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Chapter 7. Structured Modal Reference: Modal Anapho  raand
Subordination

1. Introduction

This chapter shows that PCDRT can be extended atyz structured discourse
reference in the modal domain. In particular, agdimew typev for possible worlds is
the only extension to our underlying logic Dynami? that is needed to account for the
discourse in (1) below, i.e. to derive its intugiy correct truth-conditions and explicitly
capture the individual-level and modal anaphorierneetions established in it.

1. a.[A] man cannot live without joy.
b. Therefore, when he is deprived of true spiritwlsj it is necessary that he
become addicted to carnal pleasures
(Thomas Aquina.

We will focus on only one of the meaning dimensiohshis discourse, namely the
entailmentelation established by between the modal premise (1a) and the modal
conclusion in (1) We are interested in the following features @ tliscourse. First, we
want to capture the meaning of the entailment garti , Which relates theontent
of the premise (1a) and tl®ntentof the conclusion (1b) and requires the lattebéo
entailed by the former. | take the content of aesgre to beruth-conditionalin nature,

i.e. to be the set of possible worlds in which sleatence is true, and entailment to be

content inclusioni.e. (1a) entails (1b) iff for any world, if (1a) is true inw, so is (1b.

! Attributed to Thomas Aquinakttp:/en.wikiquote.org/wiki/Thomas_Aquinas#Attriied

2 For the multi-dimensionality of the meaning thereforediscourses, see for example Grice (1975) and
Potts (2003).

% | am grateful to d.ogic & Language Yeviewer for pointing out that modeling the entaht relation
expressed byhereforeas a truth-conditional relation, i.e. as requirimglusion between two sets of
possible worlds, cannot account for the fact thegt tliscoursePi is an irrational number, therefore
Fermat's last theorem is true not intuitively acceptable as a valid entailinand it cannot be accepted as
a mathematical proof despite the fact that bothesees are necessary truths (i.e. they are trewany
possible world). | think that at least some of thailable accounts of hyper-intensional phenomera a
compatible with my proposal, so | do not see teBiam@insurmountable problem.



271

Second, we are interested in timeaningsof (1a) and (1b). | take meaning to be
context-change potential.e. to encode both content (truth-conditionsyl @maphoric
potential. Thus, on the one hand, we are interast#ite contents of (1a) and (1b). They
are both modal quantifications: (1a) involves awmnstantialmodal base (to use the
terminology introduced in Kratzer 1981) and ass#réd, in view of the circumstances,
i.e. given that God created man in a particular,vegylong as a man is alive, he must find
some thing or other pleasurable; (1b) involvesstéi®e modal base and elaborates on the
preceding modal quantification: in view of the ainestances, if a man is alive and has no
spiritual pleasure, he must have a carnal pleadlot that we need to make the contents
of (1a) and (1b) accessible in discourse so thattitailment particle can relate

them.

On the other hand, we are interested in the anappotential of (1a) and (1b), i.e.
in the anaphoric connections between them. Theseeabions are explicitly represented
in discourse (2) below, which is intuitively equlieat to (1) albeit more awkwardly

phrased.

2. a.If a man is alive, hg must find something pleasurable / he must have
a' pleasure.

b. Therefore, if hg doesn't have any spiritual pleasure, he must have 4

carnal pleasure.

Note in particular that the indefinite* in the antecedent of the conditional in
(2a) introduces the dref;, which is anaphorically retrieved by the pronoun, in the
antecedent of the conditional in (2b). This is@stance omodal subordinatiorfRoberts
1989), i.e. an instance of simultaneous modal amtlidual-level anaphora (see Geurts
1995/1999, Frank 1996 and Stone 1999): the intexfioa of the conditional in (2b) is
such that it seems to covertly duplicate the amkeceof the conditional in (2a), i.e. the
conditional in (2b) asserts that,afman is aliveand doesn't have any spiritual pleasure,

he must have a carnal one.
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| will henceforth analyze the simpler and more $gzarent discourse in (2) instead
of the naturally occurring discourse in (1). Thealdmge posed by (2) is that, when we
compositionallyassign meanings to) the modalized conditional in (2a), i.e. the presi
(i) the modalized conditional in (2b), i.e. the carsobn, andi{i) the entailment particle
, Which relates the premise and the conclusion,haee to capture both the
intuitively correcttruth-conditionsof the whole discourse and the modal and indididua
level anaphoric connectionbetween the two sentences of the discourse arihvaach

one of them.

The structure of the chapter is the following. ®ett2 outlines the proposed
account of the Aquinas discourse in (1/2) above discourse is basically analyzed as a
network of structured anaphoric connections and rtteaning (and validity) of the
Aquinas argument emerges as a consequence of tgrwined individual-level and
modal anaphora.

Section3 defines the formal system, dubbed Intensional PCRIR-CDRT), i.e.
the extension of PCDRT with (dref's for) possiblerdds. Section4 shows how
modalized conditionals and the entailment partiblereforeare analyzed in IP-CDRT,
while section5 introduces the IP-CDRT analysis of modal subortitima modal
subordination is basically analyzed as an instasfceestricting the domain of modal
guantifiers via structured modal anaphora; that tise antecedent of (2b) is
simultaneously anaphoric to the set of worlds dmedsiet of individuals introduced by the
the antecedent of (2a) and, also, to the quanrtiibical dependency established between

these two sets.

In order to make the presentation simpler and, tulige clearer, the development
of Intensional PCDRT in sectior3 4 and 5 builds on the simpler PCDRT system
introduced in chaptés, which does not contain all the extensions intoeduin chapte6
for the PCDRT analysis of quantificational suboadion (e.g. the dummy individual,

distributivity operators over individual dref's gtc

It is only in section6 that | revise the analysis of modal quantificatiomodal

anaphora and modal subordination within an interaisystem that incorporates and



273

extends the PCDRT system of chaffieThe revised analysis introduced in sectonill
explicitly and systematically capture the intuitiyarallel between quantificational
subordination and modal subordination — in paréiculhe intuitive parallel between the
quantificational subordination discoubkarvey courts agirl at every convention. She
always comes to the banquet with hiarttunen 1976) and the modal subordination

discourseA” wolf might come in. jtwould attack Harvey firsbased on Roberts 1989).

The final section (sectiorY) compares IP-CDRT with alternative analyses of

modalized conditionals and modal subordination.

2. Structured Reference across Domains

This section outlines the account of the Aquinescdalirse in (1/2) above. | first
show how to extend Plural Compositional DRT (PCDRAWi)h (dref's for) possible
worlds @.1). The extension enables us to analyze the diseanr§l/2) as a network of
structured anaphoric connections. The meaning Vatidity) of the Aquinas argument

emerges as a consequence of the intertwined ingilddvel and modal anaphoia?).

2.1. Extending PCDRT with Possible Worlds

To analyze discourse (1/2), | will extend Dynamg2Tand PCDRT) with a new
basic typew for possible worlds. Thus, we will work with a Dgmic Ty3 logic with four
basic typest (truth-values)ge (individuals; variablesx, x' etc.) andw (possible worlds;
variables:w, w' etc.) ands (‘variable assignments'’; variablesj, i', | etc.). The only
modifications we have to make to the Dynamic Tygidantroduced in chapted are: {)
resetting the set of basic static tyfgasSTypto {t, e, w} and (i) redefining the notion
of standard frame for Dynamic Ty3 so titat D, D,y andDg are non-empty and pairwise
disjoint sets. In particular, the set of four ax®itinat ensures that the objects in the
domainDs actually behave like variable assignments in #evant respects remain the

same.

In the spirit of Stone (1999), | will analyze mogalaphora by means of dref's for
static modal objects; in this way, we will explicitly cape the intuitive parallel between

anaphora and quantification in the individual anddal domains argued for in Geurts
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(1995/1999), Frank (1996), Stone (1999), BitthedO® and Schlenker (2005) among
others. | will call the resulting system IntensibRdural CDRT (IP-CDRT). IP-CDRT

takes the research program in Muskens (1996}heeunification of Montague semantics
and DRT, one step further: IP-CDRT unifies — inselaal type logic — the static Lewis
(1973) / Kratzer (1981) analysis of modal quangificn and van den Berg's Dynamic

Plural Logic.

Throughout this chapter, | will continue to subptitierms with their types, e.ge,
W, Is. | Will also subscript lexical relations with thewvorld variable, e.gseg(X, y) is

meant to be interpreted aseesy in world w.

Just as in CDRT+GQ and PCDRT, a dref for individwalill be a function of type
sefrom 'assignments; to individualsxe; intuitively, the individualusds is the individual
thati assigns to the dref In addition, IP-CDRT has dref's for possible wsip, p', ..,
p1, P2, Which are functions of typew from ‘assignmentss to possible worldsm;

intuitively, the worldpsis is the world that assigns to the dret

As in PCDRT, dynamic info states are sets of eiassignments’, i.e. terrhs]
etc. of typest A sentence is still interpreted as a DRS, i.eelation of type gt)((stt)
between an input and an output info state. An iddi&l drefu stores a set of individuals
with respect to an info state abbreviatedil := {usds: id lsg (that is, ul is the image of
the set of 'assignments'under the functioru). A dref p stores a set of worlds, i.e. a
proposition with respect to an info stateabbreviateg! := {psis id s} (that is, pl is

the image of the set of 'assignmehtshder the functiomp).

Propositionaldref's have two usesi) (they store contents, e.g. the content of the
entire conditional in (2a) (i.e. the content of fhremise of the Aquinas argument),) (
they store possible scenarios (in the sense ofeSt#99), e.g. the set of worlds
introduced by the conditional antecedent in (2&),a possible scenario containing a man

that is alive and on which the consequent of thelitmnal in (2a) further elaborates

As before, we use plural info states to store eétsdividuals and propositions
instead of simply using dref's for sets of indiatBior possible worlds (their types would
be s(et) and s(wt)) because we need to store in our discourse cbrfiex in our
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information states) both theluesassigned to various dref's and #teictureassociated

with those values, as shown in (3) below.

3. Info Statel | ... u u' p p'
i1 /xl (le.uip) | yr (i.e.uliy) w;  (i.e.piy) v;  (i.e.p'iy)
iz /Vl X | (lewi) |y, (i.e.u'ip) w, (i.e.pip) Vo (i.e.pip)
—— |
is I\ %/ (i.e.uis) ygw @.e.pig) v; (i.e.p'is)
_/
‘ 7 /
\ |

Values (sets of individuals Structure (relations between individuals and / or verlds): {<X;, y;>,
or WOI‘ldS): {Xl, X2, X3, }, <Xy, y2>, <X3, y3>, }, {<X11 Y1, W=, <X, Y2, Wo>, <X3, Y3, Wsz>, }! {<W1,
{wy, Wy, Wy, ...} etc. V>, W, Vo>, <Ws, V3>, ...} etc.

Mixed reading donkey sentences, donkey anaphostracture (both analyzed in
chapter5) and quantificational subordination (analyzed rajter6) provide empirical
motivation for plural info states. The example obdal subordination in (5) below,
which is intuitively parallel to the example of gquéicational subordination in (4),

provides independent empirical support.

4. a.Everys man saw & womanb. Theyy greeted them .

5. a.A"% wolf mightP: enter the cabirb. Ity wouldp, attack John.

In both discourses, we do not simply have anaphmisets of values (individuals

and / or possible worlds), but anaphoratroicturedsets.

In particular, if manm, saw womam; andn, sawn,, (4b) is interpreted as asserting
that m; greetedn;, notn,, and thaim, greetedn,, notny; the structure of the greeting is
the same as the structure of the seeinilarly, (5b) is interpreted as asserting tifa,
wolf entered the cabin, it would attack John, ifea black wolfx; enters the cabin in
world w; and a white wolk, enters the cabin in world,, thenx; attacks John i, not

in Wy, andx, attacks John ims, not inw;.

* The fact thatorrespondencinterpretation of discourse (4) — in which the stane of the greeting is the
same as the structure of the seeing — is a distgacting for this discourse and not simply a palgic
understanding of a vague / underspecifoemnulativelike reading is argued for in Krifka (1996b) and
Nouwen (2003).
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A plural info statel stores theguantificational structureassociated with sets of
individuals and possible worlds: (4a) requires ewatiable assignmerit | to be such
that the marui saw the womani; (4b) elaborates on this structured dependency by
requiring that, for eachil I, the manuii greeted the womamni. The structured
dependency can be represented in the (by now)itammy, i.e. by means of a matrix

like the one in (6) below.

6. Info statel U (men) u, (womer)
i1 m (=usi1) M (SUgiy)
man |’Tll Ssaw Womanln
P m (=uiiz) M, (SUai2)
is m (=Uyis) Ns (SUai3)

Similarly, (5a) outputs an info statesuch that, for each |, the wolfusi enters the

cabin in the worldi; (5b) elaborates on this structured dependencyedoh assignment

il 1, it requires the woléyi to attack John in worlgd;i.

7.

Info statel

u (wolveg

p; (worlds)

i1

% (ZUiy)

Wi (=pais)

wolf x enters the cabinin world v

% (FUiz)

Wa (=Piiz)

% (ZUsia)

W3 (=Piia)

Moreover, we need plural info states to capturacttired anaphora between the
premise(s) and the conclusion of entailment dissesilike (1/2) above or (8) and (9)

below.

8. a.Every! man saw & woman.b. Therefore, they, noticed therg, .
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9. a. A" wolf mightR enter the cabirb. Ity wouldp see Johh.

c. Therefore, ity wouldp notice him,, .

2.2. Structured Reference in Modal Discourse
Let us return now to discourse (2), which is anatyas shown in (10) below.

10.CONTENT R:if B (@4 manp, is alivep);
must ? p,,m u (P2, P3); heu, hasp, at pleasure,, .
THEREFORE P o« /. w (P1, pa):
if B(ps pz; not(hey, hasp, a' spiritual pleasurg,));

must ? p,. m w (Ps, Pe); heu hasp, a% carnal pleasurg .

The representation in (10) is basically a network structured anaphoric
connections. Consider the conditional in (2a) fifdte morpheme introduces a dregb,
that stores the content of the antecedent — we mieisddistinct dref because the
antecedent in (2b) is anaphoric to it (due to maddiordination). The indefinite
introduces an individual draf;, which is later retrieved:i)( by the pronoun in the
consequent of (2a), i.e. by donkey anaphora, ah8y the pronoun in the antecedent
of (2b), i.e. by modal subordination.

The modal verb in the consequent of (2a) contributes a tripartite
guantificational structure and it relates threeppsitional dref's. The drgd stores the
content of the whole modalized conditional. Thef grg which was introduced by the
antecedent and which is anaphorically retrieved by, provides the restrictor of the
modal quantification. Finallyps is the nuclear scope of the modal quantificatibns
introduced by the modal , which constrains it to contain the setidéal worlds
among thex,-worlds — ideal relative to thg-worlds, acircumstantialmodal basenand
an emptyordering sourcav Finally, we test that the set of ideal worldsretbin pz

satisfies the remainder of the consequent.
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Consider now the entailment particle . | take it to relatecontentsand not
meanings. We can see this by examining the disesurs (8) and (9) above: in both
cases, the contents (i.e. truth-conditions) ofpfemise(s) and the conclusion stand in an
inclusion relation, but not their meanings (i.entext change potentials). Further support
is provided by the fact that the felicity of -discourses iontext-dependent
which is expected if relates contents because contents are determined in
context-sensitive way. Consider, for example, tieealrse in (11) below: entailment

obtains if (11) is uttered on a Thursday in a dsston about John, but not otherwise.

11.a. Heyonn came back three days ag@sday

b. Therefore, John came back on a Monday.

Moreover, | propose that in (2b) should be analyzed as a modal relation, in
particular, as expressiriggical consequenc¢ehus, | analyze discourse (1/2) as a modal
guantification that relates two embedded modal tificetions, the second of which is
modally subordinated to the first. Just as the rhoda, contributes a necessity
modal relation and introduces a tripartite quacdifional structure: the restrictorps (the
content of the premise) and the nuclear scopeasnt#wly introduced drep,, which
stores the set of idep}-worlds — ideal relative to the drpf (the designated dref for the
actual worldw*), anemptymodal base?y and anemptyordering sourcev* (the modal
baser”” and the ordering sourag are empty because is interpreted as logical

consequence). Sing# andw* are empty, the dref; is identical tgp;.

Analyzing as an instance of modal quantification makes astléwo
welcome predictions. First, it predicts that we @aterpret it relative to different modal
bases and ordering sources — and this predictiborise out& expressesausal

consequence in (12) below and it seems to exprissseof practical inferencen (13).

12.Reviewers are usually people who would have beeispabistorians, biographers,
etc., if they could; they have tried their taleat®ne or the other, and have failed;
therefore they turn critics.
(Samuel Taylor Coleridgé.ectures on Shakespeare and Mijton
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13.We cannot put the face of a person on a stampsaislad person is deceased. My
suggestion, therefore, is that you drop dead.
(attributed to J. Edward Day; letter, never mailem,a petitioner who wanted
himself portrayed on a postage stamp)

Second, it captures the intuitive equivalence betwihne discourse
, and the modalized conditional :
( / (they are equivalent provided we add the prerhise
to the conditional).

The conditional in (2b) is interpreted like the ddional in (2a), with the additional

complication that its antecedent is anaphoric eoahtecedent of the conditional in (2a),

i.e. to the dref,. The drefps is astructuredsubset op,, symbolized aps p,. We need

structured inclusiorbecause we wam to preserve the structure associated withpthe
worlds, i.e. to preserve the quantificational cep@ndence between thgworlds and the
u;-men that are alive in them. The modal verb in (2b) is anaphoric tqs, it
introduces the set of worlds containing all thgxs-worlds that are ideal relative to the
ps-worlds, mand w (the same as the modal base and ordering soutbe premise (2a))

and it checks that, in each idggiworld, all its associated,;-men have a carnal pleasure.

3. Intensional Plural CDRT (IP-CDRT)

In an intensional Fregean / Montagovian framewdile, compositional aspect of
interpretation is largely determined by the types the extensions of the 'saturated'
expressions, i.e. names and sentences, plus théhgpenables us to build intensions out
of these extensions. Let us abbreviate therg, &sands, respectively. In IP-CDRT, we
assign the following dynamic types to the 'metaeg/p, t ands: a sentence is interpreted
as a DRS, i.e. as a relation between info statescdt := (sf)((st)t) (the same as in
PCDRT); a name is interpreted as an individual,drefhcee := se(again, the same as in

PCDRT). Finally,s :=sw, i.e. we use the type of propositional dref'suddintensions.
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To interpret a noun like 'man’, we define an atoma,{ u} based on the static one
man,(x), as shown in (14) below. The IP-CDRT atomic ctinds are the obvious

intensionalized versions of the corresponding PCBditions.

14. Atomic conditions — first attempt.

man{u}:= ls 11@U" id I(mary(ui)).

In general, the IP-CDRT basic meanings for lexicems are the usual
intensionalized versions of the corresponding estteral PCDRT meanings, as shown in

table (45) below. | use the following notationahgentions:

u, u' etc. for dref's of type=se (recall that they are constants in our Dynamic Ty3
logic) andv, V' etc. for variables of type=se

p, p' etc. for dref's of type:=sw (which are also constants in our Dynamic Ty3 Ipgic
andq, q' etc. for variables of typg=sw;

P, P etc. for variables over dynamic propositions opeyst, where s.=sw and
t:=(s)((st)1);

P, P' etc. for variables over dynamic intensional préipsrof typee(st), wheree:=se

Q, Q' etc. for variables over dynamic intensional quaers of type €(st))(st).

15. TR O: IP-CDRT Basic Meanings (TN — Terminal Nodes).

Type
Lexical Item Translation t :=e(;)(s(§t)t)
S=sw
Vi, Ve Gs [sleep{V}], e(st)
wheresleepis of typee(wt)
v, Qe Ve G Q Ve s [owWry{v, VI)(0), ((E(sH)(sH)E(s)

whereownis of typee(e(wt))

equivalently:
Q(e(st))(st)- Ve Q( Vle- O [OWFh{V, VI}])

Qlestysy: Qetsiyisy: Ve (e(sY(sY)((e(sH(sY)
" (e(Q)z(( )V'e- ((Qe(( i}EIe)- Gs [buy{ v, v', v'}])), (e(st)))
wherebuy is of typee(e(e(wt)))

N Ve Gs [house_elfV}], &(st)
wherehouse_elfs of typee(wt)



15. TR O: IP-CDRT Basic Meanings (TN — Terminal Nodes).

Lexical ltem Translation
DP Pesi)- P(Ue)
b P'asy- Pesy- s [unique{ul]; P'(u)(a); P(u)(q),

DP

whereuniqueg{ u} :=
I PG U™ IJ 1" i'd I(gi=qgi' ® ui=ui"),
i.e. anaphoric and ‘'weakly' unique.

P'esy- Pesy- Gs P'(U)(Q); P(U)(Q),
i.e. anaphoric.

Pe(sy- P(Ve)
DP Pesy- P(Dobby)
DP Pesy- s [U |u=Dobby); P(u)(a)
DP Pesy- P
Psy. P

! Py Os [<P(Q)], where:
~Di= I IP@U" Hy(H @ UHI | ® @$Ks(DHK)),
whereD is a DRS (type)

D P'asy- Pesy- Gs [Ul; P'(U)(Q); P(U)(Q),
i.8. Plysy. Pesy- Gs JU(P(U)(0); P(U)(@)),
where3u(D) = [u]; D

b Plasy- Peey- Gs max'(P'(u)(a); P(u)(a)), where:

max’(D) := leJs ([u]; D)IJ U" Ke(([u]; D)IK ® uKi uJ),
i.e. Pysy Posy- Gs I U(P'(U)(@); P(U)(),
where3™u(D) := max‘(D)

D Plest- Pesy- Gs- max'(P'(u)(q)); [unique{ u}]; P(u)(@),

whereuniqueg{ u} :=
I L@U"iJ 1" i'd 1(gi=qi' ® ui=ui') and
max’(D) := s ([u]; D)IJ U" Ke(([u]; D)IK ® uKi uJ),

i.. Plesy Pesy- Gs 3"U(P'(u)(@)); [unique{u}]; P(u)(a),
i.e. existence and uniqueness — the Russelliaysigal

Py Pesy G- max'(P'(u)(q)); P(u)(@),  where:

Type
e:=se

t = (sh((sht)
s=sw

(e(st))(st)
(e(s))((e(sh)(sY)

(e(st))(st)
(e(st))(st)
(e(sD)(sY)
(e(st))(e(st))
(st)(st)
(s(st)

(e(s))((e(sh)(sY)

(e(s)((e(s))(sY)

(e(s)((e(sh)(sY)

281
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15. TR O: IP-CDRT Basic Meanings (TN — Terminal Nodes).

Type
Lexical Item Translation t :ze(:;)(s(;)t)
S:i=sw
max’(D) := lsJs ([u]; D)IJ U" Ke(([u]; D)IK ® uKi uJ),
i.e. Pysy. Pesy- Gs ITU(P'(U)(@)); P(U)(a),
i.e. existence and maximality
. Pass Pasy- G [1det(P'(U)(@), PU)(@)], where: (B(SH(EH)(Y)
pdet(Dy, Dy) i= lg 1P @ UDET(Up[D4l], us[(Dy; D)I]),
whereu,[DI] := E{uJ: ([u |unique{u}]; D)IJ}
anduniquep{ u} :=
I 1T@U"id 1" i'd I(pi=pi' ® ui=ui')
andDET is the corresponding static determiner
Vi Ve Vi eV £ (1))
Vi oo Ve Vi eV t(...(t)...)

Conj

The IP-CDRT definitions of generalized conjunctiorand generalized disjunction

are the same as the PCDRT ones.

3.1. An Example: Indicative Sentences in IP-CDRT

Let us now look at the IP-CDRT analysis of a simipidicative sentence like the
one in (16) below. | will assume that the LF of lsuc sentence contains an indicative
mood morpheme in the complementizer h€awvhose meaning is provided in (1) below:
the indicative mood stakes the dynamic propositigrdenoted by the remainder of the
sentence and applies it to the designated dreh&actual worlgp*. We capture the fact
that the drep* refers to the actual worMd* by requiring thap*I={w*}, wherel is the

input information state relative to which the secis interpreted.

Furthermore, | assume that functions as an intransitive verb and that
functions as a semantically vacuous inflection@die much like , ,—andit
is assigned the same kind of meaning, i.e. anitydanction over dynamic propositions:

Psy. P
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16.AYK 4 man is alive.

17 o. P P(p¥)

18. KU Py Pesy s [Usl; P(U)(@); P(un)(@)

Ve Qs [man{Vj]

wke 4 Pesy- G [Uz | mand ugl]; P(us)(a)
Ve. . [aliveg{ V]
wke Y Os. [tr | mand us}, alive u]
wk y

[ur [manp{u}, alivey{us}]

Note that, before introducing the meaning of th&idative mood morpheme o,
the composition makes available the dynamic prajpos(of typest) gs. [us | manf ui},
alive{ui}] and it is based on this proposition that the meg of the conditional

antecedent in (2a) is obtained — as the followewjien endeavors to show.

4. Conditionals, Modals and Therefore in IP-CDRT

In this section, | show how to compositionally azal in Intensional Plural CDRT
(IP-CDRT):

modalized conditionals, i.e. the meaning of thdiglarif (4.1) and the meaning of
modals §.2);

the entailment particltherefore(4.3).
4.1. If

To interpret the conditional in (2a) above, we naedi) extract the content of the
antecedent of the conditional and store it in gppsttional drefp, and (i) define a

dynamic notion oktructuredsubset of a set of worlds.

We will first see how to extract the content of dreecedent of the conditional. For

this purpose, | define two operators over a prdmosl dref p and a DRSD: a
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maximization operatomax’(D) and a distributivity operatatist,(D). The maximization
operator over propositional dref's, defined in (h8Jow, is identical to the maximization

operator over individual dref's in PCDRT.
19.max’(D) := st Jst. ([p]; D)IJ U™ K(([p]; D)IK ® pKi pJ)

The definition of the distributivity operator in{® below follows the basic format
(but not the exact implementation) of the corresjiog operator over individual dref's in
van den Berg (1994, 1996a) and incorporates an @émemt of van den Berg's definition
proposed in Nouwen (2003)Just likemax’, the dist, operator is an operator over
DRS's: its argument is a DHRJ i.e. a term of typé := (st)((stt) and its value is another
DRS (of typet), i.e.disty(D).

20. Selective distributivity over modal dref's in IP-CDRT.
disty(D) := lst st PI=pIU" Wi pI(DI p=wdp=w),
wherelp—y, = {id I: pi=w}

andp is of types := sw andD is of typet := (st)((sd)t).

The basic idea behingdistributively updating an input info statewith a DRSD is
that we first partition the info stateand thenseparatelyupdate each partition cell (i.e.
subset ofl) with D. Moreover, the partition of the info stdtes induced by a drgb as
follows: consider the set of worlgd := {pi: il 1}; each worldw in the selpl generates
one cell in the partition of, namely the subseii{l: pi=w}. Clearly, the family of sets
{{ i1 I: pi=w}: wi pl} is a partition of the info statk the union of the family of sets is the
info statel and, for any two distinct worlds andw' in pl, the setsi{ I: pi=w} and {il I

pi=w'} are disjoint.

Thus, updating an info statewith a DRSD distributively over a drefp means
updating each cell in thepartition ofl with the DRSD and then taking the union of the
resulting output info states. The first conjunctdefinition (20) above, i.epl=pJ, is

required to ensure that there is a bijection betwtbe partition cells induced by the dref

® See van den Berg (1994): 14, (43), van den B&8G4): 145, (18) and Nouwen (2003): 87, (4.17).
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p over the input stateand the partition cells induced pyver the output statke without
this requirement, we could introduce arbitrary neslues forp in the output staté, i.e.

arbitrary new partition ceffs.

The second conjunct, i.&.wl plI(Dlp=wdp=w), is the one that actually defines the
distributive update: every partition cell in thein info statd is related by the DRB to
the corresponding partition cell in the output etdt The figure in (21) below
schematically represents how the input stasg-distributively updated with the DRIS.

21.Updating the info statel with the DRSD distributively over the dref p.

DI n= w'\]n=w‘

J pzw'
Dlo=udo=u

Dl n= w"\]n:w"

Input state |  —update with D distributively over@  Output state J

The Appendix to the chapter studies in more détailformal properties of selective
distributity, generalizes it to distributivity ovenultiple dref's and defines distributivity

operators over arbitrary distributable types ovat above the basic distributable type

= (sh((sh).

The operatorsmax’(D) and dist,(D) enable us to ‘dynamize-abstraction over
possible worlds, i.e. to extract and store contehedist,(D) update checks one world at
a time that the set of worlds storedprsatisfies the DR® and themax’(D) update

collects inp all the worlds that satisfip. | will analyze as a dynamic-abstractor over

® See Nouwen (2003): 87.

" Note that the first conjunct could be replacedhwlite biconditional W(lp=nt D« Iyt D).
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possible worlds, i.e. as a morpheme that extraetedntentof a dynamic propositiofs;
and stores it in a newly introduced propositionadfg, as shown in (22) below. The

representation in (23) shows how the meaning ofombines with the dynamic

proposition contributed by"‘k % and stores its content in the dpef
22. Pgt. maxP(disty(P(p)))
23. WU Os [us | manf{uy}, aliveus)]
R wky max P (dist p([uz [manp{ui}, alivep{ui}]))

We need one last thing to translate the antecadg2a). The donkey indefinite

receives atrongreading, i.e. the conditional in (2a) is interpelas asserting that
every(and not onlysom@ man that is alive must have a pleasure. Thusambecedent of
(2a) is translated in IP-CDRT as shown in (24) bélo

8 Thus, | assume that the strong reading associdtadhe indefinite is contributed by the indefinite
article itself and not by the modal verb (and / or the morphemé. | have chosen this analysis because
it is parallel to the analysis of weak / strongdiegs of relative-clause donkey sentences in chdpte
above. However, it might very well be that modatbgein modalized conditionals might bind certain
indefinites in the antecedent of the conditiona&. ithey might be instances afiultiply selective
guantification See, for example, Chierchia (1995) for the usthefnotion of dynamic multiply selective
guantification in the analysis of extensional coiodials with adverbs of quantification like

etc.

It seems clear to me that the analysis of conditiacdonkey sentences like
" , should allow for more readings than the
corresponding relative-clause donkey sentences%i.e "

The donkey sentence has a reading in which we considst cases in which a man buys a book,
while the donkey sentence seems to lack this reading A @ny case, it is a lot less clear that the
donkey sentence has such a reading (see alsontrastdetween ,

and ).

Since conditional donkey sentences allow for mesalings than the corresponding relative-clause ejonk
examples, it seems clear that this is due to theitonal structure itself, i.e. to the adverb obaqtification
together with the morpheme- and | am inclined at this point to allow for altiply selective analysis of
such donkey conditionals in which the adverb bimdtefinites in the antecedent (the analysis of
proposed in chapté& can be fairly easily extended to accomplish this).

It is not as clear to me that modal verbs in maedali conditionals should receive a similar, multiply
selective interpretation, i.e. it is not at allarléo me that modal verbs and adverbs of quaritiifiesshould

be analyzed in parallel (I am indebted to Maribelnfero, p.c., for emphasizing the importance of this
issue). Heim (1982), for example, proposes sucirallpl analysis; note also that such a parallalyesis is

an almost immediate consequence of a situationdbBstE-type approach to donkey anaphora, since the
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24, B sty max ® (dist p(maxU(mang{us}, alivep{ui}l)))

The IP-CDRT representation in (24) provides the iecgd motivation for the
introduction ofselectivedistributivity: we need thelistp operator over and above the
unselectivaistributivity built into the atomic conditions t&use, in the standard Kripke-
style modal system that | assume, the same indivichay exist in multiple worlds
(though not necessarily in all of them). Thereforean be possible for a man to be alive
in two distinct possible worlds — in which case, want to introduce this man with
respect teeachof the possible worlds in which he is alive — @mid is what the selective
distributivity operator over the modal dnef achievesdistp ensures that we separately
consider every possible world storedpinand relate it to all the men that are alive in it.
Should we omit the selective distributive operatoe, could introduceall the men that
are alive in some world or other, but we might faiintroduceesachman with respect to

eachpossible world in which he is alive.

Thus, at least for the particular example we amsilering, the need for selective
distributivity is partly due to the assumed undedy ontology. However, the
introduction of selective distributivity has a ma@eneral motivation, namely the parallel
treatment of the dynamics of values and structare®CDRT and IP-CDRT. More
precisely, maximization together wisielectivedistributivity enables us to 'dynamize’
abstraction ovestructureas well as over values: one the one hand, setedtistributive

operators, e.gdistp in (24) above, enable us teabstract one value at a time; on the

other hand, selective maximization operators malmssible to extract the desired set

and, when we maximizeinder the scope of a selective distributive operatog. e.

same domain of situations is used for modal quaatibn (see Kratzer 1989) and anaphora (see Heim
1990 among others).

However, conditionals with adverbs of quantificatiare intuitively extensional, while conditionalsttw
modal verbs are intensional, so it is not obviohst twe should have a parallel analysis of the two.
Unfortunately, | have to leave the investigationihase crucial issues for future research.

° Had we used a counterpart-based system of thepkopbsed by Lewis (see Lewis 1968 among others),
we wouldn't have needed selective distributivitgromodal dref's because, in such a system, anidgiv
exists in exactly one possible world.
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distp(maxy(...)) in (24) above, we are able to extract the fyhstructure associated

with each singlg,-value.

4.2. Modals

We have seen in the previous section how to extinectontent of the antecedent of
the conditional and store it in a propositionalfgrse We turn now to the second notion
needed for the interpretation of the conditional (#a), namely the definition of a
dynamic notion ofstructuredsubset of a set of worlds. We need a notion efctired

inclusion because:

the modal must and the donkey pronouhe in the consequent of (2a) are
simultaneously anaphoric to tpeworlds and thei;-men and we need to preserve
the structured dependencies between them;

the modally subordinated antecedent of the condition (2b) is also anaphoric to

p2 andu; in a structured way.

In the spirit of van den Berg's (extensional) Dymaflural Logic, who makes use

of a dummy / 'undefined' individual, | will assume that there is a dummy world # (of
type w) relative to which all lexical relations are fal§he dummy world # can be
thought of as the world in which no individual wéeag¢ver exists) and | will use this

world to define thestructured inclusiorcondition in (25) below?®.
25.p p':= Il 1P@U"id I(pi p'i Upi=#).

However, unlike van den Berg, who makes use ofitimamy individual within a

partial logic (the dummy individual yields undefaress), we will continue to work with
a classical (bivalent, total) type logic and assuha the dummy world # yields falsity
(i.e. any lexical relation of the forl,(xs, ..., X2) is false ifw is #). We can think of the

dummy world # as the world where no individual whatsoever exibence all the

19 The corresponding notion of structured inclusiarttie individual domain is defined and justified in
section3.2 of chapte6 above.
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lexical relations are false because a relation éetwindividuals obtains at a particular

world only if the individuals exist in that posstbivorld.

The dummy world # is used to signal that an 'ass@mt'i such thatpi=# is
irrelevant for the evaluation of conditions, so mezd to slightly modify the definition of

atomic conditions as shown in (26) below. The maitni (27) represents an info stdte

that satisfies the structured inclusion requirempntp' and the atomic condition
man{u}. The shaded rows andis represent the 'assignments' that are discardéeein
evaluation of the atomic conditianan,{u} — and they are discarded because they both

assign the dummy world # to the propositional grefe. pi=pis=#.

26. Atomic conditions.
man{u} := s lpd @U" id In(man(ui)),
wherely s = {id I: pit #}.

27.Info statel: p' p u

p p'andmanyu} (superset worldg (subset worldg (men)

I Wi (=p'iy) w; (=piy) X1 (=uiy)
i3 Wi (=p'is) Wy (=pis) X3 (=Ui3)
Is

W, (=p'is) W, (=pis) X4 (=Uis)

In a similar vein, we need to slightly modify theaywwe make use of selective
distributivity: we will discard the 'dummy' parti cell I,-x when we distributively
update with the DR®, which is formally captured by the first conjumetdefinition (28)
below, which requires the equality of the input andput 'dummy’ partition cells. The

second conjundt: #* @ is needed to rule out the degenerate case irhwhéedistributive

updatedisty(D)lx #Js # IS Vacuously satisfied.

28. Selective distributivity modulo the dummy world #,.
p(D) = Ist Jst. Ip:#:Jp:# U Ipl#l g U dlstp(D)Ipl#\Jpl#
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wherel -y .= {id |: pi=#}, s = {id |: pit #},
p is of types := sw andD is of typet := (sf)((si)t) *-

Finally, we also need to slightly modify the defion of the maximization operator,

as shown in (29) below.

29. Selective maximization modulo the dummy world #.
max’(D) := ls. Jst ([p]; DY U" Ke(([p]; D)IK ® pKps sl pdes)

We are now ready to give the lexical entries fodaioverbs. The modal verb
is interpreted in terms of a modal conditioec, ,«p', p"), defined in (30) below. The
condition is relativized to:iY a propositional drep storing the content of the entire

modal quantification,i) an modal base dref and {ii) an ordering source dref.

30.n€G P, P) = lst Ipst @ U

" wi plpl#(NECmpzw,/ﬂ{#} + Vpmw, 1 (pllp:W’p'l#' p”lp:wyp"l#) U
0" Pp=w)

The definition crucially relies on the notion ofwsttured inclusion defined in (25)
above. However, we need to strengthen this notfostractured inclusion as shown in
(31) below. The reason is that the notion of stmed inclusion in (25) merely requires
the subset dref to stomnly the superset structure, but modal quantificationgeneral
additionally require the subset dref to stallethe superset structure — which is what the
second conjunct in (31) ensures. To see that we toestore all the superset structured,

consider example (32) below, which is interpretedasserting that, in every deontically

" strictly speaking, we should also modify the tiatisn of the indicative morpheme from the onei)(
above to the one in (i) below, which makes usehef t(...) operator. However, | will ignore this
complication throughout most of the chapter (marecizely, until sectiorb, where the parallel between
singular pronouns and the indicative morpheme i@y captured). This simplification will not &fct
any of the analyses in this chapter. Indeed, testation in (17) and the one in (i) below are eglaint
with respect to any input info stakesuch thaip*l is a singleton set, namely the singleton set cointa
only the actual world, i.e.Wf*}. We can in fact achieve this (and therefore pnes¢he simpler translation
of the indicative morpheme in (17)) by assuming Hray discourse starts with a default update ofdhm
[p* | p*=w*], wherep*=w* := lg. p*l ps={W*}.

) o¢ Pst. p(P(p*)).



291

ideal world among the worlds in which there is arden, foreach and everynurder (and
not merely some of the murders) in said ideal waithé murder is investigated in that

world*?.

31. Structured inclusion for dynamic modal quantification.
p* p'i= s (P P UM T IR p'lpas ® pli=p"i)

32.1f" there is &murder, it must® ” be investigated.

Both mand ware dref's for sets of worlds, i.e. they are plts(wt)'3, a significant
simplification compared to the type of static modases and ordering sources in Kratzer
(1981), i.e.w((wt)t). We can simplify these types in IP-CDRT becausehave plural
info states: every worldi pl is associated with a sub-stae, and we can use this sub-
state to associate a set of propositions with tbeddwy, e.g. the set of propositionsi
id 1p=w}, Where eachm is of typewt. A similar procedure enables us to associate an

ordering sourcevwith eachp-world.

NEC is the static modal relation, basically definedratewis (1973) and Kratzer
(1981). In particular, the drefgrandw in (30) above associate with eggfworld two
sets of proposition! andO of type (vt)t: for each worldwi ply:# the set of propositions
M is the modal base: il lp=w} and the set of propositior@ is the ordering sourcef:

il I,-w}. The set of proposition® induces a strict partial ordero<on the set of all

possible worlds as shown in (33) below.
33.w<oW' iff " Wyl O(WT W® wi W) USWidd O(WE WUWT W)

| assume that all the strict partial orders of then <, satisfy the Generalized
Limit Assumption in (34) — therefore, tHdeal function in (35) is well-defined. This

function extracts the subset©fideal worlds from the set of world4.

12 gee the corresponding strengthened notion oftatedt inclusion in the individual domain defined in
section3.2 of chapte6 above and its parallel justification.

13| take the dummy value for modal base and OSgiiebe the singleton set whose member is the dummy
world, i.e. {#}.
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34.Generalized Limit Assumption.
For any propositioWV,,: and ordering soura®uz,
"wi WHWT W(W'<ow Uw'=w ) U@$w"T WW"<owW'))
35.The Ideal function.
For any propositioV,,; and ordering soura®us:
Idealo(W) := {wl W: @$wT WW'<ow)}

Possibility modals are interpreted in the same weag,only need to replace the
static modal relatioNEC with POS, both static modal relations are defined in (36)
below. The definition of the dynamic modal relatjoos, parallel to the definition of the

dynamic relatiomecin (30) above, is given in (37).

36. NECM,o(W]_, Wz) = W2:Idealo(((; M)GW]_)
POSuo(Wi, Wa) := Wol @ UWsl Idealo((CM)CW)
37.p0SmulP's P) = st It @ U

" WT plpl #(POSm p=w )  p=w, 1 (p‘lp:w’p'l#, pnlp=w,p"1#) U
0" P)lp=w)

The drefp' is the restrictor of the dynamic modal quantificatand the drep” is
the nuclear scope, containing the ideal worlds aptbe p'-worlds — this is ensured by
the second conjunct in (30) and (37) above, whakted care of thealues(i.e. sets of
worlds) associated with the drefi'sandp”. The third and fourth conjuncts make sure that
we associate the correstructure with these dref's: the third conjunct (i.e. sturetd
inclusion) requires thgt" (the set of ideal worlds) storesly the p'-structure, while the
fourth conjunct ensures that storesall thep'-structure associated with the ideal worlds,
i.e. for any assignmemtsuch thap'i is an ideal world, we requing’ to store the same

ideal world, thereby ruling out the possibility tigd stores the dummy world #.

The structural requirements are necessary if wet wacapture donkey anaphora
between the nuclear scope, i.e. the consequentthancestrictor, i.e. the antecedent of

the modalized conditional in (2a): storingghall and only the structure i boils down
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in this case to the requirement that each idealdasirould be associated with all the men

that are alive in it.

The matrix in (38) below shows an info stdtesatisfying the modal relation

nec, ,, (P2 Ps): Wi is an ideal world among th@-worlds, sops inherits all thep-rows

(i.e. 'assignments’) that stosg, i.e. ps inherits all the structure associated withby the
dref py. In contrast,w, is not an ideal world among th@-worlds, sops stores the
'‘dummy' world in all thep,-rows that storew,; all these rows are shaded because we

discard all of them when we compute atomic condgithat contain the dreg.

38.Info statel: P2 L (consequpesnt worlds
nec, , (P2 Pa) (antecedent world3 (men) i e. ideal worldg ’
iy Wi (=p2i1) X1 (Zhis) Wi (=psis)

man x is alive in world

iz Wi (=p2i2) X2 (SUaio) Wy (=paiz)

i3 Wi (=pP2is) Xa (ZUsi3) Wy (=psis)

Thus, the modal verb  in (2a) above is translated as shown in (39) beldote
that the type of its denotation ist){, which is parallel to the type of modal quantiién
static Montague semantics.

39. RO R p,mu Ps. [m w| circumstantial ,{ p1, /7§, empty{ p1, W}];

bs |necp,, m u(Pz, P)]; p(P(Ps)) ¥

1 assume, for simplicity, that the modal base ardkring source drefgrand ware introduced by the
modal verb . As Kratzer (1981) argues, they are in fact cantky supplied, i.e. the modal s, in
this respect, very much like the deictic pronouissukssed in sectioB.7 of chaptei6 above. The updaterf
w | circumstantial -{ p1, /7, empty{p;, W}] is, therefore, either contributed by the 'debassociated with
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Let us examine the translation in (39) in more itleférst, we introduce the modal
basemand the ordering souraeand relate them to the dnef (which stores the content
of the entire modalized conditional) by thiecumstantial andempty conditions defined
in (40) below. Thecircumstantialp,-{ p;, 7} condition is context-dependeni.e. it is
relativized to the dref for the actual wonid; we need this because the argument put
forth by Aquinas in discourse (1/2) goes througly shwe add another premise to the

one explicitly stated, namely that pleasures ateeespiritual or carnal.

Thus, the conditioncircumstantialy«{p1, 7} is meant to contrain the modal
guantification expressed by the modalized condation (2a) so that it is evaluated only
with respect to worlds whose circumstances areticidnto the actual worldv* in the
relevant respects — in particular, the propositio(d1) below has to be true in all the

worlds just as it is inv*.

40. circumstantial {p', 7 = s lpaprst @ U
"W Pl s(" WT p'lp=wpr (Circumstantial (W', Mip=y p=w))
empty{p, n} = g lpst @U" id 1(i={#})
empty{p, M= s lmst @U" id 1(m={#})
41.{Wy: " X(pleasurg(x) ® spirituak,(x) U carnaly(x))}

The remainder of the lexical entry in (39) ensutlest the propositional drgs
stores all and only the idep}-worlds and then checks that the dynamic propasitio
contributed by the consequent of the conditiona{2a) is satisfied in each such ideal

world.

In sum, the modalized conditional in (2a) abové&asslated in IP-CDRT as shown

in (42) below. Since the contrast between the waa#t the strong reading of the

the use of the modal verb or, alternatively, it is accommodated to satidfg tequirements that this
'deixis' places on its (local) discourse context.
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indefinite is irrelevant for the discourse as a whglé will take the indefinite

to have the formally simpler weak reading.

RO R wke U,

42. RSty X p,mu

y u
max  (p(max" ([mang{us}, alivep{ud}])));

[m w| circumstantial p«{ p1, 77, empty{ p1, n3];
s [necp,, m u(Pz: Pa)l; p([uz | pleasurey{uz}, havep{uy, u]) *°

The IP-CDRT representation in (42) encodes theodotlg sequence of updates:
consider all the worlds in which at least one nsaalive and consider all the men that are
alive in these worlds; store thempgpandu; respectively. Now consider a circumstantial
modal basenand an empty ordering sourae Then, every,-world that is ideal relative
to mand w (these ideal worlds are storedps) is such that each of its corresponding

men have some pleasure or other.

4.3. Therefore

Like , the patrticle introduces a necessity quantificational structase,
shown in (43) below. Since expresses logical consequence, both its modal base

m and its ordering sourag* are empty.

43. ROR e Pg. [m1, w* |empty{p*, m}, empty{p*, w}];
Ps [necp*, m, w (P1, P)]; p(P(P4))

The effect of the update is that the dogis identical top; both in its value and in
its structure, i.e., i is the output state after processing tiee condition in (43) above,

5 The weak vs. strong constrast is irrelevant is tise because there is no subsequent anaphd® to t
indefinite and both readings yield the same truth-conditfonshe discourse as a whole.

1% The use of the operatg(...) in the definition of modal quantification budican existential commitment
into its meaning — see the corresponding discusfipindividual-level quantification in sectioB.4 of
chapter6. The revised definition of modal quantificationsection6 below will employ the operatos(...)
and solve this problem.
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we have thapyj=psj for any 'assignmeniif J. Consequentlyp; can be freely substituted

for p;, and we can simplify the translation of as shown in (44) below.
44, POR e m w Ps n(P(py)

| assume that the anaphoric nature of the entatlrparticle therefore which
requires a propositional drgf; as the restrictor of its quantification, triggettse
accommodation of aovert 'content-formation' morpheme®. that takes scope over the
entire modalized conditional in (2a), i.e. the pissrof the Aquinas argument, and stores

its content irp;.

5. Modal Subordination in IP-CDRT

The conditional in (2b) is different from the ome(Ra) in three important respects.
First, given that (2b) elaborates on the modal gfieation in (2a), the modal verb
in (2b) is anaphoric to the previously introducedda basermn (circumstantial) and

ordering sourcev(empty), so it is translated as shown in (45) welo

45.  RORp mu  Palpsinec, . (0s pe)l; p(P(Ps))

Second, the negation in the antecedent of (2lrpiskated as in table (45) above,

ie. Pet. Qs [<(Q)].

Finally and most importantly, the modally subordath antecedent in (2b) is
translated in terms of an update requiring the yemtroduced dreps to be amaximal
structuredsubset ofy,, as shown in (46) below. Thus, modal subordinaisotapture by
establishing anodalanaphoric connection that is parallel to the indlisal-level anaphora
between the pronoun in the antecedent of (2b) and the strong donkdgfinite

in the antecedent of (2a).

" See the parallel simplification of the meaninghef generalized quantifier  in chaptei6, sectiord.1,
definition (65).
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46. PR . maxPP R (P(ps))

The crucial component of the modally subordinated, modally anaphoric,'%DQ
is the maximization operatcmaxpsDDZ, which is defined in (47) below and which

maximizesboth value and structuréThis makes thenax” P operator crucially different

from the simplemax” operator defined in (19) above and which maximay values.

47.max’ P(D) := lg Jo SH(p|p p]IH UDHJIU

"Ks([p|p PTIK USL(DKL) ® Kpsl Hps))

We needstructuremaximization over and above value maximizatiothi analysis
of modal subordination because the antecedenteofrtbdalized conditional in (2b) is
interpreted as quantifying ovaitl the p,-worlds in which there is at least ongman
without spiritual joys and ovell suchu;-men, i.e. over the maximal structure associated

with thesep,-worlds that satisfies the antecedent of (2b).

The effect of themax PP R operator is represented by the matrix in (48) Wwelo
Note that we can keep ips some of the rows (i.e. 'assignments’) associatéd av
particular possible world and shade (i.e. discather rows associated with the same
world. This contrasts with the structured inclusrequired by dynamic modal relations
(see in particular the matrix in (38) above) whdfre, row with a given possible world is
shaded / discarded, then all the other rows inntlagrix with that possible world also
have to be shaded / discartfed

18 Why do we need to useax’ (D) instead of the simplenax’([p p']; D)? The reason is that the latter

has value maximization (due tnax”) and structured inclusion (due po p'), but it does not also have
structure maximizatignwhich we get in (47) by thmfo stateinclusion requiremeriKpl#I' Hg4 And, to
derive the correct truth-conditions for (15b), weedstructure(and not only value) maximization: if a man
is alive and he doesn't have any spiritual pleasqwenust have a carnal pleasure, i.e. we loavety p-
world and atevery y-manin it that is deprived of spiritual joys, then walext the ideal subset among these
worlds and check thavery y-manin each ideal world has a carnal pleasure. Thesatiiecedent of the
conditional in (15b) has to introduce all fpeworlds where soma;-man is alive and without spiritual joy
andall the structureassociated with these worlds, i.all, the u-menin question, so that we can check in
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Ps
P2 Uy (conclusion worlds, i.e.
48.Info statel (premise worldg (men) modally subordinated
worlds)
Wi (=p2i1) X1 (=) Wy (=psiy)
man x is alive in world w
Wi (=p2i2) % (ZUsi5) Wy (=psiz)

Wa (=P2ls) X2 (SUig) Wa (=Pais)

I
i2
ia

In sum, the antecedent of the modalized conditionékb) is translated as shown in
(49) below. Just as before, the weak vs. strondrasinis otiose with respect to the

indefinite , SO |l interpret it as weak.
49. RPR u, whe Uy
max PP B ( n([~[us | spiritual p{ us}, pleasurey{us}, havep{us, usil))

The translation of the consequent of (2b) is parad the translation of the
consequent of (2a) — hence, the entire modalizeditonal in (2b) is translated in IP-
CDRT as shown in (50) below. The representation (%) shows that modal
subordination is basically analyzed in IP-CDRT cagantifier domain restriction via
structured modal anaphorahat is, the antecedent of (2b) is simultaneoasigphoric to
the set of worlds and the set of individuals introed by the the antecedent of (2a) and,

also, to the quantificational dependency estahlisietween these two sets.

the consequent that each and every such man hasa pleasure. The updateax’([p p']; D) would
introduceall the relevanp,-worlds, but onlysomeof the relevanti;-men.

Moreover, the updatenax’([p p']; D) would also be inadequate because it would sione dnly the
worlds in which each and eveny-man that is alive has no spiritual pleasure, whitorrectly discarding
all the worlds in which only some of thg-men that are alive have no spiritual pleasure,rodatall of
them.
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50. RPR u, kU , u, ROR P, mv
WKk U,

max PP R (o ([~[us | spiritual p{ us}, pleasurey{us}, haven{uy, usl));

[Ps |n€Cp,, m u(Ps, Pe)]; p(lus|carnalp{us}, pleasurgy{us}, havep{us, us}])

One final observation before providing the IP-CDR@anslation of the entire
Aquinas discourse: the IP-CDRT analysis of modalosdination requires us to assign
two different translations to the antecedent of ¢baditional in (2a) and the modally
subordinated antecedent in (2b). Note, howevet, tthe discourse-initial antecedent in

(2a) can also be assigned a translation of the foex” P(D); since the conditional is

discourse initial, the superset dnef will have to be accommodated and it will be
completely unrestricted, i.e. it will store the sé@ll possible world®,," *°. Hence, this

more complex translation will ultimately be equismal to the simpler one in (23) above.

The entire translation of the Aquinas discourseravided in (51) below. The reader
can check that, given the PCDRT definition of trwtiich is repeated in (52), we assign
the intuitively correct truth-conditions to thissdburse. And, according to the translation
in (51), the argument does indeed go through: thenjze (2a) establishes that the set of
ideal worlds among thpx-worlds is such that any manhas at least one pleasytelThe
conclusion follows because in all the idpgworlds pleasures are spiritual or carnal (just
as in the actual world*) and any man has at least one pleasure: hereendnx has no
spiritual pleasure, he must have at least one cpleasurey.

RO R wke U,

51.-F Sty , u, D, M U

& POR e, RPR W , u

0 wk
F%Op”pl,mm Y,

max R ( p(maxP(pmax‘(manp{ui}, alivep{uil)));

19 We can make sure thpt stores the set of all possible worldg" if we introduce it by means of an
updatemax’ (;([p" P1)).
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[m w| circumstantial,+{ p1, /73, empty{p1, 1}];
[ps [necp, m u(pz, P3)]; p([U2 | pleasurey{uz}, havep{us, uzd));

p(max ROR: n([~[us | spiritual p{ us}, pleasurey{us}, havep{us, usil])));

[Ps [necp,, m u(Ps, Pe)l; p([us |carnalp{ua}, pleasurey{us}, havep{us, us}])
52.Truth: A DRSD (typet) istrue with respect to an input info stdteiff $Js(DIJ).

6. A Parallel Account of Modal and Quantificational Subordination

In this section, | will slightly revise the analgf modal quantification proposed in
section4 above and make it parallel to the analysis ofvildial-level quantification
proposed in chapte6. The benefit of the revised analysis is that wa ¢ave a
compositional account of modal subordination exawngike the one in (53) below
(based on an example in Roberts 1989) that is cateipl parallel to the analysis
proposed in chaptdé¥ of the quantificational subordination example 54) below (from
Karttunen 1976).

53.a. A" wolf might come inb. It, would attack Harvey first.
54.a. Harvey courts ‘agirl at every convention.
b. She always comes to the banquet with him.

[c. The, girl is usually also very pretty.]

Under its most salient interpretation, discours®) @sserts that, for all the speaker
knows, it is a possible that a wolf comes in. Maeggp forany such epistemic possibility

of a wolf coming in, the wolf attacks Harvey first.

The modal subordination discourse in (53) is pakatb the quantificational
subordination discourse in (54) because the intierabetween the indefinite and
the modal on the one hand and the singular pronouand the modal on the

other hand is parallel to the interaction between - and -
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6.1. Redefining Modal Quantification

This section introduces the main definitions andreabiations needed for the
revised definition of dynamic modal quantificatiorhey are point-for-point parallel to
the definitions given in chapt& for individual-level quantification (see appendhof
chapter6).

As already indicated in sectigh2 above, we need a notion of structured inclusion
to define dynamic modal quantification and we neeéhtroduce a dummy / exception
world #, to be able to define structured inclusion. The ohynworld #, makes every
lexical relation false, much like the dummy / extep individual # introduced in
chapter6 yields falsity.

Just as before, the new definition of intensionairac conditions — provided in (55)
below — relies on static lexical relatioRa(xy, ..., X,) of the expected intensional type
€'(wt)?°. The definition in (55), however, is different fnathe corresponding definition of
lexical relations in sectio because now we also have to take into accounduhemy
individual # over and above the dummy world, #since the intensional system
introduced in this section builds on the extend&@DRT system in chapter 6, which

makes use of the dummy / exception individugl #

The definitions in (56) through (61) are identitalthe corresponding definitions
introduced in sectiod above and they are repeated here only to makedimgparison

with the individual-level definitions in chaptéreasier.

55.Ry{Us, -oosUn} == sl pr gur #.u2 42 QU

"id | pt#ur #..ur #Rei(ua, ..., Unl))
56.[p] := lsdse " il 1($sl JG[pI}) U™ jdb ISisl 1G[p]i)))
57.p" p:= ls"id I(p'i=pi Up'i=#)

lse. (@ P)I U™ id 1(pil p'lprs® pi=p'i)

58.p' p:

D'Wheree't (for any typet) is defined as in Muskens (1996): 157-158,e%:=t ande™t := g(e™).
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59.max’(D) := lg Js ([p]; D)IJ U" Ke{([p]; D)IK ® pKgisl pys)

60.max” P(D) :=max’([p' pl; D)

61.disty(D) := It Jst " Wir(lp=wt D« Jp=wt D) U" Wiy(Ip=w? B ® Dlp=dp=w),
i.e.disty(D) = lsdst. PI=pIU" Wiyl pI(Dlp=wp=w)-

The most important novelties introduced in thistisecare the definition of modal
guantification and the definition of the indicatireod in (68) and (69) below.

Just as the generalized determiners in chd&ptdove relate dynamic properties
P' etc. of typeet, modal verbs relate dynamic propositidhs” etc. of typest, as shown
in (68).

Moreover, just as a singular pronoun anaphoricedlyieves an individual dref,
requires it to be unique and makes sure that andignaroperty holds of that dref (see the
translation of  in chapter6), the indicative mood anaphorically retriey#s which is
the designated dref for the actual world, requités be unique (since there is a unique
actual world) and makes sure that a dynamic prapasholds ofp*, as shown in (69).

62.p(D) := lst Jst. lp=t=Jp=t U I s @ U disty(D)lpsJp
63. p (D) := lst Jst lp=t=Jdp=t U (lps=@ ® 1=]) U (Ipn st B ® diSty(D)l s )
64.unique{p} := s Ipst @U"igi'dl Iy x(pi=pi")
65.MODAL ¢ md P, P} := st lg==@ Uunique{a}| U
MODAL ¢, wis g3 {Plp#, Pl
wheremandw (dref's for a modal base and an ordering source

respectively) are of typgwt).

L Note that the first two conjuncts in (65), ilgw=2 U unique{q} 1, entail thatgl is a singleton setw},
wherew cannot be the dummy worlg,#

The third conjunct in (65) is of the forMODAL y of W, W1}, wherew is a possible world (of type), M
andO are sets of sets of worlds (of typet)t), i.e. a modal base and ordering source respégctiaad W
and W' are sets of possible worlds (of typd), i.e. the restrictor and the nuclear scope of rtiealal
quantification. The formulMODAL v o{W, W} is defined following the Lewis (1973) / Kratzet981)
semantics for modal quantification (see sectioti@ed.2 above for more details).
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66. Example — the necessity condition (typést)t):
NECqmd P, P} := st lq=+=@ Uunique{q} | UNEC i sy, wis gy { Plpp-#, D'l o},
whereNECy o(Wi, Ws) := Idealo((CM)CWy)I W 22
67.Example — the possibility condition (typeg(s)t):
POS,md P, P} = st lg==@ Uunique{a}| UPOSu g, e gy { Pl P'lpr s,
wherePOSy o(Wi, Ws) ;= Idealo((CM)CW,)CW,L &

68. w
Ps. P's. ds max®(, (P(0))); max® Py (P(p')); [MODAL gmd p. P
69. o Pe [unique{p*}]; p<(P(P*)),

wherep* is the dref for the actual world.

Note that the definition in (68) can be easily niiedi to allow for the kind of modal
guantification instantiated by the second conddlan our Aquinas discourse (i.e. by the

conditional in (2b) above). As shown in (70) belome only need to make use of the

maximization operatomax” (D) introduced in sectio® above, whose definition is

repeated in (71) for convenience.

70. ' o
Psi. P'si. Gs max® P (, (2(p))); max’ Py (P(p))); IMODAL g p, P}l
71.max’ P(D) = lg Js $H((p|p p7IH UDHJIU

"Ks([p|p PIIK USL{(DKL) ® Kyl Hy )

The most important difference between the definitad modal quantification in
(68) and the definition in sectiohabove is that we now introduce thm@aximalnuclear
scope set of worldsinrestricted/ not parametrized by a modal base or an ordering

source The modal parametrization comes in only laterioihhe modal condition relating

22 The definitions of NECy o(W;, W) and POS,o(W;, W) differ slightly from the corresponding
definitions in sectiord.2 above, but they still rely on thdeal function defined in that section.
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the unparametrized maximal restrictor set and tigartametrized maximal nuclear scope

set.

In contrast, the definition in sectighintroduces only the maximal restrictor set of
worlds and, if the modal relation is necessMjC), it also introduces the maximal set of
ideal worlds among the restrictor worlds. Thathg old definition introduces a maximal
nuclear scope set only in some cases and, evenitieaparametrizechuclear scope set

(parametrized by a modal base and an ordering spurc

Thus, what distinguishes the definition of dynamodal quantification in (68)
from the previous one — and, to my knowledge, frany other analysis of modal
quantification in the previous dynamic literattire- is that: {) it introduces maximal
restrictor and nuclear scope sets andlifese maximal sets are unparametrized by modal
bases or ordering sources. As we will see in thd section, the new definition has
several theoretical and empirical advantages dwerdefinition in sectiod above and

the definitions in the previous dynamic semaniiesdture.

6.2. Advantages of the Novel Definition

The novel definition of modal quantification, whicimtroduces the maximal
unparametrized (i.e. not restricted by any modakhar ordering source) nuclear scope
set of worlds over and above the maximal restrisetrof worlds, has several advantages
over the definition in sectiofh above (which introduces only the maximal restriciet) —
and over various other definitions proposed ingfevious dynamic semantics literature.

For ease of comparison, | will restate the old dgén of dynamic modal
guantification using the new format (i.e. the fotré the definition in (68) above), as

shown in (72) below.

% Most previous analyses of modal quantificatiorfedifrom the new IP-CDRT analysis because either
they did not have any modal dref's at all (Rob&887, 1989) or, if they had, the dref's had dynamic
objects as values, e.g. <world, variable assignmpairs (see, for example, Geurts 1995/1999 andkFra
1996 among others). Stone (1999) does propose aysanof modal quantification that relates drédis
static objects (in particular, dref's for acced#ibrelations of types(w(wt)), but his restrictor and nuclear
scope sets, which are introduced by means df-apdate (see Stone 1999: 17, (34)), are parametrize
their maximality is relativized to a Lewis-stylersiarity ordering source built into the-update.
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72.The previous definition of modal quantification (see sectiod above)

Pst. P'st. G max’(p (P(p))); [P |P" P, MODAL q.md P, PY; o (P(P))

The definition in (72) is formally simpler than tlo@e in (68) because it has only
one maximization operator. But the additional cawjl of (68) is both theoretically
and empirically motivated.

The theoretical advantage of the new definitior(é8) over the previous definition
in (72) is that the new definition systematicallgdaexplicitly captures the parallel
between modal quantification and individual-levelqtification as analyzed in chapter
6. For convenience, | repeat the definition of indial-level quantification in (73)
below. The reader can easily check that it is pfainpoint parallel to the definition in
(68) above.

73. Pet. P'e. max'(y (P(u))); max* “(y (P'(u?)); [DET{u, u?]

Empirically, the new definition is better than tipeevious one in at least two
respects. As we will see, these two empirical athgas are a direct consequence of the
parallel between the dynamic definition of modahupification and its individual-level

counterpart in (73) above. Let us examine thenain.t

First, the new definition generalizes to downwarohwtonic modal quantifiers (i.e.
to modal determiners / modal relations that are meavd monotonic in their right
argument) likeimpossible improbable unlikely etc. To see this, note that, just as the
individual-level quantification in (74) below isaampatible with (75) (i.eFew men left
entails thatlt is not the case thamnost men left the modal quantification in (76) is
incompatible with (77) (i.eGiven the available evidence, it is improbable likaty that
it will rain entails thatt is not the case that, given the available evadgrnit is probable /

likely that it will rain).

74.Few men left.
75. Most men left.

76.Given the available evidence, it is improbable likaty that it will rain.
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77.Given the available evidence, it is probable /likeat it will rain.

This shows that, when computing the meaning of tgsdaontaining (individual-
level or modal) determiners that are downward mamotin their right argument, we
need to have access to the maximal nuclear scogefsedividuals or possible worlds).
To see this, consider the definition of dynamiciviatal-level quantification in (78)
below, which does not introduce the maximal nuckzmpe set and which is parallel to

the old definition of modal quantification in (72pove.

78. A definition of individual-level quantification that fails for determiners that

are downward monotonic in their right argument:

Pet. P'er. max'(y (P(W)); [u'|u' u, DET{u, u}]; v (P'(u))

The definition in (78) captures the meaning of ugvaonotonic quantifiers, e.qg.
Most men lefis correctly interpreted as: introduce the maxis&tiu of individuals that
satisfies the restrictor dynamic property, i.e. theaximal set of men; then,
nondeterministically introduce some subgetf the restrictor sat that is amostsubset
(i.,e. it is more than half of the restrictor sel).there is at least one such non-
deterministically introduced subset that also satisfies the nuclear scope dynamic

property, then thenostquantification is successful.

However, the definition in (78) fails to captureetimeaning of downward
monotonic quantifiers, e.grew men leftis incorrectly interpreted as: introduce the
maximal setu of individuals that satisfies the restrictor dynanproperty, i.e. the
maximal set of men; then, nondeterministicallyodiice some subset of the restrictor
setu that is afewsubset (i.e. it is less than half of the restricet, possibly the empty
set). If there is at least one such non-determaaiy introduced subset' that also
satisfies the nuclear scope dynamic property @edssume that the empty set vacuously

satisfies any property), then tfew-quantification is successful.

This meaning fofew fails to capture the fact theBew men lefts incompatible with
Most men lefbecause, even if we are successful in introduaifeg+subset that satisfies
the nuclear scope property, it can still be theedhat amostsubset, for example, also

satisfies that property, i.e. a successful update ew men leftdoes not rule out a
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successful update witWost men left(this is a direct consequence of the proposition
relating witness sets and quantifier monotoniaiyBarwise & Coopeer 1981: 14 for

a closely related discussion, seelfain section3.3 of chaptei6).

And, just as the definition of individual-level qutdication in (78) above fails to
account for the fact tha&ew men lefis incompatible withMost men leftthe parallel
definition of modal quantification in (72) abovel$a(mutatis mutandisto account for
the fact thatGiven the available evidence, it is improbable thatwill rain is

incompatible withGiven the available evidence, it is probable thatill rain.

The second advantage of the new definition of dynanodal quantification over
the previous one is that we predict without anyitiithl stipulation that anaphora to the
nuclear scope set of a modal quantification is gdaraaximal — which is exactly what we
need to account for the standard case of modalrdinabion in (53) above (i.éA" wolf
might come in. Jtwould attack Harvey firytand, also, for the more complex example
involving interactions betweethereforeand modal subordination in (9) above (i4€.

wolf might enter the cabin. ltvould see Johh Therefore, it would notice him).

In more detail: recall that, under its most saligrierpretation, discourse (53) is
interpretating as asserting thaf: for all the speaker knows, it is a possible thatolf
comes in, and, in additionj Y for any such epistemic possibility of a wolf coming ingth
wolf attacks Harvey first. That is, the modabuld is anaphoric to all the epistemically

accessible worlds in which a wolf comes in andaordy to some of them.

However, according to the old definition, the mogalb might introduces only
some (and not necessarily all) the epistemicalbgssible worlds in which a wolf comes
in. Consequently, we would need an additional #ipan to the effect that, at least in
discourse (53)might introduces the maximal set of epistemically adbéssworlds

satisfying the nuclear scope.

| can think of two ways of justifying the additidnanaximality stipulation

associated with anaphora toight in discourse (53), namelyi)(modal anaphora is

% page references to Partee & Portner (2002).
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parallel to donkey anaphora and, in discourse (@8)have an instance of strong donkey-
like modal anaphora andi)( modal anaphora is parallel to plural anaphora jgindal

anaphora is always maximal.

However, as we will presently see, these two jusiifons do not hold under
scrutiny. In contrast, the fact that the novel migbn of modal quantification in (68)
introduces the maximal unparametrized nuclear scgieof worlds is independently

motivated by the need to capture the meaning oingvaxd monotonic modal quantifiers.

Moreover, thisexplanationfor the maximality of modal anaphora — i.e. thet that
the maximality of modal anaphora (analyzed as tirad anaphora to quantifier
domains) emerges as a consequence of independestiffed meanings for dynamic
generalized quantifiers — is parallel to the exataom provided in sectio8.3 of chaptei6
above for the maximality of E-type anaphora in tmadual domain (recall the Evans
examplesFew' congressmen admire Kennedy and thage very juniorand Harry
bought somésheep. Bill vaccinated thgjn

Let us examine the first suggestion above, nanteyidea that modal anaphora is,
in general, parallel to donkey anaphora (and nailighto E-type anaphora to quantifier
domains) and that discourse (53) is basically ataimce of strong donkey anaphora in the

modal domain.

This hypothesis derives the intuitively correcttiirgonditions for discourse (53)
since the modainightin (53a) has a strong donkey reading and, thexefotroduces the
maximalset of epistemically accessible possible worldshiich a wolf comes in (see the
PCDRT analysis of weak / strong donkey ambiguitieshapters). The modal anaphor
would in (53b) will then retrieve this maximal set of mas and further elaborate on
them, much like the anaphitg in Every farmer who owns™&" donkey beats jtretrieves

all the donkeys owned by any particular farmer.

The problem with this hypothesis is that we expeectind instances of modal
anaphora that have weak donkey-like readings - @ma not aware of any examples of
this kind. All the examples of cross-sentential mdaghaphora toight of the same form

as discourse (53) above seem to require maximalitagnd the same maximality
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requirement seem to be obligatory in cases in whitlght occurs embedded in
conditional structures. Consider, for example, ¢baditional in (79) below, where the
(putatively donkey-like) modamight occurs in the antecedent of a conditional and the
purpose infinitival clauséo Kkill it in the consequent is (presumably) anaphoric to the

epistemically accessible possible worlds introdumgthight

79.1f you think a rat might come in, you should brismme poison to kill it?®
80.If you think a rat might come in, then you shoutthy some poison so that:

if a rat does come in, you'll have a way to kill #fyou might have a way to kill it.

As the intuitively correct paraphrase in (80) abstiews, the modal anaphora does
not have a weak reading: the infinitival clausansphoric to all the worlds in which a rat
comes in and not only to some of the (epistemicallgessible) worlds in which a rat

comes in.

The second suggestion made above is that modaharsps parallel to plural
anaphora and, given that plural anaphora is alwagsimal, this explains why modal
anaphora tanight is always maximal. Much like the previous hypothgethis one also
derives the intuitively correct truth-conditions fdiscourse (53). But it ultimately faces
the same problems as the "modal anaphora as dakasghora" idea — and this is
because plural anaphora is in fact not always malxirstrong.

Plural donkey anaphora somedoes indeed seem to always be maximal / strong,
both in cross-sentential cases (the Evans exanhpdery bought sontesheep. Bill
vaccinated thep?®) and in the case of intra-sentential plural donaegphora — see for

example (81) below.
81.Every person who has sofrdimes will put themin the meter.

However, the maximality effect in all these casesnss to be due to the determiner

some because plural anaphora to cardinal indefiniees ery well be non-maximal /

% This example incorporates several modificatiorggested to me by Jessica Rett (p.c.).
% Based on Evans (1980): 217, (8) (page refereree®&vans 1985).
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weak, as shown by the cross-sentential examplerendonkey sentence in (82) and (83)

below.

82.Harry bought twt sheep and Bill vaccinated thgm
But Bill didn't vaccinate all the sheep that Habgught on the same occasion /
But Bill didn't vaccinate the three other sheept tHarry bought on the same
occasion.

83.Every person who has tWdimes will put themin the meter.

Thus, the idea that modal anaphora is parallehdovidual-level plural anaphora is
problematic for the same reason as the "modal amags donkey anaphora” hypothesis,
because there seem to be no non-maximal instafieesdal anaphora tmight— which
is exactly what we would expect under the "modapdnora as anaphora to quantifier
domains" view pursued throughout this section.

6.3. Conditional Antecedents vs. Modal Bases

As (68) indicates, | take modal generalized deteems to have a composite,
conditional-like structure. The observation thateaadents of conditionals contribute to
the restrictor, i.e. the modal base, of a modahgfieation goes back at least to Kratzer
(1981). A typical example (which, incidentally, pides an argument for ordering

sources over an above modal bases) is given inb@adyv.

84.1f" there is &"" murder, thg murderer muss,” P go to jail.

The modalized conditional in (84) is interpreted asmodal quantification
relativized to a contextually provided empty motakemand a contextually provided

deontic ordering source (e.g.in view of the law in the actual woild

The antecedent of the conditional contributes g ©f all worlds where there is
some murder or other. The modalized conditionalrie if the consequent of the
conditional is satisfied in all the deontically alevorlds among thp-worlds intersected

with the modal base worlds; since, in this case, iodal base is empty (hence it is
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vacuously satisfied in any possible world), therretor of the quantification is just the

set ofp-worlds.

However, despite the fact that antecedents and Imumes should be lumped
together in the evaluation of a modal quantificatias Kratzer 1981 has it), they should
in fact be distinguished for anaphoric purposesexample (84) shows, we can have
donkey anaphora between the definite in the consequent and the indefinite

in the antecedent. This is the reason for theesyatic distinction between the
conditional antecedent (i.e. the restric&tricto sensy and the modal base in the

definition of dynamic modal quantification in (68pove.

The necessity to distinguish between conditionaé@dents and modal bases is
further supported by the discourses in (85) and &fow (based on examples (7) and
(10) in Stone 1999: 4-5), where we have instancescross-sentential (modally

subordinated) anaphora to dref's introduced incakents of condition&s

85. a. If a" wolf came in, John could escape (frog).ib. Ity might eat Mary though.

86.a. If a" wolf came in, John could not legally kill.ib. But he still would have to.

6.4. Anaphoric Modal Quantifiers

Finally, just as quantifiers like in (54b) above anaphorically retrieves its
restrictor (more exactly: it is anaphoric to theclear scope dref introduced by the
determiner in (54a)), the modal quantifier in (53b) anaphorically retrieves its
restrictor — and, in a parallel way, in (53b) is anaphoric to the nuclear scope dref
introduced by the modal verb  in (53a). The general format for the translatidn o
such anaphoric modal quantifiers is provided in) @3ow.

87. wp Ps. gs max’ (s (P(pY)); [MODAL g mudp, p'}]

27 Unlike the Aquinas discourse in (1/2) above, whee modally subordinated pronoun is located in the
restrictor of the modal quantification, the modadlybordinated pronoun in discourses (85) and (86) i
located in the nuclear scope.
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This concludes our brief survey of the version mihsional PCDRT (IP-CDRT)
that builds on the extended PCDRT system introdircetiapte6.

6.5. Subordination across Domains

We finally turn to the IP-CDRT analysis of the mbdabordination discourse in
(53). As desired, this analysis is the exact mocalnterpart of the analysis of

guantificational subordination in section 4 of ctex.

Under its most salient interpretation, discours®) @sserts that, for all the speaker
knows, it is a possible that a wolf comes in arat,tforany such epistemic possibility of
a wolf coming in, the wolf attacks Harvey first. ) we are interested in the "narrow-
scope indefinite" reading of discourse (53), where indefinite in (53a) has
narrow scope relative to the modal and sentence (53b) preserves and elaborates on

thisde dictoreading.

The meanings for the two modal quantifiers in (53a) and in (53b) are
provided in (88) and (89) below. Given that the mla@lationPOS contributed by
has a built-in existential commitment, i.e. therasinbe a non-empty restrictor set of
worldsp of a non-empty nuclear scope set of woptésee the definition in (67) above),
we can simplify the meaning of by replacing the operators(...) and  (...) with
o(...) andp(...). The same applies to the meaning of anaphoric because, according
to definition (66) above, if the restrictor set of (i.e.p’) is non-empty, then so must

be its nuclear scope sgt (given thatwould is parametrized by the same modal base as

).

% For completeness, | provide below the revisednsitenal meanings for dynamic properties, generdlize
determiners, indefinite articles, pronouns and praames.

(i) Ve 0. [girl{ V}]

(i) - Pesy- Pleisy G max'(u (P(U)(@))); max” (- (P'(u)(@)); [DET{u, u?}]
(iii) Petsy- Pesy- Gs- [Uls u(P(U)(@)); u(P(U)(9))

(iv) Pesy Platsy- Gs- max'(u(P(u)(@); u(P'(u)()))

(v) Pesy- Gs- [unique{u}]; J(P(u)(a))

(vi)$ Pasy- Os [u|u Harvey; ((P(u)(q)), whereHarvey:= i harvey.
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88.  mf P Pa P 6 max’(s(P(p); max® P(u(F(p)); [POSymid P, P

89. mwp' PP Pst. Qs max” p'(p"(P(p"))); [NECqmd P, p"}]

The contextually supplied modal baggof type s(wt)) for both and is
epistemi¢ e.g. it associates with eaghworld the set of propositions that the speaker
believes in thag-world. The contextually supplied ordering soureds empty®, which
means that it does not contribute anything to theammg of the two modal

guantifications — and we will henceforth ignore it.

Given that the guantification is discourse initial, we have tc@mmodate a

restrictor proposition”’ss — and a natural choice is the trivial dynamic @ipon Qs.

[0 g]. This ensures that the restrictor dpeintroduced by stores the set of all

possible worlds (since the restrictor DRSMax"(,([p pl))), which in turn entails that

we quantify over each and every world compatibldihe epistemic modal bage- and
this is intuitively correct: when uttered out oktblue, sentence (53a) is interpreted as

asserting that, for all the speaker knows, it isslle that a wolf comes in.

Finally, both modal quantifications in (53a) an®§p are interpreted relative to the
actual world, since the epistemic modal bader both quantifications is in fact the set
propositions believed by the actual speaker inatttaal world. | will capture this means
of an indicative mood morpheme taking scope ovemtiodal verbs. Thus, | will assume
that sentences (53a) and (53b) have the logicaldgrovided in (90) and (91) below;
the logical forms are followed by their compositdig derived IP-CDRT translatioffs

29 Emptiness can be required by a condition of tmefempty{ u} := I " id 1(Wi={#}), i.e., throughout
the plural info staté, we assign to the dra# of type s(wt) the dummy object of typest, which is the
singleton set of the dummy world {}

%0 | employ the notational abbreviations and equiveds introduced in chaptérabove (see appendixof
chapter6 for the entire list), in particular:

() (C) = g It @U" wi plp#Cls=), whereCis a condition (of typesft)

(||) p(al, vey an) : ISI- ‘]St' Ip:#z\]p:# U |p1#[a1, cany an]\]p1#,
wherepl {a,, ...,a,} and [ay, ...,a,] :=[ad; ...; [a4]

(ii)) p([Cas -os Crl) = [(Ca)s . p(C]
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90. 0 m (

[unique{ p*}]; p-(max?(e([p p)); max® P([p(u) | p(wolfp{u}), (come_ip{up)]);
POS+Ap, p})
91. 0 m $

[unique{ p*}]; p«(max® P([-(unique{u}), p(attacks{u, Harvey)]);
INECp- AP, p"})

Intuitively, the DRS in (90) instructs us to upddke default info stateif} as
follows. First, since the entire modal quantifioatiis relativized to the actual world and
the epistemic modal base provided by the speaketisfs, we need to introduce the
actual world drep* and the epistemic modal base drefThese updates are default start-
up updates for any discourse whatsoever, i.e. @heywhat Stalnaker (1978) refers to as
"commonplace" updates that "will include any infation which the speaker assumes
his audience can infer from the performance of [dssertion] speech act" (Stalnaker
1978; see also the related discussion about dgaodicouns in sectioB3.7 of chapter6
above). Thus, | will assume that the DRS in (90 itact preceded by the start-up update
in (92) below.

92.[p*, m| p*=w*, epistemig-{ /7],
wherep*=w* := lg. p*lpxs={ W*}

We are now able to test that the dp&fcontains a unique non-dummy world (in
particular, the actual world*), as the first update in (90) instructs us to do.
Then, we introduce the drpfrelative to the actual world dref and store in it the

set of all possible worlds (given that the conditp p is vacuously satisfied). The next

update instructs us to introduce the gredind store in it the maximal subsetpaivorlds

(V) p([az, -y @n [Cy, ., Cil) = [p(a, - @n) [(Ca)s -, p(Cr)])-
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that contain a wolbi that comes in. Given thatis the set of all possible worlds,will in

fact store the set of all worlds that contain afwahat comes in.

We finally test that the nuclear scopleis a mepistemic possibility relative to the
restrictorp, which basically means that there is at least mrssible worldw which is
both ap-world and armworld and which, in addition, is alsopgworld. In other words,

the DRS in (90) is true iff there is an epistenasgbility of a wolf coming in.

The DRS in (91) instructs us to update the infdesthat we have obtained after
processing (90) as follows. First, we test agaat the drefp* contains a unique non-
dummy world, which we know is true (we have perfeththe same test in (90)). Then,
we introduce the nuclear scope do&f which stores the maximal subset of svorlds
relative to which we have introduced a uniqueolf and in which said wolf attacks

Harvey first.

We finally test that the nuclear scopeéis amepistemic necessity relative to the
restrictorp’, which basically means that any possible wavlavhich is both g'-world
and amworld is also ap"-world. In other words, the DRS in (91) is true #hy
epistemically accessible possible world in whictv@f comes in is such that the wolf

attacks Harvey first.

Thus, the IP-CDRT representation in (90) + (91)tesgs the intuitively correct
truth-conditions for the modal subordination disseuin (53) above. Moreover, as
desired, the representation in (90) + (91) is pelrab the corresponding PCDRT
representation that captures the "narrow-scopdimt¥ reading of the quantificational
subordination discourse in (54) above. For converg@e | repeat this representation in

(93) below (sed.3 section of chaptds for more discusssion).

93. max' ([conventiofiua}]); [ u, (U)]; [u, (girl{ua}), u, (court_a{Harvey, up, u})];
[u, (unique{uz}), u (come_to_banquet_fofy, u})]
The differences between the two representationsragean artifact of the fact that,

in the analysis provided in (93), we have conflatesirestrictor and nuclear scope dref's
for both the determiner in (54a) and the anaphoric adverb in (54b). This
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simplification is, however, not possible for the dab representation in (90) + (91)
because, unlike individual-level quantification, sab quantification is parametrized by a
non-empty modal base and the restrictor and nudeape dref's of and

cannot be conflated. The conflation is possibleyarfi both the modal base and the
ordering source are empty, as it was the casénéoentailment particle analyzed

in section4.3 of the present chapter and whose translation waglifed in much the

same way as the translations of and in chapte6.

Thus, anaphora and quantification in the individuad modal domains are analyzed
in a systematically parallel way in IP-CDRT, frotrettypes of the dref's to the general
format of the meanings associated with quantifoceti and anaphoric expressions.The
fact that this formal feature is empirically an@dhetically desirable has been repeatedly
observed in the literature — see Stone (1997, 1398nk (1996), Geurts (1999), Bittner
(2001), Schlenker (2005) among others, extendiagpdrallel between the individual and
temporal domains argued for in Partee (1973, 1984).

IP-CDRT — which builds on and unifies Muskens (199%@n den Berg (1996a) and
Stone (1999) — is, to my knowledge, the first dyiasystem that systematically captures
the anaphoric and quantificational parallels betwte individual and modal domains
while, at the same time, keeping the underlyingidogassical and preserving the

Montagovian approach to compositionality.
6.6. De Re Readings

Consider the discourses in (94) and (95) belowbdth cases, the only intuitively
available reading for the indefinite Is ade rereading, that is, the anaphoric

pronounit, in the indicative sentences (94b)/(95b) rulestbat'narrow-scope indefinite"

reading m >> for sentence (94a/95a).

94.a. A"*" wolf might?® P come in.

b. Ity escaped yesterday from the Zbo.

3L Or: A wolf might come in. It's the wolf that escapestgrelay from the zoo
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95.a. A"“! wolf might?® P come in.

b. John saw jtyesterday night standing dangerously close ta@#n.

Discourses (94) and (95) are parallel to the filistourse from Karttunen (1976)
analyzed in chapte8, repeated in (96) below. Much as in (94) and (8bdve, the
anaphoric pronoun in sentence (96b) rules out the "narrow-scopefinide’ reading

>> for sentence (96a).

96.a. Harvey courts '&" girl at every convention.

b. She is very pretty.

According to the analysis in sectid® of chapte6 above, this is a consequence of
the fact that the two readings of sentence (9Gagtectively conflated by the condition
unique{u} condition contributed by the singular number mwlwgy on the pronoun

. The PCDRT representations of the entire discourg86), derived on the basis of

the two (conflated) quantifier scopings of (96a eepeated in (97) and (98) below.

97. >>
[u|girl{u}]; J(max“([conventiofiu}])); [ «(court_afHarvey, u, u})];
[unique{u}, very_ prettyu}]

98. >>
max ([conventiofu'}]); [ w(u) |w(girl{u}), w(court_afHarvey, u, u})];

[unique{u}, very prettyu}]

This analysis, however, does not generalize tontbdal case — and for a simple
reason. Thale rereading of the modal discourses in (94) and (%®va requires the
common noun to be interpreted relative to the dref for theuattworld p* over and
above the fact that the indefinite  in (94a/95a) brings to salience a single individua
Theunique{u} condition contributed by the pronounin (94b)/(95b) can constrain only
the cardinality of the set of individuals introdddey the indefinite — but it cannot

require them to be wolves in the actual world,toesatisfy the conditiowolfy+{ u}.

To see the problem more clearly, consider the tReCDRT representations of

discourse (94) above provided in (99) and (100pwelFor simplicity, | ignore the
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unique{ p*} condition and the-(...) operator contributed by the indicative moodo (as

the reader can check, nothing crucial rests oresssimption).

99, >> m e o m (

[u |wolfe{u}]; (maxP(p([p pI)); max® P(come_ip{u}]); [ POS+.Ap, p1);

[unique{u}, escape_from_zgd u}]

100. m o >> e, o m

max(u([p pI)); max® P([p(u) | p(wolfy{u}), p(come_ig{u})]); [ POSy.Ap. P1;

[unique{u}, escape_from_zgd u}]

The representation in (99) provides the intuitivalyilablede rereading: there is a
u-individual that is a wolf in the actugF-world and there are sonpeworlds in which
the u-individual comes in and that areepistemic possibilites relative to the actp&l
world. Note that we do not require thendividual to be a wolf in thesg-worlds, but we
can assume that, in all the relevantccessiblep’-worlds, theu-individual is a wolf
because, on the one hand, it is a wolf in the &gtsavorld and, on the other hand, the

accessible worlds are also relativized to the agttravorld 32

It is the representation in (100) that is problemadntuitively, thede dictoreading

m  >> should be ruled out, but the IP-CDRT represemaiio (100)
incorrectly predicts that discourse (94) could h#ve following unavailablede dicto
reading: there are sonpworlds that arerepistemic possibilites relative to the actual
p*-world and there is this uniqueindividual that is a wolf in each of thg-worlds and
that comes in in each of tipgworlds. Moreover, the-individual under consideration is
such that it escaped from the zoo in the agbdalorld. Note, in particular, that the
individual can be a mouse or a giraffe in the dottald — and not necessarily a wolf.

32 Note that a similar reasoning can be used to attdouP-CDRT for the discourse in (i) below, dwe t
Stone (1999): 8, (18), and which, as Stone (19890 shows, poses significant problems for most
alternative dynamic approaches to modal quantiboaincluding Geurts 1995/1999, Frank 1996 and
Frank & Kamp 1997).

(i) a. A" wolf might walk in.b. We would be safe because John Hagum.c. He would use t to shoot i{.
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Thus, we observe that IP-CDRT over-generates wpect to modal subordination
discourses like (94) above because it allows forirduitively unavailablede dicto
reading. However, the over-generation is not due peculiarity of the IP-CDRT system,
but to the fact that the scopal interaction betwaemodal and an individual-level
guantifier is more complex than the interactionasen two individual-level quantifiers.
In turn, this complexity is a consequence of thet fhat the lexical relations contributed
by a DP are always relativized to a modal dref eaa, therefore, interact with a modal
guantifier in a way that is independent from thieiaction between that modal quantifier

and the determiner heading the DP under considerati

I will now briefly suggest a solution to this prelh, following a proposal in Stone
(1999). Stone (1999): 21 derives the infelicity thie example in (101) below by
associating a presupposition of existence relatva particular modal dref with every
pronoun. This presupposition is of the form given (L02) below (Stone's actual
implementation is different, but the basic propasdhe same as the one in (102), which
is formulated in IP-CDRT terms).

101. a. John might be eating ‘acheesesteak. #lt, iSp+ very greasy.
(Stone 1999: 21, (40))
102. uexists inp := lg lpupst @U" id lpups(ui exists inpi),
whereexists inis a constant of typewt)>>.
Abbreviation: in :=exists in

i.e. we omitéxists, e.g.uin p, xin w etc.

The basic proposal in Stone (1999) (various tecmletails are, again, different) is
that the pronoun in (101b) contributes such a presupposition o$texice relative to the
actual world drep*, i.e.u in p*. This presupposition, however, is not satisfiedaose
the indefinite in (101a) receives a narrow scopke dictoreading and

introduces theu-individual only relative to the epistemically aseséle p'-worlds

% This particular format for ‘'relativizing' the domaof individuals to possible worlds is due to Mask
(1995h). | use it in IP-CDRT only for its formahgplicity — and without any particular commitmentthe
possibilist (as opposed to the actualist) appréaciuantified modal logic.
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contributed by , i.e. u in p'. Consequently, ther-individual exists in thep'-
epistemically accessible worlds, but not necessarithe actuap*-world, which makes
the discourse in (101) infelicitous.

The discourse in (101) is infelicitous becauseriost salient reading for sentence
(101a) is thede dictq "narrow-scope indefinite" one, while sentencel@requires ae
re, "wide-scope indefinite” reading to satisfy thestéance presupposition contributed by
the pronoun . In contrast, the discourse in (94) above is ifelis because thde re
"wide-scope indefinite" reading for sentence (9#&a)kalient enough — but the same
presuppositional mechanism that accounts the aitfglbf (101) enables us to account for

the fact that the only available reading for digseu94) as a whole is tlde reone.

More precisely, | propose to revise the IP-CDRstations for indefinite articles
and pronouns as shown in (103), (104) and (1059vbelThe new translations are
identical to the ones proposed above (see&in section6.4 above) except for the
addition of Stone-style existence conditions of them u in p. The presuppositional
status of such conditions when contributed by pumsois indicated by underlining. A
simplified version of the translation for pronounsvhich is good enough for our current

purposes — is provided in (106).

103. Pes- Plesy. Os [U [uin d]; u(P(U)(@)); u(P'(U)(a))
104. Petsy- Plegsy- Gs- max-([uin g]; u(P(u)(@)); u(P'(U)(a))
105. Pesy. Os [Uin p, g pl; [unique{u}]; J(P(u)(a)) **

106. Pesy- Os [Uin g]; [unique{u}]; «(P(u)(d))

For concreteness, | will assume that the presuppoal conditionsu in g
contributed by pronouns have to be satisfied ah sudiscourse, i.e. a condition of the

3 Alternatively (or: in addition), we can associaeery lexical relatiorRy{ vy, ..., v} with a family of
existence presuppositions of the form given irb@ow. For our current purposes, the simplifiechfdn
(ii) is sufficient. Just as before, underlining iicetes presuppositional status.

() Voo Vo Q. [Vain Py, o, VoD P 9 P1y ees O Pols [R{ Ve oy Un]

(i) Vn... V1. Q. [Voin g, ..., Vain of; [Ry{ Vi, ..., Un}]-
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form u in g has to be available (and 'accessible’) in theesgmtation of the previous
discours”. The revised (compositionally derived) IP-CDRTneentations of discourse
(94) are provided in (107) and (108) below. Thespppositioru in p* contributed by the
pronoun in (94b) is satisfied in thée rerepresentation in (107), but not in the dicto
representation in (108) — hence, we correctly mtettiat the only available reading for

discourse (94) as a whole is tthe reone.

107. >> m e, o m (

[u]uin p*, wolf-{u}];

(max(p([p pl); max® P([come_ip{u}]); [ POSy.Ap, p);
[uin p*]; [unique{u}, escape_from_zed u}]

108. o >> e, o m

max’(,([p  p])); max’ P([p(u) [uin p', p(wolfp{u}), y(come_ip{u})]);
[POS».AP, P1;
[uin p*]; [unique{u}, escape_from_zed u}]

7. Comparison with Alternative Approaches

Summarizing various points made throughout the gmeshapter (chaptef) and
the previous two (chapteis and 6), Intensional PCDRT differs from most previous
dynamic approaches in at least three respectsfifBhelifference is conceptual: PCDRT
captures the idea that reference to structure ipsrtant as reference to value and that
the two should be treated in parallel (contra van @erg 1996a, Kritfka 1996b and

Nouwen 2003 among others).

The second difference is empirical: the motivation plural information states is

provided by singular and intra-sentential donkegpora, in contrast to the previous

% This is more in line with the binding / presuppinsi-as-anaphora theory of presupposition (van der
Sandt 1992, Geurts 1995/1999, Kamp 2001 among Sjthrather than with the satisfaction theory

(Karttunen 1974, Heim 1983b, 1992 among otherd),| lmxpect the solution to also be compatible with

(some form of) the satisfication theory. See Krah{®98), Geurts (1995/1999) and Beaver (2001) for
comparative evaluations of the two theories.
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literature (see van den Berg 1996a, Krifka 19968 Biouwen 2003) which relies on

plural and cross-sentential anaphora.

Finally, from a formal point of view, IntensionalCBRT accomplishes two non-

trivial goals for the first time.

On the one hand, it is not obvious how to recast ¢@n Berg's Dynamic Plural
Logic in classical type logic, given that, amongestthings, the former logic is partial
and it conflates discourse-level plurality (i.eethse of plural information states) and
domain-level plurality (i.e. non-atomic individupl¢see chapte8 below for more

discussion about this distinction).

On the other hand, previous dynamic reformulatiofsthe analysis of modal
guantification in Lewis (1973) / Kratzer (1981)gethe ones in Geurts (1995/1999),
Frank (1996) and Stone (1999), are not satisfactmgfar as they fail to associate modal
guantifications withcontents(i.e. the propositions such quantifications expreas a
particular context) and cannot account for the fhat the entailment partickberefore
can relate such contents as, for example, in theén&g discourse analyzed in the present

chapter (see sectiah2 below for more details).

In general, the previous dynamic approaches to hrmd#ordination fall into three
broad categories based on the way in which theyodecthe quantificational
dependencies between possible scenarios (e.gpitteraically accessible possibilities of
a wolf coming in) and the individuals that featimghese scenarios (e.g. whichever wolf

enters in a particular epistemically accessiblesinigy):

accommodation accounts, e.g. Roberts (1987, 1%8%,1996), where there are no
modal dref's of any kind and the associations betwgossible scenarios and the
individuals that feature in them is captured at kel of logical form, i.e. by
accommodating / copying the DRS's that introduce rislevant individual-level
dref's into the restrictor or nuclear scope DRE&wther modal operator;

analyses like the ones proposed in Kibble (19945)9Portner (1994), Geurts
(1995/1999), Frank (1996), Frank & Kamp (1997) aad Rooy (2001), which take
modal quantifiers to relate dynamically-valued dref.e. (in the simplest case)
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dref's for information states, where, following he{1983b), an information state is
basically represented as a set of <world, variadsignment> pairs; in these
approaches, the dependency between possibiliteéesnaividuals is encoded in the
dref's for information states: every <world, assigmt> pair is such that the
assignment stores the individual-level dref's timte been introduced with respect
to that world; these approaches to modal subordmatare parallel to the
"parametrized sum individuals" approaches to dorsdkggphora and quantificational
subordination in Rooth (1987) and Krifka (1996h)stead of summing atomic
individuals that are each parametrized with a \deiassignment, these approaches
'sum'’ possible worlds that are each parametrizéddawariable assignment;
encapsulated quantification accounts, e.g. Stof87(11999) and Bittner (2001,
2006), where modal quantifiers relate dref's &patic objects (unlike Geurts
1995/1999, Frank 1996 and van Rooy 2001), namesf'sdifor accessibility
relations. Thus, modal dref's in such accountsoétgpe s(w(wt)) and individual-
level dref's are of types(we), i.e. they are dref's for individual concepts.eTh
guantificational dependency between possibilitied mdividuals is encoded in the
complex static objects that these dref's have hAsgesaFor example, in a sentence
like A wolf might come inthe modalmight introduces a dref of typs(w(wt))
which, with respect to a given ‘assignmegtstores a function of type(wt) that
maps (the current candidates for) the actual wtoldhe set of epistemically
accessible worlds in which a wolf comes in; at $hene time, the indefinite wolf
introduces a dref of typg(we) which, relative to a given 'assignmeigt'stores a
function mapping every epistemically accessiblelevarin which a wolf comes in

to the wolf that comes in iw.

Intensional PCDRT (IP-CDRT) makes use of a fourthywof capturing the

guantificational dependencies between possibilittesl individuals, namely plural

information states. Just as in encapsulated gu@attdn accounts, the IP-CDRT dref's

for possibilities have static objects as values particular, they are of typsv, storing a

possible worldw relative to each 'assignmentThe dref's for individuals have the usual

type se But, unlike in encapsulated quantification acdsunthe quantificational

dependencies between possibilities and individaadsstored in the plural info states that
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are incrementally updated in discourse and nohénstatic objects that the modal and

individual-level dref's have as values.

For example, in a sentence likewolf might come inthe modamightintroduces a
dref p of typesw which, with respect to a plural info statg stores the set of worlgd :=
{pi: il I} in which a wolf comes in. The indefinite wolf introduces a drefi of typese
which, with respect to each wondin which a wolf comes in, stores the wolf or wave
that come in inw. That is, for every worlav, the sub-staté,-,, := {il I: pi=w} (which
stores only the worlev relative top) stores the corresponding wolf or wolves relatwe
u, i.e. the set of wolves associated withs ulpy, := {ui: il I=s}. Thus, the dependency
between worlds and wolves is stored in the plurd statels; in a pointwise manner: for

eachid |, the wolfui comes in in worlgpi.

The subset of thp-worlds that are epistemically accessible from dotual world
w* are also accessed via the the quantificationaémtgncies stored in the plural info
statels. First, we have that the dref for the actual wqrtdstores only the actual world
w* relative to the entire plural info stalig i.e. we have thgt*I={w*} — consequently,
the plural info statd is the same aky-w+. Second, following the proposal in Kratzer
(1981), IP-CDRT assumes that an epistemic moda& s contextually suppliedris a
dref of types(wt)*® and the drefrstores a set of Propositiomy« s := {/M: il Iy}

relative to the current plural info stdie-+, hence relative to the actual world.

The differences between IP-CDRT and previous amhesm stem from the two
main features of its account of modal subordinat{onthe use of modal dref's that have
static objects as valuesii)(the use of plural info states to encode quatitnal
dependencies.

7.1. Statically vs. Dynamically Valued Modal Dref's

The first feature, namely using modal dref's withtis objects as values, is shared

with encapsulated quantification accounts. Usingdahadref's with static objects as

% Note the simplification in type relative to the dab bases in Kratzer (1981), which have tygént)t).
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values has several advantages relative to the tfirst categories of approaches, i.e.
accommodation approaches and approaches that ebg with information states as
values. Stone (1999) (see pp. 5-11 in particulaoyiges a lucid review of these two
categories of approaches and a persuasive arguorensing modal dref's with static
objects as values, which | will not iterate herewill only summarize the two main

arguments — the first one is empirical, while teead is more theoretical in nature.

Empirically, the first two categories of approacliesmodal subordination have
difficulties accounting for discourses that involvaultiple inter-related possible

scenarios like the one in (109) below.

109. a. A" wolf might walk in.
b. We would be safe because John Hagum.
c. He would use i to shoot if.
(Stone 1999: 8, (18))

As Stone (1999) puts it:

"[The discourse in (109)] describes two situaticas:actual present situation, in
which John has a gun; and a possible future dewetap of that situation, in
which a wolf walks in. The last sentence of [(10Bl)jstrates that the speaker
may refer both to the possible wolf and to Johnis gn a description of that
possible future. [...] In previous dynamic approagtsegnarios are interpreted as
sets ofbyNAMIC objects, in which possible worlds are paired wisisignments
that indicate what entities are available for refee there. (Entities are
introduced into a sequence of evolvisgeNARIOS rather than into evolving
representations of tllBSCOURSE)

Because scenario referents explicitly inventoryilalsée referents, we can only
refer to a gun in a scenario in which a gun hashkeelicitly added. This is
incompatible with the pattern of reference in [(JO€irst, the discourse describes
a possible elaboration of what we know, where & waines in (and we are safe).
Then the discourse evokes a further elaboratiauofnformation which includes
a gun. Although this elaboration describes realitynevertheless leaves the
original hypothetical scenario unchanged. Therthesefore no gun to refer to in
the wolf-scenario.”

(Stone 1999: 8-9)

For more details, see Stone (1999): 9-11.
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In contrast, encapsulated quantification approaemelsIP-CDRT (see in particular
the account ofde re readings in sectio®.6 above) can account for such discourses
because they model possible scenarios as orditetig sbjects and can relate multiple
scenarios and the individuals featured in themaryymuch the same way as classical
DRT / FCS / DPL approaches introduce and relateiphelindividual dref's.

The theoretical argument in Stone (1999) agairssffitist two kinds of approaches
to modal subordination is that they fail to capttine anaphoric and quantificational
parallels between the individual and modal domairgued for in Stone (1997, 1999),
Bittner (2001, 2006) and Schlenker (2003, 2005b)ragothers. In contrast (as shown by
the parallel analysis of quantificational and masiabordination in sectioé above), the
theoretical architecture of IP-CDRT enables usite @ point-for-point parallel account
of anaphora and quantification in the individuadamodal domains, from the types
assigned to the modal and individual dref's totthaslations compositionally associated
with anaphoric and quantificational expressions.

7.2. Plural Info States vs. Encapsulated Quantifica  tion

Let us turn now to the second feature of the IP-CD&count of modal
subordination, namely the use of plural info states capture quantificational
dependencies. This is the feature that distingsisie&CDRT from encapsulated
guantification accounts (e.g. Stone 1997, 1999Rittder 2001, 2006).

There is one argument that seems to recommendsiefuplural info states to
encode quantificational dependencies as opposedth&o use of encapsulated
guantification: encapsulated quantification apphaec(which, in a broad sense, include
approaches that make use of choice functions amdSkolem functions to account for
donkey anaphora and quantificational subordinatisee sectio® of chapter5 above)
do not store quantificational dependencies intredua discourse in the database that is
meant to store discourse-related information, inethe information states, but in the
meaning of the lexical items, be they the indediflike items that introduce new dref's or
the pronoun-like items that retrieve them.
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The point (already made in van den Berg 1994, 136@a respect to individual-
level plural anaphora) can be more easily clariiiedie consider the quantificational
subordination examples in (110) and (111) belowe Thodal subordination based

argument is similar.

110. a. Every' man loves ‘Awoman.
b. They, bring theny flowers to prove this.
(van den Berg 1996a: 168, (16))

111. a. Every' boy bought 4 flower and gave itto & girl.
b. They, thanked themfor the, very nice gifts.

Consider (110) first. Sentence (110a) establishésofold dependency between
men and the women that they love and sentence Y1fi®ther elaborates on this
dependency. Encapsulated quantification approdeées to make use of functions from
individuals to individuals of typee (or relations between individuals of typéet)) to
capture the intuition that sentence (110b) elalesrain the dependency introduced in
sentence (110a). That is, either the quantifiers ( and ) or the pronouns

( and ) — or both — have to have such functions as @datheir semantic value.

Now consider discourse (111). Sentence (111a) ledtab a threefold dependency
between boys, flowers and girls and sentence (1Xukther elaborates on this
dependency. In this case, encapsulated quantdicapproaches need to make use of
functions and / or relations that are more complen the ones needed for discourse
(110). Therefore, the semantic values assignediantdiers and / or pronouns will have
to be more complex in the case of (111), despiedht that the very same lexical items

are used.

That is, quantifiers and / or pronouns denote fionst/ relations of different arities
depending on the discourse context, i.e. depermlingow many simultaneous anaphoric
connections are established in a particular dissuAnd these functions / relations
become a lot more complex as soon as we startglicgly represent anaphora to and

guantification over possible worlds, times, locaipeventualities, degrees etc.
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Summarizing, the (mostly theoretical) argumentgdiural info states as opposed to
encapsulated quantification approaches is thevimlig: since the arity of the functions /
relations denoted by pronouns and / or quantifeedetermined by the discourse context,
we should encode this context dependency in the stdte (the purpose of which is to
store precisely this kind of discourse informati@md not in the representation of the

lexical items themselves.

Turning now to more empirical considerations, IPRID and encapsulated
guantification approaches seem to have a similgirgzal coverage as far as the English
phenomena considered in this chapter are concdatgmugh see the observations in
sections/.4 and7.5 below). However, only future research will decili®>-CDRT based
approaches can also scale up to account for tymalibg different languages (e.g.
Kalaallisut), which have been successfully analyredn encapsulated quantification

dynamic framework (see for example Bitther 2006).

Note, however, that the two frameworks are not mmgatible, since IP-CDRT can
also make use of dref's that have more complex huodyjlects as values, e.g. the dref's for
modal bases and ordering sources used in thisehdhit, even in such cases, the use of
plural info states enables us to simplify the typésuch dref's — much like the types of
modal and individual-level dref's in Stone (1998 aimplified in IP-CDRT: we only
need to use dref's for possible worlds of tyyears IP-CDRT as opposed to the dref's for
accessibility relations of typg{w(wt)) in Stone (1999); also, we only need to use gref'
for individuals of typesein IP-CDRT instead of the dref's for individualnoepts of type
s(we) used in Stone (1999).

| will conclude this section with three more obsdions about the differences
between IP-CDRT and the encapsulated quantificatystem in Stone (1999).

First, for simplicity, Stone (1999) treats modakés  and ordering sources as static
objects (see the definitions for necessity and iptigg in Stone 1999: 27, (47)). IP-
CDRT introduces dref's for modal bases and ordesmgces, thus providing a dynamic
treatment for all the contextually dependent congmbs of modal quantification argued
for in Kratzer (1981).
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Second, IP-CDRT employs maximahparametrizedrestrictor and nuclear scope
sets in the definition of modal quantification,dantrast to Stone (1999), who introduces
restrictor and nuclear scope sets for modal quargifoy means aif-update with a
Lewis-style similarity ordering source built in és&tone 1999: 17, (34)). To see that the
built-in parametrization is too restrictive, cormidhe deontic conditional in (112) below
(based on Kratzer 1981): (112) does not seem tolvava similarity ordering source
because the conditional simply states that, acegrth the law, the deontically ideal
worlds among the set of worlds where there is aderuare such that the murderer goes
to jail. The deontic quantification is not restedtto the set of worlds where there is a
murder and which are as similar as possible t@tteal world since many of the facts in

the actual world are orthogonal to the legal rezaent specified by (112).
112. If there is d murder, thg murderer must go to jail.

Finally, in contrast to the IP-CDRT definitions,etldefinitions of necessity and
possibility in Stone 1999: 27, (47) do not assec@intents with modal quantifications,
so they cannot account for thileereforediscourses in (1/2) and (9) above, in which
thereforerelates contents and not meanings (i.e. contextgehgotentials); for more

discussion, see secti@m® of the present chapter.

7.3. Conjunctions under Modals

Roberts (1996) (see also Roberts 1995) presentsfallmving challenge for
dynamic / anaphoric accounts of modal subordinat@onsider the two discourses in
(113) and (114) below (example (19) in Roberts 19981 and example (3) in Roberts
1996: 216 respectively).

113. a. You should buy ‘alottery ticket and put jtin a safe place.
[b. You're a person with good luck.]
c. Ity might be worth millions.

114. a. You should buy ‘alottery ticket and put jtin a safe place.

b. #lt,'s worth a million dollars.
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Note that the modal quantification in (113c) is restricted by ttontent of the
first conjunct below the modal in (113a), i.e. it is interpreted as asserting,tha
given that you're a generally lucky persdnyou buy a lottery ticketit might be worth
millions. Crucially, (113c) is not restricted byetltontent of both conjuncts in (113a) or

by the set of deontically ideal worlds contributsd

The challenge for dynamic approaches is to showthiey do not under-generate,
i.e. that they can account for the felicitous digse in (113), and that they do not over-
generate, i.e. that they can account for the itifelis discourse in (114). In this section, |
will briefly sketch how IP-CDRT can account for tfiest, felicitous example and derive
the infelicity of the second. In the process, wdl wge that example (113) provides

another empirical argument for the explicit introtan of contents in discourse.

The discourse in (113) is analyzed like the Aquidiasourse in (1/2) above, i.e. in
terms of structured anaphora to propositions. Tilg component we need to add is a
translation for  that introduces and relates the contents of itgucets, much like the
analysis of conjunction in classical modal logic.sAitable translation is provided in
(115) below, which, just as the translation for mloduantifiers in sectio®.1 above,
relies on structured inclusion to capture the anaplconnections between the first and
the second conjunct in (113a) above. Also, noté the conjunction  relates two
maximalunparametrizegets of possible worlds — again, just like therdebn of modal

guantification in sectio6.1 above.

115. Py Pgi. Gs maxP((Z(p))); max’ (7 (p))); [ P

The translation for the modal in (113a) is provided in (116) below; it is the
expected one, modulo the fact that we omit theridigivity operatory(...) over the
nuclear scope update

3" This is needed to ensure that the structural dipesies introduced within the two conjuncts arepprty

inherited by the nuclear scope dpdf and it can be seen as the limit case (no digivity operator at all)
of the variability with respect to nuclear scopstubutivity operators argued for in sectiér? of chapteté

above.
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116. ' w

Pg. P'st. Gs. maxP((2(p)); max’ P (p")); INECqmud p, P

In (116), mis an epistemic modal basey is a deontic ordering source, the

antecedenf” is accommodated a%}s. [ g] (due to the fact that (113a) is discourse

initial — see sectior6.5 above for more discussion) and the consequénis the
conjunctionyou buy a lottery ticket and you put it in a safacp, i.e. the dynamic
proposition in (117) below. The final representatad (113a) has the form given in (118)
below, which can be simplified as shown in (119, by omitting the drgb,.

117. g5 maxP (p (Pu(pr))); max PO R (p (Po(p))); [a pdl,
whereP; is "you buy dlottery ticket" and?, is "you put i, in a safe place".

118. maxP([p p]); max” P(max P (p ([u|lottery_tickety {u}, you_buyp, {u}]));

max P B( p ([you_put_in_safe_plage{u}])); [p' p2));
[NECp P, P,

wherep* is the dref for the actual world.

119. maxP([p p]); maxPe P( p, ([u | lottery_ticketp {u}, you_buyp {u}]));

max P R (,([you_put_in_safe_plagéu}])); [ NECpmd p, P}

Informally, the update in (119) instructs us to tle following operations on the
default input info stateif}. First, given that the modal verb is contextuallgpendent
(much like deictic pronouns), we need to accomn®datupdate that introduces the dref

for the actual worlgp*, the epistemic modal bageand the deontic ordering souree

Then, we process the first update in (119), namayxP([p p]), which instructs us to

add ap column to the input info state and store in itsleeof all possible worlds.

The next update instructs us to adg;acolumn and store in it all the worlds in
which you buy a lottery ticket; also, we add eolumn and store in it the lottery ticket(s)
that you buy in each correspondimpgworld. Then, we add g’ column and store in it all

the p;-worlds in which you put in a safe place the cqvoesling u-lottery ticket(s).
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Finally, we test that all thesdeontically ideal worlds among thesepistemically
accessiblep-worlds are included ip'. That is, sincep stores the set of all possible
worlds, we simply test that all thedeontically ideal worlds among theepistemically

accessible worlds are such that you buy a lotiekgt and put it in a safe place.

Crucially, at the end of the update contributedsegtence (113a), we have access to
the set ofp;-worlds satisfying the first conjunct below the rabd , .e. we have
access to all the worlds in which you buy a lottecket. We will therefore be able to
interpret sentence (113c) in the usual way, i.esi@slltaneously anaphoric to the modal
drefp; and the individual-level dref. Thus, IP-CDRT is able to capture all the strusdur
anaphoric connections established in discourse) (&4h8 derive the intuitively correct

truth-conditions associated with it.

The IP-CDRT account of the infelicitous discouns€il4) is basically the same as
the account of the infelicitous discourse in (1@bpve (see sectiod.6 of the present

chapter).

7.4. Weak / Strong Ambiguities under Modals

Donkey anaphora in modalized conditionals exhibsk / strong ambiguities just
as it does in (extensional) relative-clause dordeyences. In particular, the conditional
in (2a) above, repeated in (120) below, provideshatance of strong donkey anaphora,
while the conditional in (121) below, due to Par{#884), provides an instance of weak

donkey anaphora.

120. If a" man is alive, hemust find something pleasurable.
121. If you have dcredit card, you should usg ftere instead of cash.
(Partee (1984): 280, fn. 12)

Given the analysis of the weak / strong ambiguitghapters above, it should be
clear that IP-CDRT can account for both examplesindefinite in (120) receives
a strong reading (see sectibri of the present chapter), while the indefinite
in (121) receives a weak reading. The intuitivelyrrect truth-conditions for both

discourses are derived in the usual way.
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Weak / strong donkey ambiguities pose problems dibrthree categories of
alternative approaches mentioned above. Accomnwudatised approaches like Roberts
(1987, 1989) can account only for strong donkeyliregs — a feature they inherit from
the underlying classical DRT framework.

Approaches that use dref's for information stagss @lso account only for strong
readings. For example, the definitions of info estdtef update in Frank (1996): 98, (36)
and Geurts (1905/1999): 154, (43b) update & seft <world, assignment> pairs with a
DRSK (the denotation of which is a binary relation bedgw <world, assignment> pairs)
by taking the image of the sétunder the relation denoted Ky That is, the output s&
of <world, assignment> pairs obtained after upapkirwith K is the setG = {<w', g>:
$<w, g>1 F(<w, g>K<w', g>)}. This kind of update predicts that, by the tinve have
processed the antecedent of the conditional in )(18ie output set of <world,
assignment> pairs will contain all the credit catligt you have, which in turn predicts

that the conditional in (121) counter-intuitivelgguires you to use all your credit cards.

Finally, the encapsulated quantification approacistone (1999) can account only
for weak donkey readings because indefinites intteddref's for individual concepts
(they are functions of typs(we)), hence, for each possible world, the dref witire
exactly one individual. Such dref's are, basicallyef's for choice functions: given a
world w, the individual concept will choose a particulatigy that is a credit card you

have in that world.

Thus, Stone (1999) can account for the weak readwmmgditional in (121) as
follows: the indefinite in the antecedent (arbitsgrchooses a credit card relative to each
world w in which you have a non-empty set of credit catids;consequent elaborates on
this by requiring all the deontically ideal worlds to be such that you use the

corresponding card instead of cash.

By the same token, Stone (1999) cannot accourthéostrong reading conditional
in (120), where the indefinite in the antecedergdseto introducell the men that are
alive in any given worldv. An easy fix that would enable Stone (1999) toaat for the
strong donkey conditional in (120) would be to aatuce dref's for properties, i.e. dref's
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of types(w(et)) which, relative to a given world, would store the set of all men that are
alive in w. However, for the reasons mentioned in secfioof chapter5 above, this

strategy would fail for more complex examples imitod multiple strong indefinites.

7.5. Uniqueness Effects under Modals

Modal subordination discourses exhibit the samel loh uniqueness effects (and
variability thereof) as quantificational subordioatdiscourses. Consider again examples
(2) (If a" man is alive, hemust find something pleasurable. Therefore, ifdmesn't have
any spiritual pleasure, he must have a carnal plegs (53) A" wolf might come in. |t
would attack Harvey fir$t and (86) If a" wolf came in, John could not legally kill.iBut

he still would have foabove.

Discourse (53) seems to exhibit relativized unigesneffects: it is (preferably)
understood as talking about epistemic possibilig@guring a unique wolf coming in. In
contrast, discourses (2) and (86) do not exhibjtamqueness effects: (2) is not talking
only about worlds / possibilities in which exactlge man is alive and (86) is interpreted
as asserting that, if he wants to obey the lawn Jnnot kill any wolf or wolves that
come in and, in addition, if he wants to survivehd has to kill any wolf or wolves that
come in — neither the law, nor John's survivalintstare particularly geared towards

possible scenarios in which a unique wolf comes in.

IP-CDRT can capture the relativized uniguenessceffassociated with discourse
(53) in much the same way as it captures the vetatl uniqueness effects associated
with quantificational subordination (see sect®d of chapter6). That is, if we use a
strong / maximized indefinite article, the (rela&®d) uniqueness emerges from the
interaction between thmax" operator contributed by the strong indefinite and

theunique{u} condition contributed by the singular pronoun

The lack of uniqueness effects associated withodises (2) and (86) can be
captured in the same way as the lack of uniqueeéfssts associated with donkey
anaphora (see secti@ of chaptel6 for details), i.e. by means of suitable distrilinyi
operators that neutralize / vacuously satisfyuhigiue conditions contributed by singular

pronouns.
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Thus, IP-CDRT can capture the wavering nature ef uhiqueness implications
associated with modal subordination in much theesaray as it captures the wavering
nature of the uniqueness effects associated widmntdicational subordination and
donkey anaphora.

It is not obvious to me how the alternative apphescmentioned above can capture
the behavior of uniqueness effects in modal subatatin discourses — so, | will leave

this issue as a topic for future investigation disgtussion.
Appendix
Al. Intensional PCDRT: Definitions and Translations

122. New Dref's, Structured Inclusion, Maximization andDistributivity.
a.[pl = lsdee il 1(Sid JG[p1i)) U™ jd ISl 1(i[pli))
b.p' p:= lg"id 1(pi=pi Up'i=#)
c.p' p:= lse @ PIU"id I(pil p'lps® pi=p'i)
d. max’(D) := s Jet ([P); DIV U Ks([pl; D)IK ® Py sl pyis)
e.max’ P(D) :=max’([p' pl; D)
f.max’ P(D) := ls Jou SH(p|p p]IH UDHJIU

"Ks([p|p PTIK USL(DKL) ® Kpsl Hpg)) *°

3 This operator, more precisefgax’ ", is independently required to analyze the exanplg) below
within the revised PCDRT system of chapieiThis example can be easily analyzed within thetesy of
chapter5 (the only difference is that, to obtain the inugty correct truth-conditions, we need the
indefinite to be weak, not strong), but (i) poses problenstlie revised definition of generalized
quantification in chaptes, repeated in (ii) below for convenience. The peabis that (i) is falsified by any
parent who has a son in high school and who hashienthe car on a weeknight even if said parest ha
another son who never got the car. This probleposed by any determiner that is downward monotonic
his right argument, e.g-ew parents with a son still in high school lenanhihe car on weekends
intuitively falsified if most parents are such thia¢y have a son in high school and they lent hiencar on

a weeknight even if, at the same time, all parbat® at least one son who never got the car.

(i) No*“ “parent with & son still in high school has ever lent hirthe car on a weeknight.
(Rooth 1987: 256, (48))

(ii) Pet. Pler. max(y (P(W))); max’ “(y (P'(u))); [DET{u, u?]
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g.disty(D) := st Jst. " Win(lp=w! D« Jp=ut D) U" Wiy(lp=ut @ ® Dlp=yJp=u),
i.e.disty(D) := lsdst PI=pIU" Wyl pI(Dlp=wdp=w)

h. p(D) := st Jst Ip=t=Jp=s U It @ U distp(D)l s seJpe s

i. p(D) = lst ot lp==Jp=s U (Ipns=@ ® 1=) U (It @ ® distp(D)lpe e 4)

j. p(C) = s Ip @U" Wi plus(Clp=y), WhereC is a condition (of typesft)

K. p(@1, ..oy @n) := st st lp=e=Jp=ss Ulms@y, ..., an]Jps

wherepl {ay, ...,as} and [ay, ...,ay] == [a4d; ...; [an]

The definition in (ii) is problematic for the folldng reason. First, note that, if the indefinite is weak,
we obtain intuitively incorrect truth-conditionsrf@) because, if the indefinite introduces onlg ti-son
who never got the car relative to the correspondipgrent, theNO{u, u’} condition is verified and we
incorrectly predict that (i) is true in such a ation. Second, note that, if the indefinite is strong, i.e.
we introduce both thei"-son that got the car and the#-son that didn't get it with respect to the

correspondingi-parent, then thenax” “ operator used to extract the nuclear scope vettatid this parent,
i.e. thisu-parent will not be stored i, because it is not the case that thjzarent lends the car to all the
correspondingi”-sons. Hence, yet again, tN®©{u, u’} condition is verified and we incorrectly preditiat

(i) is true in such a situation.

However, using thenax" “ operator to provide the alternative translation(iii) below for (certain
occurrences of) determiners that are downward nomimtin their right argument yields the intuitively

correct truth-conditions for example (i) if the afuhite is strong. The reason is that theax" “
update will retain any-parent that lent the car to at least one son -tlatheNO{u, u'} condition (or the
FEW({u, u'} condition etc.) will not be verified anymore.

(iii) Pet. Per. max‘(y (P(u))); max’ “(y (P'(u))); [DET{u, u?}]

Given that thanax” P operator is associated, in the modal domain, eetiditional antecedents, which are
also downward monotonic, a fairly general procedfme translating individual-level and modal
determiners seems to emerge: the right upward ronaateterminers - (every mostetc.) should receive
the 22 2 type of translation in (ii), while the right dowawd determiners ~ (no, few etc.) should
receive the 2% ? type of translation in (iii). Also, if the resttar of a determiner is anaphoric to another
drefa", then, for left upward determiners they should be translated as* * 2 (if they are right

upward monotone) or ® 22 2 (if they are right downward monotone). If the detmers are left
downward monotone, i.e. ( , etc.) and their restrictor is anaphoric to a dréfthey should be

translated as * ® 2 2 (if they are right upward monotone) or (if they are right downward
monotone). For instance, thé determiner in the second conditional (i.e. thectasion) of the

Aquinas argument in (1/2) receives the translation in (iv) below.

a aa a

(iv) Py Pg.max *'(;, (P(p))); max’ P (P'(p))); [DET{p, 1.

| leave the investigation of this suggestion — adl \&as the problem posed by the translation of non-
monotonic determiners (e.gxactly n — for future research.
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123. Distributivity-based Equivalences.
a.p([C1, ... Cal) = [o(C1), -, p(Cr)]
b. (s, ... an | Cu, ... Cal) = [@1, --..@n) [o(C1), -, o(Cu)])
124. Atomic Conditions.
a. R{Up, cooyUn} = st lpr gy # . 5 QU
"id Tpr#ur #..ur #(Rei(U, ..., Uni))
b. unique{p} ;= s Ipst @ U"ii'd 1y 4(pi=pi')
C. MODAL ¢md P, P} := st lg=+=@ Uunique{q}I U
MODAL s g, e gy {Plps 1 Pl s},
wherem(modal based dref) ana(ordering source dref) are of typ@vt)
d. NECqmdp, P} :=  lst lg=+=@ U unique{a} | UNEC gz, wit gy { Pl s P'lp 53,
whereNECy o(Wi, W) := Idealo((CM)CWy)I W,
whereW; andW, are of typewt
andM (modal base) an@® (ordering source) are of typertt
e.POS,md P, P} := st lq=+=D Uunique{a}| UPOSu g, wr gy { Pl st Pl
wherePOSy o(Wi, Ws) := Idealo((CM)CW1)CW-! @,
whereW; andW; are of typeawt
andM (modal base) an@® (ordering source) are of typert)t
f. Generalized Limit Assumption.
For any propositiol\i,: and ordering sourd®gy::
"wi WHWT W(W'<ow Uw'=w ) U@$w"T WW"<owW'))
g. The Ideal function.
For any propositioli\i,: and ordering sourd®gy::
Idealo(W) := {wl W: @$wT W(W'<ow)}

125. Translations.
a. ' mw
Pst. P'si. ds max®( (P(0))); max®’ P(y (P(p')); [MODAL qmd p, P}

b. mwp Pst- Os- maxp' p( p' (P(pl)))u [MODAL q,ﬁ?W{ P, p'}]
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Ps. Psi. ds max® P (, (P(p))); max’ Py (P(p))); IMODAL g p, P}l

o P [unique{p*}]; p+(P(p*)),

wherep* is the dref for the actual world

Ve. Gs. [irlg{ V]

Pesy- Plasy- Gs Maxi(y (PU)(@))); max” (. (P'(U)(q))); [DET{u, u}]
Pesy- Plasy- s [Ul; u(P(U)(@); u(P'(U)(@))
Pesy Plesy- Gs: max (u(P(U)(@)); u(P'(u)(@)))

Pasy- 0. [unique{ u}]; u(P(u)(a))

Petsy- Os [ |u Harvey; o(P(u)(a)),
whereHarvey:= is harvey

p.p° p
mw

Pst. P'st. G max?((P(p))); max” P(u(P'(p))); [POSymad P, P

mwp' e Pst. Qs. max”” pl(p"(P (P")); INECqmd P, P"}]



