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Chapter 5. Structured Nominal Reference: Donkey Ana  phora

1. Introduction

This chapter incrementally introduces a new dynamic system dktgnds
CDRT+GQ and within which we can give a compositional account of thkiphe
donkey sentences in (1) and (2) below. This pair of sentences shdwlsetlamalysis of
singular donkey anaphora requires a notion of pldisdourse reference, i.e. reference to
a quantificational dependency between sets of objects (atomicidimals, possible

worlds etc.), which is established and subsequently referred to in discourse.
1. Every: person who buys‘a book onamazon.conand has & credit card uses
ity, to pay for iy *.
2. Every": boy who bought & Christmas gift for & girl in his class asked hgr

deskmate to wrap it .

Both examples contain multiple instances of singular donkey anaphdraréha
semantically correlated: (1) shows that singular donkey anaphoneefearto (possibly
non-singleton)sets while (2) shows that singular donkey anaphora can refer to a

dependenchetween such sets.

Sentence (1) is aixed weak & stronglonkey sentenée it is interpreted as

asserting that, foeverybook (strong) that any credit-card owner buysaamazon.com

! Some speakers find the variants in (i) below intuitiverencompelling:
(i) Every person who buys a computer / TV and has a creditusas it to pay for it.

2 To my knowledge, the existence of mixed reading relative-cldoiskey sentences was observed for the
first time by van der Does (1993). His example is pregiéh (i) below — and it is accompanied by the
observation that "clear intuitions are absent, but a combinethgesdwhich a whip is used to lash all
horses seems available" (van der Does 1993: 18). Thadngigeem much clearer with respect to example
(1) above; moreover, it is crucial for our purposes thatwieak reading of in (1) does not
require the set of credit cards to be a singleton set (thadrize people might use different credit cards to
buy different (kinds of) books).

(i) Every farmer who has a horse and a whip in his barsitise lash him. (van der Does 1993: 18, (26))
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there issomecredit card (weak) that s/he uses to pay for the book. Note inypartthat
the credit card can vary from book to book, e.g. | can use my Mastet€dmuy set
theory books and my Visa to buy detective novels — which means thathe/erak

indefinite Y, can introduce a (possiblgpn-singleton set

For each buyer, the two sets of objects, i.e. all the books purchasegaann.com
and some of the credit cards that the buyer hascamelated and thedependency
between these sets is specified in the nuclear scope gutrdification: each book is
correlated with the credit card that was used to pay foh#. tfanslation of sentence (1)

in classical (static) first-order logic is provided in (3) below.

3. " x(persor{x) U $y(booky) Ubuy _on_amazdw, y)) U$z(c.cardz) Uhavex, z))
® " y'(booKy) Ubuy on_amazdg, y')
® $z'(c.cardz) Uhavedx, z') Uuse_to_paf, ', y"))))

The challenge posed by this sentence isoimpositionallyderive its interpretation
while allowing for: () the fact that the two donkey indefinites in the restrictor of the
guantification receive two distinct readings (strong and weak cegply) and (i) the
fact that the value of the weak indefinite co-varies with / is dependent on the
value of the strong indefinite although the strong indefinite cannot syntactically

scope over the weak one, since both DP's are trapped in their respective conjuncts.

The dependencyetween the two sets of objects is the most transparenttense
(2). Both instances of donkey anaphora are strong: we are consideerygChristmas
gift andeverygirl. The restrictor introduces a dependency between the gétsond the
set of girls: each gift is correlated with the girl it wamight for. The nuclear scope of the
donkey quantification retrieves not only the two sets of objects, batthéstructure

associated with them, i.e. the dependency between them: eaclagjiftrapped by the

The existence of mixed reading conditional donkey sentencedd®n observed at least since Dekker
(1993); his example is provided in (ii) below.

(i) If a man has a dime in his pocket, he throws it inghking meter. (Dekker 1993: 183, (25)).
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deskmate of the girl that the gift was bought for. Thus, we have donkey anaphora to

structurein addition to donkey anaphoravalues

Importantly, the structure associated with the two sets, i.egpbendency between
gifts and girls, issemanticallyencoded and not pragmatically inferred: the correlation
between the two sets is not left vague / underspecified and sub8gquade precise
based on various extra-linguistic factors. To see this, considdoltbeing situation.
John buys two gifts, one for Mary and the other for Helen. The tv® ajie deskmates
(note that thedeskmaterelation is symmetric). Intuitively, sentence (2) is tridahn
asked Mary to wrap Helen's gift and Helen to wrap Mary'sagitt it is false if John
asked each girl to wrap her own gift (i.e. if John asked Maryrépthe gift bought for
her and, similarly, he asked Helen to wrap the gift bought for Beit)if the relation
between gifts and girls were vague / underspecified, we wouldcptédit sentence (2)

should be true even in the second (somewhat odd) sittiation

In sum, we need aemanticframework which can account for referencentm-
singleton structured setsvhere the quantificational structure associated with theisets
introduced in a (syntactically) non-local manner — for example, 1)y @cross a
coordination island — and subsequently accessed in a non-local mannexanfule, in

(2), from outside the relative clause that introduces the structured dependency.

The chapter is structured as follows. Sectmprovides a brief outline of the

proposed account. Sectidhintroduces an extension of CDRT+GQ with plural info

% Note the similarity between example (2) (which crucially laes the symmetric relatioeskmateand
the 'indistinguishable participants’ examples involving setnin relations due to Hans Kamp, Jan van
Eijck and Irene Heim (see Heim 1990: 147, fn. 6):

(i) If a man shares an apartment with another man, he sharéstlsework with him. (Heim 1990: 147,
(22))
(ii) If a bishop meets a bishop, he blesses him. (Heim:1D&&) (23)).

* The donkey sentence in (2) does not pose problems f&TEBQ (or indeed DRT / FCS / DPL) — at

least to the extent to which CDRT+GQ can provide a suitatddysis of possessive definite descriptions
like . However, as the remainder of this section will show, dbnkey sentence in (2) is an

important companion to the mixed reading donkey sentendg)jnit is only together that these two

sentences provide an argument for extending CDRT+GQ witralpinformation states (i.e. the main

technical innovation of this chapter) as opposed to a morepative extension of CDRT+GQ with dref's

for sets.
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states, which | dub Plural CDRT (PCDRT$ection4 shows in detail how PCDRT can
be used to compositionally interpret a variety of donkey senteinckgjing mixed weak

& strong relative-clause donkey sentences.

Section6 compares PCDRT with alternative approaches to donkey anaphora and
evaluates how they fare with respect to the proportion problem, tHéstveag donkey
ambiguity and mixed reading relative-clause donkey sentencesappeadix contains a
summary of the PCDRT system and some of the more technscadsrabout its formal

properties.

2. Outline of the Proposed Account

The first issue that we need to address is the weak / strongydamieguity. | will
attribute this ambiguity to the donkey indefinites — and not to any etberent involved
in the donkey anaphora structure, e.g. the generalized determinerPR$+GQ
(following Rooth 1987, Heim 1990, Kanazawa 1994a) would have it.

The two basic meanings for the donkey indefinites have the fanm@) below,
where themax operator taking scope over both the restrictor and the nuclear scope
properties delivers the strong (maximal) donkey reading.nféweoperator ensures that,
after we process a strong indefinite, the output plural info statesswith respect to the
dref u the maximal set of individuals satisfying both the restrictymamic propertyP'

and the nuclear scope dynamic prop&ty
4. weak indefinites: P'et. Pet. [U]; P'(U); P(u)
strong indefinites: P'et. Per. max'(P'(u); P(u))

Attributing the weak / strong ambiguity to the donkey indefiniteblesaus to give
a compositionalaccount of the mixed weak & strong donkey sentence in (1) above

because wdocally decide for each indefinite article whether it receives akweaa

> One possible mnemonic for PCDRT is Politically Correct TDRThe author vigorously denies
responsibility for any entailments, presuppositions, licagures or implications of any other kind
associated with the use of this mnemonic in any discousé @rutterance context whatsoever.
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strong reading. Moreover, selective generalized determiners like  etc. have the
kind of dynamic meaning that we would expect them to have based onstatadr
Montague-style meanings: they are associated with / 'bind'omaydref (their own) and
do not need to encode which readings the donkey indefinites in theictoedtiave and

that is the relative (pseudo-)scope of these indefinites.

Furthermore, this analysis of the weak / strong donkey ambiguityuched within
a framework that enables us to account for the fact that donkeyh@maainvolves
reference to (possibly non-singletastjuctured set®f individuals. The main innovation
(relative to CDRT+GQ) is to minimally complicate the notionirdb state: instead of
using singular info states consisting of a single 'assignment’. (types), | follow the
proposal in van den Berg (1994, 1996a) andpiseal info stated, J, ..., consisting of
sets of 'assignments' (typ#. | will call the resulting system Plural CDRT (PCDRT).

In PCDRT, individual dref's have the same type as in CDRT+&Qfyipese A
drefu (of types@ stores a set of individuald with respect to such a plural info state
as shown in (5) below, the set of individualsis the image of the set of 'assignmehts’

under the functiom.
5. Abbreviation: ul :=usdls] = {Usds. id lsg = {Xe: $id 1(ui=x)}

Storing a set of individuals by means of a plural info state anthyhateans of a
dref for sets (its type would Isef)) enables us to access in discourse not only the set of
individuals, but also the structure associated with it by the phiiakstate: for example,
two drefsu andu' store two sets of individuals relative to a plural info statee. ul =
{ui: il 1} and u'I={u'i: il 1}; but the info staté also stores the dependency (i.e. the binary

relation) between the two dref's, which is the set of pairs of individuais§s>: il 1}°.

®n DRT / FCS / DPL terminology, we can think of thesset individuals as being contributed by sets of
variable assignments (or sets of embedding functiGn€}' etc. A set of variable assignments introduces
both setsof individuals, e.g. a variable is associated with the set of individualg(}): gl G}, and a
relation between them, e.g. two variablgsandy determine the binary relation ), g(y)>: gl G}
between the two sets of individuals associated withdy, i.e. betweend(x): gl G} and {g(y): gl G}.
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6. Info Statel u u'
i1 Xg (i.e.uiy) V1 (i.e.u'iy)
iy ( Xo ) (i.e.uiy) Yo (i.e.u'ip)
is ﬂ@’(i.e.uig) Vs e.ui; S

Values — sets{Xy, X2, X3, ...}, { Y1, Y2, Y3, ---} Structure — relations: {<xy, y1>, <X, Y>>, X3, ¥3>, ...}

As (6) above shows, plural info states encode discourse reféceboth values and
structure. The values are the sets of objects that are stotkeedolumnsof the matrix,
e.g. a drels for individuals stores a set of individuals relative to a plurfal state, since
u is assigned an individual by each assignment (i.e. row). Thawtusdistributively
encoded in theows of the matrix: for each assignment / row in the plural infeesthie
individual assigned to a dref by that assignment is structurally correlated with the
individual assigned to some other dueby the same assignment.

Thus, plural info states enable us to capture the structured depesdeetoveen the
multiple donkey anaphoric connections in (1) and (2) above. Let us gtathe PCDRT
analysis of sentence (2): by the time we are done processingstrictor of the donkey
guantification, we will be in an info statewhich can be represented as the matrix in (7)
below. Note that the strong donkey indefinites introduce tsalhes i.e. the set of gifts
ul = {a, a, ...} and the set of girlaisl = {by, by, ...}, and structure i.e. for each

‘assignmenti |, the giftu,i was bought for girlai.
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7. Every: boy who bought "% Christmas gift for &% girl in his class asked
hery, deskmate to wrapiit .

Info statel W (all gifts) us (all girls)

i a (ZUaiy) by (Zusia)

gift a, was bought for girl b

iz & (=Fualo) b (=usiy)

i3 & (SUas) b3 (=Usis)

When we process the nuclear scope of the donkey quantificatiorrevemaphoric
to both values and structure: we require each 'assignitdnto be such that the
deskmate of girbsi was asked to wrap gitii. Thus, the nuclear scope of the donkey
guantification elaborates on the structured dependency between the sistwpf giid the

set of girlsusl introduced in the restrictor of the donkey quantification.

The interpretation of sentence (1) is different in two importaspects: ij the

indefinite Y receives a weak reading anil) (the structural dependency

between books and credit cards remains implicit in the restraotdr is explicitly
established only in the nuclear scope. That is, by the timerevelame processing the
restrictor of the donkey quantification in (1), we will be in an irttded like the one in
(8) below. We introduce thmaximalset of books fou, (the strong indefinite), we non-
deterministically introducsomeset of credit cards fan; (the weak indefinite) and we

non-deterministically introducgome structureorrelating the values o andus.
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8. Every": person who buys${*%: book onamazon.conand has 4% credit card
uses it to pay for if, .

Info statel W (all books) Us (some credit card3

i a (ZUaiy) by (ZUsiq)

book g is somehow correlated with card

i2 & (Fualo) b, (=usi)

i3 & (SUas) b3 (=Usis)

The nuclear scope is again anaphoric to both values and structurgjaonl@arwve
test that the non-deterministically introduced valueupand the non-deterministically
introduced structure associating and u, satisfy the nuclear scope condition, i.e., for
each 'assignmerif' I, the credit cardisi is used to pay for the boaki. Yet again, the
nuclear scope elaborates on the unspecified dependency begnaeatu, introduced in
the restrictor of the donkey quantification. Crucially, the creditls co-vary with / are
dependent on the books and introducing such a dependency does not requitnghe str

indefinite Y, to scope over the weak indefinité — which cannot

happen because the two DP's are trapped in their respective conjuncts.

As the semi-formal paraphrases above indicate, PCDRT follonRT@BQ and
interprets a sentence as a DRS, i.e. as a relation betwegmuaamnd an output info state.
The only difference is that the PCDRT info states are plbesdce the type of a DRS is
(sh((sht), i.e. a relation between an input info sthteand an output info stat®. The
example in (1) provides the empirical motivation for modeling DRS'setations
between plural info states (of typet)((stt)), i.e. asnon-deterministicallyupdating a
plural info state. We need the non-determinism to introduce Batie(value of the weak

indefinite Y, and (i) the dependency between the weak indefinite

and the strong indefinite Y, . both the plural value of drefi; and the

dependency relative to the dnef are non-deterministically introduced in the restrictor

and elaborated upon in the nuclear scope.



134

The structural non-determinism, i.e. the fact that the dynamicstroictural
dependencies is essentially the same as the dynamics of, velae®re design feature of
PCDRT, which sets it apart from many previous dynamic systeith plural info states
(including van den Berg 1996a, Krifka 1996b and Nouwen 2003).

One final observation before turning to the formal development of ¢beuat
sketched in this section. The hypothesis that singular indefinitdearaire ambiguous is
not entirely desirable: for one thing, the two readings of the imtefiare always
morphologically identical in English; moreover, | do not know of anynah language
that would systematically reflect the difference betwibese two readings in the surface
form of the indefinites. Thus, an analysis that would avoid the ambignity would
derive the two distinct readings solely on the basis of independeatiyated semantic

and pragmatic factors would be preferable.

However, the proposed analysis of the weak / strong ambiguity géyscfase to
achieving this goal: the only difference between a weak atrbag indefinite article is
the presence vs. absence of a maximization operator. We caforthetenk of the
singular indefinite article aanderspecifiedvith respect to the presence vs. absence of
this maximization operator: the decision to introduce it or notadeyonline depending
on the discourse and utterance context of a particular donkey sentenoeh-like
aspectual coercidnor the selection of a particular type for the denotation of an

expressiohare context-driven online processes.

3. CDRT+GQ with Plural Information States: Plural C DRT
(PCDRT)

This section incrementally develops Plural CDRT (PCDRT), he. promised
extension of CDRT+GQ with plural info states. Sectibh gives the new definition of

atomic conditions, sectioB.2 the definition of new dref introduction, secti8rB defines

" For example, the iterative interpretationJohn sent a letter to the company for yearf The light is
flashing

8 For example, when proper names are conjoined with generalizeifiers.
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negation, sectio.4 introduces maximization and, finally, secti8rb defines selective
and unselective generalized quantification in PCDRT. | provide the rieaipand

theoretical motivation for the formal innovations as | introduce them.

3.1. Atomic Conditions

No changes need to be made to our underlying logic Dynamic Ty2, i.dowur
level programming language': we will be working with the sameldmtdotal logic with
no non-atomic individuals. And the changes to our DRT-style abbreviatstansyi.e.
our 'high-level programming language', are minimal: we introduaelpinfo states, J,
K, ... of typestand we consequently reset the typd (saturated) sentences &) ((si)t):

t is still the type of a binary relation between info staits,just that the info states

themselves are plural

9. Plural info states (typsf): Hs, Ist, Jst, Kst, H'st I'st J'sty K'sty «--;
'Saturated' expressions in PCDRT:
- sentences (DRSs) — relations between plural info stategst)((stt);

- names (individual dref's) — the same as in CDRT+@8@: se

Just as in CDRT+GQ, the atomic conditions are sets of infesstdtavever, given
that we are now working with plural info states, their typ# ke (sf)t. Moreover, the
atomic conditions will beunselectively distributivewhere 'unselective' is used in the
sense of Lewis (1975), i.e. the atomic conditions diséributive over theplural info
statesthey accept: they accept a set of 'assignments' iff doegpt, in a pointwise

manner, every single 'assignment' in the set.

This is implemented by means of universal quantification over dbie of
assignments in a plural info stdtg as shown in (10) below. The requirement of non-
emptinessi* @ rules out the 'degenerate’ case in which the universal qudidifica

"id 1(...) is vacuously satisfied.

° Incidentally, note that is the type of generalized determiners over entities of $yparallel to static
(extensional) determiners of typef)((ef)t).
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10. Atomic conditions — type 6i)t.
R{ug, ...,u}:= e P@U" id I(R(Wai, ..., Uni)),
for any non-logical constaR of typee't,
wheree't is defined as follows’t := t ande™t := e(e™).

U=y i= g P@U" i 1(ugi=ui)

As already suggested, the requirement enforced by an atomiciconckin be

intuitively depicted by means of a matrix, as shown in (11) below.

11.Info statel U th

[ a (=uii) a (Zuni)

R(Wi..., y i), i.e. R(a,.... @)

i’ a' (=Full') a' (Funl')

i" a" (=Fuli") a" (=uni")

The unselectively distributive structure of the atomic conditiomdoes the set of

plural information states characterized by them with a lattice-theddetl structure.

12.A is anideal with respect to the partial order induced by set inclukicon the
power set of the domain of ‘assignmeAt$Ds") (i.e.<A (Ds"), > ) iff:
a.AiA (DM);
b. for anyls andJs, if ITA andJi 1, thenJiA (closure under subsets):;
c. for anylg andJg, if ITA andJiA |, then (EJ)IA (closure under finite unions).
A is acomplete idealff (a) and b) are as above and, instead ©f, (ve require

closure under arbitrary unions.

A complete idealA has a supremum, namdhbA . Given the requirement of closure
under subsets and closure under arbitrary unions, a completeAideah complete

Boolean algebra, as stated in (13) below.

13.A =A (EA), for any complete ided (in the atomic latticd (D<")).
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We introduced the notation in (14) below to handle the non-emptiness regnire

in the definition of atomic conditions.

14.Let A *(Ds) be the power set of the domain of 'assignments’ without the empty
set @. A(complete) idealwithout a bottom elemens defined just as in (12)
above, except that, instead of (12a), we require inclusidn’{iDs") and, instead

of (12b), we require closure under non-empty subsets.

Since we are concerned here only with complete ideals without@arbetement, |
will henceforth use "c-ideal" instead of the longer "completaliddthout a bottom
element". The most important fact is that, for any c-ideabe have thaA=A *(EA), i.e.

c-ideals are complete Boolean algebras without a bottom element.

The definition of atomic conditions in (10) above ensures that they sldexote c-
ideals (in the atomic latticA (Ds")). We can in fact characterize them in terms of the

supremum of their denotation.

15. Atomic Conditions as C-ldeals.
For any non-logical constaRtof type€e™t and sequence of unspecifidref's<u,,
o U, let (R, <ug, ..., U>) = s R(ui, ..., Uni), abbreviated™ whenever the

sequence of dref's can be recovered from context. Riem, ..., u} = A *(7°) .

The fact that atomic conditions denote c-ideals will be usefuhiowing that
PCDRT has a range of desirable properties and it will guasteral design choices we
have to make on the way.

3.2. New Discourse Referents

We turn now to defining the introduction of new dref's in PCDRT. | golhsider

only two candidate definitions, both given in (16) below, and | will arthat the first

19 For the notion of unspecific dref, see definitibim section2.2 of chaptei3 above.
! ConventionA *(@s) = G-
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one, namely (16a), is the empirically and theoretically betteice. Both definitions

relate two plural info statdg andJs; in terms of the pointwise relatiogiu]js.

16.Introducing new dref's in PCDRT — two candidate definitions
a ] = s Jse i 1(Sidl I(i[ulj) U™ jd ISid 1G[u]j))
b {u} = lse Joe $Xet U= {Ji U} UuiT X ),

equivalently: @} := ls. Jst $Xett DI={js $id (i[u]j Uujl X)}.

Definition (16a) is the more general and logicallgaker one: it simply requires any
‘assignment' in the input info statéto have a successor 'assignmgint'the output state
J and, similarly, any 'assignmeitin the output info statd should have an ancestor
‘assignmenti in the input statd. In this way, we will necessarily preserve all the
discourse informatiofi in the input staté when we non-deterministically update it and

obtain the output statk

Definition (16b) has an extra-requirement over ahdve definition (16a): we need
to uniformly reassign the value of the dreffor all the ‘assignmentg’ in the input info
statelg, i.e. there is some random 3gtof new values fou and each input ‘assignmeint’
is updated (relative ta) with each and every single valueXn The effect of definition
(16b) is shown in (17) below: the input sthecontains two 'assignmentsndi' and the

setXq: of new values fou contains two individuala andb.

17.1{u}d, where X={a, b}

{u}J Output stated] | ... u

Input state 4; la .| @ (=u(ia))

i i .| b(=u(iv))

i Y I'a .. aEu'a)

i .. | b(=ul))

12 Recall that, in PCDRT, the preserved discourse informatimsists of: (i) the previously established
valuesfor all the dref's other thamand (ii) the previously establishsttuctured dependenciéetween the
dref's other than.
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The choice between the two definitions in ¢£8% boils down to how we want to
handle the new component of our information statesthestructureassociated with the
values of the dref's. The singular info states DPRT+GQ encode onlyalues— and we
non-deterministically assign new values to a paldicdref. Thus, for each particular info
state, the value of the drefdeterminedbut throughout the entire discourse context, i.e.
throughout the space of all possible output infdest for the random assignmeut, the
value of the dref imot determinedfor every possible value that the dvetan take, there

will be some output info state that assigns thatevéou.

The plural info states of PCDRT encodduesand, in additionstructure i.e. they
encode dependencies between the values of the biref'pointwise manner (‘assignment’
by 'assignment’). Our first definitioiu]J treats the structural component in parallel to
the value component of the info state: we non-datastically introduce both new
valuesfor u and newstructure as the values fan in the output state can be stored in a
particular configuration of pointwise associatiovith the other dref's.

Thus, in each info state, the value and the straovdi drefu are determined but
throughout the entire discourse context, i.e. thhawt the space of all possible plural
output states, the value and the structure of Wiskenot determinedfor every possible
non-empty set of values, for every possible stmec{ue. pointwise distribution) of that
set, there is some plural output state that asgigns that particular value with that
particular associated structure.

The second definitiol{ u} J does not treat the two components of a plural stébe,
i.e. value and structure, in a parallel way: we st non-deterministic with respect to

the value, but we areleterministicwith respect to the structure — for any set of

13 Both definitions appear in van den Berg's work: an equivag(lL6a) is used in van den Berg (1994):
15, fn 12 and in van den Berg (1996b): 18, (49), eviadn den Berg (1996a): 134-135, (2.7) & (2.8) uses a
version of (16b). The two definitions | consider diffeorh van den Berg's definitions in several respects:
first, (16a) and (16b) are formulated in type logic, umlilan den Berg's, which are formulated in DPL
terms; second, the definitions of random assignment irdearBerg are more complex because he works

with a three-valued logic and also countenances a dummyéfined' individual . To my knowledge,
there is no comparison of the two alternative definitiongain den Berg's work.

4 Nouwen (2003) follows van den Berg (1996a) and assureedetimition of {U} in (16b); the alternative
option is hot mentioned.
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individuals that is randomly assigned as a valoere is only one possible structure (i.e.
pointwise distribution) of that set throughtout tloeitput discourse context (i.e.

throughout the space of output info states).

This choice seems to be preferable if we want t&arthe system computationally
more efficient because it would significantly catwh the number of possible output info
states for any given instance of new dref introaunct{a.k.a. plural random assignment).
Moreover, a more constrained system (presumabhg eulower risk of over-generation.
Finally, the structure we choose for every randoatue is the least 'biased’ one: we
introduce the entire set assigneditwith respect to each input 'assignmenso there is
no 'biased’ correspondence / dependency betweemlines of some other drefand the
values newly assigned to That is, although the update is structurally deteistic, it
always associatethe least possible amount of structural informatieith each new

value.

Despite the fact that the second definitiar} {s more constrained (henceeteris
paribus more desirable), | will provide three reasons empirical and two theoretical,
for preferring the first definition, namely]} The first, empirical reason is provided by

our mixed weak & strong donkey sentences, repdagkmv for convenience.

18.Every*: person who buys‘a book onamazon.conand has % credit card uses
ity, to pay for ity, .
19.Every": man who wants to impress:awoman and who has 8nArabian horse

teaches herz how to ride it,3.

Recall that, intuitively, we want to allow for cieaards that vary from book to
book and also for Arabian horses that vary from \wono woman. Consider now the
definition in (16a), i.e.y], and its effect on the interpretation of the difaration in (19)
(the same reasoning applies to (18)). By the tireepwocess the second conjunct in the

restrictor, i.e. u; 1 , we have already processed the first one

u, and, therefore, the drek has already been introduced and

was assigned appropriate womanly values. Now wednteus by means of the update
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[us] and we non-deterministically assign it a set of equine values andn-
deterministicallyassociate a structure with this set of valueswieenon-deterministically

associate eads-horse with somes-woman.

The nuclear scope subsequently filters the nonHohtestically assigned values and
structure: we require thes-horses to stand in tha,'rides ' relation to theu,-set of
women and this requirement has to be satisfiedpoiwise manner, i.e. relative to each

individual 'assignment’ in the plural info state.

In contrast, the definition of random assignmentlifib), i.e. {3}, requires us to
introduce thesameset of horses with respect to each and eugtyoman. This yields
intuitively incorrect, overly strong truth-conditie since, for sentence (19) to be
intuitively true, we do not have to require eackl awery woman to ride the same horse
or the same set of horses as the other women.

Thus, the structural non-determinism built into teinition of random assignment
in (16a) allows us to introduce a value and a stimecforus that can verify sentence (19)

without imposing overly strong truth-conditions.

The second, theoretical reason in favorljaflJ and against{u}J is that[u]J
preserves the formally desirable properties of ghatwise relationi[u]j, while 1{u}J
doesn't. More exactlyi[u]J is an equivalence relatibh just asi[u]j, while the relation

I{ u}J is neither reflexive nor symmetric (as the readar easily check).

The third and final reason in favor §ti]J and againsk{ u}J is that the relationu],

but not the relationy}, preserves the c-ideal structure that the atoarpinditions have

15 The reflexivity, symmetry and transitivity of the relatign]J follow from the reflexivity, symmetry and
transitivity ofi[u]j in a straightforward way.

16 A relationk between plural info states (of type= (si)((si)t)) preserves c-ideals under images ifkifs a
c-ideal, therA'={J.; $I(RIJ UITA } is a c-ideal. A relatior® between plural info states preserves c-ideals
under pre-images iff iA' is a c-ideal, thedA={ls $I(RIJ U JIA '} is a c-ideal. The relatioru] preserves
c-ideals under both images and pre-images.
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(again, the reader can easily verify this stateinéwcbnclude that the relatidfu]J is the

empirically most adequate and theoretically mostna& generalization dfu]j *".

20. Introducing new dref's in PCDRT:
[ul ==l Joe " idl 1@l I(i[uli)) U™ jol I(Sidl 1Gi[ulj))

Introducing new dref's by means af] has an immediate benefit. We now have a
clear understanding of the denotation of a MR&ntaining only atomic conditions or of
arbitrary dynamic conjunctions of such DRS's. Thkevant definitions are provided in
(21) below.

21.Atomic DRS's (DRS's containing only one atomic contion) — type &t)((stt).

[R{uy, ...,un}] := ls Jse IFJUR{Uy, ..., U} Jd
[Ui=Ws] == s Jse 123U (Ur=up)d

DRS-level connectives (dynamic conjunction)
Dy; D2 = lg Jot $Hs(D1IH UD2HJ),

whereD; andD, are DRSs (types{)((si)t))

Tests (generalizing atomic DRS's)

[Ch ...,Cr] = st ot 12JUCJIU...UCI,

whereC,, ..., Cy are conditions (atomic or not) of typs)f.

We know that the domain and the range of any atdRS are c-ideals. We also
know that the domain and the range of an arbitidgnamic conjunction of atomic DRSs

"' We can in fact defineu} in terms of U] and the closure conditioenough_assignmentslefined in (i)
below. The name of the condition indicates the formal anityl between this PCDRT condition and
Axiom 4 ("Enough 'assignments™) of Dynamic Ty2, repeated jJrb@low. The definition §} in terms of
[u] is provided in (iii).

(i) enough_assignmentas} := lg." xd ul™ id 1($i'd [(i[u]i' Uui'=x))
(i) Axioma4: " is" vg" fi(udref(v) ® $j(i[vlj Uvj=f)), for any typel STyp.

(iii) { u} == lsJse I[u]d Uenough_assignmentai} J,
i.e. u|enough_assignmenf{ai}] in DRT-style abbreviation.

18 Alternatively, [Cy, ..., C.] can be defined using dynamic conjunction as follows:
[Ci ..., Cid = lsdse ([CA; -..; [CrD)1J, where £] = s 1=JUCJ
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are c-ideals because the intersection of a setidéals is a c-ideal (assuming that the

intersection is non-empty). This is summarizedi) (below.

22.Dom([C]) = Ran([C]) = C = A *(EC), for any conditiorC that is a c-ideal.
Dom([Cy, ...,Cq]) = Ran([Cy, ...,Cy]) =CiC ... CCy,

=A "((EC)C ... C(ECw),
for any condition&,, ..., Cy that are c-ideals.

These results are generalized to DRS's in which drefis are introduced: they are
defined in (23) below and the general form of tliginotation is provided in (24).

23.Multiple random assignment
[ug, ...,up] == [ug]; ... [un)
DRS's with new dref's— type 6t)((st)t).
[Ug, ...,un |Cq, ..., Cd i= st Jst ([Ugy ..., Un]; [Cy -l Cl) I,
whereC,, ..., Cy, are conditions,
i.e. [ug, ..., Un |Cp ..o, Gl i= st Jse [Ug, vovy Ug]JUCLI U ... UCJ.
24 .DRS's in terms of C-ldeals over Relations.
Given a DR of the form [y, ..., uy | Cy, ..., Cy, where the condition€s, ...
Cn are c-ideals, we have that:
Ran(D) =C,C ... CCn=A "((EC))C ... C(ECw));
Dom(D) = A *({is $ji[uy, ..., u)]j UjT (EC)C ... C(EC))}D).
Note that, sincgus, ..., uj)j is reflexive,Ran(D)i Dom(D).
Let k® := {<is, js>1 i[Uy, ..., Un]j UjT (ECLC ... C(ECw)}. Then:
D = {<lg, Js: $Rgsy(I=Dom(R) U J=Ran(k) URIA *(&°))},
i.e.D = {<lg, Js>: $Rysyt B(1=Dom(R) U J=Ran(k) URI ")}
That is:
RP:= g js i[ug, ..., u]j UjT (ECDC ... C(ECy)
D:= lg Jst $RysplA “(RP)(I=Dom(k) U J=Ran(R)).

The properties of DRS denotations identified in)(22d (24) above will prove
useful when we decide how to define negation in RCDTwo final observations before

we address negation. First, just as in CDRT+GQ, ekistential force of the random
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assignmenty] (see (20) above) is an automatic consequencéeofMay it is defined
when coupled with the PCDRT definition toéith for DRS's, provided in (25) below.

25.Truth: A DRSD (type 6t)((stt)) is true with respect to an input info statg iff
$Js(D1), i.e. iff T Dom(D), whereDom(D) := {Is; $Js(DIJ)}.

Second, note that we can already translate diseo(#s8) below in PCDRT
(assuming that all the indefinites are weak). Gitlem definition of truth for DRS's in
(25) above, the translation in (10) below derivies intuitively correct truth-conditions,

as shown in (29).

26. AWK house-elf fell in love with ¥K'Y witch.

wk:u

27.Hey, bought hey, an™ ™ alligator purse.

28.[u1, U | house_effus}, witch{uy}, fall_in_love ui, w};
[us | alligator_pursd us}, buy{u;, W, us}]
29. lst $Js(([ug, Uz | house_effus}, witch{uy}, fall_in_love us, w}];
[us | alligator_pursd us}, buy{ us, Uy, us}]) 13), i.e.
lst. 11 @ U $xBye$zs(house_eli) Uwitch(y) Ufall_in_lovex, y) U
alligator_purséz) Ubuy(x, Y, 2))

3.3. Negation

Let us turn now to the definition of negation in [T. The fact that plural info
states encode bottaluesandstructuremakes the issue non-trivial. A first attempt would
be to simply import the CDRT+GQ definition, which basically the DRT / FCS / DPL
one, as shown in (30) beloW

30. Negation — first attempt
~D = g '@ UBSKH(DIK), whereD is a DRS (typesi)((sit)),
i.e. D:= lg 1!@UIT Dom(D), whereDom(D) := {ls; $Js(DIJ)} .

19 Factoring out various complications, i.e. the fact that varBéeg's Dynamic Plural Logic is intended to
handle anaphora to dref's introduced within the scope of nagatid the fact that it is a partial logic, the
DPL-style definition in (30) is the one used in van @ang's Dynamic Plural Logic — see van den Berg
(1994): 10, (27), van den Berg (1996a): 136, (6), vanBkrg (1996b): 18, Definition D, (e).
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However, given the PCDRT definition of atomic cdrahs, the definition in (30)

yields incorrect truth-conditions for the negatexample in (31) below.

31.Every": farmer who owns #"": donkey doesn't feed.jt properly.”®

Consider example (31) more closely: intuitivelye tndefinite Stru, IS
strong (hence the notatiost,) and the interpretation of (31) is that no donkeyring

farmer feedsany of his donkeys properly. Thus, by the time we pgescthe restrictor of
the quantification in (31), we have a plural infation statd of the form shown in (32)
below in which, for a given donkey-owning farngerevery 'assignmerif | stores some

donkeyd,, d, etc. thata owns.

32.Info statel Ly (one farmer) Uy (all donkeys
iy a(=ui) 3, 3,9mnsd dy (=U'iy)
io v | aku) | 599058 do (=u'iz)
is | Ay | 3599058 ds (=u'iz)

Now, we reach the nuclear scope condition in (383dWw, interpreted according to
the definition of negation in (30) above.

33.(~[feed_propefu, u}]) | = 11 @USId |(SBfeed_propefuai, Usi))

The truth-conditions derived by (33) are too wetlley only require farmea to
feedsomedonkey he owns poorly and they allow for caseshich he feeds properly all
his other donkeys — while intuitively we should wegq him to feedall his donkeys
poorly. We see that the DPL-style definition of aggn in conjunction with the PCDRT
definition of atomic conditions, which is unseleely distributive, yields overly weak

2 See also the example in (i) below from van der Does (1383)27¢).

(i) AV“*"" ¥ boy who had & apple in his rucksack didn't give ito his sister.
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truth-conditions. | will therefore give a strongdefinition for negation, provided in (34)

below.

34.Negation in PCDRT.
D= lg 1@ U" Hy(H: @ UHI | ® @$K(DHK)),
whereD is a DRS (typest)((sit)),
i.e. D:= lg 11@U" Hit @HI | ® HI Dom(D)).

The PCDRT definition of negation in (34) requirkatt

| is not inDom(D) — just as the DPL-style definition (30);

no singleton subset dfis in Dom(D) — which enables us to account for the donkey
sentence in (31) above, since the nuclear scopditoom (~[feed_propefus,
ul}]) 1 is 'unpacked' a$t @ U " id |(Bfeed propefuii, wi)), which yields the
intuitively correct, strong truth-conditions;

all the other non-empty subsetsl @fre not irDom(D).

The third and final requirement ensures that theotiion of a negative condition
preserves the c-ideal structure of the negated [PaSexample, if the negated DRSIs
of the form given in (23) above, its domddom(D) is a c-ideal and, ibom(D) is a c-

ideal, D is the maximal c-ideal disjoint fromMom(D). This is stated in (35) below.

35.If Dom(D) is a c-ideal, B is the unique maximal c-ideal disjoint frdbom(D)>".
Thatis, © = A *(Ds"\E Dom(D)) if Dom(D) = A *(EDom(D)).

D is a c-ideal if DomD) is a c-ideal.

Proof: (i) ~DIA *(DJ"); (i) for anylg andJy, if IT ~D andJi | andJt @, thendi ~D (this follows directly
from definition (34)); (iii) if il ~D, thenEjl ~D. (Proof: suppose (iii) doesn't hold, i.#. ~D and
Eil ~D. Then, there is aH s.t. H' @ andHIE; andHi Dom(D). SinceHIE; andH! @, there must be
at least onélj s.t. HCI*@. LetI'=HCI. Sincel'l H andHI Dom(D) andDom(D) is a c-ideal, we have
thatlI'l Dom(D). Butl'i | andllji ~D, so, by definition (34)|'l Dom(D). Contradictions ). «

~D is maximal.

Proof: SupposeD is not maximal. Then, there is a c-iddas.t. ACDom(D)=@ and~DIA . Then, there is
somellA s.t.IT ~D; hence, there is an s.t.H: @ andHi | andHI Dom(D). SinceA is a c-idealJiA and
Hi 1, we have thatliA . Hence ACDom(D)! @. Contradictions .

~D is unique.
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In sum, given the properties of the denotation®BiS's in PCDRT, the dynamic
negation defined in (34) above is as well-behasepassiblé.

We can now represent the discourse in (36-37) heldw representation, provided
in (38), derives the intuitively correct truth-catons, given in (39): there is a house-elf

that fell in love with some witch and that bougkt Ino alligator purse.

36.AWKU house-elf fell in love with ¥K'Y witch.

wk:u

37.(Surprisingly) Hey didn't buy hey, an™ "= alligator purse.
38.[u1, Uz | house_effus}, witch{uy}, fall_in_love us, w}];

[~[us | alligator_pursd us}, buy{ us, Uy, us}]]
39. lg 1@ U SxDye(house_elk) Uwitch(y) Ufall_in_loveXx, y) U

@$zo(alligator_purséz) Ubuy(x, Y, 2)))
3.4. Maximization

Now that the core part of PCDRT is in place, we tam to the maximization
operator, which is the essential ingredient in d@n@lysis of the weak / strong donkey
ambiguity. The definition of thenax operator is provided in (40) belownax is an
operator over DRS's: its argument is a DRS, i.tera of typet := (st)((stt), and its
value is another DRS, i.e. another term of tiypsote that we actually define a family of

maximization operators, each one specified fordiie¢u over which we maximize.

Proof: SupposeD is not unique. Then, there is a maximal c-ideal.t. ACDom(D)=@ and~DA . Since
both~D andA are maximal, there is soniA s.t.I1 ~D and somell ~D s.t.11A . The reasoning is now
similar to the maximality proof: sindé ~D, there must be ad s.t. Ht @ andHi | andHl Dom(D). Since
Ais a c-idealllA andHi I, we have thatliA . Hence ACDom(D)! @. Contradictions .

2 For completeness, | provide the definitions of anaphooisuck, disjunction and implication in PCDRT.
() Anaphoric closure: ID = |g. $K¢(DIK), i.e. D :=Dom(D)
(i) Disjunction: D; UD, := lg. $K(D4IK UD,IK), i.e.D; UD,:= Dom(D,)EDom(D,)

(iii) Implication: D;® D, := Ig " He(D1IH ® $K¢(D,HK)),
i.e.D;® D,:= Il Dyl i Dom(D,), whereDI :={Js DIJ},
i.e.D;® D,:= (A *(DM")\Dom(D,)) E {IT Dom(D,): DI i Dom(D,)}.
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40.max’(D) := lsdst $Hs(I[u]H UDHJ) U" Ks($H's(I[u]H' UDH'K) ® uKi uJ),
whereD is a DRS, i.e. a term of type= (st)((stt),
i.e.max’(D) := lsJdst ([u]; DI U" Ke{([u]; D)IK ® uKi ul).

The first conjunct in (40) introducesas a new dref (i.¢[u]H) and makes sure (by
DHJ) that each individual inid 'satisfiesD, i.e. we storenly individuals that 'satisfyD.
The second conjunct enforces the maximality requérg: any other setK obtained by a
similar procedure (i.e. any other set of individutidat 'satisfied) is included inuJ, i.e.

we storeall the individuals that satisfy.

Note that, because of its maximality requiremehg max operator does not
preserve the c-ideal structure of the range of@dR& over which it scopes. To see this,
consider the second, shorter formulation of theindedn in (40). This formulation
explicitly shows that the relation between infotesadenoted by the maximized DRS
max"(D) is always a subset of the relation denotedubyl), i.e. we 'strengthen' the DRS
[u]; D by ruling out the output info statdghat assign ta strict subsets of maximal set

that is assigned to throughouRan([u]; D) .

The DRSmax"(D) can be thought of as dynamigbstraction over individuals: the
‘abstracted variable' is the individual dwethe 'scope’ is the DR and the result of the
‘abstraction’ is a set of individuald (whered is the output info state) containiadg and
only the individuals that 'satisfyp. Thus, maximizationtogether withplural info states
and theunselective distributivitypuilt into the definition of atomic conditions dies us
to 'dynamize' -abstraction: i the maximization operator stores thabstracted set in a
dref, so that we can access it in discoursg;uqselective distributivity enables us to
abstract one value at a timaii ) finally, plural info states enable us to store th

dependency structure associated with eaahstracted value.

The empirical motivation for theelectivityof themax" operator (as definition (40)

shows,max” selectivelymaximizes over the draf) is provided by the mixed weak &

% The updatenax'(D) fails if such a supremum set does not existnax"(D) fails for an input info state
| if the family of sets §J: ([u]; D)IJ} does not have a supremum.
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strong donkey sentences: we do not want to indiscdtely maximize over all donkey
indefinites, but only over those that receive @i reading. So, the selectiveax”
operator enables us to define the strong meanindoiokey indefinites in such a way that
it is minimally different from the weak meaning. tBobasic meanings are provided in
(41) belovi*.

41.weak indefinites: P'et. Pet. [U]; P'(U); P(u)

strong indefinites: P'et. Per. max'(P'(u); P(u)),

wheree := seandt := (st)((sit).

Note that it is the compositional system that makee we have the correct
'configuration’ within the scope afax”, i.e. that the DR®'(u) over which we maximize
has the dreti in the appropriate (argument) places. This is veugh like the technique
employed in static semantics: it is the composg#iosystem that ensures that the
abstraction over the variabletakes scope over a formula that xas the appropriate

'slots’.

The definition ofmax" and the way it is used in the analysis of strongkey
anaphora will become clearer if we look at an eXdamponsider (42) below and assume
that it is uttered in a context in which there asne unique salient boy with apples in his
rucksack. For example, twenty children (ten brogister pairs) travel by bus and the bus
passes an apple orchard; as the story goes, teeaggroverwhelmed with desire for the
fruit, but none of them gets it because no oneherbus has any apples — except for one
boy, but he doesn't care about anyone's plea,veot leis sister's. In this context, we can
felicitously utter that the other boys would hawveeg an apple to their sisters if they had

one, but:

% Note the similarity between the PCDRT representation of viedddinites and the representation of
indefinites in CDRT+GQ.
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42.They, (one) boy who had af v apple in his rucksack didn't giveyitto his

sister®>.

In this context, (42) is interpreted as: the boywilad (some) apples in his rucksack
didn't give any to his sister. | will assume thae definite article u, functions as an

anaphor, i.e. it simply tests that some contexyuallient drefu; satisfies both its
restrictor and its nuclear scope, as shown in @8dw. For simplicity, the restrictor
P'(u) in (43) is not represented as a presuppositiohad part of the assertfon

43. Definite articles as anaphors:

P'et. Per. [unique{u}]; P'(u); P(u),
wheree ;= seandt := (st)((stt).
44.unique{u} := g 1T@U"id 1" i'd I(ui=ui®),
l.e.unique{u} = g ul| =1,

where |ll| is the cardinality of the sat.

| take the definite article to contribute an atoroanditionunique{u}, defined in
(44), which encodes weakform of uniqueness: it requires that the dref &oajally
retrieved by the definite article has a unique gakith respect to the current plural info
state, i.e. it requires the sdtstored by the dref to be a singleton. This kindimtjueness
is weak because it is relativized to the current info estéite. it is salience-dependent
uniqueness); | takstrong uniqueness to be uniqueness relative to the emirdel. As
we will see in (51) below, strong unigueness canob&ined by combining weak
unigueness, i.e. the conditianique{ u}, and themax" operator.

Sentence (42) is represented as shown in (45) below

% | ignore throughout most of this chapter the uniqueitapiications sometimes associated with donkey
anaphora, e.g., in example (42), the intuition that theeafgplunique. For more discussion about the
uniqueness effects associated with singular anaphora in fipaithal subordination and donkey
anaphora, see sectioBd and6.2 of chapter 6 below.

| am indebted to Roger Schwarzschild (p.c.) for suggestingsentence in (i) below as an alternative
example that does not exhibit uniqueness effects.

(i) A/ The boy who had“gen in his backpack didn't givg tb his sister.
% See Muskens (1995b): 165 for a similar lexical entry@D&T kind of system.
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45.[unique{ uy}, boyf u:}]; max": ([appld us}, have in_rucksadki, us})):;

[~[give_to_sistdrus, uo}]]

By the end of thenax": update, we are in a plural information statike the one
in (46) below. The drefi; stores the same bdy throughout the info statk (due to
unique{u}) and the drefu, stores all the apples;, a, a; etc. that boyb has in his

rucksack (due tanax‘:).

46.nfo statel U (the boy) Uz (all apples)
iy b(=usi) 3, D,.0858 ay (SUgiq)
i b (=Usi2) 3, 00854 ap (SUglp)
is b (=this) 3, D.0a54 ag (ZUpi3)

Given the PCDRT definition of negation, the tratista in (45) derives the
intuitively correct truth-conditions: the formula {47) below is true iff there is exactly

one contextually salient boy that has some appldsyaves none of them to his sister.

47. 1. $J([unique{us}, boyfu}]; max“: ([applg uz}, have in_rucksadhu, u)]):
[~[give_to_sistdru, up}]]) 1) =
. $xe(url={x} Uboy(x) U$Yet D(" Ye(appley) Uh.i.r(x,y) « yl Y)U
" Yel Y(2g.t.4x, y)))

This example makes clear that thrax" operator defined in (40) iselectivein
exactly the sense in which the dynamic quantifarain CDRT+GQ is selective: the set
of output states that are in the range ohax' DRS is determined based on the set of
individualsthat such an output state stores with respetiet@tefu. However, in view of
the fact that donkey conditionals seem to exhibiselectivelystrong readings, e.g. the
conditional in (48) below, | will define an unselige form of maximization — as shown
in (49).
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48.1f a%"*U house-elf borrows &Y broom from &% witch, hey, (always) gives
itu, back to hey;, the next day.

49. unselective maximization:
max(D) := lsJs. DIJ & " K(DIK ® Ki J) ?’

The unselectivenax operator in (49) retrieves the supremum in arusiohn partial
order over sets of info states and not over setedividuals (i.e. it is unselective in the
sense of Lewis 1975). This operator will be useddébined unselective generalized
guantification in PCDRT.

| conclude the section with two observations abseiective maximization, one
empirical and the other theoretical. First, notat thelective maximization seems to be
independently motivated by the Russellian uses @finile descriptions in natural
language, i.e. the definite descriptions that intely require strong uniqueness
(unigueness relative to the entire model). ThenttefiDP in (50) below exemplifies the
Russellian kind of definite descriptions, i.e. dé@B descriptions that are non-anaphoric

and that require existence and strong uniqueness.
50.Hagrid fell in love with thetallest witch in the world.

In PCDRT, we can analyze Russellian definite dpions by suitably combining
weak unigueness, i.e. the conditionique{u}, and themax" operator. In fact, PCDRT
can analyze definite articles in any of the fouysvlisted in (51) below; deciding which

one (if any) is the right meaning falls outside siaepe of the current investigation.

51.The definite article — possible meanings in PCDRT.

a.anaphoric and weakly unique:
Plet-  Per. [unique{u}]; P'(u); P(u),
wheree := seandt := (st)((st)t)
andunique{u} := g "id 1" i'd I(ui=ui).

b. anaphoric, no unigueness:

" Note that, for anys, the set §s: max(D)IJ} is either empty or a singleton set.
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P'et. Pet. P'(U); P(u)

c. existence and strong uniqueness, non-anaphoric (tlRussellian analysis):
P'et. Per. max'(P'(u)); [unique{u}]; P(u)

d. existence and maximality (no uniqueness), non-anaphc:

P'et. Per. max’i(P'(u)); P(u) 8

| conclude this section with the examination of &S which onamax" operator is

embedded within the scope of another, as scherfattewn in (52) below.
52.max(D; max“(D"))

Such structures occur fairly frequently in the PODRanslations of natural
language discourses and they are difficult to grals@an intuitive level. To simplify
derivations and make translations more transpatestipw that the values assigned to

multiply embeddednax" operators are often reducible to non-embedded ones

The main result is stated in the corollary in (Jow — see sectiof of the

Appendix to this chapter for its proof.

53. Simplifying ‘'max-under-max’ representations (coroliary):
max‘(D; max“(D")) = max‘(D; [u]; D'); max“(D"),
if the following three conditions obtain:
a.uis not reintroduced iD';
b. Dom([u’]; D') = Dom(max"(D"));
c.D'is of the form {i;, ..., Uy | Cy, ..., Cy.
If C4, ..., Cn are c-ideals, condition (53b) follows from (532)

% Note that this meaning is different from the strong megointhe indefinite article with respect to the
scope of thenax'' operator: in the case of the definite, this operator hassmaly over the restrictor DRS,

i.e. max‘(P'(u)), while in the case of the indefinite, it has scope over timhrestrictor and nuclear scope
DRS's, i.emax‘(P'(u); P(u)).

2f C,, ..., Cny are c-ideals, condition (53b) follows from (53c).

Proof: In general, we have thAabm(max"(D'))i Dom([u]; D'), so we only have to prove th@om([u’];
D")i Dom(max“(D"). But an info statél Dom([u]; D') fails to be inDom(max“(D")) iff the family of sets
{u'J: ([u']; D)IJ} does not have a supremum. And the existence of the suprdotlows by an application
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Let us reanalyze the example in (42) above, redeste(54), in terms of the

Russellian analysis of definite descriptions, le¢ting the definite articléhe: contribute

existence and uniqueness as in (51c) above: Pet. Pe. max'(P'(u));

[unique{u}]; P(u). The example is translated as shown in (55).

54.The': (one) boy who had a&ff*': apple in his rucksack didn't givejtto his
sister.

55.max": ([boy{ u}]; max“: ([appld uy}, have_in_rucksadki, us)])):
[unique{u}]; [~[ give_to_sistdruy, up}]]

The representation in (55) gives us the opportutatyapply the corollary in (53)
above. Conditions (53a) and (53c) are clearly fatis checking that condition (53b)
holds is also straightforward: given that both gdbtads appldu,;} and
have_in_rucksadhu;, u,} are c-ideals, (53b) follows from (53c).

Thus, the translation in (55) is equivalent to tree in (56) below. The truth-
conditions, provided in (57), are the intuitivelgreect ones (assuming that the definite
article should indeed receive the Russellian airgtysentence (54) is true iff there is a
unique boy with some apples in his rucksack suahhlke didn't give any of his apples to

his sister.

56.max": ([boy{ u}]; [ uz | appld uy}, have_in_rucksadhi, uz}]):;
max": ([applg uz}, have in_rucksadki, us}]);
[unique{u}]; [~[ give_to_sistefruy, Up}]]
57. ls 11 @ USx(" zo(boy(2) U $ye(appley) Uhave_in_rucksadk, y)) « z=x) U
$Yet D(" ye(appley) Uhave_in_rucksadk, y) « yi Y) U
" vel Y(Qgive_to_sisteK, Y))))

of the result stated in (24) above: just take the imagheofnfo statd under the relatioi®!"? P={<i, j>:
i[u', Uy, ..., ullj UjT (EC)C ... C(ECY}, i.e. J={j: $il I(&"? Pij)} and note that'/ is the supremum of
{u'd: (JuT; D)IJ}.
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To see more clearly that the truth-conditions estédrby PCDRT formulas are of
the form "there aresome valuesand there isome structur@ssociated with those values
such that...", I will rewrite the formula in (57) akown in (58) below, i.e. by using of a
relationReey between individuals which encodes trictureassociated with the values

in question (i.e. with the unique boy and his agplBom(R) andRan(R) are defined as
usual, i.,eDom(R) := {X: $y«(Rxy} and Ran(R) := {ye: $x(RxY)}

58. gt 11 @ U$Reey(Dom(R): @ URan(R): @ U [Dom(R)|=1U
Dom(R) = {xe: boy(x) U $y.(applgy) Uhave_in_rucksadk, y))} U
Ran(R) = {ye: applgy) U$xl Dom(R)(have_in_rucksadk, y))} U
" Xe' Ye(RXy® have_in_rucksadk, y)) U
" X' Ye(RXy® dgive to_sistgl, Y)))

3.5. Generalized Quantification

The only thing left to define in PCDRT is generatizquantification. We start with

selective generalized quantification.

Selective generalized determiners are relationsdest two dynamic propertidde;
(the restrictor) andP; (the nuclear scope), i.e. their denotations ariefexpected type
(et)((ett). The PCDRT definition of selective generalizedted®iners has to be

formulated in such a way that:

on the one hand, we capture the fact that anaphdise nuclear scope can have
antecedents in the restrictor;
on the other hand, we avoid the proportion prokéem, at the same time, allow for

the weak / strong donkey ambiguity.

To avoid the proportion problem, a selective gelimyd determiner has to relate
sets of individuals and not sets of 'assignmefitais, the main problem in a dynamic
system is to find an appropriate way to extract tlwe sets of individuals, i.e. the
restrictor set and the nuclear scope set, basetheomestrictor and the nuclear scope

dynamic properties.
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The proposed ways to solve this problem fall i@ toroad categories. The first
category of solutions is the one exemplified by ABBQ (following DRT / FCS /
DPL): we employ a dynamic framework based on simguifo states and we analyze
generalized quantification as internally dynamic axternally static. The main idea is
that the restrictor set of individuals is extracbetsed on the restrictor dynamic property,
while the nuclear scope set of individuals is ected based on both the restrictor and the
nuclear scope dynamic property, so that the anapltonnections between them are

captured.

The second category of solutions employs a dyndraimework based on plural
information states and it analyzes generalized @fiGation as both internally and
externally dynamic. The main reference for thisdkof solution is van den Berg (1994,
1996a) (but see also Krifka (1996b) and Nouwen 82@0nong others). The main idea is
that the restrictor set of individuals is extracbasged on the restrictor dynamic property
and, then, the nuclear scope set of individualsaanaximal subset of the restrictor set of
individuals that satisfies the nuclear scope dyeaproperty. The restrictor and the
nuclear scope sets are stored in the output phitaktate and are available for anaphoric

retrieval, e.gEvery' man saw 4woman / tw women. Theygreeted them

Given that the notion of a dref beingabsetf another required for van den Berg's
definition of quantification involves non-triviabeplexities® that are largely orthogonal
to the donkey issues we are interested in, | wibklgze selective generalized
quantification following the format of the CDRT+Gdgfinition*".

However, since PCDRT is a system basedlmal info states, the definition of
selective generalized determiners | will providenarel. This definition is intermediate

between the above two strategies of defining sgkaynamic quantification and, as

%0 E.g., it requires the introduction of a dummy / 'undedin exception individual — see chaptes. For
the corresponding notion of dummy / 'undefined' / excepimssible world, see the analysis of structured
discourse reference to propositions in chapter

31 But see chapteB for a van den Berg-style definition of generalized quantificath PCDRT which is
used in the analysis of quantificational subordination.
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such, it is useful in exhibiting the commonalitiasd differences between them in a

formally explicit way.

The generalized quantifiers we will be considerittgoughout the present
investigation are domain-level and discourse-ledistributive in the sense that they
relate two sets oatomic individuals (i.e. domain-level distributivity) antiese sets of
atomic individuals are required to satisfy the niegir and nuclear scope dynamic
propertiesone individual at a timdi.e. discourse-level distributivity). We enfortee
first kind of distributivity (i.e. domain-level) byestricting our domain of individual3e
to atomic individuals (there are no non-atomic wilials in the sense of Link 1983). We
enforce the second kind of distributivity by makinge of the dynamic condition
unique{u}, which was introduced in the previous chapter floe analysis of definite

descriptions. The definition of selective quanétion is provided in (59) below.

59. Selective Generalized Determinerge := seandt := (st)((sit)).

Pet. Pet. [dety(P'(u), P(u))],
wheredety(D, D') := lg. 1@ UDET(uU[DI], u[(D; D)I])
andu[DI] := E{uJ ([u |unique{u}]; D)IJ}
andunique{u} := Il 1@ U" id I"i'd 1(ui=ui')

andDET is the corresponding static determiner.

Intuitively, the definitionu[DI1] := E{uJ ([u | unique{u}]; D)IJ} above instructs us
to do the following 'operations' to an input matribadd a columm to matrix|, fill it up
with only one individualx and then check that the resulting matrix satisbegthe
resulting matrix satisfieB iff it can be updated with, i.e. iff it has at least one output

stateJ relative toD). If this matrix satisfie®, thenx is in the set[DlI], otherwise not.

The definition of generalized quantification in {59 selectivebecause the static
determineDET relates sets of individuals. The individuals iegl sets are obtained in
basically the same way as they are obtained inctme of the CDRT+GQ weak
generalized determiners. The restrictor set costaihthe individuals which 'satisfy’ the
restrictor DRSD when plugged in one atomic individual at a time, ju | unique{u}].

The nuclear scope contains all the individuals Wwisatisfy both the restrictor DRS
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and the nuclear scope DRSS when plugged in one atomic individual at a timéedtly,
this definition of selective quantification enablesto avoid the proportion problem just

as the corresponding CDRT+GQ definition does.
The definition of unselective generalized quargifion is provided in (60) below.

60. Unselective generalized determiners (in terms of welective maximization):
D't. D [det(D', D)],
wheredet(D, D') := g I* @ UDET(max[DI], max[(D; [!DI])
andmax[DI] := E{Jst max(D)IJ} and D' := Dom(D")

andDET is the corresponding static determiner.

This definition is unselective because the staBtedninerDET relates sets of
‘assignments’, i.e. sets of cases in the termigotdg_ewis (1975). The info states in
these sets are obtained much as they are obtainbe icase of CDRT+GQ unselective
determiners: the restrictor is the set of all thgsignments' / cases that 'satisfy' the
restrictor DRSD relative to input info staté and the nuclear scope is the set of all the
‘assignments’ / cases that 'satisfy’ both theicestrDRSD and the nuclear scope DRS
D'

The unselectivemax operator functions as a dynamicabstraction over
‘assignments’, i.e. over the cases of Lewis (197&uch like the conditiomnique{u}
together with the union of sets of individuals Ire tdefinition of selective generalized

quantification in (59) above functions as dynamibstraction over individuals

4. Solutions to Donkey Problems

In this section, we see in detail how the PCDRTiesysintroduced in the preceding
section can be used to compositionally interpreargety of donkey sentences, including
mixed weak & strong relative-clause donkey sentence

%2 Recall that, sincenax(D) := lsJs. DIJ & " K¢(DIK ® Ki J), the set {: max(D)IJ} is either empty or a
singleton set, so the union over unselectively maximizeddtdtes is basically vacuous and needed here
only for technical reasons: we want to access the maximal pifwadtate and not the singleton set whose
only member is the maximal plural info state.
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As we have already observed in chap®rthe compositional aspect of the
interpretation in an extensional Fregean / Montagowramework is largely determined
by the types for the (extensions of the) 'satutatggdressions, i.e. names and sentences,
which we abbreviate as andt. An extensional static logic without pluralitieise( the
static component of our Dynamic Ty2) identifeeande (atomic entities) and aldcandt
(truth-values). CDRT+GQ complicates this setup riigripreting a sentence as a relation
between an input and an output 'assignment’, héenee (s(st)), and a name as an
individual dref, i.e. as a function from 'assignnseto individuals, hence:= (se.

In PCDRT, names are interpreted just as in CDRT+®@ sentences are
interpreted as relations between plural info statesas relations between an inpatof
‘assignments' and an outmgtof 'assignments’, hente= (st)((sf)t). Everything else in
our definition of type-driven translation remainisetsame. In particular, the only
translation rule we need to changd RO, i.e. the translation rule for the basic meanings
— and even here, the modifications are minimathagable in (45) below shows.

61. TR 0: PCDRT Basic Meanings (TN — Terminal Nodes).

Type
Lexical ltem Translation e:=se
t = (sH((sht)
v, Ve. [Sleep{ V}] et
v, Qeenr- Ve Q Ve [oWnyep{ v, V) ((eht)(ey
ve Qe Quepee Ver Q Ve Q Ve [bUYeen{ Vs V, V') (et)((et)(en)
N Ve. [nouse_elf{}] et
DP Pet. P(Ue) (ent
o Plee Pe. [unique{u}]; P(u); P(u), (en((Ehy
whereunique{u} := I 11@U" id I" i'd I(ui=ui’),
i.e. anaphoric and ‘weakly' unique.
P'et. Per P'(U); P(U),
i.e. anaphoric.
DP Pet- P(Ve) (et)t

b Pe.. P(Dobby) (et
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Lexical ltem

DP

DP

Type
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Translation e:=se

t = (sh((sht)

Pe. [u | u=Dobbyj; P(u) (ent

b P (et)(et)
D. D u

D.. [-D] t

Pl Pe [U; P'(U); P(U), (en((e0t)

i.e. Pl Per Iu(P'(u); P(W)),
where3u(D) := [u]; D

P'o. Pe. max(P'(u); P(u)), where (ed((evt)
max’(D) := lgJs ([u]; D)IJ U" Ke(([u]; D)IK ® uKi ud),
i.e. P Pe.3"u(P'(u); P(U)),
where3™u(D) := max‘(D)

P'at. Per. maxi(P'(u)); [unique{u}]; P(u), (et)((ett)
whereunique{u} := Ig 1@ U" id I" i'd I(ui=ui') and
max’(D) := lgJe ([u]; D)IJ U" Ke(([u]; D)IK ® uKi ud),
i.e. P Pen3™u(P'(u)); [unique{u}]; P(u),
i.e. existence and uniqueness — the Russellian analysis

P'et. Per. max’(P'(u)); P(u), where
max(D) := lsJs ([u]; D)IJ U" Ke(([u]; D)IK ® uKi ud),
i.e. P Pe. 3"u(P'(L); P(),
i.e. existence and maximality

Py Pe [det(P'(U), P(W)], where: (et)((et)t)
det (D, D) i= I 1'@UDET(U[D1l], u[(Dy; D)I]),
whereu[DI] := E{uJ: ([u |unique{u}]; D)IJ}

andunique{u} := lg 1@ U"id 1" i'd I(ui=ui')
andDET is the corresponding static determiner

D'. D..[det(D',D)], where: t(tt)
det(Dy, Dy) = lg 1! @ UDET(max[Dal], max[(D; [!D2])I]),
wheremax|DI] := E{Js: max(D)IJ}
andmax(D) := lsJs. DIJ & " K(DIK ® Ki J)

and D :=Dom(D)
andDET is the corresponding static determiner

D'. D [every(D', D)] t(tt)
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61. TR O0: PCDRT Basic Meanings (TN — Terminal Nodes).

Type
e:=se

t = (sh((sht)

Conj Vie oo Vo Vi .o Vi t(...(tt)...)

Lexical ltem Translation

Conj Vie oo Vo Vi .o Vi t(...(tt)...)

The definition of dynamically conjoinable type®ETyp) is the same as in
CDRT+GQ modulo the fact that we resed (st)((st)t), as shown in (62) below.

62. PCDRT Dynamically Conjoinable Types (DCTyp).
The set of PCDRT dynamically conjoinable ty@@STyp is the smallest subset

of Typ s.t.t DCTyp (t := (sH((sht)) and, ifti DCTyp, then 6t)I DCTyp for
anysl Typ.

We define generalized (pointwise) dynamic conjuwrttnd disjunction as shown in

(43) below (the same as the CDRT+GQ definitionpe thereby complete the definition
of and in table (45) above.

63.Generalized Pointwise Dynamic Conjunction and Disjunction

For any two terms andb of typet, for anytl DCTyp:
a b:=(@;b)ift=t anda b:= vs.a(v) Db(v)ift=(sr);

a b:=[a Db]ift=t anda b:= vs.a(v) b(v)ift=(sr).

Abbreviation.a; a, ... ap:=(..(a1 ay an)

ai; a .. ap=(..a1 az .. ap.

We are now ready to analyze the donkey exampledave introduced in the
preceding sections and chapters.

4.1. Bound Variable Anaphora

First, we show that PCDRT preserves the compositi@DRT+GQ account of the
basic kinds of examples. Let's start with the boamaphora example in (51) below.



162

64.Every": house-elf hates himself

Just as CDRT+GQ, PCDRT can compositionally accdontbound anaphora
without Quantifier Raising and Quantifying-In: aodiexation is enough for binding
because the meaning of the determiner dynamically conjoins the restrictor and the
nuclear scope DRS's to determine the set of indal&lin its nuclear scope — thus,

guantifies over 'assignments' in a selective way.

Sentence (55) is compositionally translated as shimw(65) below. The PCDRT
representation derives the intuitively correcthirabnditions, provided in (66).

65.Every": house-elf hates himself

Txt

|
CF

|
P

[everyy ([house_effu.}], [ hate{ uy, ug}])]

/\

VP
D, D [everyy ([house_effugl], [ hate{ Uy, uy})]
DP v
Pei[everyy ([house_effu}], P(uy))] Ve.[nate] v, U}]
u, NP u
° Ve.[nouse_elf{ V}] Vi L OP

P'e. Pec[everyu (P'(u), P(up))] | Qent- Ve Q( V'e.[nateyes{V, V}]) Per.P(ua)
N
Ve.[house_el{V}]
66. ls. 11 @ U" x(house_elik) ® hatgXx, X))
4.2. Quantifier Scope Ambiguities

Let us turn now to the example in (67) below eximigi quantifier scope

ambiguities over and above the lexical ambiguitytteé indefinite. We start with the
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weak reading of the indefinite — and we assignitively correct truth-conditions to both
LFs, as shown in (69) and (71) below.

67.Every" house-elf adores"&": witch.
68. u>> wkiu,: [everyy ([house_effui}], [uz |witch{uz}, adorg us, Uz})]
69. u>> wkiu,: |4 1@ U
" xe(house_eli) ® $Yt D" yd Y(witch(y) Uadorgx, y)))) **
70. wkiu,>> U: [up |witch{up}, everyy ([house_effui}], [adore uy, up}])]
71, wku>> U [ 1@ U
$Yed D" yd Y(witch(y) U" x(house_elk) ® adorgx, y)))) **
Take the update in (70), for instance. Intuitivelyis update instructs us to do the
following 'operations' on an input mattixfill column u, only with witches; then, check

that each way of filling column; with a single eli is a way of filling columru; with

the elfx such thak adores every (corresponding}witch.

The LF's for the two readings are provided in @24 (73) below.

%] use quantification over se®.¢ @(" yd Y(witch(y) U adorgx, y))) in (69) only to make more explicit
the relation between truth-conditions aphliral info states in PCDRT (which plural info states store
possibly non-singleton sets of individuals). In thetgular case, quantification over sets is clearly not
essential sinc8Y.t B(" yd Y(witch(y) Uadorgx, y))) is equivalent to the first order formug(witch(y) U

adordX, y)).

3 Just as before (see fB83 above), note that quantification over sets is not essettia formula
$Yet D(" vy Y(witch(y) U " x(house_elk) ® adorgx, y)))) is equivalent to the first-order formula
$ye(witch(y) U" x(house_eli) ® adorgx, y))).
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72. u>> wkil,: Everys house-elf adores'd% witch.

Txt

|
CF

|
P

[everyy ([house_effu}], [u. |witch{u,}, adore{u;, upl])]

/\

VP
D, ID [everyy ([house_effui}], [u, |witch{uy}, adoreus, up}])]
DP M
Pe[everyy ([house_eful], P(uy))] Ve [Uz [ witch{ Uz}, adordv, ;)]
N DP
Vy Per.[Uz | Witch{ u}]; P(uy)

Qett- Ve.Q( V'e[adoreey{V, V1)
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73, wkiu,>> u.: Every house-elf adores’d % witch.

Txt

I
CF

|
P

[uz [witch{up}, everyy ([house_effui}], [adore{uy, up}])]

/\

DP” P
Per.[Uz | witch{ ug}]; P(uy) [everyy, ([house_effu;}], [adore uy, v'}])]
| VP
" D.D [everyy, (fhouse_efiu], [adore{u, v'})]
DP \A
Poi[everyy ([house_effu}], P(uy)] Ve.[adore] v, v'}]
ul
vV, DP

Qent VeQ( Veladoreey{v, v}])  Pea-P(V"e)

If the indefinite is strong — as shown in (74) lele, we have two more LF's with
the same structure as (72) and (73) above. Yehaga& assign intuitively correct truth-
conditions to both LF's, as shown in (76) and @&pw.

74.Every": house-elf adores®d " witch.
75. U >> stru,: [everyy ([h.ef{us}], max“: ([witch{uz}, adord us, uz}]))]
76. u>> stru: | 1@ U
" xe(h.elf(X) ® $Yedt B(" ye(witch(y) Uadorgx, y) « yi Y))) *°

77. stru,>> u,: max*z ([witch{ uz}, everyy ([h.elfu.}], [adore[us, uj])])

% Yet again, we can do away with quantification over setsesifor our purposes (i.e. the interpretation of
(74)), we can substituty.(Fy) for $Y.2 B(" y«(Fy « yl Y)) in both (76) and (78) — wheFestands for the
predicate that is appropriate in each of the two cases.
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78. stru,>> U: g 1@ U
$Yelt B(" ye(witch(y) U" xe(h.elfix) ® adorgx,y)) « yi Y))

4.3. Weak / Strong Ambiguities

Consider first the strong donkey example in (79)pWwe which is most readily
understood as a generalization about the habhswude-elves that are in love — this being
the reason for the fact that the donkey indefireteeives a strong reading. The LF of the

sentence and the main steps of its compositioaaskation are provided in (79).

Intuitively, the translation in (79), i.e. the upeassociated with the Txt / CP / IP
node, instructs us to check that, for any givenrmat each way of pairing up a witch-
loving elf with each of the witches he loves is aywof pairing up a witch-loving elf with

each of the witches he loves and with some purdmsbght her.

The translation derives the intuitively correctireonditions, given in (80).



167

79.Every: house-elf who falls in love with "% witch buys hes, an"k'Y,

alligator purse®

Txt

|
CF

|
P

[everyy ([house_effu,}]; max Y, ([witch{ug}, fall_in_love{uy, uz}]), [Us|a.purséus}, buy{uy, Uy, us}])]

VP
Dt.ID [everyy ([house_effuq}]; max " ([witch{uz}, f.il{uy, ul), [us|a.p{us}, buyfuy, up, ug])]

ﬂ v
DP Ve.[Us | a.p{ g}, buy{V, Uz, Ug}]
Pe.[everyy ([house_effuq}]; max 2 ([witch{u2}, f.i.{us, W}]), P(U))]
/\ u, Wwku,

u NP

P Po.[everyy (FI,D.(ul)' P(uy))] Ve.[house_effiv}]; max 2 ([witch{ u,}, fall_in_loved v, us}])

CP
N Vv'e.max ' ([witch{ uy}, fall_in_love v", uo}])
ve.[nouse_el{V}] /\
CF
DP
Pe.P |

P
max " ([witch{ u,}, fall_in_love[V", up}])

T

| VP
D. D max ([witch{ uy}, fall_in_loveVv", u}])

v
PPy Vemax (witch{ug, fall_in_lovev, u})

T T

striu,
Vi DP

Qeent- Ve Q( Ve [fall_in_lovee{ v, v}]) Pe.max Y ([witch{ us}]; P(uy))

% For more discussion of the particular interpretation ofin (79), see sectioh of chaptes3.



168

80. ls 1'@U" X" ye(house_elik) Uwitch(y) U adorgx, y)
® $z(alligator_purséz) Ubuy(x, v, 2)))

The analysis of the classical weak donkey senteémc@1l) below proceeds as
expected — see the PCDRT translation in (82) aedrtith-conditions in (83).

Intuitively, the update in (82) instructs us to ckehe following, for any given
matrix |: for each persog, if you can form a matrix based dmvhich storescin column
u; and which stores some non-empty set of dimesxhas in columnu,, then you
should be able to form a (possibly different) matrased on which stores in column

u; and some non-empty set of dimes thhaas and puts in the meter in column

81.Every": person who has"d“": dime will put ity, in the meter.
82.[everyy ([uz | persof ui}, dimg[up}, have{uy, Up}], [put_in_metefus, up}])]
83. ls 1@ U" xg(persorfx) U $ye(dimgy) Uhavex, y))

® $z(dim&z) Uhavex, 2) Uput_in_metex, 2)))

4.4. Proportions

The proportion problem is solved because we workh va selective form of
generalized quantification — as exemplified by éimalysis of sentence (84) below. This
sentence is most readily understood as a gendralizzbout the behavior of most house-
elves that are in love with a witckverysuch witch ends up getting an alligator purse
from the house-elf that is in love with her. Thtise donkey indefinite receives a
strong reading. The PCDRT translation derives titaitively correct truth-conditions
(identical to the CDRT+GQ truth-conditions), proselin (85) below; note in particular

that the PCDRT representation is false in the "DdbDon Juan” scenario, as desired.
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84.Most" house-elves who fall in love with®&"% witch buy het, an"k'Y,

alligator purse.

Txt

|
CF

|
P

[mosty, ([house_effui}]; max Y, ([witch{ug}, fall_in_love{uy, uz}]), [us|a.purséus}, buy{uy, Uy, us}])]

_/\
VP

D.. ID [mostu1 ([house_effu }]; max u, ([witch{uy}, f.i.{ug, wol]), [us|a.p{us}, buy{uy, us, usi)]

ﬂ\"

. Ve-[Us | @.p{ U}, buyV, Uz, Us}]
Pet.[mostuy, ([house_effu,}]; max Yz ([witch{ u}, f.i.l{uy, W}]), P(uy)]

u
/\ u, 8

u NP

P Po.[mosty (;(Ul), P(U))] Ve.[house_effiv}]; max ([witch{ uy}, fall_in_love v, u.}])

TCP

N V'emax " ([witch{ uy}, fall_in_love V", uy}])
ve.[nouse_el{V}] /\
CF
DP
Pe.P |
P

max Y ([witch{ u}, fall_in_love V", up)])

VP
D.D max Y ([witch{ uy}, fall_in_lovev", uy}])

T

>
PL PV vemax ' ([witch{ s}, fall_in_lovev, us}])

T T

str:u,
v, DP

Qeet- Ve Q( v'e.[fall_in_iovee(et){v, V1) Pet.maxu2 ([witch{ uz}]; P(u,))

85. I 11 @ U |{xe: h.elfx) U $ys(witch(y) Uf.i.I(x, y)) U
" ye(witch(y) Uf.i.l(x,y) ® $z«(a.p(z) Ubuyx,y, 2))} >
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[{e: house_ell) U $y.(witch(y) Ufall_in_lovelx, y) U
@%z(a.purs€z) Ubuyx, y, 2)}|

4.5. Mixed Weak & Strong Sentences

The PCDRT definition of selective generalized qifevattion enables us to assign
intuitively correct interpretations to our mixed ake& strong donkey sentences, repeated
in (86) and (87) below.

86.Every": person who buys3{*% book onamazon.comand has ¥¥'% credit card
uses it to pay for ify, .
87.Every": man who wants to impres$a%: woman and who has ¥ Arabian

horse teaches h@zr how to ride itjg.

Given that their PCDRT analyses are basically idaht | will analyze only
sentence (86). Its PCDRT translation — obtainedpmsitionally in much the same way

as the translations for the donkey sentences we jogav examined — is provided in (88).

88.[everyy, ([perguy}]; max" ([bk{uz}, buy{uy, uz}]); [ us | c.card{us}, hvuy, us}],
[use_to_pafus, Uy, Us}])]

The PCDRT translation in (88) derives the intuityveorrect truth-conditions,
provided in (89) below.

89. ls 11 @ U" xe(persorfx) US$Reey! D(" ye(booKy) Ubuy(x, y) « yi Dom(R)) U
"zl Ran(R)(c.cardz) Uhavéx, 2)))
® $Ruey (" Ye(booKY) Ubuy(x, y) « yI Dom(R)) U
"zl Ran(R)(c.cardz) Uhavéx, 2))
"Ve' Z(Ryz® use_to_pafk,y, 2)))), i.e.
lst 11 D U" xo(persorfx) U $ye(bk(y) Ubuy(x, y)) U$z(c.cardz) Uhvx, 2))
® " ye(bk(y) Ubuy(x, y) ® $z(c.cardz) Uhu(x, 2 Uu.t.p(x, Y, 2))))
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4.6. Donkey Anaphora to Structure

Let us turn to an example that invohasuctureddonkey anaphora, i.e. the nuclear
scope anaphorically retrieves not only the valueth® donkey indefinites, but also the

relational structure associated with those values.

Consider (90) below: as we have already noticedh bodefinites, i.e. str:u,
# and stru, , receive a strong reading, i.e. for eagtboy, we

consider the set d@ll gifts that he bought for some girl in his clasd #&me set o&ll girls
that saidu;-boy bought a gift for. However, we need to stoo¢ anly the sets, but also
the correspondences between them established bpuyiag events, so that we can
retrieve this correspondence in the nuclear scapere we assert that, for eaahqgirl,

her deskmate was asked to wrapuhegift that was bought for saia-girl.

90.Every": boy who bought "% Christmas gift for &' girl in his class asked

hery, deskmate to wrapiit .

| will analyze u as u u, and give a Russellian

3

translation for the definite description, i.e. Isame it contributes existence and
uniqueness. Since the uniqueness olth@deskmate needs to be relativized toukgirl,
| will use an anaphoric uniqueness condition of fiven unique,{u}, as shown in (91)

below.

u u
91 L,I3 4 L,I3 4 u3

Pet. max ™ ([deskmatgua}, of{ us, ug}]); [uniquey, {ud]; P(u),

whereuniquey {us} == s 1@ U™ id 1" i'd I(Usi=usi" ® usi=usi')

The PCDRT translation of sentence (90) is provite(®2) below. The translation
derives the intuitively correct truth-conditionsyen in (93).
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92.[everyy, ([boy{us}]; max": ([gift{uz}]; max"s([girl{ua}, buy{us, Uz, ug}))),
max " ([deskmatu}, of{ us, us}]); [ uniquey, {us]; [a.tw{uy, us, uzl)] >
93. g 11 @ U" xo(boy(x) U
$Reey! B(Dom(R) = {ye: gift(y) U$z(girl (2) Ubuy(x, y, 2))} U
Ran(R) = {z: girl(2) Usyd Dom(R)(buy(x, y, 2))} U
" Ye' Z(Ryz® buy(x, y, 2)))
® $Reeyt B(Dom(R) = {ye: gift(y) U$z(girl (2 Ubuy(x, y, 2)} U
Ran(R) = {z: girl(2) Us$yd Dom(R)(buy(x, y, 2))} U
" Ye' 2(Ryz® buy(x, y, 2)) U
"Y' Z(Ryz®
$z(" 2'(d.mz") Uof(z", 2) « z"=z') Ua.t.w(x, z'y))))),
i.e. given the natural assumption that no boy botlgghsame gift for two distinct
girls, so that there is only one relatiBrwith the required properties,
lst 11D U" X" Regey® @(00Y(X) U
Dom(R) = {ye: gift(y) U $z(girl (2 Ubuy(x, y, 2))} U
Ran(R) = {z: girl(2) U$yd Dom(R)(buy(x, y, 2))} U
" Ye' Z(Ryz® buy(x, Y, 2))
® "ye" z(Ryz®
$7(" 2"(d.mz") Uof(z", 2) « z"=z) Ua.tw(x, z'V))))

5. Summary

The main goal of this chapter was to give a conmrsl account of weak / strong
ambiguities that generalizes to mixed reading irdatlause donkey sentences like the
one in (1) above. The main proposal is that thekwetrong donkey ambiguity is located
at the level of the indefinite article, which is biguous (or underspecified) between a

weak and a strong / maximal reading.

37 Intuitively, uniqueness needs to be relativizedusdn uniqueu3{u4} because, otherwise, we would
require every,-individual to be the same, i.e. there would have to beopssideskmate over all.
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The two crucial ingredients of the analysis arg: flural information states
(modeled as sets of 'variable assignments', whichbe represented as matrices with
‘assignments' as rows) and) @ maximization operator use to specify the megamh
strong indefinite articles. The resulting systemdisobed Plural Compositional DRT
(PCDRT). Given the underlying type logic, compasitlity at sub-clausal level follows
automatically and standard techniques from Montagemantics (e.g. type shifting)
become available.

In PCDRT, sentences denote relations between art anl an output plural info
state, i.e. sentences non-deterministically upa@atelural info state. Indefinites non-
deterministically introduce both values and struetite. they introduce structured sets of
individuals, and pronouns are anaphoric to suchcstred sets. Quantification over
individuals is defined in terms of matrices (i.durpl info states) instead of single
‘assignments' and the semantics of the non-quaattdnal part becomes rules for how to

fill out a matrix.

PCDRT enables us to give a compositional accoura @friety of phenomena,
including mixed reading relative-clause donkey seoes, while keeping the dynamic
meanings of generalized determiners, pronouns raohefinite articles very close to their

static, Montagovian counterparts.

6. Comparison with Alternative Approaches

To my knowledge, the existence of mixed readingkdgrsentences was observed
for the first time by van der Does (1993) for relatclause donkey sentences and by
Dekker (1993) for conditional donkey sentences.ifTéeamples are provided in (94) and
(95) below.

94.Every farmer who has a horse and a whip in his baes it to lash him.
(van der Does 1993: 18, (26))

95.1f a man has a dime in his pocket, he throws thaparking meter.
(Dekker 1993: 183, (25)).
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The example in (1) abov&yery": person who buys‘a book onamazon.conand
has d% credit card uses it to pay for i, ) makes one additional point that is obscured

by the examples in (94) and (95), namely that teakweading of the indefinite
in (1) is compatible with the set of credit cardsng a non-singleton set — since |

could use different credit cards to buy differdangs of) books.

As already remarked in the previous chapters, wesifong donkey ambiguities in
general and mixed weak & strong relative-clausekdgrsentences in particular pose
problems for many influential dynamic theories anlley sentences, including Heim
(1982/1988), Kamp & Reyle (1993), Dekker (1993)nHzawa (1994a) and Chierchia
(1995). The main reason is that, in these dynameories, donkey indefinites do not
have any quantificational force whatsoever, sdhaltruth-conditional effects associated
with donkey anaphora have to be built into whateslement in the environment gives
the quantificational force of the indefinite.

In the case of the mixed reading example in (1} tbquires us to pack an entire
logical form into the meaning of the generalizetedainer . As shown explicitly by

the classical first-order translation of examplg (&peated in (96) below, the generalized

determiner needs to specify three things) the fact that the indefinite is
strong; (ii) the fact that the indefinite is weak andiij) the fact that the strong
indefinite can take scope over the weak indefinite , since | can use

different cards to buy different (kinds of) books.

96." x(persor{x) U$y(bookKy) Ubuy on_amazd®, y)) U$z(c.cardz) U havex, 2))
® " y'(booKy) Ubuy on_amazdr, y)
® $z'(c.cardz) Uhavex, z) Uuse_to_paf, ', y"))))

Thus, dynamic approaches of this kind are forcegite increasingly complex and
stipulative meanings for selective generalized rdeteers. In contrast, the proposal |
have pursued in this chapter is that indefinitesukh be endowed with a minimal
guantificational force of their owni)(just as in DPL, | let them contribute an exisignt

guantification; (i) what is new is that | also let them specifiy wiestthe existential
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guantification they introduce is maximal or nog. iwhether they introduce in discourse

somewitness set or thmaximalwitness set that satisfies the nuclear scope &fidat

The pseudo-scopal relation between the strong imtkef and the weak
indefinite in (1) above ("pseudo” because, by the Coordir&itecture
Constraint, the strong indefinite cannot syntadlijdake scope over the weak indefinite)
arises as a consequence of the fact that PCDRT plge information states, which
store and pass on information about both the sktsbjects and the dependencies
between these objects that are introduced and rali@gbupon in discourse.

Before examining alternative approaches in moraikldt want to indicate three
respects in which PCDRT differs from most previolysamic approaches (irrespective

of whether or how they analyze weak / strong anmbéeg).

The first difference is conceptual: PCDRT explicittmbodies the idea that
reference tcstructureis as important as reference to value and thatvtleeshould be
treated in parallel (see the definition of dreframluction and its justification in section
3.2above).

Capturing reference to structurediscoursereference to structure, i.e. by means of
plural information states rather than by meanshafi@e and / or Skolem functions (or
dref's for such functions), is preferable for tledwing reason: such functions can in
principle be used to capture donkey anaphora twtstre, but they have to have variable
arity depending on how many simultaneous donkeplamac connections there are, i.e.
the arity of the functions is determined by thecdigse context. It is therefore more
desirable to encode this context dependency in déabase that stores discourse
information, i.e. the info state, and not in thpresentation of a lexical item (the donkey
pronoun and / or the donkey indefinite); for a tethargument, see also sectib2 in

chapter7 below.

3 A witness set for a static quantifi@ET(A) (where DET is a static determiner andl is a set of
individuals) is any set of individuaB such thaBi A andDET(A)(B). See Barwise & Cooper 1981: 103
(page references to Portner & Partee 2002).
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The second difference is empirical: the motivationplural information states is
provided by singular and intra-sentential donkegpdora, in contrast to the previous
literature which relies on plural and cross-senéranaphora (see van den Berg 1994,
19964, b, Krifka 1996b, and Nouwen 2003 among sjher

Importantly, donkey anaphora to structure providesiuch stronger argument for
the idea that plural info states a®emanticallynecessary. To see this, consider anaphora
to value first: a pragmatic account is plausibledases of cross-sentential anaphora (e.g.
in! $ , the pronoun can be taken to refer to whatever man is
pragmatically brought to salience by the use ahdefinite in the first sentence), but less
plausible for cases of intra-sentential donkey aoegp (no single donkey is brought to

salience i ).

Similarly, a pragmatic account of anaphora to $tmecis plausible for cases of
cross-sentential anaphora likevery man saw a woman. They greeted th@ims
discourse asserts that every man greeted the womamen that he saw, i.e. the greeting
structure is the same as the seeing structure -thbeuidentity of structure might be a
pragmatic addition to semantic values thatwamepecifiedfor structure (e.g. the second
sentencd hey greeted thewould be interpreted cumulatively in the sens8aifa 1981).
However, a pragmatic approach is much less plauditdt cases of intra-sentential
donkey anaphora to structure instantiated by seaté) above.

Third, PCDRT takes the research program in Musk&f96) of unifying different
semantic frameworks, i.e. Montague semantics amdrdic semantics, one step further:
PCDRT unifies inclassical type logidhe static, compositional analysis of generalized
guantification in Montague semantics and van dergBeDynamic Plural Logic. The
unification is not a trivial task, given certaingodiarities of Dynamic Plural Logic, e.g.
the fact that its underlying logic is partial argb tfact that discourse-level plurality (i.e.
the use of plural information states) and domaulleplurality (i.e. non-atomic

individuals) are conflat€d

%9 For more on the distinction between discourse-level andaielevel plurality, see chapt&rbelow and
Brasoveanu (2006c).
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One of the advantages of the resulting type-logicaiework is that it can be
extended in the usual way with additional sorts dgentualities, times and possible
worlds, which enables PCDRT to account femporal and modal anaphora and
guantification in a way that iparallel to the account of individual-level anaphora and

guantification. The modal extension is worked outhaptei7 below.

The previous accounts of weak / strong donkey seegefall (roughly) into three

categories:

accounts that locate the ambiguity at the levehefgeneralized determiner (e.g. the
determinereveryin the classic examplevery farmer who owns a donkey bea}s it
most dynamic accounts fall into this category, udahg Rooth (1987), Van Eijck &
de Vries (1992), Dekker (1993), Kanazawa (1994a,bb} also the D-/E-type
approach in Heim (1990); these approaches williseudsed in sectiob. 1;

accounts that locate the ambiguity at the leveéhefdonkey pronoun, e.g. the D-/E-
type approaches in van der Does (1993) and LappiRrd&ncez (1994); these
approaches will be discussed in secta?

accounts that locate the ambiguity at the levelhef indefinite article; this is the
approach pursued in this chapter and in van deg 8€94, 1996a); van den Berg's

approach will be discussed in sect@B.

In addition, there is also the hybrid dynamic/Eeyapproach pursued in Chierchia
(1995). This approach will be discussed in sedbi@n

6.1. Weak / Strong Determiners

| can see two reasons for locating the weak / gtrambiguity in the donkey
indefinites and not in the dynamic meaning of galeed determiners.

The first one — already presented above — has titthahe syntax/semantics aspect
of the interpretation of donkey sentences, in paldr, with the requirement of (strict)
compositionality. If we attribute the weak / stroagnbiguity to the determiner and we
want to derive the intuitively correct truth-condits for the mixed reading donkey

sentence in (1), we basically need to pack anestdgical form into the meaning of the
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generalized determiner , which needs to non-locally / non-compositionally
determine both the readings associated with diftedlenkey indefinites and their relative
(pseudo-)scope.

The other reason for locating the weak / strongiguity in the indefinites is
concerned with the semantics/pragmatics side ofrtegpretation of donkey sentences,
namely thevariety of factorsthat influence which reading is selected in anyeni
instance of donkey anaphora and ttiefeasible characterof the generalizations

correlating these factors and the resulting reading

Some of these factors are:

the logical properties of the determinersee Kanazawa (1994a, b);
world-knowledge- see the 'dime' example in Pelletier & Schub&#89) and,
also, the examples and discussion in Geurts (2002);

theinformation (focus-topic-backgroundstructureof the sentence — see Kadmon
(1987), Heim (1990);

the kind ofpredicatesthat are used, i.e. total vs. partial predicatese Krifka
(1996a) and references therein;

whether the donkey indefinite is referred back yoabdonkey pronoun — see
Bauerle & Egli (1985Y.

Given the variety of factors that influence whi@ading is selected in any given
instance of donkey anaphora and also the defeasideacter of the generalizations
correlating these factors and the resulting reagimghink that the most conservative
hypothesis is to locate the weak / strong ambigaitthe level of the donkey indefinites
themselves, i.e. to make the donkey items ambigubesveen a weak and a strong
meaning’, and let more general and defeasible pragmatichamsms decide which

meaning is selected in any particular case.

0 Apud Heim (1990).

“1 Ambiguous between a weak and a strong reading or, alteigativederspecified for weak / strong
readings (like quantifier scope, for example, is underspdgifievague (like adjectives).
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One of the most theoretically appealing accountdhef weak / strong donkey
ambiguity is due to Kanazawa (1994a, b), which tesdhe ambiguity in the meaning of
the generalized determiners. | will therefore dat#icthe remainder of this section to
making two more points that seem to favor the PCDMRIEfinite-based theory — or, at

least, to give it sufficient initial plausibility.

First, Kanazawa's account is ultimately pragmajist like the account | am
suggesting. In fact, except for the fact that heosles to make the dynamic generalized
determiner — and not the indefinite — underspetifiethink that all the observations

below also apply to the PCDRT account.

"The primary assumption | make is the following: J[.The grammar rules in
general underspecify the interpretation of a dordetence.

Thus, | assume that, for any donkey sentence, tiaenrgar only partially
characterizes its meaning, with which a range dcHjg interpretations are
compatible. So the truth value of donkey sentent@srticular situations may be
left undecided by the grammar. This may not be suctlutrageous idea; it may
explain the lack of robust intuitions about donkentences.

For the sake of concreteness, | assume that thergpetified interpretation of a
donkey sentence Det N' VP assigned to by the gramarabe represented using
an indeterminate dynamic generalized determipevhich is related to the static
generalized determiner Q denoted by Det and whatisfes certain natural
properties. [...]

Even if its interpretation is underspecified, ateane may be assigned a definite
truth-value in special circumstances. [...] It is mwireasonable to suppose that
people are capable of assessing the truth value @bnkey sentence without
resolving the 'vagueness' of the meaning giverhbygrammar when there is no
need to do so. [...] underspecification causes nblpnas for people in assigning
a truth value to a donkey sentence in situationsrevthe uniqueness condition
for the donkey pronoun is met."

(Kanazawa 1994a: 151-152)

Note in particular the situations in which the 'gueeness condition" is met are
precisely the situations in which the PCDRT wea#t sinrong meanings for the indefinite

article are conflated; for more discussion aboutjueness effects in donkey sentences,

see sectioB.2 of chaptei6 below.

Thus, both accounts of the weak / strong donkeypiguity defer the task of
disambiguation to pragmatics — which brings mehe second, empirical point. The

hypothesis that the weak / strong ambiguity (orausgdecification) should be located in
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the generalized determiner has more plausibiligntthe PCDRT hypothesis only if we
observe that the logical properties of the deteensirare, consistently, the main deciding
disambiguation factor. This is clearly not true fioe determineevery its monotonicity-
based bias for strong readings is easily trumpeevdnyd knowledge (as shown by the
'dime' example; see also the discussion in Kanad®®4da: 122-124 and Geurts 2002).

| will now point out that the monotonicity-basedabi can be systematically
overridden for most other determiners in a parickind of construction that involves
nuclear scope negation. This observation — togetiiterthe above list of five unrelated
factors that influence the choice between weakstirmohg readings — provides support for
the conservative hypothesis that the source oiviek / strong donkey ambiguity should

be located in the donkey indefinites and not in sather element in their environment.
Donkey Readings and Nuclear Scope Negatith

| use "nuclear scope negation” as a cover terrmégative items, e.g. sentential
negation or negative verbs likail, forgetandrefuse that occur within the nuclear scope
of a quantification and that semantically take scoper the other elements in the nuclear
scope. To my knowledge, the only examples of nudeape negation discussed in the

previous literature are the ones provided in (€98), (99) and (100) beldt

97.A boy who had ahapple in his rucksack didn't givg tb his sister.
(van der Does 1993: 18, (27¢))

98.No man who had‘aredit card failed to use,it
(Kanazawa 1994a: 117, fn. 16)

99.Every person who had dime in his pocket did not put, iinto the meter.
(Lappin & Francez 1994: 401, (22a))

100. Every person who had dime in his pocket refused to putiitto the meter.

(Lappin & Francez 1994: 401, (22a))

2| am grateful to Hans Kamp (p.c.) for pointing ominie that there seems to be a systematic correlation
between sentential negation and donkey readings. Masteoémpirical observations in this sub-section
emerged during or as a result of our conversations.

3 Geurts (2002) also mentions the examples due to van des 2693) and Kanazawa (1994a), but he
believes that "such examples are hard to find" (Geurts J2082).
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The generalization that emerges based in these meamand which trumps the
monotonicity-based bias observed in Kanazawa 1994aat nuclear scope negation
generally requires the strong reading for donkeyesees; see also Lappin & Francez
(1994) for observations that point towards the sgeweralization (p. 408 in particular)
and for a critigue of Kanazawa (1994a) based oteseas (99) and (100) (pp. 410-411).
Sentence (97) is interpreted as asserting thag ikesome boy such that, feveryapple
in his rucksack, he didn't give that apple to h&es. Sentence (98) is interpreted as
asserting that no man is such that, deerycredit card of his, he failed to use that card,
i.e. no man failed to use every credit card of-h@w, equivalently, every man used some

credit card or other.

The examples in (97) and (98) form minimal pairshwdentences (101) and (102)
below, where there is no nuclear scope negationvamele the most salient donkey

reading is the weak one (just as Kanazawa 1994hcpsehey should).

101. A boy who had ahapple in his rucksack gave tb his sister.
102. No man who had"acredit card used,jf{to pay the bill).

We can observe a similar contrast for non-monototersective determiners of the
form exactly n also predicted by Kanazawa (1994a) to favor teakweading (just as the
intersective but monotone determinarsind no do). The most salient reading of (103)
below is the strong donkey reading: exactly two rasmsuch that, foeverycredit card
they had, they failed to use that card. The mdsrgaeading of (104) is the weak one:

exactly two men usesbmecredit card they had.

103. Exactly two men who had'aredit card failed to use,it didn't use it/ forgot to
use it.

104. Exactly two men who had'aredit card used,it

The same applies to tloaly-based donkey examples in (105) and (106) below.

105. Only two men who had"acredit card failed to use,it didn't use it/ forgot to
use it.
106. Only two men who had"aredit card used,it
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As the examples (99) and (100) above show, evenclhssical weak reading
example in (107) below becomes strong under tHaente of nuclear scope negation:
the example in (108) below is interpreted as asgethat every man who had a quarter
was such that, foeveryquarter of his, he refused to put that quartethen meter. The
pairs ofat least R, at most R andmostsentences in (109)-(110), (111)-(112) and (113)-

(114) below instantiate the same kind of contrast.

107. Every man who had'auarter put itin the meter.

108. Every man who had'auarter refused to putiin the meter / forgot to put,itn
the meter.

109. At least two men who had guarter put jtin the meter.

110. At least two men who had' guarter refused to put,itn the meter / forgot to
put it, in the meter.

111. At most two men who had' guarter put itin the meter.

112. At most two men who had' @uarter refused to put,itn the meter / forgot to
put it, in the meter.

113. Most men who had"anice suit wore jtat the town meeting.

(based on Kanazawa 2001: 386, (17))
114. Most men who had“anice suit refused to weay, iat the town meeting / forgot

to wear i, at the town meeting / didn't weay @t the town meeting.

In contrast, note that negation with scope overthtere donkey quantification does
not have a similar 'strengthening' effect, as tten®ples in (115), (116) and (117) below
show. Consider (116) for example: its strong regdmthat not every man who had a
credit card is such that, fewverycredit card he had, he used that card to payithe an
assertion that borders on triviality. Intuitivelgentence (116) asserts that not every man
who had a credit card usedmecredit card of his to pay the bill — or, equivdlgnthat
there is a man who had a credit card and who dick@tany of his cards to pay, i.e. the

weak donkey reading.

115. Not every man who had guarter put itin the meter.

116. Not every man who had' aredit card used,jto pay the bill.
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117. Not every person who buy4 book onamazon.conand who hasacredit card

uses it to pay for it.

However, just like the other generalizations alibatdistribution of weak vs. strong
donkey readings, the correlation between nucleapestegation and the strong donkey
reading is not without exception. A top-level negatcancels the 'strengthening' effect of

the nuclear scope negation, as the examples ir) 6B(119) below show.

Incidentally, note that the weak donkey sentencg€418) and (119) and the ones in
(115), (116) and (117) above show thalON  determiners likenot everyandnot all

reliably tolerate weak readings, contra Kanazav@@44): 118 et seqq.

118. Not every man who had aredit card failed to use,it
119. Not every man who had a nice suit refused to wgaatithe town meeting /

forgot to wear (f at the town meeting.

Sentences (118) and (119) indicate that, if the@ny correlation between negation,
the monotonicity properties of the generalized heteers and the choice between weak
and strong donkey readings, this correlation carbbtlocally and deterministically
established by taking into account only some paldicitem in the context of the donkey
indefinites, be it the generalized determiner @& mluclear scope negation — we need to
take into account the whole quantification and,top of that, factors of a different
nature, e.g. world knowledge about how credit camhers normally behave (they don't
pay with all their credit cards) or about how p@opbrmally wear their suits (not all of
them at the same time, even if they are very nice).

| conclude with the example in (120) below, whiglo\ypdes one more exception to
the correlation between nuclear scope negationstmathg donkey readings. The most
salient reading of (120) is that every man who g@dha suitcase on the belt took back
every suitcase after it was X-rayed, i.e. no ma wlaced a suitcase on the belt failed,

for somesuch suitcase, to take it back, i.e. the weak epmé&ading.

120. (At the airport "self check-in", where customeraqd their suitcase / suitcases

on the belt to have them X-rayed:)
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No man who placed'auitcase on the belt forgot to takekiack after it was X-

rayed / failed to takejtback after if was X-rayed.

| leave the analysis of the above generalizationduture research — but | hope to
have established that the volatile nature of thakwestrong donkey ambiguity makes the
PCDRT account at least as plausible as the alteendynamic strategy of locating the

source of the ambiguity in the selective generdlideterminers.

6.2. Weak / Strong Pronouns

D-/E-type accounts of donkey anaphora fall into twabegories with respect to the
problem posed by weak / strong ambiguities. If tlaglgress the problem (e.g. Neale
1990 and Elbourne 2005 do not), they either lotlaeweak / strong ambiguity in the
meaning of the generalized determiner, e.g. Hei®9@), or in the meaning of the
donkey pronoun, e.g. van der Does (1993) and Laggtrancez (1994).

Given that the strategy in Heim (1990) is basic#iky same as the one pursued by
the dynamic accounts discussed in the previousogsedhe resulting analysis faces the

same kind of problemsr(utatis mutandis

In this section, | will focus on accounts that tgke donkey pronoun to be the
source of the weak / strong ambiguity; in particulavill focus on the account in Lappin

& Francez (1994), but the general argument alstiepf van der Does (1993).

Lappin & Francez (1994) assume the ontology in L{1883), which countenances
both (atomic) individuals and individual sums tledre- or i-sums. Lappin & Francez
(1994): 403 propose to analyze donkey pronounsragions from individuals to-sums,
e.g., in the classical donkey examjidgery farmer who owns a donkey beastlie
pronounit denotes a functiohthat, for every donkey-owning farmey returns some-

sumf(x) of donkeys thax owns, i.e. the sum of some subset of the donketx bwns.

Strong donkey readings are obtained by placing ainraity constraint on the
function f, which requiresf to select, for eaclx in its domain, the supremum of its

possible values, i.e., in the case at hand, themadx-sum of donkeys thatowns. Weak
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donkey readings are obtained by suspending themadixy constraint, i.ef is a choice

function fromx to one of the-sums of donkeys thatowns.

| will use DP-conjunction donkey sentences of thelkanalyzed in sectioB.6 of
chapter4 above to distinguish between the D-/E-type stmatefylocating the weak /
strong ambiguity in the meaning of the donkey pton@and the PCDRT strategy of
locating it in the meaning of the donkey indefinite

DP-Conjunction Donkey Sentences with Mixed Readings

Consider the mixed weak & strong donkey sentenceglRl) below, whose

subjects is a conjunction of two DP's.

121. (Today's newspaper claims that, based on the reosht statistics:)

Every: company who hireda Moldavian man, but nd company who hired

a': Transylvanian man promoted himwithin two weeks of hiring.

Intuitively, the sentence asserts that every compaho hired a Moldavian
promotedevery Moldavian it hired within two weeks, while there mo company who
hired some Transylvanian and promosesneTransylvanian it hired within two weeks —
that is, the donkey anaphora to is strong and the donkey anaphora to

& is weak.

Crucially, the very same pronon is intuitively anaphoric to both indefinites.
Example (121) poses a problem for approaches kpin & Francez (1994) and van der
Does (1993), which locate the weak / strong ambyguai the donkey pronouns, because

there is only one pronoun in (121), but two didtidenkey readings.

Note that there is no immediately obvious was inclvttovert syntactic operations
could 'reconstruct’ two pronouns in the case ofL)12 or in the case of the similar
example in (122) below. Examples (121) and (122haloseem to be instances of ellipsis
or Right Node Raising, in which case we could hasgumed that the pronoun is covertly
duplicated at the level of LF. Also, covertly dgaliing at LF the pronoun in (121) (or
(122)) by rightward Across-the-Board (ATB) movemeitthe VP does not seem to be
an independently motivated syntactic operation mglish. And, even if rightward ATB
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movement of the VP is possible, one still needgtonstruct the VP in both places to get

two pronouns and, presumably, assign the reconsttygwonouns two different indices.

Sentence (122) below makes the same point as {1218 only difference is that, in
(122), we conjoin two DP's headed by the same géred determinéf*> The sentence
in (122) can be felicitously uttered in the followgi context: there is this Sunday fair
where, among other things, people come to selt floeing puppies — and they do want to
get rid of all of them before they are too old. &lshe fair entrance fee is one dollar.
Now, the fair rules are strict: all the puppiesaée be checked for fleas at the gate and,
at the same time, the one dollar bills also nedoetachecked for authenticity because of

the many faux-monnayeurs in the area. So:

122. Everyoné": who has & puppy (to sell) and everyoewho has &: dollar (to

pay the fee) bringsiit to the gate to be checked.

The most salient interpretation of sentence (122hat every potential seller brings
all her or his puppies to the gate to be checkedgveviery potential buyer needs to bring

only oneof her or his dollars, i.e. anaphora té is strong, while anaphora td.

is weak.

Thus, | assume that, in the case of both (121) (a8@) above, what one sees is
what one gets: two donkey indefinites, one donkeynpun and two donkey readings.
These mixed weak & strong donkey sentences podxepng for the approach in Lappin

4 Note also that the intonational tune in example (122)dss#tme as the one associated with declarative
sentences lik&very student and every professor was invited to the gyl F of which is not derived by
ellipsis and / or Right Node Raising.

> variants of the mixed reading example in (122) are give() ind (i) below; note that, in all cases, the
context needs to be tweaked in a way that prevents the defaalkel interpretation of the two conjuncts
(i.e. both donkey indefinites are strong or both are weak)

The example in example (122) is the refinement of (ii), tu&Sam Cumming, following Klaus von
Heusinger's and Hans Kamp's suggestions (p.c.).

(i) (There aren't that many ambulant theater troupes anymdétenrania. This is because of the following
custom:) At the end of a play, every person that liked kg #nd has‘adime and every person that didn't
like the play and has'aotten tomato throws,itat the actors.

(i) (It's market day. So:) Every farmer who owrfsdankey and every spectator who héslallar — for
entry — brings ifto the saleyard.
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& Francez (1994) because either the donkey pronouns in (121) and u, in (122) are

subject to the maximality constraint and therefee:n deliver only strong donkey
readings or the maximality constraint is susperaladi the donkey pronouns can deliver

only the weak reading.

These sentences pose an even more severe probléme foybrid approach to weak
/ strong ambiguities proposed in Chierchia (199#)ere the weak reading is derived
within a dynamic framework and the strong readmatiributed to a D-/E-type reading
of the donkey pronoun. Given that Chierchia (198§)ees with the observation that
examples like (121) and (122) above involve a siggbnoun (he actually uses examples
of the same form to argue for a semantic as opptwsedsyntactic approach to donkey
anaphora), his approach is faced with the probléndeniving, by means of a single
pronoun, two different donkey readings which arghfermore claimed to involve two

different kinds of semantic representations forghenoun.

One more move seems to still be open possible Herd-/E-type approach in
Lappin & Francez (1994); following a suggestionnfr@&hierchia (1995): 116-117, the
donkey pronouns u, in (121) and u, in (122) could be interpreted as denoting the

union of two different functions, a maximal onettlgacontributed by the first DP in their
respective sentences and a non-maximal, choicetbaise that is contributed by the
second DP. Note, however, that this strategy doesvark in general because the union
of two functions is not necessarily a function.particular, suppose that, in (121), the
very same company hired both a Moldavian man and a Transylvanian ;ntlae first
function will return the Moldavian man as value the argumenk, while the second
function will return the Transylvanian man, so tlesult of their union is not function

and, therefore, not a suitable kind of meaningafdonkey pronoun.

Finally, suppose that we take the function unioprapch one step further and
assume that, when we take the union of two funstfcandf', we require the resulting
function to return, for any that is in the domain of both andf', the sum of the
individuals f(x) and f'(x). This "union & sum" strategy could yield the @t truth-

conditions for example (122) where, for a pergpr brings to the gate to be checked
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every individual in the-sum formed out oX's puppies and one &% dollar bills — but it

will not yield the intuitively correct truth-condliins for (121).

Moreover, the "union & sum" strategy (and D-/E-typpproaches in general)
predict that the sum should be available for subsetsingular cross-sentential anaphora
— if the function that provides the meaning of finenoun is salient enough the first time
around, it should still be salient enough immedyatdterwards. However, subsequent
singular anaphora to puppy-dollar sums is unacbémtas shown in (123) beldfv

123. a. Everyone who has'guppy and everyone who hdsdmllar brings i§ to the
gate to be checked.
b. #They do so because the rules of the fair redhatit, (should) be checked.

PCDRT, on the other hand, can account for this lohdexamples without any
additional stipulations: their analysis is paratltethe CDRT+GQ analysis of the example

Every": boy who has % dog and ever§ girl who has a: cat must feed it from

Chierchia (1995) (see sectiérb of chapted above). Sentences (121) and (122) receive
the readings in (124) and (125) below.

124. Every": company who hired ¥*%> Moldavian man, but i company who
hired 8" Transylvanian man promoted himwithin two weeks of hiring.
125. Everyoné: who has 8" puppy and everyore who has ¥%'“ dollar

brings ity to the gate to be checked.

| will only analyze (124), since the analysis of2%) is parallel. The PCDRT
translation is given in (126) below the derivedthraonditions, which are intuitively

correct, are provided in (127).

“6 Plural anaphora is, however, possible, as shown by (ivb&ot D-/E-type approaches cannot offer any
explanation for this asymmetry. | believe that PCDRT can laaidthe explanation would be similar to the
account of the infelicitous telescoping cases in se@i8of chaptei6 below.

(i) a. Everyone who has'a@uppy and everyone who hasSdwllar brings i} to the gate to be checkeal.
They do so because the rules of the fair require thag (eeguld) be checked.
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126. u, striu, |
Per. [everyy ([companua}]; max™: ([mold{u}, hire{us, uz}]), P(up))]
u, wkiu, # $"

Pet. [nou, ([companfus}]; [ uz [trang{ug}, hire{us, uz}], P(us))]

u, str:u, | u, wkiu, #

Per. [everyy ([compangua}]; max": ([mold{ug}, hire{us, upl]), P(uy)),
noy, ([companyus}]; [ uz [trans{uz}, hire{us, uz}], P(us))]

u %% & Ve. [promotd v, Uy}

2

u, stru, | v u, wk:u,

# $" u %% &

[everyy, ([companyuy}]; max“: ((mold{u}, hire{us, uz}]), [prom{us, uz})),
noy, ([companyus}]; [ Uz |trans{ug}, hire{us, Ua}], [prom{us, uz}])]

127. lg '@ U" X" Ye(companyx) Umoldy) U hire(x, y) ® promotéx, y)) U
" X" y'e(companyx’) Utrangy') U hire(x', y) ® @promotéx’, y"))

To conclude, note that the PCDRT account of mixeading donkey sentences
(including the DP-conjunction examples above) msdihat the same indefinite cannot
be interpreted as strong with respect to one prorjouany other kind of anaphor, e.g. a
definite) and weak with respect to another prondlins prediction seems to be borne
out'’. By the same token, the D-/E-type analysis in lia@ Francez (1994) (the points
also applies to the hybrid approach in Chierchi@5)9which locates the weak / strong
ambiguity at the level of the pronoun (or anaphothe general case), predicts the exact
opposite — and, it seems, incorrectly so. Thaaesording to the D-/E-type analysis, the
same indefinite should be able to be interpretestrasg with respect to one pronoun and

as weak with respect to another. | am not awasngfexample of this form.

7| am indebted to Roger Schwarzschild (p.c.) for emphasihisgoint.
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Unifying Dynamic Semantics and Situation Semantics

In this sub-section, | want to suggest that PCDR&cavely unifies dynamic and
situation-based D-/E-type approaches of the kinopbgsed in Heim (1990) (among
others) in a way that remains faithful to many féit respective goals and underlying

intuitions.

In particular, the typsin PCDRT can be taken to be the type of parttabsions as
they are used in Heim (1990) — with the added atdggnthat PCDRT does not have the
problem of indistinguishable participants (a.k.ankp's 'bishop' problem) and does not

need to address the issues raised by the ‘fornkkcibndition.

Moreover, two major differences between dynamic BatE-type approaches to
anaphora mentioned in Heim (1990): 137 are effettivnvalidated by PCDRT. These

differences (see the contrasting items (ii)-(imdii')-(iii") in (Heim 1990: 137) concern:

the treatment of anaphoric pronouns: they are rigb@und variables" in dynamic
approaches, while D-/E-type approaches analyze #sfaemantically equivalent
to (possibly complex) definite descriptions” (Heli®90: 137);

the treatment of quantificational determiners: thene “"capable of binding
multiple variables" in dynamic approaches, whileytHbind just one variable

each" (Heim 1990: 137) in D-/E-type approaches.

In PCDRT, anaphoric pronouns are basically analyzethdividual-level dref's, i.e.
as functions from entities of typeto individuals (types). Depending on how we prefer
to intuitively think about the entities of tyme i.e. as 'variable assignments' or 'partial
situations', the anaphoric pronouns are bound Masa i.e. they are the equivalent of
projection functions on variable assignments (type or definite descriptions

characterizing a unique individual in a given garsituation (again, typs).

Similarly, quantificational structures contributdxy determiners or the generic
operator in conditionals are analyzed as havinggéeeral form in (59) above (see
section 3.5 of the present chapter), i.dety(D, D). Insofar as these quantificational
structures operate over the DRB'andD’, hence over relations between info states, they
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are capable of binding multiple variables, but fasas they contribute a particular deef

that is crucial in relating the two updat@sandD’, they bind one variable each.

Finally, it seems to me that, if situation-basedB=Xype approaches are to be
extended to account for mixed weak & strong dorg@ytences like (1) above, they will
have to introduce mechanisms that involve quaatii; over sets of partial situations
and, also, updates of such sets that will be vienjag to the notions of plural info state,
guantification and info state update in PCDRT aVvie a more thorough investigation and
comparison between PCDRT and situation-based DQgE-tapproaches for future

research.

6.3. Weak / Strong Indefinites

| will conclude with a brief examination of the appch in van den Berg (1994,
1996a), which, just as PCDRT, locates the weakrdngt donkey ambiguity in the
meaning of the donkey indefinites.

The first thing we need to do is to introduce van dBerg's notion of dynamic
maximization. Abstracting away from the fact thatis formulated in a three-valued
logic, the definition in van den Berg (1994): 185) is different from the PCDRT
definition in only one respect: it is is a weakersion of themax" operator insofar as it
does not require the existence of a supremum imilg requires an output state to non-
deterministically store a (locally) maximal ¥etA PCDRT definition that is as close as
possible to the maximization operator in van dengB&994) is given in (128) below,
where I ' stands for strict inclusion. This operator ané tlorresponding one in PCDRT

stand in the relation shown in (129) below.

128. max-wk'(D) := ls. Js ([u]; D)IJ U@$Ks(([u]; D)IK Uudi uK)
129. max‘(D) I max-wk"(D)

“8 For example, assume that if we update a given input infe Iswith a DRS of the formu]; D, we get
three possible output statdg J, and J; such thatu,={a}, uk={a, b} and uk={a, c}. The PCDRT
supremum-based form of maximization will simply disctre input info staté altogether because there is
no supremum in the setid;, udb, uk}. The weak, maxima-based form of maximization will retain the
input info statd and the corresponding output stateandJs, but notJ;.
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Van den Berg (1994, 1996a) crucially needs the eefikkm of maximizationrmax-
wk" (as opposed to the PCDRT one) to be able to atéouweak / strong ambiguities.
The reason for this is that he takes indefinitebaéogeneralized quantifiers and, in his
framework, generalized quantifiers are defined émms of maximizatiol. He,
therefore, uses a maximization operator to giverntganing of both weak and strong

donkey indefinite¥.

In the case of the weak indefinites, however, van Berg needs to neutralize the
maximization effect (since people usually do not gllitheir dimes in the meter), so he
adds an additionadingular condition (basically the same as theique{u} condition
defined in (44) above), which requires the wealefmite dref to store a singleton set
relative to a plural info state. Obviously, thisncavork only in tandem with weak
maximization: as we saw in secti@m above (see definition (51) in particular), strong
maximization plus a singular conditiamique{u} requires model-level uniqueness and
yields the Russellian analysis of definite desmipt- and not the desired weak donkey
indefinites. Van den Berg's meanings for weak among indefinites are provided in

(130) below, rendered in a compositional PCDRT fatrfor ease of comparison.

130. Van den Berg's weak indefinites in PCDRT format:
Pet. P'er. max-wk'([unique{u}]; P(u); P'(u)),
wheree := seandt := (st)((st)t)
andunique{u} := g 12@U" id 1" i'd I(ui=ui').
Van den Berg's strong indefinites in PCDRT format:
Pet. P'et. max-wk'(P(u); P'(u))
Van den Berg's analysis can account for simpleantsts of weak / strong donkey

ambiguities, but it does not generalize to the whiveeak & strong donkey sentences

analyzed in this chapter — and repeated in (13d)(482) below for convenience. The

9 For a similar definition of generalized quantification in FOD— which, crucially, does not include
indefinites — see chaptérbelow.

0 Analyzed in terms of his "collective" and "distributive" égistial quantification respectively: see van
den Berg (1994): 18-19 and van den Berg (1996a): 163-164.
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reason is that van den Berg's weak donkey indefirsiways introduce singleton sets,
while the sentences in (131) and (132) are comigatiith situations in which the value
of the weak indefinites Wkiu, and wku, | respectively) is
different for different values of the strong indefies ( Str-u, and stry,

respectively), i.e. in situations in which the dtezhrds vary from book to book and the
horses from woman to woman. In the case of (18t)example, Van den Berg's analysis

incorrectly pairs all thei,-books with the samas-credit card, as shown in (133) below.

131. Every": person who buys¥*%: book onamazon.comand has %% credit
card uses (i, to pay for if,, .

132. Every": man who wants to impress™8% woman and who has ¥
Arabian horse teaches herhow to ride it .

133. [persof u.}]; max-wk": ((booK uy}, buy on_amazdmy, w)]);

max-wk % ([unique{ us}, credit_card us}, have uy, us}])

Moreover, extracting the strong indefinite outtsfVP-conjunct and scoping it over
the weak one is not possible because the resu#tymgactic structure violates the
Coordinate Structure ConstraihtAs far as the analysis of the weak / strong dgnke
ambiguity is concerned, the definition of maximiaatin van den Berg (1996a): 139,
(3.1)% is the same as the definition in van den Berg 4)89so the above observations

apply to it too.

®1 That the Coordinate Structure Constraint does indeed apfiystkind of examples is shown by the two
sentences in (i) and (ii) below, where the -quantifiers cannot scope out of their own conjuncts na bi
pronouns.

(i) #Every person who buys evémarry Potter book onamazon.conand gives it to a friend must be a
Harry Potteraddict.

(i) #Every boy who wanted to impress evepirl in his class and who planned to buy harfancy
Christmas gift asked his best friend for advice.

2 See also the alternative formulation in van den Berg (19284, (3.2) and Lemma (3.3) for the relation
between the two.

3 Although it is not relevant for the weak / strong &goity problem, it is interesting to compare the two
definitions. The definition of maximization in van den BefiP96a): 139, (3.1) is different from the
definition in van den Berg (1994) in two respect. Firsg tvay in which new dref's are introduced is
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In closing, note that van den Berg's system caulprinciple provide an alternative
analysis of mixed weak & strong donkey sentences i extended with a form of
anaphoric / relativized uniqueness of the kindraediin (134) below. If the uniqueness
condition contributed by the weak indefinite is plnaric / relativized to the strong
indefinite, the value of the weak indefinite wile able to vary with the value of the
strong indefinite; we will, therefore, be able tdeguately translate the quantifier

restrictor of sentence (131), as shown in (135)wel

134. uniquey{u} == I P@U"id I"i'd I(Ui=ui' ® ui=ui')
135. [persof u.}]; max-wk": ((booK uy}, buy on_amazdmy, w)]);

max-wk % ([unique u, {us}, credit_card us}, have uy, us}])

Such an analysis, however, is more complex tharPBRT one: the meaning of
the weak indefinites involves a maximization opergust like the meaning of the strong
indefinites, and, in addition, the weak indefinites/olve a relativized uniqueness
condition that effectively neutralizes their maxaaion operator. Moreover, thaax-

different from the one we have chosen in PCDRT: itaésrédationl{ u} J defined in (16b) above. As argued
in section3.2, introducing new dref's by means af}{makes incorrect (overly strong) predictions with
respect to mixed reading donkey sentences, so this doesneod the incorrect predictions made by the
notion of maximization in van den Berg (1994).

The second difference, however, provides us with an integestition of pseudo-selective maximization.
As the definition in van den Berg (1996a): 133, (2.&)ved) he requires maximality not only with respect
to output sets of individuals, but also with respedhe output sets of info states, which results in anoti
of maximization that is intermediate between selective and uriselenaximization. The definition of
max-unsel' in (i) below is the PCDRT correspondent of this notiercompare it with the PCDRT
definitions of selective (strong) maximization in (ii) beland unselective (strong) maximization in (iii).

(i) max-unsel(D) := g Js ([U]; D)IJ U™ Ke(([u]; D)IK ® uKi uJUKI J)
(i) max’(D) := lg Je ([u]; DI U™ Ke(([u]; D)IK ® uKi ud)
(iii) max(D) := lg Js DIJ & " K(DIK ® Ki J)

However, themax-unsel' operator does not add to the expressive power of the PCRREns as the
identity in (iv) below shows, it can be defined in termsiagelective maximization, much as we were able
to define the DRT/FCS/DPL version of pseudo-selective gdimed quantification (repeated in (vi) below)
in terms of unselective generalized quantification (repeated)ifs@® sectio of chapter).
(iv) max-unsel(D) = max([u]; D)
(v) det(D, D') := is. DET(Di, Dom(D"),

whereDET is the corresponding static determiri@r = {js: Dij} and Dom(D") := {is $j«Dij)}

(vi) dety(D, D") :=det([u]; D, D"
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wk" operator is more complex than the PCDIRax" operator and its added complexity
(i.,e. the fact that it is maxima-based and not eoqyum-based) obscures the
correspondence between dynamic maximization ant steabstraction. Therefore, |
believe that the PCDRT account is theoreticallygrable.

Moreover, empirically, it is not clear how to inégyently motivate the fact that the

wk:u

run-of-the-mill indefinite a s credit card in sentence (131) above contributes an

anaphoric conditiomniquey, { us}, since it is not anaphorically dependent in abyious

way on the strong indefire®" > book

Appendix
Al. Plural CDRT (PCDRT): The Formal System

136.PCDRT (subscripts on terms represent their types)
a. Atomic conditions — type 6i)t:
R{UL, ..., Un} = s 1T@U" id I(R(udi, ..., uni)),
for any non-logical constaf of typee't,
wheree't is defined as follows" := t ande™t := e(e™).
U=l := g IP@U" i 1(ugi=ui)
All atomic conditions are c-ideals.
b. Atomic DRS's (DRS's containing exactly one atomic andition) — type
(sh((s91)
[R{ug, ...,u}] := s Jse ISJUR{UL, ..., U}
[U=W] = s Js 123U (Ur=Up)d
The domairDom(D) and rangéran(D) of an atomic DR® are c-ideals, where
Dom(D) := {lst $J5(DI1J)} and Ran(D) := {Js: $l(DI1J)}.
c. Condition-level connectives (negation, closure, disction, implication),
i.e. non-atomic conditions
~D:= I PG U" Hy(H: B UHI | ® @$K(DHK)),
whereD is a DRS (typest)((sit)),
i.e. D= I 1@ U" Het @(HI | ® Hi Dom(D)).
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If Dom(D) is a c-ideal (henc®om(D) = A *(EDom(D))), ~D is the unique
maximal c-ideal disjoint fronDom(D): ~D = A *(D<"\E Dom(D)).

ID = lg $Ks(DIK),

l.e. ID :=Dom(D).
If Dom(D) is a c-ideal, ~[B] = 'D.

D1 UD;:= lg $Ke(D1IK UD,IK),

i.e.D; UD, := Dom(D1)E Dom(D,).

D1® Dj:= lg " He(D1lH ® $K(D-HK)),

i.e.D1® Dy:= lg. D1l I Dom(D2), whereDI :={Js DIJ},

i.e.D;® Dy := (A *(DS"\Dom(Dy)) E {Isi Dom(D4): D4l i Dom(Dy)}.
d. Tests (generalizing ‘atomic' DRS's)

[CL ....,Cn] = st et 12JUCLIU... UCI>,

whereC,, ..., Cy are conditions (atomic or not) of typs)f.

The domainDom(D) and rangeRan(D) of any testD is a c-ideal if all the
conditions are c-ideals.
e.DRS-level connectives (dynamic conjunction)

Dy; D2 = lg Jot $Hs(D1IH UD2HJ),

whereD; andD, are DRSs (types)((st)t))

f. Quantifiers (random assignment of value to a dref)

(U] == s s " il 1($jel IG[ul})) U jd ISid 1G[ulj))
If a DRSD has the formuy, ..., Uy | Cy, ..., Cy], where the condition€y, ..., Cy
are c-ideals, we have that:

i. Ran(D) = C,C ... CCn=A *((EC)C ... C(ECy));

i. Dom(D) = A *({is $ji[uy, ..., u]j Ujl (EC)C ... C(ECW)D.
Sincei[uy, ..., uy]j is reflexive,Ran(D)i Dom(D).
g. Selectivemaximization:
max‘(D) := s Jst $Hs(I[u]lH UDHJ) U" K($Hs(I[u]H UDHK) ® uKi uJ),

* Alternatively, [Cy, ..., Cy] can be defined using dynamic conjunction as follows:

[Ci ..., Cid = lsdse ([CAl; -..; [Cr)1J, where £] = 1gds. 1=JUCJ
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whereD is a DRS of typest)((st)t),
i.e.max’(D) := ls Jst ([u]; D) U" Ke{([u]; D)IK ® uKIi uJ)
The max" operator does not preserve the c-ideal structiiteeodomain or range
of the embedded DRS.
Multiply embeddednax" operators can be reduced as follows:
max‘(D; max“(D")) = max‘(D; [u]; D'); max“(D"),
if: i. uis not reintroduced D",
i. Dom([u]; D') = Dom(max"(D"));
lii. D" is of the form {iy, ..., u, | Cy, ..., Cyl.
h. Unselective maximization:
max(D) := lg Js. DIJ & " Kg(DIK ® Ki J)
i. Selective Generalized Determiners (non-atomic corttbns):
dety(D1, D) := Il 1t @UDET(U[D4l], u[(Dy; D)I]),
whereu[DI] := E{uJ ([u |unique{u}]; D)IJ}
andunique{u} := Il 1@ U" id I"i'd 1(ui=ui')
andDET is the corresponding static determiner.

The lexical entries for selective generalized deieers are:
P'et. Pet. [dety(P'(u), P(u))], wheree:=seandt := (st)((sit)
J. Unselective Generalized Determiners (non-atomic cditions):
det(Dy, Dy) := g 11 @ UDET(max[D1l], max[(Ds; [!D2])I]),

wheremax[DI] := E{Js; max(D)IJ}

andDET is the corresponding static determiner.
The lexical entries for unselective generalizegdriners are:

Dt. D [det(D',D)], wheret := (st)((sit).

k. Truth: A DRSD (type 6t)((st)t)) is true with respect to an input info sthte
iff $Js(D1J), i.e. iff IT Dom(D) (or, equivalently]T !D).

We supplement the definition of basic PCDRT inwih the list of abbreviations in
(137) below.
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137.a. Additional abbreviations — DRS-level quantifiers (nultiple random

assignment, existential quantification, maximal extential quantification):

[ug, ...,up] == [ug]; ... [un)

Ju(D) :=[u]; D

3™u(D) := max‘(D)
b. Additional abbreviations - condition-level quantifiers (universal
guantification):

7u(D) := ~([u]; ~D),

l.e.Vu(D) := ~u(~D).
c. Additional abbreviations — DRS's (a.k.a. linearizedboxes').

[Ug, «..,un |Cq, ..., Cd i= st Jst ([Ugy ..., Un]; [Cy -.e, Cl) I,

whereC;, ..., Cy are conditions (atomic or not),

i.e. [ug, ..., Un |Cp ..oy Gl i= st Jse [Ug, oovy Ug]JUCLI U ... UCJ.
d. Additional abbreviations — negation based condibn-level connectives (N-
closure, N-disjunction, N-implication):

N-Closure: ID := ~[~-D]

N-Disjunction: D; v D := ~[~D4, ~Dj]
If Dom(D;) and Dom(D;) are c-ideals, then D; v D, =
A *(E(Dom(D,)EDom(D,))). Therefore, ifDom(D1) andDom(D,) are c-ideals,
we have thab; UD, | D; v D..

N-Implication: D; = D3 := ~D1; [~D2])
Note that7u(D) = [u] — D.
If Dy =[uy, ...,Un | Cyq, ..., Cy] @andCy, ..., Cy, Dom(Dy) are c-ideals, thed; —
D> = A*({is " j«i[un, ..., wlj U T (EC)C ... C(ECy) ® jI (EDomM(D2))}).
Therefore, ifD; = [ug, ..., Un | Cy, ..., Cy] @andCy, ..., Cr, Dom(Dy) are c-ideals,
we have thab; = D, 1 D1 ® Ds.
If, in addition, we can establish tHatg«(i[us, ..., u)]j UjT (EC)C ... C(ECy) ®
il (EDom(Dy)), thenD; ® D, =D; — D, = A *(Dg").
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The definitions of the dynamic universal and existd quantifiers in (137b-c)
above preserve their DPL / CDRT+GQ partial dualitwe quantify over DRS's whose
domains are c-ideals.

138.~2u(D) = Vu(~D),
if Dom(D) is a c-ideal (hencBom(D) = Dom([~[~D]])).

Just as in CDRT+GQ), the partial duality in (138) && generalized by means of N-
implication as shown in (139) below.

139.~3u(D; D) = Yu(D — [~D),
if: a. Dom(D") is a c-ideal (hencBom(D) = Dom([~[~D]]));

b. D preserves c-ideals under pre-imayes
A2. Simplifying 'Max-under-Max' Representations

The general version of the theorem is stated iQ) bé&low.

140.Simplifying ‘'max-under-max’ representations:
max'(D; max“(D")) = max‘(D; [u]; D'); max*(D"),
if the following three conditions obtain:
a.uis not reintroduced iD';
b." Ist" Xet ($Is{([uT; DI UX=ud) « $Is(max" (DI UX=uJ) );

c.max‘(D') = [uT; D'; max“'(D')*".

D preserves c-ideals under pre-images if'ifs a c-ideal, theA={l; $J4(DIJ UJIA }is a c-ideal.

% Proof: The reader can easily check that the following idestitold: Yu([D — [~D']) = Yu([~(D;
[~~D1) = Yu(~(D; D)) = ~([ul; [~[~(D; DYI]) = ~([ul; D; D) = ~5u(D; D).

" Proof:

max'(D; max“(D"))1J = $H(([u]; D)IH U max*(D)HJ) U" K($H(([u]; D)IH Umax‘(D')HK) ® uKi uJ)
We have that " Xe($Js(([u; D)II UX=uJ) « $I(max‘(D")1J UX=uJ)) (condition (140b)). Hence:
max(D; max“(D"))1J = $H(([u]; D)IH U max‘'(D)HJ) U" K($H(([u]; D)IH U ([u]; DYHK) ® uKi uJ)
= $H(([u]; D)IH Umax'(DYHJ) U " K(([u]; D; [u]; D)IK ® uKi uJ).

We have thamax“(D") = [u]; D'; max*(D") (condition (140c)). Hence:
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Given that, by condition (140al, is not reintroduced D', the second condition
(140b) can be further reduced to the conditioriiil) below.

141.Given (140a), condition (140b) is equivalent to:
Dom([uT]; D') = Dom(max"(D").

Moreover, based on the two facts in (142) belowcae further simplify condition
(140c).

142.a. If D' is of the form {i, ..., Uy | Cy, ..., Cy,
then" lg" Js(([u; DI ® ([u]; D)I=([uT; D)J)%.
b. If" I{" Js((u]; DI ® ([u; D)I=([uT; D")J),

thenmax(D") = [u]; D'; max"(D")*.

max‘(D; max“(D'))IJ = $H(([u]; D)IH U ([u]; D'; max“(D))HJ) U " K(([u]; D; [u]; D)IK ® uKi uJ)
= $H(([u]; D; [u]; D)IH Umax‘(D)HJ) U " K(([u]; D; [u]; D)IK ® uKi uJ)

= $H(([u]; D; [uT; D)IH U" K(([u]; D; [u]; D")IK ® uKi uJ) Umax“(D')HJ)

Sinceu is not reintroduced iD' (condition (140a)), we have thai=uH. Hence:

max‘(D; max“(D))IJ = $H(([u]; D; [u; D)IH U" K(([u]; D; [u]; D)IK ® uKi uH) Umax“(D)HJ)

= $H(max"(D; [u]; D)IH Umax“(D")HJ) = (max’(D; [u]; D'); max“(D))IJ. «

8 Proof: (U; D) = ledet U, Uy, ..., u]JJUCI U ... UC,J. Therefore:

([ul; DY U ([u]; DYIK iff 1[u’, Uy, ...,u]JdJUCJIU ... UCJUJU, Uy, ...,u]JKUCK U ... UC,K

iff 1[u’, ug, ...,u]JUCJU...UCJUI[U, Uy, ...,u]JKUCK U ... UC,K iff ([u]; D)IJ U ([u]; D)K.

* Proof:

Claiml: If " IiJ(([uT; D)II ® ([u]; D)I=(u]; D)J), then LY; D' = [u]; D; [u]; D' (note that the
premise ensures that the relation denotedulpyl)' is a KD45 kind of accessibility relation).

Proof of Claim1: ([u]; D"; [u]; D)IJ iff $H(([u]; D)IH U ([u]; D)HJ) iff (by the premise)
$H(([uT; D)IH U ([u; D)IJ) iff $H(([u7; D)IH) U ([u]; D)IJ iff ([u]; D)IJ.

([u]; D'; max'(D)1J iff $H(([u’]; D)IH Umax"'(D)HJ) iff

$H(([u7; D)IH U ([u]; DYHIU" K(([u]; D')HK) ® u'Ki u'd)) iff (by the premise)

$H(([u7; D)IH U ([u]; DYHIU" K(([u]; D)IK) ® u'Ki u'J) iff

([u; D' [u; DY U" K(([u]; D)IK) ® u'Ki u'J) iff (by Claim1)

([uT; DYII U™ K(([u; D)IK) ® u'Ki u'd) iff max“(D)1J. «
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Thus, we obtain the corollary given in the mairt @xthe chapter, repeated in (143)

below.

143.Simplifying ‘'max-under-max’ representations (coroliary):
max‘(D; max“(D")) = max‘(D; [u]; D'); max“(D"),
if the following three conditions obtain:
a.uis not reintroduced iD';
b. Dom([u’]; D') = Dom(max"(D"));
c.D'is of the form {i3, ..., Uy | Cy, ..., Cy.



