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Chapter 1
Simpler Semantics

It is clear that sentences of any natural language have atgieal more
structure than simply the concatenation of one elementavigther. Thus,
to establish a complexity scale for string sets and to plaageinal lan-

guages on this scale may, because of the neglect of othertampstruc-
tural properties, be to classify natural language along dtnoately irrel-

evant dimensionPartee, ter Meulen and Wall, 1990:436-7)

In this thesis, | define a simplified semantic compositionathanism based entirely
on Event Semantics, and | provide the skeleton of a flexibes¢ysemantics interface
which is formally specified and at the same time open for fionel explanations of

grammatical phenomena and pragmatically enriched irg&apons. This involves two

major projects: First, | introduce a representational sgirnanechanism which does
with a minimal number of semantic types and only one basie.tygecondly, | define

how the semantic representations are interpreted at dsedevel to encode and ex-
change information. The project is completed by a prootaricept implementation in
a syntactic framework (Head-Driven Phrase Structure Grarhm

1.1 Representational Semantics with Few Types

1.1.1 One Basic Type

Linguists working in formal semantics (a tradition whiclgaably dates back primarily
to Tarski 1957, but without doubt brought successfully itite linguistic mainstream
by Montague 1973a) and in proof-theoretical frameworkshefdyntax-semantics in-
terface like Categorial Grammar (dating back to Ajdukiem®35) usually employ a



CHAPTER 1. SIMPLER SEMANTICS 2

specific kind of logic (mostly intensional higher-ordercalculi) and standard model
theory in the semantic analysis of natural language. By ntakiis choice, they set
themselves apart from cognitively oriented linguisticahies and explore the rela-
tions between linguistic expressions and the objects testH affairs in the material
world rather than mental representations thereof. Evetyradlanguage expression is,
from the straightforward viewpoint of formal semanticspgital formula (in disguise)
which directly receives a disambiguated interpretation in some model.

This highly successful mathematically founded approashéspecially since the 1980s,
been complemented by theories like Discourse Representatieory (DRT, Kamp
1984, Kamp and Reyle 1993) which provide indirect interiiens for natural lan-
guage expressions by first translating expressions inteseptations (which could be
but need not necessarily to be similar to mental represengtwhich then receive an
interpretation at discourse level where concrete modelsoemmed. Especially the loss
of direct interpretation in such frameworks has been azeig by strict model theorists,
a critique which has spawned alternative approaches to ribl@dgms solved within
DRT, e.g. in the form of non-representational variants afaiyic logic (Groenendijk
and Stokhof 1990, Groenendijk and Stokhof 1991, Stokho626&.).

This thesis follows a representational approach whilek&#@ping up a model-theoretic
primary interpretation of linguistic expressions. How 9é@rmal model-theoretic se-
mantics is truth-functional. That is, sentences exteraipdenote truth-values and are
of the corresponding tygeg(or Bool or 2). Their truth can be checked in a given model.
The types of the expressions from which the sentence ismmtstl have to be forged
in a manner that their combination (usually function apgi@n) results in &-typed
expression.

Here, following an extended version of Event Semantics,vieltg a theory where
sentences denote sets of events rather than truth-valugsnt&nce is interpreted in a
domain of events which contaiadl possibleevents, and it is interpreted as those sets
of events (which naturally are subsets of the domain of abpae events) which make
it true. Truth becomes a secondary semantic concept, atidisrnot determined for
sentences proper.

For example,;'Every frog laughs.” denotes all possible sets of laughing events such
that every frog is the agent of at least one of these laughiegts in every set. If com-

1 The notion of truth present in this study, if there is any sabsal notion of truth at all, resembles
that of post-correspondence-theoretic philosophersaativgy deflationary or especially coherence
theories of truth (cf. Blackburn and Simmons 1999, esplydiaé Bradley 1907 and James 1907
reprinted there). Since the scope of this study is ratheclanieal than a philosophical one, | do
not discuss philosophical conceptions of truth, however
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municated, such a meaning allows the hearer to form valioribg about the world (at
least about the frogs and the laughings in the world). Moreéhisacommunication-
optimized interpretation can be found in sectibf

Events as individuals (introduced by the philosopher Dariadvidson in Davidson
(1967)) thus have the advantage of functioning as reifieggutaes and relations, as in-
dividuals which encode information. So, although they acglef-theoretic entities and
sentences are interpreted in a model, the purpose of theiiatation is not to derive a
truth value for the senten€ebut to gain information from it by a set-theoretic decod-
ing process. There are some similarities to Infon/Situme8emantics since infons are
means of encoding information similar to the events of tle®ti presented here. How-
ever, here the primary semantic interpretation is achi®yea simple model-theoretic
device.

Disposing of the type, the theory actually does with one basic type, the type of in-
dividuals, which is sorted into non-event individuals @dtif, typeObj) and event in-
dividuals (events, typ&v). This follows suggestions recently published by Barbara
Partee (for example in Partee 2007), who also discussesafaymndoning thetype

as a basic type. The type system does with the two sorts ofithdil types, set types
for those two, and functional types.

1.1.2 One Type for Arguments and Adjuncts

A major part of the thesis is devoted to further simplificaaf the system of func-
tional types. Normally, semantic compositionality invedva lot of operations which
adjust the type of some expression. Variables have to be madkable for modifica-
tion (by abstracting over it), especially so in traditioeaént-based frameworks where
event variables both have to be existentially bound at di stage (Parsons 1990) but
can be modified by all sorts of adverbials applying later. uldgs which can apply
at different stages of saturation (with arguments) of a ipegd require polymorphic
definitions. Also, displacement (like frontings of all sjrtusually requires the intro-
duction of a variable, type-adaptation of the resultingregpion, and later binding of
the variable by an expression which also has to be adaptgden At least, this is so in
proof-theoretic frameworks like Type-Logical Grammar. Carpenter 1997), but com-
pare also complex type-adaptation operations in connegtith quantifier raising in
semantic theories based on transformational grammarsn(ldied Kratzer 1998). Re-

2 Given the domain of all possible events, all sentencesu(iet contradictions) arprima facie
assumed to be “true” in a shallow sense anyway.
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cently, Dynamic Syntax (Kempson, Meyer-Viol and GabbayD(tas provided ways
of reducing this huge type polymorphism for cases of dispiaent. That theory is
fundamentally different from the one advocated here in ithfatcuses on incremental
sentence processing, and | do not discuss it further.

Based on a concept casually used in Krifka (1992), | provideraantics where verbs
simply denote sets of events like laughing or walking evé@ytse/7EV), and both argu-
ments and adjuncts are of the type of operators on sets ofsg\eEv — [JEv).2 Thus,
both can apply at any time, and at least arguments can take siteectly without any
additional semantic operatiofisThis radical simplification of semantic compositional-
ity requires some moderately complex interpretationabivge but in the end, a simple
and powerful theory of compositionality emerges.

1.2 Discourse-Level Interpretation

As | said above, the framework is representational in thaois not interpret ex-
pressions directly in a correspondence-theoretic fashidme famous argumentation
in Montague (1970) in favor of direct interpretation can oticse not be invalidated
formally here. Montague assumes that linguistic expressaan be related to model-
theoretic objects by a strict and well-defined interpretaprocedure. Thus, language
itself must be a formal system with discoverable principiesompositionality, because
if it were not, then interpretation would be arbitrary andbégoious at least to a cer-
tain degree. Thé&ranslationof language into logic is thus not a translation proper but
merely a way of providing a clearer view on the logical prdiesrof natural language
expressions.

Montague argues that, if there is a faithful translatiomfroatural language to some
symbolic logic, which then can be model-theoretically ipteted, then the translation
would have to be a homomorphism (otherwise it would not binfial). If it is a ho-
momorphism, however, then it is essentially vacuous becthes interpretation itself
is a homomorphism, and an interpretative procedure can d&afsa for untranslated
expressions directly.

| still assume that expressions are interpreted directiynmodel. However, this model
does in no way correspond to the material facts, it is ratieidbmain of conceivable

8 Quantification will require raising these types@@IEv (the type of sets of sets of events) and
(O0OEv — OOEv) (the type of functions from sets of sets of events to sets tf gEevents.
Chapter3 is devoted to this theoretical move.

4 Additional operations are required when negation and itetyges of modifiers take scope. This
is discussed in sectioh 3
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bits of information. Bits of information, as described abpare the maximally specific
events of the theory. As in representational frameworlesgetis a two-step interpreta-
tion process. However, the first step already produces a Irtiogleretic interpretation,
and not a representation: The sentence denotes all possiblef events which can be
described by the sentence. From several such set objectsdeaoted by a sentence)
as collected within the course of a discourse, the langusgethen constructs concrete
mental models which each contain at least one set of evemtstfre denotation of each
collected sentence.

Thus, there is no intermediate logical representation,neitely an intermediate in-
terpretation, a representation as non-logical mentalotdhjeMontague’s argument for
direct interpretation is thus not invalidated, but a digetr view of what it means to
interpret a sentence is adopted.

The theory presented here is clearly communication-aeagnt defines how informa-
tion is encoded, transmitted, and finally used to constrontatal representation. | will
not try to answer the question of whether this is more or leasible than those direct
interpretation frameworks which claim immediate corresgences between linguistic
expressions and objects and states of affairs in the reddwor in models, which
are taken to correspond parts of the real world). The current philosophical discus-
sion seems to me to have gone far ahead of the merely techimspaites in linguistics
(cf. the papers in the aforementioned Blackburn and Simm®&89), and respect for
the relevant work done by philosophers forbids the commuaguiist to attempt to con-
tribute anything substantial about the deeper concepttt.tr

To summarize: My framework uses direct model-theoretierprtetation of linguistic
expressions (and thus resembles work in the Montagovialititra), but it does ex-
plicitly not assume that the models have correspondere@-¢hicreal world import.
Rather, a two-step interpretation procedure is definediwikisimilar in spirit (although
not technically) to theories like DRT.

1.3 Overview

Within the general programme just outlined, this thesisceoitrates on laying the se-
mantic foundations complemented by a core syntactic mesmanit should be kept
in mind, however, that the semantics provided here is inggsla compatible with any
standard syntactic framework.

This thesis is structured as follow€hapter 2 first recapitulates the foundations of
Event Semantics, and argues that adverbs can be easily edagieloperators within
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an Event Semantics, thus blurring the alleged oppositioragproaches to adverbial
semantics) between so-called operator approaches (Tlooraad Stalnaker 1973) and
event-based frameworks. It is then shown that simple riefgexpressions can be also
treated as operators (Generalized Operator Approach)handsentence denotations
(as sets of events) can be processed at discourse level.

Chapter 3 takes the Generalized Operator Approach (GOA) one stepdugnd in-
troduces quantification. Quantification requires raisimgtype of sentences from the
type of sets of events to the type of sets of sets of events.

Then, chapter 4 discusses how negation can be dealt with by introducing arppl
parameter for events. The introduction of negation reguine introduction of a se-
mantics of focus and alternatives. Also, larger event sires (calledrame evenfs
are introduced, which are necessary to correctly represemte distinctions when cer-
tain adverbial modifiers and negation are involved. In tihiapter, | also switch from
standard truth-functional model theory to a discoursellsemantics.

Chapter 5 provides a formalization of the theory.

As an appendix to the previous chaptetsapter 6 mentions possible solutions to ques-
tions about collectivity and distributivity in the framevkopresented here.

Before some achievements and residues are discussgwapter 8, chapter 7 pro-
vides a proof-of-concept implementation of the currenttayrsemantics interface in
Head-Driven Phrase Structure Grammar (HPSG).



Chapter 2

Event Semantics

2.1 Foundations of Event Semantics

Event Semantics was introduced into the linguistic mag@astr by the philosopher Don-
ald Davidson in Davidson (1967). Davidson developed theephofevent variables
covert parameters (i.e., additional argument places) tidragerbs which can be con-
junctively modified by adverbials. A significant work culiting the idea further is
Parsons (1990), the main proponent of what is usually cikeo-Davidsonian Event
Semantics, a framework which represents thematic streiatuverbal entries by mak-
ing roles explicit in the form of functions from events to mduals. Kritka (1989),
Wyner (1994), Landman (2000), and Eckardt (1998) are amlbagvbrks discussing
mereological event structures, i.e. plurality in the exdrhain, which was the theoret-
ically most fundamental further development in Event Seticaim the 1990’s. Discus-
sion of which types of predicates introduce Davidsoniameyer state) variables can
be found, among others, in Davidson (1967) (rejects statdifracs), Parsons (1990)
(assumes state modifiers), Kratzer (1995) (assumes stalidéens but only with indi-
vidual level NPs), Katz (2000) (rejects state modifiers).

Since more advanced topics will be gradually introducedierlchapters (starting with
the assumption of simple sets of events in the present ahabptgll at this stage only
recapitulate the main arguments in favor of Event Semaatidsadd some discussion.
Later chapters will then discuss some of the advanced tgpick as event quantifi-
cation and mereologies. The presentation follows maingyfitst three chapters of
Landman (2000) and Eckardt (2002).
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2.1.1 Arguments for Event-Based Theories
2.1.1.1 Entailment and Explicit Reference

First, let me summarize why and how Donald Davidson sugddstent Semantics in
the first place in Davidson (1967).

(i) Davidson notes that in a very traditional logical framewa#ding a modifier to an
n-place predicate would be treated by formingman 1-place predicate, as id), as it
is still done in many introductory textbooks on applied peate logic.

(1) a. Jones buttered the toaBt,,t)
b. Jones buttered the toast with a knig¢, t, k)
c. Jones buttered the toast with a knife in the bathragg.t, k, b)

We immediately notice that the introduction of modifierlgtowlywould be more dif-
ficult to implement since they do not involve a specific refiérddavidson argues that
it is undesirable to have an infinite number of versions ofstie predicate in store,
just to account for every case of modification of that preicandeed, this is also
counterintuitive to most linguists who would view adjuncbdification as a recursive
process which requires a recursive semantics. Notice, Vewhat in principle, such
polyadicity effects could be created by lexical rulestiftithe adicity of any predicate,
even introducing the correct syntactic typefavidson solves this problem through
the introduction of event variables as demonstrated below.

(i) The second problem or phenomenon involves explicit referémevents by anaphoric
pronouns. Indeed, we can paraphrakg &s in ), picking up reference to something
from the first sentence by the pronoiin

(2) Jones buttered the toast. He diglowly. He didit with a knife. He didit in the
bathroom.

One might ask what thisomethings that can be picked up by the anaphoric pronoun.
Davidson assumed it was the event variable introduced bgrngous sentence.
(iif) The third problem is related to the first one. Look at the iefees in 8).

(3) a. Jones buttered the toast slowlyJones buttered the toast.

b. Mary stirred the porridge with a spoadn, Mary stirred the porridge.

1 Such a treatment is similar to the argument extension thaoiyicConnell-Ginet (1982). In
that paper, adverbs are assumed to modify representafiorshs (two-place predicates), adding
more and more argument places for each modified parameterprbperty of Permutation men-
tioned below cannot be explained by this theory without thditéon of further meaning postulates,
however.
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(4) a. B]_(j,t,S) |7ZBZ(17t)
b. S(m, p,s) ¥ S(m, p)

It seemed to Davidson that the inferences3dpgre logical inferences), an assump-
tion which can by no means be proven (hence, | writeand not just-). | will challenge
this view further in sectio.2.1 However, if these are valid inferences, then we might
well ask how they come about. It is clear, that simple infeesnwill not go through
with the representations id)

Davidson'’s final solution involves introducing an eventighle with every action pred-
icate, pushing any-ary predicate to arity+ 1. He devotes some discussion to the
guestion of which predicates actually provide an eventaidei besides clear action
predicates (cf. Davidson, 1967:119-20), but we can geizer#ihe solution to make
any verbal predicate provide such a variable. The additiargument,e in (53), is
introduced with the verb, and solves problem (i) by allowayglic predication over it.
The modifiers are themselves represented as simple firstnedicates over the event
variable. This makes the analysis of a multiply modified éwdascription similar to
paraphrases such as &),(cf. (5b).

(5) a.B(],t,e) (for butter, with j andt the nominal arguments,the event)
b. B(j,t,e) AWITH(k,e) AIN(b,e) (k for knife, b for bathroom)

The additional argument of the predicate also solves prol§ig: Ontologically, the
event is a sort of individual, and thus open to be anaphdyipatked up.

The event can even serve as a controller for subjects of tiési(cases of so-called
PRO). Cases liked), quoted here in slightly modified form from Landman, 2000:2
can be analyzed as having the event of collision as the dtertro

(6) The Elise collided with the Spider, PRO killing both ds.

2.1.1.2 Existential Binding and Some Inferences

Finally, in Davidson’s approach, the event variable is texisally quantified over as in
(73).
(7) a.3eB(j,t,e) AWITH(k,e) AIN(b,e)
b. Je.B(j,t,e) AWITH(k,e) AIN(b,e) - 3e.B(j,t,e)
Davidson argues that this renders ordinary expressioes'Bkutus killed Caesar”

most adequately, becau§a/lhen we [...] [think] a sentence [...] describes a single
event, we [are] misled: it does not describe an event at allit iB[it] is true, then
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there is an event that makes it truéDavidson, 1967:117). This is exactly what the se-
mantics of the classical existential quantifier gives ususllgiven the aforementioned
sentence about Brutus and Caesar, there must have beestatrlea&vent which was a
stabbing of Caesar by Brutus, but there might have been ampeuof such events.

As one can easily see, the Law of Simplification now gives #reéd inferences from
the modified to the unmodified sentences (¢h)J, which answers question (iii). In
fact, such modification by pure manner adverbials can beactenized by two proper-
ties characteristic of modification of nouns by simple relal adjectives, properties
dubbedPermutationand Drop (cf. Parsons 1990, Landman, 2000:7-11). Drop states
that any ofn modifiers can be dropped, and that the sentence containendrtpped
modifier leads to an inference to the sentence where the raodifdropped. This is
exactly the case of7f). Permutation states that permutations of modifiers leatbto
change in meaning, i.e. that the permutations lead to mutfeakences as ing).

(8) a. Marry stirred the porridge in the kitchen with a spoén.Marry stirred the
porridge with a spoon in the kitchen.

b. Marry stirred the porridge with a spoon in the kitchén. Marry stirred the
porridge in the kitchen with a spoon.

Notice that for scalar adverbials likguickly, which are relative to some comparison
class, one might be tempted to argue that they do not d¥ermutation just as scalar
adjectives likebig, which are relative to a contextually determined scaleatt,fDavid-
son makes a remark along these lines on the second page afsbayi1967) and ex-
cludes such adverbials from his analySisdowever, | cannot think of any example
where this problem really occurs with Permutation and Dréygemvmanner adverbials
(as opposed to adjectives) are involved. If there are rateegamples, then we could
always assume with Landman (2000:7) that the idea from Kd@pg) is applicable to
adverbials as much as to adjectives. Kamp argues that tharglscale against which a
scalar adjective is evaluated is contextually determiaad,that cases of what appears
as non-equality under Permutation are cases where thantlevale has been changed
implicitly.

Furthermore, with existentially quantified event desaooips we do not talk about iden-
tifiable individuals but just about minimal examples undeiseential quantification,

2 Davidson’s argumentation is much more on a purely ontoldd@vel than on a linguistic one. He
assumes that we can salpan crossed the channel slowly@nd“Joan swam through the channel
quickly”, and thereby refer to the same ontological event, because deneral crossing of the
channel the crossing might have been slow, while Joan habertapken the record for swimming
across the channel. From a linguistic perspective, howexewould always distinguish these two
events, and the problem does not arise.
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certain monotonic inferences which can be observed in th@mea domain, as in9),
are excluded in the verbal domain with adverbial modifiess|lastrated in the exam-
ples in (L0) and the formalization ini(1) (Landman, 2000:5,11.

(9) a. Johnis a blond American.
b. John is a blue-eyed American.

c. - John is a blond blue-eyed American.

(10) a. If one talks to a crowd one moves his thorax.
b. John talked to a crowd through a microphone.

c. i John moved his thorax through a microphone.

(11) a.Vevx.talkTo (e c,x) — 3€.move(€, x, thorax(x))
b. Jetalkto (e, j,c) Athrough(e,m)
c. I/ 3¢.move(€, j, thorax(x)) Athrough (€, m)

The inference fails because Existential Instantiatiorh $econd premise and in the
consequent must be to fresh individual constants.

This concludes the brief introduction of the initial motiven that lead to the introduc-
tion of Event Semantics. Let me finally point out that one majtological plausibility
speaks in favor of an event-based approach, even in caseafdheeoriginal motiva-
tions might turn out slightly eroded at the end of this chep@ne main conceptual
problem one might (but of course does not need to) have withssical treatment of
n-place verbal predicates as setsig@fiples of individuals is that it looses the ontologi-
cal insight that the tuples of individuals for which the poede is true are related not by
mere pairing, but by their being involved in an event, pre¢cstate, etc. Even though
at some index, the interpretation of predicates as setptddus sufficient to determine
the truth value of some predicate expression applied to@fapmdividual expression,
it is hard to interface this notion to conceptual mechanismslving events with all
their temporal, aspectual, and spatial properties as pertby humans. And even if
one does not want to discuss matters of conceptual plaigitekplicit reference to
events and the linguistically relevant (even languageedh) individuation of events,
which | am going to discuss in secti@l.2 show that events are an asset to any rich
theory of natural language semantics.

Even a classical (not event-based) predicate’s intensige{ of tuples of indices and

3 In the consequent of.(Lg), | have omitted Landman‘sainvolve(e €)” . It seems to suggest some
ontological connection which language just does not exprdhe formalization as given here
renders the absurdity of the false inference more cleantgctly, and perfectly in line with our
final ontological commitments.
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such lists of tuples of individuals), provides no obviousedt anchor to attach infor-
mation related specifically to the event/process/stateiletwhich the individuals are
involved, although it is of course sufficient to characteribe predicate for all pos-
sible indices in some way. This intuition will be backed upits/power to solve a
major problem in the semantics of adverbials in seclidhlrelated to the extension-
ality/intensionality question.

| have shown in this section that language conveys someniaton about events in
a very direct fashion, and that my argumentation which fe#les therefore based on
well-known linguistic and ontological observations.

2.1.2 Roles and Event Individuation
2.1.2.1 Finegraned Events

The Neo-Davidsonian approach, formulated most promigentParsons (1990), as-
sumes that in the logical representation of a verb, argusnam added in a fashion
similar to that in which adjunct modifiers are added. Makimgratic roles explicit and
turning them into relations between events and individ(@$unctions from events to
individuals), arguments are added conjunctively throdggntatic role predicates. For
the classical Davidsonian form ifiZg), (12b) is a sample lexical entry for a verb under
the Neo-Davidsonian framework with roles as relations leetwevents and individu-
als. (L2¢9 gives an equivalent form which is preferred in Landman ®0&and which
renders roles as functions.

(12) a.Ay.Ax.Aepush(e)(x)(y)
b. Ay.Ax.Aepush(e) A agentx)(e) Atheme(y)(e)
c. Ay.Ax.Ae.push(e) Aagentle) = xAtheme(e) =y

This makes the semantics of arguments and adjuncts simiégadh other, a fact which

| will exploit in section2.2.1 Since the combinatorics of each of these three forms is
the same (given by th& prefix), the syntax-semantics interface for the three wisia
will look very much alike.

The Neo-Davidsonian representation, however, makesigrdasndividuate events by
roles, i.e. to make explicit the purely language-driverureabf the ontology behind nat-
ural language events (as opposed to real world events in mooreense meaning). Let
me illustrate this by citing from Landman (2000:32), altgbuhe examples originate
from Parsons (1990).

(13) a. i. lhitBrutus.
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ii. Je.hit(e) Aagent(e) =i patient(e) =b
b. i. I revenged myself.

ii. Jerevengde) Aagente) =i Aexperiencere) =i
c. 1. My hitting Brutus was my revenge.

ii. The eventinX3a) is the same as the one ih3D).
d. i. Hence, | hit myself.

ii. Je.hit(e) Aagente) =iAexperiencere) =i (with Law of Simplification)

| have some major concerns regarding this example (and rttost imilar examples),
concerns which, | think, go beyond what Parsons and Landmsin @ show. The
identifying clause, 130 should probably not be taken as a statement of simple tgenti
since natural language makes richer use of what looks likatity statements. The
relation expressed between my hitting Brutus and my revemgé&3c) is far more
complex than identity. It seems to me that the identifyinguske must be taken as
saying that it is the hitting of Brutus whickerves as a means afchieving revenge.
And this phenomenon is by no means restricted to eventseasahally nonsensical
(14) shows.

(14) a. My Glock is my peace of mind.
b. I shot my foot with my Glock.

c. Hence, | shot my foot with my peace of mind.

On the other hand, the existential quantifier i8¢ and (L3b) does not lead to the
description of one uniquely identifiable event, but, as Bswn said, the sentences are
merely true if there is at least one event which fits the dpson. Of course, we usually
allow anaphoric reference to entities introduced via astertial quantifier (as iA
man entered. He had a donkey with himbut it is not clear how the simple logical
representation inl(3d) is supposed to come about. Such general considerationkisho
actually precede any suggested formal solution, and it triigin out that there is no
need for a technical solution at all. But, aside from the argntation from which it
stems, the formal apparatus is still highly useful, and isla great deal of work in
other places.

Parsons and Landman assume three principles individuatergs at the level of event
type (what | call themain event parametgand role specification, as listed ibH)-(17).

(15) Lexical Finegrainedness Requirement (LFR)adapted from Landman, 2000:36)
If A and B are lexical predicates of events, tHare. A(e)|N[Ae.B(e)] = {}.
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(16) Role Specification (RS)Yadapted from Landman, 2000:38)
For each lexical predicate A it is specified which roles arineé for that predi-
cate (and also which roles are obligatory).

(17) Unique Role Requirement (URR)(adapted from Landman, 2000:38)
Thematic roles are partial functions from events to indnais.

What effect do these principles, in turn, havieéxical Finegrainednes$ helps us to
distinguish buyings from sellings and hittings from revesnigkings, etc. Without the
LFR in place, we could be tempted to identif§ary buying a piglet from Johiand
the (in space and time) quasi-collocatémhn selling a piglet to Mangas one event.
Of course, this would bring about serious complicationsesifior example, adverbials
like without permissiommight correctly modify thebuyingexpression but not to the
sellingexpression, and vice versa; a selling and the associatgddoteally are two
events. The LFR thus detaches linguistic ontology from cam®ense ontology to a
certain degree. However, many adverbs contribute sim@digates over events just
like verbs, and we do not want them to fall under Finegraiesdnlt could very well be
that the quick events and the violent events have a non-eimgtgection, etc. It is not
clear whether Landman avoids this by his definitiotesical in the formulation of the
principle, but I will give a reverse implementation of Fimamedness in sectich?2.1
in the form of FI £5). With that formulation (and in the general picture of myahg
the problem does not arise.

Role Specificationdeals with what is known as argument structure in syntabte t
ories. It blocks inferences such as the nonsensical on&8n ¢ited from Landman
(2000:31).

(18) a. I dined tonight.
b. | ate falafel tonight.

c. The falafel was my dinner.

d. Hence, | dined falafel tonight.

Landman argues that the LFR could take care of this failurmfefrence, but that it
would miss the true reason for the failure. | do not consitles argument fully ade-
quate. It will not help us to be able to distinguish theing from theeatingby the LFR

in this case, because the inference does not require thésdedre extensionally iden-
tical. | could beeating while diningpr dining by eatingjust as withchewinstead okat
andeatinstead ofdine a similar inference would go through. We are not dealingpwit

4 Landman actually later reconstructs this principle frommentprinciples. Since | find Finegrained-
ness useful in my theory, | keep it as a (potentially not ired&fent) axiom for convenience’s sake.
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a case of a logically faulty argument, but the sentence engdtle logical conclusion
is simply ungrammatical (and hence blocked by RS). This detnates the uncontro-
versial insight that a grammatical theory needs lexicghgcified argument structure,
encoded here by RS.

Finally, theUnigue Role Requirement(dating back to Carlson 1984), puts a ban on
events where the same role is filled by several individuaisPdrsons’ framework it
does that by requiring the role to be a function from eventsdividuals. If it is a
function, then it is one-to-one. It must be partial, becatis& not the case that for
every event every role is actually specified (for examplerehs no agent in a dying
event). | will show in chapteB and especially chaptér(based on rich literature such
as Scha 1981, Krifka 1989, Wyner 1994, Landman 2000), howobiglurality might
be related to event ontologies.

| have shown how events must be distinguished or individuatesed on their main
parameter and their role specifications.

2.1.2.2 The Ontological Independence of Events

To close this section, | will further demonstrate the ongadal value of what was just
said and add a few words on further disambiguations of evamtisthe ontological
independence of events, i.e. the fact that they cannot lmmséticted from other on-
tological objects like times/intervals, space coordisagdc. (following Eckardt 1998
and Eckardt 2002, although many observations are from Ratk@00).

Let us assume events can be reconstructed as time inte@aks simple example to
refute this assumption isl); there are two possible adequate dialogs in a situation
where Alma slept from 2:00 to 4:00.

(19) A: Did Alma sleep between 3:00 and 5:00?
(20) a. B: Yes, she did.
b. Bo: No, she didn't.

The first answer is correct because the sentence can be towikas a question about
the time span mentioned, and of course Alma slept duringgbabd. The second
answer takes the question as a question about Alma’s stgepent, and that event
was obviously not located between 3:00 and 5:00. ObviosgBakers attribute specific
qualities to the event itself, independently of simple tenapproperties of the event.
But maybe we could reconstruct events as time interval pdaia coordinates? The
case against this hypothesis rests on facts about ways ahwahievent expression can
be modified. Take two obviously space-time-collocated &s/amich should be one if
events are really nothing more than spatio-temporal region
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(21) a. The sphere rotated quickly and, during exactly threeséime, warmed up
slowly.

If events could be reconstructed from temporal and locahipires, thenslowly and
quickly, two obviously contradictory modifiers, would have to apjayhe same event.
Thus, Parsons concluded that, whenever a modifier is apf#ita one event descrip-
tion but not to a second one, then the first and the second pugsitbe distinct. The
resort to scales, e.g. a postulation that some interpoetéilie slow as warming up
andquick for a rotationis involved, would lead, in the case at hand, to the implarati
that rotations are usually slower than warming ups. We mustiade that%1) really
describes two individuated events.

We see from the previous discussion that event individnagimuld be maximal. Dif-
ferences in event type, in argument structure and thentatictare, and in modifiability
all lead to maximally differentiated events. That we are stimes tempted to perceive
these events as one event (in a common-sense ontology) wiustad us to assume
that they are one in the ontology of natural language.

In the next section, | discuss why we can use Event Semaitiogarcome both the
conjunctive/relational character of Event Semanticdfitaad the problems with mod-
ifiers as operators. This leads to a generalization of theomatf operator for both
arguments and adjuncts.

2.2 The Generalized Operator Approach for Referring
EXxpressions

2.2.1 Operator-Based Approaches

First, this section gives a quick recapitulation of the d&ston surrounding the operator
approach (Thomason and Stalnaker 1973) and the conjuistteggproach (Davidson
1967 and his followers). | base this mostly on Eckardt (1998)en, | introduce the
semantics of the Generalized Operator Approd@®A) for simple referring expres-
sions. Please keep in mind that | present a fully formal smhuor the fully developed
approach in chaptés.

The approach to adverbial semantics in Thomason and S&l(B&73) (similar to the
sketchy treatment in Montague 1973a) assumes that verlsgshdenote sets of in-
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dividuals, i.e., that they are of a tygénd — 2).°> Under this classical Montagovian
framework, the extensional meaning of a VP representddvas a womanis, at the
given index® the set of individuals for which it is true that they love a wam Given
this interpretation, Thomason and Stalnaker (1973) dssthesoption of modeling VP
adverbs as operators (or functions-on-functions) on sut#meional meanings. Since
the result of adding an adverb to a VP is again a VP, under gpsoach the semantic
type of a VP adverb has to kéind — 2) — (Ind — 2)).

The meaning of an operator suchpssionately [passionately, is a function reduc-
ing the denotation set of the VP to exactly those individudis (following the example
just given) love a woman passionately. Since an operatoucim g set can in principle
perform any kind of manipulation (i.e., it could also inttax elements which were
not in the set which it received as its input), a meaning pattuvould be in order,
requiring all operators of typgInd — 2) — (Ind — 2)) to have thesubset property
The subset property is the requirement that the operatgnmoap its input seSto a set
S suchthaS C S

However, since under a plain extentsional semantics VPtd&ans are defined as sets
of individuals without further meaningful semantic spegtion, it might happen that
two or more VP extensions are identical. If by chance the tetirmers were equal
to the set of shouters at some index, the inferenc@2h\ould go through, which is
clearly undesirable.

(22) quickly (run) < quickly (shout)
becausefquickly (run)] = [quickly (shout)]

From such problems with an extensional treatment, Thomasdistalnaker concluded
that VP adverbs are intensional, i.e. that they require xipeession of a property-in-
intension as their input. In Montagovian semantics, suchgroach is in principle
valid, since it is generally assumed that an expression@guine an input expression
to denote an intension or extension. For the VPs in questi@ntype now has to be
(ldx — (Ind — 2)). This makes the VP a function from an index (a possible world,
type Idx) to a function from and individual to a truth value, which se¢oretically
amounts to the pairings of possible worlds and the set extealdy denoted by the

5 Throughout this work, | use the notational conventions use@arpenter (1997) and in many
computationally oriented publications. | assume the typ@enclaturelfd for individual, 2 for
bool, etc.) to be trivial at this point. Notice that non-logicalinstants are bold-printed instead of
primed, e.g.walk instead ofwalk.

6 By index, | refer to a possible world or a tuple(w,t) of a possible worldv and a timet as in
standard Montagovian semantics, cf. Montague (1973a) artfpdall and Peters (1981) for an
introduction.
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VP at that index. Even if at some index two predicates derf@esame set, they do
not denote the same set at all possible indice3bviously, the intension of a VP is
never identical to that of another VP. If we now model the VReatd as being of
type ((ldx — (Ind — 2)) — (ldx — (Ind — 2))), we can avoid the unwanted equali-
ties demonstrated ir2@).

With the intensional treatment, however, another probleises, namely that within
intensional VPs, opacity effects would have to be expet@gacity effects occur pri-
marily with definite descriptions in contexts which are clgatensional, since definite
descriptions are not rigid, i.e., they change their deimmaat indices. For example,
(23) is true at an index where Yuri Gagarin actually was the firahrm space only
if the definite descriptiorthe first man in space evaluated inside the scope of the
intensionalmight

(23) Yuri Gagarin might not have been the first man in space.

In that case, the definite NP unfolds its full intensional meg, and the sentence ex-
presses the proposition that there are worlds at which Yagaén was not the first
man in space. If the NP is evaluated outside the modal opeiat@ceives its ex-
tensional meaning at the aforementioned index, [#e first man in space= Yuri
Gagarin The resulting interpretation (roughlyyuri Gagarin might not have been
Yuri Gagarin will of course be false.

Thus, if the verb creates an intensional context (in ordeetve as an appropriate se-
mantic input to the adverb), an embedded definite object kéthie queen of Sweden
in kissed the queen of Swediemot necessarily co-referring to the current queen of
Sweden. Quoting the example from Eckardt (1998:5p#g and @4h) with her anal-
ysis involving an intensional VP 2@, the problem becomes obviousbging the
index variable).

(24) a. Tom kissed the queen of Sweden.
b. Tom kissed Silvia.
c. Ai.AxKiss (x,silvia) # Ai.Ax.3y.kiss (X,y) AqueenOfSwedeqy))
d. Tom (tenderly) kissed Silvia-> Tom (tenderly) kissed the queen of Sweden.

e. Tom thinks he kissed Silvigs Tom thinks he kissed the queen of Sweden.

The interpretation of an adverbial ADV could thus be a fumttnodifying the set of
individuals denoted by the predicatea¥/each indexto the subset of individuals which

7 There is at least the one possible index which is distingudgtom the present one by exactly that
difference in extension.
8 On opacity, compare, among others, the classic Quine (1956)
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areADV-ly V at that index? Unfortunately, however, the empirical observations usu-
ally associated with intensional contexts just do not shiowhe case of the VPs in
guestion. 24d) (with or without the adverb) is a reliable equality with ribe slightest
ambiguity arising, wherea24¢ demonstrates clear opacity effects (because verbs of
propositional attitude likeéhink create opaque contexts). Assuming VP-intensions, we
can successfully give an operator-interpretation to VRedulals, since the inequality
with intensional VPs as ireéc) makes predicates which are by accident co-extensional
at some index nevertheless distinguishable. However bygdsn, we trivialize the no-
tion of intensional context and turns it into an escape arntrwhich ignores powerful
empirical facts.

The solution lies in Event Semantics, and it was hinted atdkalEdt (1998:12-3). As
argued in sectio.1, events should not be reconstructed from other ontologigjalcts

like points in time and space. Events are ontological piv@s. We can be sure that
(25) always holds for two predicates over eveBisandE;.

(25) FinegrainednesqFl)
VEj, Ex.—3Je.E1(e) AE2(e)

We could introduceZ5) as a meaning postulate to shape our models appropriately an
make sure that walking events are never talking events Téte postulate ensures that
at no index will it be true that one event ever has two main epgarameters, and it is
such an implementation of the Lexical Finegrainedness iRement as suggested by
Fred Landman. Of course, since adjuncts also contributplsipredicates over events,
FI must be restricted to such main event parameters \{iki, talk, etc.) to avoid a
ban on walkings or talkings being at the same time quicknsa¢c. | will have to say
more about this later in the current chapter.

We could never have put such a strong restriction on modalsdban a classical on-
tology (which models one-place predicates as sets of iddals), because its parallel
formulation would have such powerful and undesirable ¢ffas forbidding that any
individual have two properties. With the fact that everyiundual has at least the
property of being identical to itself, no individual couldein be assigned any useful
property. With £5) in place, however, and if we assume that VP adverbials modif
an event description, we can follow an operator approachowitrequiring all VPs
to appear as predicates-in-intension. Instead of usinyantdased semantics as an
alternative to the operator approach, we use events toed¢lelwoperator approach. It
is not a logico-syntactic move (the introduction of th@ariable) but an ontological

9 Of course, the subset property is again required for thexidse filtering of the predicate’s
extension.
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commitment to events that provides a solution to the serwsnfiVP modification.

In the following illustration, | choose predicates whichmm assign thematic roles for
the sake of simplicity. Given FI, we can be su?é4) always holds, i.e., a raining event
will never be a snowing event.2¢b) gives a set-theoretic definition of the operator
denoted by some adverbial, such tH#id) receives the intended interpretation without
resort to intensionality and without risk of extensionadritity°

(26) a.Aerain(e) # Ae.snow(e)
b. [intensely] = a function from a set of even&to a setS of events which occur
with high intensity s.tS C S
c. [intensely(Aerain (e))] = [intensely]([Aerain(e)]) =the set of intense rain-
ing events

Because we have defined the subset property for the relepardtors, we can be sure
that the empirical generalizations of Permutation and Campaccounted for. If we
stack several such operators for which the subset propedgfined, all we do is re-
duce (or leave untouched) the set we started with. The defirgictually guarantees
that we end up with the intersection of traning, intenseloud, etc. events, and noth-
ing makes this solution more or less plausible than the Bavicn variant.
AssumingGOA, we can now get rid of a somewhat intuitive but formally awkevee-
striction in FI (which was not encoded in the meaning postutait only mentioned in
passing), namely the restriction meain event parametelsr event types We always
know what the main event predicate is, but formally we carmistinguish it straight-
forwardly from any (adjunct) predicate in the semanticghimrelational version of the
Neo-Davidsonian theory, they are both predicates overtevasnderGOA, adjuncts
contribute operators (while verbs contribute event dpsions), and Fl can be assumed
valid for all predicates over events.

With the operator approach now established as one way oéremgdadverbial modifi-
cation in Event Semantics, | make the extension of the apprimearguments plausible
in the next section.

2.2.2 Generalizing the Operator Approach

We have seen in sectidhlthat in Event Semantics properties of events are conjoined
with the nuclear verbal representation (which has as its aarevent description). Ar-

10 We can always switch between set-theoretic definitions adorresponding definitions in terms
of characteristic functions of the sets we talk about. | Wensets here because talking about sets
is usually much more transparent and less cumbersome thargtabout functions.
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guments (in the Neo-Davidsonian framework) are renderethaitar conjuncts, but as
a part of the lexical representation of the verb. They takddim of thematic role pred-
icates, the logical form then providing the necessagabstractions to allow arguments
to combine with the verb. For adjuncts, it is assumed that #uel further conjuncts,
predicating over the event variable, or even, in the caseiehted adverbs, over the
event and an argument variable. As far as their core semaotiicibution to the grow-
ing semantic representation of the sentence is concerrnguinants and adjuncts are
not in any way different from each other.

On the other hand, in the last section, we have seen that Begnantics allows for an
elegant solution of the classical problem of the operat@ra@gch which plagued the
solution to adverbial modification in Thomason and Stalngk873). Since it pushes
the extension of the verb to a more complex (event set) objestead of a set of (tuples
of) individuals), we can distinguish between extensiomasiistinctions between events
in cases where in a classical theory we could’ot.

This section generalizes the event-based operator agphalcer to include arguments
(starting with singular referring expressions) as opesateeducing the denotation of
verbs to sets of events. The inspiration to do so comes froifkad¢1992), who ca-
sually treats verbs as denoting sets of events, assignisgapecial thematic logical
form in theta positions (see immediately below). The adagatof such an approach
lies in the facts that (i) we can ultimately do with only onenpie type (compare the
ideas in Partee 2007), the type of individuals (objects aeats), and (ii) all elements
that combine with the verb have the same functional type eftdescription modifier.
This means that cumbersome abstractions over indices aadlinggess polymorphism
(on the side of adjuncts) become obsolete. There is neveggoibe a question of “an
index not being available”, every argument and adjunct ggohyeat any time.

2.2.2.1 Kirifka 1992

Krifka, in the paper in question, commits to the following(fka, 1992:36):“A verb is
represented as a one-place predicate of events; the syntguments have no coun-
terpart in its semantic representation, but only in its syatiic categorization. The theta
role information [...] is passed to the subcategorized Nisgre it is realized as a part
of the semantic representation of the determineFir adjuncts, he assumes inherent
case/role assignment by the preposition.

In (27), | give some of Krifka’s (p. 37) lexical entries, which angptes of an ortho-

11 Remember that events are distinct if they have differerperiies. Main event predicates are never
co-extensional by definition of FI.
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graphic rendering, a syntactic category, and a logical faseparated by;” (I give
them in exactly the notation used by Krifka).

(27) a.drank S/NP[subj,ag],NP[obj,pat};,e[drink(e)]
b. pig; N; pig
c. @; NP[obj,pat]/N;AP’APAe3ax[P(e) A PAT(e x) A P'(x)]
(the null determiner for determinerless NPs under pati@ssggnment in ob-
ject position)
d. a; NP[subj,ag)/N;AP’APAedx[P(e) A AG(e x) A P'(X)]
(the determinefa’ under agent assignment in subject position)

We see that the verb itself contributes only a predicate efts/ type Ev — 2). Sim-
ple nouns are rendered as usual by a one-place predicaté|rgp— 2). Determiners,

in an appropriate thematic position, take a predicate akiddals contributed by the
noun, then a predicate of events, to result in a predicateesfte containing the neces-
sary quantification. In the case of the determia@mder agent assignment in subject
position applied to the noupig and the verb likdove, the result is a function from
events tarue iff there is at least one object such that it is the agent df ¢hant, the
event is a loving event, and theis a pig, cf. ¢8). The type of determiners is thus
((Ind - 2) = ((Ev—2) — (Ev— 2))).

(28) love a pig S/NP[subj,ag]A e3x[love(e) A PAT(x) A pig(X)]

This theory generates completely standard relationalutsifpltimately an expression
of type (Ev — 2) which can be existentially closed. For quantificational NtP$s
theory would still require classical scoping mechanisrke tjuantifying-in, storage,
LF movement, or logico-syntactic underspecification. Thue would end up with
final outputs that looks a lot like those in standard apprea¢b Event Semantics, only
with a syntactic mechanism of assigning thematic roles ambdssas simple event-set-
denoting expressions.

2.2.2.2 AFirstldea of GOA

In this section, | take the three aspects introduced so fdetelop them to their full
consequences in GOA:

1. the technical idea about thematic assignment from Kiifle®?2),
2. the insight that relational theories and operator-bagguioaches are equivalent
in Event Semantics,
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3. the insight that properties of and relations betweenatbjdontague style) and
events encode the same information.

Notice, however, that readers who prefer a straightfori@rmal introduction can skip
immediately to chaptes, skipping the partly philosophical argumentative partrot
thesis from here to chaptér

Under the Generalized Operator Approach (GOA) as presdrasz] we project par-
ticipance information directly into event structures, aveaevhich will later allow a
treatment of quantification without variables, and whicltdes the unification of the
types of arguments and adjuncts under the assumption ofilopéestype (of individu-
als) in a strictly set-theoretic formulation without imeediate layers of predicate logic.
We start by straightforwardly introducing the semantic&0fA for simple singular re-
ferring expressions (i.e., no plurality, no quantificajiéf

For the current purposes, we need a doniainof events in addition to domaiDop jof
non-event objects. Accordingly, from now on we adopt thepdgrsorted syntactic
typesEv for events with domaiDgy, Obj for non-event (i.e. classical) individuals with
domainDop;j and the supertypid with domainD,ng such thatD|nqg = Dop;jU DE.y.
The set-theoretic formulation without predicate-logiguges us to introduce for every
type a the power set typ&/a with domainDf 4, the domain of sets of objects of type
a. Functional types are constructed recursively as usudl fuitictional domains and
written (a — () for any typesa and 3 with domaian“. However, | only include
explicitly defined function in the functional domains. Insaince of a calculus, full
domains of anonymous functions are not required.

Core verb constant$iit, eat, etc.) are of typé/Ev, and they denote pairwise disjoint
sets of events by FI. Let us furthermore say that referringessionsgiggy, kermit,
etc.) are of typedbj. A primary role functionrole (agent patient, etc.) is of type
(Ev — Obj), denoting a partial function from events to role-bearingdjviduals. They
are called primary role functions to clearly keep them afarm the corresponding
thematic operatoré\gent, Patient, etc., which are of typ€Obj — (JEv — [JEV)).
Expressions of this type consume an object expression o &or operator on expres-
sions denoting sets of events, an operator identical inttypanple adverbial operators
such as the one correspondinditrcely fiercely is of type(JEv — LJEV).

While the semantics dfercely simply reduces the event predicate’s range to the subset
such that the events in that subset are fierce, the functioatelé byAgent reduces
the range to the subsEt such thatve € E’.[agenf|(e) =i, i standing in here for the
individual denoted by the NP constant.

12 Notice that this is the definition of a logical language, nogEsh.
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Since we have reduced the core meaning of the verb to a setiofsgthe verb’s lexical
entry not only has to specify this set, but it also has to $pednich thematic operators
© are assigned to the subcategorized NPs in their syntaditiggus. We can identify
case morphology and pre- and postpositions as overt réahsaof the thematic op-
erator. In this and the following chapters | represent laxi@rbs as tuples of a core
verb and a number @ operators appropriate for the argument structure of thie\er
The tuple has the appropriate linearization to generate, @Y, or any other type of
linearization.

The logical expression corresponding to the English Vetlis now rendered (for an
SVO language) as ir2@g, or rather, to avoid commitment to specific role labelsyas i
(29Db), just marking the external and numbering the internalg.ole

(29) a. (Agent, hit, Patient)
b. (Ext,hit,Inty)

| now give an informal semantic derivation &@g in figure 2.1, where 0b—(309
provide the appropriate lexical entries (their type giverthie exponent). Since any
syntactic theory is in principle compatible with this apgeh, |1 do not go into syntactic
details of the derivation. Notice that | do not specify catggs, and that function
application can occur leftward and rightwar@0) lists the lexical entries, and the tree
in figure 2.1 starts with the verb tuple unbundled and all other matetigth@ bottom,
building up the sentence’s logical form.

(30) a. Miss Piggy hits Kermit the Frog fiercely.

b. Miss Piggy piggy°®
c. Kermit the Frog kermi
d. hit: <Ext(0bj%(DEV%ﬂEv))7hitDEv7|nt 1(Obj%(DEV%DEv))>

£ Obj

e. fiercely fiercly (FEV=UEY)

For (306, we assume thdfierce] is the set of fierce individuals. With an interpretation
for the© operators and the adverbial as#1), we can interpret this very simple logical
form. Notice that[fierce] can be elegantly taken to be the set of fierce individuals
(objects and eventsgxt andint, are, as defined above, functions from events to their
external and first internal role bearer, respectively.

(31) a [Ext(a)(B)] = [Bln{elext(e) = [a]}
b. [Inty(a)(B)] = [BIN{elints(e) = [a]}

13 1n chapter7 | will propose a solution which has the same effect but hasithe@ntage of avoiding
phonologically empty elements in the syntax.
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Ext(piggy)(fiercely(Int 1 (kermit)(hit)))

Ext(piggy)
fiercely(Int 1 (kermit)(hit))
/
Int 1 (kermit ) (hit)
t1(kermit)
piggy Ext hit Inhmit fiercely

Figure 2.1: A simple derivation o309 in GOA

c. [fiercely(a)] = [a] N [fierce]

As can be easily seen from the derivation, the final stringnierpreted exactly like
a classical Neo-Davidsonian logical form (provided 32)) before existential closure
takes care of the event variable.

(32) Aehit(e) Aag(e) = piggy Athemée) = kermit Afierce(e)

It denotes the set of fierce hitting events where Miss Pigglyeasagent and Kermit the
Frog is the theme. The GOA variant offers a much simpler cattipmal mechanism.
It is composed withoud -types and abstractions, and the only semantic operation is
function application. As a final note, let me point out thatlena theory such as the
one proposed here, all verbal predicates would have to lwered as descriptions of
events or states. | leave open the question of how to accouriadts described for
example in Kratzer (1995), who rejects state argumentsoiorespredicates, and Katz
(2003), who rejects state arguments entirely. At least tlopgsal by Katz is based
mainly on the non-existence of certain state-specific madifi This is an interesting
fact to be investigated further, but in no case hard cousn&tence to state arguments.
| have argued that the operator approach fares at least basnbe relational approach
for sentences containing only referring nominal exprassiand simple adverbials. |
now discuss shortly how semantic outputs like the one calledlin figure2.1 can be
interpreted at discourse level.
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2.2.3 Models

| now say a few words about how sentence denotations as datuss the previous
section can be used to allow the construction of models ifitkeof communication.

| provide mostly normal model-theoretic interpretations the expressions generated
by the grammar developed in this thesis. This means thagngvfixed model with
a fixed domain of individuals (which would be, by Kripke’s tlim, also fixed across
possible worlds), the denotation of some expression inrni@del can be calculated.
The interpretation procedure is given in a general way s® agiarantee that it can
be performed in anpdmissible model An admissible model is one which is a well-
formed model of the language developed, well-formednesglmuaranteed by a set
of axioms on the structure of the model. Such an approachswmary in model-
theoretic semantics, and the models constructed are ysak#én as corresponding to
facts of the world in a more or less correspondence-theomenner.

Additionally, semantics of natural language is usuallyeontruth-valued logic. Un-
der such a framework, two types of basic expressions (argttmbasic types) are as-
sumed: individual-denoting expressions (Montague’s g)pend truth-value-denoting
expressions (Montague’s typecorresponding to sentences). Other expressions are of
derived functional types, like the type for expressionsatiexy functions from indi-
viduals to truth-values (unary predicates, typg)). If intensionality is incorporated,
either a class of derived types for expressions denotingtifums from possible worlds
to some other type of denotatum is addésl ¢) in Montague (1973a)), or an inde-
pendent simple type of possible worlds (as in Gallin 1975Mtinétely, a derivation
is successful if it results in &typed (or, intensionally;s, t)-typed) expression (a sen-
tence).

The current approach differs in one way from such standaptlogghes. | do away
with a special simple type of truth-valued (sentential)resgions:* A derivation in
this event-based approach usually produces an expressmmtilg a set of events (in
chapter3 and later a set of sets of events), and existential closuneti@ssumed as
part of the mechanism of the grammar. This is roughly likettbatment of indefinites
in Discourse Representation Theory (DRT, Kamp 1984, Kantp Reyle 1993 and
much subsequent work) which also provide just an open Marialbbe bound beyond
semantics proper, although the theory of DRT bears litttelarity to my theory on the
technical side. Partee (2007) suggests something sinsi@ssjcal Neo-Davidsonian
representations without existential binding) in her dgsean of how the type of events

14 Keep in mind that events are nothing but a sort of individaald that thus the single type of
individuals covers events and non-event objects.
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could be made into the single type maybe suitable as the eglyinred for natural lan-
guage semantics.

Why is this so? The events (or sets of sets of events in latgotels) denoted by a
sentence modéhe different circumstances which would be sufficient toaribk sen-
tence trueand | suggest that we can do without formulating truth asragny notion
at this point. Clearly, a hearer who is presented with arrantie which denotes such
a set of events will assume that at least one of them is fadiuakince he cannot nec-
essarily verify whether this is so in many circumstances;ifg the expression to be
truth-valued by introducing existential binding contriés nothing to the flow of infor-
mation in a discourse.

What a hearer will be most likely to perform is an update of $keé¢ of models he
considers adequate from his point-of-view to make it sugt tlew information. In
constructing concrete mental models of the world, the seévents denoted by sen-
tences (one of which must be factual) act as constraints atelsof the world which
must be fulfilled™® This, however, is not informatively captured by a truthdtional
semantics which statically evaluates formulae againstetsooly some interpretation
procedure. The hearer will (assuming that he believes thakgp) rather restrict the
class of models he is considering to those which fit inforara(about events) gathered
in the discourse.

In a psychologically realistic setting, this concept of ralsdand denotations would
probably have to involve some notion of probabilities of geand of disjunctions of
events, as will be illustrated immediately. Assume somewne knows Laura but has
not heard from or about her for five years is confronted withutterancéLaura went
to Nijmegen.” out of the blue. Of course, there must be at least one evenawfal
going to Nijmegen between some point in time five years agalamdpeech time, and
we can check the sentence as true or false against any mou#l ither has such an
event or not. The hearer usually does not have such a model thkesentence is ut-
tered (assuming informative rational communication),Wwants to construct one. The
model which he can construct from that sentence is quitelypspecified, because for
an immense number of possible events of Laura going to Nigmeg the time frame
in question, he can assume the same rise in the probab#ityttactually happened (=
that the event exists). However, the probability for eacthege events is siginificantly
higher than before he heard the sentence, and the probaiilihe disjunction of all
these events (the probability that at least one of them tsiddicis (or is close to) 1.

| have mentioned the notion pbssible eventdHow is it to be understood? The model

15 In DRT, information contained in the Discourse Represéma$tructures also represents con-
straints on models, more precisely constraints on variasdgnments.
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a speaker enters a discourse with usually should consispef and sorted sets of
object individuals (probably involving complex kind-imttilual relationships between
sorts). Furthermore, for each individual, every event type asddtes, and each time
interval, one token of the event type must be assumed to leasit possible (the same
for state types etc.). This is a reasonable assumptiong sinabsence of knowledge
about the structure with which events actually have unfibldee unfolding, or possibly
will unfold, each possible event has the same probabiliyk@ep matters simple, | will
always assume that both the set of object individuals istideirbetween speakers, and
that all interlocutors always consider the same set of ptessivents, i.e., they share a
language of event-specifying expressions.

By way of an example: As long as we do not know whether Laurathasgent in a
drinking event at 12:35 a.m. last night, we must assume thalt an event has hap-
pened with a certain probability. When we start talking aliba world, we distribute
probabilities for how things are (or could be) in a completebmogenous fashion,
and each event has the same probability. In real life, wimnlolwledge and pragmatic
factors will give us an actual distribution of probabilgiéar from this ideal state of
entropy, but indeed rich in prespecified probabilities fowrthings might be or might
have been.

Now assume that a speaker lear83)(

(33) Laura stirred the porridge.
(34) Laura stirred the porridge between 8:00 and 10:00 tloising.

Pragmatic factors will give the hearer a time frame for whichditionally spoken,
the sentence is supposed to be true. Say, the hearer canebthauthe sentence is
a statement about 8:00-10:00 a.m. this morning, so theantteris enriched ta34).
Given this contextual restriction and the fact that our es=ti hearer believes that the
assumed speaker is informed, cooperative, and ratiorahdbertion of34) will allow
the hearer to assume that the probabilities of all conskeustivring events involving
the agent Laura and the theme the-porridge in the given tiamed add up to (almost)
1. Besides that, the single construable events have the [marability, this probabil-
ity being of course conditional on knowledge which exclugpscific events from the
basic set or specifically favors some of them.

To sum up, the hearer can be sure that one of the possiblesededura stirring the
porridge between 8:00 and 10:00 this morning actually aecljrwhich is similar to
existential quantification over an event variable. Eachheft has equal probability,
and nothing prevents the hearer to assume that there wasthaorene event in case

16 Compare theories of kinds and individuals in Carlson (1%ifit) subsequent work.
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there is further evidence to back this up.

| am confident that a lot could be gained from such a theorye@aly in the area of
modality, evidential constructions, etc. But, without tieatative probabilistic back-
ground, we can still reduce this concept to a discrete orePtimciple of Assertive
Interpretation (34). It gives a denotation of positive sentences and a pragrmestiruc-
tion how to interpret the assertion of the sentence in terfimiseoformation of possible
models.

(35) Principle of Assertive Interpretation (PAI) (simple event set version)
A positive sentence generally has the meaieg, it denotes a set of events, and
asserting it instructs the reader to mark the denoted easrissitively assumable
with at least one minimal example.

In other words, existential binding can happen as a restifteopragmatic impact of an
assertive sentencé.

In this section, | have argued that a more pragmatic view stential binding of event
variables is feasible, introducing the notion of possiblerds and updates of models.
Throughout the remainder of the text, | am often going tokstaca more traditional
model-theoretic argumentation where possible, but magyraentations (for example
those surrounding alternatives and focus in chagtewill only be accessible if this
principle is kept in mind.

2.2.4 The Update Procedure

Based on the argumentation from the last section, | now mia&eaipdate procedure
performed by speakers after processing a sentence moiserec

2.2.4.1 Possible Events

We assume that each language-user grammar is at any tinteditoia finite number
of meaningful symbols. Furthermore, the number of non-ewebjects in the model
is always given, fixed, and finite. We simplify further andwasg that all objects are
known to all language-users in a discourse.

The conceivable events are maximally individuated by thalmer of maximally spe-
cific expressions referring to singleton sets of events.héf number of core verbal

17 without the probabilistic background, the additional sfieation with at least one minimal exam-
pleis required. It does not look very elegant and in fact like enpticated way of re-introducing
existential quantification. | hope it is evident that thera idifference.
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expressions, those denoting sets of events, &nd the number of expressions speci-
fying simple event parameters (i.e., (single) particigdhimanner parameters, spatio-
temporal parameters, etc.)ns then there are no more thank n possible expressions
specifying individual events. The events specified by thas< of expressions are the
possible events (cf. also chaptgr

A realistic model would be defined as specifying (besidesstteof objects) the set
of events from the set of possible events which are factualweé¥er, in what | have
called theabstract ontology, | now assume that the domddg, of events is the set of
possible events. The abstract ontology is useful in comgegeaning, as will become
clear immediately.

2.2.4.2 Sentence Denotation

A sentence denotes und@OA a set of events. If we take the domain of events from
the abstract ontology, then any sentence (which does ntdiicosm contradiction) has a
non-empty denotation. It must be non-empty, because tha&lgevents are all those
which can be referred to by linguistic expressions, and amguage-user uses a lin-
guistic expression.

This captures the fact that, even when a (well-formed) seetés false with respect to
the real world (or it is a lie), then it still specifies in an existive fashion the events,
each of which would make it true. In the case of a lie, this igliekly used to manip-
ulate the model of the interlocutor. Put differently, thend&tion of a sentence in the
abstract model specifies a class of realistic models thergsgan (or construction) of
which are licensed by the sentence.

Usually sentences are much underspecified in that they dpatify all or even many
parameters. In the present theory, this is captured by ttefat sentences denote sets
of events, each of which would make the sentence true in dloitimnal sense.

2.2.4.3 Constraints on Realistic Models

A realistic model is one which a language-user mentally taots based on knowl-
edge he has gathered. It corresponds to the world as it isigeccor believed to be by
the language-user.

The abstract modéit be defined)t = (Domopj, Domgy, [-]), whereDomqy; is fixed,
and®omgy is also fixed and the totality of possible/conceivable evéaérivable from

18 The participant parameters are calculated by pairing eacwR object with each thematic role
encodable in the grammar. The resulting set is the set atjpamt parameters.
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the set of parameters of event§)] is the usual interpretation function. All language-
users shar@i, i.e., it is identical and fixed for every language-user.

Assume a language-user has acquired, in the course of autisc@ny non-empty set
of linguistic expressionk’ = (ay, ... an) which are interpreted a§a1]™, ..., [an]™),
namely sets of events, subsets of the abstract domaiine,. These sets of events are
a full representation of the interlocutor’s knowledge ahegoint in the discourse.

A realistic modelthen is a representation of the realistic facts which thguage-user
can assume based on this knowledge. There is at any poirg tighourse character-
ized byn sentences a s&" of construable mental model# = <©omgf,j,©om{€),
where for everyz € K" @om‘éf{)j = Domop; and®om¢, € {£|vn € {1,...,n}[EU
[aw]™ # {}]}. However, if two sets of events from the denotations of thguaed
sentenceg[a1]™", ..., [an]™) fully contradict, then it should be th&t = {}. Two sets
£, and £, fully contradict if there is ngle;, e;) € E; x E, such thate; ande, are not
contradictory. A useful notion of contradictory eventslwié available once negative
events have been introduced in chagtand fully formalized in chaptées. In principle,
two events are contradictory if they either are identicapgcified except for their po-
larity, or if there is lexical/world knowledge (meaning paistes) which declares them
to be contradictory.

An update is the process of adding a new expressign; to I". Oncean 1 is added,
the language-user can constrét' from |1, If K’ = {} (while the pre-updat&
was not), then the language-user will (under normal cir¢danes) rejectr,. 1 (disbe-
lief) or remove any othest; which contradictsr, 1 (persuasion).

This update procedure and the construction of construabigahmodels from denota-
tions in the abstract model describe how what we know and wld¢arn in a discourse
are related. It provides a way of dealing with (dis)beliedrguasion, and a secondary
definition of falsity and truth.

2.2.5 Appendix: Permutation and Drop

| remains to be shown that for any two Subset OperafoB; (36) holds, as much as
for conjunctively added predicates over individuals (hexreents)a, b, the inferences
in (37) hold in a predicate-logical settinge is a meta-variable ranging over sets (of
events)geis a variable ranging over events.
(36) a.A(B(E)) < B(A(E)) [Permutation]

b. A(E) = E [Drop]
(37) a.dea(e) Ab(e) «» Je.b(e) Aa(e) [Permutation]
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b. Je.a(e) Ab(e) — Je.a(e) [Drop]

| assume standard Zermelo-Fraenkel set theory (as inteaduncStoll 1961, among
many others).

Proof. (ad 368 We need to prove that in every modé(B(E))] = [B(A(E))]. The
proof relies on the fact that by definition bofA(E)] C [(E)] and[B(E)] C [(E)].
Thus, there exist possibly empty sé&sand B’ such that (for[E] = E’): [A(E)] =
A'NE’ and[B(E)] = B'NE". Thus, [AB(E))] = AN (B NE’) and [B(A(E))] =
B'n(A'NE’). Since intersection is commutativegj holds in every model whera
andB are defined as Subset Operators. O

Proof. (ad 36b) What the slightly ill-formed 86b) is supposed to mean is that in any
model where[A(E)] is non empty,[E] is also non-empty. This falls out because
[A(E)] C [E] by definition, and because of the definitions of set memberahd
subset-or-equal. O



Chapter 3
Quantification

The goal of this chapter is to incorporate quantification the semantic theory sketched
in the last chapter. Interpreting simple referring exp@ss as thematic operators
(which have the only function of reducing sets of events) easy, since with a single
individual playing a simple role in one event, the set of ésédet through by the opera-
tor could easily be constructed. In this section, | will dé@se how quantificational NPs
can be modeled as operators in event domains. The outpuesé thperators will be
sets of sets which (if not empty) represent all possibleirggda sentence can have in
a model after the respective NP has been integrated. Thitharfdllowing two chap-
ters are concerned only with fully resolved semantic areayand | completely ignore
the problem of how such analyses are obtained from naturglkge expressions. In
chapter7, a small-scale implementation of derivations from propeglish sentences
will be given!

In section3.1, | review more arguments for a maximal individuation of egeand
against single thematic roles filled by multiple objectc{ma 3.1.1). The resulting
axioms against multiple roles will be essential to motitaEzmapping of object quan-
tification onto event structures. Finally, secti®ri.2gives the semi-formal definition
of quantificational Generalized Operators as collectorsmén sets from their input
sets.

A formal spell-out of the whole system can be found in chaptenly after the intro-
duction of negation in chapteér chapter5 spells out the theory under the assumption
of abstract models and discourse-level interpretatiorgredss this chapter stays within
a standard model-theoretic terminology since readersrateply more accustomed to
the classical view.

1| call the mechanism introduced hesienple quantificatiotecause cumulativity and distributivity
are not yet accounted for. They are the subject of chapter

33



CHAPTER 3. QUANTIFICATION 34

3.1 The Generalized Operator Approach with Quan-
tification

3.1.1 Against Multiple Roles

After this preliminary clarification, let me now turn to thegplems of quantification in
an Event Semantics. From the URR it follows that a senteked1ig) cannot have the
simple Neo-Davidsonian interpretation itj.

(1) a. Every frog loves Miss Piggy.

b. Je.vx.frog(x) Alove(e) A Agenie) = XA T hemée) = piggy
(2) a. No girl walked. (Landman, 2000:74)

b. Je.—3x.girl (x) Alove(e) A Agenie) = x

c. Je e walk.—3x € girl .Agente) = x

The analysis would give us thttere isone event such that every frog is its agent and
Miss Piggy is the themelntuitively, this is odd, but if we did not assume the URR,
allowing multiple agents, themes, etc., then we could atgaethe problem vanishes.
Similar and even worse are cases which are independent 0RReare those involving
(informally speaking) negative quantifiers lik@ in (2), where Landman’s variant of
the analysis with restricted quantification is given #t)(as an alternative rendering.
The analysis reads roughlyhere is a walking event and it is not the case that there
was a girl as its agentSuch cases could be dealt with by assuming that either thet eve
variable is bound right after it enters the logical form @ars 1990) or by assuming
that the scoping mechanism is constructed such that all pbtese quantification is
applied above the binding of the event variable. The lasttgwti is the one advocated
in Landman (2000), where a Quantifying-In mechanism for g EC for the event
variable is used, and the store is discharged strictly &@rThis gives us the analyses
in (3) for the above sentences, respectively.

(3) a. vx.defrog(x) Alove(e) A Agente) = xA T hemee) = piggy
b. —3x.3e.girl (x) Alove(e) A Agente) = x

Either we say that the URR forces quantified NPs to scope beegtistential binding
of the event variable, and we automatically get the rightdaigrepresentations. Or
the URR could be disposed of and replaced by a technicalnegent on the scop-
ing mechanism. However, the problem is not solved this ya3ihe URR must also
be active in cases with or without quantification and inahgdmodifiers containing
anaphoric pronouns likelf and 6), taken from Landman (2000:75).
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(4) a. Mary kissed John and Bill on their lips.
b. Jekiss(e) A Agenie) = mary A Themée) = john A Themee) = bill A
location(e) = 1lipsOf(john) A location(e) = 1lipsOf(bill )
(5) a. Mary kissed every boy on his lips.
b. Je.vx kiss(e) A Agente) = mary A Themée) = x A location(e) = 1lipsOf(x)

If John and Bill are in the model and are boys, in both casesllifellow that Mary
kissed John on Bill’s lips. Withg), one could even conclude logically that Mary kissed
every boy on every boy’s lips. At least for distributive reags, these examples exclude
an analysis in terms of what Landman calls multiple roleq6)nthe case is extended
to cases of collective readings, which also cannot be foredlin terms of multiple
roles, because the logical inference in (b) is not at allrdese (since we could conclude
“Bill meets.).

(6) a. John and Bill meet.
b. JemeetA Agente) = john A Agente) = bill - Je.meet(e) A Agente) = john

One last thing to mention on the subject of multiple rolesadginct thematic roles
(Landman, 2000:81). For certain agentive rolesth adjuncts can introduce what
seems like an additional agent as T (cited from Landman) with the putative multiple
role analysis inb).

(7) a. Fred wrote a paper with Nirit.

b. Je.3x.write (e) A Agente) = fred A Agente) = nirit A paper(x)

c. Je.3x.write (e) AAgente) = fred A Ad junctAgente) = nirit A paper(X)
(8) Nirit wrote a paper with Fred.
(9) Carefully, Fred wrote a paper with Nirit.

However, ) clearly differs in meaning fromg). Also, passive agentive adverbials
associate only with the proper agehted in (9). The only reasonable conclusion is
that the analysis should bé&d), the with adjunct introducing an extra quasi-agent or
adjunct-agent role (in accordance with Dowty 1991).

In this section, | have recapitulated some arguments agaases where one thematic
parameter of an event is instantiated with multiple objedtsis completes the argu-
mentation for a maximal individuation of events by lingigatly specifiable parame-
ters. If two event expressions respectively allow and theatome argument specifi-
cation or some adjunct specification, they must be congidere distinct events. This
view of events binds them tightly to a linguistic, in a senbsteact ontology, and it
separates them from what might be perceived as “one eveothmally in an arbitrary
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ontology.

This has direct implications for the project of projectirigext quantification onto event
structures, since it was shown that the sentékeeryone walks.”cannot be assigned
an analysis which says that there was one walking eventavehyone being the walker
The next sections therefore introduce a more elaborateepbio€ object quantification
in event structures.

3.1.2 Simple Quantification
3.1.2.1 An Attempt to Keep Up the Filtering Approach

We have now further strengthened the validity of the URR aadsafely assume that
for every event, only one object should fill a specified roleapzeter. Let us turn to
a simple case of quantification as b0 to see how this affects the construction of a
GOA solution.

(10) Every frog loves Miss Piggy.

The VP loves Miss Piggywill be rendered as in the last chapter: The constant cor-
responding tdovesdenotes the set of loving events, and the thematic operatoe-c
sponding toMiss Piggyreduces this set to the set of events where Miss Piggy plays
the internal role. By the URR, we are not allowed to simplyuass that the thematic
operator corresponding ®very frogselects the subset from the VP denotation such
that every man is the agent in each of the events which arelt@véedl by the operator.
An obvious solution, however, is to raise the type of bothwed denotation and the
NP/adjunct denotations.

Since in the presently defended version of Event Semaritiesyerb (or rather VP)
denotes not properties of individuals but properties ofnésjewe cannot simply re-
sort to generalized quantification over objects. Furtheenthis section shows that
NP-quantification in the event domain is not trivially ached by having quantifiers
narrow down the domain of events. However, the followingudtidoe considered: If
the mapping between events and their role-bearing objeetsdefined above (with the
URR and the other principles in place), then every tradé@i@uantificational structure
of objects involved in predicate relations must be mappéble structure of events.
This must be the case because the number of objects invalvaad event is fixed by
the lexical definition of the event predicate (RS and URR}Y] #rat the number of
objects involved in the event is exactly the arity of the esponding classical (non-
event) predicate (cf. RS). Thus every classical non-eveauding of a sentence con-
taining quantification imposes constraints on the possiblaber of objects involved,
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and these constraints are uniquely linked to the numberegitevn the corresponding
event-based interpretation.

| will now assume that the core verbal predicate (daye) denotes the power set of
events which have the respective property, soltha denotes the power set of loving
events. A thematic operator is formed out of the NP denataticder role assignment,
but what is the raw denotation of the NP before a theta rolesgyaed? The NP de-
notation can be taken as a subset of the power set of the satieddny the noun. By
way of example, in any moddfrog] is the power set of the set of all frogs. Adding
the determinesometo that noun amounts to filtering those sets which do not coata
least one frog. In the case sdmethis means that only the empty set (contained in any
power set) will be filtered. Simply speakinfsoméfrog)] will be just the unfiltered
power set of frogs because every set of frogs trivially cimstat least one frog.

Under assignment of a role(i.e., when the NP is consumed by a thematic operator),
this NP denotation is used to construct a filter on the settsf@®tributed by the core
verb. We use the definitions id 1) of r-set (role bearer set).

(11) Role Bearer Set(r-set)
The role bearer set (arset) for a roler and a set of event® be the seE" =
{o|Je € E.r(e) = o} (i.e., the set of all objectssuch that for somec E, it is the
case that(e) = o).

Assume now the operators were defined as filters on sets saiobrily those set& of
events pass the filter for which there is a set of obj&€ctsom the NP denotation such
O=E".

A simple example will probably render the idea more int@lw Be there a sample
model where there are only two frogs, Kermf) @nd Ischariot4), and there are two
walking events; ande, of which Kermit and Ischariot, respectively, are the agelits
does not matter what other information the model encodelengsas the set of frogs
is restricted to the two aforementioned ones.

The core verhwalk denotes the power set of walkers, which is the following $sets:
Ufer e} —{} = {{er}, {e2}, {e1, 2} }.

An NP like some frogdenotes, by the definition given above, the power set of thefse
frogs, which is in this sample modéll{£,i} — {} = {{k},{i},{k,i}}. The NPevery
frog (in this small model obviously coinciding witlivo frog9 denotes the set of those
sets of frogs which contain every fro§{£,i}}.

2 ] call this denotation thease quantifier
3 Later, in chapteB, an equivalent division of labor is used for technical rems@herefrog is just
a set of frogs, and the quantifier generates the relevant setofrom that set.
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To get to the events denoted Bigvery frog walks”, under the current experimental
definition we have to take the core verb denotation and filteratl setskE for which
there is no seD in the denotation oévery frogsuch that the agents of all eventsin
form O (i.e., forE39 it holds thatO = E39).# This procedure leaves us wif{e;, e} }
since for the sefe; }, the agent set ik }, which is not in the denotation @very frog
(and similarly for{e.}). In the case ofSome frog walks. the sentence ends up denot-
ing {{e1}, {ea}, {e1, e2}}-

In case only Kermit walks (but Ischariot still exists), trere verb denote§{e; }}. This
will lead to “Every frog walks.” denoting the empty set, because the agent set of the
only set in the denotation ofalksis {£} in this case. This set, however, is not in
{{k,i}} (the denotation oévery frog. If a sentence denotes the empty set in a model,
it is typically false.

These results seem at first sight to be highly desirable,usectie final sentence de-
notation contains all possible sets of events which, iffaktrender the sentence true.
To show that'Every frog walks.” always entail§Some frog walks.; it would have to
be shown that whenever the first is defined in a model (i.eeribtes a non-empty set),
then the second one must also be defined. Cf. ch&gmrsuch technical aspects.
However, we can already anticipate a problem. By succdgdiltering one set of sets
of events in the application of every quantifier, we mighk ngnning out of events or
ending up with sets of the wrong cardinality. The next sectscusses cases where
exactly this happens, leading to a rejection of the filteapgroach.

3.1.2.2 A Problem with the Simple Reconstruction

The disadvantage of the approach described in the lasbaastthat it does not work
generally. At least when there is more than one quantifiegrimss problem arises.
There are both false positives (sentences made true altitbag should be false) and
false negatives (sentences incorrectly diagnosed to be)fdtirst, take sentenced), a

case with multiple quantifiers, where the approach appigramatrks in certain models.

(12) Every frog loves every pig.

4 Since the events i are all distinct, role bearers could be assigned to sevemite without
harming the interpretation process. Agent sets can thusmb#les than the event set from which
they are formed. The Generalized Operator only makes satettle right number/portion of
individuals from the noun denotation is involved in the tighnd of events. Such situations arise
quite often, but are probably most clearly grasped withesgrgs like'Kermit pushed all buttons
at once.” or with temporally distributed events of the same type artti thie same role player.



CHAPTER 3. QUANTIFICATION 39

Assume there are two frogs, Kermit and Ischariot, and tws,figgy and Bathsheba,
and indeed both frogs love both pigs. In this cdsees every piglenotes the set given
in (13), i.e., all configurations of events which contain at leamst mving event for each
pig as theme.

The relevant events of the model are schematically givergindi3.1 on the left-hand
side. The lines represent the loving events with the indiaidn the left as agent and
the one on the right as theme. The presentation is inforndhlsaould by no means
been taken to say that events are functions from individiealsdividuals or similar.

(13) {{es, e}, {es,eat,{es,e2},{e5 04}, {er 05,02}, { €1, e5,e4}, {2, 2,4}, {e1,€0,€3,e4}}
(14) {k}. 4k ih A& i {ib {k. b {& i {K, i} {K i}

The agent sets corresponding to these events are given listtki4),> and as it hap-
pens there are many which are identical to the only set inrttexpretation oevery
frog, {k,i}. The sentence, as expected, is true in the model.

%

V2N
.

Figure 3.1: Two sample models fatZ)

However, if we modify the model and take away the eventsnde,, loves every pig
denoteq{es, ¢;} } (cf. right-hand side of figur8.1) the agent set of which is alda, i }.
This means that we incorrectly make] true in the withered model. What this inter-
pretation procedure calculates is whether every pig isddsea frog and every frog
loves some pig This is a clear case of a false positive.

Consider now 15), distinguished only by the selection of a cardinal quaantifor the
theme NP.

S The notion of a set of-setswould be useless here, since by the axiomatization of setyhtvo
r-sets containing the same objects would be identical, amslittie set of such-sets would loose
the transparency of whiahset goes with which event set by eliminating multiple oceaces of
the same-set. Therefore, lists are used.
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(15) Every frog loves two pigs.

Assume we have two additional pigs in the sample model foretraduation of {5),
Sarah and Judith. Kermit loves Piggy and Bathsheba (evemstisd ¢o), but Ischariot
loves Sarah and Judith (evertsandes). Again, | provide a straightforward visualiza-
tion of the events and their role bearers in figar2

Figure 3.2: A sample mode¥ for (15)

Under such circumstancdsyes two pigsderived with the procedure described above,
denotes the sets of loving events such that their theme s&ine two pigs. | present
these in a more compact form ihg), omiting the first level of set brackets and commas
and replacing all further levels of set brackets by simpbckets, i.e{{e1},{e1,e2}}

is rendered in compact form @&, e1¢2). | also use the shorthand notatibiPRo'e for
Role(NP)

(16) a. [(two(pigs))™1(love)[|” = (e1e2, e2es, e3e4, e1e3, eoea, e1es)
b. list of E29 for all E < [(two(pigs))'™(love)]” : &, ki, i, ki, ki, ki

Notice that, for purposes of simplicity, the interpretatis more that forexactly two
rather than that fotwo.

Since in this model all pigs are loved and there are only twthei, the VP denota-
tion is exactly that subset of the power set of the pigs suahttte cardinality of each
contained set is two. The sentence will now turn out as treeabse there are agent
sets (given in compact notation also 6)) which are equal to the only set in the de-
notation ofevery frog But this means that the sentence is true because thereasagam
others, the set of eventses. This, in turn, means that the sentence is true because
Kermit loves Bathsheba and Ischariot loves Sarah. Evensfapproach should turn
out to give the right truth conditions under all circumstasicit would be completely
unintuitive. The resulting sets definitely do not model tbegible circumstances under
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which a sentence can be true.

But it is actually only by accident (by a biased choice of ddods in the model) that
the sentence turns out true. Assume a model where thereeaf®s Kermit, Ischar-
iot, Samuel, and the three pigs Piggy, Bathsheba, and Jug&mit loves Piggy and
Bathshebad, ¢), Ischariot Bathsheba and Judith,(4), and Samuel loves Bathsheba
and Judith &, eg). The model is visualized in figur@ 3.

e]—> P

Figure 3.3: Another sample modet” for (16)

This gives us the event sets ih7] as the VP denotation.

(17) [[tWO(pigS)lnh(love)]]/// - (eleZ7 e1e5, e1¢e4, e1¢eg, €362, €365, €3€4, €366, €2¢4,
€266, e5¢4, 0506, - - - )

| generally adopt the habit of omitting those sets (aftemdjfiar application) which are
not relevant, like larger sets suchfs, e;, es } in (17). This is indicated by *...".

We do not go into a detailed checking procedure. As soon as #re as many or
more lovers than loved ones, the cardinality of the resyllsiets after the introduction
of the theme NP isn't even high enough to provide an agentwsBtiently large to
make the sentence true. Put differently, the VP denotatboteins only event sets with
cardinalitytwo, and we havéhreefrogs for which it is true that they love two pigs. The
sentence would erroneously evaluate as false.

The problem is simply that whenever a quantificational Gered Operator has been
applied, the original domain (a power set of some set of eydras been very much
reduced, and the result of the filtering operation does mohteugh enough set objects
for subsequently applied Generalized Operators. | imntelgiguggest a solution in
the next section.
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3.1.2.3 Quantifiers Collect Sets of Events

The answer lies in a redefinition of the mapping performedeyquantificational Gen-
eralized Operator (QGO). The mapping can be easily corstilny meditating further
about what it means to load quantification over objects intevent structure. The sets
in the denotation of the base nominal quantifier (exact degfmcf. below) are the sets
of objects every single one of which must be involved asrthearer in the events of
one of the input event sets. In other words, évery single objedn some set in the
base quantifier denotation, there musbine event sah the input such that the object
is ther-bearer of all events in that set. The union of events cooeding to all objects
in one such set from the base quantifier form one set in theubofghe QGCOP

Before | proceed to the examples, some definitions are neges<€all thebase (nom-
inal) quantifier the denotation of the noun with the determiner before a ttedéahas
been assigned. InLB) and (L9), | give some definitions of determiners which create
base quantifiersCard is a function from sets to integers, giving the cardinalitylee
set. Proper names are raised to the type of quantifiedit),(similar to the treatment
in Montague (1973b).

(18) a. [frog] =the set of frogs

b. [pig] =the set of pigs, etc.
(19) a.[someg(a)] = {0 Ofa]|Card(O) > 1}

b. [every(a)] ={OeO[a]|O=[a]}

c. [“pigay] = {{[piggyl}}
Under theta assignment, the NP turns into an operator faralleeole on sets of sets
of events. Before giving a definition of QGOs, let me turn tceaample to render the
idea clear. | use the model given in figlBe. Take (L5) in its linear scope analysis in a
distributive reading, i.e. we apply the N®Wo pigsdistributively first. The QGO corre-

sponding to the NRwo pigsis constructed from the base quantifier which is rendered
in (209. It contains all sets which contain two pigs.

(20) a. [two(pig)]-*" = (pb, pj, b, - )
b. [Int,(two(pig))(love)]-4" =
(exep, exe3, exes, exea, eres, e2e4, e2e, €304, €306, 664, €505, - - - )
We start with the power set of loving evefitge; , .., &s). The QGO[(two(pig) )M 1]-#"

collects for each of the se in [two(pig)]#" all setsS* which fulfill the following
requirement:S® contains for each objectin ° the events from one set ffove]-#"

6 This chapter deals with distributive readings. In chaptewllective readings will be modeled.
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such thab is the theme of the events in this set.
The result is given inZ0b), and a visualization in figurd.4. It shows which sets of
objects are responsible for which sets of events appeanitigei output. In the next
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Figure 3.4: The construction @(two(pig))lntlaov )]](///”_

step, the application of(every(frog))Ex]-#", (20b) serves as the input. The base
quantifier[every(frog)]#" is given in @1).

(21) [every(frog)]#" = («is)

There is only one set contained, so we can maximally get dni@ siee output of the
QGO[(every(frog))E4]-#". To see whether this one set exists, we must check for each
of k, i, s, whether we find a set ir2Qb) such that he is the agent of all events in that
set. The union of those sets would be in the output. As vizedlin figure3.5, there is
such a set, nameli;, .., e;).

Notice that the inverse scope reading denotes the emptthset€ntence is false under
that interpretation), as expected. We first collect all pesets of events where every
frog is the agent of a single event in the set. In the next sieptake these as the
input and apply the QGO correspondingtio pigsas theme. This means that we
have to collect a union of two sets from the input such thaeeiPiggy and Bathsheba,
Piggy and Judith or Bathsheba and Judith are their uniguadbkeSince we only find

7 Notice that | abbreviate the denotations here to exclueteivant sets. As given in figure figuset
and QO0b), sets like ¢;e.e;) are missing. However, the minimal conditions used for thlewdation
here will always be satisfied, and all other sets are meralyréant and never contradict the
minimal sets. Therefore | only work with the minimal sets.
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Figure 3.5: The final step in the calculation of the denotatiof
[(every(frog))®((two(pig))"™ (love))]*".

a relevant set for Bathsheba in the input (she is the only ownedl by all frogs), the
sentence denotation remains empty, and the sentenceagdaléigure figures.6).

(p)'™

Inty

~(pp)
b

[\

Figure 3.6: The construction ¢ftwo(pig))"™ ((every(frog))E*(love))]-7".

This concludes the demonstration of quantification in GOAoAnalization is found
in chapterb.



Chapter 4
Negation, Alternatives, and High Scope

The treatment of negation here will depend on my view of serga@lenotation as con-
straints on updates of mental models and its pragmatic int@iacout in sectior2.2.3

In that section, | argued that the events denoted by a sentgrdhose that the hearer
can take to be positively assumable (with one minimal exampkach constructible
model). With the version of quantification of the framewankcoduced in the last chap-
ter, the denotation changes from simple sets of eventssm§stich sets, but still these
sets can be taken to be positively assumable, also with onienali example. A sen-
tence is false in an existing model if no set of events in tikesee denotation is subset
or equal to the set of events in the model. Falsity is thusriiagd as the impossibility
to integrate the constraint imposed by one sentence intexiséing set of constraints.
The intersection of the models-as-constraints would betgmp

We really do nothing but push thexistential binding of the event variab{elassical
formulation) out of the semantics. As already said, thegesanilarity to a DRT treat-
ment of indefinites as providing free variables (cf. also ggastion in Partee, 2007:4
for a DRT-like treatment of the event variable). The onlystahtial difference to clas-
sical Event Semantics is that because we project quanidiicaver objects into event
structures, we need slightly more complex set-theoretjeatd as denotations of such
open event expressions.

The events encountered so far have fairly traditional pitogee (also called parame-
ters), like participant/role parametersgarameters), manner, various time parameters,
intensity, and what not. In this chapter, | introduce theyguadrameter which stands
out from traditional sets of parameters assumed for evéinéspolarity parameter. In
traditional Event Semantics one speakexisting and non-existing eventsainly be-
cause in those classical approaches the event variablexgstsntially bound at some
point to yield a closed formula of first-order predicate toglo completely dispose of

45
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existential binding of event variables, one must try to &lsminate negated existential
statements about events. This is the reason for the inttiotuaf the polarity parame-
ter.

The “negation of an event” is modelled by introducing evenitéch have negative po-
larity in the models, much as negative information in Infaitiation Semantics (e.g.,
Barwise and Perry 1983, Barwise 1989, and my primary soumgiib1991) is mod-
elled by infons carrying a O polarity marker. The model tletiorrationale is not too
exotic or unintuitive as it might seem at first sight, howewufter all, events as pre-
sented here are the minimal units which statet the hearer should assume as being
the case and not being the cadéhus, the existence of an event with negative polarity
encodes the fact that whichever other parameters it enewde®t manifested in a real
event. Thus, events with positive and negative polariteshe restricted in occurrence
to an abstract mental ontology, and we need not worry ab@étive events implausi-
bly turning up in the real world. Anyway, | will keep the habit trying to stay within
conventional model-theoretic argumentations as far asilples but it should always be
kept in mind that a proper formalization (chap®mwill be less standard.

As an ontological reconstruction of the Law of Excluded Me&dve then need to add
the requirement that either a certain event or its negatim@nexists in fully specified
models. The reconstruction of the Law of Contradiction Wwel mirrored by requiring
that never both a positive event and its otherwise identieghtive mirror exist.
Although it is not implausible in the sense just describé&e, adoption of a polarity
parameter for events clearly touches upon the ontologiatds of events in a signifi-
cant way, making them look even less like real-world everihay already do after the
total individuation by parameters as argued for in the laspter and in sectio®.1.1
However, postulating a polarity parameter seems to me tobeely within the spirit
of an Event Semantics with total individuation.

4.1 Negation and Event Polarity

4.1.1 Event Polarity

This section introduces a notion of event polarity underabgumption that we have
ordinary models against which the truth of a sentence carvédleaed. Since it will
become obvious that this leads to technical complicati@nsyised version in the spirit
of section2.2.3and sectior?.2.4will then be given in sectiod.1.2

The philosophical and logical discussions surroundingatieg from Aristotle to Rus-
sell and contemporary linguists could fill whole libraridsven a cursory account of
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the history of negation fills such stately an erudite voluaesiorn (2001), of which |
am going to discuss at least a little bit soon.
However, in logics as applied to natural language semani@gation is virtually al-
ways implemented by means of the truth-functional negatijperator—. For senten-
tial (boolean) negation, this is trivially adequate, andgooperty negation, a simple
pointwise definition based on boolean negation does the thidefinition of property
negation is demonstrated ih)( taken from Carpenter (1997:91).

@) -P L Ax-P(x)
In standard Event Semantics, we can assume a negated gaigeantifier over the
event variable, such asde.¢ (usually with at least one occurrence®in ¢). This,
if true, excludes all events for whici does not hold from models compatible with
this sentence. It makes the sentence false in a concretel ihtluere is at least one
event for whichgp holds. Similar pointwise definitions could take care of reemtential
negation, down to negation of nominal predicates (suchag&tiglish nominal prefix
non-.
As far as | can see, there is one semantic framework undehvaigigation is modelled
differently, namely Situation Semantics. My proposals wadot to Situation Seman-
tics as an inspirational source, although maybe less oretmical side.
In Infon/Situation Semantics (Barwise and Perry 1983 edcied above), infons are
taken (informally speaking) to be the minimal building lkeof information. They are
essentially tuples of relations (relation-objects) anpbais which fill argument places
of the relation. Infonsglescribesituations, and in turn situatiossipport(or do not sup-
port) infons. Parametersare open places within a given infon, which must be linked
to concrete objects. Parameters are sorted corresporalihg types in the ontology
of the framework (types arREL" for n-player relationsIND for individuals,T IM for
times, etc.).
Most importantly, every infon is straightforwardly speedifor apolarity of O or 1.
As also discussed by Devlin (1991), there are certain siitida between situations
and Kimian events (Kim 1976) as property exemplificatibrlso in standard Event
Semantics with full event individuation by parameters (@&spnted here, especially in

1] think the parallel could also be made between infons andidfinevents, but lack the space to
discuss the implications. Since | am not presently conakwith the cognitive and computational
questions which are much under focus in Situation Semaratits since the strength of Situation
Semantics lies in the modelling of context-dependencedwisi also not required for this study), |
will not elaborate further on similarities and dissimitas with Situation Semantics past this para-
graph. However, | think that a more thorough investigatibthe parallels could eventually be of
some profit, mostly to enrich the present theory with sohgito problems of context-dependency.



CHAPTER 4. NEGATION, ALTERNATIVES, AND HIGH SCOPE 48

chapter?), where events have no easily graspable ontological statisgde the seman-
tics of natural language, events are much better underste@bstract bits of infor-
mation about configurations of objects or the relations betwthem. A single event
compresses all information relevant to a specified cobbactif objects, in specified
places, at a specified time, etc., with a certain primarypacprocess, etc. going on be-
tween them, etc. The main difference to infons as | see itasttie compressed object
(the event) itself can be assigned properties directly wbiberwise would have to be
encoded as more complex relations between objects, tittef@&ameters instantiated
by adverbials likemanneror intensityare prime examples. This is possible because the
abstract events we are dealing with are expliaithf infons, but they still have physi-
cal properties like temporal stretch, spatial coordinateanners of execution, etc. An
event as constructed here might be the closest thing to an fof people who prefer
working with (albeit abstract) ontological objects and arenor less traditional model
theory. Put differently, although events as presented aexesery similar to infons,
infons are not model-theoretic entities in the same mansevants.

Where does all this lead us with respect to negation? | pepet it backs up the
postulation of events with a polarity parameter. Such amatar encodes whether
an event is factual or not (in a secondary, more “realistarise). A classical model
with event polarities would therefore have to contain foemgvpossible permutation
of event parameters (except polarity) either the positivine negative event. Despite
the involvement of the worgdossiblehere, the notion of possible event is a completely
extensional notion, and possible events can easily belasdcliby the following line of
reasoning. Language conceptualizes the individuals ¢tbpnd events) of the world
by providing linguistic expressions which allow the langaauser to discern between
these individuals. Looking only at event individuals ndwstmeans that the events we
can possibly talk about are those discernible by lingusstjgressions.

Imagine this scenario: If we have a language which only esq@e two main param-
eters of eventswalk andtalk, two expressions referring to individualeefmit and
scootel, two manner expressiongyickly andslowly), two expressions about spatial
locations in the universefstageandbackstagg, and no more than two points in time
encoded by generalized operatgysindi,. Whether the real world is actually as min-
imalist as this language suggests does not matter. As lofa@ngaage-users reserve
language to talk about Kermit or Scooter, on stage or bagkstalking or walking
quickly or slowly on two famous historic occasions, our misagae accordingly mini-
malistic. The reduced?;poa language of these language-users can generate a reduced
array of maximally specific expressions, &) (in -Zgoa notation).
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(2) a. kermit ®(quickly (onstaggig(walk))))
b. scooteF*!(quickly (onstagéio(walk))))
c. kermit BX(slowly(onstagéio(walk))))
d. kermit ®(quickly (backstagédio(walk))))

(
(
e. kermit EX(quickly (onstagéi, (walk))))
(

f. kermit BX(quickly (onstagdio(talk))))
g. ...

Since this language has no means of introducing recurdiennamber of sentences
will be finite, all in all we get a bounded number of possiblexmaally specific expres-
sions, each denoting (undéOA) a singleton set of singleton sets of events. But even
if there was an infinite number of compositionally derivad@ressions (in a language
with recursion), the maximum number of informative statata@bout the existence of
events will always depend on the number of parameters esiptedy the finite num-
ber of lexical entries.

Quantification introduces sets of events into the world afadations, but the events
in those sets must characteristically be expressible bglsistatements without quan-
tification (referring to single events), much as quantifaadl formulae in traditional
semantics based on predicate logic can be expressed bynctops and disjunctions
of non-quantificational formulae at least in finite models.

There is thus a possibly infinite but bounded set of eventswusehis language can talk
about. These are thpssible eventsnaximally present in the models of that language.
It is obvious that in a real world each of these possible esentst be either factual or
not, which is encoded straightforwardly by requiring thagxists with either positive
polarity (i.e., it exists in the classical sense) or negagpolarity (i.e., it does not exist
under the classical model-theoretic view) in fully spedfiealistic mental models. For
reasons to become clear soon, we must also posit that angtop@vesides negation
and maybe operators which can be decomposed involvinginayainly and exclu-
sively maps sets of events with polariyto sets of events with polarity.

Now, in how far are events with a polarity parameter concaptyustified and tech-
nically feasible? I think they are both if either (i) one isllmig to give up a strictly
correspondence-theoretic view of models for the integti@ of language, or (ii) if
one is willing to accept that in the real world tladsence of some eveistactually
rather theexistence of a negative event

| tend to opt for the first variant as can probably be guesseu fivhat was said in
previous chapters where | argued for a procedure whichgrées sentences against an
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abstract informational ontology, then constructing a raentodel of the world. As

| mentioned in sectio2.2.3 an uninformed language-user who has not received any
information is in a state where he must consider all posgtbénts. That is, knowing
that there are Miss Piggy and Kermit, that there are suclyshas hitting events, and
that there was a point in time (say, Monday, August 7, 19780 p.m.), he must at
least entertain the possibility that there was a hittingnéa that point in time with
Miss Piggy as the agent and Kermit as the theme, or that thesa'tv Also, regardless
of his beliefs, any language-user can talk both about théiy®gvent and about the
otherwise identical negative event, although if he doedfsonatively and in a single
discourse, he will probably contradict himself. The fachegns that we can talk about
non-factual events, and that we therefore absolutely nebdve them in the ontology

if we interpret sentences as (sets of) events.

This concludes the first introduction of the concept of pesiand negative polarity
for events, and | will now turn to questions of the technicaplementation, starting
with a more precise definition of negative events in the disse-level update proce-
dure introduced in sectioh 2.4 including a recapitulation of the mutual exclusiveness
of positive and negative events in sectii.2

4.1.2 Truth, Falsity, and Updates

In the last section, | argued for the postulation of negativents, and | used a rather
classical model-theoretic rethoric. A sentence was sadktwte positive or negative
events and in a given model, these events were simply saiexist or not to exist
making the sentenceue or false This led to the postulation of a requirement that
for every possible event there be either the positive or dgative event in the model.
Event domains in such models would be multi-dimensionadiyse, i.e., there would
be very many exhaustively specified events.

To derive a notion of contradiction, | first need to discusgatee events and the update
procedure (cf. sectio.2.4. For a start, as | said above, we talk about non-existing
events all the time when we utter sentences with negatidfith some tweaking, we
can even have explicit reference to negative events such(@k i

(3) Kermit did explicitly not make the announcement, and it happened 23 minutes

2 | clearly reject any interpretation of this as a Platoniagress to negation as a purely ontological
matter, cf. Horn (2001:5f.). Events with a polarity paraemndive in some kind of ontology, but an
artificial one. | doubt that was what Plato (or any of his felérs or successors) had in mind.

3 Another good point in favor of negative events could be madartalyzing perception verbs which
embed a negative clause as involving a negative event sexalint
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into the show.

Furthermore, the non-existence of certain events mustdmsdaile in our mental mod-
els, since there is a difference between not knowing abenéesvent and knowing that
some event didn’t happen. Look dtgf and its continuatior4b).

(4) a. A (to B): Kermit didn’t make the announcement durinig theek’s show.

b. [the next day]
C (to B): Did Kermit make the announcement during this weskisw?
B (to C): No, he didn't.

In this example, speaker B has learned the fact that songethdthnot happen. In
our parlance, he knows after hearirgg) that of all possible events of Kermit making
the announcement during the temporal instants coverediytek’s show, only the
negative events are factual. Thus, he can truth- and féligitgive a negative answer in
(4b).

(59—(5b) are different, because in these examples we assume that Bovaresent at
the show, hasn’t watched it, and has not been informed alyugaents which went on
during the show.

(5) a. [B has never been informed about Kermit and this westhcsv]

b. C (to B): Did Kermit make the announcement during this vieskow?
B (to C): I have no idea.

c. C (to B): Did Kermit make the announcement during this vieeskow?
# B (to C): No, he didn't.

When confronted with the same question fito)( he cannot give either a positive or a
negative answer, because, again in our parlance, he doé&sowtthe polarity of the
relevant events of Kermit making an announcement at theaetdime and place. In
fact, answering as irb€) is no responsible communicative behavior of B.

If B entertains a mental model where only positive knowledgencoded, and the non-
existence of some event makes a sentence describing tmsfalse in a model, this
mental model will look exactly the same in the situation4b)(and Eb): The relevant
events will just not be there. A solution within traditiomabdel-theoretic semantics
would have to resort to a more complex propositional store.

Within the current framework, the distinction can be dedive an elegant and simple
fashion. First, we extend the notion of possible event ttushe all positive and their
negative mirror events, i.e. the abstract dom@uwmg, of the abstract modélt liter-
ally containsall possible events (including contradicting negative andtpesones).
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Once again, possible events can be enumerated by calguédtipermutations of pa-
rametersthis time including polarity*

In this crowded and utterly contradictory mod& (which is shared by all language-
users), sentences are first interpreted[fi)' as denoting subsets of this domain of
events. A positive sentence denotes sets of sets of positeats, and negative sen-
tences sets of sets of negative events. The definition ofvawbs would have to specify
that they always denote positive events to start with. meverb lexically contributes
negative information.

Both positive and negative sentences are added to a discknosvledge base, i.e.,
an update still consists of adding an utteraoge; to a previous discourse character-
ized by the sequence of sententés: (a4, .., an). Under the analysis of quantification
from chapter3, the generation of construable models from these sequemvesn-
volves sets of sets, i.e. the $€t"! construable models? = <Dom6/{)j ,DomZ) at the
point where sentences..an 1 have been uttered are those wHémn‘E{f e{E|(FE; €
[al]™E, CEYA---AN(BEys s € [ani1]™ Epy s € E)A(=Te,2 € E.p(e) = &)}, where
pis the polarity inversion function.

However, since we now allow positive and negative eventetddmoted by a sentence,
the definition of contradiction (failed update) becomesucte A sentencep,; must
not be added iff it does not contain at least one set which eamimned with the event
domain of any of the models K", i.e., it will contradict ifVE € [an.1].Fe€ EV.Z €
K".3e € DomZ,.p(e) = €° This must be so, since by the definition I6f as given,
the addition of a fully contradictory sentence completetypéiesk", because the last
conjunct in the definition makes sure only event domains whie completely free of
contradiction are considered. A sentence is contradictomtgelf if it always leads to
update failure, such gs and not p Falsity is thus the failure of a discourse update,
and contradictions (in the logical sense) are sentenceswitevitably lead to update
failure.

The last conjunct in the definition of the update automdiiaalquires that models do
not contain even one pair of contradictory events. We extias once more explicitly
in (6) as a condition on post-update modéls.

4 The calculation is actually not that simple, as will be shawphapters.

5 Remember thaDomeyp; is fixed for all language-users and we do not have to give rresow to
construct it.

6 A clash between positive and conflicting negative informmats of course just the simplest case of
contradiction. Others will be discussed later.

7 Conflicting positive and negative information is of course the only way in which contradiction
can arise. More on this matter will be said in chagiter
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(6) Noncontradictory Events (NCE)
For all models# € K" wherenis an arbitrary stage in a discourse, it must not be
the case that there are two eventsde wheree ande only differ in polarity.

Some examples i7§—(10).

(7) a1: Miss Piggy entered the stage five minutes into the show.
a»: Miss Piggy didn’t enter the stage five minutes into the show.

(8) a1: Miss Piggy entered the stage five minutes into the show.
a»: Kermit didn’t enter the stage five minutes into the show.

(9) a1: Exactly one pig entered the stage five minutes into the show.
a»: Miss Piggy didn’t enter the stage five minutes into the show.

(10) ap: If Miss Piggy puts on makeup before the show, she alwaysette stage
five minutes into the show.
a»: Miss Piggy put on makeup before the show.
a3: Miss Piggy did not enter the stage five minutes into the show.

(7) is very simple: The first sentenca denotes{{e; }}, wheree; is the event of Miss
Piggy entering the stage at the specified time. If we assunan asitial discourse
modelK® = {({piggy}, {})}, thenK® = {({piggy}, {e1})}.2 The second sentence de-
notes{{e,}} wheree, = P(ey). Itis not obvious that whatever model fratt (there is
only one) we try to add some set frdfa,] (again, there is only one) to, contradiction
will always arise K2 cannot be{ ({piggy}, {e1,e})} because; ande; contradict, and

it also cannot be ({ piggy},{e1}), ({ pigay}, {e})}, because bot models lack relevant
information which was passed on in the discourse in this.case

In (8), the case is different, because the events do not contestib other by virtue of
being differently specified for the agent parameter, andiffgate will be successful.
(9) is interesting in thatr; denotes the set of singletons were some pig but only one
pig enters the stage at the given point in time. Assumingdbathree pigs are Piggy
(e1), Bathshebagb), and Estheres), we getk® = {({ piggy, bathshebaesthet, {e;}),

({ piggy,bathshebaesthet, {e>}), ({ piggy. bathshebaesthet . {es})}, becausé¢a;]| =
{{e1},{e2},{e3}}. Adding a2 now eliminates{e;}, because it denotel§es}} with

es = p(e1), which is excluded by the last conjunct in the definition of ttonstruc-
tion of K". However, adding; to the other two possible models succeeds, lfd-

{({ piggy bathshebzesthet}, {e;, e4}), ({ piggy bathshebzesthet}, {es, e4})}. Thus,

8 The initial collection of discourse modek in this case indicates that the interlocutors share no
knowledge about events and states, and there is only onetaotdjéch they both know, namely
Miss Piggy.
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we have gotten rid of all models where Piggy performs thevegieaction, and we
still carry the information in all our still construable meld that she didn’t perform it
(via the presence of the negatieg. The update would have failed K2 would have
been empty.

Since | am not providing an analysis of conditionals at tlagp | only mention (0)

in passing. Hereq, contributes events which only contradict those contrihitg a3

if the conditional ina is evaluated. This evaluation has to necessitate the presd#n
a positive event of Piggy entering the stage whenever tkexe event of her putting on
makeup before the show. This indirectly introduced evead$eto contradiction with
as.

As a final point, let me mention that the construable modelk'irare those against
which, if taken statically as classical models (althoughiignegative events) the sen-
tences added at stagk$--™ can be evaluated as true. In this case, NCE is really
nothing but an ontologized Law of Exluded Middle (cf. sentib?).

In this section, | have introduced negative events to enaddemation about matters
that are not the case. It was argued that if we interpret seageprimarily against a
model which contains all possible events, the resultingt®ions can be used as con-
straints on construable mental models. Such construabielnare calculated at the
discourse-level, and it was shown that the inclusion of tiegavents makes no big dif-
ference to the previously discussed positive case, exicapit can lead to contradiction
for some models in the set of construable models when pestients and their mirror
negative events collide. In these cases, the construaldelrrsono longer considered
(it is removed), and if all models are removed by an updat pftdate is usually not
performed (it fails)? All the time, it was assumed that core verbs denote sets @f pos
tive events, and that only the explicit presence of a negatiarker introduces negative
events into the denotation of a sentence.

9 This, again, only happens when the hearer does not disbeliewspeaker. The alternative strategy
(persuasion) was not discussed. In the case of persuasihetarer would have to remove events
from pre-update construable models, and then perform tdatap Obviously, the more events
from pre-update construable models the hearer would hakentove the less likely it is that he
will actually be persuaded.
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4.2 Types of Negation and Focus

4.2.1 Basic Distinctions and Phenomena

From Aristotle stems the distinction between term (or iméy negation and propo-
sitional (or external) negation, cf. discussion in Horn@2@hap. 1), which is my
primary source on these matters. They have their syntagtinterparts since Klima
(1964) under the labels @fententialand constituent negatianSince all Aristotelian
problems surrounding negation basically boil down to satipénctions, | will not go
through the whole history of the (often more philosophitart linguistic) discussion
of the Aristotelian categories and just introduce the tssag best suited for my tech-
nical implementation. To stay clear of specific philosophidews and quarrels, my
terminology is syntactically oriented.

| begin with a definition of the types of negation which | digfuish.

4.2.1.0.1 Verb Negation | call verb negation, negations of the (verbal) predicate,
which could also be called property negation.

(11) The King of France is not-big

It is traditionally held that sentences with verb negatiehdve like the non-negated
counterpart with respect to undefined subjects. If the stuly& in (L1) is undefined,
then the sentence appears to many speakers to be not singalydat problematic in
that it predicates something (or, in the case of verb negatiot-somethingof a non-
existing subject. Such undefined subjects call either fdweetvalued logic such as
Kleene’s (Kleene 1967), or some other theory which has &isaolin terms of presup-
position failure when subjects are not defined.

It is also suggested by Aristotle (and in Horn (2001:14fthat verb negation falls un-
der Aristotle’s Law of Contradiction (LC), which roughlyagés that nothing can b
and not beP at the same time (captured by NCE here). However, they allgg® not
fall under the Law of Excluded Middle (LEM), which statesttsamething either i®
or is notP. For (11), this can be grasped by readingt-bigas the corresponding pri-
vativeun-big In this case LEM tells us that it is not necessarily the chaéthe King
of France is either big or un-big; he might for example béeliithstead. Most of the
respective cases where LEM is clearly absent are just p&iggory mistakes (Horn,
2001:110ff.) (exemplified in12) vs. (13)), which thus are not specific to negation.
None of the sentences will ever be true, simply because nisdoenot have colors.

(12) The number 7 is red.
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(13) The number 7 is not-red.

Since the other cases need some philosophically sophedi@Gagumentation to go
through as not falling under LEM (includind.{)), | will treat them as falling under

LEM. Current linguistic theories would rule out%) and (L3) by implementing seman-

tic selectional restrictions, making such sentences ungratical rather than true or
false. | strongly believe that whenever linguistic negaiminvolved in some sentence,
the sentence excludes exactly those events which its yp®siiunterpart affirms.

4.2.1.0.2 Constituent Negation What | call constituent negation is negation of any
constituent that is not the verb or the verb-object compdexnetimes called VP here),
but for example adjectives or adverbs4)and (L5).

(14) Miss Piggy is a not-blue frog.
(15) Miss Piggy walks not-quickly.

As one can immediately see, cases of constituent negasorfall under the Law of
Contradiction, since nothing can be a not-blue frog and & flog simultaneously.
However, in what sense does this type of negation not faleutite Law of Excluded
Middle? Can we be sure that it need not be the case that eitBeis(true or (L6)?

(16) Miss Piggy walks quickly.

| think this crucially depends on how one reads the sentendé¢hee negation involved.
Either itis a simple contrarification of the property exmes by the adjective/adverbial,
in which case it can be paraphrased by)(

(17) Miss Piggy walks unquickly.

In this case, the sentence clearly does not fall under LEMte®ee (5), strange as
it already sounds in English, has one other reading, howavader this reading, it
behaves like verb/sentential negation (cf. below) witreaton the adjective/adverbial,
as indicated in18b).

(18) a. Miss Piggy walks QUICKLY.
b. Itis not the case that Miss Piggy walks QUICKLY.

Given the (8b) variant, it is perfectly correct to assume that either Mrgggy walks
QUICKLY or she does not walk QUICKLY, i.e., eithefl89 or (18b) is true. Here,
constituent negation assimilates to verb/sententialtreagdoth of which are assumed
here to obey LEM. The sentence triggers other presuppositi@an bare verb negation
because of the non-neutral focus, but it must still be readkaging what the positive
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counterpart asserts: Itis a negation of events. A majofitigie chapter will be devoted
to this problem, while the case df?) will be mostly ignored as belonging more to the
realms of lexical contrarification.

4.2.1.0.3 Sentential Negation Finally, like verb negation, cases liké4) and (L5)
(repeated here a$9) and 0)) behave like their positive counterparts in sentencels wit
undefined subjects in either reading.

(19) Miss Piggy is a not-blue frog.
(20) Miss Piggy walks not-quickly.

It is only sentential negationwhich is different with respect to undefined subjects.
And it is also the only case treated as clearly falling undéMLin the philosophical
literature.

(21) The king of France is bald.

(22) The king of France is not bald.
(or in pseudo-disambiguated form:
It is not the case that the king of France is bald.)

Clearly, €2) is (as of the time of me writing this) not factual, no mattenether the
subject is defined or not. And, if the subject is defined, théree(21) or (22) must be
true; the Law of Excluded Middle holds.

After this short introduction of the two/three types of nega, | now turn to some
other properties of negation. One phenomenon related to cBMd be called the
positive impacbf negation. As discussed at length in Horn (2001:chap. dt)) erb
negation and constituent negation have been regardedagimya positive affirmation
in addition to the negative one throughout the history olgguphy and linguistics.
Philosophers have even tried to walk the more extreme pa#iirofnating negation
entirely in favor of positive assertions only, mostly besathey had certain ontological
or psychological biases1{) (repeated here ag3)) appears to deny that the king of
France is big, but at the same time also seems to assert tissdmmething else

(23) The King of France is not-big

| talk about verb negation and constituent negation seglsr&d make a distinction
which is related to exactly this phenomenon. 1d)(the accompanying assertion (that
the king of France has some property but not that of being isigybvious but not
primary. Even thoughl@) and (L5) (in the verb negation with focus reading) don't fall
under LEM strictly speaking, the accompanying positiveegssn is so strong that it
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might not possibly be taken as a presupposition anymorethkr evords, the sentences
are infelicitous unless Miss Piggy is a frog or Miss Piggykegarespectively.

The next section will try to approach this problem by inteémg a notion of focus
into my event-based framework. To solve problems involvedegation interacting
with other operators like frequency adverbials, sectidhwill then refine the notion
of sentence denotation to include larger objects calledidravents (sets of events re-
interpreted as primitive events, much like sums of eventsgiwcan be independently
negated.

The most important fact to keep in mind from this section &t tthe three different
kinds of negation (or the two in Aristotle’s framework) allsome way exclude exactly
those events which are positively asserted by their noathegcounterpart, which is
why | treat them as falling under some version of LEM. Thisighs will guide the
further argumentation.

4.2.2 FocusinGOA

In section4.2.3 | will argue that the differences between the three typesegfation
introduced in the last section reduce to an interaction feitas. Therefore, | must first
provide a definition of the machinery of focus in the curreanfework, which is the
task in this section.

| take focus as relating strictly to relevant interpretatibalternatives to some basic
interpretation, in the tradition of Dretske (1972), RodtB§5) and Rooth (1992), sum-
marized for example in Krifka (2006). The focus value acawgdo Rooth can be
calculated by turning focused constituents into focusalreis'®

(24) Kermit loves MISS PIGGY.

In this sentenceMiss Piggyis taken to be focused (indicated by uppercase spelling).
Whereas the ordinary semantic value of the sentence is tygition that Kermit
loves Miss Piggy, the focus value would be obtained by reptaihe constant denoting
Miss Piggy by a focus variable which receives its intergretaby the normal model
theoretic assignment function. Thus, the focus value woeldhe propositions that
Kermit loves anyone.

The variant of Event Semantics developed here provides tsawery handy defini-
tion of alternatives, because whichever constituent ised, we can capture the focus

10 Focus need not always be marked phonologically. | use upperetters to indicate focus, even
if possibly unmarked. Where more complex constituenthoelssential, | enclose the focused
constituentin |e.
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value (henceforth calledlternative value) of the whole sentence liyomplementing
the denotation of the focused constituent and then comgpthim semantics of the sen-
tence exactly like for the ordinary value (callpdmary value here).

As an example, take2). Miss Piggyis focused, and the corresponding logical con-
stantpiggy denotes the subsets from the power set of individuals whacttain the
famous pig starlet! The complement of this denotation (taalue under focus? of
piggy) is denoted byiggy, and it is the set of all sets of individuals which exclude her
(the complement offpiggy] in [1[10bj).

Now the treatment of quantification BOA shows some of its advantages: We can
interpret this inverted set as a theme QGO under thematigrassnt, and form (by
applying the QGO tdove) the set of sets of loving events which correspond to all the
sets frompiggy as configurations of theme objects. Then applykegnit as agent
operator will result in a denotation which contains all pbkesconfigurations of events

where Kermit is the agent and some set of objects (where nbtiee@ontained ob-
jects is Miss Piggy) is the theme set. This corresponds ynicethe Roothian focus
value, which would be the set of all propositiaihgat Kermit loves x,.. The classical
focus value in this case would of course renaléalternatives (including the one that is
primarily asserted) and thus also contain the proposthan Kermit loves Miss Piggy
There is no corresponding set of events in the alternatimetdéon undeiGOA, but

| see no disadvantage in that, primarily because senteikee@¥) taken in isolation
(without context and any specific focus interpretation)enam intuitive reading along
the lines of‘Kermit loves Miss Piggy and does not love somebody else”

Turning to a modified example, in case the whole VP is focuasdh ¢5), the proce-
dure works equally well.

(25) Kermit LOVES MISS PIGGY.

Here, we first takepiggyTH(Iove), one of the sets of sets of loving events. The alter-
native value is built up from the value under foqiggy' " (love), which is the set of
sets of events which exclude those which are in the primaiyeveSince unde6GOA

we do not have to worry about free variables and abstragtiwasieed not restrict the

11 | hope this switch to a treatment of singular referring espiens as quantifiers is similar enough
to the one in Montague (1973a) to be intuitively comprehassilt will be explicitly formulated
in chapterb.

12 What is usually called théocus valuds called thealternative valuehere, and | assume it can be
determined only of whole sentences, just like Rooth defiheddcus value uniformly as sets of
propositions. Therefore, | use the temalue under focuor the contribution a constituent which
is focused makes to the alternative value. Having a defindiovalue under focus allows the fully
compositional approach to building up alternative values.
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alternatives formed from the VP tone-place propertiesThe set contains all event
configurations unless Miss Piggy is loved in at least one tevkthe configuratior?
and the agent QGO is defined properly so as to operate on thesmdegenerate sets
where Kermit is the agent.

Obviously, we can build up the alternative value composdity in parallel to the pri-
mary value of a sentence, with the only difference that atespwint some operator
performs a complementation operation in the derivatiorhefdlternative value (and
notin the derivation of the primary value). To have the formalame of spelling this
out, it is most convenient to define the compositional merdmamn terms of tuples of
aprimary and a secondary meaning wheremeaninghere generally refers to the se-
mantic contribution of some expression, the “translatibn”a Montagovian sense) of
the expression. That is, the sentence will be interpretedtaple of functions#, 12),
such thatf; generates the primary value, afidgenerates the alternative value of the
sentence. All normal lexical entries must provide the saareponent function foy;
and £, only some special operators like the normal focus operatmation, oonly
have a different contribution to the two composed functiofiBis can be most trans-
parently implemented by defining all lexical entries alsdwgdes(a, ), wherea is
the primary operator, an the alternative operator, evenaf= 3 in most cases. This
will allow us to build up the primary and alternative valueain entirely compositional
way.

For normal focus semantics, there must be an operator abtedl, which (by heuris-
tic) spells out agld, Cmp), a tuple of the identity operatéd (which maps everything
onto itself) for the primary function, and the complemeioiatoperatorCmp as its
contribution to the alternative function. It must be a tupteder the assumption that
all lexical entries are tuples of primary and alternativatabution. TheF-operator is
overtly manifested if focus is phonologically marked (orrkead by particles etc.).

The derivation of 25) should thus look like figurd.1l The sentence with focus on the
VP denotes two sets: The primary one contains the event emafigns corresponding
to “Kermit loves Miss Piggy.; and the alternative one those correspondingiKier-
mit does anything but love Miss Piggy? For simple focusing without any additional

13 This includes events correspondingiplace predicates (for arbitran). The logical syntax under
GOA does not express the arity of predicates, because therenistiom of such predicates.

14 A great deal of additional pragmatic information would h&wgrovide a significant restriction of
the domain of complementation. Already in his seminal papestske (1972), the alternatives are
always assumed to be restrictedrétevant alternativesJust like the formal approach in Rooth’s
Alternative Semantics, my approach generatiépossible alternatives not further restricted.
General discussion of the problem is found in Schwarzsqldii®4) fion vidi summarized in
Kadmon 2001).
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(kermitAS(1d (piggy" " (love))), kermit AS(Cmp(piggy™" (love))))

(Id (piggy™ ™ (love)), Cmp(piggy™ " (love)))

(piggy™ " (love), piggy™ (love))

(kermit ,kermit) (Id,Cmp) (love love)  (piggy, piggy)

Kermit F [loves Miss Piggy]

Figure 4.1: A derivation of45)

operators, we can take this double denotation to be the impwhatever the prag-
matics component does with sentences containing focusiowitany such additional
operators or special contexts which enforce what is traakiily called truth-functional
effects, let us assume that the function of focus is actyaBy pragmatically deter-
mined.

One final crucial remark is necessary. The analysis of foceisgmted here only works
under the assumptions made in sectioh.2 In a normal model-theoretic setting, the
relevant alternative events might simply not exist, andatwernative value would be
empty or only containing irrelevant alternatives. Roothiacus only works because
the alternatives are ultimately alternative propositiddader the current assumptions
this is not required because both the primary and the alieenaalue can be interpreted
against the abstract model which contains all events whighipossibly be the case
(cf. also sectiont.2.3.]).

In the next section, | am going to take a look at negation whgs$ociates with focus
an effect covering in my view all cases of non-sententiabtieg. Sentential negation
will be the topic of sectior.2.4and sectiont.3,

4.2.3 Focus and Negation

The termassociation with focuwas also coined by Mats Rooth, and it is used by him
for a wide variety of cases. | will focus on association ofdsavith negation. Take
(26).

(26) Kermit doesn’t love MISS PIGGY.

This sentence really seems to have the same truth and usadeiaas as 279, a
sentence with constituent negation.
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(27) a. Kermit loves not Miss Piggy.
b. Kermit loves not MISS PIGGY.

| assume that cases likB{g always involve focus on the negated constituent as it is
explicitly marked in 27b). That focus is obligatorily on the negated constituentlzan
tested by forcing focus intonation on some other constitasnn ¢8), or by trying to
have two constituent negations in one sentence (which woelah coexistence of two
disjoint foci) as in 29).1° Both tests fail (if one excludes meta-linguistic “correctal”
focus for @9)).

(28) * KERMIT loves not Miss Piggy.
(29) * Not Kermit loves not Miss Piggy.

It is evident that the negated constituent must carry foaund, that there is a unique
focus in the sentence.

What is the effect of negation on the primary and the altéreatalue in the case of
(26) and @7)? As argued for in sectiof.1, negation involves the effect of transform-
ing a set of sets of eventsto a corresponding set of sets of eveatuch that there
are unique pairs for everyande such that is distinguished from only by having in-
verse polarity. Thé operator was defined to perform this transformation. If welyp
this polarity inversion operator (at any point in the detiva) to the primary meaning
but not to the alternative meaning, we get exactly what théesee intuitively informs
the hearer about: (i) The events corresponding to KermihpWiss Piggy (= the pri-
mary value) have negative polarity, and as such must not feneed as factual. (ii)
The events corresponding to Kermit loving any configuratibabjects not containing
Miss Piggy (= the alternative value) have positive polaaityl can be assumed.
Contradiction between the primary value and the altereai@lue cannot arise, because
the complementation in the alternatives (whicmat performed in the primary value)
makes sure that primary and alternative value are disjdimis, we never have a situa-
tion where the primary value bans some event while the atserequires it to exist.

| said above that the alternative valcenbe assumed, not thatritustbe assumedith

15 | am aware that in the literature (e.g., Rooth 1985 or KrifR@1) constructions are discussed which
have multiple foci. | have the strong impression that thesgstructions are extremely marked,
and that, if they are uttered in natural discourses at aly thvolve some kind of meta-linguistic
impact. Be that as it may28) and 9) seem to be ungrammatical in a parallel fashion (due to
the same reasons). We can therefore assume that doubléwemstegation is as ungrammatical
or infelicitous in the same way that one constituent negapios one focus in the same sentence
(but on different constituents) is without questioningdhies of multiple foci in general. Also, the
theory presented here could in general deal with multipdétichnically.
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a minimal examplelt seems slightly strange, however, that in the case of abfocus
the alternative value provides events with positive pbfasihich are explicitlynot to
be assumed, and in the case of negation similar sets of ev&htgositive polarity are
offered which are explicitly to be assumed. One has to sdiigelly adding additional
pragmatic restrictions on the interpretation of negatioa Bocus. Especially, just tak-
ing plain focus to signal that both the ordinary and the fozalse are to be assumed
would make sentences containing plain focus very uninftivmaalk. | therefore sug-
gest again that determining how primary and alternativaeval simple cases of focus
without specific operators are to be interpreted is realyt#éisk of the pragmatics com-
ponent. In other words: For the semantic update proceduig tlee primary value is
relevant.

| would like to point out on the side that the semanticonly, could just use the in-
verted version of the negation tupldd, P). This comes very close to the solution in
Rooth (1985), as far as one can compare his solution in tefreste of propositions
and the present solution at all. When the operator tuplepea the alternative value
generates sets of events with negative polarity. If, thisketh case, the hearer was to
assume both primary and alternative value with full forc€BNwould prohibit positive
polarity for anything from the alternative value, and tharary value would really be
the only positive event contrasted against the alternative

One advantage of the current proposal is that the altema#lue is created compo-
sitionally by complementation at a specific point in the dation, and it is thus in no
respect technically inferior to Rooth (1985) and Rooth @9All contextual factors
relevant for the determination of thielevantset of alternatives can therefore be boilt
down to the determination of the relevant domain of compleaigon for the mean-
ing of the focused constituent (by discourse salienceyaobin status, poset relations
to active discourse entities, etc.). In most cases, eveplsifaxical sorting will be
enough for the determination: A focus®dALK will in most cases be complemented
in the domain of sets of sets of events of motion, etc.

All this seems to suggest that (given that sentences aneedeas tuples of primary and
alternative meaning) focus, negation (which is always tiegassociated with focus),
and tentatively evewonly can be captured by two basic operatol?sand Cmp (plus
the operatotd, which is there mainly for simple technical reasons to bezafear in
chapters, and could just be omittedCmp always applies to the alternative meaning
of the focused constituent, aftiis applied either to the primary meaning (if negation
is present) or to the alternative meaning (if focus is asdediwithonly). This gives us
the simple permutation depicted in figute€?, of which only columns one and two are
fully relevant at present. Assuming that (not consideriogpe effects with respect to
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| | focus| focus and negatioh focus ancbnly |

P — (P,1d) (Id,P)
Cmp (Id,Cmp) (on[]F)

Figure 4.2: Operator permutations for negation and focus

other operators, cf. secti@n3) the negation operator can in principle apply at any time,
we assume in the following example that it applies above tReaxid after the focus
operator. The derivation of botB@g and G0b) is given in figured.3(still disregarding
surface syntax) and() will yield a final logical representation as i8%). Since they
are vacuous, | omid operators in the actual derivation for reasons of brevity.

(30) a. Kermit loves not Miss Piggy.
b. Kermit doesn’'t love MISS PIGGY.
(31) Kermitdoesn't LOVE MISS PIGGY.
(32) (kermit“S(P(piggy"H(love))), kermitAS(Cmp(piggy' " (love)))).

(kermit A%(P(piggy "™ (love))), kermit A%((Cmp(piggy)) ™" (love)))

(P(piggy™ (love)), (Cmp(piggy)) " (love))

\

(piggy™™ (love), (Cmp(piggy)) ™" (love))

iggy, Cm’%

(kermit , kermit ) (P,1d) (love, love) (Id,Cmp) (piggy, piggy)

Figure 4.3: A derivation 0f30g and G0b)

Notice how the primary value (events with negative polarnyidentical for 80) and
(31). Again, this is a desirable result because both sentenxcésde the same events
(cf. section4.2.]), and they differ only in making different contributions @swhich
events they do explicitlyot output with negative polarity. In the case &0f (fig-
ure 4.3, the alternative value are the sets of events where Keowuésl any object
configuration which excludes Piggy. 18%) as analyzed in32), the alternatives are the
sets of events where Kermit does anything except love Migg\PiThat last alternative
value could never be generated in a primary value, becaesempably complementa-
tion never happens in primary denotations, and the corealegerator applies first and
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reduces the events the sentence can talk about to those kinoh@valk, talk, etc.).

This solution in a way gives a (modest and technical) answené question discussed
throughout the history of negation, namely whether intenegation additionally in-
cludes or exclusively consists of a positive assertionge€tion4.2.1). In my frame-
work, negation turns out to includethin an interaction with focus. We should keep
in mind that so far it looks like the focus operator tuple lmaapply in place, directly
to the focused constituent, and that the negation openapde tan apply at any time,
preferably somewhere above the VP.

This last question (the natural language syntax and corigo$f negation) will be
examined with significantly higher scrutiny in later senBoand chapters. But first,
| add some words on the problem of alternatives as deriveel inetraditional model
theory in sectiom.2.3.1 Then, | give a semantic explanation of sentential negation
in terms of focus and negation in sectidr2.4 It actually constitutes an attempt to
unify all types of negation. Finally, sectiagh3 will introduce larger sum-like objects
constructed from event configurations (so-called frame&&ydo explain scopal inter-
action between negation, quantifiers, and other operators.

4.2.3.1 Alternatives and Interpretation

This short section discusses how the interpretation ofredteres as defined above is
only possible under the assumption of the theory provideseittion2.2.3and sec-
tion2.2.4

If classical model theory is assumed, then the alternatieerated by the current
theory are inadequaté. Imagine a situation where Kermit sleeps and does nothing
(relevant) else: He’s not walking, eating, talking, etchétever the context gives us as
relevant alternatives). Under such conditions, | will exzé 33).

(33) Kermit SLEEPS.

The alternative value, by definition, contains the sets ehevwhere Kermit does any-
thing but sleep, and context-dependence narrows this get ttothe relevant alterna-
tives. In this case, the alternatives are empty if we evaltlet sentence against a fixed
model, which is not a useful result.

If the sentence is interpreted with respect to the abstractei however, the inter-
pretation of the alternative value mot at all empty. The domai®omgy contains all
possible events, and consequently also those where Kemksweats, talks, etc. In
essence, although the interpretation procedure looksi&xteal, the abstract domain

16 This is due to the fact that it uses almost extensional ewentsodel alternatives and not proposi-
tions (like Rooth’s theory).
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of possible events provides a weak but sufficient notion t&risionality here.

It is therefore vital to keep in mind the two-stage interptiein and update procedure
as described in sectidh2.3and sectior?.2.4 | suggest to take the elegant derivation
of alternative values in the present theory as a point inrfafdhe plausibility of the
theory of updates and discourse-level interpretation ehagvent descriptions.

4.2.4 Sentential Negation as Negation and Focus

In this section, | show how sentential negation can be tdeatea par with verb nega-
tion and constituent negation. As | noticed above (secti@nl), | treat all three kinds
of negation as denoting the negative mirrors (sectidnland sectiort.1.2 of their
positive counterparts. Subsequently, if the negated sentence is true, the comdspo
ing positive sentence is false and vice versa.

In section4.2.3 constituent and verb negation were treated equally astioegasso-
ciated with focus. The primary value was the same set of $etsgative events for a
constituent-negated and an otherwise identical verbirdgsentence. | will now pur-
sue the hypothesis that sentential negation behaves thee sam

Again, we look at examples like3¢) where the negated constituent (identical to the
focused constituent) is indicated by round brackets.

(34) a. Kermit loves not-(Miss Piggy).
b. Kermit does not-(love Miss Piggy).
c. Kermit does not-(love) Miss Piggy.

d. Itis not the case that (Kermit loves Miss Piggy).
(35) Kermit loves Miss Piggy.
(36) Kermit doesn’t love Miss Piggy.

The sentences i8f) essentially all are negations d5). In most cases, there isn’t
even a way of syntactically determining the negated carestit (without context or
intonation), and all cases a24) would be naturally expressed &5J.

Notice that even the allegedly disambiguated version aeseial negation formed with
it is not the case thatan be forced to be interpreted as verb or constituent r@ygati
for example by putting strong focus accent on the respectivgtituent. Observe&{g
and the suggestive natural continuation3mlg).

17 By themirror or the negative/positive counterpart of an everibformally refer to the event which
differs frome only by polarity. The mirror of a set of eventsis the set which contains exactly the
mirrors of the events itE and nothing else.
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(37) a. Itis notthe case that Kermit loves MISS PIGGY.

b. ...but he loves Annie Sue.

One more observation must be added to this before | draw ngfasions: With respect
to the question of whether all these negations presupposeeor imply some kind of
positive assertion, there seems to be a gradual rise inrémggsh of the presupposition
when the negated constituent (= the focused constituentrbes narrower. In34d),
there seems to be no positive presupposition at all, whi(84i) it is at least strongly
possible. In 849 and especially349, it appears almost too strong to call it a mere
presupposition.

In addition (and most importantly), when the subject of sanes like 879 (with it is
not the case thais undefined and there is disambiguated focus on a lowetiboerst,
they behave like sentences with lower negations (i.e., dp@gar undefined rather than
false), as in §8) (assuming a situation where there is no host of the MuppetvStor
example because the show has been canceled).

(38) Itis not the case that the host of the Muppet Show loveS3/RIGGY.

What if we took all this as indicating that sentential negiais nothing more than a spe-
cial case of constituent negation with the whole sentenéacins? This would allow us
to derive the primary meaning again by applying the poImilgratorlS, resulting in the
same primary denotation as in the cases of lower negatianalférnative value would
be obtained by complementing the positive mirror of the prynvalue in the power
set of events, resulting in some giant disjunction of evenfigurations informing the
hearer that anything might be happening (except Kerminigwliss Piggy). Since,
trivially, there is always something happening (which isyvenuch what the alterna-
tives tell the hearer), a presupposition ranging over seth would be vacuous and
undetectable, which explains why sentential negatioigéng no such presupposition.
On the other hand, the narrower the negation (= the narrdwedotus), the smaller the
set of sets of events the alternative meaning denotes @tifea domains not contex-
tually restricted). If only an argument NP is negated as3g), the alternative value
will still be restricted to the main event parameter conttéa by the core verbal op-
erator (since that operator is not in the scope of negatidrtfauns not focused). If the
V or VP level are negated, however, alternatives will be drdmem the power set of
events, not restricted by the main parameter. In the caseaginnal wipe-scope (sen-
tential) negation, complementation will be in a completatyestricted domain, and it
will output sets of events which contain anything but therorievents of the primary
value. If there is a rough scale of cardinalities of the al¢ive values along such lines
(i.e., if the alternative set becomes larger in cardinaligywider negational focus is de-
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fined), then it is clear why the presupposition becomes geowith narrower negation.
The presupposition becomes stronger with decreased editigis and thus increased
specificity of the alternative value. This interpretatidrtite strength of the positive
presupposition in negative sentences is just assumed asiatleehere, since | will not
perform the necessary proof about cardinalities of thersteves'®

In figure 4.4 find the derivation of sentential negation as #q). | continue to apply
the negation operator tuple always as high as possible.

(P(K"C(pTH(1))),Cmp(k"C(pTH(1))))

\

(KAS(pTH(1)),Cmp (kS (pTH(1))))

(KAS(pTH (1) KAS(PTH(1)))

(P,1d) (Id,Cmp) (kermit , kermit ) (love,love) (piggy, piggy)

Figure 4.4: A derivation of34d)

A final note on the problem of undefined subjettswWhile | do not attempt to give
an answer to the question of how exactly the ungrammatyaadiinappropriateness or
non-falsity of positive sentences with undefined subjectaes about, | can neverthe-
less give an answer to the question of why sentences withtinag@r rather focus)
taking a constituent which does not include the subject\ehke positive sentences.
Looking at figure4.4 as a case of sentential negation, we can easily see thatithe pr
mary content has negative polarity by virtue of being nedjaide alternative meaning

is derived like the positive counterpart of the whole seo¢etincluding possibly un-
defined subjects), and it thenthat the complementation operator applies. What this
means is that in the case of sentential negation, the alteznalue does not contain
sets of positive events which are possibly specified for alefined subject. In the case
of lower negation, the subject is integrat@ftler the complementation, and the deriva-
tion of the alternative content will yield a denotation whiin fact does include sets

18 A simple proof relying on cardinalities would essentiall/fouitiess anyway. For a valid argumen-
tation, it would have to be settled how the interpretatiohgigen here are actually computed by
human language-users. Since there is most likely some fbtazyp evaluation applied, we could
expect that it is rather the complexity of the function thahgrates the set than the cardinality of
the set which matters. Without an empirically backed up andist theory of semantic processing,
this is mere speculation, however.

19 See also sectiof.5.3for a basic definition of what is generally the semantic eftaindefined
subjects.
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of events which have a specification for undefined subjedtsan thus be hypothe-
sized that whenever a derivation leads to denotationsdnoupositive events which
are specified for an undefined subject, be it in the primanheralternative content,
then the familiar effect arises. This explanation makeseseres with lower negation
and undefined subjects false in the current framework, hsttteem fail along some
other dimension as well, because their alternative deiootabntains positively speci-
fied events with undefined subjects.

In the last sections, | have established an implementafioregation as negative po-
larity of events including a simple theory of focus/altdimeas and its interaction with
negation. | have not said anything about scoping alternatietween negation and
guantifiers and between negation and other operators, fimgbe modalgossibly
frequency operators likeften etc. To give a satisfactory account of adverbial modi-
fication, scope distinctions between such operators mustdueled, of course. The
next section is devoted to constructiingme eventdarger entities derived from sets of
events, which bear some similarity to sums, and which alleformalization of such
scope distinctions.

4.3 High Scope and Frame Events

This section examines what | call high scope, i.e., scopag@mnena that are not ex-
plained by the inter-quantifier scope interpretation returintroduced by the defi-
nition of QGO in chapteB. The phenomena to be discussed here crucially involve
NP-quantifiers, negation, certain adverbial operatorsyelsas modal and temporal
operators. Ignoring all intensional phenomena (tense aathtity), | show that the re-
maining extensional operators and negation receive aalatwerpretation if we allow
sets of events to be reinterpreted as frame events if nea@dedype-shifting kind of
manner). Such frame events have much in common with sumseoit®in that they
are exhaustively defined by their constituting events. éatio-temporal properties
are computed from the spatio-temporal properties of thestdoting events, and they
inherit participance parameters from their constitutingrés in case the constituting
events have homogeneous participants.

| call the phenomenohigh scopebecause the scope distinctions discussed here are
those which are usually treated as involving scope at a giopoal level. While in

the present theory it is not necessary to assume raisingasftified NPs in order for
them to take scope as long as a linear scoping is intendedubecthe scope effect then
arises from the definition dsOA quantifiers), some kind of operator raising is neces-
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sary once negation and scopal adverbials are taken intaatcco

First, | turn to examples of scoping relations which abssiubhecessitate the concept of
frame event in section.3.1before giving a small-scale typology of cases where frame
events are needed and when they must not be formed. The ¢a@idsgme event will

be unified with the generation of alternatives in sectldh 3

| would like to warn readers that in what follows negationlwibt be redefined, it will

be kept as a simple polarity switching operation (tempbragnoring the focus effects
discussed above). In all its interactions with the otherrafoes, it ispassivein that

it negates what it receives as an input without, for examgdeerating frame events
itself.

4.3.1 Scopal Negation and Some Adverbial Operators
4.3.1.1 Introduction to the Data

We have seen above that without scope interaction, negatidnits different sub-
sentential “scopings” can be reduced to association witisand be formally dealt
with by the simple polarity-inverting operat§r(which can safely apply at some locus
at the sentence-level) and a mechanism for determinings@stoonstituents and alter-
native values. There are, however, scope interactionsgstioe with other operators
which so far we cannot account for.

The question | want to answer now is how scope distinctiotwédxn, for example,
adverbs of duration or modal adverbs, negation, and quenstiian be modellet.
Notice that | am presently not yet examining how natural leagggambiguityarises (or
is resolved), but only how the definitions of the operatorecht® be forged so as to
render the correct semantigcgyen that these operators can (in principle) take relative
scope

It is commonsense that negation can take scope relativeléasit quantifiers, modal
operators, temporal operators, and operators of duratidrfraquency. Since | want
to exclude tense, aspect, and modality from this study tp d&ar of more intricate
problems of intensionality, | am going to take a look maintiyperators of frequency
and duration (usually expressed by adjuncts) as well astioagand NP-quantifiers.
For frequency and durative adverbials, which are sendititbe temporal distribution
of events, we can assume that our domain contains eventsaingrmpoint in time, and

20 We have seen in chaptérthat scope distinctions between two or more quantifiersofallas a
consequence of the interpretation given for quantificai@eneralized Operators. With frame
events introduced in this section, there will actually be whfferent analyses with two QGOs
taking scope (namely with or without frame formation), eyt result in equivalent analyses.
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that we can determine those points in time to check for giris on the temporal
distribution and the duration of the event without needimgaae complex intensional
temporal logic.

In the following examples, | try to disambiguate certaindiegs as much as possible
with natural language means, using simple past to enforapeodic reading. | am
aware that scope readings other than the intended ones Ineigiviilable under certain
circumstances. Please assume scope readings faithfid sutface order.

(39) a. Itis notthe case that every Muppet often sang.
b. Often, every Muppet didn’t sing.
(40) a. Itis not the case that Annie Sue held Kermit's handflamg time.

b. For a long time, Annie Sue didn’t hold Kermit’'s hand.

(399 is true in terms of Event Semantics iff there is at least ongpkt character for
whom there is noftendistribution of events (at the relevant instants in the ypakich
were singing events. So far, we seem to have no way of foringlthat this sentence
expresses such a ban on a whole distribution of ever#8b) (s true iff there were
often occasions at which the singing event for each Muppalegative polarity. The
next pair of examples is simpler4@g is true iff (at the time in question which lies
in the past) the event of holding hands between the two witg temporal stretch has
negative polarity. 40b) states that for a long stretch of time there were no everits wi
positive polarity which were hand-holdings between thedamfrog confere and the
young pig dame.

Such scoping phenomena are, however, not all there is tdkba tato account. From
Lewis (1975), where frequency adverbials appear withindhger class of adverbs of
guantification, come examples lik&l), where it seems not even to be scoping involved
between the two adverbials, but really modification of twifedent types of semantic
objects.

(41) Kermit often/always appears on stage now and then.

This sentence contains two frequency adverbials, aong (and thehintroduces the
restriction that the events of Kermit appearing on stagesviquent, the other one
(oftenor always wherealwaysis in Lewis’ original example) seems to contribute the
requirement that the totality (or the sequence) of thesatsyeppen often or on any
(relevant) occasion, respectively.
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4.3.1.2 Frame Events as Clusters of Events

While Lewis, in the aforementioned paper, rules out quaxatifbn over events as a suit-
able model for adverbs of quantification (based on his viewxaimples like the one
just given), | would like to give such a solution a try. For @et-theoretic objects en-
countered so far, formulating an operator correspondirgftemwould be moderately
easy given occurrences in sentences lk8,(which do not show the scope phenomena
under examination.

(42) Fozzie often told a joke.

Given a function from events to the time interval covered tiyse events (cf. Krifka
1989), theoften operator would have to be defined so as to only let throughafets
events containing joke-telling events by Fozzie which heg&ndom) temporal distri-
bution dense enough to warrant calling their occurresften?!

If oftenoccupies the higher position in sentences l&®&) (however, such an interpre-
tation simply cannot be available, since it would lead totramtictory requirements
imposed bynow and therandoften The events (if they are events, which | am argu-
ing for) which are required to have aftendistribution in those cases must be larger
events, states, situations, or something similar.

It could for example be the “events” of different episodesh& Muppet Show, in the
course of which Kermit appears on stage now and then. But suehts surely are
not events as defined so far within the current theory, byt éihe determined entirely
from contextual knowledge. An episode of the Muppet Showoabe an event in the
sense entertained here, mainly because is is not condtiiyt® linguistic expression of
events in the sentences in question (core verbal operatsispecification by argument
and adjunct operators), and we have established that théseve are investigating are
strictly individuated by linguistic expressions.

Although we are probably looking for some larger events Wwrdace space-time col-
located with episodes of the Muppet Show (and which can tleusatched in space

21 The distribution should be random becaoftencovers, just likeoccasionallyetc., cases where the
occurrence of the single events is not regular. Cf. Schaf¥7) and Cohen (1999) on probabilistic
interpretations of irregular frequency modifiers. Regtyas an extreme case of the randomized
case and mostly covered by special adverbialsr#gilarly. 1 should also mention that the defi-
nitions to be given for adverbials likeow and therandoftenin this section will be made so that
oftenentailsnow and theretc., because if something occurs randomly very oftensih accurs
randomly at more sparsely distributed instants. Sincedlagion between the definitions puts them
along a scale, an implicature is certain to kick in to forceoaly now and therinterpretation in
cases wheraow and theris used, and to force the use @ftenin situations wher@ow and then
would be semantically correct but uninformative.
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and time with those based on contextual/world knowledge) st search for some
object which is constructed from linguistic means appliedhie sentence. The larger
events in question, | suggest, are defined solely by segeemamllections of smaller
events as encoded by the core predicate. Using such a atn$dl) says that there
were larger events with aoften-likedistribution, and each larger event is defined as
being composed of (in principle) any number of events of Keappearing on stage.
And these smaller events havaeaw-and-then-likelistribution. | call the larger events
frame events

Now, notice how in absence of the lower modifier, the framanexeading seems to be
far less easily available, but how we can still force oursgimto seeing such a reading,
asin @3).

(43) Kermit often appeared on stage.

This can be read as saying that (for example), during eacraaf/rfor ratheoften-like
distributed) frame events (which are probably in tempooalgruence with episodes of
the Muppet Show), Kermit appeared an unspecific number @&fgiom stage.

How can such a meaning be forged? The sentence without tleekaalvdescribes all
possible sets of (temporally distributed) events wherenieappears on stage. These
sets are re-interpreted as frame events, the power set fgtkting set of frame events
is formed, and only those sets from the power set of framets\ae admitted in the
output of the operatasftenwhich have a distribution appropriate foften In the case
of (41), these smaller events are made explicitly visible throtighpresence of the
lower adjuncihow and thenforcing an interpretation in terms of frame events to avoid
contradiction betweenow and therand often If we didn't type-shift from simple
events to frame events, then the two frequency operatoriEhmopose two completely
contradictory requirements on the same sets of events.

As can be grasped immediately, heavy contextual restnstioust enter into the deter-
mination of what the general measureaffenis in such sentences, as it might differ
wildly for, for example, frequencies of collisions of galag and the frequency of emis-
sions of single neutrinos from the sun. This contextual ddpacy of interpretation is
inevitable for relative frequency modifiers, and not a peoblspecific to the current
proposal (cf. also Schafer 2007). Also, in cases where #gguéncy of frame events
is involved, it interacts in subtle ways with the determioatof which sets of frame
events are reasonable candidates.

Since in the interpretation of the sentence at hand, evesgiple non-singleton set
of Kermit-appear-on-stagevents is turned into a frame event, and we continue with
the power set of those, there might well be a set containimgrad event constructed
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from one event each from the first and the second episode cintfeere will also be
all frame events constructed from the events of two adjaggeisbdes, and we want to
avoid making claims about these aoffendistributions in most situations, but not in
every situation. In fact, overriding world knowledge ddtauwe can force the frame
events to be made space-time congruent to almost anythiogk &at the text in 44),
were the context very specifically determines along whictetspans the frame events
must be constructed.

(44) The backstage scenes were most stressful in the epigtddohn Cleese since
everything kept going wrong. Everyone was running in andi@afuently during
those scenes, but Kermit was very calm. Often, he would omiyecin now and
then to refill his cup.

often(in context) must thus determine whether such sets of frareats will be ap-

propriate. We have seen that defaults from world knowledgbably fix the relevant
frame events to those temporally congruent with singleagjgs of the Muppet Show
in the case at hand, but that this need not be the case.

4.3.1.3 Some Formalization

Let me stick to the raw semantics and neglect the role of atuddly determined factors
for the moment. However, | now introduce a first definitionafmhe events in45) and
(46).

(45) Frame Events
We extend the previously given definition ®omg, by closure under both posi-
tive and negative frame formation: For any non-empty, nogiston set of events
£ in the domairmomgy, there are a positive and a negative frame eveande,
respectivelyr denotes a function from sets of events to the correspondisigjye
frame events where= [ ] (£) inherits no parameters from the event&innless
specified explicitly.

(46) Thematic Properties
Iff for every evente in a set of events and some object and a role functionr
(denoted by an expression of typev — Obj)), r(e) = o, then fore = [f](E) it
is the case that(e) = 0. Else,r(¢) is not defined.

The two-stage interpretation procedure which starts withabstract modebt now
pays off again. Because, had we chosen to work with more atdndodels where
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eithera positive event or its mirror negative event= p(e) exists, it would be consid-
erably more difficult to construct the frame events as neéaee. | will explain why

in the following paragraphs.

Informally speaking, frame events encode meta-infornmedioout the polarity of basic
events in construable mental modéisif a sentence denotes a positive frame event
(derived from positive or negative basic events), all theikbavents from which it is
reclustered must be assumed as factual.

What does this mean in practice? Assume a sentencedenotes a set of sets of frame
events instead of basic events. When upddtifgvith [a,1], the hearer forms unions
of event domains froriK" with sets from[an1]]. The only thing we must change from
previous versions of the update procedure is the checkinditon for contradictory
events, since all basic events which constitute the fraraateniust be assumed in each
of the output models. So the update can only proceed whea ihao event already in
the domain which contradicts any of the basic events imggdtay the frame event.
What about negative frame events? Besides from the facthbgttoo, can be added
in the standard fashion to the event domains inkRenodels, they have slightly more
complicated implications. A negative frame event can omyadded to models where
not the totalityof its constituting events exists, because this totalityhsit it negates.
An example is given in47) and @8).

47) a. Dom‘,{{, ={ey, 2, 5,64} Where.Z € K"
b. [oni1] = {{e1}} wheree; = [r]{es, e2}

In the case of47), the model# from K" cannot be updated witfan 1], because the
only update could be performed wifh, }. However, the totality of constituting events
for ¢, (Which is{e;, e,}) is in DomZ.

Under the circumstances iAg), the update is possible because the totalitygfes }
isnotin Dom{{,, although one event/) is.

(48) a. Dom{{, = {es, e0, ¢35, ¢4} Where.zZ € K"

b. [ans1] = {{e1}} wherees = [F]{es, es}
This interpretation of negative frame events is mainly wigyde not simply “unbundle”
frame events into their basic events when an update is peefidrIn the case of negative

frames, we cannot simply add all the basic events nor all #iseclevents with inverted
polarity. Instead, one would have to multiply the number ohstruable models in

22 | call basic evenany event which contributes to the formation of a frame eviémight, however,
be a frame eventitself, because a recursive definition wangFor the current purpose, it suffices
to think about basic events as strictly non-frame events.
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K™ to include specific ratios of the basic events and polaritsrors thereof. The
only construable models would be those wheot all of thebasic events are present,
and where for those basic events which are not present,ighdepolarity mirror. Only
this would make sure that in the respective models theredwmeNerbe the totality of
basic events from the negative frame event. A modificatidgh@lipdate strategy seems
the much more elegant strategy.

The interpretation of frames just given has the major achgathat both positive and
negative frame events can be exhaustively constructe@iaritology from the domain
of basic events. We do not have frame events reclustereddasio events which do not
exist. However, frame events can be constructed just likesday turning the domain
of events into a join semi-lattice closed under reclustgrof. chapters for a proper
formalization.

Now, let me introduce a definition of reclustering for ordynaemantic composition.
The expression which provides the input to the reclusteoipgrator denotes a set of
sets of events, and the output must be a set of sets of (fraree)sg as defined ir).

(49) Event Reclustering
Given a setz of setsE’ of events, the reclustered sétof sets of frame events
derived fromz is given: & = O{e|e = [f](Z)}. R denotes exactly the function
s.t. [R](E)=¢.

Besides the handy and intuitive dynamic parlanel(stering frame eventxon-
structed fronevents, etc.), | hope it has become clear that frame eventtatic within
given models to the same degree as basic events. They aralmadel-theoretic ob-
jects which can be calculated exhaustively based on thekdison of (positive and
negative) events in the model.

The functionR is a handy abbreviation. It takes a set of sets of events arasters
them by turning each set into a frame event, then forming tveep set of the set of
those frame events. Its input is thus a set of sets of evamdsfsoutput is of the same
type, only it contains frame events instead of basic eveRtsust be applied before
operators which require frame event inputs to be interdrpteperly (e.g., wheoften
scopes over some other frequency operator in the manndaykspin @1)). It sets
the polarity of the resulting frame events to 1, just as the a@rbal operator does,
because in the absence of a negation maakewethe reclustering, we talk only about
positive frame events. Since this is explicitly defined, ploéarity is not inherited from
the constituting events, and a positive frame event candbuoiain negative events.
Finally, | now formulate two additional conditions on pagielate models which regu-
late the interpretation of positive and negative frame &/an(50) and £1).



CHAPTER 4. NEGATION, ALTERNATIVES, AND HIGH SCOPE 77

(50) Positive Frame Condition(PFC)
No Dom{\{ in a post-update modey” € K", where there is a positive frame
evente € Dom,, may contain any(e) wheree € £ ande = [i](E).

(51) Negative Frame Condition(NFC)
No Domgf\{ in a post-update modeyZ € K1, where there is a negative frame
evente € Dom,, must be a superset or equalttavheree = [i () ande = ().

These two conditions add to the definition of the update mhoegiven above.

| have now shown how frame events can be constructed in aasifaghion to sum
formation from the event domains of the abstract primary ehodrhe reclustering
operationR takes sets of sets of basic events, derives the frame eventstiie sets
and provides the power set of the derived frames. Thus, seging can be applied
anywhere in the derivation, and no operator which operatés @n the level of basic
events and on the level of frame events has to receive a pophiwodefinition. In the
update procedure, frame events are added to domains ofealblst models just like
any other event, although two additional clauses on pog&igomodel construction had
to be added.

In section4.3.2 | will show that reclustering can derive some readingsohticed in
section4.3.1.1 Reclustering is assumed as a general type-shifting aperathich
can apply to force certain interpretations. First, howgelvdrscuss double negation in
sectiord.3.1.4to render the idea of reclustering clearer.

4.3.1.4 A Demonstration of Double Negation

To render the idea of frame event formation clearer, let nreatestrate how the Law
of Double Negation from well-known propositional calcidirieconstructed in my ap-
proach in two different ways depending on whether theredistering in between the
negations. Double Negation is, in line with the general progme, not given as a de-
ductive rule in a logic calculus, but it emerges as a consempief the axiomatization
of the model structure.

The Law of Double Negation states in essence that two negatiancel each other out,
and it follows in the present theory from the definitionPoif we do not recluster. The
function denoted bﬁ 2, maps sets of sets of events with some polarity to the sets of
sets which contain the polarity mirror events. For exam(@s), where negative events
are marked by the bae),

(52) a.??{{ey, e} {63, &t} = P{{er, &} {e3 &4} } = {{e1, &2}, {€3,&4}}
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Applying 2 an even number of times simply switches polarities back artti f

Now, take any sentence with a single negation which triyides not require reclus-
tering, such as539. It denotes sets of negative events, sirdeas applied once as in
the representatiorbgb):23

(53) a. Kermit doesn’t walk.
b. P(kermit”C(walk)) — or —kermit A®(P(walk))
c. Itis not the case that Kermit doesn’t walk often.
d. P(P(kermit“®(often(walk))))

Since in this first interpretation of double negation whistsihown in $3d we do not
recluster, we essentially apply the same polarity switgliperator again, and end up
with sets of positive events. Even though the sets denotdthdgentence must be
sufficiently temporally dense to warrant the useofien the events in these sets just
get their polarity switched twice. It is important to keepnmnd that the use ot is
not the case thatloes not automatically cause reclustering, but that theyeeartain
readings (involving specific operators) which only arisi i applied (to be examined
more thoroughly in sectioh.3.2.

But now look at 643).

(54) a.P(R(P(kermit”C(often(walk)))))

[kermitA®(often(walk))] containsall possiblesets which contain walking events with
Kermit as the agent and aftenlike distribution. If we negate the events in all these
sets, then no construable model can contddaranit-often-wallconfiguration of events.
We now recluster these sets and negate the corresponding ézents. After an update
with such a sentence, any construable model must neverc@matotality of negative
Kermit-walkevents which have aoftenlike distribution. In other words, the sentence
with reclustering is compatible to situations where Kermatlks often, but this is in
essence all it says.

The distinction is subtle, but there seems to be some praguoe which is made out
of the interpretation with reclustering, which might eventhe prototypical one. Sen-
tences like $30), if they appear in a natural discourse at all, are often setluo simply
express double negation (= positive affirmation), but tlmyte but continuations like
in (55), and | personally even get a good reading ) (

(55) Itis not the case that Kermit doesn’t walk often, but bald actually walk more
often.

23 | omit the alternative meanings until sectiérg.3
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(56) Itis not the case that Kermit doesn’t walk often, but oaanot really say that he
walks often either.

Now consider that the reclustered interpretation only kédbe possibility that Kermit
does explicitlynot walk often, but does not affirm straightforwardly that he kgabf-
ten24 The more indirect interpretation with reclustering seeortse very well suited to
express that one cannot exclude that something is the aagbabone can at the same
time not affirm it.

This concludes the general introduction of frame eventd,lamill now set out to ex-
plain some scope phenomena using this notion. To be keptnd from this and the
previous sections is that there is one big advantage to artesd of high scope phe-
nomena which involves frame events and reclustering. Iptena, | embarked on the
mission to define a semantic theory based on set theory wiashsdlexible placement
of arguments and especially adjuncts without needing agnigtder logic including a
full-fledgedA calculus and lots of polymorphism on the side of adjuncts. dwdy has
the definition of a unified type for arguments and adjunctgtér2 and chapteB)
done part of the job, but we can now, after the introductiofrarhe events, even deal
with advanced and very subtle scope phenomena in terms odfi@dltype.

This is true because above and below reclustering (everhddtto be applied cycli-
cally), we exclusively encounter the type of sets of setsvehés. It might be noticed
that frame events bear some similarity to facts, situafiongropositions, depending
on the angle from which they are viewed. | admit this, but attdme time | am hesitant
to commit to any simple equivalence of frames with propossgior any other seman-
tic object. It is very much possible that events (basic anthf#s) and sets thereof are
not enough to model all of the semantic phenomena that we knoanafthat an in-
troduction of propositions proper (or some equivalentarosuitable for the semantic
mechanisms advocated here) might be required at some ftiatefore, | rather deal
exclusively with those phenomena of which | am convinced tiway can be appropri-
ately rendered without notions of propositions etc.

The next section examines the question of where frame eseatseeded, also making
the general mechanisms of the interpretation of frame sw&earer.

24 |t just blocks the numbers/distributions of negative esemhich would absolutely baoftenlike
distributions of positive events from construable modAlsthe same time it does not specify any
positive events of Kermit walking.
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4.3.2 \Where are Frame Events Needed?
4.3.2.1 A First Permuation

Equipped with a formal notion of frame events and reclustgrive can turn back to
negation. It must be noticed that negation can scope relgtireely with respect to the
operators examined in sectidn3.1.1and sectiont.3.1.2 Look at £8) through ©0),
which are examples of disambiguated scope readings@tg be discussetf

(57) Kermit often didn’t appear on stage now and then.

(58) often(I5(R(nowAndThen(Kermit-appear-onstaQ@)

How is the reading i§58) to be interpreted? It says that every construable modelghou
contain anoftendistribution of negative frame events which haw@v and therbasic
events of Kermit appearing on stage. That is, in lagjenintervals it is banned that
Kermit appear often enough to warrant callingaw and thenHe might appeararely

or not at all, but he must not appeaow and thenAs a helper-reading: In many of the
episodes of the Muppet Show it was not the case that Kermgaegd on stage now
and therr®

(59) often(R(nowAndThen(IS(Kermit-appear-onstagaa))

(59) tells a slightly stranger but still conceivable story: Tdare often positive frame
events, and these are reclustered from sets contaimiogveand-then-likelistribution
of negative events of Kermit appearing on stage. Again, inoeenmtuitive formula-
tion/exemplification: In many episodes of the Muppet Shawsas the case that now
and then Kermit didn’t appear on stage. l.e., at least oona#ly during these frequent
shows, Kermit did not appear, although he might have appeaith nerve-wrecking
highly frequent regularity otherwise. The oddity of thiswdéng is not semantic, but it
simply applies to situations which we rarely encounter atilabout.

(60) F_>(often(R(nowAndThen(Kermit-appear-onstaQ@)

25 As usual with many operators artificially combined in a senée the acceptability of this sentence
might be low. | do not think that this effect is strong enougltlassify the sentence as ungram-
matical/infelicitous, though. However, readers who find #nalysis in terms of frame events
complicated might consider the difficulties speakers haitk such sentences as evidence for an
analysis which involves increased complexity.

26 Notice that the introduction of the episodes of the show @s¢éhhelper readings is for illustrative
purposes only, and that the sentence does not tell us agydhiout them. We only identify the
(intervals covered by the) frame events with the (interealgered by the) episodes to make the
translations more readable.
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The third exampl€60) is maybe a little more plausible or common again. It reads
roughly: There is amftendistribution of negative frame events which are reclwesler
from positivenow-and-therevents. For clarity, | again point out thaftenwould entail
now and therby definition, and that it is thus excluded that Kermit appdaftenin
the respective negated frame events (which themselvesamafeendistribution).

What these examples demonstrate is that there are all ostopings, and that the
interplay between two frequency adverbials and negatiarbesexplained in terms of
basic events and frame events (which are actually nothihg\unts). | now examine
pairs of operators to determine between which of them reamiung is required to yield
the desired interpretations.

Under examination will be a quantified Nevery frog, negation, a frequency adverbial
(often), and a durative adverbidiaf a long time abbreviatedongtimeé. In this section
and the next sections, | will conveniently abbreviate thepNQF, D, | will proceed
pairwise, and | will give examples in disambiguated braclaation.

The two adverbial operators are defined asit) @and 62).

(61) oftendenotes a function from sets of sets of events to sets of setgnts s.t. only
those sets from its input are in its output which contain &verhich have a ran-
dom temporal distribution which is at least dense enoughaaamt calling it
often

(62) longtime denotes a function of the same typeoften s.t. only those sets from its
input are in its output which contain events the temporatskr of which is long
enough to warrant calling & long time

| have now shown how reclustering can accountdeailabledifferences in readings.
The reclustering operator implements a sort of generdisbibperatiod’ which must
be available to disambiguate readings when the discourgexiomor world knowledge
require it.

Now, | turn to a more systematic discussion of two cruciaksashere differences in
readings based on reclustering arise or do not arise: Higleeping quantification and
negation.

4.3.2.2 Quantifiers with High Scope

The first set of permutations is given in figuté. | indicate thematic roles only where
transitive verbs are necessarily involved. Please reath@lexamples as containing
episodicpredicates.

27 Since the type of the expression does not change, it woulddueriect to call itype shifting
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| permutation| example |

QQ every(frog)"%((every(frog)) " (love))
ON every(frog)A¢(P(walk))
)™(
)7

QF every(frog)"“(often(walk))
QD every(frog)"%(longtime(walks))

Figure 4.5: Operator permutation with Q having highest scop

4.3.2.2.1 QQ The VPloves every froglenotes sets containing events such that each
frog is loved in at least one event without any specific terapi@strictions. The agent
NP operator selects one of these sets for every frog as afj¢ney exist) and out-
puts the union of these sets of events denoted by the VP. plikets are possible in
the denotation of the sentence if several event configuratierify the sentenc®. If
reclustering takes place in between the two quantifiers the resulting frame events
will have the same agent sets as the set from which they agrooted (by the def-
inition of the thematic properties of frame events). Andceia positive frame event
requires the existence of its constituting events, thewutpthe version with reclus-
tering and without reclustering is not equal, but equivalen

4.3.2.2.2 QN The second case is simpler. Negation was defined as a fundtich
maps a set of sets of events to the set of sets of events whiersdrom the events in
the input by polarity. Thusi,5(walk) denotes the power set of negative walking events.
If we turn the sets of not-walkings provided by the VP intorievents, these would be
positive frame events, which entail of the constituting (in this case negative) events.
Forming the power set of these frames and then requiringothigtthose sets remain
which are the union of frames such that every frog finds in timdn one frame for
which he is the unique agent will again be equivalent to thsiga without recluster-
ing. | want to illustrate this generally with figure6.

The (i) level display some simple events, and (ii) gives tbegr set of those. Assume
(i) is the denotation of some expression before reclusgetihen (iii) shows the struc-
ture of reclustered sets of events (where one frame evergsgmnds to exactly one
set in the power set formed in (ii) and vice versa). The fudluteof the reclustering
operation is the power set of the frame events, which isestart the (iv) layer. (The
full lattice is not given due to space constraints.)

28 This is unlikely in the case at hand where there is an episoolicprogressive present predicate
and both quantifiers are universal. In other words, eachdawgonly love each frog in one event
at one time.
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Figure 4.6: A visualization of reclustered power sets

It should be immediately obvious, that in the case of positimme events every permu-
tation of frame events can only require events to exist whichld be required to exist
by some set in the non-reclustered denotation as well. Bmdrevents could only be
used to require additional structure in the distributionhaf single events. Also, if for
every frog there is a set in the power set of basic events &iathe is the homogeneous
agent of that set, then there will be at least one set for evegyin the denotation of
the reclustered expression.

4.3.2.2.3 QF In the QF case, we observe again the indifference of highoegi-s

ing quantifiers towards reclustering. [often(walk)] we find sets which contain all
possible permutations of walkings, such that they have sndfistribution (by some
contextually given measure). There are also those satfieriwalkings which have

frogs as the agent. Whether we collect them as sets of the basnts or as sets of
frame events which entail these sets, again, does not malgiféarence.

4.3.2.2.4 QD Given an episodic reading afalk, the QD example also receives
equivalent interpretations with and without reclusterindongtime(walk)] denotes
sets of events which have a long stretch. Since reclusté&iagpposed to take place
abovethe duration modifier, again we do not get any substantitdmihce in reading if
we allow reclustering or if we do not. The quantifier collefdsevery frog either sets
of long events or sets of frame events which require the@xist of long events.



CHAPTER 4. NEGATION, ALTERNATIVES, AND HIGH SCOPE 84

One must not confuse examples like these with examples wikehestering applies
belowa duration or frequency modifier as i63). These are cases where it almost
always matters whether we do recluster or not.

(63) a. Foralong time, Kermit sang (= used to sing) for a stiore.

b. longtime(R (kermit“®(shorttime(sing))))

Examples like §3) tend to involve a habitual interpretation.

4.3.2.3 Negation with High Scope

Now, let us turn to cases where negation has highest scopen the cases shown in
the table in figured.7, | have already dealt with NN in sectigh3.1.4 where | found
that reclustering makes a subtle difference.

In the case of NQ, the interpretation will be equal to that &f Qwe do not recluster.
every(frog)(walk) is interpreted as a set of sets which contain walking evers that
there is for each frog at least one event such that it (the) iothe agent. Applying

| permutation| example |

NQ P(every(frog)"®(walk))

NN P(P(kermitAS(walk)))

NF P(often(kermit"®walk)))

ND P(longtime(kermit*¢(walk)))

Figure 4.7: Operator permutation with N having highest gcop

P without reclustering just maps these sets onto sets whintacoevents identically
specified except for polarity. This is not what the NQ anay®ihich reads like@4))
seems to express under normal circumstances, but rath@Nheading.

(64) Itis not the case that every frog walks.

If we take the sets correspondingewery(frog)(walk), however, recluster them and
apply negation, then the result is all collections of (negatframe events which are
constructed from positive sets which contain one eventvyeryefrog where the frog

is the agent. By the NFC5(), this means that whatever positive frog-walking events
there are, there must never be such an evergdohfrog. Thus, it cannot be that every
frog walks, but it is by no means stated that every frog ddesgalk. In fact, all frogs
but one might walk. This is exactly howd4) is read by default. Thus, this is an obvious
case of mandatory reclustering.

The case of NF and ND should also be clear from the discussisaatior4.3.2.1
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| have now shown for a larger number of permutations invgjwegation and quan-
tifiers how reclustering leads to different interpretatiavhich are actually available.
Although it is especially negation in combination with tlencept of reclustering which
brings about significant additional load for a theory whielocates negation in the on-
tology2? the concept still results in robust predictions about adé readings, and it
renders natural language semantics free of logical negatio

Using the previous cases as our basis, we can begin to sele ogecators are sensitive
to reclustering applied below them. Quantifiers are coreptansensitive to reclus-
tering, but the other operators (the temporal ones and ioeydead to substantially
different interpretations when they apply to reclusterets ®f events, and the reclus-
tered variant seems to be the default variant when thesatopgiscope high. For the
temporal ones, this is easy to motivate, because the recdaistvents simply have their
own temporal properties accumulated from those of theiisttuting events. That
guantifiers are not sensitive to reclustering is also pldesionsidering the fact that
thematic parameters are transparently inherited by tmadravents from their consti-
tuting events.

These findings strengthen the similarity of the sets of eenthe simple denotation
of a sentence with propositions (or maybe facts). Consdtyy@mce reclustering has
taken place, the parameters of the single events (whicmareiproposition-like sets
of events which constitute the frame events) are no longarssible, and subsequently
modifiers are strictly confined to modifying propositiokdiobjects. Ultimately, this
could lead to a reconstruction of ontologies relying on ¢évgfacts, propositions (com-
pare, in the field of adverbial syntax, Ernst 2001) in termgitierent sorts of events
only.

4.3.2.4 To Recluster or not to Recluster

What is the bottom line to the immediately preceding disicuea The emerging pattern
is that reclustering must be assumed to distinguish ondlgesmalysis (with reclus-
tering) of a sentence from another (without reclusteriigithout it, many ambiguities
could not arise, and some constraints on construable modeald not be imposed at
all, i.e. certain meanings could not be expressed.

However, the motivation for a hearer to assume a reclusteralysis cannot come from
semantics alone, since the simpler analysis without resling) is always well-formed
and interpretable. | propose that it is pragmatics whichdsrinterpretations involving

29 A step which in turn was necessitated by the implementatighevidea that quantification could
be encoded in event structures.
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reclustering. Assume an analysis without reclusteringsdaiongly contradict either
world-knowledge or the previous discourse. In this situatconsistency constraints
on interpretation can force reclustering to rescue theeseet When such forces are
not present, however, the simple analysis is forced by engramnstraints.

On the other hand, assume that some potentially scopalitergthas been moved
out of its unmarked position by a speaker. In cases where #r&ed linear order
only makes a difference in interpretation if reclusterisgassumed in addition to the
relocation, then there will also be a high pragmatic indarafor reclustering.

4.3.3 Frame Events and Alternatives

Finally, | want to add a remark on frames and alternativestasduced in sectiod.2.2

in view of the concept of frame event introduced in the lastisas.

In cases where reclustering occurs, we have two optiongeinaltive formation: be-
low and above reclustering. The question is whether and leclustering affects the
formation and the interpretation of alternatives underabgumption that we do not
want to change any of the formal mechanisms introduced. dieisr that a principled
account is one which produces primary or frame events (os#me order) in both
the primary value and the alternative value, since it woulimake sense comparing
frames and non-frames in terms of primary and alternatiigeva

Since frame events are in fact not distinguishable from ev@mtologically, application
of focus operatorabovereclustering does not deserve special attention. Wit péai
cus, the frame events in the primary denotation are assemeldthe alternative value
will be some complement of those frame events.

| will however examine sentencé@X) under the assumptions that reclustering applies
in both coordinates of the tuple, and reclustering occutseinveen application of the
focus operator and below reclustering. This analysis isgin 66).

(65) Scooter often MENTIONED his uncle.

(66) (often(R(scootefC(his.uncle” ™ (mention)))),
often(R(scootefC(his.uncle ™ (Cmp(mention))))))

The primary denotation is a set of sets of positive frame &vethich encode that ar-
bitrary clusters of positive primary events where Scootentions his uncle are in the
model, and the clusters (as wholes) are iroéiendistribution. The alternative deno-
tation is a set of sets of positive frame events which enchdedrbitrary clusters of
positive primary events where Scooter perforany action involving his uncle (as in-
ternal role bearer) except mentioning him are in an oftke-diistribution.
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This is the desired result because with or without reclisgethe contrast set t@b)
should clearly be about what other things Scooter mighnadi@ involving his uncle.
With or without reclustering, the alternatives are veryitamto the alternatives in a
Roothian framework (but without the need to address setsopigsitions).

This concludes the introduction of the core concepts@A with Quantification, Alter-
natives, and (some) scope phenomena. The next chapteratedde a formalization
of the theory.



Chapter 5

Formalization

5.1 Preliminaries

Based on the argumentation in the previous chapters, | nowige a formalization
of the theory advocated so far: the specification of the syatad interpretation of
the representation languagé;oa. Section5.2 defines the types arfal 3 defines the
expressions of the representation language. In sebtigni define the model against
which sentences are interpreted. Sectigh2details the two-step interpretation proce-
dure leading from sentence interpretation to knowledgedigswburse representation in
a non-monotonic fashion, befofe5 deomnstrates a first theory of inferences arfl
provides some (purely) semantic derivations. These deivaarepurely semantiin
as much as they do not take into account some intricaciestofatdanguage surface
form.

To facilitate the reader’s understanding of the formai@at! want to point out again
that, in order to fully detach the semantic representatioth® verb from that of its
arguments (in an Event Semantics) and to develop an Evenar8ms system with-
out event arguments (i.e., event variables which have t@wbadand quantified over),
some standard assumptions of model-theoretic semantids e given up, some oth-
ers were added:

1. Sentences are interpreted against an abstract Midelt contains all object
individuals and all conceivable events and, by virtue ohgetompatible with
every bit of linguistically expressible information, itfiglly contradictory. In a
predicate-logical setting, this model would makeery sentencedrue, including
contradictions.

2. For two language users which share exactly the same lgegiais identically
specified.

88
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3. Inthe set-theoretic formalization used here, sentesu@esot primarily evaluated
as true or false (since, given the previous point, everyeseet would be true
anyway), but they are interpreted as a certain collectise({af sets) of events,
which means they have typ& JEv. In a parallel predicate-logical analysis, this
could be expressed by attributing the ty@eventt),t) (in Montague notation).

4. These denotations are used to form a set of secondary snedekhich rep-
resent the knowledge state of a language user. The secomdaigi formation
is a process which constructs all possible unions of setserite of all known
sentence denotata, then removing those sets where catitvadietween at least
two events would arise. The domain of each secondary madés a subset of
the abstract modén:.

5. Nothing is said about how these models relate to the redtlwd®he secondary
models can be seen as tieories of the real worl@ntertained by the language
user. Truth means non-contradiction (or unifiability) wahprevious state of
knowledge for a single language user. If a language useivesceontradic-
tory information in the form of a sentence denotatum on the lnemd and non-
linguistic sensory perception on the other hand, one ofwloenust be discarded
to form a consistent knowledge base. This is not essentifisreht from the
case where two contradicting sentence denotata are peesenthe language
user.

6. Specifying the last point further, it must be stressetltti@events of this theory
are also not “real world” events but those which are denetbplthe expressions
of a specific language. They are the events which speakerdistimguish by
means of natural language. There might well be events inghleworld which
some speaker cannot distinguish, and there might be evertkeeireal world
which are distinguished in more detail by language thandryexample, human
visual perception. In the vein of chapt&aranybuy/sell situation is a case where
the English language is equipped to desctive events (oneselling and one
buying, but it is difficult to define in terms of visual perceptiorr frobably any
more advanced physical definition of events, if there is aviyat distinguishes
one event from the other. Consequently, one could easilgelafianguage which
does not allow talk aboutuy and sell events but only about eithduy or sell
events or something likeuysellevents.

7. As an interesting fact, it can be shown that if a sentencotdéion has been
added to the set of denotations which define the set of secpnuadels, there
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must always be a model among these secondary models whiseanto render
the sentence true in a classical model-theoretic way.

8. Negation is rendered by introducing events with negaiolarity. The simplest
case of contradiction is then given as the opposition batvi&e events which
are equally specified except for polarity.

9. To deal with certain scope phenomena, additional strecftame formation or
reclustering in chaptet) has to be assumed in the models. Special rules have
to be given for the process of generating secondary modes ttenotations
containing such frames (positive and negative).

Some technical matters are handled in a slightly differeahmer here compared to
the previous chapters and later chapters. For example, enaint types (denotations
of constants likevalk, etc.) are introduced as simple sets of events which have to b
raised to sets of sets of events by a special (raise-to-wenigjion. These factors are
treated differently in the other chapters for reasons op#aity, and the switch from
the more detailed version to the simplified one (and backjlshoe easy.

5.2 Types

1. Obj,Ev,Per,Loc € STyp€gindividual types of object, event, period, and location
individuals).

2. [t € STypeaff T € STypgset types).

3. Nothing else is irBType

4, STypeC Type

5. If 0,1 € Typethen(o — 1) € Type(functional types).

6. Nothing else is iMType

5.3 EXxpressions

5.3.1 Simple Expressions

1. The set of constants of;;op is constructed as follows:

(@) Con; = {c}|n € w}
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(b) Con= | Con;
TeType

2. There is a number of finite sets of constants and singleaotsswhich are writ-
ten with pretty-print aliases (likealk) and which receive special names (or class
names in the case of sets of constants). Note: The fact tHass mame alludes
to a category of natural language syntax like “adjectivaistants” does not nec-
essarily imply that any actual expression (e.g., an adgectf English or any
other language be directly translatable as such a consge#. sectiorb.6 for
concrete translations of expressions of English ifga. Some of these never
occur as (or within) the direct translation of an expressibmatural language
in this study, which is inelegant but not fatal. It makes tberfulation of some
axioms easiet.

(a) individual constantsCi,q = {kermit’, piggy’,...}?
wherevc € Cing[Ty[c] = Obj]

(b) name constant€,ame= {kermit, piggy, ...}
whereVc € Chamd TY[C] = L Obj |

(c) noun constant£houn = {frog, pig,...}
whereVc € Chour[ TY[C| = JObj]

(d) adjectival constant€,q; = {red’,intelligent’,...}
wherevc € Cqqj[Ty[c|] = Obj]

(e) intersector constantSiyers = {red,intelligent, ...}

(f) determiner operator€ye; = {all,some...}
whereVc € Cyei TY[C| = (OObj — JIObj)]

(9) event type constant€etype= {hit,run,...}
whereVc € Cetypd TY(C] = OEV]

(h) event property constantSzprop= {quick,slow, ...}
wherevc € Ceprop TY[C] = DEV]

(i) subset operator€s pset= {quickly,slowly, ...}
whereVc € Cqupsel TY[C] = (HEV — JEV)]

1 The definition ofTy[-] is found in sectiorb.3.1.12.
2 Although these sets are given as open enumerations with Kere, they are assumed to be finite
for any concrete, fully specified grammar.
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() role functors:Crole = {eXt,inty,inty,int3}>
whereVc € Cygle[TY[c] = (Ev — Obj)]

(k) thematic operatorCipeta= {Ext,Inty,Into, Int3}
whereVc € Cieta TY[C| = (OOObj — (OOEV — OOEV))]
(I) prepositional operator€prep = {to,in,...}
wherevc € Cprep[TY(C| = (OOObj — (OOEV — OOEV))]

(m) raise-to-verb operatokerb
whereTy[Verb] = (OEv — OOEvV)

(n) polarity constantspos neg
whereTy[pos = Ty|neg = LJEv

(o) identity operator (polymorphic)d
whereTy{ld] = (1 — 1) for T € Type

(p) low polarity operatorp
whereTy[p] = (UEv — [JEvV)

(q) high polarity operatorP®

whereTy[P| = (UOEv — OOEV)

(r) complementation operator (polymorphi€mp
whereTy[Cmp] = (0t — [O71) for T € Type

(s) period functorPeri
whereTy[Peri] = (Ev — Per)

(t) location functor:Locat
whereTy[Locat] = (a — Loc) with a € {Obj,Ev}*

(u) low reclustering operator:
whereTy[f| = (UEv — Ev)

(v) high reclustering operatoR
whereTy[R] = (JOEv — OOEV)

8 The number of thematic roles should probably be assumed fiaitee For the sake of simplicity,
I limit it to four here without any implied empirical claim &t four is actually enough.

4 We will not use this functor a lot in the current study. Othissy one would maybe have to
make it(a — [JLoc) to account for objects and events taking up sets of pointgaces and even
(Per— (Ev — [JLoc)) to account for objects and events located in specific spatégs during
certain periods. In general, the theory of time and space lieee is kept minimalistic to account
only for some basic facts.
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5.3.1.1 Complex Expressions

1. The seExp of expressions af/;oa is the smallest set such that:

(@) Con C Exp
(b) For anya,B € Exp ando,t € Type If Tyla] = (1 — o) andTy[B] =1
thena () € Exp andTy[a(B)] = 0.

2. Ty[-] is a function in the meta-language frdaxp into Type

5.4 The Model

5.4.1 Abstract Models
5.4.1.1 Basic Definition

1. The abstract modé&hit = (Dom, [-]) (a domain and an interpretation function).

2. For eachr € Typethere is a domaiom;, and®om = |J Dom;U{Ll},
teType

such that:

(a) Domqp; is a non-empty domain of object individuals.
(b) Domgy is a non-empty domain of event individuals.

(c) Domper is a non-empty domain of temporal period individuals (ctbse
tervals).

(d) ®omy ¢ is a non-empty domain of location (or spatial area) indiaidu

(e) Le Dom and L¢Z Domppj U Domgy U Domper UDomyoc (the undefined
object which is in no subdomain).

(f) Domopj NDomey = { }, Domop NDomper = { }, Domopj NDomoc = {},
Domgy NDomper = { }, Domgy NDomoc = {}, DomperNDomyoc = {}.

(9) Domg; =[Dom; (domains of sets of objects), wheré] is used here as
the power set operator in the meta-language and as a typ&wcos for
the representation language.

(h) Domq g C (DomgU{L})P°™ for o € SType(possibly empty domains
of partial functions front objects too objects). The inclusion of the unde-
fined object into the range (&omyU{_L}) allows us to define quasi-partial
functions as functions which map some objects from theigeato the un-
defined object.
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Notice that®om;, .o IS only subset to the set of all possible functions
with the specified domain and range. This is because, altitoug ex-
plicitly have functional domains (and thus functions ag-olass citizens),

we strictly contemplate only explicitly defined functiors.(5.4.1.3 as is
customary in many approaches to model-theoretic semafidy in some
models for thel -calculus, one sometimes needs all functional domains to
provide denotations for all anonymoasfunctions (Carpenter, 1997:45).
[Definition|

The largest subset @om;.,; Which contains only functions i®om>°™
is called thetotal functionsfrom 1 objects too objects, and the subset of
Domeg Which map at least one object from the doma@iam; to L is
calledtruly partial functionsfrom 1 objects too objects. We say that some
function f € Dom;,, ¢ is undefined for somex Dom; if f(x) =L

3. [-] is the interpretation function frofxp into ®om.

Note: Since set types are defined recursively, and sincesfirgttbn of domains inZg)
depends on these type definition&g)(recursively defines set domains. The undefined
object is not in any subdomain likBomgp; to avoid it being included in set domains,
which would (among other things) be problematic for the aotaf quantification
(cf. also Landman, 2000:44 who handlesn a similar fashion for the same reasons.).

5.4.1.2 Structure

The termparameter dor c-paramete) 7 is used here as an abbreviation for “member
of ®omygey characterized by constadt Sometimes, “characterized by” means that
a constant directly denotes the relevant set, sometimasotisant’s denotation is re-
lated in a more complicated fashion to the set. The definafdn] later makes explicit
which of these two options is the case.

For exampleevent type (constant) parameterg the members & omgg, denoted by
the event type constar@sype The following axioms provide restrictions on the model,
often in terms of parameters in this abbreviatory sense.akimns are provided so as
to make sure that for every expression&oa, there are appropriate objects to refer
to, which is non-trivial here mostly for event-denoting eegsions, since the domain of
events is constructed on the basis of the available expressi a non-trivial fashion.
Note: The definition of9omg, starts off with the fine-grained (cf. chapt&y deno-
tations of event type constants (é& below). Even though the interpretation of such
constants (cf. definition df] in 5.4.1.3 is then trivial, the definition is not circular or
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void. It is important that there be a parameter for each etygr@ constant whicin
addition fulfills the other axiomsThese conditions are thgeneralin as much as it
doesn’t matter which or how many such event type constante thre in the represen-
tation language for any concrete natural language.

1. Domopj, Domyoc are arbitrary but fixed.

2. Dompgy IS the fixed set of temporal periods (closed intervals) ddfioeer the
real numbers, including the ususal properties of realsb#ag totally ordered
by the < relation, being dense (cf. Partee, ter Meulen and Wall, BI90etc.
Cf. Carpenter (1997:487) for a similarly compact introdmctof time.

3. [Defintion
There are four functions i@omgg}“EV which we call role functionsext, int1,
into, int3, and which are denoted [@xt, int,, int,, ints.
[Axiomn]
Every role function is truly partial in the sense@ft.1.12h. For every role func-
tion r and every?; with ¢ € Cetype 7 is either defined for all members @, or r
is defined for no member of;.
[Elaboration
It is a matter of lexical specification of any concrete ndtlaaguage for which
Zcoa provides a translation whether for some Cetyper is defined for all mem-
bers of 7. or whether it is undefined for all of them (Role Specificatioithe
axiom is to make sure that there is no role funtion which fansceevent type
is sometimes defined and sometimes not defined (this is sitoilaandman,
2000:44).

4. The further axiomatization @omgy is split into two halves, where this list item
and its subitems define a subset®émg, called Dom22 (where®omP%, is
the subset o®omE, Which is defined bﬁ@om%‘f‘,s, etc.), which is the set of
non-frame events. The second part can be found beldwand is concerned
with the definition of frame eventsDom3S is the minimal set fulfilling these
requirements:

(a) [Definition|
There is a finite number of non-empty setsdamP3S, calledevent type
(constant) parametersor #2325 (one for each event type constara Cetypo;
for examplerbas,
[Axiom]
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For any two such setg0®S, #23s: p0asn pbas— (1} and for the se€etypeof

event type (constantys: @ombas ge fP(?saS. The event type (constant)
C3E€Letype

parameters are thus required to form a part|t|omm:rmb""S

(b) [Definition
There is a finite number of non-empty setsﬁnmgaév calledevent prop-
erty (constant) parametersor 2228 (for each event property constane

. bas
Ceprop); for example_quuick.

(c) [Definition|
There are two non-empty setsi}'nmgaEsv called thepositive and negative
polarity (constant) parameter, respectively, orP_t,:aS and®P3s (denoted by
posandneg).
[Axiom]
PP PhAS— (1 andDombBS = phasy pbas andCard(2P2S) = Card(#°2),
whereCard is a function in the meta-language from sets iatogiving the
cardinality of a set. The positive and negative polaritystant parameters
are thus required to form a partition with two equally sizetlscon® omb""S

(d) [Axion

Ve € CetypdCard( 203N 2P35) = Card( #2350 #039)]

(e) [Theoren

*S= {SFPH3Sc {PP3S pb3S} ¢ € Cerypd S= P3N 2039]} is a partition on

pol pol
©ombas
[Proof]
The first condition of a partitioaT on some seT is thatJ = T, which is

T
given by the axioms idaand4c.

As for the second condition=3T', T” € «T[T'NT"” # {}]. AssumexS
ist not a partition oriDombas Thendelee S Nee€ S| whereS;, S, € «S
The setw?SandrP@are required to form a partition aom23Sby 4c, and
thus—Jefe € PP3SA e c 39, The task thus reduces to showing thelfe €
S A€ €S whereS,, S, € xS and+S = {S|3c € CatypdS = 2725 205}
(or the same forrPS instead ofPP3S in the definition of+S). *S is a set
of intersections of cells of a partition dﬁombas (because the event type
parameters form a partition dﬁomb""S by 4b) with some subseﬁDombas
(namely?P3S or #03S, respectively), thus all sets #8 (includingS; ands,)
must be (by the definition of intersection) subset or equalaime cell of
a partition ofDom225 which falsifies the assumpticte[¢ € S, A€ € ),
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thus falsifying the inital assumption and thereby proving theorem(]

(f) [Definition 1
peri is a total function i omSae denoted byPeri.
[Definition 2 (Differentiation by temporal periods)
With the partitionxSas defined ifle xxS=

{S|3Se *JS C SATp € Domper[Ve € Jperi(e) = p«> e€ S]]}

(9) [Theorenh
«Sis a partition oD om3s,
[Proof]
Assumes x Sis not a partition orDom23. ThenJele e S, Aee S| where
S1,S € xS Since allSe «Sare disjoint by virtue okSbeing a partition
(cf. 4e), we can restrict our search to two subs8fsS, of someS e S
whereS|,S, € x xS Then, by the definition of xS, there must be two
P1, P2 € Domper for somee such thatperi(e) = p1 A peri(€) = p2 So that
ec S Nee S, which is impossible sincgeri is a function by definition.
This proves the theorem by contradictian.

(h) [Definition 1]
focat is a total function iMDom; e denoted byt ocat.
[Definition 2 (Differentiation by spatial locatiorls)
With the partition « Sas defined idf: % x xS=

{S|3Se xxYS C SATl € Domyoc[Ve € Flocat(e) =1 +» ec S]]}

() [Theorem/Proof
« % *Sis a partition or®om3. The proof is parallel to the one #u.

() [Definition (Differentiation for external participanck)
With the partitions  xSas defined imth: x*S=
{S|3S€ **x xS C SAJo € Domgy;[Ve € Fext(e) =0+« ec S]||}

(k) [Definition (Differentiation for first internal participare]
With the partition«*Sas defined inlj: +°S=
{S|3S€ x*9S C SATo € Dompy[Ve € Fint1(e) =0+ e€ S]]}

() [Definition (Differentiation for second internal participae}
With the partitions°S as defined imk: +6S=
{S|3S€ x°SS C SAJo € Dompyj[Ve € Sinto(e) =0+ e S]]}

(m) [Definition (Differentiation for third internal participace)
With the partition«®Sas defined intl: «’'S=
{S|3S€ «°9S C SA Jo € Dompy[Ve € Sintz(€) =0+ e€ S]]}
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(n) [Theorem/Proof
+'Sis a partition or®omg,. The proof (to be conducted recursively #r
through4m) is parallel to the one idi.
(o) [Definition]
*Peprop= {Zc|C € Ceprop}
[Axiom] (Construction of event properties)
With the definition of«’Sas in4m, for all modelsit of Zoa:
vSe *'SVP € (0 (*Peprop) — {})
[Fee (N?)NY[VQ € *PeproplQ ¢ 2’ <> € ¢ ((NP') NSNQ)]]]
[Note$
| overload( here for reasons of notational compactness. Applied to a set
of setsS, (N Sis meant to resolve tof) s.

Event property sets are different frsgﬁw the previously idtreed sets (which
all formed partitions) because they can overlap. To make mmz)omggs
contains all events which are discernable by event promengtants, we
need to make sure that for each cell in the partition giver 18 and for
each possible intersectidnof event property sets with that cell, there is
one event which is not contained in any set defined by interget with

an additional event property set. This axiom is to make swaethis is the

case.

5. We now introduce frame events irfmmg, by cyclic formation of frames afi-th
order. Some readers might be inclined to think that theséddol better intro-
duced via a mereological account. The fact that every fraonadtion involves
a positive and a negative frame event, and the fact that azae be formed
recursively make it not feasible to use a standard merembfprmulation. If
any, frames would be more like groups in the sense of Link 3198 Landman
(2000), but in a manner that there would have to be groupsafgg. The pri-
mary argument against frames as sums, however, is that imasucture (like
the part-of structures of Landman, 2000:96-1053,ig a part otb, andb is a part
of ¢, thena is also a part ot. In such a mereological structure, we would lose
relevant structure of frames, a fact which should becomer @hesectiorb.4.2in
the definitions of contradiction in models when frames avelved.

(@) [Definition]
To allow for a more general formulation, we introduce ansafiar D om23S
(and similarly all set and function domains specified usimg éxponent
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bas: @omfrao Dom3S

(b) [Definition]
Generally, domains of frame events are specifie@asi,,
We callDom™ the set of frames ai-th order.
[Axiom]
Dom{>" C Domg, andDom 1> NDom 2 — {}. Even more generally:
for all n,me w, if n# mthenDomI> NDomI2" = {}.

(c) [Axion
The twoframing functions B andH in Dome. '™ are defined for every
E € Dom/ ™" (with n € w), s.t.HE € Dom ™" (similarly, for everyE €

fran \vith n € w.

Dom '@ BE € Dom[1*™1). Furthermore, for every sudh, it is the case
thatHE € 2, andBHE € P_.
(d) [Axion]

fra,
Domgy = J Domg,, "
new

(e) [Definition|
Given B andH, the frame inclusion relation =1 is defined: e; 0 & iff
for someE, e, € E and [, = HE or e, = 5E].> We require thats is
asymmetric, and especially that it is intransitive, i.aaf b andb @ ¢, then
necessarily noac.

(H [Axiom
vn,me w[(n<m) < (~Fec Dom 2"[3¢ € Dom! > [eme]])]

(9) [Definition
The canvas function@: For g € Domg
Domi-1le,me ).

(h) [Axion]
For all role functions (wherer € {ext, int;, int,, int; }), for everyk € Domg
such that for ale€ E, r(e) = o: r(EBE) = r(BHE) = 0. Otherwise;(HE) =
r(BE) =L.

(i) [Definition]
Let /ep be the function which gives the left endpoint (a real numioér
time period, andep the function which gives its right endpoint.

() [Axiom
For every frame = B(E) for some set of events (or e = BH(E)): peri(¢) =
i, j] wherei = min{k|Je € E[k= lep(e)]} andj = max{k|Jec E[k = rep(€)]}.

fran

with n > 1: e = {e €

fran

5 Brackets indicate that thar-term is the second argument of thed-term.
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(k) [Axion]
For all functions with domain and range@omg, (or any set domain con-
structed from®omg,), domain and range are required to respect frame or-
der, i.e. they map from (sets of) framesmeth order to (sets of) frames
of n-th orderunless explicitly stated otherwisén fact, the only functions
which do not respect frame order @afeandH.

6. [Axiom]
For everye € Dom, ' thepolarity mirror function @ in (@omfrao)@“mE ) is
defined. Furthermorep is a bijection betweer!"® and2 ™ which gives for
everye an otherwise identically specified event.
[Elaboration
Constructively: With«Petype= {2?|3C € Cetypd? = 2|} andxPeprop= {?|3C €
Ceprop? = %.]}: Fore € € Dom:
e= O€ and€ = Qeiff
(eecP, eecr )N(eer —€ery)
N(peri(€) = peri(€)) A (locat(€) = locat(€))
NVPy € xPetypde € P1 <> € € Py))
APy € xPepropl€ € P <> € € P))
A(ext(€) = ext(€)) A (int1(€) = int1(€))
A(intp(€) = into(€)) A (intz(e) = int3(€))
[Definition]
Foreand€, we also writee andeto indicate thae = Qeandec 7_.

7. [Axiom
For everye € Dom/™ wheren > 1, the polarity mirror functiorp is defined in
fran
(Domi ) (@ome,") - For every?™ and# ™, @ is a bijection between them.

Furthermore, for everg, € € Dom'™": e= ©€ ande = Qeiff (me=@¢) A (ec
P >€er).
5.4.1.3 Interpretation
[-] is defined:
1. For allc whereTyc| € SType|[c] is the object denoted hy

2. For every individual constami,y € Cing there is exactly one name constant in
Cname € CnameSUCh that |f[[C|ndl]] =0, then[[CnamQ]] == {{0}}
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3. For every noun constattoun € Cnoun [Cnoun] iS the set of-objects (like frogs,
pigs, or jokes).

4. For every adjectival constatiyj € Caqjthere is exactly one intersector constant
Cinters € Cinters Such that if{caq;] = S, then[cCinters] = f Wheref is exactly the
function in@omggn;jﬂom such that for every s@t € Dompopy, /(T) =TNS

5. Determiner operatorsye; € Cyet are interpretedcye;] :fcdeg wherefCdei is a
function inDomy; ;50" such that for everpe Domgop;:

(@) fan(S)={T €0ST =S} ={S}

(0) fsomeS) ={T € OST # {}} =0S—{}

(€) (S ={T eJgCard(T) > 3}

(d) f2(S)={T eJSCard(T) =3}

(€) fmost(S) ={T e JSCard(T) > Card(S—T)} etc.

6. For every event type constaitype € Cetype [Cetype] = Potype N P22

7. For every event property const@dhrop € Ceprop [Ceprop] = Pop NP2,

8. For every event property constatrop € Ceprop there is exactly one subset
operatorCsypsat € Csubsetsuch that if[Ceprop] = Sthen[csubsed = f Wheref is
exactly the function ifDom> cw’® such that for every st € Dompgy, £(T) =
TNS

9. For each role functaxe, € Crole there is exactly one thematic operabietg €
Cineta (EXt for ext, Inty for inty, etc.) such that ifice] = f, wheref is a

function in "Domgg}“EV (from events to participant objects), théaneta] = 4.

wherey is exactly the function ifDom e yPemacos sych that for every

Se Domgopj and everyl € Dompgey:
4(9(T) =
{U|30e SEECT[U =UEAVE’ € E[Joe O[Vec E'[f(e) = 0]]]A
Vo e O[FE" € E[ve € E"[f(€¢) = 0]]]]]}
[Notdg
| overloadJ here for reasons of notational compactness. Applied to of setts

S JSis meant to resolve tol J s.
S

10. Prepositional operators always depend on a specifitcifumar relation between
events and other individuals (like times, spaces, and rent®bjects) to express
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that some event happeimssome place(sht a certain temporal intervalith the
aid of some object, or similar. This function is not predictablat b matter
of lexical specification (possibly requiring extensiongtie models 0f%¢oa).°
Therefore, given that the interpretation of prepositiooérators is otherwise
similar to that of thematic operators, | here provide meaahad hocsample
definition of a prepositional operatat with [at] = at such that:

at(S)(T) =
{UIALe SFIECT[U =UEAVE’ € E[Al € L[Ve € E[locat(e) =1]]]A
VI € L[3E" € E[V€ € E"[locat(€) =1]]]]]}

11. The raise-to-verb operatuerb is interpreted:[Verb] = ¥ wheref is the func-

tion in Dom, A/ such that for everBe Dompey, £(S) =S

12. The polarity constanfgsandnegare interpretedfpos] = ?, and[neg) = 2_.

13. The interpretation of the identity operat@id | = # such that for anyA € Dom,
FA) =A
Domgey

14. [p] = f wheref is the function ifom;,, " such that for ever € Dompey:
£(S) ={e|]3€¢ € Se=0€]}.

15. Given the interpretation of the low polarity operafpil = £, the high polarity
operatorP is interpreted[P] = 4 wherey is the function such that for every

Se Domygey. g(S) = {U |E|T € S[U :f(T)]}

16. Forthe complementation opera@mp, [Cmp] = f such that for anyA € Doma,
F(A)=Doma—A. For practical application, one must almost always asstate t
the complementation operator is interpreted as a derivectifon /' which takes
a contextually salient subséi C Doma and thatf’(A) = Ca — A (especially for
huge domains).

17. For the interpretation of the period funcieri and the location functdrocat,
see5.4.1.24f and5.4.1.24h, respectively.

18. [i]=H

6 A general merger of thematic operators and prepositionaiaiprs might be considered, reducing
all argument and adjuct semantics to the notiomoté. However, many prepositional terms can
(or rathercould, in a richer fragment) modify event- and object-denotingressions, which is
usually not true for agent or other core role-encoding teffihss is the reason | kept both kinds of
operators apart.
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. frap_
19. [R] = f wheref is the function in(@omgg"Ev)g"mﬂﬂEvl such that for allE €
Dom/ "8t £(E) = [0{¢|IE’ € E[e = B(E')]}.

5.4.2 Secondary Models and Discourse Construction

1. The abstract modéh is identically specified for all speakers. We refer to the
interpretation function specified above ot as[-]™.

2. A secondary modelderived from9t is .## = Dom where Dom = Domgp,; U
Domg, UDomperUDomM oc andDomop; = Domopj, DoMper = Domper, DOMoc =
Dom oc andDomg, C Dompgy.

Note: Itis for convenience that secondary models are cathedlels” here. They
merely represent static knowledge about object, period J@ration individuals

(called “static” because they are identical with the doreash)t) and (non-

static) knowledge about events. Compared to both standad®isand the ab-
stract model defined here, they lack an interpretation fanct

3. AdiscourseD of affirmative statementsperceived by a hearer is a tudle=
(1,K) of alist (n-tuple) of sentencds= (a1, .., an) and a set of assumable mental
modelsK = {1, .., Mm}.B

4. Astage of a discoursés characterized by there beingentences ih. We speak
of stage nof discourseD: Dy = (I, Kp).

5. For every discoursB, theinitial stage Dg is the stage where no sentence has
been utteredDg = ((),{}).

6. An update from stagen consists in appending a senter@g 1 to I: Dp1 =
((In, an+1), Knya)-

7. At any stagen (prototypically after an update), tleonsistencyof the discourse
can be determined becausgis defined vid,, by secondary model formation
a process by which all states of affairs compatible with theviledge trans-
mitted in the discourse are calculated. The states of aftampatible with the
knowledge transmitted are represented by the set of caidé&umental models
Kn.

7 We only contemplate discourses which are constructed fiorple affirmative statements in this
study.

8 This is the simplest possible structure. For a more advameetkling,| might be better conceived
as a tree or heap structure, for example.
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8.

10.

Ky is aset of secondary modelsvhich represent (in terms of events) what can
be assumed to the case given a certain collection of infovenaentences. All
subdomains are taken over fram, exceptDomg,. Therefore, with:

£} = {EJ(3E1 € [aa]™) (32 € [a2]™)..(3En € [on]™)[E = U En)}
Kn is specified: e

Kn= {4 |3E € E}|[.4 = Domgpj UDomper UDomoc UE]}
By interpreting each sentence in the abstract model, wehgesets of sets of
events it can possibly denote, which is a specification oftvmfarmation the
sentence conveys. By forming the union of every possiblmpation of denotata
of all sentences perceived so far, the totality of inform@atbout events which
was transmitted can be calculated.
Negation complicates the picture by its exhaustivity. Morethis exhaustivity
requirementis said i6.5.2.1

. The interpretations of any sequencendentences (witlm € w andn > 0) can

be modified by an interpretation conditianbefore the update. If some inter-
pretation conditiork is applicable fory, .., an, we write2(ay, .., an). We write
(ai,..,0n) =Y >(a,..,0n) to indicate that a sequener throughap of sen-
tences is interpreted not directly ¥, but by applying inerpretation conditidn
Some of these interpretation conditions are introducéd52.1and later.

In a coherent discourse, there is either no contragicgtdormation, or conflict
between bits of information must be resolved in some way. ¥¢®lve con-
tradiction by removing models fror{,,. First, we proceed to a definition of
contradiction’

(a) For any.Zm € K, (whereDomgy, is the domain of events in#yy), .#m is
contradictory ifde;, e, € Domgym[e1 = Oey).

(b) Forany.#m € Ky, .#nis contradictory ife; € Domgyy[(e1 € P4) A (Fex €
Domey[3e3 € DOMeym[(2E ¢1) A (€2 = De3)]])].

(c) Forany.#me Ky, #nis contradictory ile; € Domgyp[(e1 € P-) A (Ele1 C
Domgym)]-

(d) For any.#m € Ky, .#nis contradictory if any lexical-conceptual constraint
(roughly: a meaning postulate) specifies that for s@me, € Domgy, it

9

Readers should not take this notion of contradiction as logety related to the logical notion of
contradiction. If any, classical cases of contradictiarather cases ddll contradictionhere, and
they will be discussed further B.5.
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is impossible to co-occur in a mental model. Such conssamvolve, for
example, ones which state that one object cannot run at orgotral period
and sleep at an overlapping temporal period, that one itdalicannot run
on Mars and run on the Earth at overlapping temporal perimdsyen that
no individual can ever run on the Moon (because running isossjble
under the weak gravitational force of the Moon) etc.

11. Contradictory models are removed frédn on secondary model formation. As
will be shown in5.5, removing contradictory models is the standard process by
which the information state becomes more specific. It is natgelf a non-
monotonic behavior.

12. Full contradiction : An utterancex. 1 fully contradicts a non-empty and possi-
bly singleton set of utterancegiff for stageDp = (I, Kn), Kn # {} and for the
updated stagBn 1 = ((In,an+1),Knr1), Knp1 = {}.

13. In the case of full contradiction at stage- 1, removal of utterances frotq, 1 is
required, which is eitherejection of the newly acquired utteraneg,, 1, or it is
a truly non-monotonicupdate if a non-empty set of sentenoggwith m< nis
removed.

14. Which sentences are removed cannot be predicted inyaauibmatic fashion,
because the decision depends on many factors, especalisipility judgements
by the respective language user. As a general default, ibeassumed that the
smallest set of sentences is removed which resolves thetagdkecontradiction.

5.5 Inference and Coherence

In this section, | show what it means for a sentence to imptytamot imply another
sentence in the framework presented hérg.(). Also, cases of full contradiction will
be discussed furtheb (5.2, and it will be shown how negation interacts with senten-
tial conjunction and disjunctiorb(5.2.3. Finally, a sketch of how implication can be
handled is provided i6.5.2.4

5.5.1 Consequence
5.5.1.1 Necessary Consequences

5.5.1.1.1 Definition A semantic theory should predict which conclusions from one
sentence to another sentence have the status of being, tfiiese include the follow-
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ing ones, for example:

(1) Kermit walks.IF Someone walks.
(2) Three frogs walkl- Some frog walks.
(3) Miss Piggy walks quickyl- Miss Piggy walks.

To deal with cases likel] through @), a formal definition of what a necessary con-
sequence is is required. Intuitively, sentermgeis a consequence of sentenze iff
sentencex; provides more specific information than sentengewhich is the case in
all three examples. In terms of sentence denotationszgsa, this can be captured
formally as follows.

Consequenceaqs is a consequence of; (written aq I- a») iff for all models of Zoa:
[aa]™ C [az]™.

Note: The models ofZ;oa can be distinct by virtue of containing differing sets of
objects, locations and temporal intervals. Given theseailosnthe possible events of
some model ofZ;oa are fixed mechanically.

This definition captures the fact that, if every possibledfetvent in the denotation
of the more specific sentence is also in the denotation of the rgeneral sentence,
then the states of affairs described by the more specifieseatfr;) are completely
contained in the states of affairs described by the lessfapsentence o).

Remember that every single set of events in a sentence’datem if found in the
“real world”, would render the sentence true in a classicadizate-logic-based setting.
This insight might help to understand why the definition ofiequence given here is
adequate: If the sets which make one sentemcérue are the same as or just less
than those which make some other sentemgdrue, thena; clearly only describes
circumstances which also make true.

The simplest case is self-consequence. Is, according talibee definition, every
sentence a necessary consequence of itself? This is ofectiwislly the case since
[an]™ = [an]™.

5.5.1.1.2 Specific Individuals andsomething | now take the above definition to
demonstrate how4 turns out as a consequence.

(4) Kermit walks.IF Someone walks.

The final translation of4) into Z¢oa is given in §). Please cf5.6for a more thorough
demonstration of how such translations are derived, and thewexical entries are
specified. We assume here thatlk assigns the external theta role, and we decompose
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someon@assome creaturéwhich would probably be replaced Bpme humam a less
Jim-Henson-ish world).

(5) Ext(kermit)(Verb(walk)) I- Ext(somgcreature))(Verb(walk))

The two denotations can be derived as specifie@)mafd (7). | use syncategorematic
interpretations of operators where such interpretatiogrewefined to keep the deriva-
tion shorter and more compact. Also notice that | assumehleandividualKermit the
Frog exists inDompy, by virtue of there being a constant denoting it.

6) 1. [walk]™ =5/ np! by 5 4.1.36)

walk

[Verb (walk)]™ = (2,1 N »[") (by 5.4.1.311)

walk

2.
3. [kermit]™ = {{k}} (wherek is Kermit the Frog, by5.4.1.32)
4

. [Ext(kermit ) (Verb(walk))]™ =
(U30 € {{K}}[3E C (&[0 2!"0)
U=UEAVE' € E[Jo € O[Ve € E[ext(e) = 0]]]
AVo € O[3E” € Eve € E[ext(€)) = o]]]]]}

(by 5.4.1.39 and the previous steps)
(7) 1. [walk]™ =o' hy5.4.1.36)

Walk

[Verb (walk)]™ = (2,1 N »[") (by 5.4.1.311)

walk

. [somgcreature)] = {T € OC|T # {}} =0C—{} (by 5.4.1.35)

. [Ext(somédcreature))(Verb(walk))]™ =
{U|20 € (OC - {})[3E C O (im0 N2 [™)
U = UEAVE' € E[Fo € OVe € E'[ext(e) = o]
AVo € O[FE” ¢ E[ve € E"[ext(€) = o]]]]]}

(by 5.4.1.39 and the previous steps)

2.
3. [creature] = C whereC is the set of creature-objects (by4.1.33)
4
5

Assuming thak € C is part of the model specification, we can be sure {H&t } C
[O0C —{} by the definition of[J. Given that, since the interpretations of the formu-
lae (6.4) and (7.5) define the sets of set$ such that there is some set{fk}} and
[OC — {}, respectively, for which the other conditions hold, we carsbre that when-
ever the conditions hold fdfk}, they hold for at least one memberfitC — {} (namely
{k}). This is sufficient to proves) under our definition off-.

This generalizes to any creature-denoting constant @irtolkermit, such aiggy).
Also, it generalizes to the similar case of any object-dego{instead of creature-
denoting) constante Cing and the constamtbject € Cnoun(Where[object] = Domqyp;),
assumingomeobject) as theZ;oa translation olsomething
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5.5.1.1.3 Numeral Determiners Can Q) be proven, given th&;oa translations in
(8)?

(8) Three frogs walkl- Some frog walks.

(9) Ext(3(frog))(Verb(walk)) I- Ext(soméfrog))(Verb(walk))

| provide here only the interpretations of the full formut#ieectly, since they are com-
positionally built up exactly like®). The interpretations are given i) and (L1)

(10) [Ext(3(frog))(Verb(walk))]™ =
{U|30 € {T e OF|Card(T) > 3}[3E C [J(2, 130 N 2! ')
[U =UEAVE' € E[3o € O[ve € E'[ext(e) = 0]]]
AVo € O[FE” € E|Ve € E"[ext(€) = 0]]]]]}

whereF is the set of frog-objects

(11) [Ext(somdfrog))(Verb(walk))]™ =
{U30 € OF — {}[3E C O(p0 N 2"™)
U=UEAVE’ € E[Jo € O[Ve € E[ext(e) = 0]
AVo € OFE” € E[Ve € E"[ext(€) = o]]]]]}

whereF is the set of frog-objects

It is again sufficient to concentrate on the existential ool after the set constructor
in the interpretations of the two formulae. From the defamitof/7, it can be concluded
that{T € JF|Card(T) > 3} c OF —{}, becausd T € [JF|Card(T) > 3} is JF with

all sets removed which have less than three (including zeepbers. This is again
enough to prove thail() is a consequence of() under our definition of consequence.
This generalizes to cases with any two non-strict numeredrdeners where the en-
coded cardinalities are not equal (i.e., one cardinalityigher than the other). It also
generalizes to all formulae containing strict numeral deteers (B corresponding to
Englishexactly threeetc.) which imply the formula with the corresponding naries
determiner, sinc@! 3(frog)]™ c [3(frog)]™, etc.

For the special case that there are less than three (or ¢jgnenarelevant objects
(frogs, in the above example) i, we get[a;]™ C [az]™ ~ {} C SwhereSis a
possibly empty set of sets of events denotedrpyThis is always true since the empty
set is subset to any set by definition.

5.5.1.2 Contingent Cases

One usually distinguishes cases which eoatingent on the mod€in a predicate-
logical setting). One such case is the onelip) (translated asiQ):
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(12) Every frog walksl Three frogs walk.
(13) Ext(every(frog))(Verb(walk)) I Ext(three(frog))(Verb(walk))

Classically speaking, if there are less than three frogatbja®omop;, then the conse-
guence in{2)) does not hold, because the antecedent is non-empty acdrisequent
is empty. (2) is not a necessary consequence. | now show how this noaosports
to the current framework, i.e. how it is not a consequencd madels of Z;oa.
AssumeCard([[frog]™) = n— 1, wheren > 1, then[n(frog)]™ = {{}} (wheren is
the numeral determiner constant encoding a cardinality bf 5.4.1.35c. This results
in the interpretation given inl@), building on (0).

(14) [Ext(n(frog))(Verb(walk))]™ =
{U20 € {}[3E C O(Ruge N 2{"™)

U=UEAVYE' € E[3o € O[Ve € E'[ext(e) = 0]]]
AVo € O[3E" € E[V€ € E"[ext(€¢) = 0]]]]]}

Since the primary quantification after the set construcaQ < {}, which can never
be satisfied by the definition & it follows that[Ext(n(frog))(Verb(walk))]™ = {}
(since ndJ can meet even the primary condition).
However,[Ext(every(frog))(Verb(walk))]™ is non-empty, as demonstrated irs.

(15) [Ext(every(frog))(Verb(walk))]™ =
{U|30 € {{f1,.., f_1}}[FE C O(2/1%0 A p!ra0)
U = UEAVE' € E[30 € OVe € E'[ext(€) = 0]
AYo € O[FE" € E[V€ € E"[ext(€/) = 0]]]]]} =

{U|3E C O(2]80 N @[

walk
[U=UEAVE' €E[Zo€ {fy,.., fn1}[Ve € E'[ext(€) = 0]]]
AVOo € {fy,... fn1}[FE" € E[VE' € E"[ext(€) = of]]]}

where{fy, .., f,_1} are then— 1 frog objects irt’.

Since the models af/;pa are specified so as to provide distinct events of any type
for each individual-as-participant at any temporal inérany location, and with any
additional event propertyl6) cannot be empty.

For the definition of- to hold, it must be thafExt(every(frog))(Verb(walk))]™ <
[Ext(n(frog))(Verb (walk))]™ . Since[Ext(n(frog))(Verb(walk))]™ was just shown

to be empty for the models under discussion, this cannot bec#ise (notice that
[Ext(every(frog))(Verb(walk))]™ was shown to be non-empty). Thus3| falls out.
Everyis clearly not a general sub-casepand no necessary consequence can therefore
be established.
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5.5.1.3 Subset Modifiers

Subset modifiers, as argued for in chagtgnvite certain inferences along the lines of
(16), repeated here fron3).

(16) a. Miss Piggy walks quicky- Miss Piggy walks.
b. Ext(piggy)(Verb(quickly (walk))) I- Ext(piggy)(Verb(walk)))

| now argue that these are cases of what | have called negessasequence in the
previous subsections. First, | provide interpretationthef.Zcoa-translations in 17)
and (18).

17) 1. [walk]™ = 2/ »!" (by 5.4.1.36)

walk
2. [quickly (walk)]™ = 51120 ™0 Tgﬁf’k (by 5.4.1.38)
3. [Verb(quickly (walk))]™ = (7 (12 N 2™ Tgﬁf’k) (by 5.4.1.311)

4. [pigay]™ = {{p}} (wherepis Miss Piggy, by5.4.1.32)

5. [Ext(piggy)(Verb(quickly (walk)))]™ =
{U|30 € {{p}}[FE CO(2/ 10 o pirac

walk quick
U=UEAVE' € E[Jo € O[Ve € E[ext(e) = 0]
AVo € O[FE" € E[V€ € E [ext(€) = 0]]]]] }
(by 5.4.1.39 and the previous steps)

(18) 1. [Ext(piggy)(Verb(walk))]™ =
{UZ0 € {{p}}[FE SO (Buqen 2™

walk
U=UEAVE' € E[30 € O[Ve € E'[ext(e) = 0]]]
AVo € O[FE" € E[V€ € E"[ext(€¢/) = 0]]]]]}

To prove that the denotations as calculated makg & consequence oi{) under our
definition, simply consider what sets of events are colkiteboth case$® The set

generated in18) contains sets of events$ such that for the sefp} (notice that there
is only one set inf{p}}), U is a union of an arbitrary subset of sets franz, f;?{(‘ N

fpfa”) which meets some additional conditions. Now, iiT)(we encode exactly the

same formation of unions of sets of events (with the sameitiond), but from sub-

sets of 1 (2" N 2" N2 ) instead of 1 (%, N 2!""). By the definition ofn:
fran

quick
(7 vagﬁ‘;m?”a“mf”an )< (2 vagﬁ‘;mf”a“) and thus, by the definition &f: [7(2} a0 N

uick
P[P pien ) C [(p!fn A p!f) This means that evety in (17) is a union of some

quick wal

10 | again stress the fact that the objectitBut what if Piggy doesn’t walk quickly in the given
model?” is not applicable here since the interpretation is achiéveéle abstract domain of pos-
sible events. The axiomatization of the abstract model makee that there are always enough
events of Piggy walking in any possible kind of way.
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sets from a subset of the sets of whichlthan (18) are unions, and thus (concluding the
reasoning){Ext(piggy)(Verb (quickly (walk)))]™ C [Ext(piggy)(Verb(walk))]™

This generalizes to any case where t¥goa formulas differ only by the presence of
some subset operator applied to the main event type consiace the interpretations
of the two will always be equal except for the additional reeetion in the interpreta-
tion of the formula including subset modification.

Subsectiorb.5.2.1is devoted to the discussion of how the involvement of negati
affects the picture.

5.5.1.4 Subset Modifiers and Elaboration

Elaborating on the last section, | now show how a sequende asithe one in19),
taken as one discourse where both sentences are utterezlondir as given here, is
processed:

(19) a. Kermit walked onto the stage at the beginning of tlverse show of the third
season.

b. Kermitquicklywalked onto the stage at the beginning of the second show of
the third season.

In many a discourse situation the version29)(would be enough to achieve a similar
effect, where location and time are inferred to be the sarmmgusfomation from the
previous discourse, or where connectors @aually (shown in brackets) provide a
clue that the second sentence specifies the first further:

(20) a. Piggy walked.
b. (Actually/In fact,) Piggy walked quickly.

It should be clear from the previous subsection that in tkases, the first sentence is a
consequence of the second sentence. Additionally, in e ai(9) time and location
parameters are fixed explicitly, and iA0}, the discourse context seems to fix them
to arbitrary but thesametime and space coordinates. This identity of time and space
coordinates (and especially the conne@atuallyin (20)) makes the second sentence
appear as aalaborationof the first.

First, let me examine how the update procedure (definesl4r) proceeds in such
cases, assuming that the identification of time and spae&eésntcare of. More specifi-
cally: Does the update with the second sentence automgtiaarow down the set of
possible mental models?

To see whether this is so, we look againZ?)(and @1).
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(21) [Ext(piggy)(Verb(walk))]™ =
{U30 € {{p}}[3E C O(zime n!™)
U=UEAVE’ € E[Jo € O[Ve € E[ext(e) = 0]
AVo € O[FE” € E[ve € E[ext(€) = o]|]]}

(22) [Ext(piggy)(Verb(quickly (walk)))]™ =
{U]30 € {{P}}[FE C O(Zage N 2™ N 23159

[U=UEAVE' € E[Joe€ O[Ve € E'[ext(e) = 0]]]
AY0 € O[FE” € E|Ve € E"[ext(€) = o]]]]]}

To see how these two sentences, uttered in sequence, &kéedistourse knowledge
base, think about how the discourse stage28) is interpreted (where | use the En-
glish sentences the translations of which we are contemgl&r reasons of better
readability).

(23) a. Dy = (Piggy walksKp)
b. Dny1 = ((Piggy walksPiggy walks quickly, K, 1)

| repeat in @4) the definition of the update in shortened form frérm.28.

(24) K, is a set of secondary models. All subdomains are taken owsr R, except
Domgy. Therefore, with: .
En={E|(E1 € [oa]™) (32 € [a2]™)..(3En € [an] ™) [E = U Enl)}
Ky is specified:
Kn= {A|3E € E}|[.4 = Domgp; UDomper UDom oc UE]}

According to @4), the event domains of secondary models are all possibtnarof
some set in the denotation of a sentence with some set fromadabe denotations
of the previously uttered sentences. This means that gft@ating some discourse
(empty or not) with 21), the event domain of every possible model contains at teeest
event which is ing| 2 1 2! N E,,, whereE, = {e|Ext(e) = p}. This is so because
[Piggy walk$ strictly contains only sets of events formed from this basiersection

of sets of events, and thus unions of these sets with othemsktalways contain at
least one event so specified. Of course, there is no restritbiquick walkings (or

any other additional property of events), and consequeh#ye secondary are event
domains which do not contain quick walking events with theegispecification, but
only slow or frantic ones, for example. We can actually be sure that this is so, be-
cause, as the reader might remember, we have made sure ixidhsatization of the
abstract event domai®omg, in 5.4.1.74 (especially4o) that for every permutation

of event properties, there is at least one event (for evenjigharation of participants
and every possible spatio-temporal coordinate) which thénintersection of all these
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event-property parameters, but not in any subset whichtardd by intersection with
any other additional event property parameter. In the cebaral, this means that the
interpretation of the first sentence (for some specific looand point in time fixed by
the context or by world-knowledge, and with Miss Piggy betimg agent) contains sets
containing distinct walking events which are arbitraripesified for event properties.
Since the denotation of the second sente@@draws its events frong, 20 N 2"
?JJ?COK N Ep, however, updating with it will result in new a situation wheevery sec-
ondary model after the update contaatdeast onequickwalking with the given addi-
tional specification, simply because the sentence onlytdsrsets of quick walkings,
and every event domain of a secondary model after an updé#iehis sentence must
be the union of a set from its denotation and other sets, tbhngming at least one
quick walking (by Piggy, etc.).

The assumed elaboration relation between the two senté@m¢2§) is thus only rel-
evant to fix time and location as equal between the two seesgrand the additional
knowledge contributed by the second sentence is then esécés normal by the up-
date procedure. Also, there might be world-knowledge caimds 6.4.210d) remov-
ing models where for the same time period and the same locBiggy walks quickly
and slowly or quickly and leisurely, etc., but these are rntyeaot part of the (in fact:
any) core logic.

5.5.2 Partial and Full Contradiction
5.5.2.1 Contradiction

Let me now verify how certain positive and negative sentehead to full contradiction.
| examine @5) (taken as subsequent contributions to a discourse).

(25) a. Ext(kermit)(Verb(walk)) (Kermit walks.)
b. P(Ext(kermit)(Verb(walk))) (Kermit doesn’t walk.)

We clearly wish these formulae/sentences to be contragiidfdermit doesn’t walk at
all at some point in time, then he does not walk at the same fithe interpretation is
given in 26), in slightly shorter form since the conventions (likéor Kermit andw for
the set of walkings, etc.) can be guessed by now. | omit th#tiaddl parameters which
fix the sets of events to those taking place at the speechiteeval, but | assume that
such a restriction is in place.

(26) a. [kermit]™ =k
b. [walk]™ =w
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c. [Verb(walk)]™ = Ow

d. [Ext(kermit)(Verb(walk))]™ =
{U|30 € {{Kk}}[FE C (/12 N p"0)

walk
U=UEAVE' € E[Jo € O[Vec E'[ext(e) = 0]]]
AVo € O[FE” € E[ve € E"[ext(€) = 0]]]]]}
e. [P(Ext(kermit )(Verb(walk)))]™ =

{V|3W €
{U|30 € {{K}}[FE C O(8[20 N 2"
U=UEAVE’ € E[Jo € O[Ve € E[ext(e) = 0]
AVo € O[FE” € E[vVe € E"[ext(€) = 0]]]]]}

V= {3 e W[¢' = 0€"]}

The non-negated sentence denotes a set oset®vents as specified in the interpre-
tation. The otherwise parallel interpretation of the nedatentence also denotes a set
of setsV of events, which are formed by picking each deand switching the polarity
of all events in it.

In absence of special discourse-level interpretatiorruicsibns (some of which also
feature in5.5.2.9, negation must be interpreted as exhaustive, i.e., weveralbnon-
maximal sets from the denotation of the negative sentenfmeedperforming the dis-
course update. For this, we introduce the default inteapicet conditionEXH in (27).

(27) Exhaustivity IC : For any formula: If VSe [a1]™ Ve € Sec neg]], thenay SN
EXH(ay) where[EXH(ap)]™ = {U[a1]™}.

The interpretation of the negated formula without the IC gaid above to be a negative
mirror of the denotation of the non-negated sentence initlw@ntains for every set
from the positive sentence’s denotation a set which costéi@ negative mirrors of the
events in the set from the postive denotation. The Exhatyst® now takes all these
sets and forms their generalized union (which is equivdlettie largest set among its
members). This union thus contains all possible negatigatswof Kermit walking. We
can now determine how the discourse28)(is processed, i.e., wh&b turns out to be.

(28) ((Ext(kermit)(Verb(walk)),EXH(P(Ext(kermit)(Verb(walk))))), Ko)

By the definition of the update procedure, the event domainthe secondary models
in K, are calculated as ir8().

(29) Ko = { A |3E € F[ A = Dompp; UDomperUDomoc U]} where:
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(30) F2 = {E|
(JE1 €
{U]30 € {{K}}[3E € O(z50 N 2{™)
U=UEAVE’ € E[Jo € O[Ve € E'[ext(e) = 0]
AVo € O[FE” € E|V€ € E" [ext(€¢) = 0]]]]]}
(3B €
{u
{V|aW ¢
{U[30 € {{k}}[FE C O(Byme N 2{"™)
U=UEAVE’ € E[Jo € O[Ve € E'[ext(e) = 0]]]
AVO € O[3E” € E[ve € E"[ext(€) = 0]]]]]}
V = {€¢/|3¢” e W[¢' = 0e"]}
b
[E=Ej1UEy]}

Given 30), which secondary models ik, have to be removed by the contradiction
conditions in5.4.210? There is only on&, viz. the huge set of all negative events of
Kermit walking. Forming unions of this set with tlig sets from the interpretation of
the positive sentence (positive events of Kermit walkind)) alwayslead to contradic-
tion, and therefore to the subsequent removal of the modate$his is the case for all
models formed withE; sets, this is a case of full contradiction.

It should be clear from previous examples that the integpiat of (31) is subset to the
interpretation of 253).

(31) a.Ext(kermit)(Verb(quickly (walk))) (Kermit walks quickly.)

Put in a discourse with26h), the same full contradiction therefore arises.

5.5.2.2 Negation andand or or

5.5.2.2.1 Conjunction In this section, | show how negation interacts with conjunc-
tion and disjunction. | only treat casess#ntentialconjunction and disjunction, and |
treat them as contributing information on how to update ngd&lthough the update
instructions as discussed here and in the next two subseare probably best seen as
actual procedural instructions, | provide representaticdefinitions where possible to
stay within the set-theoretical framework used in this gtud

Let me first turn to a simple case of conjunction like the oné€3B), which, as the
accompanying rendering in a standard Event Semantics simasontradiction.

(32) a. Kermit walks and Kermit doesn’t walk.
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b. (Fe[walk(e) Aagente) = x]) A (—3e[walk(e) Aagente) = x])

We have already shown that the discourseB),(which is composed of the two formu-
lae which enter into the conjunction i83), is a case of full contradiction even without
sententialand | suggest that we interpret the default senterdiadl as a discourse

marker which makes explicit what the standard update reguanyway: Update the
secondary models with the interpretations of both sengnce

Formally, the ICAND is defined in 83).

(33) Conjunctivity IC : For any two fomulaex, az:
[AND(a1)(az)] = [AND(az)(a1)] = {E|3E1 € [a1] [FE> € [a2][E = E1UES]]}.

Thus, rendering cases lik82) as in the scheme ir8§), it should be obvious that the
contradiction arises in the same way as48)(

(34) AND(ay)(EXH(P(a1)))

The status of a logical contradiction likeA —p is thus reintroduced as a discourse-
level model-theoretic notion: Every update with a formuli&e (34) will lead to full
contradiction, which is the definition of logical contratiioa.

5.5.2.2.2 Disjunction A similar treatment of disjunction by introducing an @R
suggests itself. However, there is no simple set theoretiadlation as foAND, and |
resort to the ad hoc introduction of a disjunctive set

(35) Disjunctivity IC : For any two fomulaery, ao:
[OR(a1)(a2)] = [OR(a2)(a1)] = [{a1V az}], where{aV b} is a disjunctive set
which can be instantiated as eittaeor b.*

So, encountering a logical representation of the schefRer1)(a2), an update can be
performed with eithen; or a».
What about apparent tautologies as36)@

(36) Kermit walks or Kermit doesn’t walk.

The logical translation of35) is of the formOR(a1 ) (EXH(P(a1))). While simple log-
ical contradiction was characterized as the impossibdaftypdating a discourse with
some formula without triggering full contradiction, sueutological formulae are triv-
ially successful updates. If all models from the previoagstof the discourse contain

11 Similar constructs feature in belief revision theory, ssla paper on which is Alchourron, Garden-
fors and Makinson (1985). There are also apparent sinidarib the representation of disjunctive
information in database theory, cf. Minker (1989).
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positivea; events, then update withX H(P(a1)) must lead to full contradiction (be-
cause its denotation is a set of just one large set of all vegat events). If that isiot
the case, however, an update with jagtcan be performed (by the definition GR).

5.5.2.3 Nobody and specific individuals

Here, | add a demonstration of why certain expressions vétative determiners (the
simplest caseno) lead to contradiction with statements about specific idials. The
account is based on a decompositiomofnto sentential negation arevery

(37) a. No being walks.
b. P(Ext(every(being))(Verb(walk)))

(38) a. Kermit walks.
b. Ext(kermit (Verb(walk)))

First of all, notice that, as argued for earlier, by the dé&bni of every,
[Ext(every(being))(Verb(walk))] is a singleton set (containing a set), and that there-
fore (39) is the case.

(39) [P(Ext(every(being))(Verb(walk)))] =

[EXH(P(Ext(every(being))(Verb(walk))))]

Furthermore, even without providing step-by-step cakioies of the denotation of
(37), it should be clear that it contains the set of all possibienés of some being-
object walking. If we assume that Kermit is a being-objebg tenotation of 38)
contains exclusively sets of events of some being-objezt, ({ermit) walking. This
suffices to cause full contradiction, thus demonstrating (®7) and @8) turn out as
contradictory.

5.5.2.4 Conditionals

In this section, |1 do not show in a fully formal fashion hawenditionalsare treated in
the present framework. However, a short word is in ordegesimany classical rules of
inference from first-order logic (like Modus Ponens or Hypaical Syllogism) involve
conditionals.

Think about Modus Ponens, given here 4

(40) P— Q,P+Q

| suggest that in terms of the logic df;oa, this rule can be reconstructed if an IC
is introduced which renders conditionals as conditionalaips on a discourse. In-
stead of falling under the standard update procedure, aitcmmal involving the IC
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IF introduces a function which itself performs a conditionptate on any discourse
interpretation.

(41) Conditional IC: IF (a1)(a2) = F whereF is a function on a set of sets of events
KiDOrnEv (the set of event domains of the secondary models at stage
DefineK °™ = E, [a1] = Ay, [az] = Ag, then:

F(E) = {S3E’ € E[3A] € Aj[(A] CE)A(3A, € Ag[S= A, UE))]]}
U{SSe EA—-3A] € Ai[A; C S}

The first set in the definition df (E) contains for every pre-update event dom@&in
which is superset or equal to some Agtfrom the denotatio\; of the antecedent of
the conditional some séY, UE’, whereA, is in the denotatiom, of the consequent.
The second set just adds all sets fr&mwhich are not superset or equal to some set
from Aq.

Looking at the simplest case of a discourse to demonstratgpplication of Modus
Ponen®, = ((a1,IF (a1)(a2)),Ks), it can be shown how, warrants the consequence
a». By the definition oflF, since the pre-update event domains are identical to the
antecedent of the conditiondld1]), the first half of the definition ofF is relevant:
The post-update domains are all possible unions of soméreetga;] and some set
from [az], cf. (42).

(42) With Dy = ((ay,IF (a1)(a2)), Ka), KSOMEv =
(E|3E’ € [au][3E” € [a2][E = E'UE"]]}
(where agairk;°™" is the set of the event domains of all modelsis).

Since this is the same as the update procedure (according @8) would produce
for a discourseD,, = ((a1, a2),K5), we can safely say that discourses which model
(a1,IF (0q)(0a2)) also modebrs.

Far from explaining natural language conditionals in ev@nately adequate subtlety,
this analysis gives at least a hint how0J and similar inferences go through in the
present framework.

5.5.3 Undefined Subjects

Albeit slightly misplaced at this point, | now add a word abathat is traditionally
called undefined subjects. When a definite NP like “the pitedseag of France” is not
defined, in truth-functional semantics one has the choiastteer making a sentence
containing the aforementioned NP false by some postulatey mtroduce a three-
valued logic, assigning the third truth-value to such seces.

| suggest that irfGOA, we can implement a Strawsonian treatment of definite sargul
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NPs without making any further adaptations to the logic. Asranal manifestation
of the Strawsonian approach, | introduce a form of tloperator suited to the present
framework.
(43) a.[thesg] =1
b. 1 is a function in@omggngb?bj such that for ever € Dompop;
©) - { {{o}} if 0 OAVO[0 € O 0=0]
{{}} otherwise
With this definition, any undefined NP functioning as the fagjument to a thematic
operator, will trigger an interpretation like the one ).

(44) [Ext(thesg(kingoffrance))(Verb)(walks)] =

(U0 e {{}}EE CcO(zgen e ).} = {{}}
(with [thesg(kingoffrance)] = {{}})

In other words, the denotation of the sentence will simplytmpty and thusininfor-
mative. | see this as a welcome result, which comes absolutely fidette theory
advocated here.

5.6 Sample Derivations

5.6.1 Lexicalization

In this section, | present some lexicalization of exprassiof English, i.e. | define

a lexicalization relatiors* between expressions of English and their representation in
Zcoa(possibly complex expressions and tuples of (complex)esgons), given as
exp::t wheret € Typeandexpe EXxp.

1. Miss Piggy=2*piggy :: []Obj

2. Kermit the Frog":e>xkermit ;- JOObj
3. Fozzie BearFfozzie:: (11Obj

4. pig %Xpig :: [JObj

5. frog =*frog :: [1Obj

6. bear=>bear:: [JObj

7. happy":e>xhappy ;2 (OObj — OObj)



CHAPTER 5. FORMALIZATION

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

somea =*some:: (JObj — O0OOb;)
every":%xevery:: (0Obj — OOObj)
someoné somebeing) :: J0Obj
something> someobject) :: [J1Obj

nothing":%x(ﬁ:: (O0OEvV — OOEV),
every(object) :: [1[1Obj)

walk(s)=2 (Ext :: (OOObj — (OOEv — OOEvV)),
Verb :: (ODEv — [JOEV),
walk :: [JEv)

Lex

talk(s)="(Ext :: (UOJObj — (OOEv — [OEV)),
Verb :: (ODEv — [JOEV),
talk :: JEv)

Lex

love(s)= (Ext :: (OOObj — (OOEv — OOEV)),
Verb :: (OEv — OOEvV),
walk :: [JEv,
Intq:: (UOOb) — (UOEV — OOEV)))

Lex

give(s) = (Ext :: (OOObj — (UOEvV — OOEV)),
Verb :: (ODEv — [JOEV),
give:: [JEv,
Int, :: (OOOb] — (UOEV — OOEV)),
Int, :: (OOOb] — (DOEV — OOEV)))

give(sy =2 (Ext :: (JOObj — (JOEv — OOEV)),
Verb :: (OEv — OOEvV),
give:: [JEv,
Int, :: (OOOb] — (UOEV — OOEV)),
to :: (JOObj — (JOEv — OOEV)))

quickly =*quickly :: (JEv — Ev)

passionately"éyxpassionately.: (OEv — [JEV)

does natit is not the case that2*P :: (OOEV — O0OEV)

Lex -

= R: (OOEv — OOEV)

120
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5.6.2 Logical Forms

Finally, in this section, | provide some derivations basedhe lexicalizations provided
in 5.6.1 | completely ignore problems of surface syntax, though. échanism of
dealing with them is described in the later chapters.

The sentences derived are given4l)(

(45) a. Kermit the Frog walks.
b. Kermit the Frog talks quickly.
c. Miss Piggy loves some frog.
. Miss Piggy gives Kermit a happy bear.

o

e. Some pig loves every frog. (both readings)
f. I. Every bear doesn't talk V(- reading)
ii. Itis not the case that every bear talks\Y(reading)

The derivations are provided iA§)—(51), whereL labels lexicalizations, and andA
label functor and argument in function application stroesu Again, | want to point out
that English surface word order is sometimes ignored, heptii crossind.-branches.

(46) Ext(kermit )(Verb(walk))

A
E

Ext(kermit) Verb(walk)

A A
F F
kermit Ext Verb walk
L L
L L

Kermit the Frog walks
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(47)  Ext(kermit)(Verb(quickly (talk)))
A

F [Verb(quickly (talk))
A

Ext(kermit) F quickly (talk)

A A
F F

kermit Ext Verb talk quickly

L L L

Kermit the Frog talks quickly

(48) Ext(piggy)(Int 1(soméfrog))(Verb(love)))

Int ;(som€frog))(Verb(love))

F
Int ;(somé€frog))
A
Ext(piggy) Verb(love) F somefrog)
E l\ A

A F F

piggy Ext Verb love Int some frog
L L
L L L L
L

Miss Piggy loves some frog

122
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(49) Ext(piggy)(Int 1(somd&happy(bear)))(Int o(kermit)(Verb(give))))

Int ;(somghappy(bear)))(Int o(kermit)(Verb(give)))
A

Int o(kermit)(\Verb(give)) |F

A Int (somdhappy(bear)))
A
F
‘erb(give) somdhappy(bear))
A
F
Ext(piggy) F A Int(kermit) F| happy(bear)
A . . A . A

piggy Ext Verb give Int, kermit Int; some happy bear

L

L L L L L

Miss Piggy gives KtF a  happy bear

(50) a.dVreading:
Ext(somédpig))(Int 1 (every(frog))(Verb(love)))

A
F Int 1 (every(frog))(Verb(love))
F
Ext(som€pig)) g Int 1 (every(frog))
A A
somepig) F Verb(love) F every(frog)
A ’\ A
F F F
some pig Ext Verb love Int 1 every frog
L
L L L L L
L
Some pig loves every frog

b. V3 reading:

123
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Int 1 (every(frog))(Ext(somépig))(Verb(love)))

A
Ext(somédpig))(Verb(love)) F
F
Ext(somépig)) A Int 1 (every(frog))
A A
somepig) F Verb(love) F every(frog)
A A A
F F F
some pig Ext Verb love Int, every frog
L
L L L L L
L
Some pig loves every frog

(51) a.V-reading:

Ext(every(bear))(P(Verb(talk)))

FN

Ext(every(bear)) P(Verb(talk))
A A
every(bear) F F Verb(talk)
A A
F F
every bear Ext P Verb talk
\
L L L N N L

Every bear (does) not talk
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b. -V reading*?

P(R(Ext(every(bear))(Verb(talk))))
A

R(Ext(every(bear))(Verb(talk)))

A
Ext(every(bear))(Verb(talk))
F F
A
F Ext(every(bear)
A
every(bear) F Verb(talk)
A N
F F
P R every bear Ext Verb talk
L L L L N
L
Itis not every  bear talks

the case that

12 The assumption of the reclustering operator is necessatigtinguish this reading from the previ-
ously derived one semantically.



Chapter 6
Distributivity and Collectivity

All quantificational readings generated so far by the thgwesented here are strictly
distributive, i.e., sentencéd ) can only be understood as specifiedlb)(

(1) a. Three dogs played two songs on the piano.
b. Dog 1 played song 1, dog 1 played song 2, dog 2 played sorag3, glayed
song 4,...

The songs might be fully or partially identical between tlogslwho played them, to
the effect that there might be 2 to 6 distinct songs which@dal involved in circum-
stances making the sentence true. But, in terms of everti® #iways have to be six
distinct events of a dog playing a song. Howevég) can naturally refer to a situation
where two dogs together played two songs (four-handedhy),ame other dog played
some other (possibly) identical tunes or to one where the gtayyed the songs together
in a total of two events. So far, my theory cannot render thégling, and this chapter
redeems this situation.

This chapter should be seen as an appendix to chapgteough chapteb. The ap-
pendixal character is due mostly to the fact that | do not jpl@ea full formal treatment
of the phenomena discussed here, and that | allow myselfaieeleertain problems
unsolved for the time being. Instead, | show in a generalifashow mereological
structures in the domains of events and objects can be inteatin my framework, fol-
lowing the classical literature on the subject: Scha (19Bibk (1983), Krifka (1989),
Wyner (1994), Landman (2000). Excluded from this study ése questions of aspec-
tual types of verbs, aktionsart and grammatical aspectiwhave also been analyzed
in terms of mereological event structures.

| will introduce sum ontologies in sectidgh2and provide a short discussion of distribu-
tivity, collectivity, and the readings of some universal {otalic) quantifiers (namely
all, every each andthe). Finally, it should be noted that, because the update proee

126
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does not play much of a role for the problems discussed heddyecause the theory of
sums as indicated here works also in classical framewodga not refer to the abstract
model here, but rather use standard truth-functional pega

6.1 Sums and Groups

The concept of sum formation and plural logic was introduogal linguistics by Scha
(1981) and Link (1983), and extended to event ontologies tifk& (1989), Landman
(2000), and others. | loosely follow the these works here.

The essential idea is to close the domains of events andtslojeder the join operation,
turn it into a join-semi-lattice structure, and define foesvtwo individualsa andb
(calledatomg the sum (join) of them both L 4, a pluralic individual which can be in-
volved in events just as any other individual can. The ldg@garession corresponding
to the join ofa andb is constructed by the sum operatpr such thafla® b] = aLi 5,
although sometimes one finfla® b] = a® 5. It is assumed that plural morphology is
a good indicator for pluralic reference.

The simplest reference to a plural individual would be a oogd noun phrase, as in

2.
(2) Scooter and Fozzie performed the “Telephone Pole” Bketc

(3) Scooter performed the “Telephone Pole” sketch.

Under a non-distributive collective reading, the indivadlwhich performed the sketch
clearly is the unity of Scooter and Fozzie, and none of thedarobe claimed to have
performed the sketch, i.e., in the same situation weyeés(true, @) is not true (unless
at some other occasion Scooter actually performed thelskdéboe, which can be as-
sumed impossible given the nature of the sketch).

The difference between distributive and collective pratis is simply whether they
allow us to infer that the predicate also holds for the atofiessum when it predicates
over sums. Take a strictly collective predicate astip\Where the inference t®) is not
licensed. The sentence is actually ungrammatical, bedrsty collective predicates
always require a sum (@roup, see below) subject.

(4) Kermit and Fozzie met at the old Sleezo Cafe.

(5) * Kermit met at the old Sleezo Cafe.

A group, on the other hand, is a sum reinterpreted as an atomic ¢hditi The no-
tion of group is required because there are simplex sindatans referring to plural
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individuals, and there is never a license for distributivieiences with such individ-
uals as subject referents. 18)(the singular ternthe cast of the Muppet Shawfers
to the group individual, which must be ontologically plutaecausemeetis strictly
collective).

(6) The cast of the Muppet Show met in the first Muppet movie.

But even predicates which allow a distributive reading tkery a piano upstairsnever
have any such reading with group-denoting subjects. Thiseashown by<), which
never (i.e., independently of concrete models) allows tiierence to §), even if we
know that Rowlf is a member of the cast of the Muppet Show.

(7) The cast of the Muppet Show carried a piano upstairs.
(8) Rowilf carried a piano upstairs.
To demonstrate a typical case where the distinction betwaars and groups is cru-
cial, I would like to cite an example from Link (1983) i8)( which leads to the false
inference to {0) if the coordinated NPs are interpreted as sums.
(9) The cards below 7 and the cards above 7 are separated.
(10) The cards below 10 and the cards above 10 are separated.
Why is this so? If we takéhe cards below And the other NPs which enter into the
two conjunctions as sums, they can be interpreted asljn\ith ¢; etc. standing in for
card 1, etc.
(11) a. |_|{61, Coyenny 65}
b. L{c7,cs,...,¢52}
C. |_|{61, Coyunn, 69}
d. W{cwo,crz5---, 32}
It should be immediately obvious that in bo®) énd (L0), the coordinated NP denotes
the sumin (2).
(12) U{er,co,. 0 e32}

Clearly, if both sentences thus receive the same modetaheanterpretation, then in
any sound logic, they should both be true or false.9)fi§ true, however, thenl()
is explicitly not true. Group formation in the conjuncts peko keep the ontological
constructs of the two piles of cards distinct when the sunodt piles is formed. This
demonstrates the need for two plural structures, traditiprcalled sums and groups.
The process of group formation is usually formalized byadtrcing a one-to-one func-
tion from the domain of sum individuals into the domain ofratowhich is denoted by
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1, i.e. T (a@ b) denotes the group containirjg] and[b]. The reverse function from
group atoms into sums is such thaf|1 (a®b)] = all 4.

If there are plural objects, then there must also be commexn™ properties which
distribute their component properties among the atoms adralpc subject, cf. 13).

(13) Die27 und30JahrealtenMannerwurdenvon derPolizeibereits gestern
the 27and30yearsold men were by thepolice alreadyyesterday
verhaftet.
arrested
The 27 and 30 year old men were arrested by the police alrezstgrglay.

The information that there are at least two men involved aatldt least one of them is
27 and the other 30 years of age is mostly encoded in the adjgotedicate. It is the
adjective which requires the N-bar term to denote a 2-sungiwineans there must be
some way of generalizing conjunction from individual exgsiens to predicates.

In this study, predicates are reified as events and statés) wieans they are addressed
as individuals in their own right, which in turn means they dg& summed up. Sum
formation of events and states will also be crucial for semarb phrase conjunction
asin (L4).

(14) Gonzo blew the trumpet and fell off the stage.

A similar phenomenon as irl8) can be created by pluralizing the noun phrase as in
(15), when it is read asl).

(15) Gonzo and Camilla blew the trumpet and fell off the stage

(16) Gonzo and Camilla blew the trumpet and fell off the stagspectively.

This sentence leaves open the question of whether Gonzashdrfriend performed
both actions together (as a sum taking part in two event§ totawhether there were
up to four events: Gonzo blowing the trumpet, Camilla blayine trumpet, etc.

It appears natural to assume under the strongly event-blased, advanced here, that
coordinated verb phrases are interpreted as sets of setsefaf events. Once such an
interpretation is in place, it is a mere matter of definingditbans on ‘how distributive’
certain predicates and noun phrases can or must be.

This is exactly what the next sections are about. | arguetbateed to make available
a third kind of reading besides distributive and collectigadings, viz. cover or par-
tition readings, which are neither collective nor disttile. However, collectivity and
distributivity are extreme cases of this third readingh®effect that there is essentially
just one reading.
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6.2 Quantifiers, Collectivity, and Distributivity

This section has two subsections. In the first one, sediarf, | discuss the gen-
eral classes of sentences where distributivity, coll@gtietc. have to be distinguished.
The second one, sectidh2.2 is devoted to the four maximal quantifiers in natural
language Englishall, every each and plural definites. | argue that they have differ-
ent preferred readings with respect to the distributivealative/collective/partitioned
distinction discussed here.

6.2.1 All Sorts of Readings
6.2.1.1 Distributive Readings

As was already said, distributive readings are all the $hgenerates so far. For non-
coordinated quantificational noun phrases, this meansvinaain calculate the minimal
number of suitable events required to be in the model baseatheguantificational
information encoded in the noun phrases. The minimal nurabeventsne in the sets
in the denotation of the sentence can be calculated d§jnwhereNP;, .., NR, are the
guantificational noun phrases.

17) ne> min Card(E min Card(E -..x min Card(E
(17) © = Eic[NR] ( 1)XE26[[NPZ]] (B2) Enc[NR] (En)

This is so because of the definition of quantifiers as “catletof sets (as we called
them informally). Under the distributive reading, everyaqtifier requires that for at
least one (e.g., the smallest) set in its denotation, thermedet in the denotation of the
verbal projection which has for each element of that onereeh the quantifier one
event, and those events are “collected” in the output s@tse$his happens with every
guantificational NP, the multiplication effect arises amgeg us the minimal number of
events.

For example, 18) denotes, if true, a set containing at least one set contagi least
2x 3x 4 =24 events by17).

(18) Two Muppets gave three guests four bunches of flowers.

Other cases of distributivity are those with collectivetdbutive predicates, as | call
them. Look at {9), a sentence where a plural definite and a collective-igixie
predicate lead to clear inferences regarding the singitigiaes of the single frogs.

(19) The frogs sang.

We have not defined the function of the definite determinerexegn for singular nouns.
In singular NPs, it is reasonable to define the denotationeodlefinite determiner as the
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| (iota) operator. In plural NPs, | will follow the Scha (1981), Li(k983), Landman
(2000) tradition and assume thhey is an operator which selects the join of the set
denoted by the noun, foig), see R0).

(20) [thepi(frogs)] = {{Ufrog]}}

While this is intuitively what the NP seems to refer to (theatity of frogs), such NPs

(or rather such sentences) can be read distributively, waat there is a distributive
inference with some (or even all) predicates. Look2d) (which seems to convey that
the totality of frogs crossed the bridge in the swamp, bulsib aequires every single
frog to have crossed the swamp (to have been the agent in agserassing event).

(21) The frogs crossed the bridge in the swamp.

(22) is even stronger in its ambiguity, since we have a cleaitiotuthat the event of
the frogssinging the song together is distinct from the singing ofsbag performed
by each frog, but that the single singing events are necefsathere to be the larger
event.

(22) The frogs sang the song.

This suggests that such sentences involve predicates whsdhnibe single atomitarge)
events which have sum (or group) subjects. That the larget evel the single smaller
events are distinct can be tested by adding modifying aturic a model where Ker-
mit was among the frogs who sang the so2§) @nd @4) can both be true at the same
time and referring to the same real-life event.

(23) Kermit sang the song badly.
(24) The frogs sang the song beautifully.

Scha assumes that for certain predicates (like the on@d)mad @2)), we can assume
meaning postulates hard-wiring the inferences just meatipbecause he is convinced
that only some predicates force distribution when they tagkiral definite as their ar-
gument. However, Roberts (1990), based on her 1987 diisertargues that any sen-
tence containing plural definites can receive a distrilautiterpretation, even though in
examples like Z5), the collective reading might be much preferred (espldedcause
of the indefinite object NP).

(25) The women from Boxborough brought a salad.

| agree that under the right circumstance) (can very well mean that each woman
from Boxborough brought one salad, just as muct2&sq¢an mean that the frogs didn’t
even sing the song together, but at different places andpitime.
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These facts only show that the phenomena discussed heselass a question of logi-
cal properties of classes of predicates, but rather a qurestihow far a model allows
the “inferences” to individual events when such predicatesused. The answer lies in
lexical knowledge and world/context knowledge.

Now, we have already touched on the question of what disishgs distributivity and
collectivity, taking as an example the special case of pldeéinites. In the next sec-
tion, | will provide a model of how cumulativity/collectity is an effect of a specific
distribution of sum objects and atomic objects in the NP t¢kginan, in conspiracy with
certain (world/model-knowledge) relations between atoenents. Plural definites will
then again be under discussion in sectioh 2

6.2.1.2 Collective Readings and Ambiguity

From the discussion which closed the immediately preceslifigection, we have seen
that even predicates which seem to suggest a cumulativengeaath plural definites
can have a distributive interpretation under the rightwmstances. It is only strictly
collective predicates likeneetwhich force a non-distributive interpretation, c24j.

(26) The Muppets met.

| will call such predicates recipro-collective from now o8ince sectior6.2.2is de-
voted to plural definites in a larger context of maximal (oiversal) quantifiers, this
present section only looks at other determiners (excepenalnguantifiers, which are
discussed i®%.2.1.3.

It seems like the meaning of sentences containing the digaatin question (and most
sentences with plural definites and, as | am going to argugesees with numeral
qguantifiers) is underdetermined with respect to the degfebstributivity of the re-
spective sentences. For example, lookZa).( Cearly, the sentence does not specify
whether the many bears told one joke together (as one sunetheshthey all told a
joke separately (strictly as atoms), or whether there watexinediately sized sums of
bear sums and bear atoms (the total number of atoms amouatmgny who told a
joke.

(27) Many bears told a bad joke.

In my terminology, these sentences have multiple readings gnalyses). Multiple
readings which are common to one analysis are assumed talpatnbiguous. This,
in turn, means that they must all be represented in the setdlic object as which a
specific analysis of the sentence is interpreted.

In other words, | will try to account for distributivity/clactivity phenomena by en-
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riching the denotations of sentences (containing quargjfiand leave the question of
how language-users decide which specific reading is inttedenpletely open. The
fact that natural language expressions are ambiguous eggrd to the degree of dis-
tributivity of most predicates is indicative of a hypothesd fact that language-users
normally don’t need to decide upon a specific reading. Seéid.2tries to find some
tendencies for maximal quantifiers, however.

| now simply present my technical solution to implement ciativity when needed.
The idea is that the definition of base quantifiers can simplyriodified to impose
constraints only on the number of théomsin the sets it contains, ignoring possible
sum formations involving these atoms. Thus, all set§nrany(bears)] would have
to contain a large enough number of bear atoms to warranhgallmany no matter
whether these are organized in sums or not. By way of exar(§#ewould then arise
as a proper interpretation in a model where three is a largegimnumber for bears to
warrant calling thenmany(and there are only three of them). In this casany bears
coincides withthree bears

(28) [[many(bearS)]] — {{61, 62, 53}, {61 |_| 62, 53}, {61, 62 |_| 53}, {61 |_| 63, 52},
{b;Ub,1155}}

This is a handy solution, because now this NP can combinessfidly with any event-
denoting expression the denotation of which either

(29) a. exclusively contains events which have atomic rebrérs (called hemaicro-
events,
b. contains events which have appropriate sums of bearsegsaarer (while still
being atomic events) (calledacro-eventg and possibly other events which
have bear atom role bearers (as long as every bear atom acmesn such a
sum or as an atom),

c. exclusively contains only one macro event which has asolts bearer the
maximal sum of bears (heré; LI 6, LI 65) as its role bearer.

Under current assumptions, where the event domain is abse@lunder summation,
there arises a certain redundancy. Even if (continuing example 28)) 6;, 6, and
b5 were involved in three distinct events with a right main paeger specification (no
macro-events), these eveajs ¢;,, ande;, would be available in sums. The sup® ¢;,
would be available, and the sgt;, @ ¢;,, ¢, } would be in the verb’s denotation. This
would lead to both{es, @ e5,, ¢4, } and{e;,, es,, ¢5,} redundantly (among a total of five
equally redundant sets) being in the final denotation. Siadandancy might be ugly
but not dangerous, | leave this matter as it is.
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The most attractive aspect of this analysis is t2&) gives us the distinction between
distributive, partitioned and collective readings for free in an ambiguitiy located
within the quantificational noun phrase. It’s the distribatof micro- and macro-events
semantically corresponding to sums and atoms in the NP dgootwhich creates all
relevant effects.

Finally, I now turn to a discussion of those predicates whighexclusively collective
(labeled recipro-collective, ex26)) and those which warrant entailments to a distribu-
tive reading even under a collective interpretation (ledaktollective-distributive), al-
though these effects only occur with a restricted set of tifiars.
Collective-distributive predicates(like sing a songr cross the swamyare treated by
Scha in terms of meaning postulates which hard-wire theenfges from a macro-event
to micro-events for all atoms of the sum which is the role beaf the macro-event.
This is, in my view, the correct solution, given that meanpogtulates in essence cap-
ture in the logic some knowledge about necessary stategaifsaiih certain types of
models, making logical formulae always true corresponging

The fact that for some types of events, if they are performed $um object, there are
corresponding micro-events (having the same main pararsgeeification) for every
atom of the sum appear not to be an effect of the grammar, butatledge about the
world or rather knowledge about models. Hence, whenevee e such inferences,
| assume that language-users simply have the knowledgd thatmacro-event is in
the model, there must be the relevant micro-events. Sireerbblem is therefore no
longer related to the core grammatr, | leave the problem as it

Recipro-collective predicatesare those likaneetwhich, at least if used intransitively,
require the subject to be a plural structure, like a sum ooamrAlso, they denote only
macro-events, and there are never any inferences from tbereaent to any potential
micro-events. Again, | do not see that there needs to be argagical solution. The
fact that such predicates strictly require pluralic stuoes in the denotations of their
subjects can be captured by a constraint on the model, iadbri§31). The same goes
for the fact that there are never inferences to micro-eyarfarmally (32).

(30) * Kermit met.

(31) Events with main parametareet. . . always have sums or groups as external role
bearers (i.e., they are always macro-events).

(32) For (macro-)events with main parameteget. . . there never are collocated micro-
events for atoms in the sum which is the external role bearer.
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6.2.1.3 Cumulative Readings and Numeral Quantifiers

Cumulative readings are (as Fred Landman puts it) non-$cepdings of sentences
involving more than one numeral quantifiers. What is meanthay in terms of my
distinction between analysis and reading is that no matteclwscopalanalysisone
adopts, the sentences will always have the same ranggdings Furthermore, this
reading is relational and encodes a relation about noeryéiitiated collections of ob-
jects. An example is33).

(33) Ten Muppets sang 27 songs.

Prototypically, such sentences are felt to be about cep@itions of objects which are
involved in a certain number of events, but the question atlisums of objects or
single objects are involved in which of the single eventsstiienatter at all. In other
words, @3) tells us that ten Muppets were involved in 27 songs being samd nothing
more.

To make sure that sentences likiS) are true/false in the right event-based models,
however, we must make sure that they can in principle denidtends of event config-
urations (as quirky and marginal as they might be) which niaken true. This means
that in any model where there are nine Muppets who sang a songng events) and
one Muppet who sang 26 songs (in 26 events), then the sergboadd be true.

As | see it, we can adopt either one of two possible strategs#sg 33) as an example:

1. We turn the whole real-life events which were involvedia singing of 27 songs
by ten objects in twelve shows into one atomic macro-evemthwhas a sum of
27 objects as theme, a ten-sum as agent and a twelve-sunma#ismoc

2. We redefine the formation of NP quantifiers so that it reggiionly a certain
number of atoms to be in the sets it denotes, be they bounaras sunot (as we
have already done ir29)).

Since the generalized interpretation of pluralic noun pésaas sets of sum/atom parti-
tionsis already in place, and since | don’t see an easy wayrofiflating the constraints
on models which would be required to link the macro event &r#éievant micro-( or
meso-)events in case one adopts the first solution, | oph®sécond solution. Also,
it contains the first solution as an extreme case.

This means that in any situation where there is an atom/sutiiga of Muppets (to-
talling ten Muppet atoms) and an atom/sum partition of s@tagalling 27 song atoms)
which were involved (bearing their respective roles) in daquate number of singing
events, then the sentence will be true. The adequate nunlesents here depends
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totally on the concrete atom/sum partitioning of the olgantas much as the highest
number of objects (atoms or sums) in any of the NP denotaisaihe minimal number
of events possible.

An example corresponding t8%): If the only relevant partition of Muppets is as in
(34), then the number of singing events must not be less than(ém& micro-event,
three macro-events).

(34) {m;Umy L ms, my, ms U mg, my L mg Ll mg U mg LI myo}

This configuration of Muppet objects could for example hagerbinvolved in eight
events in a manner visualized in figuge, resulting in eight events.

sl Uss.

\

m1|_|m2|_|m3 56|_|..|_|.S'3

59

\

my S1g|_|..|_|517

m5|_|m6 513|_|..|_|520

/

S$21 L. |_|523

my U mg L mg Ll mg Ll myg 8§24

/

525|_|.. |_|$27

Figure 6.1: lllustration of §3) and 34)

| have now shown how atom/sum partitions of quantifiers caowaet for the truth of
sentences in distributive, collective, and partitionedesa It was generally assumed
that quantifiers are ambiguous with regard to the partitignand that only the number
of total atoms in the sets denoted by the quantifiers is clieckelly collective and
fully distributive readings are thus just extreme casefefgeneral case.

Furthermore, | have argued that the number of events indalventimately related to
the partition structures in the nominal quantifiers, and tinainterpretations of certain
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event descriptions (verbs) might be subject to constraintsnodels requiring them
to be only micro-events or macro-events (e.g., recipréectives), or to be macro-
events which always allow language-users to additionakyime specific micro-events
(collective-distributive). In the remainder of this sectj | will take a look at the effects
of the maximal quantifierall, every each and pluralthe

6.2.2 All, Every, and Each, and The Plurals

This final subsection on cumulativity, distributivity, atiteir subtleties argues for the
hypothesis that there is a clear division of labor betweennfaximal quantifiers of
English:all, every each and plurakhe They are called “maximal” here, because they
all involve in some way all objects from the denotation of tlwein which they take as
their argument. Some of the results in this section are diéviy of the seminal Vendler

(1962).

6.2.2.1 Pluralic vs. Atomic

In (35—(37), all four cases are exemplified. 185), they occur with a (prototypically)
distributive predicate, in36) with a recipro-collective predicate, and 87 with a
collective-distributive predicate.

(35) a. Each bear loves a joke.
Every bear loves a joke.
All bears love a joke.
The bears love a joke.
(36) a. * Each bear gathers on stage.
* Every bear gathers on stage.
All bears gather on stage.
The bears gather on stage.

(37) Each bear crossed the samp.
Every bear crossed the swamp.

All bears crossed the swamp.

Qe 6 T 9 2 060 T 9 2 0 T

The bears crossed the swamp.

The ungrammaticality of369 and @6b) is very clear and leads us to detecting the
first split in the functions of the four determiners. Under ourrent assumptions, the
ungrammaticality leads to the conclusion that NPs with #teninereachandevery
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don’t denote sum structures, because we said above thatoemllectives are fine with
sum objects as subject denotations, and absolutely indilsfgavith atomic objects.
Let us therefore say for a start thegtchandeveryare strictly non-collective and always
pair atomic micro-events with object atoms. This is alsaria With the intuitions about
sentences witkeachandevery Foreach full distributivity is a defining criterion, and
for every it also seems impossible to conjure up collective intagti@ns?

Since bothall andthe are fine with recipro-collectives, we can conclude furtheatt
these two make claims about the totality of objects the nanotks. So, even if there
are standard inferences to micro-events as3ifrg(and @7d), sentences containing
them might describe undifferentiated macro-events witkimal sum subjects.

6.2.2.2 TheandAll

| now give what is mainly a reformulation of ideas from Hein®8R), Link (1983), and
Landman (2000) in the current framework.

The question is: What is the difference betwedinandthe? We could suspect that
the distinction is somehow related to degrees of definiebesught about by the two
different determiners. These determiners are strong bdtieisense of Milsark (1977)
and the sense of Barwise and Cooper (1981), and they botidesdyrammaticality in
the coda of existentidheresentences. But definiteness does not always overlap with
the strong/weak distinction (cf. also Abbott 2006), and egoant along the lines of the
familiarity theory of definiteness (Heim 1982 being the mottd source, although the
idea dates back to Christophersen 1939) might be helpfiliarcase oéll and plural
the

Obviously, @39) is felicitous as a discourse-initial segment, aB8)(is not (assum-
ing that the initial sentences are uttered out of the blud,taat we can be sure the
language-users have no reason to believe that they knovhwrioigs are referred to).

(38) Allfrogs have a funny voice. They sing songs on the M @lew.
(39) # The frogs have a funny voice. They sing songs on the Muppow.

Considering that we said that both determiners create NiRshwéfer to the maximal
sum of the objects the noun denotes, we could say that thayéierr uniquely. In other
words, the uniqueness condition in the sense of Russelb{d®uld be vacuously ful-
filled, because there can only be one maximal sum of a set e€tshjAlso, familiarity

L Furthermore, Scha (1981) already suggests treating mtargical plurals (of nouns) as marking
the presence of sums in their denotation. Singulars shaaud bntirely atomic denotations, and
everytakes singular nouns.
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shouldn’t actually matter, because the maximal sum of alkmfrogs should always
be salient or at least accessible.

However, B9) still seems to require some specific structure of the presvaiscourse
to be salient. | suggest in the spirit of Heim’s theory thatsN#th pluralthe require
information which allows the hearer to (contextually) reestthe set of noun referents
(frogs in this case) to some salient set which usually is metdotal set of all referents
of the noun which there are. On the other haadtican default to denote the actual sum
of all noun referents, and turn sentences like the first o3@) iito something like a
generic statement about frogs.

If we add some prior information to the discourse 3®)(which allows the restriction
of the sum referred to bhe frogsby some poset relation as id), or if such an infor-
mation is reliably present through language-externabfacthen the sentences become
fine.

(40) 1 love all Muppets. The frogs have a funny voice. They eabmes sing songs on
the show.

| thus see good evidence that the division of labor betvadleand pluraltheis that the
former requires no familiarity-based embedding in a disse{like indefinitea), but
pluralthedoes.

6.2.2.3 Each an Every

The differences between the two distributive universahgjfiars is subtle. First of all,
there also seems to be a preference toasshin discourse contexts which support
a poset relation, astl) vs. @2), taken as discourse-initial, show. “#” here signals
(almost) absolute infelicity, “?” signals that the sentemcmildly infelicitous.

(41) ? Every frog sang a song.

(42) # Each frog sang a song.

Like all, everyseems to default to conveying information about univeysalery frog
in (40), but it appears that the effect is less clear than in the ohskee summative
maximal quantifiers. It is slightly more noticeable with geic statements as i 8)
and @4).

(43) Every frog is shorter than 12 inches.

(44) # Each frog is shorter than 12 inches.

However, this cannot be the whole story. Vendler (1962:1%88} already provides a
solution, although of course not yet in terms of sum ontasgiVendler argues that
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while all is strictly collective, andeachis strictly distributive,everyis sort of in be-
tween. By referring to examples like the ones 4p)(through @7), he convincingly
shows that while45) is prototypically interpreted as saying that Rowlf took #pples
en blog (47) requires that he did something to each apple (i.e., theseatrefers to a
set of distinguishable events for each apple), whereas(4ithe speaker conveys his
indifference towards the question of in which bulks of aggRowlf arrived at finally
having taken all of them.

(45) Rowlf took all apples.
(46) Rowlf took every apple.
(47) Rowlf took each apple.

It is not clear to me whether Vendler would say that diffeeshin truth values arise.
On page 148, he clearly classifies the distinction to be matigsdeneachandevery
as“much too fine to be located by merely comparing truth-valueewever, if 47)
requires there to be distinct events for each apple, 48ddoes not, then there could
be situations where one sentence would have to be classifiedeg and the other one
would sound very much false under the Vendlerian interpiceta

| would nevertheless opt for a solution which assigns theesdemotations to4) and
(47), such that both require that for each object in (a set in degptation ofevery N
andeach Nthere be one micro-event of which it is the relevant role éedn addition,
eachintroduces the pragmatic condition that for these micrerés there bao macro-
event to which they are implicationally related by a meanpogtulate. Forevery
however, any model which has the respective micro-events ot in a consequence
relation to macro events, makes the sentence felicitous.

This explains why48) is not felicitous, or at least heavily dispreferred conggbiio an
otherwise identical variant witeach

(48) # Rowlf ate every apple separately.

The version withevery applesays that it doesn’t matter whether Rowlf ate the apples
one-by-one or in a bulk, as long as every apple ended up egtBowlf. separately
then says that the apple-eating events were explitittyelated through the presence of
some macro-event. This should be, and apparently is, amsmstent use of pragmatic
means, especially sineachis available. The same is the case48)(with every apple
andone-by-one

(49) # Rowlf ate every apple one-by-one.
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6.2.2.4 Summary
To summarize, the properties for maximal quantifiers ardaedre.

(50) a. all andthestrictly create NPs denoting total sum structures.
b. eachandeverystrictly create NPs denoting atom structures.

c. eachrequires that the model does not contain macro-eventsecetatany of
the micro-events in which the object atoms denoted by the fdRnaolved,
while everyis indifferent towards such micro-macro relations. Thegpnatic
division of labour between the two will be clear and kesgeryfrom being
used when the speaker knows that the events were distinGribgan princi-
ples).

d. all is less definite (in the sense of familiarity theory) tharralthe

This concludes the short discussion of distributivity aotlectivity in GOA. | have
shown that, while conjunction is largely related to sum fation in the domain of
events, plurality effects with certain quantifiers invoblso sum formation in the do-
main of objects. It should be kept in mind that the major toolhe analysis of such
plurality effects were relations between object atom/stractures on the one hand and
micro-events and macro-events on the other hand. Reldigmgeen micro-events and
macro-events, however, are implemented only as constramthe model, and would
not enter into the “logic” of the language.



Chapter 7

Implementation within a Syntactic
Framework

7.1 Introduction

In the development of the semantics framework presentdgkiprevious chapters, | did
not go into any details of how natural language syntax anddpeesentation language
Zcoa could be mapped onto each other. This final chapter redeamsitihation by
providing an implementation of at least one foundationgkas of Z;oa in a highly
formalized theory of syntax, viz. Head-Driven Phrase StmeGrammar (HPSG, Pol-
lard and Sag 1994). Primarily, | show how arguments recéiee special interpretation
as generalized operators, leaving many other aspec¥gof unimplemented.

After a few introductory comments on HPSG in sectiog the definition of an HPSG
representation format for applicative semantics followsection7.3. In section7.4,

a mechanism in shown by which NPs receive th&ljoa interpretation, and how that
mechanism can be extended to allow free scoping.

7.2 The HPSG Framework

| assume that the reader has introductory-level knowled@#”&G, corresponding to
roughly the first three chapters of Pollard and Sag 1994 offiteesix chapters of
Muller 2008. The proof-of-concept implementation of tihigoa Syntax-semantics in-
terface shown here is based on a simple grammar by Stefariédrresponding to

142
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chapter 6 of his aforementioned introductory bdok.

| assume standard HPSG constructs in the syntax, wheretegbcaation is encoded
in a SUBCAT list of lexical heads (Muller 2008, 22). A version of tikead Feature
Principle (Muller 2008, 34), theHead Argument Schem®liller 2008, 60) and the
Valency Principle(Muller 2008, 79) are assumed to be in place. Likewis&aD
feature (of non-heads) (Muller 2008, 73) witiHead Adjunct Schem@uller 2008,
78) take care of adjunct selection and the correspondingsgtstructure construction.
Since only a proof-of-concept implementation for the m@sib concepts is intended,
nothing is said about natural language word order, subatéidauses and many other
phenomena usually covered by larger HPSG fragments.

On top of this syntax, the following sections describe thplamentation of the seman-
tics, which is everything below th&yNSEM|LOC|CONT andSYNSEM|SCOPES(cf. sec-
tion 7.4.6.9 nodes. First, an HPSG encoding for applicative semansigivien in
section7.3, and then the actual syntax-semantics interface is destnibsectiory.4.

7.3 Applicative Semantics in HPSG

The only compositional semantic operation needed to imeiei¥;oa is function ap-
plication, as follows from chaptéy, where no other such operation is defined. Encod-
ing function application in HPSG can be easily achieved. pgosed to more complex
syntax-semantics interfaces which involve function aggilon as well as complex ab-
straction schemes (such as Sailer 2003, from which someatism was drawn for the
encoding presented here), the simplicity of #feoa interface makes it easy to encode
the semantics of complex expressions in HPSG feature stasct

Zcoa depends heavily on typed expressions, so first | am goingesept an encod-
ing of the_Z;oa type system in section.3.1, then an encoding of the semantic values
of expressions in section.3.2 and finally a Semantics Principle, which defines how
syntactic composition and compositional semantics ictera

7.3.1 Semantic Types

First, we encode semantic types by mapping them onto an HB8Gisrarchy. In
Zcoa, Simple types and complex types are defined, cf. se&i@anSimple types are

1 The grammar proposed in this chapter is implemented in Tmale system (Haji-
Abdolhosseini and Penn 2003), and the source files can be ldased from
http://www.rolandschaefer.net/phd (permanent URL). Stefan Mdiller's implementa-
tions and a fullTrale system are included with the print version of his book.
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Obj,Ev,Per,Loc and set types for these. The definition is recursive, in thatyeset
type of a type is also a type, including arbitrary depths oftygees of set types. Such
a recursive definition cannot be easily achieved in an HP§Gasirre. Fortunately, the
only set types ever used ifgoa areJObj,[JEv and[J[]Obj,[J[JEv. It is therefore
not actually necessary to encode the fully recursive dedmitand the signature can be
given simply as ).

1) typ

simp-typ

obj pobj ppobj ev pev ppev per loc

Functional types are recursively characterized as haviniggut and an output type.
The input and output types can be any type, including funetioypes. Thus, it is only
required to add one sort to the signature, namehg-typ cf. (2).

(2 typ

T

simp-typ  func-typ
Since any functional type (by the definition given in sectiof) is characterized as
having an input and an output-valdenc-typis given as in the feature declarati@).(

(3) func-typ: ['N P
ouTtyp

Given this type encoding, al¥;oa types can be fully rendered. Taking the type of
prepositions as an example, the encoding is presentéql.in (

func-typ
IN ppobj

) = (00Obj — (OOEv — OOEV))
our [IN ppev]

ouTppev

Since it will be necessary (in sectiohd) to distinguish between functional types of
scopal elements (delayed application) and ordinary fonelitypes, a further distinc-
tion must be made between scopal functional tygoepe-ty@nd non-scopal functional
typesfunc-typ They are made subsorts of one smmp-typ and the full hierarchy for
the semantic type encoding looks liks).(



CHAPTER 7. IMPLEMENTATION WITHIN A SYNTACTIC FRAMEWORK 145

6) a typ
/\
comp-typ simp-typ
func-typ  scope-typ obj ... loc
b. comp-typ: BUTKH

| now turn to the encoding of the semantic values, which isagstraightforward.

7.3.2 Semantic Values
7.3.2.1 Value Encoding

Semantic values iZgoa are individual or set constant symbols on the one hand and
function symbols on the other hand. The value of any such s{iwdm be encoded
directly in a simple HPSG sort, requiring an accompanyifigha type encoding to
make sure that the combinatorial mechanism has informatsoto how applicative
structures can be built up. The result of a function appbecatself must be a complex
structure, giving the result type and a specification of tiefor and the argument. The
Semantics Principle given in secti@n builds up applicative values appropriately, the
(partial) signature and the feature declaration are gindf)i

6) a. val

/\

const-val appl-val

TS

walk frog some ext ...

b. appl-val:

ARG val

FUNCV8.|]

Consequently,q) should be assumed.

appl-val
(7 |:FUNCO{] =a(p)

ARG f3

7.3.2.2 Determiners and Thematic Operators Redefined

This section provides some additions.#0a, Which will make it easier to integrate
Zcoa Semantics with a standard HPSG syntax in secfign3 | introduce an addi-
tional class of lexical semantic values by defining new djpesabased on other opera-
tors. Specifically, theZzoa idea of representing natural language predicates as tuples
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of constants (an event set constant plus an appropriateenwhbperators, which have
a meaning similar to prepositions) could be rendered in HR8I$ by introducing
phonologically empty prepositions. The PPs formed by suepgsitions would have
to be subcategorized by the verb to the effect that no verddmvactually select NPs,
but just PPs. Using lexical rules is not a general solutiaihis case, because the gen-
eralized operator must be applied to a whole NP, which is istmnases not a lexical
item (but see section.4.4.

The solution proposed here is therefore as follows:

1. TheVerb operator (basically just power set formation) is droppedtdad, verbs
denote sets of sets of events directly. This effect couldadigtbe achieved by a
lexical rule, but in this fragment, we only need verbs whiehate sets of sets of
events, never the simpler variant denoting just sets oftevérhus, | implicitly
assume thaVerb has already applied to the verb meaning. Semantic values of
verbs are of typé&/[JEv.

2. New, more complex thematic operators, which lexicallytobute both the effect
of the generalized operator (such&st) and the effect of the quantifier (such
asall), are defined. Simply speaking, insteadeodt(all(-)), there will now be
ExtAll (-). For the closed class of determiners, this means that thast be at
least three lexical variants explicitly defined (one forleeale functor).

3. The original generalized operators sucteas are still there, but they are only
used in a lexical rule which makes proper names thematic,wileich applies
a thematic operator to proper names. For this open clask,asolution is fa-
vorable because there is no need to define three lexicalntsud each proper
name.

The definition of the new, more complex functors, which arardificational and the-
matic at the same time, is a simple task. First, | repeat@®btit.1.35,9 as @) and

(9).

(8) Determiner operatorsye; € Cyet are interpretedcge;] = fcdei where fcdei is a

. . Dompopj .
function in®omp 54, , such that for everse Dompop;:

1. fai(§) ={T € OST =S} ={S}
2. fsomdS) ={T € ST #{}} =0S—{}
3. f4(S) = {T e OSCard(T) > 3}
4. f(S) = {T e OSCard(T) = 3}
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5. fmost(S) = {T € OSCard(T) > Card(S—T)} etc.

(9) For each role functogge, € Cole there is exactly one thematic operabiHeta €
Cineta(EXt for ext, Int 1 for int4, etc.) such thatifcyle | = f, wheref is a function

in @omgg}“EV (from events to participant objects), th@@heta] = g, Wherey is

exactly the function if®om; g, = )2°™00b such that for evere Domgmop;

and everyT € Domggy:

(S)(T) =
{U|I30e J3ECT[U =UEAVE’ € E[Jo e O[Vec E'[f(e) = 0]]]A
Vo e O[FE" € E[v€ e E"[f(€) = d]]]]]}

The new operators are of tye/Obj — (ULOEv — OEV)). | define them on top of
the existing definitions in1(0) as an extension a¥;oa as presented in chapter

(10) For each determiner operatie; and each thematic operatQfetq there is ex-

actly one thematic determine:(hdeh ) such that[[cthde%i j>]] = h, where#f is a

function, 4 € (Dom e 7e)2omaon and with £ = [cye;] and f = [Crole;] and

V € Dompop; andT € Domppey: ANV)(T) =
{U|30 e k(V)[BECT[U = UEAVE' € E[Jo € O[Vee€ E'[f(e) = 0]]]A
Vo€ O[FE" € E[ve € E"[f(€) = o]]]]]}

The thematic determiner is thus just a lexical pre-comlmnabf the determiner and
the thematic operator. Two examples follow iri).

(11) a. [ExtAI](V)(T)={U|30 € {W eOV|W =V}
[FECT[U=UEAVE' € E[Jo € O[Ve € E[ext(e) = 0]]]A
Vo€ O[FE" € E[V€ € E"[ext(€) = 0]]]]]}
b. [Int;Somd(V)(T) ={U|30 € {T e O T # {}}
[FECT[U =UEAVE’ € E[Jo € O|Ve € E'[int;(e) = 0]]]A
Vo € O[3E" € E|[v€ € E"[int;(€) = 0]]]]]}

To make the HPSG signature reflect the functional connesti@tween simple deter-
miners, thematic operators, and the new thematic determitiee thematic determiner
value sorts are made subsorts of both determiner value artie¢lmatic operator value
sorts in the signature. Part of the hierarchy is shown fasitiative purposes irlp).

(12) val
ext intl some all

e

ext-some ext-all intl-some intl-all
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This completes the description of the HPSG signature redudor theZsoa encoding.
In the next section, | define the lexical entries and the eelevules and constraints
which add the encoding to an HPSG grammar.

7.4 Generalized Operator Semantics in HPSG

7.4.1 Lexical Entries

First of all, we need to redefine tis& NSEM|LOC|CONT feature ofsign, which is where

the meaning of expressions is standardly encoded to reprégea encodings. | thus
just give a redefined feature declaration ¢ont(ent)in (13) (compare to, for example,
Pollard and Sag, 1994:398).

(13) cont(ent):

TYP typ
VAL val

A sample lexical entry would thus look as ib4).

[PHON walks
[caT [HEAD verb}
(14) a. 1
SYNSEM|LOC TYP ppe
CONT
| VAL walk
[PHON the 1
CAT |HEAD det}
b IN  pobj
" | syNsEMLOC TYP IN  ppe
CONT ouT
OUT ppe
VAL some

7.4.2 Basic Composition

Function application takes place when constituents coexyntactically. For simplic-
ity reasons, | assume a grammar which has maximally binarysgls, which are either
a head-argument-phragdiller 2008, 53ff.) or ahead-adjunct-phras@Muller 2008,
73ff.).

What thecoNT of a binary phrase is, is defined by the Semantics Principlengin
(15).

(15) Semantics Principle (preliminary version)

binary-phrase—
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[ [Tvp
SYNSEM|LOC|CONT FUNC
VAL
ARG
[Tvp
HEAD-DTR|SYNSEM|LOC|CONT \%
VAL
IN
TYP
NON-HEAD-DTR|SYNSEM|LOC|CONT ouT
VAL
[ [Tvp 1
SYNSEM|LOC|CONT FUNC [2]
VAL
ARG
IN
TYP
HEAD-DTR|SYNSEM|LOC|CONT ouT
VAL
[Tvp
NON-HEAD-DTR|SYNSEM|LOC|CONT
VAL

The two cases covered by this disjunction are those whenedhdead is the functor,
and where the head is the functor. Since neither can be esdluble disjunction is
entirely justified. The result of the combination (the pleas characterized by having
as itsTyp the Typ|ouT value of the functor daughter. Furthermore, the of the
phrase is an applicative structure with te of the functor daughter agL |[FUNC
and thevaL of the non-functor daughter a8L |ARG.

An example is 16), where onlyPHON and SYNSEM|LOC|CONT are shown and paths
are abbreviated accordingly. Generally, structure shasirPHON values will not be
indicated throughout this chapter.

"head-argument-phrase
PHON some frog
TYP [1] ppobj
CONT FUNC [2] som
VAL
ARG [3]frog

[PHON frog
(16)

HEAD-DTR TP [4 pobj
CONT

VAL [3]frog

PHON some
IN  [4] pobj
TYP _
OUT [1] ppobj
VAL [2]some

NON-HEAD-DTR
CONT
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7.4.3 Subcategorized NPs

When developing the semantic framework in the earlier arapt postulated thematic
operators as something like phonologically empty elemevtigch have to be lexically
co-selected with each verb. In order to avoid empty elemerttee HPSG grammar, |
defined thematic determiners earlier in this chapter (ctiee7.3.2.9. These thematic
determiners combine the effect of the determiner and thedkie operator.

In the HPSG syntax, we can control their selection in a simale:

1. Thematic determiners behave syntactically like deteens and are subcatego-
rized by the noun (Muller 2008, 671f.).

2. Verbs specify on theisUBCAT list that the NP arguments which they require
should have &ONT|VAL |[FUNC value that is of the required thematic typext,
intl or int2. This has the effect that only the right version of the theocndeter-
miner will lead to a successful unification, since all serntavdilues of thematic
determiners are subsorts of one of the aforementioned tietypes.

Sample verbs are given ii]). Again, thesyNSEM|LOC part of paths is omitted for
reasons of compactness, and it will be omitted for the redwiof this chapter.

17) a.

Given the Semantics Principle and s8IIBCAT lists, a simple sentence can be repe-

[PHON |

CAT

oves

[HEAD

SUBCKF<

[PHON walks
[HEAD  verb
noun
HEAD | CASE nom
CAT CAT
SUBCAT NUM  Ssg
SUBCAT ()
CONT [VAL {FUNC extﬂ

verb
noun
HEAD CASE nom
CAT
NUM sg
SUBCAT ()
CONT [VAL {FUNC extﬂ

noun

CASE acc] >

SUBCAT ()

HEAD
CAT

CONT [VAL [FUNC intlﬂ

sented as in1(8) with the usual abbreviations amb-DTR andNHD-DTR standing in
for HEAD-DAUGHTER andNON-HEAD-DAUGHTER, respectively.
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head-argument-phrase

PHON some frog walks
[HEAD  verb
CAT
SUBCAT ()

[Tvp (6] ppev

CONT

FUNC [2] ext-som
FUNC l

VAL ARG frog
ARG walk
[PHON walks
|:HEAD verb
CAT

HD-DTR SUBCKF<E>

o [ 807

VAL [5walk

_head-argument-phrase
PHON some frog

HEAD

(18)

noun
CAT

| SUBCAT ()
TYP N Bppe
OouUT [6] ppe

FUNC [2] ext-som
VAL
ARG [3]frog

CONT

[PHON frog

HEAD
CAT

noun
SUBCAT <>]
. [TYP pobj]
VAL [3]frog

[ZINHD-DTR

HD-DTR

[PHON some
CAT|HEAD det

IN
[B|NHD-DTR

CONT

!

OUT[

pobj

IN [9ppe
OUT [6] ppe

VAL [2]ext-some

]

A parallel example with a verb which requires more than ogeent could be easily
constructed. Notice that in the actual syntactic structur@.8), the determiners with
the appropriate specific values (e gxi-someare instantiated, whereas the lexical en-
tries for verbs in{7) specifiy only the supersoréxt, intl, etc. for theCONT|VAL |[FUNC.
Since there are no determiners which have as their valueifersorext etc., this will

always be the case.
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7.4.4 Proper Names

Proper names likKermitandPiggyare in fact much simpler. They are NP-valued lexi-
cal items, and they can be made the argument of a thematiatoperhich is introduced
by a lexical rule. Thus, proper names are handled exactly deeiearlier chapters on
semantics, except that the lexical rules make phonoldgieaipty thematic operators
dispensable.

The entry forPiggyis given in (L9). Notice that the semantic typeli§&]Obj, just as in
chapterb.

[PHON piggy

HEAD  noun
CAT
SUBCAT ()

TYP bj
CONT l pRo 1

(19)

VAL piggy
The three lexical rules for external, first internal, andosetinternal participant are
simple and provided in20).

(20) Proper Name Thema Rule(s) (PNTR)

IN  ppe
CAT|HEAD noun TYP
i OUT ppe
TYP ppobj|| = |CONT
CONT FUNC ext-0
VAL VAL
ARG

(The definition is parallel fomtl andint2.)

The valuesext-op intl-opandint2-op (the pure thematic operators) must be added to
the signature as subsortsett etc., as in21).

(21) a. Partition obxt ext-op ext-someext-all, . ..
b. Partition ofintl: intl-op intl-some...
c. Partition ofsome some-purgext-someintl-some. ..

d. Partition ofall: all-pure, ext-all, int1-all, ...

An application of the rules yields an output such 23) (

[PHON piggy
HEAD noun]

CAT
| SUBCAT ()

(22) _TYP [lN ppej

OUT ppe

FUNC ext-0
VAL
ARG piggy

CONT
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7.4.5 Prepositions and Adverbs

Finally, representations for prepositions and adverbl sbev be given. An adverb is
always of the generalized operator typ&/Ev — [J[JEv), and thus the representation
is trivial. A simple example is given ir2Q).

[pHON probably

adv

AT |NEAD |CAT|HEAD verb
MOD

(23) -

IN  ppe
TYP
CONT OUT ppe

| VAL probably

Prepositions can also be rendered without any further atlaps, cf. 4). However,

it becomes clear that non-thematic versions of the detenrmi@ll-pure, some-pure
etc.) must still be available (and not just thematic detears as defined earlier in this
chapter), cf. 25).

[PHON with

HEAD  prep
CAT
SUBCAT <NP>

(24) IN  ppobj

TYP IN  ppe
CONT ouT
OUT ppey |

VAL with

[PHON some
CAT|HEAD det

(25) IN  pobj
TYP
CONT OUT ppobj

VAL some-pure

The semantic value of prepositions can be some specificitumike with, as assumed
in the example), or it could be one of the thematic operag&tsop int1l-oporint2-op
for argument-marking prepositions.

We can now form regular and well-formed PPs as2é)(where all syntactic features
have been omitted for clarity.
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PHON

CONT

HD-DTR

(26)

NHD-DTR

[head-argument-phrase
with some pig

IN
TYP [6] [ ppej
OUT ppe
FUNC [5] with

VAL
ARG pig

FUNC [3] some-pur
ARG [

—PHON with

IN ppobj

IN
ouT [g] [ ppej
OUT ppe
VAL [5] with

[head-argument-phrase

TYP
CONT

PHON some pig
[Typ ppobj
FUNC [3] some-pu
i ARG [4] pig
[PHON pig

[TYP [2 pobj
i | VAL [4] pig ]
[PHON some

CONT
VAL

HD-DTR
CONT

pobj
NHD-DTR
CONT

VAL [3] some-pure

T

IN
TYP
[OUT ppobj]

This completes the first simple HPSG fragment #6toa. The next and final section
is devoted to implementing a simple scoping mechanism.

7.4.6 Scoping

This final section is in fact not intended as a theory of scopgeneral, but merely as
a proof-of-concept implementation of free scoping. Theinant only demonstrates
how scopal arguments of a verb and scopal adverbials whichfyriibhe same verb can

be combined semantically in a way such that their scope aosdeot determined by

the order of syntactic combination. This is achieved by &aste mechanism, which is
— for the sake of simplicity — constructed to only handle eeoés without embedded
sentential structures.
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7.4.6.1 Type Distinctions

In section7.3.], | introduced a distinction betweetcope-tymndfunc-typin the HPSG
signature. Both have an and anouT type. The rationale for the distinction between
scope-tymndfunc-typis this:

1. In Zon, scopal order equals order of function application, as viwsva in
chapter3.

2. Functors which are not scopal can thus apply immediafBiye application of
scopal functors, however, must be delayed until all scopahents are collected.
Only then they should apply in free order.

To show what this means in practice, | first provide some beatries in 27).

[PHON some 1

[func-typ
IN  pobj
(27) a. TYP scope-typ

CONT
OuUT |IN ppe

OUT ppe

| VAL some

[PHON the

[func-typ
IN  pobj
b. TYP func-typ

CONT
OUT |[IN ppe

OUT ppe

| VAL the

[PHON quickly

func-typ
C. |CONT |TYP |[IN ppe

OUT ppe
VAL quickly
[PHON probably
scope-typ
d. |conT |TYP [IN ppe
OUT ppe

VAL  probably

The entry forsomecontains ascope-typype. Sincesomecan interact in scope ambi-
guities, the result of applyingometo a noun should be a generalized operator of the
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type (JEv — [JLJEv), which does not immediately apply. The first saturation step
(whensometakes the noun) should, however, be an immediate applicaBncethe
usually does not combine to form scopal NPs, the result ofitbiesaturation otheis
afunc-typ and not ascope-typ

The situation is even simpler with adverbs, which are of theegalized operator type
(O0Ev — OOEv) to begin with. It can be acope-typas in the case girobably, or a
func-typ as in the case afuickly.

7.4.6.2 ThescoPESStore

Finally, we need a mechanism which collects scopal opesatstead of applying them.
This will be implemented in a new version of the Semanticaddpie (cf. (L7)). How-
ever, | first need to modify the partition siynsenmand add a constraint omord. The
modification will have the effect of adding a list-valuedopPEsfeature toSYNSEM.
SCOPESIs to be filled with scopal functors up to the point where thay scope (apply)
in random order. The constraint requires #woPESsof word to be empty.

(28) a. Partition oBynsemscopes...
b. scopes list

c. word — [SCOPESO}

The modified semantics principle now needs to take into agdour different cases:

1. The non-head is a non-scopal functor.
2. The head is a non-scopal functor.

3. The non-head is a scopal functor.

4. The head is a scopal functor.

In case the functor is scopal, itONT is added to thescopPEeslist of the resulting
phrase. Otherwise, application takes place just as befot®oth casesscoPEswhich
have already been accumulated in the daughters are appienithedcopPeslist of the
result. The final version is given ir29), with the now customary abbreviations.

(29) Semantics Principle (version with scope)
binary-phrase—
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[ TYP |
CONT FUNC
VAL
ARG
SCOPES [5][6]
[Typ
CONT
HD-DTR VAL
SCOPES[5]
func-typ
TYP |[IN
CONT
NHD-DTR ouT
VAL
i SCOPES][6] |
I [Tvp
CONT
VAL
SCOPES <>EB@@
TYP
CONT
HD-DTR VAL
SCOPES[5]
scope-typ
TYP |IN
CONT
NHD-DTR OuUT typ
VAL val
SCOPES][g]

TYP
CONT FUNC
VAL
ARG
SCOPES [5] [6]
func-typ
TYP [IN
V CONT V
HD-DTR ouT
VAL
SCOPES]g]
[Typ
CONT
NHD-DTR VAL
i SCOPESI[5] i
1 [ [Typ
CONT
VAL
SCOPES <>€9@@
scope-typ
TYP |IN
CONT
V' |HD-DTR OuT typ
VAL val
SCOPES|g|
TYP
CONT
NHD-DTR VAL
SCOPES/5|

An example of how this revised SP builds ug@opPEsstore is exemplified in30),

where all syntax feature

S are omitted.
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[head-argument-phrase

PHON some frog loves all pigs
CONT

SCOPES <>
_head—argument-phrase
PHON loves all pigs
CONT

SCOPES <>

[pHON  loves

HD-DTR CONT [TYP ppe\]
VAL love

HD-DTR SCOPES()

[PHON  all pigs

(30) [ [scope-typ

TYP |IN  [4]ppe

NHD-DTR |CONT OUT ppev

[FuNc int1-all
VAL _
ARG pig ]

i | SCOPES()
—head—argument-phrase
PHON some frog

[ scope-typ
TYP [IN [4]ppe
CONT | OUT ppev

NHD-DTR

VAL

[FuNC ext-som
ARG frog

| SCOPES))

Finally, a unary phrase is needed to unloadsk®PESstore step by step. It requires

arelationselect() which takes a random element from a list and returns thdtreg
reduced list (and the removed element). It is define@®i. (

(31) select({@@)2,m).
select((@M2), (@E) @) «> select(2,3)4).

Givenselect(), the principle controlling the unary scope phrase is tb@® Principle
(33). For more or less technical reasons, we introduce a newi@ohtead (usually
verb, noun etc.), viz. scoping The Scope Principle produces a phrase withping

as the value focAT|HEAD to block adjuncts (which are specified so as to only attach
to projections of a verb) from attaching after scope unlogdias started. Otherwise,
sentential adverbials could create spurious ambiguitiegiplying in the middle of the
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scoping process, possibly adding the@NT to SCOPES only to have it unloaded from
SCOPESIN one of the next unloading steps.

(32) Partition ofhead: scoping verb, noun ...

(33) Scope Principle

PHON
[HEAD  scopin
CAT
SUBCAT ()
[Tvp
CONT FUNC [6]
VAL
ARG
SCOPES|[2]
[PHON
scope-phrase»
HEAD verb
CAT
SUBCAT ()
DTR
TYP
CONT
VAL
| SCOPES[3] ne-list
IN
TYP
A select([3)[2], ouT )
VAL [g]

The Scope Principle takescaNT value from thescopPEsdlist, and it creates an applica-
tive structure for the resultingcope-phraseln that structure, theaL of the selected
scopal element is the value ODNT|VAL |[FUNC, and theDTR|CONT|VAL is structure-
shared withcONT|VAL |ARG. This only happens when therp|IN value of the selected
element from thescopPEeslist matches thayp value of the singleTR. Finally, the
TYP of thescope-phrases structure-shared with thevp|ouT of the scoping element
from the list, as expected in applicative structures.

Continuing with the example fron8(), the following two readings are assigned to the
stringsome frog loves all pigsy the grammar,34).
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[scope-phrase
PHON some frog loves all pigs
CAT|HEAD scoping
TYP ppev
CONT FUNC
VAL
ARG
SCOPES ()
[scope-phrase
PHON
CAT|HEAD
TYP ppev
CONT FUNC [6]
VAL
ARG
34) a.
(34) IN  [10ppev
TYP
ouT ppe

FUNC intl-all] >

ARG pig

SCOPES <

VAL
DTR

—head—argument-phrase

PHON
CAT|HEAD verb
TYP [9] ppe
CONT PP
DTR VAL [7]love

IN  [9] ppev
TYP
< ouT [10 ppe
SCOPES

1
[FU NC ext—somT

VAL [6]
ARG frog
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[scope-phrase
PHON some frog loves all pigs
CAT|HEAD scoping
[Typ ppev
CONT [FUNC @]
VAL
ARG
SCOPES ()
[scope-phrase
PHON
CAT|HEAD
TYP ppev
CONT AL [FUNC ]
ARG

o [IN ppej
OUT [11] ppe
SCOPES < 11pp

[FUNC ext-somT >

VAL [6]
ARG frog

DTR

—head—argument-phrase

PHON
CAT|HEAD verb
TYP [9] ppe
CONT PP
DTR VAL [7]love

ouT [10 ppe

FUNC intl-all] >

VAL [ _
ARG pig

IN e
vp l [9] ppev
SCOPES <

This concludes the minimal implementation &%oa for HPSG. Many aspects were
left open, such as alternative meaning, which would effettirequire thecONT value

to be split intoCONT|PRIMARY andCONT|ALTERNATIVES. Also, ordinary PPs cannot
enter into the scoping mechanism with the given grammar raddstering operators
(as discussed in chapté)y are not available. Reclustering is only required to praduc
differences in readings with certain scopal elements. Adgsaution would thus be
to allow thescope-rule(i) to either unload the scope by first inserting a recluatgri
operator, then unload the next scopal element femoPES or (ii) to just unload the
aforementioned element. This can be implemented by intiodwa disjunction into the
Scope Principle. Since the purpose of this chapter was orghow that the primary
compositional mechanisms ¢f;oa can be implemented in an exact theory of syntax,
the current grammar is satisfactory, however.



Chapter 8

Last Remarks

8.1 Achievements

In summary, | have achieved the following independent gioetlsis thesis.

1. A semantic framework based on Event Semantics was estatli which offers
a significantly simplified compositional mechanism by ipteting all arguments
and adjuncts as operators on set-denoting expressionghé&bey only requires
one simple type (that of individuals) and also reduces ddakr and arguments
to the same functional type. The problems surrounding Heetaperator ap-
proaches were discussed and solved in chdpterd chapteB, defining subset
operators and quantificational operators.

2. An ontology-based theory of information as conveyed insaalirse was pro-
vided in chapteP—chapters. It relies on classical model-theory for a language
of set theory but allows discourse-level evaluation of nre@nA detailed proce-
dure for the integration of the meaning of a sentence intogetadiscourse was
given (prominently in chaptes).

3. The theory was enriched by an integrated view of altevaag@mantics (for focus
constructions), and negation in chapteiThanks to the discourse-level interpre-
tation procedure, a definition of negation was possiblectvinelied on positive
information about events with negative polarity. Finallghowed that through
the introduction of larger event objects (called frame ¢skrscope effects be-
tween negation, quantifiers, and scopal adverbial operator be modeled.

4. A cursory treatment of coordination and plurality, ralyion sum formation in
the domain of objects was added in chaiter
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5. | have shown in chaptéf that some major concepts of the proposed syntax-
semantics can be implemented in an exact theory of synta$@JP

Despite the many areas not covered by this study, | have stimtthe theory proposed
here allows a radically simple semantic compositional magm.

8.2 Some Major Desiderata

The primary desideratum seems to be a further examinatitreafotions of frames and
sentence denotata in the semantic component of the theesgmted here. Intuitively,
there seems to be a close relation between my concept of $rantk the concept of
situations in Situation Semantics, and between classiegi&n propositions (as sets
of possible worlds) and the sets of sets of events proposed hie develop a theory of
intensionality, further formal investigation into thesmasarities is in order.

In general, | strongly believe that a lot insight into prahkeof intensionality can be
gained by a closer examination of the similarities of thenésvef linguistic theory
and of the events of probability theory (Kolmogorov 1955oabilistic explanations
are rare in standard semantics (cf. Cohen 1999, Schéafe),2@@t7besides the clearly
probabilistic core meaning of modifiers likeobably, occasionallyetc., it is also clear
that natural language conditionals can be captured in tefic@nditional probabilities.
This is even more plausible since when we hear sentencegllikewe usually allow
for exceptions (continuatiorif)) without doubting the validity of the conditional.

(1) a. Ifamug is dropped on a hard surface, it breaks.

b. But when | dropped my Kermit mug a minute ago, it didn'’t ikea

Theusuallyfeeling of conditionals likeXa) is completely lost if one adopts the notion
of a conditional from standard logics. It could be easilyaoted for by analyzing
conditionals as expressing conditional probabilitieshwiilues which ever actually
reach 10 (or Q.0, for that matter).

Finally, the interaction of probabilities of frame evenssims of events and micro-
events and macro-events promises to be a non-trivial figlohdbilistic extensions of
the theory are thus another main area of possible futurarese
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