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1 INTRODUCTION

Minimal Recursion Semanticsigs) (Copestake et al, in press) is an approach to
semantic representations, intended for use in computational systems|dtincjode
expressive adequacy and computational efficiency. Copestake et al arguelé&dively
spare representation of tense, and have no account of aspect. This thesis is an
examination of how tense and aspect may best be represenies! in the process, it
argues for a somewhat more elaborate representation than that put for\zanpesyake
et al. Although much of the argumentation uses examples from English, it is also
informed by other languages, and attempts to arrive at an approach tisaiffiad for
the tense and aspect phenomena found in languages throughout the world.

This thesis is divided into five main sections. The first lays out the parti@flars
MRS, which will be necessary in order to follow the proposals in the other two sections.
Copestake et al's presentationvs{s leaves an acknowledged gap: the quantification of
event variables. The second section tries to fill that gap. The third secti@mutayymew
method of interpretingiRs structures — one that is explicit enough so that the proposals
| make elsewhere in the thesis may be meaningfully evaluated. The fectitins
examines a range of tense phenomena, drawn largely from Comrie (1985), atranng a
overall approach to tensemrs. The fifth section similarly puts forward an approach to
aspect, largely motivated by data and analysis drawn from Comrie (1976).

This thesis is not intended to be an in-depth account of the interface between
syntactic representations amds representations. That is, while it is crucial that the
MRS representations be relatable to the syntactic representations of thpauwdieg
sentences, | do not go into the details here. This is left for future work.



2 MINIMAL RECURSION SEMANTICS

21  Background

Minimal Recursion SemanticsiRs) (Copestake et al in press) is an approach to
representing the semantics of natural language. This brief description addg totiie
more complete introduction in the paper just cited, but | include it here as ngcessar
background in order to follow the following sections. The wag works is that every
well-formed syntactic analysis of a natural language sentenceesl path anvrs
representation. Standardly, it is assumed that the semanties oépresentations are
determined by relating them to expressions of some logical language, \éiahan
assumed to have a well-defined semantics. Although in this section and elskudeere
expressions of this language to clarify issues such as scope, see sectionl4ayhmre
a direct method of interpretingrs structures.

MRS is intended to for use with computational grammars and thus its goals
include not just expressive adequacy but computational efficiency. Thus, there is
motivation for its representations to be as compact as is practical. One consexfuenc
this is that it is sufficient (indeed, desirable) fors to have an abbreviated notation for
any given distinction, as long as there is enough information for a later ind¢ige
step to construct the fully elaborated version. A related consequence is tiduat cer
semantic distinctions (notably scope relations) are left underspecifiethgehe
interpretive component to resolve them into multiple fully-resolved expressionhe
other hand, any semantic distinction that is dependent upon a distinction in the syntactic
form must be explicitly represented.

2.2  Elementary Predications

MRS representations are baseded@mentary predication&prs). AnEP contains a
relation and a list of variables. Eaghis labeled by dandle An example is found in

(2).
(1) hl:dog)

Here, the relation idogandx is a variable. The intuitive idea is that it is being
predicated ok that it is a dog. ThigpPis labeled with the handl.

A single handle can label more than @mreas in (2), which | will also write as
(3). A bag ofeps with the same label is called emconjunction

(2) hl:dog), hl:white)
(3)  hl:dog) A white)

The heart of amRs representation is made up of a bagrsf.



2.3 Quantification

Along with ordinary variables, which correspond to non-scopal argumergs,naay
contain a list of handles, which correspond to scopal arguments. For instance,
guantification is handled by generalized-quantifier relations with tmgements: the
bound variable, the handle which labels gh&€onjunction of the quantifier’s restriction,
and the handle which labels theconjunction of the quantifier's nuclear scdpBhus

(4) is a (simplified\MRs representation of sentence (5):

4) Every white dog barks.
(5) {hl:everyk, h2, h3), h2:dogk) A white(x), h3:bark)}

We can see the scope relationships a bit more clearly by translating this into a
higher-order logical langauge. To do so, we just have to replace the handles in scopal
relations with thesps they label. For instance, the translation of (5) is (6).

(6) everygk, dogk) A white(x), bark))

This is whymRs is considered #at semantics. Its representation considersrslito be
on the same level, whereas the corresponding higher-order expression contans level
nesting.

2.4 Underspecification of Scope

Above it is mentioned that (5) is a simplified representation for the sentence ¢40f On
the ways it is simplified is that it has the scope relations fully speciires].however,
may leave scopal relations underspecified. This is done by disassociatiranthes

that labelers from the handles that appear as scopal arguments. An example that
contains a scope ambiguity is sentence (7), whose (still simplifregl)s in (8).

(7 Every dog chases some cat.
(8) {h1l:everyk, h2, h3), h4:dog), h5:chasesq y), h6:somey, h7, h8),
h9:catfy)}

MRS (8) corresponds to a set of fully scope-resolved expressions. This set
contains every expression that can be formed by equating handle arguments \gith labe
subject to certain constraints. Specifically, every argument must beedquth some
label, and no label may be equated with more than one argument. In addition, every
ordinary (non-scopal) variable must be bound. That is, every occurrence of an ordinary
variable must appear in @ whose label is equated with an argument of eithegrhe
where the variable appears as the bound variable,Er\&hose label appears as such
an argument, and so on. Thus, the two possibilities for (8) are (9) and (10).

Y In themRs literature, the terrbodyis used in place afuclear scopgin order to reduce confusion with
other uses of the woistope From here on, | will do the same.



(9) {h1:everyk, h4,h6), hd:dogk), h5:chasesy, y), h6:somey, h9, h5),
h9:catfy)}

(10) {hl:everyk, h4,h5), hd:dogk), h5:chasesy, y), h6:somey, h9, hl),
h9:catfy)}

In (9), everyhas wide scope, so that for every dog, there may be a different cat it chases.
In (10),somehas wide scope, so that there is a single cat that every dog chases.

Quantifiers are not the only predicates that take handles as arguments. For
instance, the predicapgobablytakes a handle as its argument. The handle argument is
disassociated from argp label, allowing it to participate in scope ambiguities as well.
Sentence (11) has timrs (12), with two scope-resolved variants (13) and (14).

(11) Every dog probably barks.

(12) {hl:everyk, h2, h3), h4:dog), hS:probablyb6), h7:bark)}
(13) {hl:everyk, h4, h5), h4:dog), hS:probablyh7), h7:barké)}
(14) {hl:everyk, h4,h7), hd:dogk), hS:probablybl), h7:bark)}

MRS (13) giveseverywide scope, saying that for every dog, it is probably the case that
that dog barksvrs (14) givesprobablywide scope, saying that it is probably the case
that every dog barks.

25 HandleConstraints

It turns out that the general constraint mentioned above for equating handlebelgh la
are not always sufficient to fully constrain the set of scope-resolvedrigi&tipns for
anMRs. This is the case, for example, in sentence (15), whose (simphifrecBppears

in (16).

(15) Every nephew of some famous politician runs
(16) {hl:everyk, h2, h3), h4:nephewy, y), hS5:somey, h6, h7), h8:famousy) A
politician(y), h9:run)}

Without additional constraints, this could correspond to undesirable scopings
such as (17) and (18).

(17) everyk, runf), somey, famousy) A politicianfy), nephewy, y)))
(18) somey, famousy) A politicianfy), everyk, run), nephewy, y)))

In each of these interpretations, the Ep appears in the restriction of theery

guantifier instead of its body. To avoid this, eagts contains, in addition to the bag of
EPS, a set ohandleconstraints Mainly, these serve to specify whiebs must appear
within the restrictions of which quantifiers. In additionnsms contains dop handle

which is constrained (via a handle constraint) essentially to correspond to theéeultima
body of the sentence. The fulks for sentence (15) appears as (19).



(19) (hO, {hl:everyk, h2, h3), h4:nephewy, y), h5:somey, h6, h7), h8:famousy)
A politiciany), h9:run)}, { h0 =, h9, h2 =, h4, h6 =, h8})

Thus, a fullMRs representation consists of a triple: the top handle, the =g 0f
and the set of handle constraints. The handle constraints are expressed aparseatfof
handles related by the, fpronouncedjeq relation. This constraint is satisfied if either
the two handles are equal; or if the handle on the left is equal to the labelroivhose
‘body’ argument is equal to the handle on the right; or if the handle on the left is equal to
the label of arep whose ‘body’ argument is equal to emwhose ‘body’ argument is
equal to the handle on the right; and so on. Thus, any number of quantifiers can “float”
in between a handle and the label it is related to yi&lete that other handle-taking
predicates, such gsobably, do not have a ‘body’ argument, and thus cannot float in
between such handles. These predicates are referretfixedascopal predicates

2.6 Event Variables

The abovevRrs representations have been simplified in another way as well. Most work
within theMRrs framework assumes that verbs introduce neo-Davidsonian event
variables. Thus, thers for sentence (13) is more properly given as in {14).

(20) Every dog barks.
(21) (hO, {hl:everyk, h2, h3), h4:dogk), h5:barke, x)}, { hO =, h5, h2 =, h4})

The event variables are not explicitly bound. Copestake et al assume thatsaopde-
guantifier for each event variable is implicit in thes, presumably to be inserted by the
interpretive component. They acknowledge that this won’t always work, as there a
cases where perhaps the scope of the event variable interacts withpthefsthe

explicit quantifiers. See below for a proposed revision of this.

2.7  Feature Structure | mplementation

MRS was developed for use in computational grammars; in particular, grammars
developed within a typed feature structure formalism. ThRs,structures are
implemented as typed feature structures. The feature structure implaomensad

below is the one described in Flickinger et al (2003), and used by the LinGO Grammar
Matrix (Bender et al, 2002), a framework for the development of broad-coverage,
precision grammars for diverse languages. In this implementatioersie (22a) and

(23a) are implemented as in (22b) and (23b), respectively.

2 For ease of exposition, | am taking the simplifystep of abstracting away from any representatfon
illocutionary force. My proposals should work aslvire a system with them as in one without them.



(22) a.hl:dogk)

b. | noun-rin
tBL hi
PRED _dog re
ARGO X

(23) a. h2:everyk, h3, h4)

b. | quant-rin

LBL h2

PRED _every rel
ARGO X

RSTR h3

BODY h4

Eachepis implemented as a feature structure, whose type determines what sort
of arguments it may take. It has a feature for the handle that serveaaeli, a feature
for the predicate, and an additional feature for each argument. The valuels of eac
these features are themselves typed feature structures. So thehypeoaild be
handle and the type af would beref-ind (for referential index).

The features appropriate for each type are specified in the definition for that
type. For example, the definition nbun-rinspecifies that it can take the features,
PREDandARGO. It must take each of these features, and no others.

Types are arranged in a hierarchy, so that every type (except for thetbee a
top of the hierarchy) has one or more supertypes. Any feature specifigoragrate
for a type will also be appropriate for its subtypes. The above relations wbelat i
from supertypes as shown in the following hierarchy fragment.

relation
LBL handle
PRED pred

arg0-rin
ARGO _individual

noun-rin ‘ quant_rel

ARGO ref-ind ARGO ref-ind
RSTR handle
BoDY handle

Figure 1: Type hierarchy faroun-rinandquant_rel



This type hierarchy specifies that any relation (i.e. any featuretste that
instantiates a (sub)type ddlation) will have the featureBL, which takes a structure of
type handle as its value, and the feaRReD, which takes a predicate as its value. One
type of relation isargO-rin (i.e. relations which take at least one argument), which takes
the featurerRGO in addition ta_BL. The typenoun-rininherits from this type, and
further specifies that the value of A8GO feature must be a referential index. Another
type that inherits fronargO-rin is quant_re] which is the supertype for any quantifying
relation. In addition to the other features, this type talkgg andsoDY.

28 Tense

Copestake et al analyze tense by setting the valuemisE feature on the verb’s event
variable. For instance, thwrs for (24) is given in (25).

(24) Every dog barked.
(25) (hO, {hl:everyk, h2, h3), h4:dogk), hS:bark€ TENSE past],X)}, { hO = h5,
h2 =, h4})

The notatiorg[ TENSE past] is an attempt to indicate feature settings while keeping with
the otherwise more readable linear notation.

Copestake et al acknowledge the possibility of perhaps more semantically
interesting representations that incluss like hold(e, t), precedef, now). But as they
point out, this representation can be derived from the simpler one during the interpretive
step. Unless some other part of the semantics requires the more elabacaiees the
goals of brevity and computational efficiency cause us to prefer the simpler
representation.



3 QUANTIFICATION OF EVENT VARIABLES

As will be explained in more detail below, tense and aspect are concerneldewith t
structure and properties of events. Before we can deal with this properlyyst@en

sure that we have a proper representation of events to begin with. Copestake et al (i
press, section 6.1.2) acknowledge that their account of events as having an implicit
wide-scope quantifier is not the end of the story. This section takes a closertloek at
appropriate way to quantify events.

One possibility for event variables is the one assumed by Copestake et al,
namely that there is an implicit wide-scope quantifier for each evenblartdow does
this play out when there are other quantified variables? Let’s look at an example
containing a universally quantified variable, as in (26).

(26) Every dog barked.

An MRS structure assuming a wide-scope (existential) quantifier for the eve
variable would be equivalent to the structure in (27).

(27) <h0, {hO:existg, hl), h2:everyk, h3, h4), h5:dog), h6:barkg, x)},
{hl =, h6, h3 =, h5})

Notice that the top handle is not jugtthe label of the existential quantifier, it is
equal to it. This forces the wide scope. Also notice tha¢tistrelation is not a normal
guantifier, in that it doesn’t have a restriction and a body — it simply has a sooglal
argument. A normal existential quantifier (isemé@ says that there is at least one thing
that meets the constraints in both its restriction and its body — an identicalcefficbe
achieved by putting all the constraints into a single argument. The preshcsttays
there is at least one thing that meets the constraints in its (handle) argunseexist
here for two reasons. First, there is only areonjunction that provides constraints, so
there aren’t enough labels for two arguments. Seadaskis an implicit quantifier, so
even if there were more than cerinvolved, there would be no basis for determining
which of them should go in the restriction and which should go in the body.

The higher-order logical expression correspondingrRe(27) is given in (28).

(28) existg, everyk, dogk), barkg, x)))

This says that there is a single event such that for every dog that eventesitbof ¢hat
dog barking. Perhaps there is a reading of (26) where all the dogs paudidpate
collective bark, but surely the more salient reading is one where every dog baah it
separate barking event.



So perhaps instead we should posit an implicit narrow-scope existential
guantifier for events. Using this approach, the sentence in (29) would get (theaguival
of) theMRs representation in (3&)which maps to the logical expression in (31).

(29) Kim spoke to all the students.

(30) <(hO, {hl:existg, h6), h2:everyk, h3, h4), h5:student),
h6:speak_ta KiM, X)}, { hO =, h1, h3 =, h5})

(31) everyk, student(x), exisg speak_taf, Kim, X)))

Here, I've forced the narrow scope of the existential quantifier by makeng t
scopal argument of the existential quantifier equal (not w4bthespeak_taelation,
and the top handle,to the label of the existential quantifier. But now, (31) means that
there is a separate event for each student. One reading of (29) has Kim symeaking t
the students as a group. This requires there being a single event, indicating that t
existential quantifier has to be allowed to take wide scope.

It seems as if the event quantifier must be fully involved in scopal relations. The
proper representation for (29) should be something equivalent to (32).

(32) <(hO, {hl:existg, h2), h3:everyk, h4, h5), h6:student),
h7:speak_ta€ KiM, X)}, { hO =, h1, h2 =, h7, h4 =, h6})

This allows the quantifieeveryto float above or below the quantifiexist

Does this requirement that the event quantifier be allowed to participatenfull
scopal relations entail that it be represented explicitly im#&® Not necessarily. The
MRS in (32) is completely derivable from the simplexs in (33) Just add thexister,
making the top handley%o its label, and making its handle argumejtio=whatever the
top handle had been, to.

(33) (hO, {h3:everyk, h4, h5), h6:studentX), h7:speak_ta& kim, X)}, { h0 =, h7,
h4 =, h6})

Thus, the impliciexistwould behave as a fixed scopal(cf. the discussion of
probablyabove). This is appropriate: fixed scopal predicates don’t have restriction and
body arguments and neither d@esst. Furthermore, | am unaware of any case where it
makes sense to have an event quantifier appear between a quantifier amittismest

Assuming the impliciexistquantifier is a fixed scopab also predicts that it
cannot float between other fixed scoped. We can consider these two examples, using
the scopal predicatggobablyandnot, respectively.

% Throughout this thesis | am abstracting away ftbenissue of quantification for proper nouns and
definite descriptions, as that issue is orthogtm#the ones | am considering here.
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(34) Kim didn’t speak to all the students.
(35) <(hO, {h1:noth2), h3:everyk, h4, h5), h6:studentX), h7:speak_ta kim, X)},
{h0 =, h1, h2 =, h7, h4 =, h6})

(36) Kim probably spoke to all the students.
(37) (hO, {hl:probablyf2), h3:everyk, h4, h5), h6:studentx),
h7:speak_ta€ KiM, X)}, { hO =, h1, h2 5, h7, h4 =, h6})

If in either of these cases, there is both a reading where the event quantifier
appears betwedm® andhl and a reading where it appears betw&eandh7, then it
must be a normal floating quantifier. But in both these cases, there are onlyseading
where the scopal predicates outscope the event quantifier, and not the other way around.
That is, we do not find readings such as (38) or (39). We just get readings such as (40)
and (41).

(38) existg, everyk, studentf), not(speak_ta Kim, X))))
(39) everyk, studentf), existg, not(speak_t@ Kim, X))))
(40) not(exist¢, everyk, studentf), speak_taf Kim, X))))
(41) everyk, studentf), not(existé, speak_tc€ Kim, X))))

In (38), there is a single event such that for every student it is not the case that i
is an event of Kim speaking to that student. In (39), for every student there is some event
which is not an event of Kim speaking to that student. Neither of these is what (34)
means.

The rule for deriving a version of thvwrs with an explicit event quantifier from
the version that leaves it implicit, then, is to insert it at the bottom of the chain of
fixed-scopaEprs. That is, add thexistep to themRs, and make its argumeny theep
with the event it is quantifying. Then make whatever handlentbat, to the eventp
=q to theexistep instead.

And since such a rule can be stated which can always derive the proper
explicitly-quantifiedmrs from the implicitly-quantified one, we can do without the
explicit quantifier in the representation and leave it implicit.
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4 THE SEMANTICSOF MRS

Copestake et al (in press) characterize the semantigssaftructures indirectly, by
relating them to expressions of a logical language. The expressions of thsdarage
to be interpreted to get the final model-theoretic meaning of the sentence. Haveeve
formal semantic account of this language is given. Copestake et al (2001) go a bit
further. The purpose of that paper is to present an algebra for composiRsthe
structures of phrases from tkies structures of their components; but they do include
some rules for deriving model-theoretic interpretations for expressiamssoBut these
rules become vague when they are finally applied to the representatfaisehtences
with quantification. In this section | present my own account of the semantigsof
structures, building upon pieces from Copestake et al (2001). It is novel, to my
knowledge, in that it doesn’t deal with intensional contexts using possible worlds.
Rather, it stores hypotheses in the model, and these hypotheses can partiotbate
relations.

41  Simple Semantic Entities

In the process of explaining the structuraval, Copestake et al (2001) introduce the
idea of a ‘simple elementary predicatioskf. This consists of two components: a
predicate symbol and a list of zero or more ordinary variable arguments efatien:
These are just thers as described above, but without labels or scopal arguments.

They then define a ‘Simplers’ (SMR9) as (either the absurdity symhblor) an
ordered pair consisting of a bagssrs and a set of equalities between variables. An
example is found in (42).

(42) a. Kim sleeps.
b. ({sleefer, x1), r_nameéxz, Kim)}, { x; = X2})

An sMRsis interpreted with respect to a modeg] A, F) whereE is a set of
eventsAis a set of individuals, arfélis an interpretation function, assigning relations to
predicate symbols. The truth definition contains these four clauses, Mheitbe
model andy is a function which assigns individuals to variables:

1 For all events and individuals [V ™ 9 = g(v).

2 For alln-predicates®”, [PT™ 9 = F(P".

3 [[Pn(Vl, ceny Vn)]] M9 — 1 iff <[[V1]] M, g>, e [[Vn]]<M’ 9>> c [[Pn]] (M, 9>.
4 [prl™9=1iff [A™9=1and ™9 =1"

The denotation of aBMRSwith respect to a model can be thought of as a set of
variable assignment functions; those with respect to which the denotatiorsefRbies
1. So the denotation of tleRs (42b) is the set of variable assignments that assign an

* Theseps in ansMRsare implicitly conjoined
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event toe; and an individual tay (= x2) such that the individual is named Kim and the
event is an event of that individual sleeping.

4.2  Interpretation of Scopal Relationships

What we have seen so far doesn’t tell us how to tell when a sentence is true with respec
to a model. There is no account yet of quantification iang®s and no semantic

account of what to do with it. In standard approaches, all variables in a sentence are
guantified, so we can define truth with respect to a model and an arbitrary assignment
functiong by specifying ay’ within the scope of a quantifier that specifies a particular
value for the bound variable.

Copestake et al (2001) introduce quantification as we have seen above in section
2. SOEPs are expanded to include handles as their labels and scopal arguments which are
filled by handles. Handles and labels are associated,Viarelle conditions. We still
don’t have a traditional notion of quantification: words like “every” are associathd w
predicates rather than quantifiers (Copestake et al, 2001, footnote 5). They fitwe thi
say about what the new truth definition looks like (page 6): “The truth definition for
[MRss] is analogous to before. We add to the model a set of lalflesdles denote
these vigg) and a well-founded partial orderonL (this helps interpret the [handle
conditions]).”

They note as advantages that#®s language is first-order, and the semantics
does not usk-abstraction over higher order elements, such as an expression like
AMPLQVX(P(X), Q(X)). | could also add that it allows us to model the semantics of scopal
predicates without using intensional logic. That is we have a straighttbagaount for
sentences like (43), with aurrs like (44).

(43) Kim probably sleeps.
(44) (hO, {hO:probablyfl), hl:sleepkim)})

Here I've abstracted away from any variable equalities and handleaintssfo as to
deal with a fully scope-resolvatks. (Presumably this allows us to do without the
partial ordex in the model.) Also for now I've abstracted away from issues of free
variables and quantification (although we’ll come back to that below).

We've added a set of labdlgo the model. | assume they are used as an
additional argument in the denotation of each predicate, rendering, for exasigén]l
as a set of tuples of the forabel, individual). [[probably]] would be a relation from
labels to labels. Any assignment function in the deontatioare{44) would have to
have an entry in therobablyrelation where the second argument (the label that stands
in for the thing that is probable) is also the label for the entry isl&®prelation where
Kim is the sleeper.

But how does this play out for a sentence with quantifiers, like (26), repeated
here as (45), even abstracting away from event variables?
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(45) Every dog barked.
(46) <h0, {hO:everyk, h1, h2), h1:dog), h2:barkedx)} )

The denotation fomRs (46), becomes the set of assignments that assign valb@s to

h1, h2 andx such that[hO]™ @, [xI™ 9, [ha]™ @, [h2]™ 9y e [every]™ 9,

™o, x1™ 9y e [dogI™ @ and([h2]™ @, [X]™ @) e [barked[™ 2. But this

seems to have brought us back a step, not forward. Not only are we still left withf a se
assignment functions as a denotation rather than a truth value, but it's hard to even see
how this denotation has much to do with the meaning of (45). It looks as though all the
assignments in [[(46)]] must assigmo a dog who barked, but that’'s about as far as it
goes. Two problems in particular with this denotation are 1) the denotageergttan

vary from model to model; 2) Sentence (45) doesn't entail sentence (47). Thag is ther
may be assignments in [[(46)] that are not in [[(48)]].

(47) Every white dog barked.
(48) <(h0, {hO:everyk, h1, h2), h1:dogk) A white(x),h2:barkedx)} )

Imagine a model that looked like thisddig]™ = {(H1, FIDO), (Hz, SPOD}:;
[bark]™ = {(Hs, FIDOY, (H4, SPOD}; [[ white] ™ = {(Hs, FIDO};

Teven|™ = {(Hs, SPOT, Hy, Ha)}. In @ model like this, the assignment

{h0 — Hs, h1 — Hg, h2 — Hz, X —» sPOT} will make [(46)] = 1, but [(48)] = 0.

It appears that the Copestake et al approach is unsatisfactory. But bwdkpr
here an approach along the same broad outlines that is satisfactory. That pgesent
a semantic account of the first ordexs language, without using higher order lambda
extraction, that avoids the use of intensional logic in dealing with scopal pesgibat
will still make the correct entailment predictions for sentences with norma
guantification.

43 Modes
TheMmRss are interpreted with respect to a first order mégeh, H, K, X, F, R) where:

E is a set of events

A'is a set of individuals

H is a set of hypothesis labels (or simply hypotheses)

K is a set of kinds

Xis a relation between kinds and hypotheses

C is a function from sets of hypothesis labels to hypothesis labels

F is an interpretation function, which assigns relations to the predicates of the
language.

e Ris asubset dfl, the set of hypotheses that correspond to actual situations

® The use of the terkind is intended to evoke the idea of kinds as useZhilson (1977)



14

Each relation irF is made up of tuples whose elements are drawn EofH, andK.
Each relation is typed, in the sense that each field in the tuple can be filleeleyreamt
from exactly one of these sets. The exception is that any field that drdiNsrifsom E
or A can also be filled with a kind.

The first field in each tuple of every relation is a hypothesis label, anchtiet |
is akeyto that relation. That is, no label may appear as the first element of more than
one tuple in the relation. In fact, hypothesis labels are more than just keyh to eac
relation: no label appears as the first element of more than one tuple anywihere i
model.

For each relation whose tuples may contain individuals, a tuple appears for every
possible combination of individuals. The &atontains the hypothesis labels of the
tuples that correspond to facts that actually obtain in the world. Any two models that
have the same universe of events and individuals will have ideRtfoaktions. The
only thing that distinguishes these modelR.is

When a kind appears in a tuple, it may either defaitional appearance or a
normal appearance. The relatimelates kinds to the hypotheses that define them. (A
kind may be defined by more than one hypothesis.) Definitional tuples serve only to
define kinds; there is no sense in which they actually obtain as facts in the world. Thus
No definitional hypothesis may appeamRRn

The functionC takes a set of hypothesis labels and returns the label of the
hypothesis that corresponds to the conjunction of the input hypotheses. For any
singleton set, this function will return the single element in that set.

Figure 2 contains an example model.

E= {El, Eo, E3, }

A = {FIDO, SPOT, FELIX}

L= {Ho, Hq, Hz,n_}

K:{Kl, Ko, K3, }

X = {{K1, H3), (K2, Ha), (K2, H13), (K3, Hg), (K4, Ho), (Ka, H14), (Ks, H19)}
C = {{{Ho}, Ho), {{H1}, H1), {{Ho, Hio}, Hoo), ...}

cat— {{Ho, FIDO), (H1, SPOT, (Hz, FELIX), (H3, K1), (Ha4, K2), ...}

dog— {(Hs, FIDO), (He, SPOT, {H7, FELIX), (Hg, K3), (Hg, K4), ...}

F =1 big—> {(H10, FIDOY, (H11, SPOT, (H12, FELIX), (H13, K2), (H14, K4}, ...}
{(Hss, E1, FIDO, FIDOY), (H16, E2, FIDO, SPOT, (H17, Es, FIDO, FELIX),

chase—»
vey <H18, E4, SPOT, K2>, vey <H;|_g, Es, FIDO, K5>, }

R = {H2, Hs, He, H1c, H12, H17, H1g}
Figure 2: A sample model

This model contains the individuals Fido, Spot and FeljxthroughH, are the
hypotheses that Fido, Spot and Felix are cats, respectively, but,cappears imR.
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That is, only Felix actually is a cat. Similarly, Fido and Spot are dogs; Ralé&lix are
big, andges is an actual event of Fido chasing Felix.
There are also five kinds shown in this model fragment. (All possible kinds
always appear in every model.) The Xedays that the kind; is defined bys, making
it the kind “cats”. Similarlyks is the kind “big cats’ks is the kind “dogs”K4 is “big
dogs” andks is “things Fido chases”. Note thais, although it contains the type, is
not part of its definition. Rather, this is the hypothesis that Spot chases bighisits
hypothesis could appear R if, in this model, Spot actually does chase big cats.
The functionC takes the set of hypothese,{H1o} to the hypothesisiyo. This
indicates that hypothesigg is the conjunction ofip andHjg; that is, the hypothesis that
Fido is a cat and that Fido is big. To put it another way, it is the hypothesis that Bido i
big cat.

4.4  Denotations (no Quantification)

The denotations of the components/ess structures, excluding quantificational and
other logicaleps, are assigned according to these rules:

e For all individual and event variables[v]™ ¢ = g(v).
e For all predicate®, [P]™ 9 = F(P).
e For non-logicakrs P(vy, ..., Vi), [P(v4, ..., vi)]™ ¢ = an ordered pair of the
formhe H,t € {0, 1})
o h=h[|<h, [viJ™9, ..., [va]™9 e [PP™9
o t=1iffheR
e For allep conjunctionEprc= {EP, ..., ER}, [ EPFI™ ¥ = an ordered pair of the
form(w e POWH), t € {0, 1})
o w={hy, ...,h} such that ER]™ 9 =(hy, to), ..., [ERIM™ ¥ = (hy, to)
o t=1iff vere epq [EA]™ 9 =(h, 1)
e For all handle, [h]™ ¢ = C(x), where [thespclabeled byh] ™ ¥ =(x, ...)
e A fully scope-resolvedirs is true if the second element of the denotation of its
top handle idgrue.

The first of these rules says that the denotations of variables are detelomined
the assignment functiam The second just says that the denotation of a predicate is the
relation associated with it through

The third says that the denotationErd have two parts. Intuitively, they
correspond to the Fregean notions of sense and reference. The first part, which
corresponds to the “sense”, is a hypothesis label. It is the hypothesis &lbabéils the
tuple found in the appropriate relation, where each slot in the tuple is filled by the
denotation of the corresponding argument ingiheSince every combination of
individuals appears in every relation, there is guaranteed to be such a hypothesis.

The other part of the denotation of emcorresponds to its “reference”. It is a
truth value. Thepis true if its sense is iR, and false otherwise.
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The fourth rule tells how to build denotationseefconjunctions from
denotations of their componesrs. These denotations are also pairs of sense and
reference. The sense is just the set whose members are the senses of thentarspone
The reference is a truth value: true if all the compoaenare true, false otherwise.

The fifth rule tells how to get the denotation of a handle: Take the sense element
of theep conjunction that the handle is the label of, and send that through the fu@ction
to get a single hypothesis as its value.

From here forward, | will use the notatioa][[sensct0 refer to the sense element
of [ o]] and the notation {]] resto refer to the reference element effJf

Let’s look at a quantification-free example using just these rules. Figure 3
contains a model fragment.

E={}

A = {FIDO}

L= {Ho, Hy, }
K={.}

X={.}

C= {<{ HO}! H0>1 }

_ | sleep—> {(Ho, FIDO), ...}
| probably—  {(H1, Ho), ...}

R = {Hi}
Figure 3: Model folFido probably sleeps

This model shows two hypothesesg.is the hypothesis that Fido sleepsis the
hypothesis that it is probable that Fido sleéptlls us that although Fido probably
sleeps, it is not the case that Fido actually sleeps.

Let's look at how we build the denotation for (50), which is the scope-resolved
MRS for (49). (In order to put off issues related to quantification until later, llassigg
over the semantics of proper names and leaving out the event variable.)

(49) Fido probably sleeps.
(50) (h0, {hO:probablyfil), hl:sleepfipo)})
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By assumption, fipo]] ™ ¢ = Fipo

[sleep€ipo)[™ @ =([h |(h, FIDO) e F(sleep)], 1 iff h |(h, FIDO) e F(sleep)]e R)
[sleep€iDO)[™ @ = (Ho, O)

[hi:sleep€ipo)]™ @ = ({Hg}, 0)

[[hl]]<M’ 9 — Ho

[probably1)™ @ = ([h |(h, Ho) € F(probably)], 1 iff | | (h, Ho) € F(probably)]e R)
[probablyh1)]™ ¥ = (Hy, 1)

[hol™ 9 =({ra}, 1)

MRS (50) is true

45  Denotationswith Quantification

Quantificationakps, that isgPs whose predicate is one of an enumerable class including
everyandsome also have sense-reference pairs as their denotations. However, these are
constructed a little differently. For these, you don’t just look up the sense in the model
and then see if it is iR to get the reference. Yalo look the sense up in the model, but
you do it a bit differently. To get the reference, you don’t look to see if the seindg i
you go through more conventional methods, using variable binding, with a slightly
different set of rules for each quantifier.

Here are the rules for getting the referenceef@ry someandexist®

o [every(x, hl, h2)|™ 9ger= 1 iff Vu € AU E [ha|™ 0P [h2M a0
e [some, hl, h2)]™ 9rer= 1 iff Ju € AU E [ha]™ W pgn [h2] ™M dDp
o [exist(x, h1)J™ Prer= 1iff Ju e AU E [h1™M I Dpy= 1

How do you get the sense of a quantifie? Like other kinds ofps, the sense is a
hypothesis label. Before getting into how we find this label for a givelet’'s look at

how quantificational senses are stored in the model. Figure 4 contains an appropriate
model fragment.

® Of course, there are an infinite number of quansfof this sort, and they cannot all be giverasate
interpretation rules. | leave the task of descaltime infinite class of generalized quantifiershuinite
means for future work.
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E={}

A = {FIDO, SPOT}

L= {Ho, Hy, }

K:{Ko, K1, }

X = {{Ko, H2), (K1, Hs), ...}
dog— {{Ho, FIDO), (H1, SPOT, (H2, Ko}, ...}

= sleep— {(H3, FIDOY, (Hs, SPOW, {Hs, K1), ...}
every— {{(Hs, Ko, K1), (H7, K1, Ko), ...}

probably—  {(Hs, Hs), (Hg, Ha), (H1c, He), (H11, H7), ...}

R = {Ho, H1, Hs, Hg, Ha}

Figure 4: A model with quantification

In this model, there are two individuaisbo andspoT. They are both (actually)
dogs.FIDO sleepsspoTdoes not. Quantificational predicates are stored in the model as
relations between kinds. There are two kinds shewrs dogsandk; is sleepersThe
hypothesisis is the hypothesis that all dogs are sleepers, i.e. that every dog slesps.
the hypothesis that every sleeper is a dog. These hypotheses do not aRp€atifin
they did, it wouldn’t have any effect: the only way to tell whether every dogllyctua
sleeps is to follow the rule above for determining the reference @fagepr. On the
other hand, these hypotheses can appear as argumentpriokthlelyrelation. Hereps,
for example, is the hypothesis that the hypothesisrthatsleeps is probable. In other
words,Hg is the hypothesis thatpo probably sleepsii is the hypothesis that it is
probable that every dog sleeps.

Now that we see how quantifier senses are stored in the model, here are the rules
for determining the sense of a quantiier (The first is for quantifiers likeomeand
every The second is for quantifiers likist)

e For every quantificationar Q(x, h1, h2),

[Q(x, h1, h2)]™ Psense= h [(h, kind(h1, X), kind(h2, x)) € [Q]™ ¢
e For every quantificationar Q(x, hl),

QM h1)I™ Psense= h [(h, kind(h1,%)) e [Q] ™ ¥

The idea behind these definitions is thateheonjunctions labeled by the handle
arguments in a quantificationg#, together with the bound variable, are enough to
uniquely determine a kind. The functikimd is the one that takes ar conjunction and
a variable and returns a kind, if possible. Here is a description okvedoes with an
EP conjunctionec and the variablg.

For eactepep in eq getkinds = {k € K |(k, [ep] ™ ™V seneh € X}. This will
be the set of kindsp together withx help to define. For instancg, dog)) will help
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define the kinds “dog”, “white dog”, “big dog”, “big white dog”, etc. Then get the
intersection of all these sets. The resulting set contains all the kindseheatdleep
conjunction helps to define. From among that set, return the most general kind — that is,
the kind that has the fewest definitional hypotheses.

Now let us see how this system determines the truth values for the two scope-
resolvedvrss for sentence (51) with respect to the model in Figure 4.

(51) Every dog probably sleeps.
(52) (hO, {hO:everyk, hl, h2), hl:dog), h2:probably(3), h3:sleepX)})
(653) (h2, {hO:everyk, hl, h3), hl:dogk), h2:probablyf0), h3:sleepX)})

In (52), the top handle 0. everyhas wide scope overobably It means that for every
dog, that dog probably sleeps, which is true in the model. In (53), the top hantlle is
probablyhas wide scope ovewrery It means that it is probable that every dog sleeps,
which is false in the model. We will step through how the semanticsRi®described
above assigns the right denotations.

[52)]™9 = 1iff vu e A [h1]™ M Dgei— [h2] ™M T Vg
for u =FIDO:
IIhZ]](M,g[F|Do/x]>Ref —
[probably3)] M o7 ) =
1 iff [hy | (hy, [sleep@Q] ™ 47 Ps.nep € [probably]'] € R =
L iff [hy | (hu, [he [ (R, [ ™ 47 < [sleep]!] ) < [probably]]  R=
1 iff [hy [(hy, [h2 | (hy, FIDO) € [sleep]] ) € [probably]"] € R=
1 iff [hy |(hy, Ha) € [probablyM] € R=
1iff Hg € R=
1
for u=spoT
IIhZ]](M,g[SPo1lx]>Ref —
[probablyh3) ™ dts*omh, . =
1 iff [hy [ ¢hy, [sleep@] ™ %™ Pseng € [probably]"] € R=
1 iff [hy | (hy, [hg [ (g, [X] ™ 957°7P) € [[sleep]] ) € [probably]"] € R=
1 iff [hy [¢(hy, [Mo | (hp, sSPOT € [[sleep]] ) e [probably]M] € R=
1 iff [hy [(hy, Ha) € [probably[M] € R=
1 iff Ho € R=
1
so [(52)["9 =1
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[E3)™ =

[[h2]1<M'g>Ref:

[probably0)™ ¥ger =

1 iff [hy | ¢y, [everyf, hl, h3)™ Psensy € [probably]M] € R=

1 iff [hy | (hy, [ho [{hp, kind(h1, x), kind(h3, X)) € [every]"]) e [probably]"] € R=
1 iff [hy | ¢hy, [z [ <hg, Ko, K1) € [levery]']) e [probably]] € R=

1 iff [hy | ¢y, He) € [probably]M] € R=

1 iff Hipe R=

0

46  Summary

| have presented an explicit semantic accouMRS structures — a first order language
where words likeeveryare mapped to predicates, so there are no conventional
guantifiers.

Models contain not just events, individuals and an interpretation function. They
also include hypotheses and kinds. Every possible fact is given a hypothesis handle in
the model. The model includes a Bepicking out which of those hypotheses are
actually trueEeps (andep conjunctions) have two-part denotations consisting of a sense
and a reference. The sense is a hypothesis. Together with ¥yelgstconstitutes a
means for picking out its reference, which is a truth value.

The relationship between sense and reference is differegrsfovith quantifier-
predicates and other logical predicates (lik§. They get the same kinds of senses as
other types oEps do, although those with quantifier-predicates use a special method of
determining them, using kinds. However, their reference is not derived fronse¢hesie.

It is calculated from the denotations of their components, much as in standard
approaches.

This framework is unconventional in a number of ways that warrant futher
comment. It is beyond the scope of this thesis to follow these up, but | will mention
them briefly here, and leave them as future work.

Frege showed that meaning must come in two parts: sense and reference. He
never specified exactly what the nature of a sense should be. Standardly, senses (of
sentences) are conceived of as propositions, which are sets of possible worlds —
functions from worlds to truth values. | have chosen an alternative, where sensas appe
directly in the first-order model as hypotheses. Hypotheses can be vigpadial
descriptions of possible worlds, and thus can be mapped to sets of possible worlds. But
one advantage to my approach is that different partial descriptions may leadaméhe s
set of possible worlds. Take these two sentences:

(54) 221 is a prime number.
(55) Upis down.

These sentences are necessarily false. That is, they both represenethecgasition —
the empty set of possible worlds. But they would be given different hypotheses in the
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approach outlined above, and therefore different senses. Whereas the standacti approa
has to say something extra in order to allow (56) and (57) to have different meanings,
the present approach has to say nothing more.

(56) Kim thinks 221 is a prime number.
(57) Kim thinks up is down.

This approach can handle notions Igkebablywithout the use of additional
tools such as modal logic. In this framework, the semantic properties of such things
could instead be studied in the same way the semantic properties of other predicates a
studied.
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5. TENSE

51 Definition

Comrie (1985) defines tense as the grammaticalization of location in timah&his is
concerned with how best to represent the distinctions in meaning apparent inesentenc
such as (58).

(58) a. Kim liked beans.
b. Kim likes beans.
c. Kim will like beans.

These sentences contain grammatical devices that serve to locate thee in ti
Sentences (a) and (b) use verbal morphology to locate the bean-liking in the past and i
the present, respectively. Sentence (c) uses a modal verb to locate th&ibhganihe
future. The languages of the world make a variety of distinctions, as outlireed bel
using a variety of different grammatical devices.

To be sure, there are other ways of locating events in time. For instance, in
English we can use temporal adverbials as in (59).

(59) Kim ate beans at 10:00 pm.

Here,at 10:00 pmlocates the bean-eating in time, but does so using specific lexical

items whose temporal reference is built up compositionally. Under the defioiti

tense given above, it does not qualify as tense. My analysis of tense needs ¢ade abl

interact successfully with other ways of locating events in time, but mapyiconcern

will be to account for those distinctions made in the world’s languages usieg tens
Copestake et al (in press) propose an almost minimally bare representation of

tense: a single property setting on the verb’s event variable. To see if thibésthe

approach, let’s begin by looking at more elaborate representations and see howemuch w

can pare away.

5.2  Existentially Quantified vs. Free Time Variables

If tense serves to locate an event in time, let us assume that wersegms that refer
to the times in which the events are located. Later, we can see whethertingsarée
derivable from the rest of the semantic representation and may be left tinmptie
MRS. For now, let us consider two basic approaches to the representation of tense: the
use of existentially quantified time variables, and the use of unbound time variables

Let us compare how these two approaches represent the meaning of the sentence
in (60).

(60) Fido barked.

An approach using existentially quantified time variables (see, for exaDplay
1979) includes a quantifier that binds a time variable; a restriction that placemtha
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somewhere on the time line, and a body that relates the time to the event in question. In
the current framework, this gives a representation like (61) for (60).

(61) <hO, {h1l:sometf, h2, h3), h4:pastf), h5:etimeg, t) A bark(, FIDO)},
{h0 =, h5, h2 =, h4})

Theetimepredicate is intended to represent the relation between events and treeir time
Here, the time of the barking event occurs within the tinidis is bound by the
guantifierhl and restricted by theastep h4. The expression means that there is some
time in the past, such that a Fido-barking event happened at that time.

Partee (1973) introduces an approach where tenses are treated as fressyariabl
similarly to the way pronouns are. Here | present a related approach wirerebgse
itself doesn’t act like a pronoun — rather it specifies a feature of an unbound time
variable, which does act like a pronoun. Here is how it works out for (68sn

(62) (hO, {hl:etimeg, tr[TENSE past])A bark, FIDO)}, { hO =, h1})

MRS (62) says that a Fido-barking event happened atttintéhere is n&p which
predicates of that it occurs in the past. Rather, there 1snsefeature ortg whose
value ispast marking it as a past tense time variable. Thus, the time variable is
analogous to the sort of free variable introduced by a pronoun. Just as person, number
and gender features restrict the range of referents a pronoun may have, thienseb’s
introduces a feature that restricts the range of referents the time e@aniaphave.

The semantics of anrs like (62) involves getting the denotationtgf
According to the rules | laid out in section 4, this is determined by the variable
assignment functiog. Sincetg is not a bound variable, its denotation varies depending
on theg used to evaluate thers structure for the whole sentence. My proposal is that
for (at least these) free variables, the funcganust always return a unique value,
determined by what is salient in the speech contextTEhkee feature then acts like a
presupposition: the presupposition that the salient time in the speech contexttahll ma
the specification on theensefeature. Another way of viewing this is that thense
feature helps the hearer choose from among possibly several ways of construing the
speech context. ATENSE past] specification will cause her to construe the context as
one in which the most salient time for the event in question is in the past.

| prefer the free-variable approach to the quantified-variable approach. My
argument comes from Partee’s example, reproduced here as (63), whereciinaessnt
uttered by somebody who is just leaving on vacation. The approach using exigtentiall
guantified time variables gives (64) as the representation. The reptiesem{65) uses
an unbound time variable marked withensE feature.
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(63) 1didn’t turn off the stove!

(64) <h0, {hl:somef, h2, h3), h4:pastf), h5:noth6), h7:etimeg, t) A
turn_off_stoveg, SPEAKER)}, { hO =, h5, h2 =, h4, h6 =, h7})

(65) <hO, {h1:noth2), h3:etimeg, tr[ TENSE past])A turn_off_stoveg, SPEAKERY},
{h0 =, h1, h2 =, h3})

MRS (64) has two scope-resolved variants. The first one, where the time
guantifier has wide scope over negation, says there is some past time that does not
contain an event of my turning off the stove. This statement is trivially thesother,
where negation takes scope over the time quantifier, says it is not the calserthet
any past time that contains an event of my turning off the stove. This is too strong a
statement. Neither of these variants reflects the meaning of (63).

MRS (65) is @ much more accurate representation. It says that it is not the case
that there’s an event of my turning off the stove at the salient (pasgrregetime.

This is not to say that there is no existential quantification of times happening in
the free-variable approach. Ogihara (1996) makes the point that there is. Ing65), w
understand that the reference time is the period of time from when the stovetwas las
used to when the speaker left for vacatiars (65) does not mean simply that there was
no event of my turning of the stove that lasts precisely from the beginning of the
reference time to the end of it. Rather, it means that it is not the cateetieas some
time within the reference time when the speaker turned off the stove. To rephegent t
existential quantification explicitly, we would expectnars like (66), which contains
both a reference time and an existential quantification.

(66) <hO, {h1:noth2), h3:somef, h4, h5), h6:within(t, tr] TENSE past]),
h7:cotempé, t) A turn_off_stoveg, SPEAKER)}, { hO =, hl, h2 =, h7,
h4 =, h6})

The relationcotempis intended to mean that the span of the event is exactly
cotemporaneous with the time.

But of course this quantification need not be explicit inMRe representation.
This is what theetimepredicate means — that the eveptcursat some pointvithin the
timetr.” Thus, the existential guantification can remain implicit inmRs.

5.3  Explicit vs. Implicit Reference Times

We've seen that time variables do not need to be explicitly quantified. Are we then
justified in taking the next step, and assuming, as do Copestake et al, that reference
times need not be mentioned explicitly at all? Let’'s see how this works out for the
example sentence (60), repeated here as (6 ¥)r#sinder the free-time-variable

’ At least, that's what it means in this case. Wik seie below that the interpretationaifmemay be
different from case to case, but that interpretatsoalways predictable from the type of event sfatws
up as its first argument.
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approach is repeated here as (68). Nike where even the reference time itself is
implicit is shown in (69).

(67) Fido barked.
(68) (hO, {hl:etimeg, tr[TENSE past])A bark, FIDO)}, { hO =, h1})
(69) (hO, {h1:bark€ TENSEpast])}, {h0 =, h1})

As Copestake et al point out, (68) contains no information that cannot be
reconstructed from (69). They explain what sort of evidence would be needed to
motivate explicit representation of reference times: namely, tha¢fdse@nce time
would have to show up somewhere else in the semantics. They mention temporal
adverbials as one case that may appear to meet this criterion. So an exantp® |
apparently requires a representation like (71).

(70)  John cried on Sunday.
(71) <hO, {h1:etimeg, tg[ TENSE past])A cry(e, JOHN), h2:0n(r, SUNDAY)},
{h0 = h1})

But they note that this does not actually require the explicit representation of
time variables. Since there is a function from events to their times, \waysapossible
to let theon relation relate events to times rather than times to times. So sentence (70)
can have the simple/Rs shown in (72).

(72) (hO, {hl:cry(e[TENSEpast],JOHN) A ONn(, SUNDAY)}, { hO =, h1})

However, | believe there is a class of sentence where the reféirarce
associated with the verb’s event variable must appear elsewhere in the semantic
example is (73). The simplified approach would giveMRs in (74), and thears with
explicit reference times is shown in (75).

(73) John cried every Sunday.

(74) <hO, {h1:everyk, h2, h3), h4:SundayX), h5:cry(e[ TENSE past],JOHN) A
on(, X)}, { h0 = h5, h2 =, h4})

(75) <hO, {h1:everyk, h2, h3), h4:SundayX) A within(x, tr),
h5:etimeg, tr[ TENSE past])A on(g, X) A cry(e, JOHN)Y}, { hO =, hS, h2 =, h4})

MRS (74) says that on every Sunday (past, present or future), there is a (past)
event of John crying. This is not the meaning of (73). Rather, what'’s required is &hat w
find in (75): On every Sunday within the salient (past) reference time, shaeresvent
of John’s crying. The reference time must not only be associated (dymrcit
implicitly) with the event — it must be included in the restriction of the quanfibr
Sunday
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A possible attempt to save the simpler representation might be to mark the
variable forSundayas being in the past without using the verb’s reference time, yielding
something like (76).

(76) (hO, {hl:everyk, h2, h3), h4:SundayX) A pastk),
h5:cry(e[ TENSE past],JoHN) A on(g, X)}, { hO =4 h5, h2 =, h4})

Not only would this be difficult to arrive at compositionally, it is not adequate. If
(73) is uttered in a context where the time in question is some particular era im John’
life, it would be inaccurate to restrict the Sundays to all past Sundays. Th@atme
restricts Sunday must be tee@metime as the one that restricty.

Therefore, in sentences like these, there must be an explicit refereace tim
associated with the verb’s event variable. By extension, | conclude thattexplici
reference times appear in 8lks representations. Only a few additions to the theory are
necessary to implement this view of time variables. Figure 5 is a sirdplgiesion of
the type hierarchy for variables found in the LiInGO Grammar Matrix.

semarg
handle individual
event index
Figure 5: Variable type hierachy in the LInGO Grammar Matrix
In this hierarchy, handles are distinguished from event variables and ‘normal’

variables. Time variables would fit under the typeividual. Figure 6 shows the
resulting hierarchy.

semarg

handle individual

ref-time
TENSE tense

event index

Figure 6: Variable hierarchy including time variables

The featurerENSEIs specified as being appropriate for the tygfetime and its
value must be of the tygense The subtypes densewill be elaborated below, but they
will include things likepastandpresent

54 Reference Times and Non-verbs

Words likeSundayare time sensitive. But so are many nouns that are not used as
adverbial modifiers. Take for example the n@aphomoren sentence (77).
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(77) Every sophomore took the test.

As En¢ (1986) points out, the relevant time for words sisgghomoren
sentences like (77) is not completely determined by the tense of the verlkeritbisce
is vague with respect to whether it refers to people who are sophomores presessly, th
who were sophomores at the time the test was taken, or those who were sophomores at
some other salient time in the past or even in the future.

This sentence doesn’t use any grammatical device to locate the sophomoreness
in time. That is, the vagueness isn't strictly a matter of tense. Honeeeemplete
account of tense as location in time should interact with this sort of vagueness
appropriately. The present approach does so in the following way. The relations
introduced by temporally sensitive nouns include an extra time argdrfiked, by an
unbound reference time variable. s for (77) would be (78).

(78) (hO, {h1:everyk, h2, h3), h4:sophomoreq, tr1), h5:etimeg, tro TENSE past])
A take_the_test( X)}, { hO =, h5, h2 =, h4})

The time variablégr, would get aPAST specification from the tense of the verb,
but the variabler; would be left unconstrained. It will be identified with whatever time
is salient in the context of the utterance. At least two salient timestedae available:
the speech time (call i§) and the event timig,. If tr1 =ts, we get the “present
sophomores” reading, tk1 = trz, We get the “sophomores at the time of the test”
reading. Of course, other readings are available as well, depending oothdragalient
reference times might be available in the context.

It is an interesting question, beyond the scope of this thesis, which nouns are
temporal, whether all nouns, a well-defined subset, or some relatively arbitkzgt. It
is enough for our present purposes that we can handle those nouns that are time
sensitive.

55  Explicit or Implicit Reference to the Speech Time

If the above arguments are on the right track, we need to include refererse time
explicitly in MRS representations. Is there any evidence that a term representingehe ti
of the utterance must be represented explicitiyrs structures? So far, we have used a
TENSE feature on reference times to show their relation to the speech time. Another
possibility would be to have an expliei that relates the reference time to the speech
time. So for our recurring example, repeated here as (79), we might haarestime

(80).

(79) Fido barked.
(80) <(hO, {hl:etimeg, tr), h2:preceddg, ts), h3:barkg, FIDO)}, { hO =, h3})

8 Alternatively, they may introduce an event varg@bthich is in turn related to a time variable with
etime For our present purposes it doesn’t really masied will use the simpler notation.
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There are a number of reasons not to do this. First, reference times are lypherent
unbound variables. It's not clear how we can haverghat constrains it. Normally,
every label in amRs is either associated with the top handle, or with a scopal argument
in someeP. In (80), the labehl is the restriction for the implicit event quantifier. But
the labeh2 has no such role, and there is no oHirat can be attached to. It is an
orphan.

No doubt, this awkwardness could be overcome by complicating the algorithm
that interprets/Rs structures in the appropriate way. But in keeping with the goal of
compactness, we would choose a sinTglese feature above a whote anyway.

There’s no information in suchpmecederelation (where the ‘later’ argument is the
speech time) that can’t be derived fronTeNSE past] specification.

But most importantly, referring explicitly to the speech time in this waly wi
sometimes make the truth conditions implied bymRe structures too strong, leading to
wrong predictions. There are uses of the present tense that do not strictlieindica
intersection with the speech time. For instance, present tense is often used te indica
events in the very recent past, as when reporting on a sports event, as in (81). The two
possibleMRrss are given in (82) and (83), where the first uses explicit reference to the
speech time, and the second usesnsE feature.

(81) Casey strikes out!
(82) (hO, {hl:etimeg, ts) A strike_out¢, CASEY)}, { hO =, h1})
(83) (hO, {hl:etimeg, tr[ TENSE present]) :strike_outg, CASEY), {h0 =, hl})

In (82), the striking-out explicitly co-occurs with the speech time. In (83),
Another example of the present tense being used other than to refer to the speéch tim
the narrative present, as in (84).

(84) A guy walks into a bar.

Here, the walking isn’t cotemporaneous with the speech time. Rather, thegval
happened in the past, or is even just a fictional walking. The present tense is used to
make it more vivid, by bringing it conceptually to the present time. Also see the
discussion of relative tense in section 5.8 below for examples where a naive usetof di
references to the speech time are inappropriate.

It may be claimed that there are (at least) three different tense, alhhave
the same grammatical realization in English — a ‘regular’ present &ffsat news’
tense and a ‘vivid-narrative’ tense. Thus, this says nothing about whether to refer
explicitly to the speech time. We either have three different values foEetise feature,
or relate the reference time to the speech time in three different waythieBe is no
evidence that these are really three different tenses. If we find that threestfategies
in the world’s languages is to report hot news using its own grammaticatdtner
than the form of the regular present tense; or that one of the strategies arlthe w
languages is to have a distinct vivid-narrative tense, not using the normal peasent t
for this purpuse, then we may conclude that these are really separateGenses.
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(1985), whose purpose is to explicate the cross-linguistic facts about tense, mamtions
such languages in his discussion of the present tense, although he mentions the ‘hot
news’ use of the present. Thus, | prefer to posit a single present tense.

But if we have a single present tense, then characterizing it expiicttie
semantics as overlapping with the speech time makes the wrong predictions. With the
TENSEfeature approach, it is up to the variable assignment function (which | am
assuming is another way of saying the pragmatic speech context)gio @ssi
appropriate time referent to time variables specifiedmasdJe present]. To be sure, this
is just pushing the problem of how to characterize the present tense from thécema
to the pragmatics, and | don’t provide a complete answer for how the pragmatids does i
Nonetheless, the choice of a time reference for present tense does seemd@lbe cr
dependent on pragmatics. | leave it as an open question.

Let us now turn to the tense distinctions made in natural languages. I'll begin by
continuing my remarks about the present tense.

5.6  Present tenseasa punctual tense

The present tense is canonically used to locate an event at the present (i.@cthe spe
time), although, as we have seen above, there are other, more or less related, uses
which the present tense may be put. In its typical use, it is a ‘punctual’ tenses, Tha
since the speech time is conceived of as a single moment in time, the preserd te
restricted in how it can be interpreted for various kinds of events. In particul&e unl
the reference times we have seen markedessE past] or fENSEfuture], present
reference times, in their normal use, cannot wholly contain within them events that
extend through time. The way the present tense is interpreted is thus diffene tidr
way the past tense, say, is interpreted, and furthermore varies with the typetaf isve
associated with. Let's take sentences (85) - (87) for example.

(85) Harriet ate raisins
(86) Harriet eats raisins
(87) Harriet likes raisins

Sentence (85) uses a past reference time, which may endure for a penweal of ti
Thus, the whole raisin-eating situation can occur within it. On the other hand, sentence
(86) uses a present reference time, which cannot contain a raisin-eatitigrsiittin
it. And sure enough, (86) doesn't refer to a particular raisin-eating situaatmerRit
refers to Harriet’s habit of eating raisins. On the other hand, (87) canaefgrarticular
raisin-liking situation. But rather than being contained within the refer@nee the
relation is reversed: the temporal extent of the raisin-liking situation osritae
reference time.

Thus, there appear to be (at least) two different kinds of situations. Those like the
ones associated with the vexat which need to be contained within their reference
times, and those like the ones associated with thelikerlwhich surround their
reference times. Vendler (1957) calls the first class of \extigities and the second
class of verbstates | propose to distinguish activity events from stative events, and
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thus account for their differing behavior in the present tense, by elaboraitgpe
hierarchy for event variables.

| propose to create subtypes in the hierachy of variables that distinguish events
that surround their reference times from those that are contained within theal I'l
these typesmperf-eventandperf-eventrespectively. This will be elaborated further,
and the significance of the names of these types will be made clearerian seLit
where | deal with aspect.

Figure 7 contains the new hierarchy.

semarg
/\
handle individual
event index ref-time

imperf-event perf-event
Figure 7: Revised variable type hierarchy

In addition, | propose to elaborate the type hierachy of relations. | propose tw
subtypes of the typeelation. One,imperf-relationwill be specified to takenperf-event
variables, and the othgyerf-relation will be specified to takperf-eventvariables. The
relation whose predicate eatwill inherit from perf-relation and the relation whose
predicate idike will inherit from imperf-relation

Given this system, let us now look at tess for (85) - (87), given here as (88)
- (90), respectively.

(88) (hO, {hl:etimegy, tr[TENSE past])A eate;, HARRIET, RAISINS)}, { hO =, h1})
(89) ?%h0, {hl:etimeg,, tr[ TENSE present])x eate,, HARRIET, RAISINS)},

{h0 = h1})
(90) (hO, {h1:etimeés, tr[ TENSE present]n like(es, HARRIET, RAISINS)},

{h0 =, h1})

ThesemRrss are completely parallel, which is what we want, given that the
sentences are grammatically parallel. The only differences atenges and the types
of the event variables, e, andes. The first two argerf-evers, and the third is an
imperf-eventThis is the key that tells the component that interpretsitiss whether to
interpret thestimerelation as saying that the reference time includes the event time or
the other way around. In (88), therf-evensignals that the event time should be
interpreted as within the reference time, and we get a raisin-eatingcevndained
within a past time. In (90), theperf-evensignals that the event time should be
interpreted as surrounding the reference time, and we get a raisinguengthat
continues from before the reference time begins until after it ends. Im{@®yver, the
event time should also be interpreted as within the reference time. This just isn’
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possible for the normal interpretation of a present reference time as denospgé¢ich

time. One way around this is to understand this as a ‘hot-news’, ‘vivid-narrative’ use of
the present tense. Although these uses rely on an analogy to the speech-énte pres
tense, they actual reference times they use are not punctual. Another ippssthiht

there is an additionairs for sentence (86) that usesiaperf-event! will argue below

that this is just how we get the reading where Harriet is in the habit of easigsr

5.7 Basic tense distinctions

According to Comrie (1985), there are many basic ways that the languagesaafrid
divide up the time line. Distinct tenses for past, present and future are quite common.
Neither is it unusual for there to be a basic split between past and non-pasttfdis is
case, for example in German, as illustrated by (91), where the so-calledtpense is

the verb form used to indicate future time as well.

(91) ich gehe morgen.
I go-non-past tomorrow
‘I will go tomorrow.’

Comrie also notes that, although much rarer, there are languages that have a
basic distinction between future and non-future. He notes Hua, a New Guinea language
as an example, but gives no sample sentences.

Comrie also notes that there appear to be no languages where there is a basic
distinction between present and non-present. Given this state of affairs, | propose the
following (provisional) type hierarchy for values of trensefeature.

tense
non-future non-past
past present future

Figure 8: Preliminary type hierarchy for valuesrefNSe

So theTENsEfeature, appropriate faime-indobjects must take a value whose
type istense Immediate subtypes ¢énsearenon-futureandnon-pastPastis a subtype
of non-future andfutureis a subtype afion-pastPresentinherits both frormon-future
and fromnon-past | hypothesize that this hierarchy (plus the additions to it described
below) forms the stock of tenses available to the languages of the world. Aioylpart
language will contain a subset of these tenses, and none will contain any or tens

Comrie notes that there are tenseless languages, mentioning Burraese as
example. That is, although there may be ways of locating an event in time ugiad) lex
means, there is no grammatical device that does so. This would be parallel to the
situation for English nouns likeophomoreas | have described it, where the event
variable is associated with a reference time, but that reference tiense feature is
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completely unspecified. So tiMrs in these sentences would still specify that the event
takes place at a contextually salient reference time, but there is meticasbn which
salient reference time should be used.

Comrie notes that many languages have tenses that draw finer distinctions tha
past, present and future. It is normally the past tenses that show thesaatistihctt
there are languages with such distinctions in the future tense as well.

Common cut-off points include the following:

e immediate past

e recent past (from yesterday to a week or a few months ago) vs. nonpasent
(earlier than that)

e remote past (more than a few days ago) vs. non-remote past (not more than a few

days ago)

hodiernal past (today) vs. pre-hodiernal past (before today)

hesternal (before today, but not more than a few days ago)

close future vs. remote future

hodiernal future (today) vs. post-hodiernal future (after today)

These distinctions translate into a type hierarchy such as Figure 9 for tenses:

tense
non-future non-past
N
past present future
non-remote pre-hodiernal /=" hodiernal post

-future hodiernal remote

hodierna\ hesternal recent non-recentremote
-past

immediate
Figure 9: Final type hierarchy for tense.

5.8 Relative tense

Comrie calls the tenses mentioned abatsolute tense which he constrasts with the
notion ofrelative tenseThe idea is that where absolute tense locates an event in time
relative to the speech time, relative tense locates an event in timeerédesiome other
event (or time). He illustrates with two sorts of examples. The first styqifsed by
sentence (92).

(92) The passengers awaiting flight 26 proceeded to departure gate 5.
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In one reading, the time of awaiting flight 26 is not absolute (i.e. relative to the
speech time). Rather, it is understood as relative to (i.e. equal to) the time otiprgcee
to gate 5. Depending on the context, other readings may have the time of awaiting fli
26 as being relative to other salient reference times, including the speech time
Sentences such as this can be accounted for in much the same way as with the
sophomoreexample (77). The idea is that non-finite forms such as the participial
awaiting flight 26have no morphosyntactic tense, and hence don’t specifgilse
feature of the reference time. Thus, the reference time may matchianytsae. The
MRS for (92) is given in (93).

(93) (h0, {h1:thek, h2, h3), h4:etimegy, tr1), hS:passengexj A
await(ey, X, FLIGHT26), h6:etimeg,, tro] TENSE past])A
proceedg, X, GATES)}, { hO =, h6, h2 =, h5})

The reference timg,, which is associated with the proceeding event, is
specified as being a past tense time. The referenceginseunspecified. Two plausible
salient times that it may refer to drg and the speech time, but others are possible as
well.

In the other sort of example that Comrie gives, there is a morphosyntactic
specification for tense, but that tense is not interpreted with respect to ¢ob sipee;
rather it is interpreted with respect to the tense of a clause it is embeddeiiis. T
illustrated by (94) - (96), from Imbabura Quechua.

(94) Marya Agatupi kawsajta  krirkani.
Mary Agato-LOC live-PRES I-believe-PAST
‘| believed that Mary lived in Agato.’

(95) Marya Agatupi kawsashkatakrirkani.
Mary Agato-LOC live-PAST  I-believe-PAST
‘| believed that Mary had lived in Agato.’

(96) Marya Agatupi kawsanata Krikani.
Mary Agato-LOC live-FUTURE I-believe-PAST
‘| believed that Mary would live in Agato.’

In these examples, the tense on the embedded verb is being interpreted relative to
the reference time associated with the matrix verb. So in (94), the presermrtense
kawsalocates the living at the same time as the believing, not the same time as the
speech time. Similarly for the past tense in (95) and the future tense in (96).

° Comrie doesn't give a word-by-word gloss (thoughdoes mark the tenses of the verbs). | am
speculating about some of the morphology
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| assume that in these cases,Mis faithfully reflects the morphological tense
of the verb. So for instance, (94) would getvers like the one in (97).

(97) (hO, {h1:etime,, tra[ TENSEpast])A believeéy, 1, h2),
h3:etimegy, tr] TENSE present])n live(ez, MARY, AGATO)}, { hO =, hi,
h2 =, h3})

If this is the right decision, it is another reason why not explicitly reigmo the
speech time is also a good decision. Here, we don’t sayrténagH present] necessarily
means cotemporaneous with the speech time. That is left up to the interpretive
component. My assumption here is that tenses associated with embedded events are
interpreted relative to the tenses associated with the events they adelecimne

What about languages like English, where the tense of the embedded clause
appears to locate that clause relative to the speech time rather thae tel#te time of
the matrix event? That is, in (98), the English equivalent of (94), the embedded verb is
in the past tense, but the time of the living is interpreted as the same as tbkthiene
believing.

(98) | believed that Mary lived in Agato.

If we make the assumption that the interpretive component is langugage-
independent, therss for these sentences from the two languages must be the same.
Following analyses like Ogihara (1996), | take languages like Imbaburda@uex
have the more transparent syntax-semantics interface. It is in sequid¢anse
languages like English where something additional has to be said.

First, note that (98) is ambiguous. It can mean either that | believed Maty live
in Agato at the time of my believing, or that | believed Mary lived thee py the time
of my believing. So giving it the same straightforwsirk as we would for (95), where
the time of the living is prior to the time of the believing is still appropriate.tWha
have to do is account for how it can also getsiRalike (97) (or something
equivalent), where the time of the living is coincident with the time of the believing.

We have two choices. First, we can follow Ogihara’s approach, in which an
embedded tense is optionally deleted when it is the same as the higher tense. In our
present terms this means treating a morphological past tense aeri pr@sent when it
appears in an embedded context. Thus, (98) would gekajust like (97). This could
be tricky to implement given assumptions in tres literature about compositionality.
Present tense morphemes would have to be ambiguous bet®mespfjast] and TENSE
present], allowing the latter only to unify with embedded contexts.

The other possibility is to directly equate the reference times of the ewmsgv
giving anmRs like (99).

(99) (hO, {hl:etime,, tri[ TENSE past])A believeg, 1, h2), h3:etimeg,, tr1) A
live(e;, MARY, AGATO)}, { hO =, h1, h2 =, h3})
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This approach could be implemented in the interpretive component. Or it could
be implemented in the syntax-semantics interface by exposing the tirakl@ani the
way that’s consistent witlRs assumptions about compositionality. It is beyond the
scope of this thesis to argue for one of these approaches over the other. The point for our
present purposes is that it might be done one way or the other.
Comrie also introduces the notionaifsolute-relativeense. By this he means a
single form that indicates an event is located relative to a time whicklidotsated
relative to the speech time. This describes, for example, the English plup&hiett
(arguably) locates an event prior to some time which is in turn located prior to the
speech time. Take for instance sentence (100).

(100) Millie had eaten the cookie.

This is generally taken to mean that there is some time before the spesdmtnthat
Millie ate the cookie before that time. We have several choices for how we might
represent this. First, we can consider the possibility of adding more possii#s fa@i
theTENSEfeature. Under this approach, (100) could simply getrsilike (101).

(101) <hO, {h1:etimeg, tg[ TENSE pluperfect])A eat€, MILLIE , THE COOKIB)},
{h0 = h1})

Another possibility is that we could keep our originaise values, but specify
that the eating event happens prior to the reference time rather than at drecectiene.
This approach yields awRs like (102).

(102) <hO, {h1:precedef, tr[ TENSEpast])A eat€, MILLIE , THE COOKIB)},
{h0 = h1})

The problem with either of these approaches is that it leaves us with no
representation of any event before which the cookie-eating event takes pldcérSo i
example, we have a temporal adverbial which restricts this event, as in (163)s the
variable in thevrs that it can restrict.

(103) Millie had (already) eaten the cookie on Sunday.

In one reading of this sentence, there was some time before Sunday when Millie
ate the cookie. Then Sundayp should relate Sunday to some event, but no such event
appears in (101) or (102).

The solution must be to explicitly represent the additional event. If we do, we
have two possibilities. We can either introduce a reference time for eattaedeorder
the reference times with respect to one another, or we can simply orderrite eve
themselves with respect to one another. For sentence (103), this leaveswmssaith
(104) and (105), respectively.
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(104) <hO, {h1:etimeé,, tri[ TENSE past])A on(e, SUNDAY), h2:etimeg,, tro) A
eat@, MILLIE , THE COOKIB), h3:preceddgy, tr1)}, { h0O =, h2})

(205) (h0, {h1:etimeg, tra[ TENSE past])A on(e;, SUNDAY), h2:precede®, ;) A
eat@, MILLIE , THE COOKIB}, { hO =, h2})

| will assume the second of these two options. In (104 prtbecdeep relates
two free variables. We get the same awkwardness as we did in section 5.5y@here
considered referring to the speech time with an explicit variable. Nosreakry label
in anMRs is either associated with the top handle, or with a scopal argument ireEsome
This is not the case for the lalhéd. In addition, in (105) we can do without the second
reference time altogether. To the degree that more compact repressmadi better,
this argues in favor of (105).

It may be argued that the English pluperfect is really just the past tetise of
perfect aspect (which will be addressed in the section on aspect), and not really an
absolute-relative tense. Comrie argues that this is not the case, but | walViest this
argument here. Whether or not this is true for English, it is not the case for every
language. Comrie mentions that literary Portuguese has a simple pltupEnfe are
languages (such as Maltese) that have a pluperfect but no distinct perfect.

Many tense combinations are possible. Comrie mentions the pluperfect (before
the past) and the future perfect (before the future) in English. He notesatimatdn
form an absolute-relative construction which indicates the event happens afteea fut
reference time.

(106) dafirus erit.
about-to-give he-will-be
‘he will be about to give.’

He also gives an example from English of an absolute-relative construction
where the event happens after a past reference time.

(107) John left for the front; he would never return.

59  Summary

To account for tense, | have proposed the use of a free time variable, ad4ocate
event variable with aBrP whose predicate stime Time variables find their place in the
type hierarchy as a subtypeioflividual, either sister ttndexor as a subtype of it.

The time variable is given its interpretation through the assignment fuigction
The value thag) must return for the time variable is the one which is the salient time in
the utterance context. The time variable hasnse feature, which also constrains
which time the functiog can return, locating it on the time line relative to the speech
time (or the time of an event it is embedded in). ThusTeERsE feature acts as a
presupposition that the salient time in the context will match its spemfic&eference
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times are used not just for the representation of tensed verb meanings, but &r at lea
some noun meanings and non-finite verb forms as well.

| have proposed that event variables be broken into distinct {ypeseventand
imperf-eventTheetimepredicate is to be interpreted so that the reference time
surrounds the temporal extension qfeaf-eventbut is included within the temporal
extension of aimperf-event

Based on the tense distinctions made in the world’s languages, | propose a type
hierarchy fotense(which is the type of the value of thensefeature) as shown in
Figure 9. The basic distinction are betwéanre andnon-future and betweepastand
non-past Thepresenttense inherits from botmon-futureandnon-past There are a
number of other tenses which are specializatioqmastandfuture, with differing
degrees of remoteness.

With grammatical forms such as the pluperfect, where an event is temporally
located with respect to another event, which is in turn located with respect to the
utterance time, | propose explicitly representing this intermeeéatnt, and associating
it with aTENSEVvalue as normal. The other event is related to the tensed event with a
temporal ordering relation such piecede
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6 ASPECT

In defining aspect, Comrie (1976) says that ‘aspects are different waysvifgithe
internal temporal constituency of a situation’. In this section, | will look atliwad
categories of aspectual distinctions: the perfective-imperfective harmetfect-
nonperfect distinctions. More specific distinctions suchastual andinceptivewill be
treated as instances of these broader distinctions.

6.1  Perfectivevs. Imperfective

The distinction between perfective vs. imperfective aspect is well-known, atated
well by the glossary of linguistic terms on the SIL International wel’stfeerfective
aspect is an aspect that expresses a temporal view of an event or states ahole,
apart from the consideration of the internal structure of the time in whichutsycc
Imperfective aspect is an aspect that expresses an event or statespettt to its
internal structure, instead of expressing it as a simple whole.”

In section 5.6, | argued for a distinction in the type hierarchy between types of
events that are interpreted as occurring within their associated reféreaseand types
of events that are interpreted as surrounding their reference times. As tiseafdnese
types are intended to suggest, the first type of event is inherently pexfaat the
second type of event is inherently imperfective. That is, a perfective eveats no
internal structure. Its reference time cannot be within it, as there isithin'vin a
perfective event. An imperfective event, on the other hand, does reveal its internal
structure, so its reference time can be represented as occurring witemioral
boundaries. In this section, I'll be looking at aspect as it is stored on lggioal and
subsequently affected by morphological processes. The resulting propbbaiani
distinct relation to Vendler’s (1957) action types.

| have characterized the present tense as a punctual tense. That iss @& mar
reference time as being a single point in time. On the other hand, a tense suchsis the pa
tense marks a reference time as being an interval extended through tisiewé&lare
left with some predictions about what sorts of events can occur with what sorts of
tenses. In particular, perfective events should not be able to occur in the present tense
Let's look at the sentences (108) - (111).

(108) Kim liked Sandy.
(109) Kim likes Sandy.
(110) Kim talked to Sandy.
(111) Kim talks to Sandy.

The verblike (and other stative verbs) are marked lexically as being associated wit
imperfective event variables. The vedik (to) (and other activity verbs) are marked

10 http://mww.sil.org/linguistics/GlossaryOfLinguisfierms/WhatlsPerfective Aspect.hand
http://www.sil.org/linguistics/GlossaryOfLinguisierms/Whatlsimperfective Aspect.htidecember
2005.
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lexically as being associated with perfective event variables. We edhaell the
examples (108) - (111) are grammatical. The combination of the perfectiviakeand
the present tense, which is predicted to be impossible, actually shows up as the
grammatical (111). What’s going on? First, notice that (leaving aside usesmiesent
such as ‘hot news’ and ‘vivid narrative’ uses) (111) doesn't refer to any adkuadjta
event, but rather to Kim’s habit of talking to Sandy. This is not the case for the
imperfective example (109), which, for at least the most natural readingredee an
actual event of liking. This difference alone is enough to motivate somesdifter
betweerlike andtalk.

Habitual

To account for the grammaticality of (111) | assume the existence otwalpsuft
operators, which are common in the literature. My approach is similar to that ahBona
(2002), who also uses them within an HP@®&& framework. In this particular case, |
assume the existence of an operatyitual which relates one of its arguments, which
must be an imperfective event, toarent-kingdwhich it is a habitual expression of. So
(111) gets thers in (112).

(112) <hO, {h1:etimeé,, tr[ TENSE present])n habitualé;, e, h2),
h2:talk-to, KIM, SANDY)}, { hO =, h1})

MRS (112) says that there is an eves) @ssociated with a present reference time. This
event is the habitual expression of the event-kind defined by the combinagioanof
h2, which is the Kim-talking-to-Sandy kind of event. Recall thatalieto EP is
specified lexically so that it can only take perfective event variablgse; Bias no such
restrictions. In fact, | assume thabitual operator can only take an imperfective event
variable as its first argument. So even thoughdheto relation is specified as
perfective, it doesn’t mean that the activity of talking to somebody has no internal
structure. It is just that that structure is not available from the relatfgplied in the
lexicon. It can become available through an aspectual expression reldted tm
aspectual operator suchlasbitual
Although this is not the place to go into the syntactic details, | assume that the
habitual operator is introduced by a lexical rule. Lexical rules are #dispzert of
syntactic rule that the LinGO Grammar Matrix makes available. @heynary-
branching rules whose mother and daughter nodes are both lexical items. Them® rules
in general allowed to change the morphological form of the word, but in the case of the
habitual operator, it would not. The lexical rule would providehthigitualep and
constrain its second argument to be identical with the hook of the input to the lexical
rule. The first argument of tHeabitualep becomes the hook of the output from the rule.
Bonami doesn’t provide a model-theoretic account of what aspectual operators
do. Here | present an account in terms of the sort of model | introduced in section 4. Just
as an individual-kind (such as the kind “dogs”) can be defined by an individual variable
and a set ofpPs containing that variable, an event-kind can be defined by an event
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variable and a set @Ps containing that variable. Figure 10 is a model in which we can
interpretMrs (112).

E = {Ed}

A = {KIM, SANDY, Ty}
L :{Ho, Hi, Ho, }
K={Ky,...}
X:{<K1, H0>, }

talk-to—>  {(Ho, K1, KIM, SANDY), ...}
F =| habitual> {(Hy, E1, K1), ...}
etime— {{Hp, E1, T1), ..}

R={Hy, Ha}
Figure 10: Model foKim talks to Sandy

This model contains the individuatsv andsanDy, and the timea;. (Although it could
be that times should be separated from other entities in the model, this is not important
for my current point.) There is also the kikg which is defined by the handlg, and is
the kind for events of Kim talking to Sandy. Hypothesiss the hypothesis that is
the habitual expression of kimd. Hypothesisi, is the hypothesis that is the time of
evente;. Both hypotheses; andH; are true.

Aspectual operators, suchlzbitual are interpreted a bit differently from
conventional relations, and a bit differently from quantifier relations. Like dieanti
relations, they relate kinds to other things. But like conventional relations, their
reference is determined by looking up their sense in tHe $#dre is the definition for
interpreting aspectual operators:

e [For operatoeps P(ey, e, hl),
[P(er, & h1)]™ Vsense= h [(h, [e] ™ ¢, kind(h1, &)) e [P]"
[[P(eL €, hl)]]<M'g>Ref: 1 iff [[P(eL €, h:l-)]]“w'g)SenseE R

So the sense of an operaters the hypothesis label that corresponds to the
tuple in the operator’s relation that relates the first event argument e# thehe
event-kind determined by the second event argument ePthed theeP's handle
argument.

Notice then that in (112), the event varialésn’t bound by a quantifier in the
normal way. In effect, it is bound by the operator. Just as when a variable is “bound” by
a quantifier when determining its sense, the event variable here is usednordeter
kind. As such, there need not be any actual talking event in order for the habitual event
to be true. This is what we want. For instance, imagine that part of Kim’s jols duzte
to talk to various people, and Kim is assigned a different talking partner egeky w
Suppose that on this particular Monday, Kim is assigned to talk to Sandy. On the
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morning of that Monday, it is possible to utter (111) truthfully before Kim has talked to
Sandy. And indeed, Kim’s assignment may change before any talking evdiyactua
happens.

Also, note that in example (112), the harfi?eappears both as an argument of
thehabitual operator, and as the label of th-to relation. Most handle arguments are
related tcep labels with the Frelation, so that quantifiers can have different scopal
relationships with them. Here, that doesn’t seem possible. Using tdperator, the
sentence (113) would have thies in (114), leading to the three scope-resolved
readings (115) - (117).

(113) Every person talks to Sandy.

(114) <h0, {h1:everyk, h2, h3), h4:personx), h5:etimeg;, tg[ TENSE present]a
habitual€y, e, h6), h7:talk-to,, X, SANDY)}, { hO =, h5,h2 =, h4, h6 =,
h7})

(115) everyx, personX), existe, etimeg;, tr[ TENSE presenta
habitual€,, e, talk-toe;, X, SANDY))))

(116) existé, etimegy,tr[ TENSE present])a everyk, persornx),
habitual€;, e, talk-to;, X, SANDY))))

(117) existé, etimeg, tr[ TENSE present])a habitual€l, e, everyk, personx),
talk-to(e;, X, SANDY))))

Reading (115) is the natural reading of (113), which says that for every persens the
present state which is the habitual expression of an activity-kind of that peisog tal
Sandy. Reading (117) is pragmatically odd, but still makes sense. It sayetlas a
single present state which is the habitual expression of a single activity+kerd
everybody is involved in cooperatively talking to Sandy. It is reading (116) thatant
to rule out. It says that there is a single present state, such that, fopexsay, that
state is the habitual expression of an activity-kind of that person talking to $alady.
not know what it could mean for a single state to be the habitual expression of more than
one distinct activity-kind. Thus, | conclude that tiebitual operator (and by similar
reasoning, other operators to be introduced below)arlkabels directly as arguments,
without using a gconstraint.

Thehabitual operator constrains its first argument to be an imperfective event
variable. How about its second argument? We’ve seen it can take a perfective event
variable. Can it take imperfective variables as well? The test is whethet (109),
repeated here as (118), can have a habitual reading.

(118) Kim likes Sandy.

It is strangely difficult for me to say whether it does or not. It would be hamdii
approach to aspect if (118) did not have a habitual reading. This is so for the following
reasons. First, the habitual operator, in English, is not associated with any
morphosyntactic structure. The input to Habituallexical rule looks
morphosyntactically just like its output. If the habitual operator can relatefecpee
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events to other imperfective events, it is not clear that there is an elegaot kesp the
rule from applying to its own output. That is, there may be no good way to keep a
sentence like (118) from meaning that Kim is in the habit of being in the habiingf bei
in the habit ... of liking Sandy. However this kind of problem can always be prevented
by adding a diacritic feature to the output of the rule whose only purpose is to prevent
from being used as the input to the rule.

Progressive

Let us turn our attention now to sentences (120) - (123). In (123), just as in (111),
repeated as (119), an underlyingly perfective verb is being used in conjunctiohewith t
present tense with no ill effects.

(119) Kim talks to Sandy.

(120) * Kim was liking Sandy.
(121) * Kimis liking Sandy.
(122) Kim was talking to Sandy.
(123) Kimis talking to Sandy.

Once again, | propose an aspectual operator that relates perfective event
variables to imperfective event variables. This time, it iptiogressiveoperator.
Sentence (123) gets tes in (124).

(124) (hO, {hl:etimeé€, tr[ TENSE present])n progressived;, e, h2),
h2:talk-to, KIM, SANDY)}, { hO =, h1})

Here, theprogressiveoperator relates the activity-kind of Kim talking to Saney(h,)
to its progressive expressiof)( MRS (124) means that the present time stands within
an event which is the progressive expression of the idea of Kim talking to.Sandy

Unlike the habitual operator, the progressive in English is accompanied by
morphosyntactic structure: something in the combination of the auxilésapd the
suffix —ing. Thus, we have a pretty good diagnostic about what sorts of event variables it
can relate its imperfective event variable to. Sentences (120) and (121) shdw that t
progressive operator must relate a perfective event variable with an iotvergvent
variable. The verlike is lexically specified as being imperfective. Sentences with this
verb in the progressive form are just ungrammatical.

It may be objected that (120) and (121) can be ruled out on purely pragmatic
grounds, and need not be ruled out on the basis ofmRsistructures. That is, the
meaning of the verlike is just not the kind of thing that can be progressivized. Some
story might be told about the progressive requiring a process where there isaatont
change of state, or where there is some continual input of energy. But it is had to se
how such stories can classify the vsitas a perfective. Sentence (125) is fine, even
though the verb is in the progressive.

(125) The cat was sitting there all day.
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In addition, Comrie points out that different languages have different rules fartivbe
progressive can be used, or in my terms, when a verb is to be classed as agerfecti
imperfective. In English, the verain acts like a perfective. That is, it cannot appear
with bare present-tense morphology (except as a habitual), but it can appear with
progressive morphology:

(126) * It rains.
(127) Itis raining.

In Icelandic, it acts as an imperfective. It can appear with barenpesse
morphology, but it cannot appear with progressive morphology.

(128) hann rignir.
It rain-present
‘It is raining.’

(129) * hann er ad rigna.
It rain-progressive

In English, verbs likesseeandhear pattern with the imperfectives; in Portuguese
the corresponding verbs pattern with the perfectives. My conclusion is that althoug
there are some regularities, in the end the determining factor of whefivenaverb is
associated with a perfective or imperfective event variable is aghitnad must be
specified in the lexicon explicitly.

It's pretty clear that perfectives must be situated within their neterémes, but
imperfectives may surround their reference times. But is it possibénfionperfective
to be situated within its reference time as well? If imperfectivesesuired to surround
their reference times, then a sentence like (130) must mean something like (131).

(130) Terry was running yesterday.
(131) Terry was running at some point yesterday.

The progressiveunningin (130) is imperfective; the reference time is lexically
specified to be yesterday. Unless Terry was running all day yegt@vtech is not an
entailment of (130)), the reference time must be some point within yesterday

Indeed, this seems to be the case. The progressive implies a referertbattime
can fit within the event, whereas the simple past does not:

(132) Terry was running yesterday, when suddenly there was an earthquake.
(133) ? Terry ran yesterday, when suddenly there was an earthquake.

In (132), the reference time is compatible with the time that something suddenly
happened, which is certainly a smaller span than the whole of yesterday. On the other
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hand, with the perfective (133), the reference time appears to be the whole day
yesterday, a span too big to be cotemporaneous with an earthquake.

Also, two incompatible non-progressive activities can be reported using the same
reference time, but two incompatible progressive activities cannot:

(134) I satand I stood.
(135) ? Iwas sitting and | was standing.

In (134), the (perfective) sitting and standing could easily have happened at
different points within the single reference time. In (135), a singleerertime cannot
be within both an event of sitting and an event of standing.

My conclusion is that across languages, the interpretive component interprets
perfectives in one way with respect to their reference times, and interprete
imperfectives the other way.

Perfective-to-l mperfective Operatorsin General

The habitual operator and the perfective operator both relate perfective evaipliegari
to imperfective event variables. We can capture a generalization byga@sitiore
general perfective-to-imperfective operator, of which the others arepgsotiypropose
the following hierarchy.

relation
LBL  handle
PRED pred

operator_rel
ARGO event
ARGl event
ARG2 handle

perf-to-imperf-aspe
ARGO imperf-event
ARGl perf-event

habitual progressive
Figure 11: Hierarchy for perfective-to-imperfective operators
One benefit of arranging these operators into a hierarchy is that different

languages are free to make more or less fine-grained aspectualidissin&tcording to
Comrie, the Spanish sentence (136) can be translated into English in two ways:
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(136) Juan canto.
Juan sing-PRES
‘Juan sings.’ / ‘Juan is singing.’

This could be handled by treating (136) as ambiguous, giving it one
representation with the progressive operator, and one with the habitual operator. Or we
can treat it as vague, giving it a single unified (or underspecified) gehglinsing the
parent operator common to both.

Various languages may have operators of other types as well. In Akan, there is a
distinction between progressive on the one hand, and continuative on the other. Whereas
the progressive operates on activities (to create states), the continuatatepa
states (to make other states). Such an operator wouldn't fit pedeio-imperf-aspect
but would rather appear under a different abstract openaparf-to-imperf

Punctual vs. Durative Perfectives

Perfective event variables divide into two subtypes: punctuals and duratives. Punctual
are conceived as happening at moments in time, and duratives extend over a period of
time. This distinction is necessary to account for the following data.

(137) Harriet juggles the raisins.

(138) Harriet juggled the raisins.
(139) Harriet is juggling the raisins.
(140) Harriet was juggling the raisins.
(141) 7 Harriet finds the raisins.

(142) Harriet found the raisins.

(143) ? Hatrriet is finding the raisins.
(144) ? Harriet was finding the raisins.

The sentences wiflnggle behave as other activities we have seen before. They
work in the past tense. In the present tense, they take on a habitual readingnlbey c
progressivized. The sentences witld also work in the past tense. But they don’t work
at all in the present tense (barring ‘hot news’ or ‘vivid narrative’ readifignd they
cannot be progressivized.

My explanation is that, as I've said before, all perfectives occur within their
reference times, and are thus incompatible with the present tense. The diffeteate
the habitual and progressive operators only apply to durative perfectivagyiife not
to punctual perfectives likind. So (137) is saved by the habitual operator, whereas
(141) cannot be.

So | need to update the event variable type hierarchy and the aspect-operator
hierarchy:

" That is, a well-formeairs will be generated using the present tense, buintkepretive component or
the pragmatics can only give it the force of a ‘hetvs’ or ‘vivid narrative’ interpretation.
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event

imperf-event perf-event

perf-dur-event perf-punct-event
Figure 12: Updated event variable type hierarchy

perf-to-imperf-aspect]
ARGO imperf-event
ARGl perf-dur-even

habitual progressive
Figure 13: Updated aspect-operator hierarchy

It will be noted that the three classes of event variables correspond to three of
Vendler’s action types. The imperfectives are the statives, the pegfdctiatives are
the activities, and the perfective punctuals are the achievements. From Hexdl ase
the terms ‘stative’, ‘activity’ and ‘achievement’ to refer to the evemiable types and,
when there is no danger of confusion, to the verbs which are lexically assodtated w
those types.

| have not posited a type that corresponds to accomplishments. Accomplishments
are essentially activities that have a natural ending point. Classarapées of the
difference between activities and accomplishments include sentenchkea(igt5) and
(146).

(145) John pushed the cart.
(146) John pushed the cart to the store.

Sentence (145) is an activity. There is no condition that must be met in order for
it to be complete — the activity is over whenever John stops pushing the cart. On the
other hand, sentence (146) is an accomplishment. It is not a complete pushing-the-cart
to-the-store event until the cart is at the store. Another way of saying thegt ian event
of pushing-the-cart-to-the-store entails a resulting state of the dagtdiethe store.

It goes beyond the scope of this thesis to present an account of how this
entailment arises, but | will point out how the approach to aspectual operators outlined
here resolves the imperfective paradox (Dowty 1979). Dowty pointed out that although a
sentence like (146) entails that the cart is at the store, the progressioa wéthe
sentence, shown in (147), does not carry such an entailment.

(147) John was pushing the cart to the store.



a7

In (147), John may have stopped before actually getting to the store, but the
sentence can still be true. Dowty’s solution to this problem is to posit a brancheng ti
structure, where in the time branches that represent the typical couvenisf e
(however that is to be defined), the cart does end up at the store. But it is always
possible that in the time branch that corresponds to the actual course of everggahing
differently.

In my system, the problem doesn’t even arise. Mk&for (146) and (147) are
shown in (148) and (149).

(148) (hO, {h1:etime,, tr[ TENSE past])A push-to-the-store{, JOHN, THE CART)},
{h0 = h1})

(149) <(h0, {h1:etime,, tr[ TENSE past])A progressived;, e, h2),
h2:push-to-the-storeg, JOHN, THE CART)}, { hO =, h1})

In (148), there is an explicit existential quantification on the esgnthich is an
event of John pushing the cart to the store. This triggers the accomplishment’s
entailment, allowing us to infer that the cart got to the store. But in (149), there is no
existential quantification on eveeat That is, there is no actual event of John pushing
the cart to the store. Semanticaltyjs being used to define the evéirid of John
pushing the cart to the store. The ev@ntvhich is the progressive expression of the
event kind defined witle,, is the only actual event being mentioned. This event carries
no entailment.

| terative

Now that we have made a type distinction between durative and punctual events, we
have the opportunity for a new class of aspectual operators. That is, operat@istinat r
achievements to activities. One such operatieiative. So for instancedap is an
achievement. But in English, the iterative operator can be used without any
accompanying morphosyntactic structure. So a sentence like (150) is ambiguous
between the readings (151) and (152).

(150) Herman tapped the window.
(151) (hO, {hl:etimeg, tr[TENSE past])A tape, HERMAN, WINDOW)}, { hO =, h1})
(152) <¢h0, {hl:etimeg,, tr[ TENSE past])A iterativeg, e, h2),

h2:tapg,, HERMAN, WINDOW)}, { hO =, hl1 })

In addition, the activities created by the iterative operator arednearticipate
in the habitual and progressive operators. So sentences (153) and (155) camrget the
structures in (154) and (156), respectivély.

12|n fact, the achievement vefind could in principle participate in these operaw@ssavell, rendering
(141) and (143) grammatical. This is pragmaticatiygl, however, as once the raisins are found, ibere
expectation that they will not (need to) be fougdia.
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(153) Herman taps the window.

(154) <hO, {h1:etimeé,, tr[ TENSE present])n habitualé;, e, h2),
h2:iterative@, es, h3), h3:taps, HERMAN, WINDOW)}, { hO =, h1})

(155) Herman is tapping the window.

(156) <hO, {h1:etimeé€,, tr[ TENSE present])n progressived;, e, h2),
h2:iterativeg,, e, h3), h3:tapes, HERMAN, WINDOW)}, { hO =, h1})

In each of these cases, the variailes a stative, the variab& is an activity,
and the variables is an achievement.

Arguments Change Event Type

| have said that verbs are associated lexically with their event §pethe type of the
event can, at times, seem to change depending on whether the verb has an object, or
what kind of object it is. For instance, althoug)p the windows an achievementap

all the windowss an activity. That is, sentence (157) doesn’'t seem to need an iterative
operator; no window need be tapped more than once for it to make sense.

(157) Herman is tapping all the windows.

| don’t have a complete answer for this, but here is the outline of a possible
approach. Notice that, even disregarding any iterative readings, s(1&8% is
scopally ambiguous. Itgrs is given in (159)

(158) Herman tapped all the windows.
(159) <(h0, {h1:etimeg, tr[ TENSE past])A tap, HERMAN, X), h2:every, h3, h4),
h5:window)}, { hO =, h1, h3 =, h5})

The event variable is implicitly quantified, but in principle, either the varialale
can outscope, indicating that there was a different tap for each window,oan
outscope, indicating that Herman somehow managed to tap all the windows with a
single tap. In the first cagebehaves like an activity. In the second cadehaves like
an achievement. So (157) can do without an iterative operator ortigké€s wide scope.
In readings where takes wide scope an iterative interpretation is forced.

One approach is to underspediy's event variable in the lexicon. That is,
associateap with an event variable of tygeerf-event Further constraints would be
needed to enforce that one or the other subtype be allowed in various scoping
configurations. This has to be sensitive to many factors. For instance, ithe mwaise
that activity variables must always be outscoped by some other variablethasdgyin
thetap class. Alsotap variables remain achievements even if they are outscoped by
another variable, if that variable is introduced in the subject of the senteft&0)nthe
event is an achievement even if there is a different tapping event for eamh. pers
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(160) Every person tapped the window.

For now | will leave this and similar questions as open issues.

6.2  Perfect vs. Non-perfect

Comrie characterizes the perfect aspect as the present relevarpasbsiduation.
Compare, for instance, sentences (161) and (162).

(161) |Ilost my wallet.
(162) | have lost my wallet.

Sentence (161) just says that there is an event, which happened during the (past)
reference time, of me losing my wallet. On the other hand, (162) says something about
the present time. That is, things are in a state which is the result of my hastinyyl
wallet. Perhaps that state is that | still cannot find my wallet. Psrihés simply that |
have had the experience of losing my wallet, and now | can sympathize with dtieers w
lose theirs. Pragmatics, rather than semantics, determines what thagesate is.

My approach to representing this difference includes the assumption that all
states are associated with two achievements: one that kicks it off, and on@ghesf
it. And similarly, each imperfective event (achievement or activity3seeiated with
two states: the one that holds before the event, and the one that holds after it. Thus,
temporal reality, as conceived in language, consists of multiple strintptes s
punctuated by achievements and activities. Activities themselves can be assmtes
(via the progressive operator), and thus have a pair of bounding achievements as well.
Below is a partial diagram of some of the events involved in me losing and finding my
wallet.

state? R
statel C
ach1 state3
o h3, 3 state6 s
. state4 ac state5
activitv state? g

Figure 14: Partial temporal diagram for losing a wallet

This diagram consists of seven states, three achievements, and 1 actiagy. Stat
are represented by line segments, and perfectives (activities and awnés)eare
represented by ellipses. State 1 is the state of me having my wallet.atdisrgls in
achievement 1, which is me losing my wallet. Achievement 1 kicks off two new.states
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State 2 is me having the experience of losing my wallet; state 3 is me nuy hayi
wallet. State 4 is the state of me not looking for my wallet. This state endsvitydg
me looking for my wallet. Activity 1 is bounded by two achievements. Achievement 2 is
me starting to look for my wallet; achievement 3 is me finding my walletialgt
there is also an achievementi®e stopping looking for my wallet. State 5 is the state of
me being in the process of looking for my wallet. The resulting state thievement
3 is state 6: me having my wallet. The resulting state from achievenisrdt8te 7: me
not looking for my wallet.

This view of the world supplies us with more possibilities for aspectual
operators. For instance, we now have available the opeestdt which relates a state
to the (perfective) event-kind that kicks it off. For instanceMkefor sentence (162)
would be something like (163).

(163) <¢hO, {h1:etime,, tr[ TENSE present])a resultg;, e, h2),
h2:lose, 1, WALLET)}, { hO =4 h1})

Here,e; is the me-losing-my-wallet kind of achievement. Tésultoperator
relates it taey, the state that results frosn

Notice here that what was good for ffregressiveoperator appears to be not so
good for theresultoperator. There is no entailment in (163) that any losing achievement
actually took place, although (162) certainly does have such an entailmentaiiéhere
two possibilities for dealing with this. First, we can just stipulate somenthat the
resultoperator adds the entailment that there is some instance of the event-kind it
references that actually exists. The other possibility isrésafitisn’t an operator at all,
and in fact the correatrs for sentence (162) looks like (164).

(164) (hO, {hl:etimeé, tr[ TENSE present])x someé,, h2, h3), hd:resultgy, &),
h5:losey, 1, WALLET)}, { ho =¢ h1, h2 =, h4})

Here, thevmRs explicitly existentially quantifies the wallet-losing event, and
relates that quantified event to the present tenseestdat notice that there is nothing
in (164) that cannot be recovered from the information in (163). So while it is still an
interesting semantic question of which form to ultimately use for intetfmetdor the
purposes of simply generating thies representation, | will assume representations
such as the one in (163).

We can tell that the perfect operatesultreturns a state, not just because of our
intuitions about what a sentence like (162) means. Perfect sentences ame justhie
present tense, a mark of stative events. Also, a state cannot undergo operators such as
habitual progressiveor iterative, as indeed perfects cannot. In English, the habitual and
iterative aspects are not marked by morphosyntactic structure, so wevatitbhaly on
our intuitions. But we can tell by the ungrammaticality of (165) that the refstiie
perfect cannot undergo the progressive.
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(165) * 1 am having lost my wallet.

| have claimed that only perfective events (activities and achievencants)
undergo the perfect. This follows from the assumption | made above about the
punctuated-stative nature of the world, as conceived in language. This seems tebe bor
out by (166) through (168).

(166) I have found the raisins.
(167) | have eaten the raisins.
(168) ? I have liked raisins.

Note also that this analysis predicts that you cannot get the perfectrééct,pe
which is borne out by (169).

(169) * 1 have had lost my wallet.
However, this also predicts that sentences like (170) are ungrammatical:
(170) I have been in my office.

The phrasde in my offices a stative. How is it that it can undergo the perfect,
but other statives, in particular the result of a stative, cannot? First, noti¢et0n
really only makes sense if | have already left my office. My explanagi that an
additional operator, which takes a state and returns a perfective eventaislatnel.
This could be either an “anti-progressive” operator that takes a statetanmd in
activity, or an operator that takes a state and returns the achievememnidht Either
way, the perfective version of the state of me being in my office is followed bhyomy
longer being in my office. Sentence (170), under this analysis would gek#ia
(A71).

(171) <hO, {h1:etime,, tr[ TENSE present])a resultg;, e, h2),
h2:state-to-pert, 3, h3), h3:0ccupygs, I, OFFICE}, { hO =, hl})

But if (170) can be saved by the introduction of an operator (unaccompanied by
any morphosyntactic structure), why can’t (168) or (169)? Actually, ((&8pe saved
this way, it is just that the result is pragmatically odd. It really onlkasaense if your
feeling about raisins have changed, and it is currently significant that youlestte |
them. Both of these things seem unlikely. I'm not really sure what to say about (169).
Perhaps it is just a syntactic fact about English that we cannot have diypedéa
perfective.

Comrie notes that various languages make various distinctions among different
kinds of perfect. Kpelle makes a distinction between the ‘perfect of resulthand t
‘experiential perfect’, so we have these sentences:
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(172) naa kpete.
(173) na Kkpete.

They both translate to Englistihave fixed it But (172) indicates that it still works

(perfect of result), where (173) could be used to show that | have experiencegntfixi

(so now that it is broken again, | would be a good person to look at it). Divisions such as
these can be accommodated by positing subtypes céshioperator.

Related Aspects

The perfect operatoesultis not the only one that our perfective-imperfective
assumption predicts. There should also be an *anti-perfect’ operator: one thabgoe

a state to the achievement that kicked it off. This is the operator used for inceptive
aspect. Comrie notes that in Mandarin Chinese, the Perfective morpheme canshave thi
meaning:

(174) ta  gao-le.
he tall-Pfv.
‘He became tall.’

(175) (hO, {hl:etimeé€, tr[ TENSE past])A inceptiveg, e, h2), h2:tall(e;, HE)},
{h0 = h1})

The variablee, together withh2 is the state kind of him being tad}; is the achievement
of him becoming tall.

We also expect an operator that goes from a state kind to the achievement that
finishes it. This is the operator used for the cessative aspect.

(176) Terry left the office.
(277) <hO, {h1:etimeg,, tr[ TENSE past])A cessatived;, e, h2),
h2:occupyé, TERRY, OFFICB}, { hO =, h1})

The variablee; is the state kind of Terry being in the offiegjs the achievement of
leaving the office.

We expect the inceptive and cessative operators to have versions that go from an
activity (rather than a state) to the achievement which begins or ends itsionser
where the operator can take either an activity or a state into an achmtveme

Finally, there should also be an operator that goes from a perfective to¢he stat
that precedes it. This is the operator used for the prospective aspect.

(178) Terry was going to eat the cookie.
(179) <h0, {h1:etimeg,, tr[ TENSE past])A prospectives;, e;, h2),
h2:eaté&, TERRY, COOKIE)}, { hO =, h1})
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The variablee, together withh2 is the achievement type of Terry eating the coakies
the state that leads up to the eating. Note here that there is no entailmé&atrghat
actually eats the cookie. The variabjes not bound by any existential quantifier — just
by the prospective operator. We are in the state that precedes the etitenganfkie,

but it is still possible for things to change before the cookie actually gets eat

6.3  Operatorsor Features?

| have proposed a relatively elaborate account of aspect, positing sequerspesifa
operators for aspectually complex sentences. Wouldn't it be possible to refinesent
information implicitly in a set of features on event variables, and let subgeque
processing interpret those as appropriate? For instance, sentence (15t fegresas
(180), has theirs in (156), repeated here as (181). But this doesn’t contain any
information that couldn’t be recovered frommars like (182). Couldn’t we just use the
simpler representation?

(180) Herman is tapping the window.
(181) <¢hO, {hl:etime,, tr[ TENSE present])n progressived;, &, h2),
h2:iterative€,, e, h3), h3:tapes, HERMAN, WINDOW)}, { hO =, h1})
(182) <¢hO, {h1:etimefPROG+, ITER +], tr[ TENSE present])x
tap(, HERMAN, WINDOW)}, { hO =, hl})

There are a number of reasons why we may not want to abbreviate aspectual
operators using features. Binary features can’t support multiple ocoesrehthe same
operator. The operator approach predicts that there could be a language that
grammaticizes a sentence with a meaning such as (183), givirrsdike (184).

(183) Terry began the process of continually starting to read Moby-Dick.
(184) <(hO, {h1:etimeé,, tr[ TENSE past])A inceptivegy, e, h2),

h2:iterativeg,, e, h3), h3:inceptivegs, &4, h4),

h4:readés, TERRY, MOBY-DICK)}, { hO =, h1})

Here, Terry keeps starting to refsldby-Dick MRS (184) indicates that this process
began during the (past) reference time. The varigbhath handleh4 is the activity

kind of Terry readingMoby-Dick The variables; with handlee; is the achievement kind
of Terry starting to read it. The varialdgwith handleh2 is the activity of Terry
continually starting to read it. The varialgels the achievement of Terry beginning the
activity of continually starting to read it. Using a set of binary featunesetis no way

to encode the fact that the inceptive operator has been used twice. It is true ¢hat w
simply add more features, suchoeg)BLE-INCEPTIVE. However, if our hypothetical
language grammaticizes inceptive through a suitably recursive msghasich as
derivational morphology or auxiliary verbs, this approach will ultimately fai
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The more highly elaborated approach makes use of a sequence of operators, not
just a set of them. It may not always be possible to reconstruct a single unausbig
order of operators from a set of features. For instance, there may beagkatigat
grammaticizes a sentence with a meaning such as (185), yieldurgdike (186).

(185) Terry is going to stop her habit of entering the office.

(186) <¢hO0, {h1:etimeg,, tr[ TENSE present])n prospectives;, e, h2),
h2:cessativet, e3, h3), h3:habitualés, &4, h4), hd:inceptiveé,, es, h5),
h5:occupyés, TERRY, OFFICB}, { hO =, h1})

Here,es with h5 is the state kind of Terry being in the offiegwith h4 is Terry
entering the officegs with h3 is Terry habitually entering the office, with h2 is Terry
stopping the practice of entering the office, ant Terry being about to stop the
practice of entering the office. The feature approach would have us rephesent t
something like (187). But note that this is the exact same representation wegebul
for a sentence meaning (188), which should gettitein (189),

(187) (h0, {hl:etimefPROSP+, CESS+, HABIT +, INC +], tg[ TENSE present])x
occupyg, TERRY, OFFICE}, { hO =, hl})

(188) Terry is in the habit of beginning to be about to leave the office.

(189) (h0, {h1:etimeé,, tr[ TENSE present])n habitualé;, e, h2),
h2:inceptiveé,, e3, h3), h3:prospectivess, &4, h4), hd:cessatived;, es, h5),
h5:occupyés, TERRY, OFFICB}, { hO =, h1})

Of course, these arguments would carry more force if | could actually produce
such sentences in some language. Until such sentences are produced, or somehow
shown not to exist, this stands as differing predictions made by each approach.

Aspectual operators can constrain their arguments to be of particularTises.
is how we have accounted for the ungrammaticality of, for instance, (190) and (191),
and why we do not, for instance, get a habitual reading for (192) and (193). The
progressiveandhabitual operators take activities. The event for the Viddy and the
output of theesultoperator are both states.

(190) * Harriet was liking raisins.
(191) * 1 am having lost my wallet.
(192) Harriet likes raisins.

(193) I have lost my wallet.

No doubt, there are other ways to rule out these sentences, or these readings for
these sentences, but with the operator approach, we can do this quite straightforwardly
using the typed feature-structure framework.

Finally, the operator approach must be used if we need to be able to refer to each
of the event arguments separately elsewhere in the grammar. This islpnebiat we
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need in order to account for the distinct (iterative) readings of (194), shown in (195) and
(196).

(194) Herman tapped the window to get Terry’s attention.
(195) <(hO, {h1:etimeé,, tr[ TENSE past])A iterativeg, e, h2) A
to_get_attentiors), h2:tap€,, HERMAN, WINDOW)}, { hO =, h1})
(196) <(hO0, {h1:etimeg,, tr[ TENSE past])A iterativeg, €, h2),
h2:tap€,, HERMAN, WINDOW) A to_get_attentiorp)}, { hO =, h1})

In (195), the thing that Herman did to get Terry’s attention was to tap the window
repeatedly. In (196), what Herman did repeatedly was to tap on the window, ¢rying t
get Terry’s attention each time. In a feature-based approach, timerevesy to
distinguish between these two readings.

One possible response is to say that the feature-based representation is
underspecified, and that the interpretive component will associate it wittatepar
readings that correspond to (195) and (196). This won't do, however. The feature-based
approach would presumably give a representation to (197) which is the same, imtreleva
ways, to the one it gives to (194).

(197) To get Terry’s attention, Herman tapped the window.

However, (197) only has the reading in (195), not the reading in (196). From this, |
conclude that the distinct events assumed by the operator approach are necessary.

6.4 Summary

In this section | have laid out my proposal for handling aspeat& Aspectual

operators relate events to event kinds. For instanclathiaual operator relates a stative
event to the activity-kind it is the habitual expression of. These operators may be
introduced in any of the ways that @mmay be introduced, but they are commonly
introduced via lexical rules, possibly without any morphological change hetivee

input form and the output form. Since events in various aspects are expressions of event
kinds, and those kinds are not required to have any instances that actuallyisxist, th
provides a resolution to the imperfective paradox.

Operators are implementednirs as predicates with three arguments: two event
variables and a handle. The second event variable and the handle together define the
event type. The handle is not related t&rtabel via a 7 constraint; it is identical to
the label of somepin themRs.

| split theperfectiveevent type into two subtypgsunctual which corresponds
to achievements; ardlrative which corresponds to activities. Thegressiveand
habitual operators relate activity event kinds to imperfective eventsitétaive
operator relates achievement event kinds to activity events. Aspectual gpeaatdie
strung together to turn event kinds of one sort into event kinds of another sort, and
eventually to events of still another sort.
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The conception of the temporal arrangement of events where statives are
bounded by perfectives, which in turn are flanked by statives, gives rise heaset of
aspectual operators, typified by the perfect, which relates an achigviine) to the
state that results from that achievement.
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7 CONCLUSION

In this thesis | have presented and argued for an approach to tense and aspeittewithi
framework of Minimal Recursion Semantics. In this approach, certairaletems,
namely verbs and (at least) some nouns and adverbials intrertuiteat include an
unbound time variable as one of its arguments. The contribution of tense is to specify
the value of aeNnsefeature on this time variable. In the final interpretation oivke
structure, some time will be associated with this time variable, andrtetriust be
compatible with the constraint imposed by tleiSe feature. In this approach, event
variables are divided into a number of types. The type of the event variabhaideter
the nature of the relation between the event variable and its refererc®#rfective
events occur within their reference times and imperfective events surround thei
reference times. Aspectual distinctions are accounted for with aspectuaiarp,
which relate event variables to other event variables. These operatorsiedhsttgpes
of event variables that can appear as their arguments.

In order to provide a full semantic account of tense and aspect, | have proposed a
novel approach for determining the model-theoretic interpretatiomeo$tructures
directly. In this account, models contain hypotheses, which taken togethepooitdo
every thing that might be given a truth value. The model specifies which of these
hypotheses is true. Hypotheses concerning quantification involve relations tetwee
kinds, which are stored in the model along with normal individuals. Aspectual operators
also involve relations between event individuals and event kinds. Although | have every
reason to believe this approach to semantics could be made to work for interpreting
syntactic structures directly, it is particularly applicable for titerpretation of
semantic representations, suchvas, where quantifiers and other scopal operators are
treated as a variety of predicate.
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