PATRICK SUPPES

VARIABLE-FREE SEMANTICS FOR NEGATIONS
WITH PROSODIC VARIATION*

In several recent publications (Suppes, 1976; Suppes and Macken, 1978)
I have argued for a variable-free semantics of quantifiers, attributive
adjectives, possessives, and intensifying adverbs. This work is a specializa-
tion of my earlier efforts at developing context-free fragments of natural
language (1973a, 1973b, 1974). It is also part of my rejection of first-order
logic as the appropriate instrument for the analysis of natural language,
but I shall not digress here to state in any detail my views on this matter.
The central idea is that the syntax of first-order logic is too far removed
from that of any natural language, to use it in a sensitive analysis of the
meaning of ordinary utterances.

In the present note 1 restrict myself to negation as it occurs in many
simple utterances. I do not claim the analysis is anything like being
universally correct, but within the context I have applied it, the inter-
twining of semantic and prosodic features works out rather well. For
other reasons and other interests I have recently become interested in
prosody, and I now feel that the ability to incorporate in a faithful way the
subtleties of meaning conveyed by various prosodic features is a reasonable
semantic demand.

In Section I, I sketch the theory of semantics for generative grammars
developed in earlier articles. In Section II, I concentrate on the problems
of negation.

I. GENERATIVE GRAMMARS AND THEIR MODEL STRUCTURES

An example will illustrate the framework I have in mind and provide an
intuitive introduction to those unfamiliar with the concept of semantic
trees for context-free grammars. Consider the tree for the sentence Some
people do not eat some vegetables shown in Figure 1. On the left of the
colon at each node is shown the terminal or nonterminal label. The
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S [P~ EYr'Y#0]

EQ NP P VP (1 E) "'y
Aux Neg TV.E £Q NP V
Some people. P da nat eat £ some vegetables ¥
Fig. 1

nonterminal grammatical categories should be obvious: S = sentence,
EQ = existential quantifier, NP = noun phrase, Aux = auxiliary, etc.
To the right of the colon at a node is shown the denotation of the label
if it has one. Thus, in the semantic tree of Figure 1, people and its ascendant
NP node have the set P of people as denotation; eqt and its ascendant
TV - transitive verb — node have the binary relation E of eating as
denotation; vegetables and its ascendant NP node have the set ¥V of
vegetables as denotation. The VP — verb phrase — node has a denotation
composed of sel-theoretical operations on £ and V. Intuitively the
denotation is just the set of people who do not eat some vegetables. The
notation E is for the converse of the relation E; —E is the complement of
the relation E; and (—E)"V is the image of the set V" under the relation
—E. 1 take the root of the semantic tree of a sentence to denote the value
T or Fin astandard Fregean manner. Most of this notation is standard in
elementary set theory (see, e.g., Suppes, 1960). Some subtletics about
complementation are discussed below.

I give now a quick overview of the relevant formal concepts. First, a
structure G = (V, N, P, §) is a phrase-structure grammar if and only if
¥V and P are finite, nonempty sets, NV is a subset of ¥, §is in ¥, and
P = N* x VT where N* is the set of all finite sequences whose terms are
elements of N, and F* is V* minus the empty sequence. The grammar G
is context-free if and only if P < N x V7. In the usual terminology, ¥
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is the vocabulary, N is the nonterminal vocabulary, S is the start symbol of
derivations or the label of the root of derivation trees of the grammar, and
P is the set of production rules. I assume as known the standard definitions
of one string of V* being G-derivable from another, the concept of a
derivation tree of G, and the language L(G) generated by G. (For a detailed
treatment of these concepts, see Hopcroft and Ullman, 1969.) A context-
free grammar G is unambiguous if and only if every terminal string in
L(G) has exactly one derivation tree (with respect to G).

Semantics may be introduced in two steps. First the grammar G is
extended to a potentiully denoting grammar by assigning at most one set-
theoretical function to each production rule of G. We may show these
functions in general by using a notation of square braces; e.g., [NP] is
the denotation of NP. In the case of Figure 1,

Production Rule Semantic Function
S —-EQ + NP + VP [S] = [f[NP\]_/n [VP]]#0

VP —> Aux + Neg + TV + EQ + NP [VP] = (—[TV])’[NP],

where the Frege function [ ¢] is defined for any (extensional) sentence ¢
as follows:

Lol = T if @ is true (in the given model)
#%1 =3 F otherwise.

And in the case of the other nodes with only one descendant, the semantic
function is identity if there is a denotation. For example,

TV — eat [TV] = [eat].

The second step is the characterization of model structures. In the
general theory of model-theoretic semantics for context-free languages, 1
use the concept of a hierarchy #°(D) of sets built up from a given non-
empty domain D by closure under union, subset, and power set ‘operations’,
with T and F excluded from the hierarchy and T # F. A model structure
for a given grammar G with terminal vocabulary Vr is a pair (D, v)>
where D is a nonempty set and v is a partial function from Vit to s#(D).
Explicit details are to be found in Suppes (1973a). The treatment here is
restricted. First, only terminal words, not terminal phrases, are permitted
to denote, so that the domain of the valuation function v is V7, not Vy+.
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(The function v remains a partial function because many terminal words —
e.g., quantifier words — do not denote.)

The more important restriction is in the hierarchy. In line with my
earlier paper (Suppes, 1976), I restrict the model structures to the power
set (D) of the domain D, i.e., the set of all subsets of D, and the power
set of the Cartesian product D x D —thus, only binary relations are
considered. Formally, I define

&(D) = P(D)u P(D » D),

using ‘d" for extended relation algebras of sets, a terminology introduced
in the earlier paper. The valuation function v is then a partial function
from ¥y to &(D).

The ‘algebraic’ operations on elements of &(D) have mainly already
been mentioned: union, intersection, and complementation on arbitrary
sets, the converse of relations, the image of a set under a relation: R"A.
The image of a set under a relation corresponds to function application
in Montague grammars. As always, complementation is relative to some
given set. From the standpoint of &£(D) the natural set-theoretical choice
is Du (D x D), but conceptually this is not very intuitive. For instance,
if L is the relation of loving, then —L should be the refation of not loving,
ie.,

—L=(D % D)— L.

Consequently, complementation is here taken to mean with respect to
D x D in the case of relations, and with respect to D in the case of sets
that are subsets of D. The only point of ambiguity concerns complementa-
tion of the empty set or relation, and the context will make clear which is
meant.!

II. NEGATION

Let the stressed word in a sentence be marked by an accent. Then the
following two sentences have closely related meanings in spoken English.

4, John does ndt like Mary.
) John does not like Mary.
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S: [’,{ Jte (L {mn

NP./ VP: A (L"{m}
PN: / Aux Neg VP’: Z{m}
TV:L NP: m
|
PN: m
|
Fig. 2

Yet the semantic trees for (1) and (2) seem different. The critical
production rule and the associated semantic function exhibited in
Figure 2 is:

3) VP — Aux + Neg + VP’ [VP] = —[VP'].

The corresponding rule for sentence (2) is close to that used in Figure 1,
but for present purposes may be written:

C)] TV - Aux + Neg + TV’ [TV] = —[TV],

and thus we have the semantic tree as shown in Figure 3. Some readers
may be unhappy with the exact form of the production rules (3) and (4).
The trees in Figures 2 and 3 might then be thought of as arising from
transformations on different phrase-structure rules. This issue is not
critical here. Nor is it critical if (3), for example, were replaced by the
two rules:

(5) VP — Neg + VP’
Neg — Aux + Neg'.

As the many types of negation illustrated in Jespersen (1940, Ch. 23)
show, there is no point in insisting on the exact form of production rules
or of transformations until a very large variety of cases is considered,
and my focus in this article is more semantical than syntactical. Admittedly



54 PATRICK SUPPES

s: 1,4/} 5T {mp

NP: VP: (1) {m}
PN: TV: <L NP:m
PN |
Aux Neg TV L PN:m
|
dohn: s does not lke-L  Mary:m
Fig. 3

I have made syntactical choices that facilitate the semantics; this is a
strategy that is not fortuitous but one I strongly advocate. The point is
that I do not cut much of a syntactical swath in the analysis given here but
hope that enough is done to show the virtues of my variable-free semantics
in fitting snugly to the surface of some standard ordinary utterances that
express negations.

If we look more closely at the meaning of (1) and (2) as expressed in the
semantic trees of Figures 2 and 3, we find that they are equivalent in
truth-value for all domains, because it is easy to prove for any domain D

©  —(Lm) = (S m).
(I also note that
— (@) = (D),

i.e., the order of taking the complement and taking the converse of a
relation does not matter.)

Equation (6) would seem to argue that change of stress does not change
referential meaning in the use of negation, but the constancy of meaning
of (1) and (2) is deceptive. Slightly more complex examples tell a different
story. Consider
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Q) John does not like some girls.
(8) John does not like some girls.

In examining (7) and (8) one criticism of the analysis given above is that
the production rules do not seem to be consistent with the general prosodic
rule: the last word of an immediate constituent should be stressed. The
following six production rules (and their associated semantic functions)
do this, and I shall use them in analyzing (7) and (8):

Production Rule® Semantic Function
VP - VP’ [VP] = [VP']

VP — Neg + VP’ [VP] = —[VP']
VP’ TV + NP [VP'] = [TVI'[NP]
VP — TV + EQ + NP [VP'] = [TV]'[NP]
TV — Neg + TV’ [TV] = —[TV']
Neg — Aux + Nég’ No denotation

The tree for (7) is shown in Figure 4, while the tree for (8) is shown in
Figure 5.

$: L{/}e(l"6N

NP: VP: ~(1"6)
PN:/ Neg VP:1"g
/\
Aux Neg’ TV:L EaQ NP: &
CN: &
John: / does nét like: £ some girls: &
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s: L {/ e 1r6]

NP: VP: (D)6
PN:j VP (<D)'6
/
WAl EQ NP: 6
Neg TV L
N
Aux Neg’ CN.G
John does not like: L some girls 6
Fig. 5

The following model assigns different truth values to (7) and (8), and
thus shows how the difference in stress carries a difference in meaning.
The intuitive interpretation of the difference is discussed further below.

Let j = John, m = Mary, and s = Susan, with, of course, all three
individuals distinct. So the domain D = {j, m, s}, and we define G as

expected and L in a natural way — so the model is not peculiar:

G= {ms S}

L = {{j, m)}.
It is then easy to show that

L'G = {j},
$0

it e LG =F
but

(—LY'G = D,
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so that
[} = (=06l =T,
which means that in this model (7) is false and (8) is true.
The intuitive basis of this difference in truth value is brought out by
noticing that a somewhat more idiomatic formulation of (7) is:
7 John does not like girls,
which is clearly false in the model, since John likes Mary, but (8) is true
because he does not like Susan. On the other hand, I emphasize the
uniform semantical treatment of the quantifier some in both cases —
details are to be found in Suppes (1976). The equivalence of (7) and (7")
rests on the set-theoretical identity
R'4A= ) RY{a}
acAd

for any sets R and 4.
Matters are somewhat more complicated in the case of all. Correspond-

ing to (7) and (8) consider

©® John does not like all girls.

(10) John does not like all girls.
The analysis of all in ‘object’ position in Suppes (1976) is more com-
plicated than it need be. The key to a simpler analysis is to use the set-
theoretical analogue of the first-order logic equivalence: (Ex)e(x) iff
—(Vx) —@(x). Letting UQ stand for universal quantifier, a nonterminal
to be rewritten as a/l, we add to the fragment of grammar given above:

VP’ =TV + UQ + NP [VP'] = —((—[TV])'[NP]),
where the ‘inside’ complementation on the right is with respect to D x D
and the ‘outside’ complementation is with respect to D. Since the trees
for (9) and (10) are very similar to those of (7) and (8) respectively, we
can go at once to the Frege functions directly. For (9), we have

[#{j} € =—(—L)"G]
and for (10), we have

[# ]} = —(——L)'G)],
but it is obvious that under the usual rule of ‘double negation’ for
complementation, i.e., for any set 4

ﬁﬁA = A,
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the Frege function for (9) is the same as that for (8), and the Frege function
for (10) is the same as for (7).

In the case of either pair, (7) and (8), or (9) and (10), the difference in
meaning within the pair can be seen more clearly by thinking of not-li/ge,
where the stress is on like, as a new transitive verb. So, abstractly, we have:

(8" John does TV some girls.
(10") John does TV all girls.

In contrast, in the case of (7) or (9), ndt negates the entire verb phrase,
like some girls or like all girls. Because there is a tendency to insist on the
need for presuppositions to analyze explicitly many idiomatic utterances, 1
emphasize that the semantic distinction made in the present instance
requires no use of presuppositions.

The analysis shows how by a prosodic shift in stress we obtain logical
equivalence of the existential and universal quantifiers, at least within
the restricted framework described. As far as I know, this particular
intimate relation between semantics and prosody has not previously been
explicitly commented upen. It is a virtue, I believe, of the variable-free
semantics I have outlined that the dissection of this relation is relatively
simple and straightforward, but the relation itself is justified on
independent grounds., Indeed, I consider giving an account of it a
reasonable constraint on alternative approaches.

Stanford University

NOTES

* Jt is a pleasure to contribute this article to the volume dedicated to Jaakko Hintikka
on the occasion of his fiftieth birthday. Hintikka has been my part-time colleague at
Stanford for many years. I look back with pleasure at our numerous (alks about a wide
variety of philosophical topics, and especially at our joint seminars, which have ranged
from Aristotle to inductive logic. The research reported here has been supported in
part by National Science Foundation Grant No. SED77-09698.

1 For some theoretical purposes it is useful to make the Frege function a Boolean
function, and thus to replace the value 7" by the domain D and the value F by the empty
set. This algebraic viewpoint simplifies the argument in Suppes (1976) that quantifier
words like alf and some not be part of the syntax of noun phrases, in order to keep the
sci-theoretical entities that are denoted by words or phrases at the level of clements of
&( D), the extended relation algebra of sets for D.
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2 It is a matter of some controversy to make prosodic features such as primary stress a
part of the phrase-structure grammar. Prosodic contours are often added at a later
point by many linguists, as Arvin Levine has pointed out to me. For reasons that cannot
be gone into here, I much prefer their early introduction on the thesis that the speaker’s
intention to express a particular meaning should be part of the generation of the
utterance from the beginning. Prosodic features that sharply change the meaning, as in
some of the examples discussed below, should somehow be marked at an early stage,
or at least so I think.
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