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this means that e; contains an ¢-atom. As we made no special assumption
for e, it follows that ¢ is atomic (cf. D 18).

To conclude this section, let us look at the patient relations we have
to assume for different classes of verbs. First, I introduce a new notion,
called graduality. It comprises uniqueness of objects, mapping to objects,
and mapping to events and says intuitively that the object is subjected
to the event in a gradual or incremental manner, that is, in the way visualized
by the space-time diagramm (11).

(D 35) VR[GRAD(R) <= UNI-O(R) A MAP-O(R) A MAP-E(R)]
(Graduality)

The criteria for the classification of thematic roles can be applied to
transitive verbs. This yields at least three interesting classes; two of them

can be further subdivided for independent reasons.

(14) example SUM GRAD UNI-E label

write a letter X X X gradual effected patient
eat an apple X X X gradual consumed patient
read a letter X X - gradual patient

touch a cat X - - affected patient

see a horse X - - stimulus

5. TEMPORAL ADVERBIALS

In this section, I want to show why durative adverbials like for an hour
and time-span adverbials like in an hour provide diagnostic contexts for
the temporal constitution. To do this, I have to introduce times into the
model structure.

I assume a predicate T, extensionally disjunct from O and E, which
characterizes times and carries a complementary complete join semi-lattice
without bottom element. In addition, I assume that this lattice is atomic,
with T, as the set of T-atoms; the atoms will represent time points. The
variables which range over the extension of T will be given as t, t’, etc.

(D 36) VH[T,(t) < ATOM(t,T)]

Furthermore, I assume a relation of temporal precedence. Let T, be linearly
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ordered by a transitive relation <; (D 37). This relation can be extended
to times in general by saying that a time t temporally precedes a time
t’ if every part of t precedes every part of t' (D 38). With this, we can
define convex times, or time intervals (D 39).

(D 37) VEVEVETA(t) A Tot') A Tolt”) = at<gt A [t<qt’ A t<qt ” — t<gt"]]
(D 38) VEVHTt<ot’ = VE'VE[T,(t") A To(t”) A U'Crt A t7Crt’ — 17<qt”]]
(D 39) VI[CONV(t) — VEVEVE[UCrt A VCrt A t<gt”<qt” — t"Cqt]]

I further assume a function 7 from E to into the extension of T, the temporal
trace function. This function maps an event to its temporal trace, or ‘run
time’. It is a homomorphism relative to the joins:

(D 40) VeVe[r(e)Urr(e) = m(eUge)]

We start with durative adverbials. They can be considered as the adverbial
counterpart to measure phrases (cf. section 3). They differ from adnominal
measure phrases insofar as there seem to be no measure functions which
can be applied to events directly, but only measure functions which can
be applied to entities which bear a relation to events, most notably times
(as in sing for an hour). This relation is'modelled by the temporal trace
function 7. Assume an extensive measure function for times u, EMFy (3 p,
+,, 1). Then we can construe a derived measure function u’ for events
as in (D 41). It can be shown that u’ is extensive relative to some preorder
<, and concatenation +, for events which are defined as in (D 42) and

(D 43), that is, EMFg(S y, ).

(D 41) Ve[p'(e) = p(r(e))]
(D 42) VeVe'[r(e) 2 ,7(e") — e Z €]
(D 43) VeVe'[~7(e)°rr(e") — [e+.€" = eUge']]

The restriction that ¢; and e, must not overlap temporally captures the
most prominent interpretation. Consider the fact that, for example, John
sang from 2 o’clock to 4 o’clock, and Mary sang from 3 o’clock to 5
oclock. Then it holds either that John and Mary sang for 2 hours
(distributively) or that John and Mary sang for 3 hours (collectively), but
it does not hold that John and Mary sang for 4 hours.!4

As an example for durative adverbials, assume that h’ represents hour,
an extensive measure function for events. If we analyze durative adverbials
as the adverbial counterpart of measure phrases, we arrive at interpretations
like the following one:
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(15)  for an hour
APVYe[P(e) A W’(e) = 1 / QMODg(P,APAe[P(e) A W’ (e)=1])]

The wellformedness condition after *“/” excludes quantized predicates P
and says that the result of the application of the modifier to an event
predicate must result in a quantized event predicate (cf. D 28). Thus, the
data in (1,2) are explained.

It is worth noting that durative adverbials are downward entailing in
our analysis; e.g. Ann read for n hours implies Ann read for n' hours if
n’<n. Therefore, a situation for which Ann read for three hours is true
is also a situation for which A4nn read for two hours is true. But the second
sentence can be shown to be less informative than the first one. Therefore,
if both sentences are true, the first one is preferred by the pragmatic rule
I which was stated in section (3) above.

I now turn to time-span adverbials like in an hour. The semantics of
these adverbial modifiers can be characterized as follows: They say that
an event is located in a convex time with a given length. Note that this
captures the fact that these adverbials are expressed by the preposition
in. As an example, consider the following.

(16) in an hour  APAe[P(e) A 3 {CONV(t) A W()=1 A ~e)Crt]]

Why have time-span adverbials, then, the well-known effects with telic
and atelic verbal predicates (cf. 1,2)? The reason is to be found in pragmatics.
I will start to outline the argument informally. First, note that time-span
adverbials are upward-entailing operators. Consider for example drink a
glass of wine in n hour(s). If this predicate can be applied to an event,
then the predicate drink a glass of wine in n’ hour(s), with n">n, can be
applied to this event as-well. This is obvious if one considers examples
like (17), which are exactly parallel to the standard examples of scalar
implications (18):

(17)  Ann drank a bottle of wine in one hour; in fact, she did it in
53 minutes.

(18)  Ann earns 4000 DM; in fact, she earns 4300 DM.
This upward entailing property of time-span adverbials predicts their

combinatorial behaviour in (1,2). If one has a sentence pattern like drink
6 in n hour(s), the pragmatic rule (I) I stated in section (3) forces the
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value of n to be as small as possible, in order to be maximally informative.
But n can have a smallest value only if the predicate drink & is atomic;
otherwise it is possible to take smaller and smaller events which still fall
under drink 8. Now, if § is quantized, then the predicate drink § is atomic;
this we showed in (T 13). On the other hand, if 8§ is not quantized, then
the atomicity depends on the position we take towards the minimal part
problem. Normally, natural language refrains from referring to minimal
parts of cumulative predicates, be it mass nouns, bare plurals, or atelic
verbal predicates. But it is exactly in contexts like this that we find examples
like (19), which can be read as report of some unusual competition. They
can be explained if one assumes that atomic drinking events are referred
to.

(19)  Ann drank wine in 0.43 seconds.

Thus, it is not quantization, but more generally atomicity of the verbal
predicate which is required by time-span adverbials.

The contrast between drink wine in 0.43 seconds and *drink wine in an
hour shows that we should not look for a purely semantic anomaly in
the latter case, but for a pragmatic one. I will assume that expressions
like *drink wine in an hour cannot be reasonably construed as referring
to minimal events of drinking an hour is just too long for that. But then,
the application of the time-span adverbial does not lead to a more specific
meaning and is, therefore, redundant. The pragmatic rule which is at work
here can be directly inferred from Grice’s maxim of manner, ‘Be brief!’.

Pragmatic Rule II:
If two expressions are equally informative, and one is more complex
than the other, then choose the one which is less complex.

The steps in this argument can be explicated formally in our representation
of time-span adverbials. Consider the following phrase, where « is a verbal
predicate, u an extensive measure function, and v a number.

(20) ¢ = Ae[a(e) A I t[u(t)=v A CONV(t) A 7(e)Cxt]]

First, it can be proved under some additional assumptions that time-span
adverbials are upward-entailing.

Sketch of the proof: Assume an e; with ¢(e,). Then there is a t; with
u(t))=v and 7(e;)Crty. Assume a number v’, with v<<v/, and assume that
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there is a t, with CONV(ty), u(ty)=7v', and t;,Crty. (This is fairly uncon-
troversial in our context. One has to presuppose ¢.g. that times are as
dense as the set of numbers from which v, v’ are taken.) But then it holds
that 7(e;)Crt, because the Cr-relation is transitive, and consequently that
é[v/v')(e,), where ¢[v/v'] is equal to ¢ with the exception that v is replaced
by v'". Therefore, ¢ is upward entailing with respect to v.

Second, we have to show that if « is atomic, then we have smallest
convex times t for which 3 e[a(e) A 7(e)Crt] holds.

Sketch of the proof: Assume ATMg(e), and an ey with a(ep). Then for
every a-partition of ¢ into smaller parts, that is, for every ey,..,e with
afey),..,e(e,) and ey = e;UgeUg..Ugey), it holds that for every e;, 1<isk,
there is an e with ATOMg(e,a) and eCge;. That is, with every element
¢, in every a-partition of ey, if one tries to pass over to an e/ with ¢/Cge;
and a(e;'), one eventually reaches an ¢; for which this is not possible anymore,
since ¢; is an a-atom. Those ¢; are mapped by 7 to times t: t;= 7(g;).
Every time t;, in turn, can be mapped to a smallest possible convex time
t; with t;Crt;". The smallest convex time t;’ is the one we are looking for.

If, on the other hand, « is not atomic, then there is an infinite sequence
of events eg,ep,.. with e, ,Cge; and afe;) for i=0. Corresponding to this
sequence there is a sequence of times to,ti,.. with t;=7(e;) for i=0. As
7 is a homomorphism, it holds that t; ;Cyt; for i=0. The t; are lower bounds
for convex times t/ with t;Crt/. As there possibly is no minimal t;, it is
possible that there is no minimal t; either.

6. NEGATION

In this and the next section, I will propose a treatment for two topics
which have been considered particularly difficult for event semantics:
negation and, more generally, quantification. This treatment makes essential
use of the event lattice structure.

Negation is a complicated matter for semantic approaches based on
events, situations or similar entities. The reason is that negated expressions
are not persistent, that is, they can switch their truth value if increasingly
larger situations are taken into account. For example, nobody applauded
can be true in a certain situation (say, on the right side of the parliament),
but false in a larger situation (say, if we we look at the parliament as
a whole).

To handle negation correctly, one has to take into account situations
which are ‘large’ enough. One possibility would be to move right to the
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propositional level and assume that negation is a sentential operator which
applies only to propositions and not to event predicates (cf. Biuerle 1987).
But this would imply that negation always has wide scope over event
predicate modifiers. If we want to have a uniform analysis of time adverbials
like for two hours, this would surely be undesirable. There are examples
like the following one, which has a reading in which the durative adverbial
has scope over negation:!5

(21)  John didn’t laugh for two hours.

As we have lattices as model structures, we need not leave the event level
to get ‘large’ reference structures. Instead, we can characterize negated
expressions with the help of maximal events, that is, the fusion of all events
at a certain time. For example, John didn’t laugh as an event predicate
can be analyzed as referring to maximal events which do not contain an
event of John’s laughing.

The crucial notions of the maximal event of a specific time and a maximal
event of some time can be defined as follows:

(D 44) VeVi[MXT(e,t) < ¢ = FUg(Ae[7(e)C1t])]
(maximal event at time t)

(D 45) Ve[MXE(e) < 3 tfe = FUg(Ae[r(e)TrtD]]
(maximal events at some time)

The event predicate negation then can be defined as a modifier \PAe[MXE(e)
A - 3e[P(e") A e'Cge]]. As an example, consider the following!6:

(22)  laugh[V/NP,] Ae[langh’(e) A AG(e,x,)]
did not [AUX] APAe[MXE(e) A - 3e'[P(e") & e'Crell

did not laugh [V/NP,] Ae[MXE(e) A - 3 eTlaugh’(e") A AG(e',x;) A
e'Cge]]

John [NP] APAe Ax[P(e) A x,=John’]

John did not laugh [V] Ae Ax[MXE(e) N - Fe'laugh’(e) A AG(e’,x,)
N €'Cge] A x,=John’] (= -¢, for short)
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That is, —¢ applies to maximal events which do not contain a laughing
by John (see Humberstone 1979, van Benthem 1983 for a related treatment
of negation in interval semantics). )

It is clear that —¢ is not quantized. For if an event e does not contain
an event of a class ¢, then no subevent ¢ of e can contain an event of
class ¢ either; if it did, this property would have been projected from
¢’ to e because of transitivity of the part-relation.!” This explains why
they can be combined with durative adverbials, as the wellformedness
condition expressed by QMODy is satisfied. Look at the following possible
continuation of the above representation:

(23)  John did not laugh [V] -¢
for two hours [PP] APAe[P(e) A W(e)=2 A
QMODg(P,APAe 3 t[P(e) A W(e)=2])]

John did not laugh Ae[-dIA R (e)=2 A
for two hours [V] QMODg(-¢,APAe[P(e) A W (e)=2])]

Note especially that we did not make any assumptions that the basic
predicate ¢ is cumulative or quantized. This explains the acceptability
of sentences like (24):

(24)  John did not drink (a glass of) wine for two days.

But negation is not only a ‘plug’ for the temporal constitution of the
basic predicate. Surprisingly enough, negation blurs the complementary
distribution of durative adverbials and time-span adverbials, as shown by
(25).

(25)  John did not drink (a glass of) wine in two days.

It seems that our theory makes a false prediction here, as negated event
predicates cannot be considered to be atomic, which we assumed to be
a precondition for the application of time-span adverbials. But note that
we had to do pragmatic reasoning in order to explain in which cases time-
span adverbials are applicable. We said that in. order to be maximally
informative, the time span must be as small as possible. If we look at
examples like (25), we find that pragmatic implications are reversed: the
longer the time spans are, the more informative they become. The reason
for this is that negation induces an implication reversal (cf. Fauconnier
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1978). Therefore, time-span adverbials are appropriate which denote as
large an interval as is possible, in order to maximize informativeness. This
explains why time-span adverbials can be applied to negated event sentences.

How can a simple negated sentence like John did not laugh be treated
along these lines? It is well known that negated sentences must be interpreted
relative to a specific reference time. For example, a sentence like John
didn’t laugh does not mean that John has never laughed, but that John
didn’t laugh at a certain relevant time. This was observed and discussed
first by Partee (1973) with examples like (26.a). Another example is (26.b),
where the sentence nobody laughed clearly is to be interpreted with respect
to a reference time which is shifted forward with each sentence.

(26) a. Ididn’t turn off the stove.
b. John told a joke. Nobody laughed. John told a second joke.
Nobody laughed. John told a third joke. Someone yawned.

Béuerle (1979) argued that sentences in general have to be evaluated with
respect to a reference time, which he conceived as a temporal interval.
For example, a sentence like John laughed does not mean that John laughed
at some time, but that he laughed at a specific time.

Let us assume that every sentence is evaluated at a reference time denoted
by the standard time variable t,, and that this variable is introduced at
the level of the declarative operator. Now there is a basic difference between
negated and unnegated sentences: A negated sentence should be true if
the run time of its event equals the reference time, whereas an un-negated
sentence should be true if the run time of its event is included in the reference
time. For example, assume that a temporal adverbial like yesterday can
specify the reference time. A sentence like John didn’t laugh yesterday
intuitively is true only if the non-laughing by John lasted the whole day,
whereas for a sentence like John did laugh yesterday, it is not necessary
that the laughing of John lasted the whole day.

A way to handle this problem is to assume the weaker inclusion relation
as basic and make the negation operator dependent on the reference time.
That is, we have the following interpretations of the declarative operator
and the negation operator:

(27) DECL[S/V] AP 3e[P(e) A 7(e)Crt,]

(28)  does nof{AUX] APAe[MXT(e,t,) A = Fe'[P(e) A e'Crel]
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The negation differs from the representation of does not in (22) insofar
as it takes into account the reference time of the whole sentece. This works
out properly for un-negated sentences and sentences with a negation
dependent on the reference time, as the following examples show:

(29) John laughed [ V)] Ae[laugh’(e) A AG(e,John’})]

DECL[S/V] AP Je[P(e) A T(e)Crt,]
John laughed [S] 3 eflaugh’(e) A AG(e,John’) A T(e)Crt.]]

(30)  John did not laugh [V]  Ae[MXT(e,t,) A - Felaugh’(e) A
AG(e’,John’) A e'Crel]

DECL[S/V] AP 3 ¢[P(e) A 7(e)Crt,]

John did not laugh [S] de[MXT(e,t;) A - 3 eTlaugh’(e’) A
AG(e’,John’) A e'Cge] N 7(e)Crt,]

The first representation says that an event of John’s laughing occurred
during the reference time. The second one says that the maximal event
of the reference time does not contain an event of John’s laughing, that
is, that John didn’t laugh at any part of the reference time.

The price we have to pay for this analysis is to get along with two
types of negations, one which does make reference to the reference time
and one which doesn’t. A possible reason why we do not get real ambiguities
with sentences like John didn’t laugh (yesterday) is that the negation which
doesn’t takes into account the reference time would produce a very weak
reading: namely that at some time yesterday, there was no laughing by
John 18

7. QUANTIFICATION

Another problem in event.semantics is the treatment of quantifiers, which
is most elegantly solved in the standard semantic theory of generalized
quantifiers (GQ) (cf. Barwise & Cooper 1981).

Several treatments of quantifiers have been proposed in event semantics
(Parsons 1980, Schein 1986, Link 1987; the treatment of quantifiers in
interval semantics by Cresswell 1977 could be easily carried over to event
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semantics). However, these analyses have various shortcomings; for exam-
ple, it remains unclear how they can be extended to the full range of
quantifiers treated by GQ Theory. Here, I will show that it is possible
to incorporate the power of GQ theory once we have lattice event structures
and the notion of maximal events at our disposal.

Consider the following examples:

(31) Most girls sang.
(32)  Less than three girls sang.

(31) is a sentence with an increasing quantifier. It should be true if there
was an event which contains a singing of most (that is, more than half
of the) girls. (32), on the other hand, is a sentence with a decreasing
quantifier. It cannot be paraphrased by ‘there was an event which contained
singing events of less than three girls’, because this paraphrase allows for
more girls to have sung as well. That is, the truth of (32) cannot be checked
locally, but we must take into account maximal events, as with negation.
To handle quantifiers uniformally, we can make reference to maximal events
with increasing quantifiers as well.

Let us first define a function max which maps a relation between numbers
and entities to a number, the highest number for which the relation holds:

(D 46) VnVR[max(R) = n < I x[R(x,n) A Vn'[ I x[R(x,n")] — n'=n]]]

Consider the event predicate less than three girls sing. It should hold of
maximal events which contain the singing of one or two girls at most
(or contain no singing of girls at all, a limiting case which should be
filtered out by a pragmatic rule). To handle maximal events, we can either
choose maximal events at the reference time (with MXT) or simple maximal
events (with MXE); in the latter case, we get the following interpretation:
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(33) sing[V/NP] Aefsing’(e) A AG(e,x,)]
girl[N/NM] girl’
less than three ARAPAe[MXE(e) A max(Anix, Je’
[NP/(N/NM)] [R(x,,n) A P(e) A e'Cge])<3]
less than three APAe[MXE(e) A max(Anix, 3 &
girls[NP] [girl’ (x,,n) A P(e") A e'Cre])<3]
L~
less than three girls Ae[MXE(e) A max(AnAx, 3 e'[girl’ (x,,n)
sing[V] A sing’(e) A AG(e,x)) N e'Cre])<3]

This is true if the total number of girls singing in the maximal event e
is less than three.19

Consider as a second example the treatment of an increasing quantifier,
most girls. This is at the same time a proportional quantifier, which means
that we cannot specify an absolute number, but have to determine a
proportion. In order to treat i ing and decreasing quantifiers alike, I assume
that increasing quantifiers refer to maximal events as well.

(34)  most girls[NPg]

max(AnAx, 3 eTP(e’) A girl’(x,,n) A €'Cge])
max(AnAx [ girl’(x,,n)])

APAe[MXE(e) >1/2]

An event predicate like most girls sing, then, holds of maximal events
which do contain singing ¢vents of more than half of the girls.20
It is obvious how the treatment of quantifiers given above can be extended

to cover other numerical quantifiers like (exactly) three girls, more than '

three girls, between three and seven girls, an odd number of girls, etc.

This treatment of quantification must be extended in various directions
to cover the wealth of possible quantifiers in natural languages. For example,
it should be extended to mass noun quantification, as e.g. most wine, where
we cannot resort to a given measure function, but must employ some
measure function which is extensive for the domain in question. Here,
I will treat three problems, namely definite NPs, cumulative quantification
and distributive quantification.

Definite NPs, like the gold, the girls or the three girls, pose a problem
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for the classic analysis of the definite article because the condition of
uniqueness is not met with expressions like the gold. The empirical
generalization is that the definite article can be used with cumulative
nominal predicates if they have a non-empty extension, and it can be used
with quantized nominal predicates if they have a non-empty singular
extension. This can be captured by the following analysis:

(35) a. the[NP/N]
AQAPAe Ix[P(e) A x,= x[x=FUg(Q) A Q(x)]]
b. the three girls[NP]
APAe Ax[P(e) A x,= x[x =FUg(Ax[girl(x;3)]) A girl’(x,3)]]
c. the girls[NP,]
APAe Ix[P(e) A x,= x[x =FUp(girls’(x)) A girls’(x)]]

In this analysis, definite NPs contain terms of the form x[x=FUqy(8) A
0(x)], where 8 is the nominal predicate. This expression refers to the maximal
individual, so to speak, to which & can be applied. Now consider two
cases:

(i) If d1is cumulative and has a non-empty extension, then this maximal
individual necessarily exists. Proof: & has a fusion (because O and U,
constitute a complete lattice), and this fusion is itself in the extension
of & (because 6 is cumulative).

(it) If 6 is quantized, then xX[x=FUqg(8) A 8(x)] exists only if & has
singular reference. That is, the condition of uniqueness emerges as a special
case which only holds for quantized predicates (cf. also Link 1983). Proof:
If 6 has singular reference, then the fusion is identical to the only object
in the extension of & (because Uy is idempotent); but if § is quantized
without having singular reference, then the join of two different objects
in the extension of 8 (and therefore, the fusion of 8) cannot be in the
extension of 4.

For cases like the girl, we could assume that the determiner zhe fills
the number argument of the count noun relation by 1:

(36)  the[NP/(N/NM)]
ARAPAe 3 x[P(e) A x,= ix[x = FUo(R(1)) A R(x,1)]]

Next, consider cumulative readings, as in the following example.

(37)  Two girls ate seven apples.
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The readings we are looking for are those in which no more than seven
apples are eaten. I call this readings cumulative after Scha (1981), who
identified it with the example 500 Dutch firms own 2000 American computers,
and not ‘collective’, as this term should be saved for examples like John
and Mary (jointly) wrote a book. In example (37), there is no implication
that the girls have eaten the apples jointly; it just says that there are two
girls and seven apples such that the girls ate the apples in a way that
no girl and no apple is left, but not necessarily jointly.

If we claim summativity with any thematic role, we are in a position
to handle cumulative readings in an elegant way. For example, if there
are two events, one to be described by (38.a), the other by (38.b),

(38) a. Mary ate three apples.
b. Susan ate four apples.

and if the apples Mary and Susan ate do not overlap (which is most plausible
for consumed patient relations), then the sentence Mary and Susan ate
seven apples can be derived if one assumes that the thematic relations
are summative, and that the count noun meaning is based on an extensive
measure function compatible with the object lattice.

(39) eat’(e)) N AG(e;,Mary’) A PAT(e;,y;) N apple’(yy,3)
eat’(e,) A\ AG(ey,Susan’) A PAT(e,,y,) A apple’(y;,4)
—Y1°0Y2

eat’(e;Ugey) N\ AG(e|Ugey,Mary’UgSusan’) A PAT(e;Uge,,y1Ugy2) A
apple’(y,Uoy»,7)

Note that the derived sentence has rather weak truth conditions, as the
relating of the apples to Mary and Susan remains unspecified. This is
as it should be, as the different ways of relating them are not ‘readings’
of the sentence. In contrast to other theories of cumulative predication,
most recently Gillon (1987) and Verkuyl (1988), this is a natural outcome
of a simple rule (summativity of thematic relations) and need not be stated
by a complicated rule involving quantification over partitions of sets and
the like.

With this analysis, the treatment of cumulative readings becomes possible,

if we analyze indefinite NPs as above.
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(40) a. 1wo girls[NP] APAe 3xfP(e) N girl’(x,,2)]
b. two girls ate seven apples[V]
Ae I x.3 x Jeat’(e) N AG(e,x) N\ PAT(e,x,) N apple’(x,,7) A
girl(x;,2)]

This representation does not exclude that two girls ate more apples, or
that more than two girls ate apples. But we arrive at a ‘maximal’
interpretation if we take into account the pragmatic rule (I). The reason
is that n girls ate m apples entails n’ girls ate m’ apples if n"<n or m'<m,
so that the hearer can assume that the speaker chooses the highest values
for n, m to be maximally informative.

Finally, I will analyze the distributive readings of the sentence two girls
ate seven apples, and 1 will concentrate on the reading where two girls
ate seven apples each. We can give an interpretation of it by use of the
notion of an atomic part of objects, ATPg, as defined in (D 19). The
basic idea, which was put forward in Link (1983), is that this sentence
is true in this reading if there is an object x which consists of two girls,
and for every atomic part x’ of x (that is, for every individual girl in
x) it holds that x’ ate seven apples. There are two possibilities to get this
interpretation: Either we put the representation of distributivity into the
subject NP or into the verbal predicate. In the latter case, I assume a
verbal operator which manifests itself optionally in the adverbial each,
which is to be bound to a specific syntactic variable.

(41)  ate seven apples Ae Ax[eat’(e) A AG(e,x,) N PAT(e,x,) N
[V/NP] apple(x,,7)]
two girls[NP;] APhe Ix[girl'(x,2) A VX [ATPo(x,,x) —

A e[P(e) A e'Cgelll

two girls ate seven Ae A x[girl(x,2) A Vx[JATPo(%,,x) —
apples[ V] de’ Ax [eat’(e’) A AG(e’,x,) A PAT(e' ,x,) N\
apple(x,,7)] N €'Ceelll
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(42)  ate seven apples Ae A x,[eat’(e) A AG(e,x;) A PAT(e,x,) A
[V/NP] apple(x,,7)]
(eachy) APAeVX[ATPo(X,x;) — 3 x, e [x=x%, A
[(V/NP)/(V/NP)] P(e) N e'Crel]
ate seven apples AeVX[ATPo(x,x) ~ Ix,3 [x=x%, A
(each,) [V/NP] A x[eat’(e") A AG(e’,x) A PAT(¢',x,) A ap-

ple’(x,,7)] A\ e'Ceel]
two girls[NP;] APAe A xJgirl’(x,,2) A P(e)]

two girls ate seven Ae I xfgirl'(x,,2) A VX[ATP(x,%,) —
apples (each,) [ V] Ix, I eTx=x; A I x,[eat’(e’) A AG(e',x)) A
PAT(e',x,) A apple’(x,,7)] A €'Cge]l]

Both representations describe the same type of events; moreover, the
combination of the first representation of two girls with the verbal predicate
of the second representation, ate seven apples (each), describes the same
type of events.

8. CONCLUSION

To summarize, I hope to have made it clear that a semantic representation
is feasible in which the intuitive similarities between the reference type
of noun phrases and the temporal-constitution of verbal expressions is
captured in a simple and revealing way. I have shown how one can explain
that the reference type of a noun phrase affects the temporal constitution
of a verbal expression, and I have argued to employ measure functions
to explain phenomena of quantization both in the nominal and in the
verbal domain. Furthermore, I have shown that in assuming lattices as
model structures, we gain an interesting treatment of negation and
quantification in event semantics.

There are different directions in which the analysis developed above
can be extended. One is the exploration of other verbal modifiers which
bear on the temporal constitution of the complex verbal construction.
Locative adverbials are an example. I have shown how measure functions
on times can yield derived measure functions on events based on the
" temporal trace function, which can capture the semantics of durative
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adverbials like for two hours. In a similar manner, we can derive event
measure functions from measure functions for distances based on a local
trace function to describe locative measure adverbials like for two miles.
Furthermore, the influence of locative and directional adverbials, as in/
to/towards the post office, on the temporal constitution of a complex verbal
expression can be described easily.

Another direction is the explanation of seemingly strange markings of
verbal and nominal categories. In Krifka (1986) I have shown how one
can explain that the progressive aspect can be marked on the noun phrase
(as with the Finnish partitive and the less common German prepositional
object construction, e.g. an einem Apfel essen vs. einen Apfel essen). Similarly,
I have explained how perfective aspect can have an effect on the inter-
pretation of noun phrases in languages which lack definite articles, as
e.g. Slavic languages and Chinese (in these languages, a perfective verbal
expression with a nominal object enforces a definite interpretation of the
object). Another case which can be explored in a rigid manner is the
semantics of aktionsarten. For example, in many languages which have
a frequentative verb form it remains unspecified whether the meaning of
this aktionsart applies to verbs or to their arguments, that is, whether
they express the existence of many events or the existence of many objects
subjected to an event.

NOTES

* This article has developed from my doctoral thesis at the University of Munich, Krifka
(1986). I learned a lot from my supervisors, Theo Vennemann and Godehard Link. And
there are many more people who helped to clarify my ideas and their presentation: Rainer
Béuerle, Johan van Benthem, David Dowty, Hana Filip, Franz Guenthner, Sebastian Lobner,
Jan Tore Lonning, Uwe Monnich, Leonoor Oversteegen, Barbara Partee, Craige Roberts,
Arnim von Stechow, Henk Zeevat, Barbara Zimmermann, Ede Zimmermann, and surely
more. Thanks to them all.

1. T have given the preorder and concatenation of a measure function p as <, and +,,
respectively. This is implausible in one respect, as measure functions of the same dimension,
e.g. ounce and gram, should share their preorder and concatenation. There are ways to
capture this fact (cf. €.g. Lonning 1987), but for reasons of simplicity I will keep to the
notation introduced above.

2. One could argue that, e.g., a proper part of a glass of wine is still a glass of wine,
because there are smaller glasses, or a glass which is not quite full of wine still must count
as a glass of wine. I ignore these matters of vagueness here and assume a strict interpretation.
Another possible reconstruction would be to represent the count noun cow by COW and
to put the NU-Operator into the representation of the numeral, e.g. five as APx[P(x) A
NU(P)(x) = 5]. However, we would then need a different representation of numerals for measure
constructions like five head of cattle.
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4. This means, contrary to common assumptions but compatible with observations in
McCawley (1968), that the plural is not the semantically marked number.

5. This example is due to Barbara Partee.

6. Here, PP, for ‘prepositional phrase’, is equivalent to (V/X)/(V/X), where X is a string
of categories which is possibly empty, in which case V/X = V.

7. I should make it clear that it is by no means necessary for me to assume thematic
relations. For example, I could endorse a semantic representation of drink as Ae[drink’(e,Xs,%,)]-
The rules I give later in terms of thematic relations could then be given in terms of a specific
argument of a specific class of verb, e.g. the object argument of verba efficiendi. However,
the assumption of thematic relations allows a more perspicuous formulation of these rules.
8. The use of standard variables seems to violate the compositionality principle, as a complex
semantic representation depends on the ldentity of some parts of their subrepresentation.
However, note that this identity is encoded in the syntactic rules of category combination.
The rules proposed here perhaps show a more intricate interaction between syntactic and
semantic rules than usual. Furthermore, they require the syntactic arguments of a verb to
be syntactically characterized in a unique way; otherwise we would end up with the same
variable for different arguments. This is guaranteed by the so-called Stratal Uniqueness Law
(cf. Perlmutter & Postal 1977). '

9. Note that the semantic type of NPs and PPs is the same in this treatment: both are
verb modifiers, that is, event predicate modfiers. NPs differ from PPs only insofar as they
contain a variable which is related to a free variable in the verb. One may ask how prepositions
are treated in this framework. Semantically; they end up as noun phrase modifiers which
provide a noun phrase with a semantic relation. Let PP/NP, the category of prepositions
governing noun phrases of category NP.. To avoid variable conflicts, we have to assume
special variables for prepositional cases, e.g. X, for objects governed by prepositions. We
end up with analysis like the following one (here, R is a variable of the type of NP-
representations):

in[PP/NP,] ARAPAe[R(Ae[P(e) A IN(e,xp)])(e)]
a kitchen[NP,} l/)\P}\e Ax,[P(e) A kitchen’(xp,1)]
in a kitchen[PP] APXe 3 x,[P(e) A IN(e,xp) A kitchen’(xp,1)]

10. One might ask whether there is a way to capture anaphoric relations in this approach,
as NPs always have narrow scope. But we could easily defihe NPs like Ax{apple’(x,1) A
x=d] for the specific reading of an apple and Ax[x=d] for a pronoun coreferring to the
apple, with d as a discourse referent in the style of Kamp (1981) and Heim (1982).

11. To distinguish between them on the event level seems to be the wrong way to characterize
their difference. Cf. for these approaches Bennett (1977), who distinguished them by open
and closed intervals, and Galton (1984), Bach (1986), Verkuyl (1988), who assumed different
sorts of entities.

12. With the definitions of section (5), we can make this function more precise. First,
we define the final temporal point (FTP) of an event as

VeVL[FTP(e) =t ~ T,(t) A tCrr(e) A VU t'Crr(e) — -t<st]]
Then we can define the terminal point (TP) of an event ¢ under a description P as follows:

VeVPWL[TP(e,P)=t ~ P(e) A FTP(e)=t A = 3e[P(e’) A [e'Cpe V ecge’]l A FTP(e)
<r FIP(e")]]
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13. Note that there is another interpretation of write, as in the secretary wrote this letter
ten times. In this reading, write denotes the realization of a type. As a type can be realized
more than once, this reading fails to be unique for events and consequently allows for durative
adverbials, as in the secretary wrote this letter for three years.

14. However, other interpretations are possible, a point which was made clear to me by
Sebastian Lobner. For example, if John and Mary are paid for their singing, then they
could argue to have sung for 4 hours. Consequently, we must assume different standardizations
and concatenations for this interpretation of the measure function.

15. Note that there are scope restrictions for time adverbials in other cases. For example,
they cannot have scope over sentence adverbs like fortunately (cf. *For two hours, John
fortunately ate). This can be explained if we assume that sentence adverbs apply to propositions,
yielding propositions again, whereas durative adverbials cannot apply to propositions.

16. Here, AUX is short for (V/NP,)/(V/NP).

17. Note, however, that negated event predicates are not cumulative either. For example,
the event predicate John did not eat five apples may apply to two maximal events which
contain the eating of two and three apples by John, respectively, but not to the sum of
these maximal events.

18. Another possibility to handle negation would be to assume just the negation dependent
on reference time, and furthermore that time adverbials like for two hours existentially bind
the open reference time variable.

19. Note that n does not count just the maximal group present in any subevent of ¢’ and
allow for more girls to have sung in €’ as a ‘whole. For if we have two parts of €', ¢; and
ey, and both consist of singings of different groups of two girls, then their sum ejUge; is
a part of ¢’ as well, this sum would be the singing of four girls, and hence would be excluded
by the max-subformula which requires that the maximal number of girls singing is less than
three.

20. In these examples, I have assumed that the ‘resource situation’ (cf. Barwise & Perry
1983) which determines the quantifiers is the whole universe. But it is easy to have an explicit
parameter which restricts the extension of the noun to those entities belonging to the resource
situation.
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