NEGATION AND FOCUS IN MAN - MACHINE CCMMUNICATION

Petr Sgall, Eva Hajidova
Center of Numerical Mathematics
Charles University, Prague
Czechoslovakia

Abstract

A sketch of a programme for man-machine communic-
ation as being prepared by Prague linguists is
presented, with a characterization of the scope of
negation and of the nature of focus - two problems
that appeared crucial with respect to the follow-
ing issues: (i) grammatical analysis of input
texts, yielding unambiguous semantic represent-
ations (SR's) of subsequent sentences, (ii) algo-
rithms translating the SR’s into a logical lan-
guage in the form of which the information gained
from the natural language input is to be stored in
the computer memory, (iii) form of the SR's, i.e.
the language serving, among other purposes, as the
output of (i) and input of (ii)e It is shown
especially that the logical impact of natural
language negation can be accounted for only if the
topic/focus dichotomy is duly analyzed.

1. A programme for man-machine communication,
using a full-fledged analysis of natural language,
is being prepared by linguists working at the
Faculty of Mathematics and Physics, Charles Uni-
versity, Prague. The algorithms that are formulat-
ed are divided into the following groups:

(i) grammatical analysis of input texts (i.e.
of Czech texts on electronics), yielding unambig-
uous semantic representations of subsequent sent-
ences (in the form of linearized dependency
graphs);

(ii) algorithms translating from the semantic
representations (which still have a linguistic
character) into a logical language, well adapted
to the purposes of the theory of inference etc.;
in this form the information gained from the nat-
ural language input is to be stored in the comput-
er memory (and confronted with further such inform-
ation, gained later from other texts);

(iii) algorithms looking for information

needed according to questions formulated by the
users in Czech and analyzed according to the
algorithms of (i);

(iv) algorithms of the synthesis of answers
(in Czech).

We want to characterize in the present paper
the solution of two problems that appeared crucial
for (i) and (ii), as well as for the form of the
semantic representations (Sk's) of sentences (the
language serving as the output of (i) and input of

(ii), amons other purposes).

2. Linguistic considerations have led to the
following form of SR’s (where every A stands for a
lexical unit, accompanied, possibly, by markers of
"morphological meanings" (grammatemes), such as
Plural, Preterite, etc., the subscript denoting the
function of the given item in the sentence: Actor,
Objective, Dutive, Place Direction, etc.):

(1) v (Al,A ,...,AJ, J*l,...,An)

Each of the participants, denoted here as Ax'
can, of course, itself consist in a group headed
by the verb, so that a structure of the shape (1)
may be embedded, under certain conditions (specif-
ied by a generative grammar using dependency
syntax) into another such structure.

The superscript b is attached to those ele-
ments that are contextually bound, i.e. included in
the topic; the others constitute the comment or the
focus of the sentence. The left-to-right order
(with topic preceding the focus) may be regarded
as a "deep" word order, corresponding to the
primary word order of the surface level (combined
with a neutral intonation). With a "hypersentence"
of the Ross-Sadock type an SR can be paraphrased as
"I tell you about Topic that Focus", e.g. (I tell
you about) Father (that he) is coming. (I _tell you
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about) reading newspapers (that it) can be boring.
(I tell you about the fact) that Mabel came yester-

day (that it) was surprisinz.
We consider the topic/focus dichotomy as re-

levant for the linguistic aspects of man-machine
communication for the following reasons:

(a) The semantic content is organized in natural
language in a different way than in formal logical
languages, one of the main distinctions consisting
in that what is rendered, e.g. in predicate logic,
by the order of quantifiers, is expressed in nat-
ural language (together with some other pheno-
mena) by the articulation of the sentence into
topic and focus and by the so-called scale of com-
municative dynamism (CD, realized, in the surface
sentences, by certain features of word order and
intonation, and denoted in our shape of SR’s by the
left-to-right order of participants). As the exam -
ples in the Appendix show, these phenomena are
crucial for one of the most basic discussions in
contemporary linguistics (that between Chomskian
and Lakovian wings in TG) and can be treated ade-
quately if the topic/focus dichotomy is duly
accounted for.

(b) An account of the dichotomy is not a mere
question of linguistic theory, but has a consider-
able impact on applications concerning the use of
computers as already Garvin claimed [1].

(c) Winograd [2, p.116] wants to represent know-
ledge in an imperative form, so tkat not only the
declarations as such, but also the way they are to
be used should be specified. It must be noticed
that in natural language (contrary to predicate
logic) a declarative sentence is constructed not
merely as an assertion, but as an instruction to
the hearer what familiar (known, already fore-
grounded in his memory) items he should pick up
and modify somehow (combining them with new proper-
ties, or bringing them into new relations with
other items, etc.). This introduction-like charact-
er of a sentence underlies its appropriateness to
be used at a certain point of the discourse or
text, or more broadly, in a certain situation: if
we have just spoken about Ceorge, we say George
met Paul, while having spoken about Paul, we say
rather Paul was met by George or

met Paul. (In these simple examples, the two

was George who

variants have identical truth conditions, but in
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the general case this does not bhold, cf. the exam-
ples in the Appendix.)

Our treatment of topic and focus, which fol-
lows, as for an empirical analysis, the tradition
of Czech linguistics (relatively ricﬁ in this
respect), is characterized in more detail in [3] ’
where also a critical commentary on Chomsky's
rather incomplete account of focus is given; it is
shown there that operative and testable criteria
such as the question test, the test of negation,
properties of enclitical pronouns in some languages
can be used to determine both the scale of communic-
ative dynamism (which is an older but more precise
formulation of what Chomsky calls "range of per-
missible focus") and the dichotomy of topic
(Chomsky ‘s and Jackendoff s "presupposition") and
focus (the traditional comment or rheme).

3. Some important questions concerning SR’s
can be solved only if the position of negation is
well understood. It is well knowr today that mean-
ing proper must be distinguished from presupposit-
ions, or, more precisely, that three types of
linguistic units must be distinguiehed;l if the
assertion A is logically entailed by the given SR
(in a certain situation and content), then:

(a) the negation of the given SK (Neg-SR)
logically entails Neg-A; in this case, A belongs to
the meaning proper of the sentences corresponding
to that SR; '

(b) Neg-SR logically entails A; here A is a

resupposition;

(c) Neg-SR logically entails neither A, nor
Neg-A; in this case, A is an allegation.

In such examples as (2) or (3) the entailed
items (4) and (5), respectively, are allegations:
they are not entailed by the negation of (2) or (3),
and neither their negations are. On the other hand,
if the relevant part of the sentence is contextually
bound, the entailed item is presupposed; thus (6)
presupposes (5), since not only (6) but also its
negation entails (5). (The capital letters in the
examples denote the bearer of the intonation
centre.)

(2) Be was upset by the arrival of my

FRIENDS.

(3) John visited countries that suffered from

poor CROPS.



(4) His friends CAME.
(5) Some countries suffered from peor CROPS.
(6) Countries that suffered from poor crops

were visited by JOHN.

An explanation offers itself in terms of the
scope of negation: as our investigations of negat-
ion hLave shcwn,2 in the primary (unmarked) case,
the scope of negation is specified on the left-hand
side of the scale of CD by the position of the
operator of negation and on the right-hand side by
the end of the semantic representation of the sent-
ence. The operator of negation stands either im-
mediately before or immediately after the bound-
ness juncture. (We use tke term boundness juncture
for the boundary between the contextually bound and
the non-bound elements of the SR.) Primarily, the
verb is non-bound (it predicates something about
the topic), and the scope of negation extends from
the boundness juncture to the end of the semantic
representation (He_didn’t COME yesterday., cf. (7)
below). What is negated here, is the relation
between the bound segment (the topic) and the fo-
cus. In the secondary case, where the verb is con-
textually bound, there are two possibilities: the
negation of assertion with the scope of negation
from the boundness juncture to the end of the
semantic representation (It wasn’t YESTERDAY ke
came., cf. (8) below), or the negation of predicat-
ion, where the scope of negation includes the verb
alone (It was YESTERDAY he didn’t come., cf. (9);
the end of the scope of negation is the boundness
juncture). Thus, the following three possibilities
of the placement of the operator of negation and of
the scope of negation with regard to the position
of the boundness juncture are accounted for in the
functional generative description:

(7 v (A?,...,Ag, Negy Agyppeeerhy)

b ,,b b
(8) v (Al,...,AJ, Neg, Aj+l,...,An)

b b b b
(9) Vv (Al,...,Aj, Neg , Aj+l,...,An)

where V is understood to stand - as for the scale

of communicative dynamism - after all ccntextually
bound elements (with an additional specification
stating that Neg precedes V if the boundness junct-
ure does not intervene). Notice that (7) is the
primary caae,'vhile (8) corresponds to the so-called

"constituent negation" in surface syntax, and in
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(9) only the verb is negated (which corresponds to
a "loxical negation" rather than to a negation of
the SR as such. An allegation is entailed only by

a sentence where the element determining it is not
in the scope of negation (which does not necessar-
ily coincide with the focus), but where the element
determining an allegation is not connected with a
corresponding presupposition} i.e. when the determ-
ining element is included in the scope of negation
(as @+ge countries that ... in the negation of
(3)), the corresponding statement is no longer
entailed. Meaning proper (assertion) consists in
the relationship between what is talked about and
what is said about it: in the sentence, the

speaker asserts something (identified by the focus)
about something (identified by the contextually
bound segment); if the foeus is negated, then the
corresponding negative statement is entailed.

4. Taking into account also the delimiting
features (such as Definite, Indefinite, Speci-
fying), the shape of an SR as given in (1) should
be complemented in the following way:

b b
(10) Vmo ((Pl !ml)kll (P2 amz)kzl"‘
b
ooy (Py amj)kj, (Pin amj#l)kj*l’...

ooy (P a )k )
n n

where the indices of the form m, specify lexical
units, the indices of the form ki specify the
"cases" (participants, syntactic functions)3 and
Pi stands for one of the operators SPEC, DEF,
INDEF, EV, FEW, MANY, i.e. for delimiting features
(understood here in the sense of Bierwisch [4] ;
for a discussion ef. [5] ; for the purpose of our
present discussion, we class here also many and
few as delimiting features). The formula (10) re-
presents an SR of a sentence with a contextually
non-bound verb; if the verb is contextually bound,
then V is attached a superscript b.

We assume that it is possible to formulate a
procedure translating the SR’s to a formal language
sharing the advantages of predicate calculus (with
its rules of inference, etc.), but lacking some of
its drawbacks (connected with the well known fact
that the formulae of the calculus "do not say
directly how they should be used" in procedures con-




cerning inference). To this aim, we introduced a

new operator St x (read as: "for x such that «..").

St is an operator with a free number of arguments;

in its nature, it is close to the epsilon operator

but it is generalized for a greater (arbitrary, but

finite) number of name arguments having a set
character. We write St(x)(F(x))(G(x)), to be read
"for such x for which F(x) holds, G(x) holds",
which can be compared with Russell’s Gi“;{g:ix!“,
and x stands for a sequence of set name variables
(where no ambiguity can arise, we do not distinge
uish the name of an element from that of the set
having only this one element).

The first step of this translating procedure,
determined by Rule T, depends on the fact whether
the verb occurring in the given SR is or is not
contextually bound.

Rule T:
If the SR has the shape (10), it is rewritten
as (11);
if the SR differs from (10) only in that V has
the superscript b, the SR is rewritten as
(12):

P
(11) St (X, X yeee, x ) (& (x.1) &eue
Sy B ) e (5

P
ok a (xY)) (st (R ceey x_ )
nJ_ xk‘j ’ﬁcjﬂ’ ﬁ‘n

(V‘o (R) & umj

P
(H‘J.’l) &...& a
+1 J+l n

P
(rkn)) (R(xl, iy xn) ))
n
(12)

P
St ( yovey % o BY fa. fx ) B
Ty ettt Mg B (o (5

& a

m2
(st ( yeeesX ) (R(X;ye00yx )
" 541 xkn * *n

P, P
(xkz) Eo..k amJ (xk;) & V(R))

P P
(a. (x9N st e (xP))
m,y ok 1 m, Yk,
Note: It would be more correct if the super-

script denoting the delimiting operator that binds
the variable ﬁ‘i (L =1,2,.0.,n) were included

also in the first parenthesis followins the symbols
St or R; but no misunderstanding can arise here.
Afterwards we eliminate, step by step, the oc-

currences of the symbol St (for a technical
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presentation of the whole procedure cf. [3, p.199-
-203] , [6, 8 10.2] ’ and[?] ) in such a way
that it is replaced by one of the usual quantifiers
(determined by the given delimiting feature) and,
after other modifications stated in an algorithmic
form, a formula of the second order predicate cal-
culus is achieved (see the examples in the Appen-
dix).

If an SR contains the symbol Neg, Rule T is
applied first disregarding Neg; afterwards,

(a) if Neg has not been assigned the super-
script b, then the symbol NON (for logieal negat-
ion) is written to the left of the translation of
the string @(w) in the formula representing the
result of the application of T to the given SR;

(b) if Negb is present in the translated SR
(vefore ﬂ), then NON V instead of V is written
in the resulting formula,

Appendix: %
Example 1:
(a)

(b)

A boy made a CANCE out of every log.
Mk ((SPEC Boy)}, (EV Log)j , (SPEC
Canoe)z)

=
3

SFEC)))

(e) St(x),x;R) (Boy(x}"") & Log(x}') & Make(R))

(St(x2) (R(xl,xz,xj)) (Canoe (

(d)) J x,(Boy(x)) & St(x3,R) (Log(x3') & Make (R))

(St(x,) (R(xl,xz,x3)) (Cnnoo(xgpm))))

(a,) Jxlvxa(Boy(xl) & l.og(x3) & St(R) (Make(R))

s §3%)

(St(xz) (R(xl,xz,xa)) (Canoe (x2

(a;) Ix v x JR(Boy(xx) & Log(x,) & Meke(R) —>

-3 J x, (R(xl,xz,x3) - Canoe(xz)))

Example 2:
(a) The boy told few girls about many PROBLEMS.

(b) Tell ((DEF Boy)g, (FEW G1r1)2, ( MANY

Ptoblem)3)
DEF
(e) s""&) (Boy(x1 )) (St(R,x2,x3) (Tell(R) &

& Gi.rl(xgm) & Problem(x';“m)) (R(x),x,,x5)))



(a) J1 x (Boy(x)) (St(R,x,,x;) (Tell(R) &
& Girl(xng) & Problem(x;MNY)) (R(xl,xz,x3)))

(a,) 3 x, (Boy (x;) - J K(Te1l(R) & 5t(x,,x;)

(Girl(xgnw) & Problem(x‘;“”)) (R(xl,xz,xj))))

(a,) It xl(Boy(xl) —>3riy VxZ(Tell(R) &

&ygCirl & (x,ey > IR (R'e FEW =»
~5R(y))) & St(x3) (Problem(x;um)

(R(xl.xz.x3)))))

(a,) I xl(Boy(xl) »>3rdy Vx23y'fx3

(Tell(R) & y ¢ CGirl & (x,€y > 3JRr’

(R°€ FEW =»R"(y))) & (y & Problem &
&(x;6 y' = IRT(R e waNy =>R(y)NN>

3 R(xl,x2,13))
EXAMPLE 3:
(a) The girl saw no BOY.
(v*) See((DEF cin)‘l’, Neg, (INDEF Boy),)

(e!) St(x) (Girl(x]")) NON (St(R,x,) (see (R) &

& Boy(xgm) (R(x

(a) I 1 x(cird(x)) -»NoN TR I x,(See(R ) &

1,12,x3) )))

& Boy(xz) -"R(xl.xz,x3)))

(b%) See”((IEF Girl)}, Neg, (INIEF Boy),)

(¢?) (St(x),R) (Girl(xD™) & See(R)) NON (St(x,)
(K(xy205%5)) (Boy(x3' o )))

(a®) 31 x, 3 R(Girl(x)) & See(R) =y NON J x,
(R(xi.xz,xa) =3 Boy(xz)))

(63) see3((2EF Gir1)2, Neg®, (SPEC Boy),)

(¢?) St(x),R) (Girl(x)™") & NON See(R)) (St(x,)

(R(x,%,,%3))) (Boy(x5F°0)))

@ x, IR(Girl(x)) & NON See(K) —>
-agxz(ﬁ(xl,xz,x3) -3 BOy(xZ)))

Note: In Example 3 we illustrate the three posit-
ions of Neg by giving three different SR's, namely
(b1), (b2), and (b3). Since the delimiting feature
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INDEF cannot occur in (b3), i.e. out of the scope
of negation after such a verb as "see", we work
instead with SPEC.

Notes:

A See €+g. [8,pp.174f.] and [9] for the notion of
presupposition; [10] and [I]J for the trichotomy
of semantic units as discussed below.

o For a detailed discussion of the motivations
that led to the specification of the scope of
negation as summarized here, cf. [12] « Various

be used to check the scale

boundness and the posit-

SR; the well-known quest-

investigations, has yield-

those reached by [13. e8pe

[14] .

stand for permitations of

operational tests can
of CD, the contextual
ion of negation in an
ion test, used in our
ed results similar to
Chapter 2] ; cf. also

3 The double indices Kk

the numbers 1,...,n, not necessarily ordered
according to the systemic ordering, cf. what was
said about topicalization in[3] ; but this ord-
ering necessarily appears inside the translated
formila, cf. the substring R(x;,...,x ) in (1)

and (2). It is possible to introduce also a more
subtle quantification of verbs (for repeated
actions, non-immediate or gnomic events, etc.),
cf. [15] ana[16] .

Our examples are chosen in suck a way that they
might show how the proposed type of description
permits to avoid tke difficulties tkat have
forced Crhomsky to "extend" his standard theory,
snd Lakoff to introduce the (too strong) global
constraints. - We do not specify the morphologic-
al grammatemes (of tense, number, etc.) here,
since they are not relevant for the present dis-
cussion. Under (a) we give here the surface sent-
ence (capital letters denoting the bearer of the
intonational centre), (b) being one of its Sk’s,
(c¢) the result of the application of T (and its
extension for SR’s containing tke symbol Neg),
(d) the result(s) of (individual steps of) further
algorithm yielding finally a formula of the
second order predicate calculus.
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