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ABSTRACT 

This paper argues that a number of d i f f e r e n t 
kinds of meaning represen ta t ion , between which 
p a r t i a l t r ans la t i ons can be made as needed, are a l l 
required for a reasonably comprehensive language 
processing system. These representat ions capture 
d i f f e r e n t and possib ly complementary aspects of a 
t e x t ' s form, content and reference wor lds, and are 
sui ted to d i f f e r e n t subtasks of the language 
processor. I n i t i a l t e s t i n g o f the propos i t ion via 
a system designed for natura l language access to 
databases is descr ibed, showing how d i f f e r e n t types 
of meaning representat ion wi th d i f f e r e n t 
c h a r a c t e r i s t i c s are ca l led f o r , r e l a t e d , and used.* 

i n p u t - t e x t - d r i v e n operat ions required to carry 
through the system's p a r t i c u l a r task . Thus for 
na tura l language t r a n s l a t i o n , for example, 
r e l a t i v e l y i n e x p l i c i t and shallow representat ions 
have been deemed adequate, whi le for systems 
invo lv ing more extensive in fe rence , for example 
question answering, more e x p l i c i t and deeper 
representat ions are commonly used. Some systems 
invo lv ing language may be s u f f i c i e n t l y r e s t r i c t e d 
or specia l ised to f a l l outside t h i s paradigm, by 
not posing serious requirements for t ex t meaning 
represen ta t ion : for example systems e x p l o i t i n g 
simple input tex ts to modify an independent 
database not intended to record l i n g u i s t i c features 
of the t e x t . 

1. I n t r o d u c t i o n : the s ing le representat ion 
assumption 

It has been widely assumed in natura l language 
processing research that a reading for a piece of 
t ex t has a s ing le meaning representa t ion . When a 
cycle of morphologica l , s yn tac t i c , semantic and 
pragmatic processing has been car r ied out for some 
piece of t e x t , the r esu l t i ng representat ion 
embodying the system's i n t e r p r e t a t i o n , or 
' unders tand ing ' , of the tex t is the only form of 
representat ion proper to the t e x t . A 
representat ion may be modi f ied , for example if the 
processing of a l a t e r sentence suppl ies a spec i f i c 
re fe ren t for a d e f i n i t e noun phrase. But i t is not 
changed in k i nd . Thus if the system's 
language-processing task depends on a l o n g - l i f e , 
la rge-sca le t e x t representa t ion , t h i s may be 
modif ied in the course of processing by the a r r i v a l 
of new i n fo rma t i on ; but it is not replaced by a 
d i f f e r e n t type of representa t ion . 

This assumption under l ies approaches working 
wi th representat ions of qu i te d i f f e r e n t content and 
form, and both approaches working wi th ' sha l low ' 
representat ions and those working wi th 'deep' ones, 
de f i n ing the former very broadly here for 
i l l u s t r a t i v e purposes as representat ions close to 
the actual t e x t s t r u c t u r e , and the l a t t e r as 
representat ions which do not attempt to preserve 
the given order , or i n d i v i d u a l i t y , o f t ex t i tems. 
The general approach so far has been to choose a 
means of representat ion which appears s u f f i c i e n t l y 
i n f o rma t i ve , but abs t rac t , to support the 

2. The mu l t i p l e representat ion requirement 

I t i s , however, a t least possib le that f u l l 
t ex t i n t e r p r e t a t i o n , even for the very modest task 
systems that are a l l we can tack le at present, 
requi res more than one meaning represen ta t ion . 
That i s , the system requires representat ions which 
are a l l meaning representat ions because they are 
i n te rp re tab le in an under ly ing wor ld , but which are 
couched in d i f f e r e n t representat ion languages 
having d i s t i n c t i v e c h a r a c t e r i s t i c s appropr iate to 
p a r t i c u l a r subtasks of the ove ra l l task . The 
r e l a t i o n between the representat ion languages may 
be qu i te complex, and d i s t i n c t but re la ted 
under ly ing worlds may be invo lved . The important 
point is that the d i f f e r e n t meaning representat ions 
a l l have genuine status w i th in the system: we are 
not concerned wi th the case where several 
representa t ions , which could a l l be deemed meaning 
representa t ions , are const ruc ted, but a l l but the 
f i n a l one are t reated as disposable in termedia tes . 
I c la im that when a language processing system's 
task requirements are i nves t i ga ted , they imply that 
the system must be able to manipulate, 
simultaneously and on demand, several d i f f e r e n t 
types of meaning representat ion for a t e x t , 
conveying d i f f e r e n t and even exc lus ive kinds of 
i n fo rma t ion . 

These representat ions cannot be mere 
no ta t iona l var ian ts of one another. I f the task 
system is to make use of them for d i f f e r e n t 
subtasks, there must be procedures for moving, or 
t r a n s l a t i n g , from one form to another; but t h i s 
does not imply tha t a l l of the proper t ies of the 
tex t expressed in e i the r of a pair of 
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representat ions between which t r a n s l a t i o n is being 
made are to be genuinely found in the o ther . It is 
important here to d i s t i ngu i sh proper, f u n c t i o n a l , 
elements of a representat ion from mere baggage. 
For example, one representat ion may preserve 
spec i f i c l e x i c a l i tems, the other i nd ica te only 
under ly ing p r i m i t i v e concepts; a t tach ing l e x i c a l 
items to the l a t t e r to ensure some recovery of the 
former does not necessar i ly imply that the l e x i c a l 
items in the l a t t e r have any t rue representa t iona l 
f u n c t i o n . The assumption is that for any pair of 
meaning representa t ions , p a r t i a l , but not complete, 
equivalence e x i s t s , permi t t i ng t r a n s i t i o n s between 
them. Saying that t h i s set of representat ions 
nevertheless c o l l e c t i v e l y cons t i t u tes a s ing le 
meaning representat ion is vacuous. 

The motive for the view that more than one 
representat ion is required is supp l ied , on the one 
hand, by tasks l i k e machine t r a n s l a t i o n . I t is 
evident that natura l language t r a n s l a t i o n (at least 
fo r some purposes) must seek to preserve tex t 
s t ruc tu re and expression, i . e . t ex t na r ra t i ve form. 
I t is equal ly evident that cor rec t t r a n s l a t i o n can 
requi re a r b i t r a r i l y extensive in fe rence , for 
example to i d e n t i f y pronoun re fe ren ts or compound 
noun s t r uc tu res , and qu i te possib ly both 'weak' 
inference of the kind i l l u s t r a t e d by Wilks and 
' s t r o n g ' inference dependent on e x p l i c i t 
q u a n t i f i c a t i o n . The complementary mot iva t ion is 
suppl ied by observat ions l i k e Par tee 's , that an 
e x p l i c i t q u a n t i f i c a t i o n of a sentence l i k e "More 
people get more s a t i s f a c t i o n out of L&M's than out 
of any other c i g a r e t t e " is so complex that i t 
d o u b t f u l l y r e f l e c t s the s imple, i f f u r r y , meaning 
accepted by the reader. 

Taking p red i ca te - l og i c - t ype representat ions as 
deep, examples l i k e t h i s suggest that the d i f f e r e n t 
meaning representat ions may have d i f f e r e n t depths, 
and s p e c i f i c a l l y , that there is a s ing le sequence 
of representa t ions . But cases l i k e t r a n s l a t i o n 
suggest that d i f f e r e n t representat ions at s im i l a r 
depths are also needed, and s p e c i f i c a l l y shallow 
representat ions for the input and output natura l 
languages, which are d i r e c t l y re la ted to one 
another as wel l as to deeper representa t ions . Thus 
it is more important to focus on d i f fe rences of 
representat ion content than of depth. 

3. I nves t i ga t i ng mu l t i p l e requirements 

Our current p ro jec t (Boguraev and Sparck 
Jones, 1983 )t for database access, provides an 
appropr iate environment for an i n i t i a l study of the 
need for several meaning representa t ions , and of 
mechanisms for moving from one to another. This 
fo l lows from the approach to database access being 
adopted. The ob jec t i ve of a natural- language 
f ront -end processor for a database management 
system is to convert a natura l language question 
i n to a ( formal) search query appropr iate to the 
p a r t i c u l a r data model used for the database: e .g . 
i n to an expression in r e l a t i o n a l a lgebra. The 
normal processing s t ra tegy adopted for t h i s purpose 
involves applying a data-domain-speci f ic semantic 
processor e i the r a longs ide, or l a r g e l y subsuming, 
conventional syntax. The present p r o j e c t ' s aim is 

to avoid having to provide a new semantic processor 
operat ing d i r e c t l y on input t e x t for every new 
database. The approach adopted assumes that a good 
deal of semantic as wel l as syn tac t i c processing 
can be achieved using domain-independent 
i n f o rma t i on , and that the domain-speci f ic 
processing which is necessar i ly required for the 
database access task is reduced in scope and 
s i m p l i f i e d by being able to exp lo i t the output of 
the e a r l i e r general syntac t ic and semantic 
processing of the quest ion . 

In the system which has been const ruc ted, the 
i n i t i a l general i n t e r p r e t a t i o n o f the question 
provides a r i c h meaning representat ion of the input 
as a case- labe l led dependency t ree wi th s l o t s 
f i l l e d by word senses defined by semantic 
p r i m i t i v e s . This is then processed, s t i l l as a 
genera l , database-independent opera t ion , to der ive 
a p red ica te - log i c - t ype representat ion in the LUNAR 
s t y l e (Woods, 1978), r e ta i n i ng the case r e l a t i o n 
and category p r i m i t i v e i n fo rma t ion , but d iscard ing 
l i n g u i s t i c in format ion l i k e clause boundary 
markers. The log ic representat ion is in turn 
processed using domain-speci f ic in format ion to map 
the case and category in format ion onto the ob jec t , 
property and r e l a t i o n s h i p concepts of the database 
wor ld . The formal query representat ion thus 
generated is in turn converted in to the actual 
search representat ion of the input which is a 
r e l a t i o n a l algebra expression geared to the 
admin is t ra t i ve organ isat ion of the database. A l l 
these operat ions are semantics d r i v e n , but are 
i n e v i t a b l y d i f f e r e n t i n t h e i r essent ia l character , 
j us t because they are designed to bu i l d d i f f e r e n t 
represen ta t ions , and are too complex to d e t a i l 
here. (They have already been qu i te extens ive ly 
tested on a sample database.) 

In the present con tex t , the re levant 
p roper t ies of t h i s natura l language processor are 
f i r s t , that the var ious representat ions of the 
input question are a l l meaning representa t ions . 
Because the i n i t i a l representat ions for the input 
have a pe r f ec t l y good d i r e c t representat ion in the 
ord inary wor ld , v ia the case and category 
p r i m i t i v e s , i t cannot be said that the only meaning 
representat ion for the question is the f i n a l search 
query. The approach of LUNAR and PHLIQA1 
(Bronnenberg et a l , 1979) is not being fol lowed 
here. Equal ly , both query and search 
representat ions refer to the database wor ld . 
Second, i t is not the case that the four 
representat ions d i f f e r only in the domain 
independence or dependence of t h e i r semantics. 
This in i t s e l f cons t i t u tes an important d i f fe rence 
of representat ion content ; but there are also 
s i g n i f i c a n t d i f fe rences of content and form between 
the i n i t i a l question representat ion and the log ic 
rep resen ta t ion , which e x p l o i t d i f f e r e n t view of the 
ord inary wor ld , and between query and search 
rep resen ta t ion , which e x p l o i t d i f f e r e n t views of 
the database wor ld . These d i f fe rences may also be 
seen as d i f fe rences of depth: the i n i t i a l 
representat ion is in an obvious sense shallower 
than the log ic rep resen ta t ion ; but t h i s is not the 
d i f f e rence of rea l importance here. 
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The f a c t t h a t t he p r o c e s s o r gene ra tes j u s t 
f o u r e x p l i c i t r e p r e s e n t a t i o n s i s a r b i t r a r y : t h i s i s 
a p r o d u c t of e x p e r i m e n t a l system d e s i g n . No c l a i m 
i s be ing made f o r t he i n d i v i d u a l d e t a i l s o f the 
v a r i o u s r e p r e s e n t a t i o n a l f o r m s . What m a t t e r s i s 
t h a t the t a s k , wh ich i s an i n s t a n c e o f a w idespread 
l a n g u a g e - u s i n g a c t i v i t y , namely i n q u i r y , 
p resupposes r e f e r e n c e s to d i f f e r e n t w o r l d s - the 
g e n e r a l and the s p e c i a l , and uses d i f f e r e n t fo rms 
o f r e p r e s e n t a t i o n r e l a t i n g t o each o f these w o r l d s 
- ( l o o s e l y ) the l i n g u i s t i c and the l o g i c a l . To 
argue t h a t we are r e a l l y o p e r a t i n g i n one w o r l d , 
c o n s t r u c t e d f rom two source w o r l d s , i s a f o r m a l i s t 
v i ew which f a i l s t o c a p t u r e t he f a c t t h a t i t i s t he 
c o n s t r u c t i o n p rocess i t s e l f wh ich i s embedded i n 
t h e t a s k ; more i m p o r t a n t l y , t he r e p r e s e n t a t i o n s 
a re no t n o t a t i o n a l v a r i a n t s , a s i n f o r m a t i o n i s 
t h rown away in t h e t r a n s i t i o n s from one to a n o t h e r . 

That so f a r , t hese t r a n s i t i o n s are made in one 
d i r e c t i o n o n l y , i s i r r e l e v a n t . Wh i le the f i r s t 
r e q u i r e m e n t of a da tabase access system is f o r a 
s t r a i g h t f o r w a r d sea rch e q u i v a l e n t o f the i n p u t 
n a t u r a l language q u e s t i o n , i t i s o b v i o u s t h a t a 
f u l l y - d e v e l o p e d access system w i l l i n v o l v e o t h e r 
i n t e r a c t i o n s between r e p r e s e n t a t i o n s , and 
t r a n s i t i o n s , i n o t h e r d i r e c t i o n s . These w i l l b e 
r e q u i r e d , i n p a r t i c u l a r , f i r s t t o meet t he 
i n f e r e n c e needs o f q u e s t i o n i n t e r p r e t a t i o n , and 
second , t o respond e f f e c t i v e l y t o the u s e r . 

I n f e r e n c e p rocesses have not ye t been des igned 
f o r the s y s t e m , and i t i s no t c l e a r i n d e t a i l what 
form they shou ld t a k e . However a b e g i n n i n g has 
been made on response p r o c e s s e s . One o b v i o u s 
response i s c h e c k i n g the q u e s t i o n i n t e r p r e t a t i o n 
w i t h the u s e r . For t h i s , r e f o r m u l a t i o n o f the 
q u e s t i o n r e f l e c t i n g each s tage i n i t s p r o c e s s i n g 
has i t s own j u s t i f i c a t i o n . For examp le , t e x t 
pa raph rases gene ra ted from the f i r s t , dependency 
r e p r e s e n t a t i o n can show the u s e r , i n language c l o s e 
to h i s own, how l i n g u i s t i c a m b i g u i t i e s have been 
r e s o l v e d ; g e n e r a t i o n f rom the l o g i c r e p r e s e n t a t i o n 
can check t h e d e s i r e d scope o f q u a n t i f i c a t i o n , and 
g e n e r a t i o n f rom the query and s e a r c h 
r e p r e s e n t a t i o n s t he way the u s e r ' s q u e s t i o n i s 
b e i n g v iewed in t he database c o n t e x t . F i g u r e 1 
shows examples o f t e x t s genera ted f i r s t f rom t h e 
i n i t i a l dependency r e p r e s e n t a t i o n , and second f rom 
the f i n a l sea rch r e p r e s e n t a t i o n , f o r a da tabase 
q u e s t i o n . The f i r s t i n d i c a t e s d i s a m b i g u a t i o n , t h e 
second makes o b v i o u s r e f e r e n c e t o t h e r e l a t i o n a l 
s t r u c t u r e o f t h e d a t a b a s e . The t e x t d i f f e r e n c e s 
r e f l e c t t he d i f f e r e n t f u n c t i o n a l c h a r a c t e r i s t i c s o f 
t he u n d e r l y i n g source r e p r e s e n t a t i o n s . G e n e r a t i o n 
he re i s done d i r e c t l y ; i t does no t have t o proceed 
t h r o u g h i n v e r s e s o f t he i n t e r p r e t a t i o n and where 
t h i s m igh t b e a p p r o p r i a t e , i t would no t i m p l y t h a t 
i n d i v i d u a l i n p u t r e p r e s e n t a t i o n s were r e c o v e r e d : 
o n l y ones as near as t he r e p r e s e n t a t i o n language 
r e l a t i o n s h i p s a l l o w . 

I n t h e p r o j e c t work s o f a r , o n l y t r a n s l a t i o n 
i n the most s t r a i g h t f o r w a r d d i r e c t i o n f rom one 
r e p r e s e n t a t i o n to ano the r has been imp lemen ted . 
Ju t i n g e n e r a l , i t appears t h a t i n t e r p r e t i n g , i n 
the f u l l sense o f e s t a b l i s h i n g the l e g i t i m a c y o f , 
a n i n p u t q u e s t i o n , no t t o men t ion answer ing i t , can 
i n v o l v e a l l t y p e s o f r e p r e s e n t a t i o n , and hence 
r e r u i r e f r e e movement f rom one to a n o t h e r . 

4. C o n c l u s i o n 

I n v e s t i g a t i o n o f o t h e r language p r o c e s s i n g 
t a s k s , l i k e s u m m a r i s i n g , s u p p o r t s the argument f o r 
m u l t i p l e r e p r e s e n t a t i o n s : f a r - r a n g i n g and 
he te rogeneous i n f e r e n c e o p e r a t i o n s may be r e q u i r e d 
t o i d e n t i f y i m p o r t a n t p a r t s o f a t e x t , bu t t h e r e i s 
a l s o a need , f o r a t l e a s t some a b s t r a c t i n g 
p u r p o s e s , t o r e t a i n g l o b a l n a r r a t i v e s t r u c t u r e . 
The e s s e n t i a l l anguage p r o c e s s i n g model be ing 
proposed here i s t h e r e f o r e one u s i n g a se t o f 
meaning r e p r e s e n t a t i o n s f o r an i n p u t ( o r o u t p u t ) 
e x h i b i t i n g d i s t i n c t , and i n the l i m i t e x c l u s i v e , 
p r o p e r t i e s o f the source t e x t , w i t h t r a n s l a t i o n 
between these e x p l o i t i n g d i f f e r e n t s p e c i f i c common 
t y p e s o f e lement f o r p a r t i c u l a r t r a n s i t i o n s , a s 
r e q u i r e d t o meet v a r i o u s i n t e r p r e t i v e s u b t a s k s . 
The p r e s e n t p r o j e c t a ims to show what d i f f e r e n t 
r e p r e s e n t a t i o n s are needed and what mechanisms are 
r e q u i r e d , w o r k i n g c o l l a b o r a t i v e l y , t o use them. 

The idea o f m u l t i p l e r e p r e s e n t a t i o n s i s i n 
some ways s i m i l a r i n m o t i v a t i o n to t he idea o f 
m u l t i p l e d e s c r i p t i v e v i e w p o i n t s embodied i n the 
d e s i g n of KRL (Bobrow and W i n o g r a d , 1977 ) . But 
Bobrow and Winograd do not c o n s i d e r t h e s y s t e m a t i c 
e x p l o i t a t i o n o f t hese i deas f o r t he purposes o f 
p r o d u c i n g d i f f e r e n t t y p e s o f n o n - e q u i v a l e n t t e x t 
meaning r e p r e s e n t a t i o n as c o n s i d e r e d h e r e , o r t h e 
p r o c e d u r e s r e q u i r e d to move f rom one to t he o t h e r . 
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"Get a l l s t a t u s 3 0 red p a r t s u p p l i e r s . " 

( 1 ) " F i n d a l l red p a r t s u p p l i e r s w i t h s t a t u s 3 0 . " 

( 2 ) "Show me t h e key o f t h e s u p p l i e r s whose s t a t u s i s 30 , 
and who make sh ipments o f p a r t s whose c o l o u r i s r e d . " 
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