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Summary

In modal subordination, a modal sentence is interpreted relative to a hypotheti-
cal scenario introduced in an earlier sentence. In this paper, | argue that this phe-
nomenon reflects the fact that the interpretation of modalsis an ANAPHORIC pro-
cess. Modal morphemes introduce sets of possible worlds, representing alternative
hypothetical scenarios, as entitiesinto the discourse model. Their interpretation de-
pends on evoking sets of worlds recording described and reference scenarios, and
relating such sets to one another using familiar notions of restricted, preferential
guantification. This proposal relies on an extended model of environments in dy-
namic semanticsto keep track of associations between possible worldsand ordinary
individuals; it assumes that modal meanings and other lexical meanings encapsu-
late quantification over possible worlds. These two innovations are required in or-
der for modalsto refer to sets of possible worldsdirectly as static objectsin place of
the inherently dynamic objects—quite different from the referents of pronouns and
tenses—used in previous accounts. The simpler proposal that results offers better
empirical coverage and suggests a new parallel between modal and temporal inter-
pretation.

1 Introduction

Modal statementsin natural |anguage admit quite precise construalsin context. Dis-
course (1) illustratesthis.

(1) a | wantto hold abarbecue.
b  Some vegetarians may be coming.
¢ What can | do for them?

1Thanks to Mark Steedman and Dan Hardt for extensive comments, and Filippo Beghelli, Maria
Bittner, Anoop Sarkar, Roger Schwarzschild, Beverly Spejewski, and pragmatics and computational
semantics seminars at Penn for helpful discussion. This work was supported by an NSF graduate
fellowship, an IRCSgraduatefellowship, and apostdoctoral fellowshipfrom RUCCS, aswell asNSF
grant IR195-04372, ARPA grant N6601-94-C6043, and ARO grant DAAH05-94-G0426. This paper
isarevised submission to Linguistics and Philosophy of the original paper The Anaphoric Parallel
between Modality and Tense of May, 1997. April 3, 1999.
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To explain the meaning of (1c), general paraphrases such asthat in (2) are unsatis-
fying.
2 What actions for me to take towards vegetarians are logically possible?

Sentence (1c) means something much more specific. A better paraphrase is given
in(3).

(©)] Assuming vegetarians come to my barbecue, what actions will be
available to me (in virtue of the properties of vegetarians and barbecues
in the actual world) that will contribute towards making the event a
success?

The context refinesthe interpretation of (1c) in at least three respects. First, context
indicatesthat only acertain hypothetical prospect isunder consideration: what to do
if the vegetarians come to the barbecue. Second, context dictates that certain other
genera facts are to be taken as given in considering what is possible—facts about
what vegetarians and barbecues are usually like. Third, context suggests that any
possible action must be assessed for itsrelevance to my intentionto have asuccessful
barbecue.

In a seminal series of papers (notably [Kratzer, 1977], [Kratzer, 1981],
and [Kratzer, 1991)]), Kratzer characterizes and formalizes these contextual depen-
dencies. Her tools are an ontology of alternative, total possible world histories,
and two parameters that can be to supplied to moda quantifiers over such histo-
ries. One, the MODAL BASE, describes the set of possible worlds under genera
consideration. For (1c), the modal base picks out those worlds where vegetarians
come to the barbecue, and that otherwise respect our knowledge and circumstantial
congtraints. The other parameter, the ORDERING SOURCE, describes the plausi-
bility and present relevance of the different possibilities given by the modal base.
For (1c), the ordering source ranks higher those possibilities that lead naturally
to a successful barbecue. Kratzer goes on to show how these parameters can be
given aprecise, formal rolein the semantics of modals. Each alternative history is
interpreted model -theoretically as a possible world, and modals are interpreted as
quantifiersthat range over the ordering-source-best worldsin the modal base.

Although Kratzer’swork outlines how modals can and do vary in interpretation
in context, it remains largely open how language users arrive at the particular con-
textual interpretations they do. Answering this question is an important precondi-
tion to the construction of computational systemsthat participatein ordinary modal
talk, and to the understanding of the play of context and coherence in discourse
generally. This paper addresses the contextual dependency of modal meaning from
this perspective. Of particular concernisthe phenomenon of MODAL SUBORDINA-
TION [Roberts, 1986], present in (1) but better illustrated by the famous exemplar
in (4).2

2(4) is based on [Roberts, 1986] (11), whereit is attributed to Fred Landman. | will use Roberts's
term modal subordination to refer to the phenomenon exhibited, not itsanalysis; as we shall see, the
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4) A wolf might walk into the house. It would eat you.

In context, the meaning of the second sentence can be paraphrased asin (5).
5) If awolf walked into the house, it would eat you.

Theforce of the assertion isrestricted to a hypothetical scenario whereawolf walks
in. Because of thisrestriction, the hypothetical wolf can serve asthereferent for the
pronoun it.

Hereis an intuitive account of how (4) getsits meaning. The first sentence in-
troduces consideration of a hypothetical possibility into the discourse. The next
sentence refers to this possibility, and makes an additional claim about it. In other
words, the interpretation of (4) arisesfrom an ANAPHORIC connection between the
two modal sentences: they refer to acommon semantic object, in virtue of aformal
link.

The recognition that modals can refer to evoked possibilitiesgoesback at least to
[Isard, 1974]. The contribution of this paper isto show how to formalizethis expla-
nation robustly and naturally, so asto describe meanings of discourseslike (1) using
principles familiar from other domains and a simple semantic ontology. | beginin
section 2 by describing the obstacles facing an anaphoric extension of Kratzer’'sap-
proach to modality, and the consequent awkwardness of previous accounts of modal
subordination. Theninsection 3, | present anovel account inwhich thesedifficulties
are avoided by parameterizing both modal and lexical meaning by discourse refer-
entsfor sets of possible worlds, and by using an extended model of environmentsin
dynamic semantics to keep track of associations between these possible worlds and
ordinary individuals. | conclude in section 4 by suggesting that this approach pro-
videsapromising avenuefor futureresearch in allowing ahigh-level formal paralel
between modal and temporal meaning and interpretation.

2 Obstaclesto an Anaphoric Account of Modal Subordination

An anaphoric explanation of a contextual dependency postul ates a semantic param-
eter that specifies an entity represented in an evolving model of discourse. By re-
stricting possible interpretations to use a small set of pre-established values that
the listener is currently attending to, such an explanation helps constrain the oth-
erwise open-ended computational problem of disambiguation of utterancesin con-
text. (For asimilar characterization of anaphorafor [computational] semantics, see
[Webber, 1988].)

Kratzer's approach to modal semantics does not lend itself immediately to an
anaphoric account of modal subordination because values for its parameters for
modal meaning, the MODAL BASE and the ORDERING SOURCE, are determined in
acomplex way. InKratzer’'sapproach, modal wordsand conditionalsalike get their
meaning by contributing features both to the modal base and to the ordering source.

examples might better be said to illustrate modal anaphora.
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Accordingly, neither the modal base nor the ordering source specifies a semantic
parameter that can be contributed by prior discourse or recovered in modal subordi-
nation.

Consider first the modal base. The modal base provides the set of possible
worlds that modals quantify over. In sentences like (6), this set of worldsis given
in part by the if-clause and in part by the aternative modal verbs.

(6) If awolf comesin, | { could/ might } escape.

The if-clause restricts the modal base to those worlds where a wolf comesin. The
circumstantial meaning of could further restricts the modal base to those worlds
which are like the real world in those properties relevant to determining my abil-
ity to escape awolf. Alternatively, the epistemic meaning of might further restricts
the modal base to those worlds which share with the real world just our information
as to whether | would in fact escape awolf.

In modal subordination, a contribution to the modal base is recovered only for
aprior if-clause; in other respects, the modal base retains the restriction suitable to
the overt modal verb in the subordinated sentence. For instance, the modals might
and could in (7) retain the epistemic and circumstantial modal basesthat they exhibit
in(6):

@) If awolf camein, | could escape. You might be eaten, though.

If thetwo sentencesin (7) arerelated anaphorically, then, it isnot because they share
acommon modal base.

Likewise, consider the ordering source. The ordering source ranks the possibil-
itiesin the modal base by compatibility with someideal, like what the real world is
like, what thelaw provides, or what the speaker wants. Thisallowsthetheory to de-
scribe the contextual variability found for examplein deontic modals, asillustrated

by (8).
(8 { Legally / Morally / Ethically } Sandy should |leave.

The different possible adverbs in (8) disambiguate a range of deontic ordering
sources with which should is compatible: ideals established by legality, morality or
ethics. In[Kratzer, 1991], the ordering source a so figuresin the semantics of coun-
terfactuals.

9 If awolf had comein, | would have escaped.

For example, (9) can be analyzed with an ordering source of similarity to the real
world—and amodal base consisting of al possible worldswhere awolf came in—
to obtain the semantics for counterfactuals proposed by Lewis [Lewis, 1973].

Once again, in modal subordination, a contribution to the ordering sourceis re-
covered only for a prior if-clause; in other respects the ordering source reflects the
overt modal verb in the subordinated sentence. Take (10).
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(20) If awolf had comein, you could not legally have killed it. But you still
would have.

Here would has the ordinary counterfactual meaning associated with the if-clause
in the prior sentence, even though that sentence also involves ranking worlds
against what our law provides. (Incidentally, it transpiresthat Kratzer’s approachis
somewhat murky concerning the combination of counterfactuality and other modal
words.)

As| will show in section 3, adlightly different parameterization of modal mean-
ing allows parameters to be supplied by a straightforward anaphoric discipline,
while preserving Kratzer’s flexible contextualization of modal meaning. The new
parameterization works by distinguishing the action of modal verbs and if-clauses
iNn EVOKING HYPOTHETICAL SCENARIOS that elaborate on or present an aterna
tiveto availableinformation, from the action of modal verbsin particular to EVALU-
ATE SCENARIOS against arange of idealsusing arange of constraints. In particular,
this approach retains constrained parametersfor modal base and ordering source to
capture the semantic variation in modal verbs; however, at the same time, it incor-
porates new parameters for reference and described scenarios, represented model-
theoretically as sets of possible worlds, to record the common anaphoric dynamics
of modal verbs and if-clauses in modal subordination. In fact, the most significant
divergence involved in the new parameterization lies outside modals proper. We
must regard sentences in genera as characterizing sets of possible worlds (rather
than worlds themselves); and we must percolate the changes down to the meanings
of lexical items. Even here, it is straightforward to relate the new meanings to the
more familiar ones by trand ations or meaning postul ates.

But what if we stick more closely to Kratzer’s semantics? Two avenues have
been explored in the literature. Neither is satisfactory. The first, epitomized by
[Roberts, 1986, Roberts, 1989, is essentially syntactic. Roberts offers a formal
treatment in which the contents of DRSs may be coPIED from the matrix of a pos-
sibility operator to the implicit if-clause that provides the restrictor of a subsequent
modal, in a process that Roberts likens to accommodation [Lewis, 1979]. These
copied elements are then free to play the compound semantic role Kratzer’s theory
givesthem. Although it accountsfor avariety of examples of modal subordination,
this analysis is ultimately unsatisfactory (as recognized by a variety of recent re-
searchers). It explainsmodal subordination not asan ordinary, anaphoric process but
in terms of a distinct mechanism—accommodation—~by which Lewis treats cases
which actually violate the ordinary rules of language use.

The second approach, which includes [Kibble 1994, Portner, 1994,
Geurts, 1995, Kibble, 1995, Frank and Kamp, 1997], adopts an anaphoric analysis
of modals using dynamic semantics—a formalism in which the meaning of a
sentence is described as a relation between input environments recording theinitial
state of the discourse and corresponding possible output environments. These
theories are aike in taking modals to refer to complex, dynamic objects—objects
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that must be manipulated using an overt quantifier and which therefore must set up
referents by a special mechanism. This complexity leaves the approaches open to
critique for awkward theoretical asymmetries and empirical failure.

The theoretical asymmetries are illustrated by (a) and (b) examples of (11) and
(12).

(11) a A wolf walkedin. A victim waswaiting. It ate him.
b A wolf might walk in. A victim would be waiting. It would eat him.

(12) a John ate acheesestesk. It {was, #is} very greasy.
b John might be eating a cheesesteak. It {would be, #is} very greasy.

Naively, the possibilities for anaphoric connections in (a) and (b) sentences seem
quite similar. In (11a), we introduce a wolf and a victim as part of an ongoing de-
scription of an actual past situation. As we continue the description of that same
situation, we can continue to refer to those entities. However, as (12a) underscores,
when we move from the description of one situation to that of another situation—
the actual present—where the entities we have introduced will not exist, ascription
of physical propertiesto those entitiesisno longer possible. Likewise, in (11b), we
introduce awolf and avictim as part of an ongoing description of a hypothetical fu-
ture situation. Aswe continue the description of that situation, we can refer to those
entities, but, as (12b) reveals, we can no longer ascribe physical propertiesto them
when we move to the description of another situation where those entities will not
exist. The semantics of section 3 allows this naive explanation to be formalized for
the case of modals, much asit already isin standard accounts of temporal reference
such as [Partee, 1984, Hinrichs, 1986, Webber, 1988]. Indeed, as sketched in sec-
tion 4, this parale is an instance of a far-reaching smilarity between modal and
temporal interpretation.

On an explicitly quantificational dynamic theory of modality, there is no such
symmetry. Whileits approach to (11a) and (11b) implements the naive account, the
possibility of referencein (11b) requiresadifferent kind of explanation. The impos-
sibility of referencein (12b), meanwhile, essentially needs no explanation at all.

Thetechnical basisfor the asymmetry isrevealed by considering asimple, coun-
terfactual sentence, such as (13).

(13) If awolf camein, it would eat you.

Onthe Lewis-style semantics, many possibleworldsare under considerationin (13):
all the possible worlds which have a wolf that comesin and which are “closest” to
someinitial possibilities. These worldsdiffer, among other factors, in theidentity of
the wolf that comes in. Given this ontology and a usual lexical semantics in which
the meaningscontributed by sentences areevaluated for truth and fal sehood at single
worlds, (13) must be trandated by a quantificational expression of dynamic logic.
Roughly, this expression will construct a set of TEMPORARY environmentsthat list
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the current world and awolf that comes in there; and it will make sure that in each,
the listed wolf eats you. The temporary environments will play no role outside this
expression, and hence the possible worlds, and the wolves, will be added only tem-
porarily. Modal anaphorawill beimpossible.

Let me be more precise, by first introducing a presentation of modal mean-
ing that is formulated to work with dynamic objects, environments and updates,
in addition to worlds and propositions. (Similar presentations are fleshed out
with varying details in [Kibble, 1994, Portner, 1994, Geurts, 1995, Kibble, 1995,
Frank and Kamp, 1997].)

To characterize generic if- and when-clauses, dynamic semantics uses an oper-
ator = relating two updates. p = g is anew update; intuitively, this update makes
surethat all extensions of the current environment by p have extensionsby qinturn.
That is, p=- q outputsitsinput i, when for any j that you can get fromi by updating
by p, there is an environment k you can get to from j by updating by g. Formally,
thisis represented as the following trand ation or abbreviation:

(14)  (p= q) = NiAii =i’ AVj(pij O Ikqik).

Asatest, any environment that p=- q outputsisidentical toitsinput (inthiscase, the
generadization istrue); for someinputs, however, thereisno output (in this case, the
generdizationisfalse). Sincetheenvironment doesnot change, no new referentsare
introducedinto amodel of discourse using thisoperation. Whilethediscourse model
may evolveasi istransformedintoj and theninto k, these modelsare discarded after
thetest is complete.

For other conditionals, we must lift this propositional connective to a quan-
tificational connective incorporating reference to possible worlds.  Follow-
ing [Chierchia, 1992], these too involve semantic tests. They take the form
Q (P, Q) whereboth P and Q are DYNAMIC properties, functionsthat take an entity
to return an update. Using Q * to represent the static quantifier corresponding to
Q , theinterpretation of Q asadynamic quantifier isgivenin (15).

(15)  Q (P,Q) = NiAi’.i =i’ AQ *(Ax3j Pxij, AxJjk. Pxij A Qxjk)

According to this definition, the restrictor of Q * isthe set of entitiesfor which a P-
update is possible, and the nuclear scope is the set of entities for which a P-update
can be followed by a Q-update. For a sentence like (16a), where the entities are
ordinary individuals, the definition gives an interpretation that can be paraphrased
as (16b).

(16) a Every man who ownsadonkey beatsit.
b Every man who owns a donkey beats some donkey he owns.

Assuming a Lewis-style semantics for counterfactuals, the entities are possible
worlds and the static quantifier Q * says the consequent istruein all closest worlds



8 MATTHEW STONE

where the antecedent is true. We can apply this quantifier to Chierchia's presenta-
tion to analyze (13) in dynamic semantics. The resulting expression relatesi and i
at w by this condition:

an In all closest worldsto wwherei can be updated to find a wolf that
comesin, i can be updated to find awolf that comesin and eats you.

This condition, of course, is also atest; no overall update occurs with (17).

In the literature, exampleslike (12b) are typically taken to show that the predic-
tion of impossibility of modal referenceis generaly right, and that the anaphorain
modal subordination depends on an exceptional mechanism. The parallel between
modality and tense motivated by (11) and (12) suggeststhe opposite. Nobody would
argue that the impossibility of reference in (12a) was best explained by assuming
that times had a quantificational structure that blocked off further reference, or that
times had a dynamic structure that supplied referents by a separate mechanism in
extraordinary circumstances. The smple and uniform analysis of (11) and (12) is
that entities are incrementally added to a one overall model of the discourse, but
that modal presuppositions about referents, like tempora ones, modulate possibili-
ties for further anaphora.

Having made precise the theoretical asymmetry involved in previous dynamic
accounts of modal subordination, I can now illustrate the key empirical difficulty. It
centers around discourses such as the following:

(18) A wolf might walk in. We would be safe because John has agun. He
would use it to shoot it.

Informally, (18) describes two situations: an actual present situation, in which John
hasagun; and apossible future devel opment of that situation, inwhich awolf walks
in. Thelast sentence of (18) illustratesthat the speaker may refer both to the possible
wolf and to John’s gun in adescription of that possible future.

In the semantics to be presented in section 3, | will account for (18) asfollows.
The discourse describes two scenarios, interpreted semantically as sets of possible
worlds. These sets are static objects. Each sentence in (18) provides constraints on
these scenarios; for example, the first sentence says that one set of worlds—where
awolf walksin—represents an epistemically possible refinement of the other set of
worlds—corresponding to reality (as we know it). Now, the sentences that evoke
entities (real or hypothetical) introduce these entities into a flat model of the Dis-
COURSE. Thus, for example, the sentence that describes John's real gun adds to
the discourse a record of how to find John's gun in all the epistemically possible
worlds. Thisautomatically enables subsequent discourse to refer to the gun in the
wolf-scenario, because the scenario is epistemically possible.

In previous dynamic approaches, scenarios are interpreted as sets of DYNAMIC
objects, in which possible worlds are paired with ass gnments that indicate what en-
tities are available for reference there. (Entities are introduced into a sequence of
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evolving SCENARIOS rather than into evolving representations of the DISCOURSE.)
Because scenarioreferentsexplicitly inventory availablereferents, we can only refer
to agun in a scenario in which a gun has been explicitly added. Thisisincompat-
ible with the pattern of reference in (18). Firt, the discourse describes a possible
elaboration of what we know, where a wolf comes in (and we are safe). Then the
discourse evokes afurther elaboration of our information which includesagun. Al-
though thiselaboration describesreality, it neverthelessleavestheoriginal hypothet-
ical scenario unchanged. There istherefore no gun to refer to in the wolf-scenario,
cf. [Roberts, 1995].

Again, to be precise about the difficulty, it will help to describe more precisely
the particular entities different theories propose to store in the discourse model, and
tointroduce some notation. We avail ourselvesof discourse markersp, g, etc. whose
values are sets of (world, environment) pairs. dynamic scenarios. (The apparent re-
cursion on environments here requires some type-theoretic delicacy; it will be an-
other virtueof the account of section 3 that it dispenseswith thisrecursion and there-
foreinvolves straightforward types.) If P isadynamic property of possible worlds,
the condition in (19) characterizes environmentswhere p isinterpreted by the set of
(world, environment) pairs obtained by updating the (world, environment) pairsin
r by the dynamic meaning of P.

(19) p=r+P

Formally, using v(q, i) to namethevalueof discourse marker qinenvironmenti, (19)
characterizesi such that v(p,i) = {(w,Kk) | 3j.(w, j) € v(r,i) A Pwjk}. The notation
isfrom [Geurts, 1995].

Dynamic scenario variables such as p can provide the restrictors and scopes for
dynamic modal quantifiers in such a way as to give those quantifiers closely re-
lated interpretationsto Chierchia’s dynamic quantifiersQ (P, Q). Toiillustrate, sup-
pose we have a dynamic scenario r such that v(r,i) = {(w,i) | for all worldsw}. If
p=r+Pthen(w, )€ v(p,i)justincasePwij. (Both are equivalent to 3i’.(w,i’) €
v(r,i) A\Pwi’j.) If g= p+ Q, moreover, (w,k) € v(q,i) justin case 3j.Pwi j A Qwjk.
Thus, consider an update that firsts introduces p such that p = r + P and introduces
q such that g = p+ Q, obtaining an environment i, and then tests Q *(Aw3j.(w, j) €
v(p,i),Aw3k.(w k) € v(q,i)). Thefina testis equivalent to testing Q (P, Q) ini; so
the only new feature isthat now we have also introduced p and q into the discourse,
and within p and q appropriate discourse markers are defined.

With this ontology and notation, the anaphoric interpretation of might D; would
D’ isformalized roughly asin (20):

(20) q=p-+ D;some(p,q);s=q-+ D’;all(q,s)

(Of course, (20) suppresses how some and all may be parameterized to reflect
Kratzer's semantics for might and would.) These ordinary, dynamic variables are
used for modal anaphorain [Kibble, 1994, Geurts, 1995, Frank and Kamp, 1997].
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Now consider how (18) istreated on this account. Schematizing the successive
clausesof (18) by W, S G, U, we must represent thefirst three clauses using the chain
of updatesin (21):

(21) w=r+W,s=w+Sg=r+G

We must take g to extend r because of itsfactual mood. If wetook g to extend s, then
we would know only that John would have a gun if awolf came in (and we were
safe). But John does in fact have a gun. However, by representing the discourse
this way, we have ruled out the possibility of referring to the gun and the wolf at
the same time. U can refer to the wolf only if it extends w or s, for these are the
only dynamic scenarios in which awolf appears. And U can refer to the gun only
if it extends g, because thisis the only dynamic scenario in which the gun appears.
Thus, the anaphorain (18) cannot be accounted for.

Analternative, explored by [Portner, 1994, Kibble, 1995], isto use variablesthat
essentially refer to the updates themselves, rather than a particular result of the up-
date. This introduces conditions of the form M = Ap.p+ P. Particular results of
the update are obtained as part of processing modal conditions, by applying update
variables to a representation of the current state, which we might notate again by a
distinguished dynamic scenario marker r. The use of updating dynamic variables
leads to the following kind of formalization for might D; would D'

(220 My =2Ap.p-+ D;some(r,My(r)); Mz = Aq.q+ D’;all(My(r), Ma(My(r)))
This approach represents the updatesinvolved in (18) asin (23).
(23) M1 =Ap.p+W, Mz =Ap.p+S Mz =Ap.p+G

When the final sentence is reached, three concrete updates have been instantiated
previously in the discourse: M1(r), M2(My(r)) or M3(r). These are the three dy-
namic scenarios stored on the previousaccount, and we have seen that noneisappro-
priate. Because the discourse has now stored all the updates, however, these updates
could potentially be reapplied to different argumentsin different ordersin interpret-
ing U. For example, in the state represented by M3(M2(M4(r))), thereisawolf and
agunand avictim. Thisapplication, however, isnot faithful to the history of thedis-
course because M3 is applied to the scenario where awolf comesin, not to reality.
Similarly, wolf, gun and victim areavailablein the state M, (M1 (M3(r))). Hereeach
update applies to the same set of possible worlds asit did in the original discourse.
This strategy is unfaithful to the history of the discourse because the updates must
be processed in a new order. No previous approach has worked out in a satisfying
way how such novel sequences of updates should be defined or constrained.

The quantificational analysis of sentenceslike (13) isnot atheoretical necessity;
neither aretheincreasingly abstruse representations of possibilitiesthat we havejust
explored. These problems follow only from the decision to expose the logical on-
tology of possible worldsasthe linguistic ontology too. As| will now show, amuch
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simpler, more symmetrical and more robust account can by constructed by depart-
ing from this decision, and eliminating overt dynamic quantification over possible
worlds.

3 A New Anaphoric Theory

In this section, | begin in section 3.1 by proposing an alternative ontology for dy-
namic modal semantics, which encapsulates generalization over possible worlds
into the meanings of words, and uses structured environments to record associa-
tions between discourse referents and possible worlds. The new ontology enables
Kratzer's semantics of modal verbs and conditionals to be reparameterized as de-
scribed in in section 3.2. The new ontology and parameterization, in turn, makes
possible a straightforward formal account of modal subordination, which | present
in section 3.3.

3.1 Putting worldsin context

In order to represent anaphoric connections explicitly, the semantics of utterances
can describe not only their truth conditions but also their change in context. In par-
ticular, | adopt a variant of dynamic semantics, which | formalize as an axiomatic
theory in classical type theory, following [Muskens, 1995, Muskens, 1996].

The approach begins by adopting the primitivetypes of [Muskens, 1995], which
include not only the ordinary types e for individuals and t for truth values but also
atype w of possible worlds, atype € of eventualities, and atype t of times. | as-
sume that possible worlds share a common domain, but that a predicate u in w is
true of precisaly those u that actually exist at a world w. These resources provide
the familiar type-theoretic tools of Montague grammar.

We also have afurther type of contextual ENVIRONMENTS, which abstract the
evolving model of discourse that the listener constructs; designate thistypes. (The
term environment departs from Muskens's overloaded use of the term state, already
asubtype of eventuality.) A key innovation of my proposal liesin how environments
arerelated to the entities such as ordinary individual s that have been evoked by the
discourse. For Muskens and most previous research, an environment directly speci-
fiesvarious entities by storing each in a cell metaphorically conceived as analogous
to alocation in acomputer memory or file system. In contrast, | assume that each of
these cellsin an environment merely providesA WAY TO IDENTIFY AN APPROPRI-
ATE ENTITY DEPENDING ON A POSSIBLE WORLD—in other words, an individual
concept. The use of these structured environments means that the context required
to store or to access the element in acell must include not only the environment but
also the possible world at which the element isto be found. Accordingly, as shown
below, introductions of discourse markers and tests on discourse markers must be
augmented by possible-world parameters.

Despitethisdifference, theoverall dynamicsof environmentsareunchanged. As
the discourse evolves, new information isstored in new cells, perhaps nondetermin-



12 MATTHEW STONE

istically, and perhapsthe elementsin old cells are reassigned; a semantic parameter
interpreted using acell derivesits value from the current state (and a set of possible
worlds supplied by the construction in which it occurs). For example, an indefinite
NPwill set up acell that specifiestheindividual it refersto (across some set of possi-
bleworlds); subsequent pronouns may then refer to thisindividual by accessing that
cell (at any of those worlds). The meaning of a sentence is then arelation between
possible input environments, representing where the listener is before the sentence
is processed, and corresponding possible output environments, representing where
the listener is once the sentence has been assimilated.

Contextual items, or DISCOURSE MARKERS, are the semantic objects that re-
trieve the elements from cells. (This supersedes Muskens's idiosyncratic use of the
term store.) Asin[Muskens, 1995], for uniformity of types, | treat environments
as primitives. | thereforetreat discourse markers as functions on environments and
possible worlds; a discourse marker must have type (s x w, o) when the entities
picked out by the corresponding cell at each world would have type a. In the ap-
pendix, | present an axiomatic theory, closely following Muskens, that relates dis-
course markers and environments appropriately.

In outline, the theory begins by introducing a family of predicates mkq true of
the meaningful discourse markersof typea. Thetypesa includeat least individuals,
type e, and sets of possible worlds, type (w,t). It continues by including axioms
guaranteeing that any environment can be updated so that any variable v takes on
any combination f of values across possible worlds.

(24) Vivf (mKg (V) D Jj.i[v]j A YW(v(j, w) = fw))

Herei[v]j appealsto Muskens's notion of environmentsthat differ only in the value
of v.

The next step adapts Muskens's strategy of specifying the meanings of sen-
tencesin terms of formulasinspired by the DISCOURSE REPRESENTATION STRUC-
TURES, or DRSs, of Discourse Representation Theory [Kamp, 1981, Heim, 1982,
Kamp and Reyle, 1993]. (Again, details are provided in the appendix.) | begin by
describing DRSsbuilt according to thefollowing BNF syntax definitionin (25). The
primitive structures differ from standard ones in referencing a discourse marker w
which contextualizes the statement to an appropriate set of possible worlds.

(25) C:=R{wt,...,t;} | C,C
DRS:=[w:Vvy,...,%|C] | DRS DRS

(I shall add additional expansions to these definitions in section 3.2 to handle
modals.)

The interpretations of these conditions and DRSs is made precise by regarding
them as abbreviations of expressions in the raw language of the theory of types.
Firgt, for aterm t, we define an expansion t°—a function whose value at environ-
ment i and world w is obtained fromt by replacing each occurrence of afree marker



REFERENCE TO WORLDS 13

Vi int by vi(i,w), its value at that point. Then we can define the abbreviationsin
(26):

(26) (R{w,ty,...,ta}) for Ai.vwow(w(i, Wo)w O Rwt] (i,w) ...t (i,w))
(C1,Cy) for Ai.Cqi A Coi
[W:vy,. .., W | C]forAiAj.ijw: vy, ..., w]jAC]
Dq1;D» for AiAjTK.D;ik A Dokj

Regarding these definitions as abbreviations (instead of trandations) is convenient
for mixing DRS notation and type theoretic expressions.

Let us examine the definitions in (26) in detail. First, consider C, which rep-
resents the syntactic class of CONDITIONS imposed in a DRS. Semantically, con-
ditions are predicates of environments. In environment i, the atomic condition
R{w,1y,...,tn} considers any possible world w that might be picked out by w at i
(and some other world wp). At w, the condition ensuresthat the relation R holds be-
tweenthevaluesat i and wof t; throught,. Inthisway, all atomic conditionsdirectly
encapsul ate quantification over possible worlds. Thisiswhat alows this approach
to avoid theexplicitly DYNAMIC quantification over possible worldswhich compli-
cates previous accounts of modal subordination.

Each DRS, meanwhile, is interpreted as a relation between environments. An
atomicDRS[w: vy,..., W | C] permitsthe output to differ from the inputin allow-
ing the values of markers v, through v to vary across the worlds specified by w,
so long as the output satisfies the condition C. The differencerelativeto wisrepre-
sented by arelation on environmentsi[w: vy, . . ., V| j which reduces (asin Muskens)
to the composition of relations [ w : v, | alowing difference in a single discourse
marker. Thisrelation isrelativized to w in different ways depending on the type of
Va.

For a scenario marker oY, therelation i[w : w/]j ensuresthat i and j agree on al
discourse markers but «y. Further, at any world w where w(j,w) picks out some
nonempty set of worlds, «f(j,w) may pick out any set of worlds; at other worlds
o (j,w) must be empty. The restriction ensures that o' isapossibility RELATIVE to
w. Formally, thisis equivalent to the conjunction of the two conditionsin (27).

(27) a i[w]]
b VYwo(—3wy(w(i, Wo)wy) D =W (w (j, Wo)Wy)))

For other markers d, i[w : 8]j imposes the condition that the value of d must existin
each world in w; thisgivesit the formalizationin (28).

(28) a i[9]j
b Ywow(w(j, wp)w D d(j,w) in w).

Again, by encapsulating quantification over possible worlds within atomic state-
ments, these formulations of the updating condition avoid the cumbersome tech-
nigue of explicit dynamic quantification over worlds.
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Asin Muskens, the condition C;, C, holds of exactly the environments that sat-
isfy both C; and C,. Likewise, a complex DRS D;; D, relates an input with any
output that may be obtained by processing D, to obtain an intermediate environment
and using that intermediate as the input to D».

In the remainder of this section, | will show how these structured environments
allow modal meaning to be formulated in away that aso encapsulates the set struc-
ture of worlds within atomic statements. But first | will use the technical apparatus
thus far introduced to briefly situate this project of encapsulation.

In some sense, DRS representations already involve a certain degree of encap-
sulation in how expressions are evaluated. Specifically, the progression of envi-
ronments involved in interpreting linguistic expressions is perfectly regular, and is
therefore left implicit in DRS representations. Encapsul ating worlds—another pa-
rameter of evaluation—is a strategy with a ssmilar motivation: hiding a perfectly
regular feature of the interpretation of linguistic expressions. With worlds as op-
posed to environments, the encapsulation just happens to involve quantification
within linguistic meanings rather than sequencing between them.

With encapsulation, the analysis ams for a parallel anaphoric analysis of
modality and pronouns, but it does so only at the cost of breaking an exist-
ing close paralel—the paralel between sets of worlds and other linguistic plu-
ralities, which grounded the discussion of possible worlds and dynamic quanti-
fiers in section 2. There are two reactions to take. One is that the apparent
set structure required to represent partiality in possible-worlds semantics was al-
ways an artifact of the formalization. Many other approaches to information,
such as data semantics [Landman, 1986, Veltman, 1981] and Situation semantics
[Barwise and Perry, 1983], haveformalized partial information using atomic points.
These formalismsinvolve no parallel between states of partial information and plu-
ralities, and give us no reason to expect any such parallel in language. In fact, we
can hope for adaptations of the abbreviatory conventions for DRSs presented here
that would instead interpret the same DRS formulas in models derived from these
alternative theories of modality.

The second reaction is to look for representations of plurality that have more
in common with the new proposal. Van den Berg's work [van den Berg, 1993,
van den Berg, 1996] can be regarded as providing just such atheory. To represent
dependencies among plural individuals, van den Berg models environments using
sets of assignment-functions. Collective predication is accomplished by access-
ing all values assigned to discourse referents in the current state, while distribu-
tive predicationis accomplishing by subdividing sets of ASSIGNMENTS (rather than
sets of individuals) in order to maintain appropriate dependencies. Infact, the ater-
native representations of discourse and context required in van den Berg's formal -
ism for plurals help to highlight what makes reference to sets of possible worlds
distinctive—and moreover particularly ssmple. Quantification over worlds is al-
ways distributive—this allows the structuring of assignments not in terms of sets of
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(world,value) pairs but in terms of FUNCTIONS from worlds to values (arestricted,
independently interesting semantic class). Moreover, quantification over worldscan
be represented alwayswith narrow scope (lexically encapsul ated), in such away that
overt operators of distribution do not need to be added to the language. Further in-
vestigation of such semantic disparities may permit a more informed answer to the
linguistic relation between partiality and plurality.

3.2 Parameterizing modal meanings

| now turn to the parameterization of modal meaning. As emphasized earlier, this
semantics must separate the dynamics of modal verbs and if-clauses, to introduce
sets of possible worlds into the discourse model, from the evaluation of sets of pos-
sible worlds, which modal verbs semantically contribute. The dynamicsis speci-
fied by anew DRSif(w, f, D) which introduces the scenario marker «¥. The modal
semantics is specified by new conditions poss(w, W', M , <) and necc(w, W/, M , <)
that relate the values of w and ' in the current environment. | first outlinein broad
terms how these function in the theory, then provide the exact definitions.

If D isaDRS then if(w,w/,D) isalso aDRS; cal it D’. D’ updates its input
environment so that (at each world) «/ holds the set of worlds closest to wwhere D
holds. Theresulting environment reflects not only the introduction of ' but also the
update D performed in obtaining Y. (Intreating D as a DRS rather than a property
of scenarios, | assume that /' appears freein D.) DRSs like D’ are used both to
interpret conditionals and to introduce the hypothetical scenario whose possibility
or necessity modal verbs describe.

The descriptions of possibility and necessity relate areference scenario wy and a
new scenario we Where the content of the sentence holds. They areformulated using
conditions poss(wy, we, M , <) and necc(ux, we, M, <) that are true of an environ-
ment i when ) isa possibility (or necessity, respectively) relative to wy according
to the restrictions represented by the contextual parameter M (supplying a modal
base) and the ideal s represented by the contextual parameter < (supplying an order-
ing source).

Hereishow thedual effect of amodal verb such asmay is represented as acom-
plete DRS. Consider (29) as an example.

(29) John may |eave.

Under thisaccount, the interpretation of (29) depends on introducing the hypotheti-
cal scenario where John leaves and describing it asapossibility relative to appropri-
ate parametersM and <. In particular, some reference scenario y isobtained from
the context, and the scenario we just like wy but where John leavesis constructed and
introduced into the discourse:

(30) if (6, e, JOhN leavesin we)

The force of may isto assert that w, iS possible from oy :
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(31) [| poss(wy, we, M, <) |

The meaning of (29) isthen represented as a DRS sequencing (30) and (31) (by the
;-operator).

(29) may be taken as a statement of what is permitted for John, on appropriate
values of theM and <. Inthis case, < must rank the possible worldsin wy and we
according to the extent to which John meets the obligationsthat areimposed on him
there. Alternatively, (29) may be taken as a description of our ignorance of John's
intentions. In that case, the possibility assessed by M and < indicates only that the
scenario w is ssimply compatible with the informationin .

For a ssimple sentence like John will |eave, the corresponding two-step tranda-
tionis:

(32) if (0, e, John leavesin we); [ | necc(wy, we, M, <) |

This can be smplified considerably if, as | assume, the necessity condition here
forces wx and w to beidentical. Then will, would and is ssmply predicate the con-
tent of the clause directly of their reference scenario. For (32) then, we assert smply
that John leavesin w.

To flesh out the semantics for the modal connectives if(w,w/,D),
poss(w, w',M, <) and necc(w,w,M, <), | follow the ideas of Lewis on con-
ditionals [Lewis, 1973] and Kratzer on parameterized modals [Kratzer, 1991] as
closely as possiblein this new framework.

Lewis explains conditionals using a ternary relation close on worlds;
close(w,w,w’) holds when a world W is as similar or more similar to some
reference world w than w” is. Given some fixed starting point w, the relation given
by AwAw”.close(w,w,w") is then an ordering on possible worlds that can act as
a Kratzer-style ordering source in modal quantification. That is, to determine the
truth of if p then g at aworld w, find the set of closest worldsto w that satisfy p, and
make sure that g istruein al. This set of closest worldsis the scenario evoked by
the conditional. (Note that the need to evoke a representative set of closest worlds
to interpret modal subordination places some restrictions on the kinds of orderings
we may use to interpret close.)

| now adapt this idea to describe an update if(wy, wp, D). First, observe that,
given the earlier concrete definitions of assignment and updates, the relation

(33)  AiAj.3k(i[oo : wp]kA DKj)

updates the context so that in each world wy where wy (j, Wg) evokes a possibility,
ux(j, W) evokes a possibility for which a D-update has succeeded. Of course, (33)
does not require that wy, contain al and only the closest worlds with this property.
We can impose this requirement, however, by comparing w,(j, W) against al other
sets wp (h, wo) obtained similarly. Welook at eachworldwin w (j,wp). If noworld
in any such wy(h,wp) is strictly closer to w than any world in wy(j, Wo), wz(j, Wo)
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must contain only closest worlds. And if every world in al w,(h,wp) isat least as
far assomeworldin wy(j, Wp), then oy (j, wp) must contain all closest worlds. Sowe
can realize a Lewis-style condition by the following definition for if (wz, w,, D):

(34) AiAj.( 3k(i[oy : wplkA DKj) A Vh(3K(i [0y : wy]k A Dkh) D
VWOW( U)l(i,Wo)W >
VWhw (6 (h, Wo)wh A (], Wo)wj O
close(w, Wh, W) D close(w, w;, Wy ))A
VWh((xJz(h,Wo)Wh >
g (@ (], Wo)w; A close(w, wi, Wh))))))

As promised, this meaning for if includes an update of the overall context by
its argument D. This explains why subsequent discourse ought to be able to refer
to entities introduced by D, and accounts for the general possibility of anaphorain
modal subordination.

When it comesto the existence of referents across worlds, however, this defini-
tion involves some subtlety. This meaning for if does not necessarily ensure that
markers assigned existent values throughout worlds identified by w, are dso as-
signed existent values throughout the worlds identified by w,. Thisis not redly a
surprise: think of the meaning of counterfactualsthat explicitly eliminateindividu-
als, like if Monica Lewinsky had never existed. However, for indicative condition-
alsand modal verbs generally, we can justify the preservation of existence from w;
into wy.

Hereis how. First, | assume that w;, whether it represents our knowledge of
reality or of some other hypothetical situation, includes a set of possible worldsthat
captureafull range of consistent possible futures. Thisassumption makes w, rather
like ainformation state in data semantics or a point in a branching model of future
time [Landman, 1986, Veltman, 1981, Thomason, 1970]. Moreover, | suppose that
theranking close hasthisrelationshipto wy: Any twoworldsin w, arecloser to each
other than either isto any world not in «,. Then if the antecedent is consistent with
wy, every possible world picked out by wy, inj will aready be picked out by w; inj.
So the values for discourse markers v( j, w) for worldsin w, will be determined by
the values for worldsin w;. In particular if v(j, w) exists acrosstheworldsin oy, it
must also exist across the worlds in wy. So everything that exists at the w, worlds
will exist at the w, worlds.

Now, this account does not apply for counterfactual conditionals (and modals
describing impossibilities). Inintroducing counterfactual scenarioswe must be con-
tent to regard the preservation of entities merely as a default with exceptions both
in semantics and in formal pragmatics. How such adefault should be captured must
depend on the details of counterfactual reasoning, and is beyond the scope of this
paper. Note, however, that in fleshing out this default, it will be necessary to avoid
reaching nearby worlds where environments happen to leave all entities completely
unspecified, merely because those worlds have yet to be described directly in dis-
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course. The natural solution is to generalize the relationship close and broaden the
kinds of updatesrelated by [w: Y], in such away asto alow closely corresponding
entities to be added to the environment in these cases at the closely corresponding
worldsintroduced in the conditional. In particular, oneroutewouldinvolverevising
(34) tofeature arelation close(w, i, wj, j, W, k) comparing not only the worldsw, w;
and wy but also the cases identified by i inw by j inw; and by kin w.

The conditions for necc(wy,wp,M, <) and poss(wy,wp, M, <) are more
straightforward. The contextual parameters of these conditions are given in two
parts M and <. At aworld w and environment i, Mw is a moda base—a set of
worldsthat indicates the arestricted perspective that the modal takeson wy (i, w) and
w (i, w). (Thisencodesthedifference between epistemic and circumstantial modals,
for example.) Then thereis aternary ordering source <, wherew <,, W’ indicates
that W isascloseor closer thanw” to someideal for w. (Thisencodesthedifference
between for instance modal s that eval uate possibilities based on conformity with the
law and those based on conformity with desires.)

Using these two parameters, necessity can be formalized asin (35).

(35) ALY (Fwooy (1, Wo)w D Yw( o (i, Wo)w A M wow D
E|V\/((1)1(I,W0)V\/ V 002(|,W0)V\/) AMwow AW <wy WA
Vz(wy (i, Wo)ZAM WozA Z <y, W D (i, Wo)2)))

ThismirrorsDefinition 6 of [Kratzer, 1991]; apart from notation it containsonly one
dight difference. (35) imposes the same condition at each world wp at which a hy-
pothetical scenario is evoked by wy (i, Wp). For any world w in this scenario (asre-
stricted by the modal base M w), we must be able to find a better world w' in the
modal base—further restricted either by w; or w,—so that any world at least this
closein oy (i,wp) isan element of wy(i,wp). Semantically, the sole difference with
Kratzer liesin the digunction of the w; and w, terms; Kratzer’s Definition 6 hasthe
equivalent of the w, term only. This reflects the difference that w, on the new ap-
proach could in principle have been obtained by a counterfactual update, whereas
Kratzer's equivalent to wy is a proposition p which is effectively intersected with
wy. Since on a counterfactual update w, may contain a closer world than any w;
world, the broader restriction is appropriate.

On this approach, possibility, like necessity, imposes a constraint on all worlds
W at which a hypothetical scenario is evoked by wy (i,wg). This constraint is dual
to that of necessity, so the overall semantics for possibility isasin (36).

(36) AiLYwo (Iwooy (1, Wo)w D Fw( o (i, wo)w A M wA
VV\/(((O]_(I,W())V\/ V (Oz(l,Wo)) AMW AW SWO WD
Fz(on (i, Wo)ZA wp (i, Wo)ZA M wWozA Z <y, W))))

It requires wy (i, Wp) to contain aworld w such that any available world at least this
close to wp alows the discovery of a further close world which is an element of
wy (i, W) and wy(i, W) and the modal base.
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We have thus opened up Kratzer’s modal semantics to depend on a parameter
w, that can be supplied referentially or by an independent constituent such an an
if-clause. It is worth observing that this depends on the general encapsulation of
guantification over possible worldsin my proposal. Kratzer argues that modals and
conditionals must be treated simultaneously using examples such as (37).

(37) a If amurder occurs, the jurors must convene. (= [Kratzer, 1991] (24))
b [A murder occurs] D must [thejurors convene] (= [Kratzer, 1991] option
1)

As Kratzer observes, when we evaluate the truth of (37b) at asingle, total possible
world, we cannot supply the point of evaluation for must by a separate constituent
like an if-clause. For example, it iswrong to trandate (374) as (37b), for then the
sentence comes out vacuously true when no murder happens to occur. Yet (37b)
seems quite close to the representation | propose for (37a):

(38) if (o, ',amurder occurs); if(w, w’, thejurors convene);
[| necc(w, .M, <) ]

The differencein (38) isthat the discourse markers w, o and w” represent SETS of
possible worlds and are related by conditionalization. They don’t supply a point of
evaluation for must; instead they supply the whole domain of quantification. So, for
example, w' can describe a set of worlds where a murder takes place even when we
happen to live in aworld wherein fact no murder ever occurs.

3.3 Interpreting modal subordination
The dynamic semantics of section 3.1 and the modal semantics of section 3.2 permit
an account of modal subordination in which ordinary anaphoric mechanisms under-
lie reference to sets of possible worlds and restrictions on anaphora across modal
contexts are a function of the range of worlds across which discourse markerstake
existent values.

To illustrate his account, we return to example (18), repeated below:

(18) A wolf might walk in. We would be safe because John has agun. He
would use it to shoot it.

(39) gives aformalization of the example ignoring temporality and causality:

(39) Lif(w, o, [« u,e| wolf{w,u}, walk-in{w', u,e}]);
7| poss(eo, o, M, <) ]; 9 | safe{wy, we} |;
“o: gl gun{w,g}, have{w,j, g} J; T of : €| shoot{c,j,u,g,€}]

(The superscripts are an expository device to label the occurrences of sub DRSs))
Given the semantics outlined thus far, we can regard (39) as an abbreviation for
an type-theoretic expression describing changing discourse environments in which
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sets of possible worlds are stored. With some assumptions about the modal param-
eters w, close, M and < required by this expression, its correctness as a represen-
tation of (18) can be justified. Moreover, we can see how each part of the resulting
expression playsarolein an intuitive discipline setting up and propagating referents
for sets of possible worlds.

Assume that theinitial environment i assigns a value to w corresponding to the
information implicitly available to the participants in the conversation, which we
can represent by a proposition or set of worlds E. Formally, then, for each world
w € E, w(i,w) = E, and for any other world w(i,w) is empty. Assume also that
the ranking close which determines the possibility evoked by a conditional in this
context considers each worldin E to be an equally likely possibility, and, of course,
to be more likely than any world outside of E. Formally, this means that for each
pair of worldsw and w' in E and any other world w”, close(w,w,w”) holdsjust in
casew’ =w orw’ ¢ E.

Thus, according to the definition in (34), updating by DRS 1 setsup astatej in
which referents «f, u and e have two key properties. First, at each possible world
w that isin any oY (], wg) (for wg € E), u(j, w) picks out awolf that existsin w and
that entersin afuture event picked out by e(j, w). Moreover, al and only the closest
worldsto wy (for wp € E) where awolf walksin are represented in o (j, wp).

To get a better idea of what set exactly any o/ (j,wp) is, consider what it means
for DRS 2 to output j successfully. DRS 2 incorporates aKratzer-style requirement
of contextually-relativized possibility between w and «f. Since the possibility in-
volved is epistemic, for all worldsin E we can take the parameter M w to supply
an everywhere true modal base, and we can take <, to supply the identity relation.
For these parameters, poss(w, w,M , <) istrueof j justin case w(j,w) N/ (j,w)
isnonempty for all w € E. In context, we know that w(j,w) = w(i,w) = E, soif |
passes this test the closest worlds to w where awolf comesin are worldsin E. By
our assumption about close, o/ (j, w) therefore contains exactly the set of worldsin
E where awolf comesin. Call thisset E'.

Overall, then, with these contextual parameters the composition of DRS 1 and 2
relates an input i to an output | if and only if the following five conditions are met:
1) E contains a nonempty subset E’ giving the worldsin E where awolf comesin;
2) w(j,w) = E for all we E; 3) u(j,w) isawolf for all we E’; 4) e(j,w) isthe
event of the wolf walkinginfor all w e E’; and 5) j isotherwiseidentical toi. This
makes the right introduction and assessment of the possibility of awolf walking in.

Next, DRS3. Thisprovidesanother test of j: that wearesafeinal theworldsin
E’. Giventhecontext that hasset up E/, thismeansthat if awolf walkedin, wewould
besafe. Thus, thisformalism givesan appropriate semanticsto modal subordination
generaly.

Finally, DRS 4 and 5 reveal the streamlined dynamics of anaphora made pos-
sible by evoking sets of possible worlds as static objects. DRS 4 relates j to an
additional environment k which differs from k only in the value of g. Because it
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isinterpreted with respect to w, DRS 4 imposes a condition on g and k across any
w € E—assuming j has been updated as an update of i satisfying our initial assump-
tionsby DRS 1-3. At w, g(k,w) must be agun that John has. If John does not have
agun at al theworldsin E, then no output k is forthcoming; the sentence isafalse
characterization of the information available to speaker and hearer.

DRS5, in turn, relates k to afinal environment |, which differsin the value of
€/, and where moreover the following requirement is satisfied. In any world w
o (I, W), € (1, w) must be an event in which John uses g(I, w) to shoot u(l, w). What
does this mean, assuming Kk is related to an initial i by DRS 1-4? Then w ranges
over al theworldsin E’, and therefore u(l,w) picks out the wolf that is recorded
in that element of E’ aswalking in. Meanwhile, since E' C E and g(i, w) picks out
John’sguninall theworldsin E, heretoo g(i, w) picksout John’sgun. Thusthefinal
sentence means, correctly: if awolf walked in, John would use his gun to shoot the
wolf.

Similar assumptions allow an explanation of why anaphora is not felicitous on
the ordinary interpretation of an example such as (12b), repeated as (40) below.

(40) John might be eating a cheesesteak. #lt isvery greasy.

Under the same assumptions as with (39), John might be eating a cheesesteak is
trandated as an update relating an input i to an output j under certain conditions,
which include finding a nonempty subset E’ of aninitial set of worlds E and setting
up adiscourse referent u that picks out a cheesesteak John iseatingin all theworlds
in E’. Now the second sentence must describe the full set of worlds E, because of
itsverbis. Onthe intended reading, whereit isinterpreted as u, (40) should require
for itsfelicity that u exist in all theworldsin E. But this presupposition is not met,
sinceitisE’ that specifies the set of worldswhere the value for uisknown to exist,
and E’ need not contain all the worldsin E. (Indeed, the implicatureis that it does
not.)

4 Towardsa Parallel between Modality and Tense

Inthispaper, | have presented aformalisminwhich asmpleideaisworked out: that
modal verbs refer to and describe sets of possible worlds. Thisformalism requires
rich structures for the state of the discourse and for the semantics of moda words;
however, it represents the contextual dependencies and the semantic contributions
of modal words more compactly and more robustly than previous approaches. A
modal assertion depends for its interpretation on the modal force, the modal base,
the ordering source asin Kratzer’s semantics; and it also depends on areference set
of possible world that is supplied by context and a described set of possible worlds
that isintroduced into the context. By modeling these dependenciesintermsof static
objects (sets of possible worlds), | obtain a streamlined type-theory and a stream-
lined account of the introduction and retrieval of entities into the discourse model.
Crucially, the model correctly predictsthe ability to refer to real entitiesin real pos-
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shilitiesregardless of the order in which the entitiesand possibilities are introduced
into the discourse.

The formalism encapsul ates al quantification over worlds so that trand ations at
the level of a DRS refer to discourse markers for sets of possible worlds as primi-
tives. Because of this encapsulation, the temporal and modal relativization of DRS
conditions can be presented symmetrically on thistheory. For example, the account
offersformally parallel explanationsfor the possibility of continued anaphorawithin
temporal and modal descriptions such as (11).

(11) a A wolf walkedin. A victimwaswaiting. It ate him.
b A wolf might walk in. A victim would be waiting. It would eat him.

The account offers paralel explanations for the impossibility in many cases of
anaphora across multiple temporal and modal descriptions, asin (12).

(12) a John ate acheesestesk. It {was, #is} very greasy.
b John might be eating a cheesesteak. It {would be, #is} very greasy.

Additional parallels between modal and temporal interpretation seem to be forth-
coming on this approach. | mention three briefly.

The first concerns the pattern of referentiality in modality and tense. Since Re-
ichenbach, temporal reference has been described in terms of three points: a speech
point S areferencetime Rand theevent time E [Reichenbach, 1947]. | have aready
described parallelsto Rand E in the reference scenario and the described scenarioin
modal meaning. It is plausible, moreover, to regard the the difference between will
and would (both describing future events) as a difference in whether the reference
scenario represents a possibility compatiblewith our present information; with will,
but not with would, the reference scenario really must be possible [latridou, 1997].
This suggests arole for a speech point in modal semantics as well, so that modality
parallelstense initstriple referential context-dependency.

The second paralel concerns the modal and temporal interpretation of noun
phrases. Eng has argued that the temporal interpretation of noun phrasesisreferen-
tial [Enc, 1986]. Beghelli [Beghelli, 1996] exploresthe parallel ideathat the modal
scope of noun phrasesisaso interpreted referentially. Thisgivesanovel character-
ization of the well-known ambiguity between the de re and de dicto interpretations
of embedded noun phrases, on which the content of the embedded noun phrase can
describe real propertiesof areal entity, or subjective properties (perhaps of entities
that exist only subjectively). On areferential account, this difference is explained
not by the scope of the noun phrase, but rather by a set of possible worldsintroduced
by the context that is recovered anaphorically by the noun phrase itself.

Thethird paralel, the possibility for dloppy anaphora, isinfact aproperty shared
by all anaphora. Anaphorais doppy when the entity evoked by an anaphor differs
from the referent of its antecedent because an anaphor contained in the antecedent is
interpreted differently; both temporal and modal referentsfigurein sloppy anaphora:
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(41) a [VP[Tense]] You Past [ think | [ Past] wascrazy]. You probably till
Presdo VPE.
b [Modal [NP]] John would use didesif [ [ he] had to give the
presentation]. Bill would just use the chalkboard.

For example, in (41a), the anaphor is the VPE; its antecedent isthe main VP of the
previous sentence. The sloppy reading of the elided VP allows the reference point
of the embedded verb was crazy to be reinterpreted as referring to the moment of
gpeech. Dually, in (41b), the anaphor isthe modal verb; on the doppy reading, the
pronoun hein the description of itsscenario referent refersfirst to John, then to Bill.
By treating sloppy identity as a general feature of the resolution of anaphoric de-
vices, including tense and modals, [Stone and Hardt, 1997] give a simple, unified
treatment of the sloppy identity patterns observed with tense and modals. ((41) re-
peats example (4) from that paper.)

The present paper has introduced a ssmple semantics that can can allow such
paralels to be formalized in terms of ordinary static objects—sets of possible
worlds. Scenario markers for these sets are primitive. They are introduced di-
rectly into the evolving discourse model by an update if(w, ', D) introduces
as what would happen in w if D. They are evoked like other entities; they are
described by linguistically-motivated, atomic conditions: poss(w,«w/,M, <) and
necc(w, ', M , <). Thisabstract view crystallizesaformalism for referenceto pos-
sibleworldsin aconcise form. It is hoped that the availability of these representa-
tionsfor modal discoursewill allow futureresearch to better address open problems
in modal interpretation.
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5 Appendix: Complete Definitions

The complete formalism used in this paper can be specified, following
[Muskens, 1995, Muskens, 1996], as an axiomatic theory in type theory, and
a specification of DRS expressions as abbreviations of type-theoretic expressions.

51 Typetheory

We start with atype of environments s and a set © of types that discourse markers
can take on, namely {e, 1,¢, (w,t)}. We introduce for each o € © a predicate mkq
identifiestheelementsof type (sx w, a) that name discourse markersof typea. (42)
makes use of this predicate to describe environmentsthat differ only in v

(42) If visaterm of type (s x w,a) for any a € ©, theni[v]] abbreviates the
conjunction of

o Yu((mkquAu#v) D vYw(u(i,w) =u(j,w)))

e and the conjunction of all Yu(mkgu O Vw(u(i,w) = u(j,w))) for
dlpe©—{a}

This adapts [Muskens, 1995, def 1]. We also add abbreviations that relativize up-
dates to sets of possible worlds.

(43) a If wand of aretermsof type (sx w, (w,t)), theni[w: «f]j abbreviates
the conjunction of i[w/]j and
YWo(—3wy (i, Wo)wy) D ~Iwa (0¥ (j, Wo)Ws2)))
b If wisatermof type (sx w,(w,t)), and disaterm of type (sx w,a),
forany a € ©— {{(w,t)}, thenijw: &]j abbreviates the conjunction of
i[8] ] and Ywow(w(j, wo)w D &(j, w) inw).

These compose together:

(44) If wisaterm of type (sx w, (w,t)), disaterm of type (sx w,a) for any
a € © and o isanonempty sequence of terms of type (sx w, a) for any
a € O, theni[w: d,0]]j abbreviates Ik.ijw: S|k AK[w: O]j.

Three axioms then describe the possibilities for updates.

(45) a Vivf (mkq (V) D Jj.i[V]j AVYwW(v(j,w) = fw))
b mkqVfor each store namev of type (sx w,a), for eacha € ©
c u##vfor any two different store namesu and v of any type (s x w, o)

These adapt [Muskens, 1995, AX1,2,3].
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5.2 DRSAbbreviations
First we define an expansion t° which is aways term of some type (sx w, ).

(46)

If t isaconstant symbol c, t° = Ap.c. If t isadiscourse marker namev,

t° =Ap.v(p). If tisan application f(a), t° = Ap.f°(p)(a°(p)). If tisa
tuple (a,b), t° = Ap.(a°(p),b°(p)).

Then we have the following abbreviations:

47) a

R{w,ty,...,th} for Ai.vwow(w(i, wo)w O Rwi (i,w) ...t (i, w))

necc(wy, wy, M, <) for Ai.vwo (3w (i, wo)w D Yw(wy (i, wo)wA M wow D
E|V\/((1)1(I,W0)V\/ V 002(|,W0)V\/) AMwow AW <wg WA
Vz(wy (i, Wo)ZAM WozA Z <wy WD (i, Wp)2)))

POss(wy, Wy, M | <) for Ai.Vwo (3w (i, Wo)w D Iw(wy (i, wo)w A M wA
V\I\/(((O]_(I,Wo)\l\/ V ax(i,Wg)) A Mw AW <woWD
Fz(wy (1, Wo)ZA Wy (i, Wo)ZA M WozA Z <w, W))))

C1,Co for Ai.Cqi A Coi

[W:ivy,...,W|C] forAiAj.ijw:vy,...,w]jAC
if(w,wf,D) for AiAj. (3k(i[oy : wp]kADKj) AVh(3K(i[oy : wp]kADkh) D
VWOW(OO]_(i,Wo)W D
vWh\NJ (002(h, WO)Wh A 002(] ) WO)\NJ -
close(w, Wh, W) D close(w, w;, Wh))A
VW (002(h, Wo)Wh O

ElVVJ(OOz(j,Wo)VVJ /\CIOSG(W,VVJ,Wh))))))

Dl; D2 for )\I)\ijDllk/\ Dzkj



