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A b s t r a c t 

A ske t ch of a programme f o r man-machine communic

a t i o n as be ing p repared by Prague l i n g u i s t s is 

p r e s e n t e d , w i t h a c h a r a c t e r i z a t i o n o f the scope o f 

nega t i on and of the n a t u r e of focus - two problems 

t h a t appeared c r u c i a l w i t h r e s p e c t t o the f o l l o w 

i n g i saues i ( i ) g rammat ica l a n a l y s i s o f i n p u t 

t e x t s , y i e l d i n g unambiguous semant ic r e p r e s e n t 

a t i o n s (SR s ) o f subsequent sen tences , ( i i ) a l g o 

r i t h m s t r a n s l a t i n g the SR s i n t o a l o g i c a l l a n 

guage in the fo rm o f wh i ch the i n f o r m a t i o n ga ined 

f rom the n a t u r a l language i n p u t i s t o b e s t o r e d i n 

the computer memory, ( i i i ) fo rm o f the SR s , i . e . 

t he language s e r v i n g , among o the r purposes , as the 

o u t p u t o f ( i ) and i n p u t o f ( i i ) . I t i s shown 

e s p e c i a l l y t h a t the l o g i c a l impact o f n a t u r a l 

language nega t i on can be accounted f o r o n l y i f t he 

t o p i c / f o c u a dichotomy i s du l y a n a l y z e d . 

1 . A programme f o r man-machine communicat ion, 

u s i n g a f u l l - f l e d g e d a n a l y s i s o f n a t u r a l language, 

i s be ing prepared b y l i n g u i s t s w o r k i n g a t the 

F a c u l t y o f Mathematics and P h y s i c s , Char les U n i 

v e r s i t y , Prague. The a l g o r i t h m s t h a t are f o r m u l a t 

ed are d i v i d e d i n t o the f o l l o w i n g g roups : 

( i ) g rammat ica l a n a l y s i s o f i n p u t t e x t s ( i . e . 

o f Czech t e x t s on e l e c t r o n i c s ) , y i e l d i n g unambig

uous semant ic r e p r e s e n t a t i o n s o f subsequent s e n t 

ences ( i n the fo rm o f l i n e a r i z e d dependency 

g r a p h s ) ; 

( i i ) a l g o r i t h m s t r a n s l a t i n g f rom the semant ic 

r e p r e s e n t a t i o n s (wh ich s t i l l have a l i n g u i s t i c 

c h a r a c t e r ) i n t o a l o g i c a l language, w e l l adapted 

to the purposes o f the t h e o r y o f i n f e r e n c e e t c . ; 

i n t h i s fo rm the i n f o r m a t i o n ga ined f rom the n a t 

u r a l language i n p u t i s t o b e s t o r e d i n the comput

e r memory (and c o n f r o n t e d w i t h f u r t h e r such i n f o r m 

a t i o n , ga ined l a t e r f rom o t h e r t e x t s ) ; 

( i i i ) a l g o r i t h m s l o o k i n g f o r I n f o r m a t i o n 

needed a c c o r d i n g to ques t i ons f o r m u l a t e d by the 

users in Czech and ana lyzed acco rd ing to the 

a l g o r i t h m s o f ( i ) ; 

( i v ) a l g o r i t h m s o f the s y n t h e s i s o f answers 

( i n Czech). 

We want to c h a r a c t e r i z e in the present paper 

the s o l u t i o n o f two problems t h a t appeared c r u c i a l 

f o r ( i ) and ( i i ) , a s w e l l a s f o r the form o f the 

semant ic r e p r e s e n t a t i o n s (SR 's) of sentences ( the 

language s e r v i n g as the ou tpu t o f ( i ) and i n p u t o f 

( i i ) , among o t h e r p u r p o s e s ) . 

2 . L i n g u i s t i c c o n s i d e r a t i o n s have l e d t o the 

f o l l o w i n g f o rm of SR's (where every A s tands f o r a 

l e x i c a l u n i t , accompanied, p o s s i b l y , b y markers o f 

" m o r p h o l o g i c a l meanings" (grammatemes), such as 

P l u r a l , P r e t e r i t e , e t c . , the s u b s c r i p t d e n o t i n g t h e 

f u n c t i o n o f the g i v e n i t e m i n the sen tence : A c t o r , 

O b j e c t i v e , D a t i v e , P l a c e , D i r e c t i o n , e t c . ) : 

Each of the p a r t i c i p a n t s , denoted here as A , 

can , o f cou rse , i t s e l f c o n s i s t i n a group headed 

by the v e r b , so t h a t a s t r u c t u r e of t he shape (1 ) 

may be embedded, under c e r t a i n c o n d i t i o n s ( s p e c i f 

i e d by a g e n e r a t i v e grammar u s i n g dependency 

s y n t a x ) i n t o ano ther such s t r u c t u r e . 

The s u p e r s c r i p t b i s a t t ached to those e l e 

ments t h a t a re c o n t e x t u a l l y bound, i . e . i n c l u d e d i n 

the t o p i c ; t h e o the rs c o n s t i t u t e the comment o r t h e 

focus o f t he sen tence . The l e f t - t o - r i g h t o r d e r 

( w i t h t o p i c p reced ing the f ocus ) may be regarded 

as a "deep" word o r d e r , co r respond ing to the 

p r imary word o r d e r o f the s u r f a c e l e v e l (combined 

w i t h a n e u t r a l i n t o n a t i o n ) . W i t h a "hype rsen tence " 

of t he Ross-Sadock type an 5R can be paraphrased as 

" I t e l l you about Top i c t h a t F o c u s " , e . g . ( I t e l l 

you about ) Fa the r ( t h a t he) i s coming. ( I t e l l you 
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about) r e a d i n g newspapers ( t h a t i t ) can be b o r i n g . 

( I t a l l you about the f a c t ) t h a t Mabel came y e s t e r 

day ( t h a t i t ) was s u r p r i s i n g . 

We cons ide r the t o p i c / f o c u s dichotomy as r e 

l e v a n t f o r the l i n g u i s t i c aspects o f man-machine 

communicat ion f o r the f o l l o w i n g reasons: 

(a) The semant ic con ten t i s o rgan ized i n n a t u r a l 

language in a d i f f e r e n t way than in f o r m a l l o g i c a l 

languages , one o f the main d i s t i n c t i o n s c o n s i s t i n g 

i n t h a t what i s r ende red , e . g . i n p r e d i c a t e l o g i c , 

b y the o rde r o f q u a n t i f i e r s , i a expressed i n n a t 

u r a l language ( t o g e t h e r w i t h some o the r pheno

mena) by the a r t i c u l a t i o n of the sentence i n t o 

t o p i c and focus and by the s o - c a l l e d sca le of com

mun ica t i ve dynamism (CD, r e a l i z e d , i n the s u r f a c e 

sen tences , by c e r t a i n f e a t u r e s o f word o rder and 

i n t o n a t i o n , and denoted in our shape of SR' s by the 

l e f t - t o - r i g h t o rder of p a r t i c i p a n t s ) . As the exam -

a les in the Appendix show, these phenomena are 

c r u c i a l f o r one o f the moat b a s i c d i scuss ions in 

contemporary l i n g u i s t i c s ( t h a t between Chomskian 

and Lakov ian wings in TG) and can be t r e a t e d ade

qua te l y i f the t o p i c / f o c u s dichotomy i s du ly 

accounted f o r . 

(b) An account of the dichotomy is no t a mere 

quea t ion o f l i n g u i s t i c t h e o r y , bu t has a c o n s i d e r 

ab le impact on a p p l i c a t i o n s concern ing the use of 

computers as a l ready Garv in c la imed [1] . 

(c) winograd [2 , p.116] wants to rep resen t know

ledge in an impe ra t i ve f o r m , so t h a t no t on ly the 

d e c l a r a t i o n s as such , but a l s o the way they are to 

be used shou ld be s p e c i f i e d . I t must be n o t i c e d 

t h a t i n n a t u r a l language ( c o n t r a r y t o p r e d i c a t e 

l o g i c ) a d e c l a r a t i v e sentence i s c o n s t r u c t e d not 

merely aa an a s s e r t i o n , bu t as an i n s t r u c t i o n to 

the hearer what f a m i l i a r (known, a l ready f o r e 

grounded in h i s memory) i tems he shou ld p i c k up 

and modify somehow (combin ing them w i t h new p roper 

t i e s , o r b r i n g i n g them i n t o new r e l a t i o n s w i t h 

o the r i t e m s , e t c . ) . Th i s i n t r o d u c t i o n - l i k e c h a r a c t 

e r o f a sentence u n d e r l i e s i t s app rop r ia teness to 

be used at a c e r t a i n p o i n t of the d iscourse or 

t e x t , o r more b r o a d l y , i n a c e r t a i n s i t u a t i o n ; i f 

we have Jus t spoken about George, we say George 

met P a u l , w h i l e hav ing spoken about P a u l , we say 

r a t h e r Paul was met by George or It was George who 

met P a u l . ( I n these s imple examples, the two 

v a r i a n t s have i d e n t i c a l t r u t h c o n d i t i o n s , but i n 

the g e n e r a l case t h i s does n o t h o l d , c f . t he exam-

plea i n the Append ix . ) 

Our t r ea tmen t o f t o p i c and f o c u s , wh ich f o l 

l ows , a s f o r a n e m p i r i c a l a n a l y s i s , the t r a d i t i o n 

o f Czech l i n g u i s t i c s ( r e l a t i v e l y r i c h i n t h i s 

r e s p e c t ) , i s c h a r a c t e r i z e d i n more d e t a i l i n [ 3 ] , 

where a l s o a c r i t i c a l commentary on Chomsky s 

r a t h e r incomp le te account o f focus i s g i v e n ; i t i s 

shown t h e r e t h a t o p e r a t i v e and t e s t a b l e c r i t e r i a 

such as the q u e s t i o n t e s t , the t e s t o f n e g a t i o n , 

p r o p e r t i e s o f e n c l i t i c a l pronouns in some languages 

can be used to determine b o t h the sca le of communic

a t i v e dynamism (which i s an o l d e r b u t more p r e c i s e 

f o r m u l a t i o n o f what Chomsky c a l l s " range o f p e r 

m i s s i b l e f o c u s " ) and the d ichotomy o f t o p i c 

(Chomsky's and Jackendof f s " p r e s u p p o s i t i o n " ) and 

focus ( t h e t r a d i t i o n a l comment o r rheme) . 

3. Some impo r t an t ques t i ons conce rn ing SR s 

can b e so l ved on ly i f the p o s i t i o n o f n e g a t i o n i s 

w a l l u n d e r s t o o d . I t i s w e l l known today t h a t mean

i n g p roper must be d i s t i n g u i s h e d f rom p r e s u p p o s i t 

i o n s , o r , more p r e c i s e l y , t h a t t h r e e t ypes o f 

l i n g u i s t i c u n i t s must b e d i s t i n g u i s h e d ) i f the 

a s s e r t i o n A ia l o g i c a l l y e n t a i l e d by the g i v e n SR 

( i n a c e r t a i n s i t u a t i o n and c o n t e n t ) , t h a n : 

(a ) the nega t i on of the g i v e n SR (Neg-SR) 

l o g i c a l l y e n t a i l s Neg-A; i n t h i s case , A be longs t o 

the meaning proper o f the sentences c o r r e s p o n d i n g 

to t h a t SR; 

(b) Neg-SR l o g i c a l l y e n t a i l s A; here A is a 

p r e s u p p o s i t i o n : 

( c ) Neg-3R l o g i c a l l y e n t a i l s n e i t h e r A , nor 

Neg-A; i n t h i s case, A i s an a l l e g a t i o n . 

In such examples as (2 ) o r (3) the e n t a i l e d 

i tems (4) and ( 5 ) , r e s p e c t i v e l y , are a l l e g a t i o n s : 

thoy are not e n t a i l e d by the nega t i on o f (2 ) o r ( 3 ) , 

and n e i t h e r t h e i r nega t ions a r e . On the o t h e r h a n d , 

i f the r e l e v a n t p a r t o f the sentence i s c o n t e x t u a l l y 

bound, the e n t a i l e d i t e m i s presupposed; thus ( 6 ) 

presupposes ( 5 ) , s i nce not on l y (6) bu t a l s o i t s 

nega t i on e n t a i l s ( 5 ) . (The c a p i t a l l e t t e r s i n t h e 

examples denote the bearer of the i n t o n a t i o n 

c e n t r e . ) 

( c ) he was upset by the a r r i v a l of my 

FRIENDS. 

(3) John v i s i t e d c o u n t r i e s t h a t s u f f e r e d f r o m 

poor CROPS. 
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(4 ) H i s f r i e n d s CAKE. 

(5) Some c o u n t r i e s s u f f e r e d f rom p#or CHOPS, 

(6) Coun t r i es t h a t s u f f e r e d f rom poor crops 

were v i s i t e d by JOHN. 

A n e x p l a n a t i o n o f f e r s i t s e l f i n terms o f the 

scope of n e g a t i o n : as our i n v e s t i g a t i o n s of n e g a t -

i o n have shown, in the p r imary (unmarked) case, 

the scope o f nega t i on in s p e c i f i e d on the l e f t - h a n d 

s ide of the sca le of CD by the p o s i t i o n of the 

ope ra to r of n e g a t i o n and on the r i g h t - h a n d s ide by 

the end o f the semant ic r e p r e s e n t a t i o n o f the s e n t 

ence. The opera to r o f n e g a t i o n s tands e i t h e r i m 

med ia te ly b e f o r e o r immedia te ly a f t e r the bound

ness j u n c t u r e . {We use the te rm boundness j u n c t u r e 

f o r the boundary between the c o n t e x t u a l l y bound and 

the non-bound elementa o f the SR, ) p r i m a r i l y , the 

verb i s non-bound ( i t p r e d i c a t e s something about 

the t o p i c ) , and the scope of nega t i on extends f rom 

the boundnees j u n c t u r e to the end of the semant ic 

r e p r e s e n t a t i o n (He d i d n ' t COKE y e s t e r d a y . , c f . (7) 

b e l o w ) . Whet i s negated h e r e , i s the r e l a t i o n 

between tne bound segment ( t he t o p i c ) and the f o 

c u s . In the secondary case, where the verb i s con

t e x t u a l l y bound, t h e r e are two p o s s i b i l i t i e s : the 

nega t i on o f a s s e r t i o n w i t h the scope o f nega t i on 

f rom the boundness j u n c t u r e to the end o f the 

semant ic r e p r e s e n t a t i o n ( I t wasp' t YESTERDAY he 

came., c f . (8) b e l o w ) , o r the nega t i on o f p r e d i c a t 

i o n , where the scope of nega t ion i n c l u d e s the verb 

a lone ( I t was YESTERDAY he d i d n ' t come., c f . ( 9 ) ; 

the end o f the scope o f nega t i on is the boundness 

j u n c t u r e ) . Thus, the f o l l o w i n g t h r e e p o s s i b i l i t i e s 

o f the placement o f the ope ra to r o f nega t i on and o f 

the scope o f nega t i on w i t h r e g a r d t o the p o s i t i o n 

o f the boundness j u n c t u r e are accounted f o r i n the 

f u n c t i o n a l g e n e r a t i v e d e s c r i p t i o n : 

where V is unders tood to s tand - as f o r the sca le 

o f communicat ive dynamism - a f t e r a l l c c n t e x t u a l l y 

bound elements ( w i t h an a d d i t i o n a l s p e c i f i c a t i o n 

s t a t i n g t h a t Neg precedes V i f t he boundness j u n c t 

ure does n o t i n t e r v e n e ) . N o t i c e t h a t (7) i a the 

p r imary case , w h i l e (8 ) cor responds t o the e o - c a l l e d 

" c o n s t i t u e n t n e g a t i o n " i n su r face s y n t a x , and i n 

(9) o n l y the verb ia negated (wh ich corresponds to 

a " l e x i c a l n e g a t i o n " r a t h e r than to a nega t i on o f 

the SR as s u c h . An a l l e g a t i o n is e n t a i l e d on ly by 

a sentence where the element de te rm in ing i t i s n o t 

in the scope of nega t i on (which does not necessar

i l y c o i n c i d e w i t h the f o c u s ) , but where the element 

d e t e r m i n i n g an a l l e g a t i o n is not connected w i t h a 

co r respond ing p r e s u p p o s i t i o n * i . e . when the determ

i n i n g element i s i n c l u d e d i n the scope o f nega t ion 

(as e . g . c o u n t r i e s t h a t • • • i n the nega t ion o f 

( 3 ) ) , the co r respond ing s ta tement i s no longer 

e n t a i l e d . Meaning p roper ( a s s e r t i o n ) c o n s i s t s i n 

the r e l a t i o n s h i p between what is t a l k e d about and 

what i s s a i d about i t : i n the sen tence , the 

speaker a s s e r t s something ( i d e n t i f i e d by the f o c u s ) 

about something ( i d e n t i f i e d by the c o n t e x t u a l l y 

bound segment) ; i f the focus i s nega ted , then the 

co r respond ing nega t i ve s ta tement i s e n t a i l e d . 

4 . Tak ing i n t o account a lso the d e l i m i t i n g 

f e a t u r e s (such a s D e f i n i t e , I n d e f i n i t e , S p e c i 

f y i n g ) , the shape of an SR as g i ven in (1 ) shou ld 

be complemented in the f o l l o w i n g way: 

where the i n d i c e s o f the f o rm m j s p e c i f y l e x i c a l 

u n i t s , the i n d i c e s o f the form k . s p e c i f y the 

" cases " ( p a r t i c i p a n t s , s y n t a c t i c f u n c t i o n s ) 3 and 

P, s tands f o r one of the ope ra to r s SPEC, DEF, 

INDEF, EV, FEW, MANY, i . e . f o r d e l i m i t i n g f e a t u r e s 

(unders tood here in the sense of B i e r w i s c h [ 4 ] ; 

f o r a d i s c u s s i o n cf [5] ; f o r t he purpose of o u r 

p resen t d i s c u s s i o n , we c l a s s here a l so many and 

few as d e l i m i t i n g f e a t u r e s ) . The fo rmu la (10) r e 

p resen ts an SR of a sentence w i t h a c o n t e x t u a l l y 

non-bound v e r b ; i f the verb i s c o n t e x t u a l l y bound , 

then \/ is a t t a c h e d a s u p e r s c r i p t b.. 

We assume t h a t i t is p o s s i b l e to f o r m u l a t e a 

procedure t r a n s l a t i n g the SR s to a f o r m a l language 

s h a r i n g the advantages o f p r e d i c a t e c a l c u l u s ( w i t h 

i t s r u l e s o f i n f e r e n c e , e t c . ) , but l a c k i n g some o f 

i t s drawbacks (connected w i t h the w e l l known f a c t 

t h a t the formulae o f the c a l c u l u s "do no t say 

d i r e c t l y how they shou ld be used" in procedures con-
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c o r n i n g i n f e r e n c e ) . To t h i s a im, we i n t r o d u c e d a 

new o p e r a t o r S t x ( read ae: " f o r x such t h a t . . . " J . 

St is an o p e r a t o r w i t h a f r e e number of arguments; 

i n i t s n a t u r e , i t i s c lose t o the e p s i l o n o p e r a t o r 

bu t i t i s gene ra l i zed f o r a g r e a t e r ( a r b i t r a r y , but 

f i n i t e ) number of name arguments hav ing a se t 

c h a r a c t e r . We w r i t e S t ( x ) ( F ( x ) ) ( G ( x ) ) ■ to be read 

" f o r such x f o r wh ich F ( x ) h o l d s , G(x) h o l d s " , 

wh ich can be compared w i t h R u s s e l l s G ( x ( F ( x ) ) ) ■ 

and x s tands f o r a sequence of se t name v a r i a b l e s 

(where no amb igu i t y can a r i s e , we do no t d i e t i n g -

u i d h the name of an element f rom t h a t of the s e t 

hav ing on ly t h i s one e l e m e n t ) . 

The f i r s t s t ep o f t h i s t r a n s l a t i n g p rocedu re , 

determined by Rule T, depends on the f a c t whether 

the verb o c c u r r i n g in the g i ven SR i s o r i s no t 

c o n t e r t u a l l y bound. 

Rule T: 

also in the f i r s t parenthesis f o l l ow ing the symbols 

St or R; but no misunderstanding can ar ise here. 

Afterwards we e l im ina te , step by s tep , the oc

currences of the symbol St ( f o r a techn ica l 

p r e s e n t a t i o n o f the whole procedure c f . [ 3 , p .199-

in such a way 

t h a t i t i s r e p l a c e d b y one o f the usua l q u a n t i f i e r s 

(de termined by the g i ven d e l i m i t i n g f e a t u r e ) and , 

a f t e r o the r m o d i f i c a t i o n s s t a t e d i n a n a l g o r i t h m i c 

f o r m , a f o rmu la o f the second o rde r p r e d i c a t e c a l 

cu lus i s ach ieved (see t h e examples i n the Appen

d i x ) . 

I f an SR c o n t a i n s the symbol Neg, Rule T is 

a p p l i e d f i r s t d i s r e g a r d i n g Neg; a f t e r w a r d s , 

(a) i f Neg has not been ass igned t h e super 

s c r i p t b , then the symbol NON ( f o r l o g i c a l n e g a t 

i o n ) i s w r i t t e n t o the l e f t o f the t r a n s l a t i o n o f 

the s t r i n g i n the f o rmu la r e p r e s e n t i n g the 

r e s u l t o f t he a p p l i c a t i o n o f T to the g i v e n SR; 

(b ) i f Neg is p resen t in the t r a n s l a t e d SR 

( b e f o r e vb , then NON V i n s t e a d of V is w r i t t e n 

i n the r e s u l t i n g f o r m u l a . 
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INDEF cannot occur in (b ), i . e . out of the scope 

of negat ion a f t e r auch a verb as "see" , we work 

instead w i t h SPEC. 

Notes: 

See e . g . [8 ,pp .174f . ] and [9] f o r the not ion of 

preeuppos i t i o n ; [10] and [11] fo r the tr ichotomy 

of semantic un i t s as discusaed below. 

2 

For a de ta i l ed discussion of the motivat ions 

tha t led to the s p e c i f i c a t i o n of the scope of 

negat ion as summarized here, c f . [ 1 2 ] • Various 

opera t iona l t es t s can be used to check the scale 

of CD, the contextual boundness and the p o s i t 

i on of negat ion in an SR; the well-known quest

ion t e s t , used in our inves t iga t ions , has y i e l d 

ed r e s u l t s s i m i l a r to those reached by [l3, esp. 

Chapter 2] ; c f . a lso [ 1 4 ] . 

The double ind ices k i stand f o r permutations of 

the numbers 1 , . . , n , not necessar i ly ordered 

according to the systemic o rde r ing , cf. what was 

sa id about t o p i c a l i z a t i o n in [3 ] s but t h i s o r d 

e r i ng necessar i ly appears ins ide the t r ans la ted 

formula , c f . the subs t r ing R ( x 1 . . . , x ) in (1) 

and (2). I t is poss ib le to introduce also a more 

subt le q u a n t i f i c a t i o n of verbs ( f o r repeated 

ac t i ons , non-immediate or gnomic events, e t c . ) , 

c f . [15] and [16] 
4 

Our examples are chosen in such a way tha t they 

might show how the proposed type of desc r i p t i on 

permits to avoid the d i f f i c u l t i e s tha t have 

forced Chomsky to "extend" h i s standard theo ry , 

and Lakoff to introduce the ( too s t rong) g l o b a l 

c o n s t r a i n t s . - We do not spec i fy the morphologic

al gramnatemes (of tense, number, e t c . ) here, 

since they are not re levant f o r the present d i s 

cuss ion. Under (a) we give here the surface sen t 

ence { c a p i t a l l e t t e r s denot ing the bearer of the 

i n t o n a t i o n a l cen t re ) , (b) being one of i t s SR s, 

(c) the r e s u l t of the app l i ca t i on of T (and i t s 

extension f o r SR s conta in ing the symbol Neg), 

(d) the r e a u l t ( s ) o f ( i n d i v i d u a l steps o f ) f u r t h e r 

a lgor i thm y i e l d i n g f i n a l l y a formula of the 

second order predicate ca l cu lus . 
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