202

Chapter 6. Structured Nominal Reference: Quantifica  tional
Subordination

1. Introduction

The present chapter proposes an account of theasbietween the interpretations
of the discourses in (1) and (2) below from Karé&ni§1976).

1. a.Harvey courts‘agirl at every convention.
b. She is very pretty.

2. a.Harvey courts ‘agirl at every convention.
b. She always comes to the banquet with him.
[c. The, girl is usually also very pretty.]

The initial sentence (1a/2a) by itself is ambigubesveen two readings (i.e. two
guantifier scopings): it "can mean that, at eveoypwention, there is some girl that
Harvey courts or that there is some girl that Hgreeurts at every convention. [...]
Harvey always courts the same girl [...] [or] it mbg a different girl each time"
(Karttunen 1976: 377).

The contrast between the continuations in (1b) @fd is that the former allows
only for the "same girl" reading of sentence (1p/2&ile the latter is also compatible
with the "possibly different girls" reading.

Discourse (1) raises the following question: hom e#e capture the fact that a
singular anaphoric pronounin sentence (1b) can interact with and disambeuat

guantifier scopingsn sentence (1a)?

To see that it is indeed quantifier scopings thatdissambiguated, substitute
for in sentence (1a); this will yield two truth-conditally independent
scopings: i) ' >> , Which is true in a situation in which
Harvey courts more than one girl per conventiort, there is exactly one (e.g. Faye

Dunaway) that he never fails to court, anyl ( >>'
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To see that number morphology on the pronounis indeed crucial, consider the
discourse in (3) below, where the (preferred) redascoping of and

is the opposite of the one in discourse (1).
3. a.Harvey courts ‘agirl at every conventiorb. They, are very pretty.

Discourse (2) raises the following questions. Findty is it that adding an adverb of
guantification, i.e. /$ ™ , makes both readings of sentence (2a) available?

Moreover, on the newly available reading of serger(@a), i.e. the
>> scoping, how can we capture the intuition thatgingular pronoun
and the adverb in sentence (2b) elaborate on the quantificatiategyendency
between conventions and girls introduced in semt€Bea), i.e. how can we capture the
intuition that we seem to have simultaneansphora to two quantifier domairad to

thequantificational dependendyetween them?

The phenomenon instantiated by discourses (1) 2nid §ubsumed under the more
general label ofjuantificational subordinatior{(see for example Heim 1990: 139, (2)),
which covers a variety of phenomena involving iattions between generalized
guantifiers and morphologically singular cross-satil anaphora.

One of the main goals of this chapter is to shaat the PCDRT system introduced
in chapter5 and motivated by mixed reading (weak & strong)ksgnsentences receives
independent empirical justification based on theemq@menon of quantificational

subordination.

To account for quantificational subordination, wdl wnly need to modify the
definition of selective generalized quantificatidks already remarked in secti@5 of
chapter5, there are two main strategies for the definibbigeneralized quantification in
a dynamic system; the previous chapter exploredadnbem, namely the one that is
closer to the DRT / FCS / DPL-style definition, Vehthis chapter explores the other,
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formally more complex strategy, namely the one tisatcloser to van den Berg's

definition of generalized quantificatin

The chapter is structured as follows. Sectiinformally presents the PCDRT
analysis of the Karttunen discourses in (1) and a2pve. Sectior8 introduces and
justifies the new definition of dynamic generalizgdantification that enables us to
account for quantificational subordination. Sectigoresents the formal PCDRT analysis
of the Karttunen discourses based on the novelomotf dynamic quantification
introduced in sectior8. Finally, section6 briefly compares the PCDRT analysis of

guantificational subordination with alternative agnts.

The appendix to the chapter introduces generalgsddctive distributivity, i.e.
selective distributivity generalized to arbitrargpés, and studies some of the formal
properties of DRS-level selective distributivity.

The presentation of the PCDRT analysis of quastiimal subordination in
sections3 and4 repeats some of the basic notions and ideas unteatlin the previous
chapters. | hope that the resultant global redurylas outweighed by the local

improvement in readability.

2. Structured Anaphora to Quantifier Domains

This section shows semi-formally that the semafraenework proposed in the
previous chapter (chaptby, i.e. PCDRT, enables us to account for discouikeand (2)
above. In particular, the main proposal will bettbampositionally assigning natural
language expressionBner-grained semantic values(finer grained than the usual
meanings assigned in static Montague semanticg)leshas to capture the interaction
between generalized quantifiers, singular pronoansl adverbs of quantification
exhibited by the contrast between the interpretataf (1) and (2).

! The fact that we are able to reformulate the two kidns ofitlefis of dynamic generalized quantification
within the same type-logical system greatly facilitatesrth@imal and empirical comparison, which
(unfortunately) | must leave for a different occasion.



205

Just as in the previous chapter, the PCDRT semauaalies are finer-grained in a
very precise sense: the 'meta-tygeshdt assigned to the denotations of the two kinds of
'saturated’ expressions (names and sentences tresly¢care assigned types that are
complex than the corresponding types in staticrestbmal Montague semantics. That is,
the 'meta-typet abbreviatessf)((st)t), i.e. a sentence is interpreted as a DRS, and the
'meta-type'e abbreviatese i.e. a name is interpreted as a dref. The deopataif a
common noun like will still be of typeet — see (4) below — and the denotation of a

selective generalized determiner like every will be of type €t)((et)t).
4. Ve. [girled V}], i.e. Ve lst Jst 123U Qirl e V3

Accounting forcross-sententighhenomena in semantic terms (as opposed to purely
/ primarily pragmatic terms) requires some prelanynjustification. First, the same kind
of finer-grained semantic values are independemtigtivated by intra-sentential
phenomena, as shown by the account of mixed weakd@g donkey sentences in the

previous chapter.

Second, the phenomenon instantiated by discoudgean@ (2) is as much intra-
sentential as it is cross-sentential. Note thatetlage four separate components that come
together to yield the contrast in interpretationwsen (1) and (2):i) the generalized
guantifier , (i) the indefinite , (iii) the singular number morphology
on the pronoun and (v) the adverb of quantification / . To derive the
intuitively correct interpretations for (1) and (2ye have to attend to both the cross-
sentential connections  — and - and the intra-

sentential interactions - and —

| conclude that an account of the contrast betw@gnand (2) that involves a
revamping of semantic values has sufficient inigdhusibility to make its pursuit

worthwhile.

The PCDRT plural info states enable us to encodeodrse reference to both
guantifier domains i.e. values and quantificational dependencigs.e. structure as

shown in the matrix in (5) below.
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5. Info Statel u u'
i X1 (i.e.uiy) 1 (i.e.u'iy)
i ( X ) (i.e.uiy) Yo (i.e.u'ip)
is <@i.e.ui3) Vs (ieuisy >
Quantifier domains (sets): Quantifier dependencies (relations):
{X11 X21 X31 -"}1 {YL y21 y31 -"} {< le yl>1 <)(21 y2>1 <)(31 y3>1 . "}

Just as before, the values are the sets of olifeattsre stored in theolumnsof the
matrix, e.g. a drefl for individuals stores a set of individuals relatito a plural info
state, sinceu is assigned an individual by each assignment f@e). The structure is
distributively encoded in theows of the matrix: for each assignment / row in theral
info state, the individual assigned to a drdfy that assignment is structurally correlated

with the individual assigned to some other drdfy the same assignment.

Thus, plural info states enable us to pass infaomaibout both quantifier domains
and gquantificational dependencies across sentehtiusal barriers, which is exactly
what we need to account for the interpretationistalrses (1) and (2). More precisely,
we need the following two ingredients.

First, we need a suitable interpretation $alective generalized determingesg.

in (1a/2a), which needs to do two things:i{ stores in the plural info state the
restrictor and nuclear scope setd individuals that are related by the generalized
determiner; i{) it stores in the plural info state tijgantificational dependencidgetween
the individuals in the restrictor and / or nucleaope set and any other quantifiers or
indefinites in the restrictor or nuclear scopehaf guantification.

For example, the indefinite in (1a/2a) is in the nuclear scope of the -
quantification, while in the usual donkey examp(Esery farmer who owns"alonkey

beats it), we have an indefinite in the restrictor of thentification.

Given that a plural info state stora$ ¢ets of individuals andi) dependencies

between such sets, both of them are available Ubsexjuent anaphoric retrieval, e.g.
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and in (2b) are simultaneously anaphoricitp ( and on the

one hand andi{ the dependency between conventions and girle@other hand.

The second ingredient is a suitable interpretatiiosingular number morphologyn
pronouns, e.g. in (1b) and (2b), that can interact with quantgiand indefinites in the
previous discourse, e.g. and in (1a/2a), and with quantifiers in the

same sentence, e.g. the adverb in (2b).

In particular, | will take the singular number mbgbogy on  in (1b) to require
that the set of individuals stored by the currehtrg) info state relative tar be a
singleton. This set of individuals is introducedtbg indefinite in (1a) — irrespective
of whether the indefinite has wide or narrow scoglative to . This is
possible because we use plural info states, by snefawhich we store sets of individuals
and pass them across sentential boundaries — wéhgarconstrain their cardinality by

subsequent anaphoric elements like

If the indefinite has narrow scope relative to , the singleton
requirement contributed by applies to the set of all girls that are courtgdHarvey at
some convention or other. Requiring this set tals@ngleton boils down to removing
from consideration all the plural information stathat would satisfy the narrow scope

>> , but not the wide scope >>

We therefore derive the intuition that, irrespeetf which quantifier scoping we
assume for sentence (1a), any plural info statewleaobtain after a successful update
with sentence (1b) is bound to satisfy the repragem in which the indefinite (or

a quantifier like' ) takes wide scope.
In the case of discourse (2) however, the adverguahtification in (2b) —
which is anaphoric to the nuclear scope set inttedilby in (2a) — can

take scope over the singular pronoun. In doing so, the adverb ‘breaks' the plural info
state containing all the conventions into smalleb-states, each storing a particular
convention. Then, the singleton requirement coated by singular morphology on

is enforced locally, relative to these sub-stase®] not globally, relative to the whole
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plural info state. We therefore end up requiringttthe courted girl is uniquper

conventiorand not across the board (the latter option beistgintiated by discourse (1)).

The following section will introduce, explain andotivate the new definition of
selective generalized quantification in PCDRT - ati@ corresponding (minor)

adjustments of the meanings of indefinites, proscamd definites.

3. Redefining Generalized Quantification

We turn now to the definition afelectivegeneralized quantification in PCDRT.

3.1. Four Desiderata

The definition has to satisfy four desiderata, finst three of which are about
anaphoric connections that can be establishedrnally, within the generalized
guantification (i.e. between antecedents in thericksr and anaphors in the nuclear
scope) and the last of which is about anaphoradhatbe establisheexternally (i.e.
between antecedents introduced by or within thentfizgation and anaphors that are
outside the quantification).

First, we want our definition to be able to accofmt the fact that anaphoric
connections between the restrictor and the nusieape of the quantification can in fact

be established, i.e. we want to account for dorgkephora.

Second, we want to account for such anaphoric atioms while avoiding the
proportion problem whiclunselectivequantification (in the sense of Lewis 1975) runs
into, i.e. we need the generalized determiner tateeets of individualgi.e. sets of

objects of typee) and not sets of 'assignments’ (i.e. sets of thpEdypes).

Sentence (6) below provides a typical instance e proportion problem:
intuitively, (6) is false in a situation in whichere are ten farmers, nine have a single
donkey each that they do not beat, while the téwih twenty donkeys and he is busy
beating them all. But the unselective formalizatiaf -quantification as

guantification over 'assignments' incorrectly pegglihat (6) is true in the above situation
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because more than half of théarmer, donkey pairs (twenty out of twenty-nine) are

such that the farmer beats the donkey.
6. Most farmers who own'alonkey beat it

The third desideratum is that the definition ofestive generalized quantification
should be compatible with both strong and weak dgmeadings: we want to allow for
the different interpretations associated with tbakedy anaphora in (7) (Heim 1990) and
(8) (Pelletier & Schubert 1989) below.

7. Most people that owned alave also owned hisffspring.

8. Every person who has dime will put it, in the meter.

Sentence (7) is interpreted as asserting that slage-owners were such that, for
every (strong reading) slave they owned, they also Hfspong. Sentence (8) is
interpreted as asserting that every dime-owner gutse(weak reading) dime of her/his

in the meter.

We also need to allow for mixed weak & strong ngtclause sentences like the
one in (9) below (i.e. the kind of sentence we havalyzed in chapté). Sentence (9) is
interpreted as asserting that, for any person ithat computer buyer and a credit card
owner, foreverycomputer s/he buys, s/he usesnecredit card of her/his to pay for the

computer.
9. Every person who buy$ aomputer and had' @redit card uses,itto pay for it.

Thus, the first three, internal desiderata simplyapitulate the main points we have
made in chapter® through5 and they are only meant to ensure that the neinitien of
selective generalized quantification preservesvaltome the results we have previously

obtained.

The fourth desideratum, however, is about the noyd#lenomenon of
guantificational subordination we have introducgdneans of the discourses in (1) and
(2) above. These discourses indicate that selegaweralized determiners need to make
anaphoric information externally available, i.eeyhneed to introduce dref's for the
restrictor and nuclear scopeets of individualselated by the generalized determiner that
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can be retrieved by subsequent anaphora. Furtheymar also need to make available
for anaphoric take-up thquantificational dependencidsetween different quantifiers

and/or indefinites (see the discussion of disco(@¥& the previous section).

In more detail, generalized quantification supp@i®phora to two setsi) (the
maximal set of individuals satisfying the restricRRS, i.e. theestrictor sef and {i) the
maximal set of individuals satisfying the restriceind nuclear scope DRS's, i.e. the
nuclear scope sétNote that the latter set is the nuclear scopetts®temerges as a
consequence of theonservativityof natural language quantification — and, as Chier
(1995) and van den Berg (1996a) (among others) rebsewe need to build
conservativity into the definition of dynamic quiicttion to account for the fact that the

nuclear scope DRS can contain anaphors dependemtecedents in the restrictor

The discourse in (10) below exemplifies anaphorauolear scope sets: sentence
(10b) is interpreted as asserting that the pedlewent to the beach are the students that

left the party after 5 am (which, in addition, fazdha majority of the students at the

party).

10.a. Most' students left the party after 5 am.
b. They, went directly to the beach.

The discourses in (11) and (12) below exemplifypduosa to restrictor sets. Both
examples involve determiners that are right dowawaonotonic, which strongly favor
anaphora to restrictor sets as opposed to anapharelear scope sets.

2 Throughout the paper, | will ignore anaphora to complensets, i.e. sets obtained by taking the
complement of the nuclear scope relative to the restrictorVerg.few students were paying attention to
the lecture. They were hungover

® Thus, in a sense, Chierchia (1995) and van den Berg (190§ggst that the conservativity universal
proposed in Barwise & Cooper (1981) should be replaceddayived from an 'anaphoric’ universal that
would have the form: the meanings of natural language detersnhave to be such that they allow for
anaphoric connections between the restrictor and nuclear scope qtidhtification (I am indebted to
Roger Schwarzschild, p.c., for making this observation cléanze).

In a dynamic system, the 'anaphoric' universal boils dimanthe requirement that the nuclear scope update
be interpreted relative to the info state that is the outptiteorestrictor update. And the two strategies of
defining dynamic generalized quantification explored in chaptand chapte6 respectively are two
different ways of implementing this requirement (sepadirticular the discussion in secti8rb of chaptels

and sectiorl of chaptes6, i.e. the present chapter).
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11.a. No" student left the party later than 10 pm.
b. They, had classes early in the morning.

12.a. Very few' people with a rich uncle inherit his fortune.
b. Most of them don't.

Consider (11) first: any successful update with aquantification ensures that the
nuclear scope set is empty and anaphora to ierefbre infelicitous; the only anaphora
possible in (11) is anaphora to the restrictor Beé same thing happens in (12) albeit for
a different reason: anaphora to the restrictorsstite only possible one because anaphora
to the nuclear scope set would yield a contradictramely: most of the people with a

rich uncle that inherit his fortune don't inheris fortune.

Thus, a selective generalized determiner will nezed translation of the form
provided in (13) below, which is in the spirit —tairly far from the letter — of van den
Berg (1996a) (see his definition (4.1) on p. 149).

13. Pet. P'e. max(y (P(U))); max” “(u (P'(uY)); [DET{u, u}]
The translation in (13) can be semi-formally paraghd as follows.

First note that, as expected, relates a restrictor dynamic propeRy and a

nuclear scope dynamic properBl;. When these dynamic properties are applied to
individual dref's, i.eP(u) andP'(u’), we obtain a restrictor DRIu) and a nuclear scope
DRSP'(u’) of typet := (s)((sht).

Which brings us to the three sequenced updatedd)) famelymax‘( (P(u))),

max" “(y (P'(u))) and PET{u, u}]. The first update is formed out of three distinc

pieces, namely the restrictor DA®u), the operator, (...) which takes scope over the
restrictor DRS and, finally, the operatmax'(...) that takes scope over everything else.
The second update is formed out of the same basteq i.e. the restrictor DRS(u’),

the operatory (...) and the operatanax" “(...). The last update is a test containing the

static conditiorDET{u, u} contributed by the particular determiner undensideration

and which relates two individual dreflsandu’'.
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These are the individual dref's introduced by tlemegalized determiner, more

exactly by the operatomax’(...) andmax" “(...): they introduce the drefis andu’
respectively and stores the restrictor set of individuals, whilestores the nuclear scope

set of individuals obtained via conservativity, athiis encoded by the superscripted

inclusionu' u.

The restrictor set is the maximal set of individuals (maximality isntributed by
max'(...)) such that, when we take eachindividual separately (distributivity is

contributed by, (...)), this individual satisfies the restrictor dynia property (i.eP(u)).

The nuclear scope setis obtained in a similar way except for the regoient that

it is the maximal structured subset of the resirisetu (i.e. max* “(...)). The notion of

structured subset uis introduced and discussed in the very next @ecti

We finally reach the third update, which tests thatrestrictor sai and the nuclear
scope setl' stand in the relation denoted by the corresponsiiatic determineDET (i.e.
DET{u, u}).

As already mentioned, the three updates in (13)sarpienced, i.e. dynamically
conjoined. Recall that dynamic conjunction ';'ngerpreted as relation composition, as
shown in (14) below.

14.D1; Dy = g Jst $Hs(D1IH UDyHJ) *,
whereD; andD; are DRS's of type:= (st)((stt).

The remainder of this section is dedicated to fdgmspelling out the meaning of
generalized determiners in (13) above and, alse,REDRT meanings for indefinite

articles and pronouns.

We will need: () two operators over plural info states, namelysealective

maximizationoperatormax’(...) and aselective distributivitppperator (...), which will

* Also, recall the difference between dynamic conjunction hichvis an abbreviation, and the official,
classical static conjunctiod'!
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enable us to define updates of the fonax'( , (...)) and {i) a notion ofstructured subset
between two sets of individuals that requires thiesst to preserve the quantificational

dependencies, i.e. the structure, associated whndividuals in the superset — which

will enable us to defing' u and, thereby, updates of the fomax" “(...).

3.2. Structured Inclusion

Let us start with the notion of structured sub&sicall that plural info states store
both values (quantifier domains) — in the columhihe matrix — and structure (quantifier
dependencies) — in the rows of the matrix. We banefore define two different notions
of inclusion: one that takes into account only ealui.e. value inclusion, and one that
takes into account both values and structure,streictured inclusion. Let us examine

them in turn.

Requiring a drefi; to simply be avaluesubset of another dref relative to an info

statel is defined as shown in (15) below. For example,itifio statd in (16) satisfies the

conditionusl uy becauseisl={xa, X2 Xs} | uil={X1, Xo, X3, Xa}.

15.usl up = g Ugll wgl

16.Info Statel Uy Uy Us
i1 X1 Y1 X1
in X2 Y2 X3
i X3 Y3 X1
ia X4 Ya X2

As the info statd in (16) shows, value inclusion disregards striecttompletely:
the correlation / dependency between @heéndividuals and thau-individuals, i.e. the
relation {<x, y1>, <X, ¥2>, <Xs, Y5>, <X4, 4>}, is lost in going from thei;-superset to the
Us-subset: as far ag andu, are concerned; is still correlated witty;, but it is now also

correlated withys; moreovery, is now correlated witly, andxs with ys.

If we were to use the notion of value subset in) b5define dynamic generalized

guantification, we would make incorrect predictioi® see this, consider the discourse
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in (17) below, whereu, stores the set of conventiGnand u, stores the set of

corresponding girls. Furthermore, assume that 4 takes scope over
and that the correlation betwean-conventions and courted,-girls is the one

represented in (16) above.

17.a. Harvey courts & girl at every' convention.

b. Sha,, usually*' Y comes to the banquet with him.

Intuitively, the adverb is anaphoric to the set of conventions and semtenc
(17b) is interpreted as asserting that at most @atons, the girl courted by Harvey
that conventiorcomes to the banquet with him. The drgein (16) above does store most
conventions (three out of four), but it does noeserve the correlation between

conventions and girls established in sentence (17a)

Note that a similarly incorrect result is achie¥eddonkey sentences like the one in
(18) below: the restrictor of the quantificatiortroduces a dependency between all the
donkey-owningu;-farmers and thei,-donkeys that they own; the nuclear scopeuset
needs to contain mosi-farmers, but in such a way that the correlatedonkeys remain
the same. That is, the nuclear scope set contaimsstsubset of donkey owning farmers
that beatheir respective donkey(shhe info state in (16) above and the notion dfiea

only inclusion in (15) are yet again inadequate.

18.Most' 4 U farmers who own % donkey beat i,

Thus, to capture the intra-sentential and crosteséial interaction between
anaphora and quantification, we need a notiostafctured inclusioni.e. a notion of
value inclusionthatpreserves structurerhat is, the only way to go from a superset to a
subset should be ldiscarding rows in the matrixn this way, we are guaranteed that the
subset will containonly the dependencies associated with the superset r{but

necessarihall dependencies — see below).

> Note that, in the case of a successful -quantification, the restrictor and the nuclearpeceets end up
being identical (both with respect to value anchwitspect to structure — for more details, see @¥)w
and its discussion), so, for simplicity, | conflaitem into drefl,.
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Following van den Berg (1996a), | will introducelammy / exception individual #
that | will use as a tag for the rows in the mathat should be discarded in order to
obtain a structured subsgtof a supersat — as shown by the matrix in (20) below. The
formal definition is provided in (19).

19.uz U= g "igl I(Usi=ugi Uusi=#)

20.Info Statel Uy Uy Us
i 1 X Y1 X1
i 2 X2 y2 X2
i3 X3 Y3
ia Xq Ya X4

Unlike van den Berg (1996a), | will not take thdraduction of the dummy
individual # to require us to make the underlyingit partial, i.e. | will not assigned the
undefined truth-value to a lexical relation thaketa the dummy individual # as an
argument, e.ggirl (#) or courted_at#, x1). Instead, | will take such lexical relations to
simply be fals&’, which will allow us to keep the underlying typegic classical. The
fact that the dummy individual # always yields #gigas opposed to always yielding
truth) is meant to ensure that we do not introdéces the default value of a dref that

vacuously satisfies any lexical relation.

® Conflating undefinedness and falsity in this waya well-known 'technique’ in the presupposition
literature: a Fregean / Strawsonian analysis ofndef descriptions distinguishes between what such
descriptions contribute to the asserted content whdt they contribute to the presupposed content
associated with any sentence in which they occar.cdntrast, the Russellian analysis of definite
descriptions takes everything to be asserted,ti.eonflates what is asserted and what is preswgmbos

according to the Fregean / Strawsonian analysisrefbre, if the presupposed content is not true, th

Russellian will have falsity whenever the Frege&trawsonian will have undefinedness.

While this conflation seems to be counter-intuitared ultimately incorrect in the case of presuppmsi it
does not seem to be so in the case of structudsion. At this point, | cannot see any persuasive
argument (empirical or otherwise) for a formally ified treatment of structured inclusion and
presupposition (albeit van den Berg seems to omcally suggest the contrary, see for example van de
Berg 1994: 11, fn. 9), so | will work with the sitept possible system that can model structurediih.

" We ensure that any lexical relatiBof arity n (i.e. of typee, defined recursively as in Muskens 1996:
157-158, i.e. ag’t := t ande™'t := e(e™)) yields falsity whenever # is one of its argunsehy letting
Ri (DM \{#) ".
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At the same time, requiring the dummy individualo#falsify any lexical relation
makes it necessary for us to define lexical retetiomn PCDRT as shown in (22) below.
That is, atomic conditions discard / ignore the dunparty of the plural info state, i.e.

lu, =#E...EI u =#, and are interpreted only relative to the nonalided part of the

plural info state, i.ely * #,...,u? #. Note also that they are interpreted distribugivel
relative to this non-discarded part, i.e. we ursadly quantify over every 'assignment’

in Iu1 L #.,ulo#

210y 1t g0t # = {id wit#U.. Uuit#}

22.R{U, o Unb = st lu L #,.ut #2 @U"id Tyt g ut #(R(Ud, ..., Uni))

Discarding the 'dummy’ part of the info state when evaluate the condition (as
shown in (22) above) is crucial: if we were to mtet conditions relative to the entire
plural info state, the condition would very oftea false because the dummy individual #
yields falsity — and we would not be able to alltaw output info states like the one in
(20) above, which we need to define dynamic quiaatibn. Finally, the non-emptiness
requirement enforced by the first conjunct in (R8s out the degenerate cases in which

a plural info state vacuously satisfies an atoroiedition by being entirely ‘dummy'.

Let us return to the notion of structured inclusioreeded for dynamic

guantification. Note that the notion of structuredlusion  defined in (19) above

ensures that the subset inheatdy the superset structure — but we also need itherin

all the superset structure, which we achieve by mehiie definition in (23) below.
23.U0° u:= g U Wl U"id 1uil U'lyss® ui=u')

To see that we need the second conjunct in (285ider again the donkey sentence
in (7) above, i.eMost people that owned" aslave also owned hisoffspring. This
sentence is interpreted as talking abewutry slave owned by any given person —
therefore, the nuclear scope set, which needs ta estsubset of the restrictor set,
needs to inheriéll the superset structure, i.e., for any slave ovimehe nuclear scope

set, we need to associate with her/eweryslave (and his offspring) that s/he owned.
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3.3.  Maximization, Distributivity and Selective Quan tification

We turn now to the definition of the maximizatiomdadistributivity operatorsnax"
and dist,, which are defined in the spirit — but not thetdet— of the corresponding
operators in van den Berg (1996a). Selective mapdtitin plus selective distributivity
enable us to dynamizeabstraction over bottalues i.e. individuals, andtructure i.e.
the quantificational dependencies associated wighindividuals. We will consequently
be able to extract and store the restrictor andeaucscope structured sets needed to
define dynamic generalized quantification.

To see that we need maximization over both values siructure, consider the
discourse in (24) below. Sentence (24b) elabomatethe relation between students and
cakes introduced by the first sentence. Note thatrelation is the Cartesian product of
the set of students and the set of cakes, i.e. avé @ introduce the set afl students,
the set ofall cakes and thmaximal relation/ structureassociating the two sets. That is,
we want to introduce the entire set of cakes ngdatd each and every student. We will
achieve this by means of a distributivity operatit, over students taking scope over a
maximization operatomax operator over cakes. Note that the distributigiperator is
anaphoric to the drefi introduced by a preceding maximization operat@x' over
students, as shown in (25) below.

24.a. Every' student ate from evehcake.b. They, liked them (all) °.
25. max’([studenfu}]); dist(max”([cakd u}])); [ eat_fromdu, u?}]; [ like{u, u?]

Intuitively, the update in (25) instructs us tofpem the following operations on a

given input matrix:

max”([studenfu}]): add a new colummi and store all the students in it;

8 Both maximization and distributivity are selectivethe sense that they target a particular drefer
which they maximize or distribute), i.e. exactlytie sense in which the DPL/FCS/DRT-style dynamic
generalized quantification introduced in chaptergl and 5 is selective and, by being so, solves the
proportion and weak / strong ambiguity problemsalthmar the notion of unselective quantification
introduced in Lewis (1975).

° Another example with a similar 'Cartesian prodirt®rpretation isEvery guest tasted every dish at the
potluck party.
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dist,(max"([cakd u?}])): look at eachu-individual separately — more exactly, for
each such individual, look at that subpart of the matrix that has onig column

u; relative to each such sub-matrix, add a new coluhand store all the cakes in
that column; then, take the union of all the resglmatrices: the big union matrix
will associated every-individual separately with each and every cake;
[eat_fronfu, u'}]; [ like{u, u}]: test that, for each row in the big union matrikeu-
individual stored in that row ate from théindividual stored in that row; finally,
test that, for every rowin the big union matrixe trindividual stored in that row

liked theu'-individual stored in that row.

A different kind of example indicating that we nessdective distributivity operators
over and above the unselective distributivity birto the atomic conditior® to obtain
structure maximization is provided by the donkegteace in (26) below. Intuitively, the
donkey indefinite receives a strong reading, mvergfarmer kickedverydonkey he saw
(and not only some). In particular, if two farméeppened to see the same donkeys, each
one of them kicked each one the donkeys, i.e. vegl n@ consider each farmer in turn
and introduce every seen donkey with respect tbh eae of them. Again, this can be
achieved by means ofdist, operator over farmers taking scope ovena" operator

over donkeys, as shown in (27) below.

26.Every' farmer who saw“bdonkey kicked (t.
27.max‘([farmef u}]; dist,(max([donkeyu’}, sedu, u]))); [ kick{u, u}]

Notice that the example in (24) above indicate$ W need alist, operator over
the nuclear scope efverystudent(since we need to introduce every cake relativeaith
student), while the example (26) above indicates$ We need aist, operator over the
restrictor ofeveryfarmer (since we need to introduce every donkey thatseas relative
to each farmer). We therefore expect our final mieéin of dynamic generalized
determiners to contain two distributivity operaterand this is exactly how it will be.

10 Atomic conditions are unselectively distributivedause they contain the universal quantificatiores o
‘assignments' of the forthid I(...), i.e. they unselectively target 'assignmerite. €ases in the sense of
Lewis 1975) and not individuals or individual dsefas the selectively distributive operadt, does.
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The max, and dist, operators are defined in (28) and (31) below. @mnsthe
definition of max" first: the first conjunct in (28) introducesas a new dref (i.eu]) and
makes sure that each individual ud 'satisfies'D, i.e. we storeonly individuals that
'satisfy' D. The second conjunct enforces the maximality megoent: any other setK
obtained by a similar procedure (i.e. any other deindividuals that 'satisfieD) is

included inuJ, i.e. we storall the individuals that satisfy.

28.max‘(D) := lg Jst ([u]; DI U" Ke(([u]; DK ® UKypsd udys)

29.max" Y(D) := max‘([u’ u]; D)

30. ly=x ;= {id I: ui=x}

31.disty(D) = s Jst " Xellumd B« Jumd @) U Xe(lumd B ® Dlymydumy),
i.e.disty(D) 1= ls Jst Ul=UIU" Xl ul(Dly=xJu=x)

The basic idea behingdistributively updating an input info statewith a DRSD is
that we first partition the info stateand thenseparatelyupdate each partition cell (i.e.
subset of) with D.

Moreover, the partition of the info stateis induced by the drefi as follows:
consider the set of individuald := {ui: il 1}; each individualx in the setul generates
one cell in the partition of, namely the subseii{l: ui=x}. Clearly, the family of sets

{ i1 1: ui=x}: xI ul}is a partition of the info state

Thus, updating an info statewith a DRSD distributively over a drefu means
updating each cell in thepartition ofl with the DRSD and then taking the union of the
resulting output info states. The first conjunctdefinition (31) above, i.eul=uJ, is
required to ensure that there is a bijection betwtbe partition cells induced by the dref
u over the input stateand the partition cells induced byver the output statké without
this requirement, we could introduce arbitrary neslues forp in the output staté, i.e.

arbitrary new partition cefts

1 Nouwen (2003): 87 was the first to observe thatftfst conjunct in this definition, namelyl=uJ, is
necessary (the original definition in van den BE®§6a: 145, (18) lacks it).
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The second conjunct, i.8.XI ul(Dly=Ju=y), is the one that actually defines the
distributive update: every partition cell in thein info statd is related by the DRB to
the corresponding partition cell in the output etdt The figure in (32) below
schematically represents how the input staiteu-distributively updated with the DRS
D'

32.Updating info statel with D distributively over u.

DI u= x‘\]u=x'

DI u=xJu=x

DI u=x" 'Ju:x"

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

The definitions of generalized determiners and weéaktrong indefinites are
provided in (36), (37) and (38) below. For the ifisition of the account of weak / strong
donkey ambiguities in terms of weak / strong inadigdi articles, see chaptér

33.uD) := st Jst lu==Jums Ul gt @ U disty(D)ly sdus =

12 50me properties of the distributivity operatore(séso the appendix of this chapter):

(i) disty(D; D') = dist,(D); disty(D"), for anyD andD' s.t."< 1,J>] D(ul=uJ) and"< 1,J>1 D'(ul=uJ) (i.e.
dist, distributes over dynamic conjunction)

(ii) dist,(dist, (D)) = dist, (dist,(D))

(iii) dist,(disty(D)) = dist,(D).

13 Some properties of thé...) operator:

(i) «(D; DY) = (D); «(D", for anyD andD' s.t.dist,(D; D") = disty(D); dist,(D")

(ii) «(u(D)) = (D)

However, note that, in genergly(D)) * .(4(D)). Consider for example the info statim (42) below: while
it is true that 1> is in the denotation af(,([u u])), it is not true that kI> is in the denotation of

v(u([u u])). Moreover, we can easily construct an info estatsuch that &,I' > is in the denotation of
v(u([u u])), but not in the denotation gf,([u u])).
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34. y(D) = st s l==du= U (lus=@ ® 1=) U (It @ ® disty(D)lwsdins)
35.DET{u,u} := Il DET (ulyg U'ly4),

whereDET is a static determiner.

36. Pet. P'et. max'(y (P(U))); max* (v (P'(u?)); [DET{u, u}]
37. Pet. P'et. [U]; u(P(W)); u(P'(u))
38. Pet. P'er. max'(y(P(U)); u(P'(1)))

Note that thanax-based definition of selective generalized quasdtion correctly
predicts that anaphora to restrictor and nucleapssets is always anaphoramaximal
sets i.e. E-type anaphora (recall the Evans examples! congressmen admire Kennedy
and they are very juniorandHarry bought sortesheep. Bill vaccinated thetf; see also
(10), (11) and (12) above). The maximality of amaphto quantifier sets follows
automatically as a consequence of the fact thatneed maximal sets to correctly
compute the meaning of dynamic generalized quargifiThis is one of the major results
in van den Berg (1996a) and PCDRT presenyas it

14 See Evans (1980): 217, (7) and (8) (page refesemeeto Evans 1985).

!> That the restrictor set needs to be maximal mhdéished byeveryquantifications: to determiner the truth
of Every man leftwe need to have access to the set of all mert.thbauclear scope set also needs to be
maximal, namely the maximal subset of the restriget that satisfies the nuclear scope update, is
established by downward monotonic quantifiers fyedeterminers that are downward monotonic inrthei
right argument); for exampl&ew men lefintuitively means that, among the set of men,mfaimalset of
men that left is dewsubset, i.e. it is less than half of the set ohna particular, ifFew men lefis true,
thenMost men lefis false — and the use of maximal nuclear scofseceerectly predicts that.

If we were to use non-maximal subsets of the striset of individuals, we would be able to caettire
meaning of upward monotonic quantifiers, eMpst (some two, at least twg etc.) men leftcan be
interpreted as: introduce the maximal set of men (he maximal restrictor set); then, introducenso
subset of the restrictor set that isnastsubset (i.e. it is more than half of the restrictet) and that also
satisfies the nuclear scope update. If you carhido then the quantification update is successfate that,
in this case, the nuclear scope set is not nedlystbar maximal subset of the restrictor set tlaissies the
nuclear scope update. The relevant definitionvemin (i) below.

(i) det™ “ P P'o maxi(y(P(u); [u' [u' u, DET{u,u}]; «(P'(u’))

But this strategy will not work with downward moboaic quantifiers, e.gFew (nho, at most twoetc.)
students lefcannot be interpreted as: introduce the maximabgenen (i.e. the maximal restrictor set);
then, introduce some subset of the restrictorhsstis afewsubset (i.e. it is less than half of the restricto
set, possibly empty) and that also satisfies tludean scope update (if tiiew-subset that was introduced is
empty, we can assume that it vacuously satifiemtiobear scope update). We cannot do this becausa,
if we are successful in introducingfewsubset that satisfies the nuclear scope updatanitstill be the
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Moreover, this result is an important argument fordynamic approach to
generalized quantification in general and, in pafér, for a dynamic approach to

generalized quantification of the kind pursuedhiis thapter.

3.4. The Dummy Individual and Distributivity Operat  ors

We have already established that the definitiogerieralized determiners in (36)
above requires a distributivity operattist,. The distributivity operator is contributed by
the operatorg(D) and , (D) defined in (33) and (34) above. The questiowisy do we
need the additional conjuncts in the definition tbkse operators over and above
distributivity?

To see the necessity of the first conjuhgt=J-# in (33) and (34), consider the
simple sentence in (39) below, represented in Wjout the operatoy(...) and in (41)

with the operatoy(...) *°.

39.A" man fell in love with & woman.
40.[u|mard u}]; [u' |womadqu}, f i {u,ul}]
41.[u]; (fmardu}]; [u']; w(lwomardqu?l, i Ku, u}]))

After processing sentence (39), we want our ouipiot state to be such that each
non-dummyu-man loves some non-dumnayrwoman and each non-dumnswoman
loves some non-dummy-man. However, if the conjundt-=J.-# is lacking — as it is

lacking in (40) above —, we might introduce sam@omen relative to ‘assignments' that

case that anostsubset, for example, also satisfies the updateaisuccessful update witew men left
does not rule out the possibility tHdbst men leftwhich is intuitively incorrect.

For the quantificatiorFew men lefto rule out the possibility that mostsubset of the restrictor also
satisfies the nuclear scope update, we need todimte the maximal nuclear scope set, i.e. the maxim
subset of the restrictor that satisfies the nudeape update and only afterwards test that thextaximal
sets are related by the static determiner. Thasdsect consequence of the proposition relatingess sets
and quantifier monotonicity in Barwise & Coopee®81): 104 (page references to Partee & Portner)2002

In conclusion, to correctly computate the truthditions of generalized quantifications, the dynamic
meaning of generalized determiners have to relaterhaximal sets of individuals (i.e. the restrictat
and the nuclear scope set) — and this automatiaity correctly predicts that E-type (i.e. unbound,
‘quantifier external’) anaphora to quantificatiodb@mains is maximal.

1 These oversimplified representations are good gimdor our current purposes. For the actual PCDRT
analysis of this example, see (55) and (60) inee&t 6 below.
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store the dummy individual # with respect to thefdy see for example ‘assignmegin
(42) below.

42.Info Statel u (men) u' (women)
i1 X1 Y1
i X2 Y2
is # Y3
ig # #

Given that we ignore bothh andi, in the evaluation of the lexical relatiéni_I{ u,
u'}, ys can be any woman whatsoever (including a womanish@ot loved by any man) —
which can inadvertently falsify subsequent anaghsentences, e.g. the follow-@he:
was pretty which might actually be true gf andy,, but not ofys. The discours&very'
man fell in love with & woman. They were prettyprovides a similar argument for the

necessity of the first conjuntts=J,=» in (33) and (34).

The second conjundi.4 @ in the definition the operatqq...) in (33) above
encodes existential commitment. Note that the emts&l commitment associated with
dref introduction is built into two distinct deftions: () the definition of lexical relations

(see the conjundty, : 4 .y # * @ in (22) above) andif the definition of the operator

u(-..) (see the conjundt. £ @ in (33)).

We need the former (i.e. the conjuhgt: 4 . u: #* @ in the definition of lexical

relations) because the pair @ belongs to the denotation af ffor any drefu (since

both conjuncts in the definition ofif are universal quantifications).

We need the latter (i.e. the conjuhgt @ in the definition of the operatq(...))
because the definition of thdist, operator is a universal quantification and is efae
trivially satisfied relative to the empty input efstate @; that is, the pair <g Gs>
belongs to the denotation dilst,(D) for any drefu and DRSD.

Thus, we capture the existential commitment assetiavith indefinites by using

the operatoy(...) in their translation — see (37) and (38) above.
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In contrast, there is no such existential commitmanthe definition of the the

operator, (...) in (34) above and, therefore, there is no sexistential commitment in

the definition of generalized determiners in (36). This enables us to capture the
meaning of both upward and (especially) downwarchobanic quantifiers by means of
the same definition. The problem posed by downwaotiotonic quantifiers is that their

nuclear scope set can or has to be empty.

For example, after a successful update with a quantification (e.gNo man
left), the nuclear scope set is necessarily emptyl(rtbed we use nuclear scope sets with
built-in conservativity), i.e. the draf' will always store only the dummy individual #
relative to the output info state. This, in turntals that no lexical relation in the nuclear
scope DRS that has as an argument can be satisfied (because thedinginct of any

such lexical relation isy, + #..u: » * @ — see (22) above). Thus, we need the operator

u(...) — more precisely, the second conjunct in itBniteon in (34) above — to resolve
the conflict between the emptiness requirementreatbby ano-quantification and the
non-emptiness requirement enforced by lexicaliat

Similarly, given that we use the same operatfr..) in the formation of restrictor
sets, we predict thalohn visited every Romanian coloisytrue (although it might not
always be felicitous) in case there are no Romaomdonies, i.e. in case the restrictor set
of theeveryquantification is empty.

Note that, despite the fact that definition (349wabk for empty restrictor and nuclear
scope sets, we are still able to capture the faait Subsequent anaphora to such sets is
infelicitous. This follows from:ij the fact that lexical relations have a non-engsm/
existential requirement built in anid)(pronouns will be defined by means of the operator

u(...) (see (44) below), which also has a non-empsinexistential requirement built in.

Finally, note that the second conjunct the defnitof , (...) in (34) requires the

identity of the input staté and the output staté That is, the nuclear scope DRS of a

successful quantification, i.e., (P'(u)), will always be a test. Consequently, we

correctly predict that anaphora to any indefinitesthe nuclear scope of a
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quantification is infelicitous, e.gNo™" “ farmer owns & donkey. #[} is unhappy /

#They, are unhappy(or Harry courts a girt" at nd"" “ convention. #Sheis very

pretty).
3.5. Singular Number Morphology on Pronouns

Let us turn now to the last component needed feraitcount of discourses (1) and
(2), namely the representation of singular pronodingir PCDRT translation, provided
in (44) below, has the expected Montagovian fortms ithe distributive type-lift of the
dref u, i.e. Pe. (P(u)), with the addition of the conditiomnique{u}, which is
contributed by the singular number morphology artidctv requires uniqueness of the

non-dummy value of the drefrelative to the current plural info state — se®) (@delow.

43.unique{u} := g lut @U" igi'dl lwg(ui=ui)

44, Per. [unique{u}]; J(P(W))

In contrast, plural pronouns do not require uniegssnas shown in (45) below.
45, Pet. u(P(U))

Singular and plurahnaphoricdefinite descriptions — we need them to interpiet
anaphoric DP in (2c) above among others — are interpreted asrshio (46) and

(47) below. They exhibit the same kind of uniqu@4umique contrast as the pronouns.

46. ) Pet. P'et. [unique{u}]; u(P()); u(P'(u))

47. ) Pet. P'et. u(P(U)); u(P'(u))

The unigueness enforced by the conditiomque{ u} is weakin the sense that it is
relativized to the current plural info state. Howewve can requiretrong uniqueness,
i.e. uniqueness relative to the entire model, byliaing themax” operator and the
conditionunique{u} — as shown by the Russellian, non-anaphoric nmepfor definite

descriptions provided in (48) below, which, as etpd from a Russellian analysis,
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requires both existence and strong uniqueness. dltesnative meaning for definite

articles is needed to interpret the non-anaphoHdc D in (2b) above.

48. ) Per. P'er. max‘(y(P(W))); [unique{u}]; u(P'(u)) *’

The PCDRT translation of proper names is provigdeb) below. The definitions
of dynamic negation and truth are identical todhes in chaptes, as shown by (50) and

(51) respectively.

49.% Pet. [u|u Harvey]; «(P(u)),
whereHarvey:= i harvey.
50.~D:= g 1@ U" Het BHI | ® B$K(DHK)) 8
51.A DRSD (of typet := (st)((st)t)) is true with respect to an input info staltg iff
$Js(D1J).

3.6. An example: Cross-Sentential Anaphora to Indef  inites

| will conclude this section with the PCDRT anatysif the simple example in (39)
above. The transitive verfall in love is translated as shown in (52) below. Also, for

simplicity, | will assume that both indefinites aneeak and are therefore translated as

" The plural counterpart of the Russellian singdigfinite article in (48) is provided in (i) belowthe only
difference is that we remove theique{u} condition from its singular counterpart, justvas did for plural
pronouns and anaphoric plural definite article&®) and (47) above.

M ) Pei. Pl max'(u(P(u))); u(P'(u)

Note that the Russellian plural definite translatio (i) above is identical to the simplified tréatson of
every in (65) below (see sectidnl), which preserves the intuitive equivalence betweeeryDP's and
(distributive uses of) pluraheDP's, e.gEvery student lefand The students lefalready observed and
captured in Link (1983).

18 This definition of negation enables us to captine interaction between negation and intra-seratenti
donkey anaphora in (i), (ii) and (iii) below (age#ldy indicated in sectioB.3 of chapter5) and also
between negation and cross-sentential anaphoig).in (

(i) Most farmers who own"adonkey do not beat,it
(i) Every farmer who owns'alonkey doesn't feed, iproperly.
(iii) Most house-elves who fall in love with aitch do not buy herart' alligator purse.

(iv) Every' student bought sevefabooks. But theydidn't read (any of) them
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shown in (53) below. The semantic compositioproceeds based on the syntactic

structure schematically represented in (54) anldlyi#he representation in (55).

52.fall_in_love Qent- Ve Q'( Ve [f_i_Kv, v}])

53. Pet. [U]; u([mar{u}]); u(P(u))
Pet. [UT; w(lwomarq ul]); w(P(u’)
54. [ )) [ 1]

55.[u]; u(Imar{u}]); u([uT; w(lwomarq u’}]); w([f_i_Ku, u3])

To simplify the representation in (55), | will iottuce the abbreviations in (56) and
(57) below. The reader can easily check that thatitles in (58) and (59) hold.

56.4(C) := ls lugt @U" X ulw#(Clysy),
whereC is a condition (of types{t).
57.4(Us, ..., Un) = s Jse lums=dums Uls{ U, ..., Un)Juw s,
whereul {us, ...,u} and [uy, ...,uq] == [ud]; ... [ul] %
58.u([Cy, ..., Ca) = [u(Cd), ..., u(CW)]
59.u([U, -+, Un | C1, vy Cl) = [w(Usy vy Un) | u(C), -.v, l(Ci)])

Based on the identities in (58) and (59) and sévanmdy obvious simplifications,
we obtain the final PCDRT translation of senter8®,(provided in (60) below. Based on
the definition of truth in (51) above, we derive tttuth-conditions in (61) below, which

agree with our intuitions about the truth-condisaf sentence (39).

60.[u, y(u) [mar{u}, (womadqu?}), y(f_i_Ku, u}]
61. Is 11D UxeSye(manx) Uwomarfy) UF_i_I(x, y))

¥ That is, the type-driven translation of exampl@)(3or the precise definition, see sect®aof chaptes.
D Thatis: [y, ..., U] 1= I Jse SH1...SHna(1[ugdHy U ... UHna[ug]J).
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3.7. The Dummy Info State as Default Discourse Cont  ext

In general, | take the default context of interatien for all discourses to be the
singleton info stateif}, whereix is the 'assignment’ that stores the dummy indalidu
relative to all individual dref's. When we applyettruth-conditions in (61) above to the
default input info stateif}, we obtain $x.$ys(mar(x) U womarfy) U f_i_I(x, y)), i.e.

precisely the classical first-order truth-condisassigned to sentence (39).

Moreover, taking {} to be the default context of interpretation emsblus to
capture the infelicity of discourse-initial anaptioe.g. $he is pretty because multiple
meaning components (in particular, the conditionique{u}, the lexical relation

pretty {u} and the operatqy(...)) cannot be satisfied relative to the input isfate {4}.

Hence, the felicitousdeictic use of a pronoun likeshg requires us tonon-
linguistically update the default input info states){ before processing the sentence
containing the pronoun; intuitively, this updatecisntributed by the deixis associated

with the pronoun (see Heim 1982/1988: 309 et sega similar assumptidf.

4. Quantificational Subordination in PCDRT

This section presents the PCDRT analysis of thérasinin interpretation between

the discourses in (1) and (2) above.

4.1. Quantifier Scope

We start with the two possible quantifier scopifgsthe discourse-initial sentence
(1a/2a). For simplicity, | will assume that the tweoopings are due to the two different
lexical entries for the ditransitive verb ) , provided in (62) and (63) below. As
chapters showed, PCDRT is compatible with Quantifier RagsirQuantifying-In and, in

2L "|f something has been mentioned before, therkahilays be a card for it in the file [...] But dotse

file also reflect what is familiar by contextualisace? So far we have not assumed it does, busletake
the assumption now. [...] An obvious implication et files must be able to change, and in particular
must be able to have new cards added, without angyytheing uttered. For instance, if halfway throwgh
conversation between A and B a dog comes runnin tbem and draws their attention, then that event
presumably makes the file increase by a new catdlng 1982/1988: 309-310).
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general, with any of the quantifier scoping meckars proposed in the literature, there is

no need to use any of them for our current purposes

Furthermore, | will assume that the syntactic dtmee of the sentence is the one

schematically represented in (64) below.

62. ) : Q'(et)t- Q"(et)t- Ve. QI( V'e- Q"( V"e- [court_a{v, VI’ V"}]))

63. ) * Q'ent- Qeent- Ve Q"( Ve Q'( V'e. [court_afv, V', v"'}]))
64.$ 0 ) "« 1I 1]

Thus, ) * assigns the indefinite wide scope relative to :

while ) *assigns it narrow scope.

Turning to the meaning of the quantifier , hote that we can safely

identify the restrictor drefi and the nuclear scope dréfof any -quantification:

the definition in (36) above entails that,Jifis an arbitrary output state of a successful
-quantification,u andu' have to be identical both with respect to value aith

respect to structure, i.e. we will have thgtl J(uj=u'j). We can therefore conflate the

two dref's and assume that contributes only one, as shown in (65) below.Il also

assume that the restrictor set of the “-quantification is non-empty, so | will replace

the operator, (...) with the simpler operatgf...).

65. 4 Pet. P'et. max't(u, (P(U1))); u, (P'(uy))

The PCDRT translations of the generalized quantifie “ and of the

indefinite "4 (which, for the moment, | assume to be weak) arergin (66) and
(67) below, followed by the compositionally deriviexpresentations of the two quantifier

scopings of sentence (1a/2a), which are provid¢@8hand (69).

To make the representations simpler, | will assuinat the PCDRT translation of
the proper namelarveyis Pe.P(Harvey) instead of the one provided in (49) above. The
reader can easily convince herself that this siimption does not affect the PCDRT

truth-conditions for the two discourses under coasition.
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66. Y% Per. max 't ([conventiofiu}]); u, (P(uy))
67. WU Pet. [Uz | girl{ual]; u, (P(u2)
68.( K% >> U )

[uz |girl{uz}]; o, (max' ([conventiofiu}])): [ u, (court_afHarvey, u, ui})]
69.( 4 >> WKy

max ([conventiofiu}]); [ u, (U2) | u (girl{uz}), u (court_a{Harvey up, u})]

The reader can check that the (truth-conditionsvedrby the) representations in

(68) and (69) are the intuitively correct ones.ll examine them only in informal terms.

The "wide-scope indefinite" representation in (&®dates the default input info
state {4} as follows. First, we introduce some non-emptye.(inon-dummy) set of
individuals relative to the draf,. Then, we test that each-individual is a girl. Then,
relative to eachu,-individual, we introduce the non-empty set contagnall and only
conventions and store it relative to the drgfFinally, we test that, for eaeh-girl, for
each of the corresponding;-conventions (which, in this case, means: for every
convention), Harvey courted the girl currently undensideration at the convention

currently under consideration.

By the time we are done processing (68), the outgatstate contains a non-empty
set ofup-girls that where courted by Harvey at every comeenand, relative to eaaly-

girl, u; stores the set of all conventions.

The "narrow-scope indefinite" representation in)(8pdates the default input info
state {} as follows. First, we introduce the non-empty s&individuals containing all
and only conventions relative to the doef Then, for eacli;-convention, we introduce a
u-set of individuals. Finally we test that, for eaci-convention, each of the
correspondinguy-individuals are girls and are such that Harveyrtm them at the

convention currently under consideration.

By the time we are done processing (69), the outgatstate stores the set of all

conventions under the dref and, relative to eaaly-convention, the draf, stores a non-
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empty set of girls (possibly different from convientto convention) that Harvey courted

at that particular convention.

4.2. Quantifier scope and Singular Anaphora, Cross-  Sententially

It is now easy to see how sentence (1b) — andaiticplar, the singular number

morphology on the pronoun y, — forces the "indefinite wide-scope" reading foe th

2

preceding sentence (1a): the conditionque{ u,} effectively conflatesthe two readings
by requiring the set ofi,-girls obtained after processing (68) or (69) abtwebe a
singleton. This requirement leaves untouched tith-ronditions derived on the basis of

(68) — but makes the truth-conditions associated (&9) above strictly stronger.

The PCDRT translation of the pronoun and the coimiposally derived
representation of sentence (1b) are provided i) &Ad (71) below. For convenience, |

provide the two complete representations of disse(t) in (72) and (73) below.

70. Pet. [unique{w}]; u, (P(u2))
71.[unique{ uy}, very prettyuy}]
72.( kY > U )
[uz |girl{uz}]; o, (max' ([conventiofiug}]));
[u, (court_af{Harvey, up, ui}), unique{up}, very_prettyu}]
73.( U >> ki
max' ([conventiofiug}]);

[u (W) | u, (girl{uz}), u, (court_afHarvey, up, us}), unique{uy}, very prettyus}]

4.3. Quantifier Scope and Singular Anaphora, Intra-  Sententially

In contrast, sentence (2b) contains the adverbuahtfication , Which can
take scope above or below the singular pronoun in the former case, the,-
uniqueness requirement is weakened (and, basicediytralized) by being relativized to

ui;-conventions.
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More precisely, | take the meaning of  to be universal quantification over an

anaphorically retrieved restrictor, as shown in)(B4low. Since is basically
interpreted as  , | provide a simplified translation that conflatdee restrictor and
nuclear scope dref's — much like the simplifiednstation for in (65) above

conflated them. The general format for the intagdren of quantifiers that anaphorically

retrieve their restrictor set is provided in (75).

74. u, Pet. u, (P(u1))

75. Pet. max” “(y (P(U))); [DET{u, u}]
The restrictor dref of in (2b) is the nuclear scope dref of the quantifie
Us in the preceding sentence (2a). To see that is indeed anaphoric to

the nuclear scope and not to the restrictor dref of , we need to consider other
determiners that do not effectively identity thearg. in (76) below. In this case, itis
intuitively clear that guantifies over the conventions at which Harveyrtoa girl
(the nuclear scope dref) and not over all convestithe restrictor dref).

76.a. Harvey courts a girl at most conventions.
b. She always comes to the banquet with him.

The definite description in (2b) is intuitively a Russellian definite
description (see (48) above), which contributestexice and a relativized (i.e. anaphoric)
form of uniqueness: we are talking aboutrgquebanqueiper conventionThe relevant

meaning for the definite article is given in (7 &ldw.

77.) ot Pet. Plet. u, (Max™ (u, (P(u3))); [unique{ua}]; u, (P'(us)))

1

The relativized uniqueness is captured by the tfaat theunique{ us} condition is

within the scope of the (...) operator®?. Thus, is in fact interpreted as a

2 Incidentally, note that the definite article) u, % is anaphoric to the restrictor sat of the -

quantification in the preceding sentence (2a) -kanl , Which is anaphoric to the nuclear scope set.
To see this, we have to consider determiners like that do not conflate their restrictor and nuclearpe
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possessive definite description of the forng, Y , or, more explicitly, of the form
u, U u,, Where y, is anaphoric tai;-conventions. The PCDRT translation

of the definite description, obtained based onttheslations in (77) and (78), is provided
in (79) below.

78. u Ve. [banquetv}, of{v, ui}]

1

79. ) oY u

1 1

Per. u, (max* ([banquetus}, of{ us, uz}]); [ uniquef{usl]; u, (P(u3)))

However, to exhibit the interaction between theeadv u, and the pronoun
u, in a simpler and more transparent way, | will assuhat sentence (2b) contributes
a dyadic relation of the form ) )$ )) ) ) that relates girls and
conventions. Just like ) , this dyadic relation can be translated in twdedént

ways, corresponding to the two possible relativepss of u and u, (that is, |

employ the same scoping technique as the one osegritence (1a/2a) in (62) and (63)
above). The two different translations are provided80) and (81) below. The basic

syntactic structure of sentence (2b) is provide(8&).

80. )) ) ¥ Qent: Qe

Q'( V'e. Q( Ve. [come_to_banquet {of, v}]))
81L. )) ) * Qeett- Q'ent-

Q( Ve. Q'( V'e. [come_to_banquet _{of, v}]))
82. [ 1)) ) ]

The first lexical entry ) ) ) " gives the pronoun u, wide scope over

the adverb u,, while the second lexical entry) ) ) *+ gives the pronoun

narrow scope relative to the adverb. The correspgndompositionally derived PCDRT
representations are provided in (83) and (84) below

dref's. So, consider discourse (76) again: intelgivthere is a unique banquetatryconvention, not only
at the majority of conventions where Harvey coartgrl.
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83.( u,>> ul)
[unique{uy}, u, (come_to_banquet_{afy, u})]
84.( u,>> uz)

[u, (unique{uy}), u (come_to_banquet_{af, ui})]

Thus, there are two possible representations foieeee (2a) — see (68) and (69)
above — and two possible representations for seaté2b) — given in (83) and (84)

above. Hence, there are four possible represensafitw discourse (2) as a whole.

Out of the four possible combinations, three boivd to effectively requiring the

ey to take wide scope over the quantifier “ . This can

indefinite
happen if: () we assign the representation in (68) to senté2ag in which case it does

not matter which of the two representations in @3)l (84) we assign to sentence (2b),
or (i) we assign the representation in (83) to sent¢Plog which, as we have already
shown for discourse (1) (see sectib2 above), effectively identifies the two possible

representations of sentence (2a).

We are left with the fourth combination (69) + (8#. % >> WKy,
+ u>> u,, Which is given in (85) below and which providég tdesired

"narrow-scope indefinite" reading that is availatdediscourse (2), but not for (1).

85. max! ([conventiofiu:}]); [ u, (W)]; [u, (9irl{uz}), u, (court_a{Harvey, up, u})];

[u, (unique{uy}), u (come_to_banquet_{af, ui})]

Intuitively, the PCDRT representation in (85) instis us to modify the input info
state {4} by introducing the set of all conventions relatito the dretfi;, followed by the
introduction of a non-empty set ob-individuals relative to each;-convention. The
remainder of the representation tests that, foh @aconvention, the corresponding-
set is a singleton set consisting of a girl thatasirted by Harvey at thg-convention
currently under consideration and that comes witin lat the banquet of said;-

convention.
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5. Summary

PCDRT enables us to formulate in classical typecl@ycompositional dynamic
account of the intra- and cross-sentential intevacbetween generalized quantifiers,
anaphora and number morphology exhibited by thentifiGational subordination

discourses in (1) and (2) above from Karttunen )97

The main proposal is that plurahfo states together with a suitable dynamic
reformulation of independently motivated denotatidar generalized determiners and
number morphology in static Montague semantics lesalus to account for
guantificational subordination in terms of anaphd@ quantifier domains and,
consequently, for the contrast in interpretatiotwieen the discourses in (1) and (2)

above.

The cross-sentential interaction between quansiepe and anaphora, in particular
the fact that @ingular pronoun in the second sentence can disambigutted&e the two
readings of the first sentence, can be captureplimal information states because they
enable us to store both quantifier domains (i.&ues) and quantificational dependencies
(i.e. structure), pass them across sentential kaniesland further elaborate on them, e.g.
by letting a pronoun constrain the cardinality ofpeeviously introduced quantifier

domain.

In the process, we were also able to show how ¢fieite descriptions in sentences
(2b) and (2c) can be analyzed and also how natamglage quantifiers enter structured
anaphoric connections as a matter of course, ysfuaittioning simultaneously as both

indefinites and pronouns.

6. Comparison with Alternative Approaches
6.1. Cross-Sentential Anaphora and Unigueness

In this section (and the following one), | will bfiy indicate some of the ways in

which PCDRT relates to the previous literature ormgueness effects associated with
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singular anaphora (see Evans 1977, 1980, Parsai&s Coéoper 1979, Heim 1982/1988,
Kadmon 1987, 1990, Neale 1990 and Roberts 2003 gquoibrers).

As indicated in sectio3.5 of the present chapter (see also se@idrof chapterb),
the uniqueness enforced by the conditionique{u} is weak in the sense that it is
relativized to the current plural info state. Howewve can requiretrong uniqueness,
i.e. uniqueness relative to the entire model, bynlwiaing themax" operator and the
conditionunique{u} — as, for example, in the PCDRT translation farsRellian, non-

anaphoric definite descriptions provided in (48)\ah

The samemax” + unique{u} strategy can be employed to capture the strong
uniqueness intuitions associated with the "narroeps indefinite” reading of the
guantificational subordination discourse in (2) aha.e. the fact that discourse (2) as a
whole implies that Harvey courtsuaiquegirl per convention

In more detail: we have assumed throughout thiptengfor simplicity) that the
indefinite in (2a) receives a weak reading — but, if we asstimat the indefinite has
a strong / maximal reading (see the translatio(88) above), we can capture the above
mentioned uniqueness intuitions. The PCDRT reptasien of the "narrow-scope strong
indefinite" reading is provided in (86) below, whidiffers from the representation in

(85) above only with respect to the presence ofatiditional maximization operator

max" contributed by the strong indefinite.

86. max“ ([conventiofiu.}]):; u, (max*“ ([girl{uy}, court_af Harvey, uy, u}]));

[u, (unique{us}), u (come_to_banquet {af, ui})]

The strong uniqueness effect emerges as a consexjoéthecombinedmeanings

assigned to the strong indefinite and the singptanoun: the strong indefinite makes

sure (bymax“) that, with respect to eaeh-convention, the drefi, stores all the girls
courted by Harvey at that convention; the singgignoun subsequently requires (by
unique{u,}) that the set ofup-individuals stored relative to eadh-individual is a
singleton set. Together, the strong indefinite #mel singular pronoun require that, at

eachu;-convention, Harvey courts exactly one girl, whibk drefu, stores.
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Thus, PCDRT can capture the intuition that discey® is interpreted as talking
about conventions at which Harvey courts a uniqirk (gossibly different from
convention to convention). Moreover, the fact that, PCDRT, the uniqueness
implications are a consequencecaimbiningthe meanings of the indefinite and of the
singular anaphor captures the observation in Kadr(®90): 279-280 that "[...]
indefinite NP's don't always have unique referehts] When anaphora is attempted,

however, the uniqueness effect always shows up".

In a sense, this observation is literally captunedPCDRT: singular pronouns
always contribute anique{u} condition. However, whether this condition yielsisong
uniqueness depends on the weak / strong readitigeofAntecedent indefinite. Against
Kadmon, | take this variation to be a welcome p®oin since it converges with the
wavering unigueness intuitions that native speakav® with respect to various cases of

singular cross-sentential anaphora (I will retwrnhis issue presently).

The very same ingredients employed in PCDRT to vdetthe (relativized)
uniqueness effects in quantificational subordimatedso provide an account of the
(absolute / non-relativized) uniqueness intuitioassociated with the well-known

example in (87) below.

87.There is &"“ doctor in London and hés Welsh.
(Evans 1980: 222, (286)
88. max‘([doctof u}, in_Londord u}]); [ unique{u}, WelsH u}]

In contrast, the weak and strong readings for migefinite article in example (89)
below (from Heim 1982/1988: 28, (14a)) are trutimditionally indistinguishable in
PCDRT, i.e. there are no strong uniqueness implicatiersnd correctly so. Thus,
PCDRT can also account for the difference betwhenriterpretations of (87) and (89).

% page references are to Evans (1985).

% The weak / strong contrast associated with anfiimite has truth-conditional effects only if thei®
anaphora to that indefinite.
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89. There is a doctd¥"! who is Welsh in Londorf>

Finally, given that indefinite articles are asstmihwith both a weak and a strong
meaning enables us to account for the observatibteim (1982): 31 that singular cross-
sentential anaphora is not necessarily associatbduwiqueness implications, as shown
by the narration-type example in (90) below (fromird (1982): 31, (29)).

90. There was 4" doctor in London. Hewas Welsh...

Summarizing, the hypothesis that the indefiniteckris ambiguous between a weak
and a strong reading together with proposal thagwar number morphology on
pronouns contributes anique condition enables PCDRT to capture the three-way
contrast between (87), (89) and (90) above. Iniq4dar, the contrast between (87) and
(90) is due to what reading is associated with itfefinite in each particular case.
PCDRT does not have anything to say about thisceheiand, | think, rightfully so: as
much of the literature observes (Heim 1982/1988&]rf@an 1990, Roberts 2003 among
others), the choice is sensitive to various factioas are pragmatic in nature and / or have
related to the global structure of the discoursg. (@at (90) is a narrative, while (87) is

not).

Thus, unlike Heim (1982) and classical DRT / FA3PL in general, PCDRT can
capture the uniqueness intuitions (sometimes) &dedcwith cross-sentential singular
anaphora — and the ingredients of the analysigarticular the two meanings associated
with the indefinite article, are independently miated by mixed reading donkey

sentences (see chapfeabove).

Moreover, the overall account is compositional ahé unique{u} condition
contributed by singular number morphology on anaplea local constraint of the same

kind as ordinary lexical relations, in contrastth@ non-local and non-compositioffal

% PCDRT also makes correct predictions with respethe similar examples in (i) and (i) below, dioe
Heim (1982): 28, (27) and (27a).

(i) A wine glass broke last night. It had been vexpensive.
(ii) A wine glass which had been very expensivekbriast night.

% At least, not compositional in any obvious way.
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uniqueness condition proposed in Kadmon (1990) dooant for such uniqueness
effects’.

Also, unlike Kadmon (1990) (see the contrast betwbe preliminary and the final
version of the uniqueness condition in Kadmon f§9®CDRT captures the constrast
between theabsoluteandrelativized uniqueness effects instantiated by (87) (where the
doctor is absolutely unique) and (2) above (whbesd is a unique girl per convention)

without any additional stipulations.

In particular, relativized uniqueness is a consageef the distributivity operators
contributed by the quantifier taking scope over #iegular pronoun — and these
distributivity operators are independently motivatey the scopal interaction between
multiple quantifiers and by the interaction betwegeneralized quantification and donkey
anaphora (see the discussion in secii@above).

Finally, the fact that indefinite articles are ayza#ld in PCDRT as being associated
with both a weak and a strong meaning (indepenglentitivated by mixed reading
donkey sentences) adds the needed flexibility tmaat for the observation that cross-
sentential anaphora is not always associated witjueness implications, as shown by

the contrast between (87) and (90) above.

6.2. Donkey Anaphora and Uniqueness

The uniqueness implications associated with ingraential singular donkey
anaphora are, by and large, just as unstable agniee associated with cross-sentential

singular anaphora.

2" This is the preliminary (simpler) version of theiqueness condition in Kadmon (1990): 284, (30): "A
definite NP associated with a variablein DRSK is used felicitously only if for every mod#, for all
embedding function§ g verifying K relative toM, f(X)=g(X)".

% The preliminary version of the uniqueness condit®provided in fn27 above. The final version of the
uniqueness conditiois as follows: "Leta be a definite NP associated with a variafjléet K, be the local
DRS ofa, and letk be the highest DRS sK.is accessible fror,. andYl Uy. a is used felicitously only
if for every modelM, for all embedding functiorfs g verifying K relative toM, if " X Bx f(X)=g(X) then
f(Y)=g(Y)" (Kadmon 1990: 293, (31)), wheBg := {X: $K' accessible frork s.t.K't K andXl Uy}.
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On the one hand, the examples in (91) and (92wbelkdibit uniqueness effects —
more precisely: uniqueness effects relativized #xhe particular value of 'main’

generalized determiner of each sentence (i.e, and respectively).

91.Every man who has'aon wills hiny all his money.
(Parsons 1978: 19, (4), attributed to B. Partee)

92.Every man who has'aaughter thinks shés the most beautiful girl in the world.
(Cooper 1979: 81, (60))

On the other hand, the examples in (93), (94), é6%) (96) below do not seem to
exhibit uniqueness effeéfs Note in particular that there are no uniquene$scts
associated even with theeak donkey anaphora - in (96) (for more

discussion of this observation, see chaptabove).

93.Every farmer who owns'alonkey beats jt

94.Most people that owned alave also owned hisffspring.
(Heim 1990: 162, (49))

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

96.Every person who buy$ @V and has ‘Acredit card usesiitto pay for it.

In general, previous accounts of donkey anapha@aesigned to account either for
the first set of examples, which exhibit uniquenésg. Parsons 1978, Cooper 1979,
Kadmon 1990 among others), or for the second sexarples, which do not (e.g. Kamp
1981, Heim 1982/1988, 1990, Neale 1990, Kamp & 8d@93 among others). This is
not to say that these approaches cannot be amémdedount for a broader range of data
— the point is only that the basic architecturéhaf theory is such that either uniqueness

or non-unigueness follows from it.

29 Kadmon (1990): 307 takes examples like (93) ad) &ove to exhibit uniqueness — see also example
(48) in Kadmon 1990: 307, repeated in (i) belowth same time, Kadmon (1990): 308-309 mentiors tha
some informants disagree and "treat [(i)] as $dtd 'at least one dog'; for them, [(i)] doesndpthy a
uniqueness effect".

(i) Most women who own a dog talk to it.
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In this section, | argue that the PCDRT combinatidrplural information states
(plus maximization) on the one hand anduhejue condition (plus distributivity) on the
other hand makes for a flexible theory that canoawunodate both kinds of donkey
examples in a natural way. The main idea will bat thll these resources enable us to
‘partition’ the restrictor of a generalized quacsifion in various ways and, depending on
this 'partitioning’, the morphologically singulanaphors in the nuclear scope of the

generalized quantification contribute uniquenessadr

The intuition that the uniqueness effects assatiatéh donkey anaphora are
dependent on how we 'think' about the restrictdhefgeneralized quantification is by no
means new — it underlies the notion adsesin Lewis (1975), the use ahinimal
situations in Heim (1990) (among others) and the quantifaatover instancesin
Kadmon (1990) (see Kadmon 1990: 301). Thus, in $eistion, | argue that PCDRT

enables us to formulate in a new and intuitive faliration of this familiar intuition.
Singular Donkey Anaphora Does Not Always Imply Unigieness

The assumption that singular donkey anaphora cawivie non-singletonsets has
been repeatedly challenged because singular doakaghora seems to be intuitively
associated with a kind of uniqueness implicatioRelative-clause donkeys in particular
(like (1) and (2) above) are claimed to be assediatith uniqueness presuppositions:
some authors (e.g. Kanazawa 2001: 391, fn. 5) itdestinguish between relative-
clause and conditional donkey sentences and claahthe former but not the latter

contribute some form of uniqueness.

However, this is not the whole story. First, théqueness intuitions associated with
relative-clause donkeys are much weaker (if apakent) when we consider examples
with multiple donkey indefinites like (96) above, i.e., in as®nrelative-clause donkey

sentences that are closer in form to conditionakdyg sentences.

Second, even the proponents of uniqueness hawnt®de that donkey uniqueness

is of a rather peculiar kind. One of the main debatvolves around the 'sage plant’

%0 For recent discussion, see Kanazawa (2001) ands3€002).
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example in (97) below which, on the face of it,osfyly argues against donkey

uniqueness.

97.Everybody who bought“asage plant here bought eight others along with it
(Heim 1982/1988: 89, (12))

Kadmon (1990): 317 conjectures that the donkey laorapin (97) still contributes a
uniqueness presupposition, but the "speakers atluigpexample because it can't make
any difference to truth conditions which sage ptaetpronount stands for, out of all the
sage plants that a buyebought (for each buyey".

But, as Heim (1990): 161 points out, Kadmon's 'sugdaation® analysis makes
incorrect predictions with respect to the exampie(95) above from Rooth 1987:
intuitively, sentence (95) is falsified by any patr&vho has a son in high school and who
has lent him the car on a weeknight even if sarémighas another son who never got the
car — which is to say that doesmake a difference in this case which son the prono

in (95) stands fdf.

This being said, example (91) above does seemhibiexiniqueness implications —
so, an empirically adequate account of donkey amapbkhould be flexible enough to

accommodate the wavering nature of the uniqueméssions associated with it.
Capturing the Wavering Nature of the Uniqueness Intitions

As it now stands, the revised version of PCDRTouhtrced in this chapter predicts
that donkey anaphora is associated with relativizeidueness implications, i.e. it can
account for the uniqueness intuitions associateth {@1) above. As shown in (98)
below, relativized uniqueness emerges as a consegu# the interaction between) (
the distributivity operators contributed by seleetigeneralized determinersj) (the
maximization contributed by the strong reading loé indefinite andiif) the unique

condition contributed by the singular pronoun.

31 The connection with supervaluation treatmentsagfueness is due to Mats Rooth — see Heim (1990):
160, fn. 11.

32 For more discussion, see also Geurts (2002): 148qg).
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98.Every" man who has*4" son wills him all his money.
max”(y([mar{u’}]; max‘([so{u}, have{u', u}])));

v([unique{u}, will_all_moneyu', u}]) *

Parsons (1978) considers the uniqueness effedsiat] with the donkey sentence
in (91) above and suggests two different ways totwwa them. The above PCDRT
analysis can be seen as an implementation ofrtestiggestion:

"One might suggest that the feeling of inappropnats [of sentence (91) when
taken to be talking about men that have more tm@nson] comes explicitly from
the use of the pronoun. How would that work? Waatle purported meaning of 'a’
is 'one’, in the sense of 'exactly one'. Usually iithought to be a presupposition,
implication, or implicature of the utterance ratligan part of the content of what
is said. But perhaps the use of a singular promaumnmake the import part of the
official content.

The suggestion then is that 'a’ can mean eithele&st one' or 'exactly one'.
Normally it means the former, but certain gramnaticonstructions force the
latter reading. The former reading is the ‘indé&none, and the latter is the
‘definite’ one.”

(Parsons 1978: 19)

Interestingly, Parson's second suggestion is tleetbat is taken up by D-/E-type
approaches that take pronouns to be numberlesslRarssdefinite descriptions (e.g.
Neale 1990}

3 An unfortunate consequence of the fact thauttique{ u} condition contributed by the pronoun is taken
to be part of the assertion is that the PCDRT sapration in (98) is true only if every man hasotlyeone
son, while, intuitively, the quantification shoube restricted to men that have only one son. T)ahe
intuitively correct representation for (91) is thee in (i) below, where thenique{u} condition occurs in

the restrictor. This representation can be obtaiffestve assume that thenique{u} condition is
presupposed and that presuppositions triggereldeimticlear scope of tripartite quantificationalistures
can be accommodated in the restrictor (both assongpti.e. that number morphology on pronouns is
presuppositional and that nuclear scope presuppositcan be accommodated in the restrictor, are
independently assumed and motivated in the litezatusee for example Beaver & Zeevat 2006, Heim
2005 and references therein).

(i) max‘(.([mar{u?}]; max‘([sor{u}, havg u', u}]); [ unique{u}])); (will_all_moneyu', u}]).

3 "Sometimes 'the' doesn't mean 'exactly one', &thier 'at least one' or 'every'. It means 'at least in
everyone must pay the clerk five dollarsd it means 'everini you should always watch out for the other
driver. Or something like this. So perhaps the treatrnéptronouns as paraphrases is correct, but we have
to tailor the meaning of 'the’ for the situatiorhand. For example, in our sample sentence we toeeshd

the donkey he owrasevery donkey he own$his response would involve specifying some metfar
determining which reading dhe is appropriate in a given paraphrase; | haventtezhthis out” (Parsons
1978: 20).
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Thus, the version of PCDRT proposed in this chafitbapter6) sides with the
"uniqueness" approaches (e.g. Parsons 1978, C@8@ér Kadmon 1990 among others)
— and therefore accounts for only one of the twe sédata. In contrast, the version of
PCDRT proposed in the previous chapter (chapjerwhich does not take singular
pronouns to contribute @anique condition, sides with the "non-uniqueness" appneac
(e.g. Kamp 1981, Heim 1982/1988, 1990, Neale 19%imp & Reyle 1993 among
others).

The trade-off is as follows. On the one hand, ol@ptaccounts for a variety of
donkey sentences, i.e. cases of intra-sententiaphara, including mixed reading
examples like (96) above. On the other hand, chaptaccounts for a variety of
uniqueness effects with cross-sentential and sgraential anaphora, i.e. forcing the
"wide-scope indefinite" reading for discourse (1powee, deriving the relativized
uniqueness effects for the "wide-scope indefinfegiding of discourse (2) and deriving
the relativized uniqueness effects for the donletence in (91) above.

| will now show that there is a straightforward wayrecover the results of chapter
5 within the version of PCDRT introduced in the mmtschapter. The main observation
is thatunique{u} conditions are vacuously satisfied under disttiNity operators like
dist,, so, to cancel the uniqueness effects, we onlyd neeassume that selective
generalized determiners introduce such distribiytieperators relative to their nuclear

scope update.

The simplest such operator is the unselectiveibligtvity operator defined in (99)
below, which is used in the definition of generatizquantification in (103). Note that
this definition of generalized quantification diféefrom the one introduced in (36) above

(see sectioB.3) only with respect to the nuclear scope distridtytioperator.

99.dfst(D) := Isst SRy(syn(I=Dom(R) UJ=ERan(R) U"< is,Js>1 R(D{i}J),
whereD is of typet := (s)((sht).

100. disty(D) := lsdst ul=uIU™ Xol ul(@ist(D)l y=xJu=x)

101, WD} = gt Jst lums=du=s Ul st @ U diisty(D)l e pde o

102. y{D} := lsp Jst lu==di=t U (lus=D ® 1=0) U (It @ ® dlisty(D)l e sy #)
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103. @ Pet. P'er. max'(y (P())); max" “(y {P'(u)}); [DET{u, u?]

The distributivity operatorlist(D) is unselective because any input info staie
updated with the DR® in a pointwise manner, i.e. we update each ofabgignments'
i 1 with D.

This way of updating a set of 'assignments' is lectige in same sense as the
generalized quantification over cases proposed ewit (1975) is unselective: the
definition in (103) instructs us to take each @ssient’ delivered by the restrictor of the
guantification separately and check that it satiflee nuclear scope of the quantification,
where 'assignments' are also known as: "caseshantedrminology of Lewis (1975),
"minimal situations" in the terminology of Heim @@ and "instances" in the

terminology of Kadmon (1990).

Note that the use of unselective distributivity ithe definition of dynamic
generalized quantification does not endanger oevipus results: the definition in (103)
does not have a proportion problem (becddEd relates the relevant sets of inviduals)
and can account for weak / strong ambiguities, uticlg mixed reading donkey
sentences. For example, sentence (96) is représasteshown in (104) below. The
unique{u’} and unique{u} conditions contributed by the singular donkey pyans
and are vacuously satisfied because the unseledtiveoperator 'feeds' them only

singleton informations stateg} {°.

104. Every" person who buys’d" TV and has 4" c.card uses,jtto pay for it.
max” (- ([perd u"}]; max‘([TV{ u}, buy{u", u}]); [u' |c.cardu?, hvu", u})));
of[unique{u’}, unique{u}, (use_to_paju", u’, up)] }

% More precisely: the second conjunct of the defing ofunique{u’} or unique{u} is indeed vacuously
satisfied with respect to any singleton info stglewhatsoever, but the first conjunct of their défions
fails for any {} such thatui=# oru'i=# (i.e. {i}»4* @ is false or {} x4 @ is false). Therefore, the nuclear
scope updatg{[unique{u’}, unique{u}, (use_to_pafu", u', up]} fails for any input info staté where
there is at least orid I, 4 such thaui=# oru'i=#. But this does not affect the truth-conditioesiged by
the representation in (104), which are the intel§rvcorrect ones for mixed reading donkey senténce
(96). And, as far as the anaphoric potential gbeth(with respect to value and with respect tocstme), it
seems to me that the above mentioned consequettoe, df...} operator is in fact desirable.
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Thus, our strategy is to neutralize the uniqueredfscts associated with intra-
sentential singular anaphora by introducing suabstributivity operators that take the
nuclear scope of the main generalized quantificatie argument. This (as opposed to,
for example, making thenique condition contributed by the singular pronoun opéil)
has the desirable consequence that we leave umdubk uniqueness effects associated
with cross-sentential anaphora in general and witlntificational subordination in
particular; that is, we preserve all the resultsviously obtained in this chapter (see

sectionsd and6.1above).

Summarizing, the increased flexibility of the thetzal architecture of PCDRT
(when compared to previous approaches) enable® iaccount for the unstable
uniqueness intuitions associated with donkey anaphidne account makes crucial use of
plural info states and distributivity operators. mdoprecisely, in any tripartite
guantificational structure, we have a choice betwselective and unselective nuclear
scope distributivity. The decision to use one @r ¢kther depends on how we 'think about'
the relation between the restrictor and the nuckezmpe of the quantification on a
particular occasion (which, in turn, is determirgdthe global discourse context, world

knowledge etc., i.e. by various pragmatic factors):

if we focus on the individuals contributed by tlestrictor, we predicate the nuclear
scope of each such individual separately, so we aisselective distributivity
operatordist, and we obtain uniqueness effects (relativizea)to

if we focus on the (minimal) cases / situationstdbated by the restrictor, we
predicate the nuclear scope of each such caseaselyaiso we use an unselective
distributivity operatoriist and we neutralize / cancel all uniqueness effects.

These two choices, i.@ist, anddist, are the two extremes of a possibly much
richer spectrum: if we usdist,, we are as coarse-grained as possible when weatred
the nuclear scope update; if we uget,, we are as fine-grained as possible. In between

these extremes, we can define a family ofmoitiply selectiveadistributivity operators as
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shown in (105) and (106) below (see also appe@dielow). | leave their investigation

for future research.

105. yu..(D) == st Jst (lu=s=du=e Uly=s=dy=¢ U ..) U lpgng 1@ U
distyy,.. (D)l sur#,. Jusurs,...

106. yu.. (D) := st Jst (lu=s=du=s Uly=4=dy=2 U ..) U (lpgurs,. =@ ® 1=J) U
(wsurs. 2 B® distyy, (D)l surs,.. Jupurs,..)

6.3. Telescoping

The phenomenon of telescoping is exemplified bycalisses (107) and (108)
below, where a singular pronoun seems to be cerggistially anaphoric to a quantifier.
The term is due to Roberts (1987, 1989) and is m@anapture the fact that, in such
discourses, "from a discussion of the general casezoom in to examine a particular
instance" (Roberts 1987: 36).

107. a. Eaclf candidate for the space mission meets all ourirements.
b. He, has a PhD in Astrophysics and extensive priohflgxperience.
(Roberts 1987: 36, (38)

108. a. Eacli degree candidate walked to the stage.
b. He, took hig, diploma from the Dean and returned tq, Isisat.
(Roberts 1987: 36, (34), attributed to B. Partee)

The main observation about this phenomenon (whachbe traced back to a pair of
examples due to Fodor & Sag 1982 and to Evans 1B8@hat "the possibility of
anaphoric relations in such telescoping cases disp@npart on the plausibility of some
sort of narrative continuity between the utterancethe discourse” (Roberts 1987: 36).
Thus, Evans (1980) observes that the discoursel®)(below is infelicitous. The
examples in (110) and (111) from Poesio & ZuccBB@) are similarly infelicitous.

% The analysis of the interaction between donkeyhoe and quantificational adverksvays usually
etc.) in conditionals might require such multipglective distributivity operators.

37 page references to Roberts (1990).
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109. #Every' congressman came to the party andhael a marvelous time.
(Evans 1980: 220, (2%)

110. #Every dog came in. |tlay down under the table.
(Poesio & Zucchi 1992: 347, (1))

111. #Each dog came in. jtlay down under the table.
(Poesio & Zucchi 1992: 360, (39c¢))

The challenge posed by telescoping is to accouttt foo the felicity of (107) and
(108) and for the infelicity of (109), (110) andl{), as Poesio & Zucchi (1992) and
Roberts (1995, 1996) among others emphasize.

In this respect, DRT / FCS / DPL approaches (Ka®gil]lHeim 1982/1988, Kamp
& Reyle 1993 among others) fail because they caowad only for the infelicity of
(209), (110) and (111), but not for the felicity (€07) and (108). This is a direct
consequence of the fact that generalized quargifee externally static in this kind of
systems (such systems also fail to account for dhantificational subordination
discourse in (2) above). Dynamic Montague GramifiaviG, see Groenendik &
Stokhof 1990) and systems based on it (e.g. Dek888B) define generalized quantifers
as externally dynamic and, therefore, fail in tippasite way: they can account for the
felicity of (107) and (108), but not for the infaly of (109), (110) and (111). Moreover,
DMG does not derive the correct truth-conditionsdth telescoping and quantificational
subordination discourses (see the discussion igi®&eZucchi (1992): 357-359).

The analyses of telescoping in Poesio & Zucchi 2)9Roberts (1995, 1998)and
Wang et al (2006) (among others — see the detdikmission in Wang et al 2006) are
more flexible and they can account for both kinflexamples. These accounts make
crucial use of more general, pragmatic notions rigabd with world knowledge and
global discourse structure) @accommodation (for Poesio & Zucchi 1992 and Risber
1995, 1996) andi( rhetorical relations (for Wang et al 2006). Thaseounts differ with

3 page references to Evans (1980).

% See also the modal subordination accounts in €€0895/1999) and Frank (1996), which could be
generalized to quantificational subordination faling the same basic strategy as Poesio & Zuccl)L9
and Roberts (1995, 1996).
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respect to their main strategy of analysis: Poésiducchi (1992) and Roberts (1995,
1996) take the infelicitous examples as basic dmah tdevise special mechanisms to
account for the felicitous examples, which extrantl pass on the relevant discourse
information; Wang et al (2006) take the felicitoesamples as basic, assume that the
relevant discourse information is always availalidat that it has tcaccessedn a

particular way.

The PCDRT account of telescoping | will sketch efalls in the same category as
the Wang et al (2006) account: plural informaticdates ensure that the relevant
information is always available, but the singulamier morphology on the anaphoric
pronoun constrains the way in which it can be am@sAt the same time, | will make
limited use of accommodation — and, in this respiet account is similar to Poesio &
Zucchi (1992) and Roberts (1995, 1996).

The PCDRT account is a development of the suggestiade in Evans (1980): 220
with respect to the infelicity of (109). Evans cectures that the infelicity is a
consequence of a clashdamantiomumber between the antecedent and the anapher (not
that there is no clash in morphological number):tlom one hand, the quantificational
antecedent contributes a non-singleton conditiontmnestrictor set; on the other hand,

the singular pronoun anaphoric to the restrictbreguires it to be a singleton.

| will formalize the non-singleton requirement coimtited by selective generalized

determiners by means of then-unique condition defined in (112) beld\
112. non-unique{u} := s lust @USisi'dl 1ws(uit ui)

In addition, | will make use of two ingredients epmkndently motivated by the
uniqueness effects associated with donkey anapsemthe previous section), namely:
(i) the unique{u} condition contributed by the singular number nlopgy on a

0 Green (1989) and Chierchia (1995) (among otherglea that this non-singleton condition has
presuppositional status. In contrast, Neale (198@)gests that it is in fact an implicature. | fitice
arguments in Green (1989) more persuasive, batvel@e more careful investigation of this issuefdibure
research. For simplicity, | will take then-unique{ u} condition contributed by generalized determinters
be part of the assertion.
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pronoun andii) the fact that adist, or dist operator that takes scope over such a

condition ensures that it is vacuously satisfied.

More concretely, | will assume that the global anowodation of a distributivity
operatory(...) is licensed in the case of the felicitous exbrgnalyzed in (113) below,

but it is not licensed in the case of the infetiag example analyzed in (114).

113. EacHlf candidate meets all our requiremeptdde, has a PhD in Astrophysics ).
max‘([candidat§u}]); u([meet_requirements}]); [ non-unique{ u}];
u([unique{u}, have_PhRu}])

114. Each dog came in. #itlay down under the table.
max‘([dog{u}]); u([come_idiu}]); [ non-unique{u}];

[unique{u}, lay_under_tablgu}]

Of course, nothing in the above analysis specifiesn we can and when we cannot
accommodate such a distributivity operator. | w&turn to this issue below. For now,
note only that accommodating such an operator dhonat come for free because we
introduce a new meaning component in the disca@esentation that is not associated

with any morpho-syntactic realization.

The account of the felicitous example in (113) aboaptures in a direct way the
'telescoping’ intuitions associated with it, ilee fact that, as Roberts (1987) puts it, the
second sentence "zooms in" from a discussion ofi¢émeral case to a particular instance:
the distributivity operator partitions a particutbsmain of quantification and each cell of
the partition is associated with a particular indidal; after the domain is partitioned in

this way, we update each cell in the partition safedy, i.e. "instance by instance".

Note also that the PCDRT account correctly predictd telescoping cases with
plural pronouns are felicitous (or at least bettan their singular counterparts), as shown
by (115) and (116) below. The reason is that plprahouns like do not contribute a
unique{u} condition, hence there is no need to accommodatkstributivity operator

u(-..) to neutralize / cancel the effects of such adtmon.

115. a. Every' dog came inb. (?)They lay down under the table.
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116. a. Every' congressman came to the palty(?)They had a marvelous time.
(Evans 1980: 220, (22))

Similarly, PCDRT can account for the plural anaphexample in (117), which
combines quantificational subordination and telpsup — and, also, for the variation on
this example in (118). Note in particular that PCDRan capture the relativized
uniqueness effects in (118), i.e. the fact thatjifively, every man loves exactly one
woman; this is due to the fact that tin@ique{u’} condition contributed by the singular
pronoun is within the scope of the distributivity operatgr..) contributed by the

pronoun

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

118. a. Every' man loves ‘Awomanb. They, bring her; flowers.
(Wang et al 2006: 7, (20))

Moreover, PCDRT can capture the relativized unig@ssrassociated with the cross-
sentential anaphora - in example (119) below from Sells (1985) (see also
Kadmon 1990 for discussion). We only need to assinatea distributivity operatax...)
with scope over the second sentence in (119) isnagmdated. At the same time,
PCDRT correctly predicts that the restrictive rekatclause example in (120) (also from

Sells 1985) does not have relativized uniquenegfications associated with it.

119. a. Every' chess set comes witf{"d spare pawn.
b. 4( Ity is taped to the top of the box ).
120. Every' chess set comes wit*&"" spare pawn that is taped to the top of the

box.

Using the same ingredients, PCDRT can also accdontthe contrast in
acceptability between (121) and (122) below, froob&ts (1996) (examples (1) and (1"
on p. 216) — we only need to assume that the acoalanon of a distributivity operator
u(-..) is possible in the case of (122) but not in¢hse of (121).

121. a. Every' frog that saw dhinsect ate it. #It, was a fly.

122. a. Every' frog that saw dhinsect ate jt. b.  ( Ity disappeared forever ).
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The infelicity of (121) is derived as follows: givéhat it is not possible for multiple
frogs to eat the same insect (this is world knog#gd after we process the update
contributed by the first sentence in (121), théreutd be at least as many eaten insects as
there are frogs. But thenique{u'} condition contributed by the pronoun in the second
sentence of (121), which is not in the scope of disyributivity operator, requires that
there is only one such eaten insect (which, byathg, was a fly). Since there are at most
as many insects as there are frogs, this meanththaet of frogs is (at most) a singleton,

which contradicts thaon-unique{ u} condition contributed by the determiner

Finally, the same ingredients also enable us towddor the examples in (123) and
(124) below from Wang et al (2006) (examples (2pod and (19) on p. 7 respectively)
— and for the relativized uniqueness effects aasediwith (123).

123. a. Every' hunter that sawadeer shot it. b. ( It died immediately. )
124. a. Every' hunter that saw”adeer shot it. b. They, died immediately.

The problem left unaddressed by the account sketaheve is how to decide when
we can and when we cannot accommodate such distiilpuoperators. — and which
distributivity operator it is, i.e. which quantiitonal domain we "zoom in". PCDRT,
which is a semantic framework, does not (have &g)any thing about this — but | want
to suggest that it offers the two things that we egpect from a semantic theory, namely:
(i) it provides a precisely circumscribed way in whic more general pragmatic theory
can interface with the semantic theory anylWwhen the pragmatic '‘parameters' / factors
are specified, it delivers the intuitively corréaith-conditions.

The previous literature uncovered two importantdex that determine whether a
distributivity operator can be accommodated orind®CDRT: () the rhetorical structure
of the discourse — see Wang et al (2006) andgéneral world knowledge — see the
notion of script in Poesio & Zucchi (1992). As IMeasuggested, PCDRT needs to be
supplemented with the same kind of pragmatic théloay these alternative approaches
assume; there are, however, certain differenceseeet PCDRT and these alternative

approaches.
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Compared to the accommodation theories propos@bésio & Zucchi (1992) and
Roberts (1995, 1998) which involve accommodation of discourse refesenbnditions,
DRS's etc. (triggered by the presuppositional matfiquantifier domain restriction in the
case of Roberts 1995, 1996), the PCDRT accommaudptimcedure is much simpler and
involves a clearly circumscribed alteration of tfiscourse representation, namely: the
global accommodation of a distributivity operatoithwthe purpose of satisfying the
unique{u} presuppositiof? contributed by singular number morphology on pror®
Therefore, | expect that the over-generation probigced by PCDRT is milder than the

one faced by these theories.

Compared to Wang et al (2006) and van den Berg6d@P@and also Poesio &
Zucchi 1992 and Roberts 1987, 1989, 1995, 1996DAPChas the advantage that, given
its underlying type logic, a Montagovian compositib interpretation procedure can be

easily specified, as the present chapter and #aqars one have shown.

Moreover, PCDRT simplifies the system in van demgB@&996a) both with respect
to the underlying logic (which is not partial anymap and with respect to various
definitions (e.g. the definitions of the maximizati and distributivity operatos) and

translations (e.g. the translation of indefinitecées and pronouns).

Finally, unlike the account proposed in Wang e(28l06) (see p. 17 et seqq), the
PCDRT account of telescoping is more modular, ie #ense that its semantic
interpretation procedure (i.e. type-driven transtat is separated from the more global
pragmatics of discourse (which involves world kneslde, rhetorical relations etc.). The
separation of the semantic and pragmatic inteywetomponents in PCDRT enables us

to simplify multiple aspects of the semantic theaty underlying logic, the notion of

*! Roberts (1995, 1996) build on the more explicicamt in Roberts (1987, 1989), which involves
accommodation of DRS's.

2 The conditiorunique{u} contributed by number morphology on pronounslésdy presuppositional — |
treat it as an assertion throughout the presesédation only for simplicity.

See Heim (2005) and reference therein for moreud®on of the presuppositional contributions of
pronominal morphology. See Beaver & Zeevat (20@8) & recent discussion of accommodation. See
Kramer (1998) for a systematic investigation ofsugposition in a framework based on CDRT (Muskens
1996), hence closely related to PCDRT.
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info state that we use, the operators that we teeadcess the information stored in these

states and the translations given for various &hitems.

| will conclude with the observation that the bredmparison with the previous

literature in the last three sections can only tedipinary — and for at least three reasons:

uniqueness implications are taken to have presifppead status in much of the
previous literature (and for good reason), whiteve assumed (for simplicity) that
the unique{u} condition is part of the assertion; thus, a miim@rough comparison
will be possible only when PCDRT is extended wittheory of presupposition (see
Krahmer 1998 for an extensive investigation of ppg®sition within a framework
that also builds on the CDRT of Muskens 1996);

the import of various design choices specific thedent theoretical architectures
can be properly evaluated only in the context pfexise investigation of the factors
that affect uniqueness in particular instancesirtfudar intra- and cross-sentential
anaphora — and such an investigation is beyonddbpe of the present dissertation
(but see Roberts 2003 and Wang et al 2006 for éwent discussions);

the uniqueness implications associated with simgedass-sentential anaphora are
closely related to the maximality implications agated with plural cross-sentential
anaphora — and a proper comparison needs to taeagrtount how any given
theory fares with respect to both of them; the @mésnvestigation, however,
focuses omorphologically singulamnaphora and on the arguments it provides for
a notion ofplural information stat&.

Given the primarily foundational purpose of thegam investigation, such issues
can be addressed only partially — but | hope teratveast shown that PCDRT provides
a promising framework within which it is possible formulate simpler and, in certain
respects, better analyses of quantificational gilibation, donkey anaphora and

telescoping and the uniqueness effects associatedham.

*3 For more discussion of the distinction betweerrgdlinformation states and morphologically plural
anaphora, see chaptbelow and Brasoveanu 2006c.
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Al. Extended PCDRT: The New Definitions and Transla tions
125. Structured Inclusion, Maximization and Distributivi ty Operators.

lee " id [(U'i=ui U u'i=#)

o
C—
c
I

= I (U WIU"id 1(uil u'lyg ® ui=u')

o

C—
c
|

c.max’(D) := lg Jse ([u]; D) U" Ke(([u]; D)IK ® UKl udns)
d. max’ Y(D) :==max“([u’ u]; D)
e.distyD) := lg Jst " Xe(lusd D« Jusxd D) U Xe(lussd D ® Dlyeydumy),
i.e.disty(D) := s Jst ul=uJU™ X ul(Dly=xJu=x),
wherel = = {id |: ui=x}
f.uD) = st Jst lu=s=du=s Ul 42 @ U disty(D)l s sy
9. u(D) = ls Jse lems=di=s U (1 s=D® =) U(ln st D ® disty(D)l sy s)
h.u(C) := ls lust D U" X ulpuy(Cly=), whereC is a condition (of typesf)t)
Lou(Uy, ooy Un) = st e lums=dums Ulis{ U, ..., UnlJws,
whereul {uy, ...,un} and [uy, ..., Uy := [ud]; ...; [un]
126. Distributivity-based Equivalences.
a. u([Cy, ..., Cal) = [W(Cd), .-, u(Cr)]

b. u([Us, ..., Un [ Cq, ..ty Cr]) = [u(Us, -y Un) [u(Ca)s vy ul(C)])

127. Atomic Conditions.

a.R{uy, .. U} = Isely 4.0t #* QU

" IST |u1 1 # ..... Unl #(R(UJ.I) LERE ] Un')),

255
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wherely t # .. ut # :={id Lwit#U... Uuit#}
b. DET{u,u}:= ls DET(ulwy U'ly24), whereDET is a static determiner.
c.unique{u} ;= lg lut @U" igi'd lax(ui=ui')

128. Translations.

a. Pet. P'er. max’(y (P(W))); max” “(y (P'(U))); [DET{u, u?]
b. Per. max’ “(y (P(u))); [DET{u, u}]

c. Pet. Pler. [Ul; u(P()); u(P'(u))

d. Pet. P'er. max'(u(P(W)); u(P'(w)))

e. Pet. [unique{u}]; u(P())

f. Pet. u(P(W))

g. ) Pet. P'er. [unique{u}]; u(P(u)); u(P(u))

h. ) Pet. Pet. u(P()); u(P'(W))

i) Pet. P'et. max'(u(P())); [unique{u}]; «(P'(u))

) Pet. P'er. max'(u(P())); u(P'(1))

k. ) Pet. P'er. u(max(u(P(u)); [unique{u]; w(P'(u)))

. $ Per. [u|u Harvey); ((P(u)), whereHarvey:= is harvey
m. Pet. P'er. max’ (u(P(W))); u(P'(u)

n. Pet. u(P(U))
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A2. Generalized Selective Distributivity

First, we need to generalize our abbreviation fartipon cells induced by dref's
over plural information states, as shown in (128pty.

129. ly= = {id ls¢ Ui=x} and lp=y = {id Is¢ pi=w}.
In general:

| :fn = {lsT Ist: ali=f1 U e Uanizfn},

l:fl""' n
where the types of the terrag,...,a, are inDRefTyp and

for each m s.t.mEn, if the type ofan, is (st), thenfy, is of typetl STyp.

Second, we generalize DRS-level distributivity taltiple dref's, as shown in (130)

below.
130. DRS-level selective distributivity (i.e. distributivity over type t := (sf)((sit)).
disty(D) := lsdse Ul=uIU" Xl ul(Dly=xJu=x),
whereu is of typee := seandD is of typet := (st)((sd)t).
In general:

dist (D) := lsdst (@11=a1J U ... Uayl=apd) U

“fila ol fla (e

------------

n flTa ]_l..." fnTa nl(l 1:f ......
where the types of the terrag, ..., a, are inDRefTyp
and for each m s.tEIn£n, if the type ofan, is (st), thenfy, is of typetl STyp

andD is of typet := (st)((st)t).
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The general version of DRS-level selective distibty is more complicated
because we work simultaneously witipartitions induced by the dreds, ..., a, on both
the input statd and the output staté The intersection of two partitions is another
partition, but we are not guaranteed than the setgion of any two cells in the two
partitions is non-empty — hence the antecedertteftonditional in the third conjunct of

the generalized definition in (130), ile.1=]c R 7

ey N

Moreover, we want to ensure that there is a bgedtetween the intersection of the
n partitions over the input stateand the intersection of thepartitions over the output
stateJ, hence the first two conjuncts in the generalidetinition in (130): the first one
ensures that the values of thedrefs that we distribute over are the same; tloerse
conjunct ensures that there is a bijection betwbemon-emptyn-distributive cells in
the input state partition and the non-emptydistributive cells in the output state

partition.

Note that the first two conjuncts in the generaliziefinition in (130) could be

replaced with the biconditiondlf;..." fu(l  _; ¢ 10« J _; 1), which
l— 10y N— 1y l— 10y N— 1y

would make clear the parallel between the geneasédist I (D) and the special

casedisty(D) — since the first conjunct of the special casénd®mn in (130) can be
replaced with' xe(lu @ «  Ju= @)**. We can now easily see that the identity in (131)

below holds.

*4 Thus, the two most compact (and completely pdyalkfinitions are:
(i) disty(D) := lsdst " Xellus D« Iy B) U Xellux* @ ® Dlymdims)
(i) dist |\ (0)= ladee" fi (1 o

" " 1
o o =p, t@@ DL

nzfnlg« J l:f

Taeeny 110y N n
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131. dist,(dista(D)) =dista 2(D)*

(in more detaildist,(dista(D)) =dist, o(D) = disty 4(D) = disty(dista(D)))

Finally, we definegeneralizedselective distributivity, i.e. distributivity geraized
to arbitrary distributable types as shown in (1B8jow. The distributable types are the
same as the dynamically conjoinable typESTyp (see definition (62) in sectiof of
chapterb).

132. Generalized Selective Distributivity.

For any ternb of typet, for anytl DCTyp:

if t=t and the types of the termas,...,a, are inDRefTyp.

b(Vn+1)

Lrees NV}

if t=(Sr ), vn+1 is of types andsi DRefTyp.

Abbreviation. ggb =D

To understand the intuition behind the above d&diniof generalized distributivity,
we need to begin with the end, i.e. with the abiatean. Let us assume that our telons
a dynamic propertyP, i.e. an object that can be an argument for amnsibnal
generalized determiner. We want to distribute dkier propertyP, i.e. we want to define

adistributedpropertyP of typeet based on properfy.

** Proof. | use the definitions dist,(D) anddist, (D) in the immediately preceding footnote.
disty(dista(D)IJ =" f(la=t D« Jacit @) U" f(laot @ ® disty(D)lasdas) =

(sincedista(D)la=tJazt =" f'(lazta=t? D « Jacf o= D) U" Flazra=p? @ ® Dlast g Ja=t a=t))

"flat D« Tt D) U" fla- D ® " Flazra=r D « Jacpa=p @) U" Flazta=p! @ ® Dlata=pda=fa=r)) =
" P (lazta=rt D « Jacpa=p @)U flas? D ® " f'(laztas® @ ® Dlacta=pda=ta=r) =

" ottt D € Jacgantt @) U F(latame? @ ® DlactantJactams) = dista (D).
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By the second clause of definition (132), we hdna:t

133. P =ggP = Ve qyP(V), whereP(v) is a DRS.

SinceP(v) is a DRS, i.e. of typg we can apply the first clause of definition (132)

Therefore:

134. P = 4gP = Ve ggyyP(V) = Ve. dist,(P(V))

Thus, the distributed propertf? is obtained by distributing over the DR®/) with
respect to the dref variable For example, if we distribute over the extensiqmaperties

denoted by and , We obtain the distributed properties in (135)lhel
135. 4 =d Ve [mandV}]) = Ve dist([mandv}])

d = A Ve [leavedV}]) = Ve dist([leavedVv}])

A3. DRS-Level Selective Distributivity: Formal Prop  erties

This appendix investigates the basic formal properof DRS-level selective
distributivity. Crucially, | will assume throughothis chapter the simpler PCDRT system
introduced in chaptes that does not countenance the dummy individudihe simpler
PCDRT system assigns semantic values to atomicitcmms]l DRS's etc. that are
formally much better behaved than the ones assigpdtle PCDRT system of chaptr
which has to introduce the dummy individual # iderto define structured inclusion.

Let us first define what it means for a DRSo0 be closed under arbitrary unions.

136. The unionED of a setD of pairs of info statesl<J> is defined as the pair of
info states € Dom(D), ERan(D)>.

137. A DRSD (of typet := (st)((st)t)) is closed under arbitrary unionf, given a
setD of info state pairs s.li D, we have thab(E Dom(D))(E Ran(D)), i.e.
EDI D.



261

The following kinds of DRS's are closed under asjt unions — again, if we
assume their simpler definitions according to ti@EDRT system of chaptdy that does

not countenance the dummy individual:

138. a. Tests that contain only conditions denoting c-sl¢e.g. atomic conditions,
dynamic negations of DRS's whose domains are dsié¢de.) are closed under
arbitrary unions since c-ideals are closed undatrary unions.

b. A DRSD of the form [, ..., U, | Cy, ..., Cy], where the condition€,, ..., Cy,
are c-ideals, is closed under arbitrary unffns
c. A DRSmax‘(D), where D is of the formuf, ..., u, | Cy, ..., Cy] and the

conditionsCy, ..., Cn are c-ideals, is closed under arbitrary unfans

“® Proof. Recall that the denotation of a DR®f the form [y, ..., U, | Cy, ..., Ca, where the conditions
C4 ...,Cyare c-ideals, can be defined as shown in (ii)wddased on the relation in (i).

(i) R :={<iq, j: i[uy, ..., u]j Uji (EC)C ... C(EC)}:
(ii) D = {<lg, Js>: $Rysp* B(1I=Dom(R) U I=Ran(®) URI R°)}.

Now take an arbitrary sét of info state pairs s.2i D. For any pair of info stated, J>1 [, there is some
RI RP s.t.1I=Dom([) andJ=Ran([). If we take the union of all such relatiafiswe will obtain a relation
R* st R*I R° and s.t. EDom(®)=Dom(k*) and ERan(D)= Ran(&*). Hence, we have that
D(E Dom(D))(E Ran(D)).

" Proof. Consider a DRS of the fommax“(D), whereD is of the form in the immediately preceding proof.
Then the DR = ([u]; D) = [u, Uy, ..., Uy | Cy, ..., Gy is of the same form and has a similar kind of
denotation in terms of the relatic? defined in (i) below.

(i) R® := {<ig, js>: i[u, Uy, ...,ul]j Ujl (EC)C ... C(ECH}

Note that, in this case, the following identitiesich Dom(max“(D)) = Dom([u]; D) = Dom(D') — because,
for any info statdl Dom([u]; D), there is a maximal statkin the set of output statesu]] D)I: this

maximal state is the image bfinder the relatioit”; sinceJ is the supremum info state, it follows thak

is also the supremum set of individuals.

Now take an arbitrary setD of info state pairs s.t. Di max(D). We show that
max'(D)(E Dom(P))(ERan(2)), i.e.: (i) D'(EDom(D))(ERan(®)) and (i) " K(D'(EDom@D)K ®
uKi u(E Ran(D))).

We know thamax“(D)i D', thereforeli D' and (i) follows becaus®' is closed under arbitrary unions (by
the previous proof).

Now suppose (ii) does not hold, i.e. there i st. D'(E Dom(D))K and s.tuKEu(E Ran(2)). Based on the
observation above, the set of output states casreipg toE Dom(D), i.e. the seD'(EDom(D)), has a
supremum info state, i.e. the imageEDom(D) under the relatio®. Let's abbreviate it ag*. Now,
sinceJ* is the supremum info state, the g6t is also the supremum set of individuals,usé u/* and,
therefore u/* Eu(E Ran(D)).

| will now show thatu/* = u(ERan()), which yields a contradiction. Consider an agbit pair of info
states<l, J>1 ; given thatDi max‘(D), we have thamax“(D)lJ, i.e. that" K(D'IK ® uKi uJ). In
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d. ADRSD; D' is closed under arbitrary uniondifandD' are closed under
arbitrary unions, i.e. dynamic conjunction pressrelsure under arbitrary
uniong®,

e. A DRSdist,(D) is closed under arbitrary unions for any daef D is closed

under arbitrary uniof&

particular, we have that) = u/', where/' is the image of under the relatiof®”, i.e. the supremum output
state in the set of output staf@$. The union of all such supremum output statesrresponding to some
input statd] Dom(D) is precisely™, i.e.J*=E Dom@)ﬂ' and, thereforey/* is the union of all the sets’.
Thus, we have that/* = E i pomp)Ud" = E ji rangyUd = U(E 5t ranyJd) = U(E Ran(D)). Contradiction.

8 Proof. Take an arbitrary sétof info state pairs s.Di (D; D'). This means that for anyl,<J>I 1, there
is anH s.t. DIH andD'HJ. For every pair k J>I I, choose two other paitsl andHJ s.t. DIH andD'HJ.
Abbreviate the union of all thid pairs2)' and the union of all thelJ pairs2". We have thabom(D) =
Dom(D'), Ran(D) = Ran(2") andRan(D') = Dom(D").

Since »'i D and p"i D' and D and D' are closed under arbitrary unions, we have that
D(EDom(P"))(ERan(D')) and D'(EDom(2"))(ERan(D")). Given thatRan(2') = Dom(P"), we have
that ©; D')(EDom(2'))(ERan(D")), i.e. ©; D')(EDom(®))(ERan(D)), i.e. D; D' is closed under
arbitrary unions.

9 Proof. First note that, in generdist,(D) is not closed under arbitrary unions; selectiigrihutivity is
based on unions, babt on arbitrary unions of info states. Assume, faaraple, that we have two pair§, <
J>I D and 4", J>I D s.t. al=aJ, al'=aJ', jl|=jl'|=1 and, in additional=al'. Both pairs will be in
dist,(D), but the union of these two pairs, i.dE€, JEJ> is not necessarily in the distributed DRS
dist,(D) — not unless it is in the DR itself. This is where the assumption tBais closed under arbitrary
unions becomes useful: it entails thaE¥, JEJ>] D and, sincea(IEI')=a(JEJ)=al (because we know
that al=aJ=al'=aJ) and &(IEI')|=R(JEJ)|=1, we have that IEI', JEJ>] disty(D). The proof
generalizes this observation to arbitrary setsaifsp(i.e. there is no more insight to be gainenirfit). |
provide it here for completeness.

Suppose we have a sBt of info states pairs s.2i disty(D). We have to show thatEDom(D),
ERan(?)>l dist,(D). By the definition ofist,(D), any pair €, J>I » has one of the following two forms:
(i) <I, 2>1 D, al=aJ and &l|=1; (i) arbitrary unions of sets of pairs of tkied specified in (i), under the
condition that, for any two such pair, > and ', J>, alta I'. Therefore, € Dom(D), E Ran(D)> is the
result of taking the union of some arbitrary sepaiirs of info states of the kind specified in {i¢,. pairs of
the form 4, J> s.t. 4, > D, al=aJ and &l|=1.

We will partition this sets of pairs into equivatenclasses as follows: the equivalence class ofea gair
<l, J> is the se><"”={<I', > D: al'=aJ' U Jal'|=1 U al=al'}. For each such equivalence class of pairs
D, we take its uniofit 0", where the union is defined as in (136) aboveaisethe pair of info states
ED<”=<EDom(D""), ERan(2"”)> This pair is in the denotation of the DS i.e. <€ Dom(D""),
ERan(2"%)>l D, becauséd“”i D and, by assumptiorD is closed under arbitrary unions. Moreover,
each pair €Dom(»"”), ERan(D»"?)> satisfies the conditionsa(EDom(D")=a(ERan(®""))
(because(E Dom(D"”))=al=aJ=a(E Ran(2"")) and #(E Dom(2""))|=1 (because||=1). Therefore,
for each pair & J>, we have thatEDom(D<"), ERan(2"**)>I dist,(D). Moreover, for any two distinct
equivalence classes of paid“” and D", their unions £&Dom(®@*”), ERan(®"”)> and
<EDom(D"), ERan(®™")> satisfy the additional conditiom(EDom(D<""))ta (EDom(»“")).
Therefore, the union of such pairs (i.e. of allrpaesulting from unions of equivalence classes)ss in
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For example, the DR&ax" ([happy_fofu', u}]) is closed under arbitrary unions in
the following sense. Suppose that this DRS contdiagairs of info statesl;, J;> and
<l,, Jo> in (139) below. The two pairs of info states rectre following: given an input
statel; such thatul; is John, the set of individuals that are happyHon are Jessica,
Mary and Sue; similarly, given an input stitesuch thaul; is Bill, the set of individuals
that are happy for him are Jane and Jessica. TherDRSmax"([happy_fofu', u}])
also contains the pair of info stategE|l,, J;EJ»>, since, given the set of individuals
u(1:E15), i.e. John and Bill, the set of individuals taa¢ happy for at least one of the two
is Jane, Jessica, Mary and Sue.

139. max‘([happy_fofu', u}]) is
closed under arbitrary unions

max'([h.{u’, u}]) I.J; | Output state | ... u u'

Input state { | ‘ u ‘ i ...| john | jess
it | ‘ john ‘ 1[0} > b ...| john | mary

i3 ...| john | sue

max'([h.f{u’, u}]) I.J, | Outputstates) | ...| u u'

Input state 4 | ‘ u ‘ i ...| bill | jane
i | ‘ bill ‘ I]IIII::> s .| bill | jess

We can now state the following observation.

140. Selective distributivity and closure under arbitrary unions.
If a DRSD is closed under arbitrary unions, trdiat,(D)i D, for any terma

whose type is iDRefTyp>°.

dist,(D). But this big union is preciselys=Dom(2), ERan(D)>, i.e. <€Dom(2), ERan(D)> dist,(D)
and we have thatist,(D) is closed under arbitrary unions.

%0 Proof. It follows directly from the observational dist,(D) in (i) below and the assumption tHatis
closed under arbitrary unions.

(i) The denotation of a DRdist,(D) contains all and only:

(a) those pairslsJ>I D such thaal=aJ and &l|=1;
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More generally (sincdist,(D) is closed under arbitrary unions for any daef D
is closed under arbitrary unions — see (138e) gbove

_(D)i D, for any terms

If a DRSD is closed under arbitrary unions, thdist .

ai, ..., ap Whose types are DRefTyp.

The inclusiondisty(D)I D can be strengthened to equality, i.e. we can stisw
that DI dista(D), if we require closure under subsets over andvabdosure under

unions.

141. A DRSD (of typet := (st)((stt)) is closed under subseif, for any pair of info
states & J>I D, there is a sébi D of info state pairs such that:
(i) all the pairs inD are of the form <}, {js}>, i.e. they contain only singleton
info states;
(i) ED=<l, J>, whereE D=<E Dom(D), ERan(D)> (see (136) above), i.e.
|=E Dom() andJ=E Ran(D);
(iii ) for any set of info state paifgi 1, we have thab(E Dom(2'))(E Ran(D")),
i.e.ED'T D (note that this condition follows automaticallyDifis also closed
under unions).

142. The following kinds of DRS's are closed under stdgéwe assume their
denotations according to the PCDRT system of ch&pte
a. Tests that contain only conditions denoting cslée.g. atomic conditions,
dynamic negations of DRS's whose domains are dsié¢de.) are closed under
subsets since c-ideals are closed under subsets.
b. A DRSD of the form [, ..., U, | Cy, ..., Cqy], where the condition€,, ..., Cy,

are c-ideals, is closed under sub¥ets

(b) arbitrary unions of sets of pairs of the kipeaified in (a) above, under the condition that, fo
any two such pairsigJ> and 4', J>, alla I' — hence, given thatl=aJ, al'=aJ’ and &l|=pl'|=1,
we have that andl' are disjoint and andJ' are disjoint.

*1 Proof: Recall that the denotation of a DRSf the form [, ..., U, | Cy, ..., Ca), where the conditions
C4, ...,Cyare c-ideals, can be defined as shown in (ii)wddased on the relation in (i).

(i) R := {<ig, jo>: i[uy, ..., uj UjT (EC)C ... C(EC):;
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We can now state the very useful observation ir8Iklow, which shows that
PCDRT with selective distributivity properly extenthe PCDRT system of chapter
without selective distributivity only when maximizan operators or generalized

determiners are involved.

143. Selective distributivity and closure under arbitrary unions and subsets.
If a DRSD is closed under arbitrary unions and subsets,dist5(D)=D, for any
terma whose type is ilDRefTyp and any DR® s.t."< |, J>] D(al=aJ)>?
More generally (this follows directly from the spaEaasedist,(D)=D and from
the fact thatlist, o(D) =dista(dista(D)) — see (131) above):
If a DRSD is closed under arbitrary unions and under supgeta

dist ,(D)=D, for any termsa,, ..., a, whose types are iDRefTyp and any

......

DRSD s.t."< |, J>1 D (a1l=a;J U ... Uayl=anJ).

(ii) D = {<lg, Js>: SRy B(1I=Dom(RR) U I=Ran(k) URI R°)}.

Now take an arbitrary pair of info state$, J>1 D; by (ii), there is someki & s.t. I=Dom(R) and
J=Ran([k). Take the seb of info states pairs to be as folloWws= {<{ig, {j4>: <is, j>1 }. For every pair
of info states<{i}, {j}>1 D, there is the singleton relatiori{ j>} &i E° s.t. {i}=Dom({<i, j>}) and
{j}=Ran({<i, j>}), thereforeDi D. Moreover, ED = <EDom(D), ERan(D)> = <Dom(R), Ran(k)>

= <l, J>. The last condition, namely that for any set diirstate pairsD'l D, it is the case that
D(EDom(?"))(ERan(D")), i.e. thatED'T D, follows directly from (ii), the fact that, for gnk'l R
<Dom(R"), Ran(®")>I D.

%2 Proof. SinceD is closed under arbitrary unions, we have thstt,(D)i D by observation (140). We just
have to prove thddi dist,(D).

Take an arbitrary pail, J>I D. SinceD is closed under subsets, we know that thereli$ B s.t. ED
=<EDom(P), ERan(?)> =<I, J> andD contains only info state pairs of the forfig, {jJ>. Take a pair
i}, {j}>1 Di D. We know thata{i}=a{j} because, by assumptiotis I, J>I D(al=aJ). Moreover,
[a{i}|=[{ai}|=1. Therefore, any pai{i}, {j}>1 D is s.t.<{i}, {j}>1 dist.(D).

We now apply the same technique as the one weinigkad proof of (138e). We partition the geof pairs
into equivalence classes; the equivalence class péir <{i}, {j}>1 & is DM = (i}, {j}>1 D
ai'=ai}; thus, EDMI>=<g Dom(D<M*), ERan(D<™*)> and, since) = E (351 oM, we have
thatED, i.e.<l, J>, is the union of the set of pairs formed<t*1}>,

SinceD is closed under arbitrary unions abd**i i D, we have thatE»<tMIP=<g Dom(p<tH1*),
ERan(@M¥*)>1 D. Moreover,a(E Dom(@<*"*)) = a({i}) = a{j} = a(ERan(® ")) and, therefore,
we also have thata(EDom(D*M¥?))=1. Thus, ED>=<E Dom(D 1), ERan(D<{'”J}>)>I
dist,(D) for any pair<{i}, {j}>I 2. Moreover, since for any two distinct equivalentasses» <"1 and
Y we have that(E Dom(@<HM#*))1a (EDom(@<UM1%)), the union of allE ™1~ s also in
dist,(D). But this big union is precisely) = <€ Dom(D), ERan()> = <l, J>. Thus,<l, J> dist,(D) and
thereforeDI dist,(D).
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It follows from the observation in (143) above tlsatective distributive operators
are vacuous when applied to tests containing onhditions denoting c-ideals or to
DRS's of the formuy, ..., u, | Cy, ..., Cyl, where the condition€;, ..., Cy, are c-ideals —

if, in the latter case, we distribute over a drafifferent fromuy, ..., u,.

The equivalence in (144) below shows that, in PCDRIP-CDRT, selective
distributivity operators distribute over dynamiamganction.

144, disty(D; D') =dista(D); disty(D"),
for any terma whose type is iDRefTyp and any DRS'® andD' s.t.
"< |, J>1 D(al=aJ) and"< I, J>I D'(al=aJ)**

Finally, we show that we can extend our previousilte about the reduction of
multiply embeddednax" operators to more complex representations invglgelective
distributivity in addition to embeddemhax" operators. In particular, the statement in
(145) below is a theorem of PCDRT (or IP-CDRT) wshlective distributivity. The
conditions are identical to the ones needed toaedtructures with multiply embedded
max" operators that do not contain selectively distilmioperators (see the Appendix to
the previous chapter).

145. Simplifying 'Max-under-Max' Representations with sdective distributivity:
max“(D; disty,(max"(D"))) = max‘(D; disty([u]; D')); dist,(max"(D")),
if the following three conditions obtain:

a. uis not reintroduced iD';

*3 Proof:

(dist,(D); dist,(D")IJ = $H(dist.(D)IH U dist,(D")HJ)

=$H(al=aH U" fla (Dl =H.=) UaH=aJ U" fla H(D'Ha=tJar))

=$H(al=aH=aJ U" fla 1(Dla=Hazt UD'HaztJar))

= (given that'< 1, J>1 D(al=aJ) and"< I, J>I D'(al=aJ)) al=aJ U" fla I($H(Dl.H UD'HJ.))
=al=aJU" fla 1((D; D')la~tJa=) = dist,(D; D)IJ.
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b. " Ist" Xer (BJs(([UT; DI UX=UJ) « $I(max' (DI UX=ud)):

c. max(D') = [u]; D'; max“(D")**

54 Proof.

Claiml. If " Is" Xe($Is(([uT; DI U X=uJ) « $Jy(max’(D)J U X=uJ)), then" I Xe($Is(disty([ul;
D) UX=uJ) « $Js(dist,(max“'(D)1J UX=u)).

Proof of Claim1." Ig" Xe($Js(disty([u]; D')II UX=uJ) « $J(dist,(max"(D))IJ UX=uJ) =

" gt Xe($Isul=ud U " xJd ul(([u]; D)ly=xduz) U X=ud) «  $Ig(ul=ud U " xJ ul(max’ (D) y=du=y) U
X=uJ)) =

"1 $Isul=ud U Xl ul(([UT; D)umcdun) « SIsuI=ud U™ - ul(max’ (D) u=xdu=x))

LR : Assume that, for an arbitraly we find someJ s.t. ul=ud U " xJd ul(([u]; D')ly=xJu=y). Pick an
arbitraryx; we have that ([]; D)l -Ju=x. By hypothesis, we have thatg' X($Js(([u]; D)IJ U X=uJ) «
$Js(max’(D")IJ U X=uJ)). Instantiatd with I -, andX with {x}. We therefore have that:

$I(([uT; DYu=xd U{x=ud) « $I(max’(D)ly=J U{x}=u))

The left hand-side is true because]([D")l,=xJu=x iS true and, obviouslyJ-={x}. We can therefore find
a stateJ* s.t. max‘ (D)l . J* U {x}=uJ. Thus, for alix]l ul, there is somé* s.t. max (D)l -J* U {x}=uJ.
Take the union of all these states, i J" Clearly, ul=u(E J9) and " xJd ul(max‘ (D)l =J).
Therefore$Js(ul=uJU" xJ ul(max’'(D")ly=xJu=y))-

RL : the reasoning is paralléind of proof of Claiml.
Thus,max‘(D; dist,(max“(D")))1J =
$H(([u]; D)IH Udist,(max“'(D"))HJ) U" K($H(([u]; D)IH Udist,(max‘(D")HK) ® uKi uJ)

By condition (145b) andClaiml, we have that:" I X($Js( (U], DI U X=u) «
$J(dist,(max(D'))1J U X=uJ)).

Thereforemax‘(D; dist,(max“(D")))IJ =

$H(([u]; D)IH Udist,(max“(D"))HJ) U KSH(([u]; D)IH Udist,([uT; D')HK) ® uKi uJ) =

$H(([u]; D)IH Udist,(max’(D))HJ) U K(([ul; D: disty([u]; D)IK ® uKi ud)

We have thamax“'(D') = [u]; D'; max“(D") (condition (145c)). Hencenax'(D; dist,(max‘'(D)))I1J =
$H(([u]; D)IH Udisty([uT; D'; max“(D"))HJ) U" K(([u]; D; dist,([u]; D"))IK) ® uKi uJ)

Sinceu is not reintroduced iD' (condition (145a)), we have by fact (144) tdat,([u]; D", max”(D')) =
dist,([u; D'); disty(max"(D"). Thereforemax'(D; dist,(max"(D')))I1J =

$H(([u]; D; dist,([u7; D))IH Udist,(max“(D")HJ) U" K(([u]; D; dist,([u]; D'))IK) ® uKi uJ) =
$H(([u]; D; dist,([u7; DY))IH U" K(([u]; D; dist,([u]; D))IK) ® uKi uJ) Udist,(max"(D'))HJ)

Since u is not reintroduced inD' (condition (145a)), we have thatJ=uH. Hence: max'(D;
dist,(max" (D')1J =

$H(([ul; D; disty([u7; D)IH U™ K(([u]; D; dist,(u]; D'))IK) ® uKi uH) Udist(max“(D))HJ) =
$H(max'(D; dist,([u]; D'))IH Udist(max’(D"))HJ) = (max(D; dist,([u]; D")); dist,(max“(D))1J. »
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Just as before, we can further simplify the threeddions in (145). First, given the
first condition, i.e. (145a), the second conditian equivalent toDom([u]; D') =
Dom(max”(D')). Moreover, based on the two facts in (146) tbeeappendix of chapter
5 for their proofs), we can further simplify conditi (145c).

146. a. If D' is of the form {1, ..., Uy | Cy, ..., Cy,
then" IsJds(([u]; D) ® ([u]; D)I=([u]; D')J).
b. If " lsds(([u; DY ® ([uT; D)I=([uT; D')J),

thenmax“(D') = [u]; D'; max“(D").
Thus, we have the corollary in (147) below.

147. Simplifying 'Max-under-Max' Representations with sdective distributivity
(corollary):
max“(D; dist,(max"(D"))) = max(D; dist,([u]; D"); dist,(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 {iy, ..., uy | Cy, ..., Ch.

The right handside of the identity can be furthiempdified if the DRS [i]; D' is
closed under unions and subsets, in which caseamweomit the distributive operator
embedded undanax” sincedist,([u]; D') =[u’]; D' — this holds because, by (147a)s
not reintroduced iD' and, therefore'< 1, J>1 ([u]; D")(ul=uJ). Consequently, we have
the additional corollary in (148) below, which iseaful for the simplification of

derivations.

148. Simplifying 'Max-under-Max' Representations with sdective distributivity
(corollary?2):
max“(D; dist,(max“(D"))) = max“(D; [u]; D'); disty(max"(D"),
if the following three conditions obtain:

a. uis not reintroduced iD';
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b. Dom([u]; D') = Dom(max“(D"));
c.D'is of the form {iy, ..., un | Cy, ..., Cr
andC,, ..., C, are c-ideals.

Moreover, (148b) actually follows from (148c) besaC;, ..., Cy, are c-ideals.



