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ABSTRACT 

A computable l i n g u i s t i c model is proposed fo r 
r e l a t i n g tex ts to t h e i r meanings w i t h i n a na tu ra l 
sublanguage of Engl ish (stock market r e p o r t s ) . O r i 
ented networks are used to represent meanings which 
are f i r s t establ ished by a l i n g u i s t i c ana lys is of 
the paraphrase sets found in the sublanguage. Sev
eral types of correspondence ru les map fragments of 
the semantic network onto por t ions of deep syntac
t i c dependency t rees in a recurs ive process which 
does not "consume" the network, but ra ther uses it 
as a k ind of b l u e p r i n t . Add i t i ona l representa t ion 
l eve l s (not i l l u s t r a t e d ) are required to r e l a t e 
these t rees to f i n a l t ex ts through surface syntac
t i c and morphological stages. Important features 
of t h i s model are (1) i t s capaci ty to represent the 
f u l l paraphrast ic power of language w i t h i n an i n t e r 
es t ing na tu ra l sublanguage, and (2) I t s b i d i r e c t i o n 
a l i t y , a l low ing the model l ing of both analys is and 
synthesis of t e x t s . Implementation is planned f i r s t 
as a device fo r synthes iz ing stock market repor ts 
(SMRAD system), but l a t e r possib le app l i ca t i ons i n 
clude t r a n s l a t i o n or paraphrasing of t e x t s from 
t h i s natura l domain. 

I GENERAL FRAMEWORK 

The mastery of a natura l language is cons id 
ered to amount to the a b i l i t y of speakers to express 
a given semantic content (meaning) by a set of syn-
onomous ut terances ( t e x t s ) , and conversely, to ex
t r a c t from a given tex t i t s possib le meanings. An 
important goal o f l i n g u i s t i c research is there fo re 
to develop formal models to represent the two-way 
passage between meaning representat ions and t e x t 
representa t ions . The n o t o r i o u s c o m p l e x i t y o f 
the meaning-text r e l a t i o n has led many researchers 
to in t roduce in termediate l eve l s of representa t ion 
in order to s i m p l i f y the r u l e types and actual ru les 
fo r t h i s passage. Out of these c o n s i d e r a t i o n s a 
p a r t i c u l a r l i n g u i s t i c approach has e m e r g e d , the 
Meaning<->Text Model Theory (Me l ' f uk , f l l ) , which 
w i l l serve as the general t h e o r e t i c a l framework in 
what f o l l o w s . 

A f u l l - f l e d g e d model of the meaning-text r e l a 
t i o n is requi red in the general so l u t i on o f several 
p r a c t i c a l problems in the area of language process
ing such as automatic t r a n s l a t i o n , quest ion answer-
i n g , t ex t synthesis and man-machine communication. 
This is p a r t i c u l a r l y the case when our goal is to 
deal w i t h na tu ra l t ex t s as opposed to a r t i f i c i a l l y 
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constrained t e x t s , The f u l l paraphrast ic p o s s i b i l 
i t i e s of na tu ra l language are so r i c h that even in 
a narrow techn ica l domain, only a powerful l i n g u i s 
t i c model can cope with the a s t r o n o m i c a l l y l a r g e 
v a r i e t y of semant ica l ly equivalent forms. 

II CHOICE OF NATURAL SUBLANGUAGE 

Our work here has two goals . F i r s t , we a r e 
cons t ruc t ing an experimental device to t e s t t h e 
general Meaning<=> Tex t Theory w i th special empha
s is o n v e r i f y i n g i t s consistency, f i l l i n g i n miss
ing d e t a i l s in the ru le mechanisms, e t c . S e c o n d , 
we are o r i e n t i n g our model towards p r a c t i c a l a p p l i 
ca t i ons , in tend ing to make i t opera t iona l w i t h i n a 
reasonable t ime. In order to reconc i le t h e s e two 
goa ls , we have chosen to d e v e l o p ou r mode l in a 
fragment of na tu ra l language which is simultaneous
ly small enough to me manageable, yet r i c h enough 
to represent the language as a whole. This forces 
us to choose a na tu ra l sublanguage used in a v e r y 
r e s t r i c t e d semantic domain, One such s u b l a n g u a g e , 
already described l i n g u i s t i c a l l y , is that of Engl ish 
s t o c k m a r k e t r e p o r t s (K i t t r edge , [ 2 ] ) , S a l i 
ent features of t h i s sublanguage a re : (1) l i m i t e d 
v o c a b u l a r y , ( 2 ) r e s t r i c t e d s y n t a x , ( 3 ) very 
n a r r o w and w e l l - d e f i n e d s e m a n t i c domain, yet 
(4 )nea r l y the f u l l p a r a p h r a s i n g power o f gener
al Eng l ish , Natura l cons t ra in t s on the domain are 
such that we can envisage making a s e m a n t i c c a l 
culus of a l l admissable semantic pat terns found in 
the tex ts under study, 

I I I PERFORMANCE GOALS OF THE SYSTEM 

The system (ca l led SMRAD -- S t o c k M a r k e t 
R e p o r t A u t o m a t i o n D e v i c e ) i s being designed to 
car ry out the f o l l ow ing two opera t ions : (1) given a 
fo rmal ly correct semantic representa t ion of a mess
age possib le w i t h i n the stock market repor t domain, 
SMRAD produces f o r i t ( i d e a l l y ) a l l synonymous tex t 
segments l i k e l y to be found in ac tua l stock market 
r epo r t s ; (2) conversely, given a tex t segment from 
a na tu ra l stock market r e p o r t , i t p r o d u c e s f o r i t 
a l l the appropr ia te semantic representa t ions . How
ever, i t should be emphasized tha t the s e v e r e r e 
s t r i c t i o n s on our domain e l im ina te almost a l l cases 
of ambiguity which complicate the task of recogn iz 
ing meanings in t ex t s from less r e s t r i c t e d domains. 

In the short term, we plan to run our model as 
a device fo r generat ing p a r a p h r a s t i c s e t s f rom 
meaning represen ta t ions , a completely de te rm in i s t i c 
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p r o c e s s . I n t h e l o n g e r te r ra , w e p l a n t o i n v e r t ou r 
m o d e l , u s i n g i t f o r t e x t a n a l y s i s a s w e l l i n t h i s 
s u b l a n g u a g e . When b i - d i r e c t i o n a l , SMRAD can be u s 
ed as t h e b a s i s f o r such a p p l i e d t a s k s as a u t o m a t i c 
t r a n s l a t i o n , a b s t r a c t i n g , p a r a p h r a s i n g , c r e a t i v e 
w r i t i n g , e t c . E x p e r i m e n t a l i m p l e m e n t a t i o n o f SMRAD 
as a s y n t h e s i z e r f o r s h o r t segments o f Engl ish s t o c k 
ma rke t r e p o r t s i s p l anned f o r l a t e summer 1983, u s 
i n g PROLOG. I n c o n t r a s t t o o t h e r r e c e n t r e s e a r c h 
o n t e x t s y n t h e s i s f o r t h i s l i m i t e d s u b l a n g u a g e 
[ 3 1 , we a r e n o t conce rned w i t h m o d e l l i n g t h e p r o 
cess by w h i c h seman t i c r e p r e s e n t a t i o n s o f messages" 
a r e e x t r a c t e d f r om raw n u m e r i c a l d a t a , s i n c e t h i s 
i s a n o n - l i n g u i s t i c p r o b l e m . I n s t e a d , we e x p e c t t o 
p r o v i d e a much more p o w e r f u l and t r a n s p o r t a b l e n o d -
e l t h a n h e r e t o f o r e o f t h e p a r a p h r a s e mechanism r e 
q u i r e d f o r s y n t h e s i z i n g s t y l i s t i c a l l y i n t e r e s t i n g 
t e x t s . 

IV ORGANIZATION OF THE RESEARCH 

In accordance w i t h the above, our r e s e a r c h is 
d iv ided i n t o three tasks: (1) developing a f o r m a l 
language f o r semantic representa t ions , (2) develop
ing f o r m a l l a n g u a g e s f o r i n t e r m e d i a t e l e v e l s , 
(3) w r i t i n g the system's ru les (which f u n c t i o n to 
carry out the mappings between the above r e p r e s e n 
ta t i ons ) . 

A. Semant ic R e p r e s e n t a t i o n 

We i l l u s t r a t e - ou r app roach w i t h a few r e p r e s e n 
t a t i v e examp les . C o n s i d e r t h e f o l l o w i n g f i v e s e n 
t e n c e s , w h i c h a r e t y p i c a l f o r n a t u r a l s t o c k marke t 
r e p o r t s : 

(1 ) Bow V a l l e y jumped 2 1/2 \ to 25 . 
(2 ) R io Algom eased J to c l o s e at 39 1/2. 
(3 ) A b i t i b i was up s h a r p l y , g a i n i n g 5 to 49 1 /2 , 
(4 ) IBM c h a l k e d up a 5 - p o i n t g a i n , 

c l o s i n g a t 64 . 
(5 ) Bank o f M o n t r e a l moved up s m a r t l y , 

a d d i n g 2 1/2 to 34. 
T o d e s c r i b e t h e mean ings o f t h e s e s e n t e n c e s ( a n d 
a l l s i m i l a r s e n t e n c e s ) w e p ropose a n o r i e n t e d sem
a n t i c n e t w o r k i n w h i c h nodes a r e l a b e l l e d w i t h t he 
p r i m i t i v e seman t i c e l emen ts o f ou r u n i v e r s e a n d 
a r c s a r e l a b e l l e d w i t h numbers i n d i c a t i n g t h e a r g u 
ment s l o t s . Semant ic e l emen ts a r e o f two b a s i c t y 
pes? (a ) p r e d i c a t e s ( i n a b road sense) w h i c h i n our 
sub language have f r o m o n e t o f o u r a r g u m e n t s ; 
(b ) (names o f ) e n t i t i e s such a s s t o c k s , compan ies , 
sums o f money, e t c . : t h e s e may i n c l u d e v a r i a b l e s 
f o r e n t i t i e s . Our n e t w o r k r e p r e s e n t a t i o n i s b a s i c 
a l l y e q u i v a l e n t t o a f o r m u l a o f p r e d i c a t e l o g i c , 
b u t has t h e advan tage o f p e r s p i c u i t y p r i m a r i l y b e 
cause our n e t w o r k i s f r e e o f l i n e a r o r d e r . S ince 
sen tences (1 ) - ( 5 ) a l l c o n c e r n changes i n the p r i c e 
o f s t o c k s , we i n t r o d u c e a 4 - p l a c e p r e d i c a t e named 
CHANGE(W,X,Y,Z) whose a rguments a r e l i m i t e d i n ou r 
domain t o t h e f o l l o w i n g t y p e s : 

W : t h e p r i c e o f a s t o c k o r i n d e x m a n i f e s t e d i n t h e 
t e x t by t h e name o f t h e c o r r e s p o n d i n g company 

X : a n i n i t i a l v a l u e i n d o l l a r s ( f o r N o r t h Amer i can 
s t o c k s ) 

Y : a f i n a l v a l u e i n d o l l a r s 
Z : a s i g n e d v a l u e e q u a l t o t h e d i f f e r e n c e Y -X , 

Although the X-value ±s r a r e l y expressed in stock 
market r e p o r t s , I t has been re ta ined here ( a t the 
r i s k of i n t roduc ing redundancy) in order to show 
how very general semantic p r i m i t i v e s may be used in 
p a r t i c u l a r domains, The Z-value ind ica tes the d i 
r e c t i o n o f change e x p l i c i t l y , al though t h i s d i r e c 
t i o n a l component may be incorporated in the lex ica l 
meaning of a verb expressing change (e .g . , jump and 
move up mean 0 < Z ; plunge,sag mean Z < 0 ) , Ve rbs 
may also be l e x i c a l l y marked fo r degree of change 
( i , e . . sub jec t i ve s ize of Z) , For example, j ump , 
plunge s i g n i f y large changes; c r e e p u p , edge up 
i nd i ca te small changes. Figures 1 and 2 give p re 
l im ina ry representat ions fo r sentences (1) and (2) 
r espec t i ve l y , 

Two comments may be in order . F i r s t , we wee that 
in both Figs 1 and 2 the Z-values of CHANGE have 
sub jec t i ve q u a l i f i c a t i o n s of amount ( e . g . , LARGE, 
SMALL). Moreover, the time INTERVAL o v e r w h i c h 
the change takes place ( I . e . , the unknown quan t i t y 
L) is considered SMALL. No value is given to the 
second argument of CHANGE ( ind ica ted by " - ' ' ) since 
no i n i t i a l value i s expressed l i n g u i s t i c a l l y i n 
e i t he r example. Second, in stock market r e p o r t s , 
company names show a s y s t e m a t i c 4-way amb igu i t y . 
Bow Va l ley can r e f e r to a company, or i t s spokes
man, or i t s s tock , or the p r i ce of the s tock. 

Our semantic representa t ions are postu la ted on 
the basis of a systematic comparison of observable 
paraphrases w i t h i n t h i s sublanguage of Eng l i sh . We 
se lect as most "semant ica l ly t ransparan t " tha t pa
raphrase which s a t i s f i e s two cond i t i ons : (a) a l l 
re levant meanings are expressed a n a l y t i c a l l y , i . e . 
by separate words; (b) i t s words have the f r e e s t 
occurrence in the sublanguage, i . e . , they are t h e 
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l e a s t i d i o m a t i c . T h i s s e m a n t i c a l l y t r a n s p a r a n t 
p a r a p h r a s e i s c o n v e r t e d i n t o a seman t i c r e p r e s e n -
t a t i o n b y r e p l a c i n g t h e E n g l i s h s u r f a c e s y n t a c t i c 
means b y t h e l a b e l l e d a r c s o f ou r n e t w o r k . T h e 
r e s u l t i n g r e p r e s e n t a t i o n must meet a number o f gen
e r a l f o r m a l r e q u i r e m e n t s : (1 ) t h e f o r m a l r e p r e 
s e n t a t i o n l anguage must b e r i c h enough t o a l l o w 
a s s i g n i n g two d i f f e r e n t r e p r e s e n t a t i o n s t o two sen
t e n c e s w h i c h a r e f e l t i n t u i t i v e l y t o have d i f f e r e n t 
mean ings ; (2 ) r e p r e s e n t a t i o n s must r e f l e c t the a d d -
i t i v i t y and c o m p o s i t i o n a l i t y o f mean ings , e t c . Our 
use o f p a r a p h r a s e as an app roach to d e r i v i n g sem-
a n t i c r e p r e s e n t a t i o n s i s based o n work b y K i t t r e d g e 
[ A ] . 

B . I n t e r m e d i a t e L e v e l s o f R e p r e s e n t a t i o n 

We r e s t r i c t o u r s e l v e s he re to t h e deep s y n t a c 
t i c l e v e l , w h i c h w e w i l l n o t a t t e m p t t o j u s t i f y , 
S u r f a c e s y n t a c t i c and m o r p h o l o g i c a l l e v e l s a r e even 
l e s s d e b a t a b l e and f a r t h e r f r om t h e semant i c p rob -
lems w h i c h a re ou r ma in c o n c e r n . F i g u r e s 3 a n d A 
g i v e two p o s s i b l e deep s y n t a c t i c r e a l i z a t i o n s f o r 
sen tences whose c o n t e n t i s r e p r e s e n t e d b y t h e n e t 
work o f F i g u r e 1 . 

We use u n o r d e r e d dependency t r e e s in w h i c h a r c s a r e 
l a b e l l e d w i t h s y n t a c t i c r e l a t i o n s o f two d i f f e r e n t 
t y p e s . F i r s t , we use a p r e d i c a t i v e r e l a t i o n between 
a t e rm and i t s s u b j e c t and o b j e c t s o r c o m p l e m e n t s . 
Second, we use an a t t r i b u t i v e r e l a t i o n , which c o v e r s 
a l l k i n d s o f a t t r i b u t e s , m o d i f i e r s and a d v e r b i a l s . 
T h i s l a b e l l i n g i s used t o c o n s t r a i n t h e o r d e r i n g 
and i n f l e c t i n g o f l e x i c a l i t e m s a t t h e s u p e r f i c i a l 
s y n t a c t i c l e v e l ( n o t shown h e r e ) . Nodes o f t r e e s 
a r e marked w i t h E n g l i s h l e x i c a l e x p r e s s i o n s o r l e x 
i c a l f u n c t i o n s such a s Magn i n F i g . 4 ( s e e M e l ' f c u k 
[ 5 ] ) . 

C . Cor respondence Ru les 

The SMRAD sys tem uses a v a r i e t y o f r u l e s f o r 
r e l a t i n g seman t i c n e t w o r k s t o deep s y n t a c t i c d e p e n 
dency t r e e s . These a r e o r g a n i z e d i n t o two ma in com
p o n e n t s : (1 ) l e x i c a l r u l e s , and (2 ) s y n t a c t i c r u l e s . 

L e x i c a l r u l e s a r e o f two t y p e s : ( I ) a l e x i c a l 
co r respondence r u l e a s s o c i a t e s a n E n g l i s h l e x e m e , 

W i t h i n t h e boxes o n t h e r i g h t w e g i v e any r e s t r i c 
t i o n s o n t h e s y n t a c t i c f o r m o f t h e a rguments i n t h e 
s y n t a c t i c dependency t r e e . Any seman t i c c o n s t r a i n t 
( e . g . , r e f e r e n c e t o seman t i c word c l a s s e s ) i s g i v e n 
under t h e b o x e s : ( I I ) a l e x i c a l f u n c t i o n r u l e i n t r o -
duces a l e x i c a l f u n c t i o n , such a s t h e i n t e n s i f i e r 
f u n c t i o n , a s t h e s y n t a c t i c c o r r e l a t e o f a s e m a n t i c 
s u b n e t w o r k . 

The s y n t a c t i c r u l e s s p e c i f y how to pu t the whole 
s y n t a c t i c s t r u c t u r e o f t h e sen tence t o g e t h e r . They 
a r e a l s o o f two t y p e s : ( I ) g e n e r a l r u l e s g i ve g l o b a l 
p r i n c i p l e s f o r e n c o d i n g meanings i n t h e deep s y n t a c 
t i c s t r u c t u r e ( e . g . , " i f one v e r b i s used t o express 
an argument o f a second v e r b , t h e f i r s t b e c o m e s a 
s y n t a c t i c a t t r i b u t e o f t h e s e c o n d ' ) . ( H ) m e t a - r u l e s 
g i v e g e n e r a l p r i n c i p l e s f o r c o n s t r u c t i n g a s y n t a c t i c 
t r e e f o r t h e E n g l i s h sen tence o n t h e b a s i s o f i t s s e 
m a n t i c n e t w o r k . I t i s i m p o r t a n t t o s t a t e h e r e t h a t 
t h e n e t w o r k i s n o t "consumed" i n t h e p r o c e s s . I n 
s t e a d , i t i s used a s a " b l u e p r i n t " f o r t h e r u l e s 
w h i c h c o n s t r u c t t h e t r e e . I t e m s a l r e a d y ' u s e d " i n 
t h e n e t w o r k a r e checked o f f i n a r e c u r s i v e p r o c e s s 
u n t i l a l l p a r t s o f t h e n e t w o r k have been encoded i n 
t h e s y n t a c t i c t r e e . L o g i c a l l y s p e a k i n g , t h e r u l e s 
w h i c h d o t h i s a r e n o t o r d e r e d . 
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