,y)))

and

[+j,+i]:1love(<+i every x man(x)>, <+j some y woman(y)>)



Jy(woman(y) A Vz(man(z) — love(z,y)))

(shown with their equivalent logical forms).

This representation of the relative scoping is adequate for a sentence containing only
two quantifiers, but difficulties emerge when the sentences become more complicated.
Consider the sentence Every representative of a company saw most samples. The fully
unresolved underspecified representation would be something like':

_:see(<+i every x rep.of(x, <+j exists y co(y)>)>,
<+k most z sample(z)>)

In principle, a scope ordering can be expressed again as the ordered list, so the fully
resolved representation:

[+j,+1i,+k] :see(<+i every x rep.of(x, <+j exists y co(y)>)>,
<+k some z sample(z)>)

could be intended to represent the logical form:

exists(y, co(y), every(x, rep.of(x, y),
most(z, sample(z), see(x, z)))

This approach turns out to be inadequate because there is no link between the well formed-
ness of the underspecified structure and the logical form it is intended to represent. So for
example, consider:

[+i,+k,+j]:see(<+i every x rep.of(x, <+j exists y co(y)>)>,
<+k most z sample(z)>)

Although this is a well formed QLF, there is no well formed sentence of logic to which it
corresponds. One possible logical form that this might be intended to represent is:

every(x, rep.of(x, y), most(z, sample(z),
exists(y, co(y), see(x, z))))

but this is not well formed as the variable y in rep.of appears outside its quantifier. In
fact, there are no well formed sentences which reflect the desired scoping. A condition on
well formedness could be that it should be possible to generate at least one well formed
semantic form which respects the partial scoping given; there are many approaches to
ambiguity which avoid this problem of overgeneration, such as nested Cooper Storage
[Kel86]. Our aim, however, is to present a system in which it is immediately clear whether
or not a partial scoping leads to a well-formed sentence, without requiring recourse to the
final logical form.

While this representation is too permissive in expressing semantic forms, it is also
insufficiently informative about the interaction between the quantifiers when partial scopes
are considered. Consider the previous example again, with the partial scoping stipulating
that a should outscope most:

n fact, QLF would generally have two lists of quantifiers; one to scope to love, as shown, and another
to scope to rep.of.



[+j,+k] :see(<+i every x rep.of(x, <+j exists y co(y)>)>,
<+k most z sample(z)>)

There are two well formed logical forms in which a outscopes most, those being;:

exists(y, co(y), every(x, rep.of(x, y)),
most(z, sample(z), see(x, z)))

and

exists(y, co(y), most(z, sample(z),
every(x, rep.of(x, y), see(x, 2z))))

In all readings where a outscopes most, a must also outscope every; this should be readily
apparent from a fully understood theory of quantifier scopes without the need to generate
all the possible readings. But further, given the theory of scope availability that we are
using (see section 3), the partial scoping only licenses the first of the above two readings.
Again, this should be immediately apparent from the formal representation.

So a solution to the problem of representing partial scopes of a sentence displaying
quantifier scope ambiguity should have the following properties:

e [t should be provable whether a partial scoping represents an available reading of
a sentence, without reference to the final logical form. It would be intuitively bet-
ter if the representation language expressed only those scopings which are actually
available to the speaker.

e The representation should be “maximally informative”; that is, if a partial scoping
imposes constraints upon the other quantifiers in a sentence, this should be prov-
able, again without recourse to the final logical form. For example, if there is only
one reading of the sentence which respects the partial scoping, then this should be
immediately apparent.

e This information should be available entirely from the representation of the sen-
tence’s scope information. It should not be necessary to refer to the sentence’s
grammatical form or semantic form.

And a further desirable property of the system would be that:

e It should be possible to adapt the system to different semantic representations with-
out their requiring significant modifications.

It should be stressed here that, while QLF has been used as the running example, the
points in this section apply equally to any system that represents partial relative scopes
of quantifiers either as a list (as done by QLF and in HPSG [PS94]) or as a set of pairs of
quantifiers (as in UDRT).

In this paper, we propose a method of representing quantifier scope in an ambiguous
sentence that fulfils the above criteria. The structures described are intended to be in-
dependent of whatever underspecified representation is used to represent the sentence’s

4



meaning, but to allow as much information as possible about the availability of partial
scopes to be deduced. QLF, UDRT or the f-structures of LFG [KB82] are all appropri-
ate underspecified representations; the close correlation between these three structures is
discussed by van Genabith and Crouch [vGC96], although f-structures are intended to be
syntactic rather than semantic representations. Suppose F' is an underspecified represen-
tation of the grammatical relations in a sentence. An associated scope structure, Fy, is
defined so that terms representing quantifiers in /' map onto elements in Fy;,. A relation >
is defined over the terms in F, such that a quantifier in F' outscopes some other quantifier
in F only if the relation > holds between the corresponding terms in Fy. A constraint
language for representing scope structures is then defined in which it is provable whether
a partial scoping between elements in F}; is available. It is also possible to deduce addi-
tional partial scope information about F, within the constraint language without needing
to refer back either to F', or to the original NL sentence.

The structures are not intended to be semantic representations as such, rather, they
should be considered to provide some of the information that is necessary for semantic
composition (specifically, that which refers to relative scopes of quantifiers). In that sense,
the structure can be thought of as analogous to the scope order prefixes which are present
in a QLF, although it is intended that the structure be sufficiently rich to express the
required scope availability information in its own right.

Nor do we discuss the actual mechanisms by which disambiguation is to take place (for
example, partial scopes due to pronoun resolution). Our aim is to show how any arbitrary
sets of partial scopes may be correctly represented, rather than to provide an analysis of
how such partial scopes might be found.

3 A Structure for Representing Quantifier Scopes

Our approach is based on the theory of scope availability that claims that for any n-ary
relation in a sentence, there are n! possible orderings of quantifiers around that relation
(this has recently been expounded by Park [Par95]). Other quantifiers in the sentence
should not “intercalate” between those which are single arguments to a relation. So for
example, in the sentence FEvery representative of a company saw most samples, there are
four possible scopes, because there are two relations; saw and of. Around saw, every can
outscope most, or vice versa, and around of, every can outscope a, or vice versa. What
is not possible is a reading where a outscopes most which outscopes every; although this
can be represented by a well formed sentence of logic (with no unbound variables), it is
not available to a speaker of English.
By using this theory as the basis of underspecification, we can say:

e underspecification is to be captured by allowing different possible relative scope
assignments around the predicates, but

e although the predicates determine the availability of scopes, relative scope must still
be expressed as a relation between the quantifiers.



Because our concern is with both the relations in a sentence and the quantifiers, the
main grammatical objects under consideration are guantifiers and predicates (for example,
verbs and prepositions). Quantifiers and the relations which determine their relative scope
can be represented by an (irreflexively) ordered set, where the ordering gives the relative
scopes. However, because the interaction between the predicates in the sentence has
implications for possible scopings, it is also necessary to consider the relationship between
the ordered sets. For the remainder of this section, the structures being proposed are
discussed using examples and a consideration of the main linguistic phenomena to be
covered. A more formal system is presented in section 5.

First consider the main grammatical objects. Here, it is assumed that the relevant
grammatical terms are (only) the main relations and the quantifiers, although it is not
necessary that these be the terms used. For sentences involving only extensional verbs,
it would be equally possible to consider only quantifiers as the main relations (as in the
example of section 5). Here we are using the terms which most clearly allow the main
ideas to be demonstrated.

A set of basic elements, O and a mapping function 1 are required, such that ¢ maps
each grammatical object in the representation onto a member of O. Figure 1 illustrates
the case where a QLF-like structure is being used as the representation of the sentence
Every man loves a woman; 1 defines a mapping of the main relation of the sentence
(love, represented by F in the QLF) and the two quantifiers (represented by +i and +j
respectively in the QLF) onto elements (here, love, every and a) in O.

F: 1 ove(<+i, every, x, man(x) >, <+j , exi sts, y, woman(y) >)

P(F) —love " ey 2
P(+1i) —every « love
P(+3) —a

Figure 1: Mapping QLF terms onto scope elements

We can now define a relation to represent the relative scope of the grammatical objects.
First consider sentences consisting of quantifiers scoped around an extensional verb. The
possible scopes can be represented as a set with an irreflexive partial ordering, >, over
its members. For the sentence Every man loves a woman, the possible orderings of the
quantifiers every and a around the verb love are represented by the set and ordering;:

{every, a,love} every > love,a > love

The two ordering relations state that both quantifiers outscope the verb, but say nothing
about their scopes relative to each other. This represents a completely underspecified
meaning. An unambiguous reading of the sentence is represented when > defines a com-
plete ordering of the set. So if the relation every > a were added, the reading:

Vz.man(z) — Jy.woman(y) A love(x,y)
every > a > love



would be represented. Alternatively, adding a > every to the underspecified form would
represent the reading:

Jy.woman(y) AVz.man(z) — love(z,y)
a > every > love

The introduction of a further relation which does not lead to a well formed sentence (such
as love D> every) is shown by the antisymmetry of > being violated.

This system also allows the interaction of quantifiers with negation and intensional
verbs to be represented, by using an additional element to represent the negation or the
intensional structure. Fveryone didn’t leave should be represented as:

{every, neg,leave} every > leave,neg > leave

Control structures can be introduced in a similar fashion, where the behaviour of the quan-
tifiers and the control verb can be captured by an appropriate relation >. For example,
consider FEvery teacher persuaded a pupil to listen. The possible readings are of the form:

Vz.teacher(xz) — Jy.pupil(y) A persuade(x,y, listen(y))
and
Jy.pupil(y) A Vz.teacher(x) — persuade(z,y, listen(y))

The possible scopes can be captured by including a further element for persuade. This
gives the possible scopes as:

{every, a, persuade,listen} every > persuade, a > persuade
persuade D> listen

which only allows for the required two possible readings (every outscopes a or vice versa).
However, for object raising verbs, a de dicto reading is required:

Vz.teacher(z) — want(z, Jy.pupil(y) A listen(y))

as well as the two possible de re readings which are available (as with persuade):
Vz.teacher(z) — Jy.pupil(y) A want(z,listen(y))
Jy.pupil(y) A Vz.teacher(x) — want(x,listen(y)).

The underspecified versions of Every teacher wanted a pupil to listen is:

{every, a, want,listen} every > want,a > listen
want > listen

This relation > allows any of the three possible readings; because a may appear as an
argument to want the de dicto reading is accounted for.

While using a single set of elements correctly accounts for the possible scopes of quan-
tifiers in the restricted set of sentences discussed so far, the introduction of prepositional
attachment to NPs and relative clauses is more complex. Consider the sentence FEvery
representative of a company saw most samples. The presence of two binary relations of
and sew implies that there should be 2!.2! = 4 readings. Continuing with the system
developed so far, these possibilities could be represented by a pair of sets:



{every, most, see} every > see, most > see

{every, a, rep.of}  every > rep.of, a > rep.of

where completing the scope orderings generates the four available readings. However,
this does not capture all the available information on partial scopings. Consider the two
readings where most outscopes every (in a format more similar to generalised quantifiers):

most(z, sample(z), every(z, exists(y, co(y),rep.of (x,y)), see(z, z)))
and
most(z, sample(z), exists(y, co(y), every(z,rep.of (z,y), see(z, 2)))).

In both cases, as well as outscoping every, most always outscopes a, but this is not apparent
from the representation as is. This can be remedied by defining a dominance relation. In
the current case, say that every dominates a. Then anything that outscopes every also
outscopes anything that every dominates (here, a). So if most outscopes every, then it
also outscopes a because every dominates a. This is a product of Park’s remark about
intercalating quantifiers; if most were to outscope every but not a, then most would be
intercalating between the other two quantifiers.

This behaviour can be captured by using a tree structure, where each of the nodes is
one of the ordered sets representing the scopes around a relation. At any node, N, each of
the daughter nodes has (exactly) one element in common with N, otherwise, any element
appears only once in the structure. So, considering again the sentence Fvery representative
of a company saw most samples, the scope information is represented as the tree:

{every, most, see} every > see, most > see

{every, a, rep.of}  every > rep.of, a > rep.of

where > defines relations between the elements both at the parent node and the daughter
node. Now, say that an element X dominates another element Y (denoted as X — Y') if
X and Y are (distinct) elements in a set at some node, and X is also in the parent node.
Also, < is transitive and irreflexive. So in the example given:

every — a and every — of,

but every 4 every. Now we can say that X outscopes Y either if X >Y, or if X > Z and
Z — Y. So if most outscopes every, it also outscopes a as every — a.

4 Representing Partial Scopes

It was stated in section 3 that scope availability is accounted for by the relative scope
of quantifiers around their predicates, and that this would form the basis of our theory
of underspecification. In this section, we discuss how arbitrary partial scopings can be
rewritten as scopings around predicates, even if there is no predicate to which the quan-
tified terms are both arguments. Doing so yields a clear account of scope interaction and



a check for scope availability; the details are given in section 5, but an intuitive overview
is given here.

Consider again the sentence Fvery representative of a company saw most samples, but
with the additional requirement that most should outscope a. The representation of the
quantifiers and relations in this sentence is:

{every, most, see} every > see, most [> see
‘ most > a
{every, a, rep.of}  every > of, a > rep.of

While this represents the partial scope required, it is not obvious that most must also
outscope every. What we are looking for is the scopes of quantifiers around their relations
that give the required partial scoping. If the scope every > most were specified at the
topmost node:

{every, most, see} every I> most, every I> see
most > see
{every, a, rep.of}  every > of, a > of

then most > a follows from most > every and every — a. But it is also explicit that most
outscopes every; the additional information required. The aim of the rewriting is to find
the minimal ordering at the nodes that gives the required partial scope in all available
readings of the sentence.

For a second example, note that there is only one possible reading of the sentence
which respects the scoping a > most, that being:

exists(y, co(y), every(x, rep.of (x,y), most(z, sample(z), see(z, z))))

This should be reflected by the existence of only a single ordering of the elements within
their sets whereby this scoping is represented. This is indeed the case, the only possible
such ordering being:

{every, most, see} every > most > see

{every, a, of} a > every > of

The scoping a > most follows from this structure from a > every, every > most and the
transitivity of .

Finally, there are cases where quantifiers do not stand in any relation to each other.
Consider the reading of the sentence:

every(z, exists(y, co(y), rep.of (z,y)), most(z, sample(z), see(z, z)))

represented by the orderings:

{every, most, see} every > most > see

{every, a, of} every > a > of

It is not possible to infer either most > a or a > most from the information available.
This is correct, and arises because the quantifier a occurs within every’s restriction, and
most occurs within every’s scope.



5 Constraints for scope representation

The previous sections provided an intuitive overview of the structures to be used for repre-
senting partial scope availability, and showed how different linguistic phenomena were to
be accounted for; this section provides a more formal discussion of the structures and their
interpretation. The main requirement, discussed in section 2, is that all the information
about which scopes are available must be obtained directly from these structures, rather
than needing recourse to the grammatical structure or semantic representation.

As described in section 3, the available scopings are represented by a tree structure,
where each node of the tree is a set of elements, P, taken from a set O = {a, 3,7,...}
An irreflexive, antisymmetric, transitive relation > is defined over pairs of elements which
appear in the tree. For any node, each daughter node is also a set, such that each daughter
set d; has exactly one element in common with P, a different element for each of the d;.
An element can only appear once in the tree, unless it appears in a mother/daughter node
pair. So the tree:

{‘a,ﬁ, "7}
{a, 0,6} {B,Cn}

is a correct scope representation, but the trees

{a. 8,7} {87} {a, 8,7}

‘ and

! |
(6.6, {a,5,8} {,6,6} {a, (i}

are not; in the first, there is no common node between the parent and daughter, in the
second there are two common nodes, and in the third, the element « appears in two
daughter nodes.

This behaviour can be captured by defining a scope representation as a pair (P, D),
where P is the set of elements at that node and D is the set of daughters. Then a scope
representation can be recursively defined as:

e There is a (countably infinite) set of elements, O = {«, 5,7, ...}

o If P C O, then (P,{}) is a scope representation.

If S and S’ are scope representations, such that S = (P, D) and S’ = (P', D') where
no element occurs in both S and S’ and there is some element, o, such that o € P,
then ({o} U P',{S} UD’) is a scope representation.

An element o occurs in a scope representation (P, D) iff either:

— o0 €P,or

— there is some scope representation d; such that d; € D and o occurs in S'.

If S is a scope representation such that S = (P, D), then:
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— § is a substructure of S, and

— If d; € D then any substructure of d; is a substructure of S.

We now consider how a scope representation can be represented in a constraint lan-
guage. A scope representation can be effectively defined in terms of dominance between
elements and common set membership at a node. The constraint language is:

v, —> 0ocop Common set membership
o — p Dominance
o>p  Outscoping
1 A¢  Conjunction

where o,p € O.

S is a well formed scope representation. Fg is the conjunction of constraints of C,
where C' is the minimal constraint set satisfying the following:

1. If (P, D) is a substructure of S, where o,p € P and o # p, then C contains the
constraint oo p

2. If (P, D) is a substructure of S, such that d; € D and d; = (P',D'), then if o €
P,oc e P',pe P and o # p, then C contains the constraint o < p

3. If C contains the constraints X — Y and Y < Z, then C contains the constraint
X — Z.

The clause Fg provides the structural information for S. So for example, the scope repre-
sentation:

{‘a,ﬁ, "y}
{a, 6} {B,¢}

is represented by the clause:

aofBANaoyANBoyAaodAPBok
A

BoaAyoaAyofBAdoaANEof
A

a—=>INB—=E

Note that the symmetry of o is stated explicitly in the structural constraint. For clarity,
future examples state only one of each pair of constraints X oY and Y o X.

The structural constraint may be conjoined with any number of scope constraints of
the form X > Y, where X and Y appear in S. So the constraint representation of the
structure:

{every, most, see} every > see, most > see
{every, a, rep.of}  every > rep.of, a > rep.of
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is (leaving the symmetry of o implicit):

every o most N\ every o see A most o see A\ every o a A every o rep.of Aaorep.ofA
every — a A every — rep.of A every > see A every > rep.of A most > see A a > rep.of

A set of rules are defined on the constraints, so that additional scope information may
be deduced; this process does not affect scope information already present (monotonicity).
The deduction process is driven by determining what scoping of quantifiers around their
relations would give the required partial scoping (as discussed in section 4). It turns out
that for a partial scoping X > Y, what is required is the node in which different elements
dominate X and Y. To see this, consider the scope representation for the sentence FEvery
representative of a company sew most samples with some defects:

{every, most}

{every,a} {most,some}

where for clarity, the nodes representing the relations saw, of and with have been omitted.
If the partial scoping a > some were required, then the only node where different elements
dominate ¢ and some is the topmost node; every < a and most — some. Because every
and most appear at a common node, add the constraint every > most. This reduces the
problem to solving a > every; because a and every appear in a common node, no further
information can be obtained by this method.

A set of rules to capture this behaviour is:

S1: TAXoYAX > X'AX'>Y
FTAXoYAX o X'AX'DYAXDYAX'D>X

S2: TAXoYANY Y AXpDY!
FTAXoYANY S Y'AXDY' AXDY

S3: TAXoYAX S X'ANY S Y'AX'>Y!
TAXoYAX S X'AY 5 Y'AX'DY AX'DXAXDY

Trans: T'TANXDYAYD>Z
TANXDYAYDZANXD Z

Dom: TAXDYAY -7
TANXDYANY S ZANXDZ

where I' is any conjunction of literals and the associativity and commutativity of A are
assumed. For every constraint of the form X > Y, where X and Y do not appear at a
common node, at most one of the rules S1,52 and S3 applies. We then say that:

e A constraint is in normal form iff applying the rules S1, 52,53, Trans and Dom does
not yield any new constraints.

Also note that if F' is a constraint set such that for every constraint of the form X > Y
there is a constraint X oY, then the normal form of F' can be obtained by application of
only Trans and Dom.

If T is a clause in normal form then:
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o I represents an awailable scoping iff it does not contain a constraint of the form
Xp>X.

e [ represents a complete scoping iff it represents an available scoping, and for every
constraint of the form X oY there is either a constraint X >Y or a constraint Y > X.

The unavailability of a scoping follows from the irreflexivity of .

To illustrate the constraint solving, consider again the sentence Every representative of
a company saw most samples, where the fully underspecified representation of the possible
scopes is:

{every, most}

{every, a}

and the relations see and of have been omitted for clarity. In the fully unscoped represen-
tation, the relation > does not hold between any nodes. This structure is represented by
the conjunction:

every o most N\ every o a A\ every — a

If the partial scoping most > a were required, the simplification would be:

every o most N\ every o a A\ every — a A most > a
—g2 every omost A every o a N\ every — a A most > a A most > every

where no further rules apply so the clause is in normal form. The clause now contains the
additional constraint that followed from the original scoping.

Now, suppose the partial scopings most > a and every > most were both required (to
attempt to give the final scoping every > most > a, which is not an available reading).
Adding these constraints gives:

every o most A\ every o a \ every < a A most > a N\ every > most
—52 every o most A\ every o a N\ every < a A most > a A\ every > most N\
most > every
—Trans €VEry o most A every o a N\ every — a A most > a A\ every > most N\
most > every N\ most > most

The presence of the constraint most > most now indicates that the partial scopes do not
represent an available reading of the sentence.

6 Conclusion and Comments

We have presented a structure which correctly represents the interaction of quantifiers in
a sentence displaying quantifier scope ambiguity. The partial scopes which are expressible
by the representation are exactly those which are available according to the linguistic
theory of quantifiers being used. This contrasts with most underspecified representations,
in which partial scopes may be expressed which may not correspond to any final well
formed sentence, or which may represent readings not available to a speaker. We have

13



also indicated how the structures might be used to represent the scopes of an underspecified
system such as QLF. We have not discussed in this paper the place of these structures
in a full theory of meaning; the theory currently is concerned with questions of scope
availability rather than its place in semantic interpretation.
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