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ABSTRACT 

This paper d i s t i ngu i shes a set of c r i t e r i a to be 
met by a machine t r a n s l a t i o n system (EUROTRA) 
c u r r e n t l y being planned under the sponsorship of 
the Commission of the European Communities and 
attempts to show the e f f e c t of meeting those 
c r i t e r i a on the o v e r a l l system des ign. 

1. INTRODUCTION 

EUROTRA is a machine t r a n s l a t i o n system which 
so f a r e x i s t s as a d e t a i l e d set of t echn i ca l 
s p e c i f i c a t i o n s . Work leading to the drawing up of 
the s p e c i f i c a t i o n s s ta r ted in February of 1978, 
and has been c a r r i e d out on a c o l l a b o r a t i v e basis 
by a group drawn from the Member Countr ies of the 
European Community, under the aegis of the 
Commission of the European Communities. The 
present author is respons ib le f o r the 
co -o rd i na t i on of the techn i ca l work, and 
the re fo re makes no c la im to be more than the 
synthesizer of ideas whose o r i g i n a l sources are 
m u l t i f a r i o u s . 

The system to be designed had to meet a 
number of very s p e c i f i c c r i t e r i a , some of them 
coming from the p a r t i c u l a r needs of the European 
Community, some from an i n i t i a l dec is ion to car ry 
out both p lanning and implementat ion of the 
system c o l l a b o r a t i v e l y . This l a t t e r meant tha t 
the system must be designed so tha t groups in the 
d i f f e r e n t Member Countr ies could work more or 
less independently dur ing implementat ion. 

In what f o l l o w s , each sec t ion i d e n t i f i e s a 
p a r t i c u l a r c r i t e r i o n , explores i t s consequences 
on the o v e r a l l system design and t r i e s to put 
these consequences i n t o perspect ive by comparison 
w i t h other systems. No d i s t i n c t i o n is made, f o r 
these purposes, between systems which are 
opera t iona l in the sense of producing 
t r a n s l a t i o n s r o u t i n e l y , f o r t h e i r bread and 
b u t t e r , and p i l o t systems which were developed 
p r i m a r i l y as exper imental t es t beds f o r 
i n t e r e s t i n g t h e o r e t i c a l i deas . Nor w i l l any 
attempt be made to descr ibe systems r e f e r r e d to 
in d e t a i l , o r to put them i n t o r e l a t i o n s h i p w i t h 
one another . Hutchins [ 7 ] f u l f i l l s these l a t t e r 
two tasks admirably . 

2 . MULTIL INGUALITY 

The most obvious spec ia l demand made of the 
EUROTRA system design was tha t it should be 
m u l t i - l i n g u a l . The European Community had, at the 
t ime o f s t a r t i n g work, s i x o f f i c i a l languages. 
This has recen t l y been increased to seven, and a 
f u r t h e r two languages are in prospect . n 
languages impl ies n ( n - l ) language p a i r s , so 9 
languages gives 72 language p a i r s . A l l ear ly 
t r a n s l a t i o n systems were b i - l i n g u a l ( e . g . the 
Georgetown system [5 ] ) , the ana lys is of the 
source language being done w i t h i n the perspect ive 
o f a p a r t i c u l a r t a rge t language. I f t h i s 
t r a d i t i o n were f o l l o w e d , 72 separate t r a n s l a t i o n 
systems would have to be w r i t t e n , one f o r each 
language p a i r ; a proposal which is c l e a r l y 
uneconomic. Some systems, al though i n i t i a l l y 
developed as b i l i n g u a l systems, have made some 
attempt to move towards m u l t i - l i n g u a l i t y by 
a l l ow ing ana lys is or genera t ion of a new language 
to take over techniques developed f o r some other 
language. This is the case, f o r example, w i t h 
SYSTRAN [9 ] . Such an approach has obvious 
disadvantages: q u i t e apar t from the p r a c t i c a l 
d i f f i c u l t y o f modi fy ing the treatment o f 
l i n g u i s t i c f a c t s in one language to deal w i t h 
( o p t i m i s t i c a l l y ) s i m i l a r l i n g u i s t i c f a c t s i n 
another language and the consequent p r o l i f e r a t i o n 
of h i s t o r i c a l remains c a r r i e d over from one 
ve rs ion of the system to another , i t is by no 
means se l f - ev i den t tha t the treatment 
appropr ia te f o r one language is appropr ia te f o r 
another . 

I t seems p re fe rab le then to separate out 
d i f f e r e n t stages of t r a n s l a t i o n in such a way 
tha t as much as poss ib le is done w i t h i n the 
context of a s ing le language. Thus ana lys i s and 
generat ion w i t h i n EUROTRA depend only on the 
grammar ( i n the widest sense) of the p a r t i c u l a r 
language being t r e a t e d , and con ta in no reference 
to a p a r t i c u l a r t a rge t or source language 
r e s p e c t i v e l y . 

However, since t r a n s l a t i o n c l e a r l y invo lves a 
mapping between two languages, there has to be a 
b i - l i n g u a l l i n k between the ana lys is o f the 
source and the genera t ion of the t a r g e t . This is 
the t r a n s f e r stage of the t r a n s l a t i o n process. 
There must c l e a r l y be as many t r a n s f e r modules as 
there are language p a i r s , so in the i n t e r e s t s of 
economy the t r ans fe r par t should be kept as small 
as p o s s i b l e . 



Other systems, ( e . g . GETA [ 1 , 1 0 , 1 1 ] ) , have 
already adopted t h i s approach to some ex ten t . 
They d i f f e r from EUROTRA, however, in the l eve l 
of representa t ion aimed a t . 

Mu11i - l ingual i t y has obvious repercussions on 
the l eve l o f r ep resen ta t i on . Since i t is not 
poss ib le to take advantage of s i m i l a r i t i e s 
between source and ta rge t the rep resen ta t ion 
must go some way beyond an ana lys is of 
s u p e r f i c i a l syn tac t i c s t r u c t u r e . The choice of 
how fa r to go beyond it depends on a compromise 
between the idea l of producing a complete and 
e x p l i c i t semantic/pragmatic rep resen ta t i on of the 
tex t and the f e a s i b i l i t y of reaching such an 
idea l in a system which has to work f o r i t s 
l i v i n g w i t h i n a r e l a t i v e l y short t ime. GETA aims 
at es tab l i sh i ng what is e s s e n t i a l l y a deep 
syn tac t i c r ep resen ta t i on , based on the valency 
pa t te rns of p red i ca tes . EUROTRA t r i e s , at i t s 
'deepest' l e ve l o f r ep resen ta t i on , to 
charac ter ize the semantic r e l a t i o n s between 
cons t i t uen ts in the t e x t v i a a set of r e l a t i o n s 
based on an expanded form of case grammar, 
s i m i l a r to the r e l a t i o n s used by Wi lks [ 1 2 , 1 3 ] . 
However, since the set of r e l a t i o n s are def ined 
as those use fu l f o r t r a n s l a t i o n and are only 
' u n i v e r s a l ' w i t h i n the p r o j e c t , there is no 
attempt to reach a i d e a l , genuinely un i ve rsa l 
semantic rep resen ta t i on . 

There is one f u r t h e r i m p l i c a t i o n which should 
be spe l t ou t , which comes p a r t l y from the 
m u l t i - l i n g u a l i t y cons t ra in t and p a r t l y from the 
c o l l a b o r a t i v e nature of the p r o j e c t . Since the 
same ana lys is module must provide input f o r a 
number of d i f f e r e n t t r ans fe r modules, and the 
same generat ion module accept output from a 
number of d i f f e r e n t t r ans fe r modules, the 
s t r u c t u r e and content of tha t input and output 
must be very c lose ly def ined if the system is not 
to d i s i n t e g r a t e i n t o a number of mis-matched 
lumps. This cons idera t ion has led to the 
d e f i n i t i o n of an i n t e r f a c e s t r u c t u r e , to be used 
as a means of t r a n s f e r r i n g r e s u l t s between the 
main modules, and indeed as a way of represent ing 
in termediate r e s u l t s w i t h i n the main modules. 
More w i l l be said about t h i s i n t e r f a c e s t r uc tu re 
in subsequent sec t ions . 

3. PRACTICALITY 

The aim of the p ro jec t is to produce a system 
which w i l l be o p e r a t i o n a l , at least w i t h i n a 
l i m i t e d domain, w i t h i n f i v e years from the s t a r t 
of implementat ion. The semantic r e l a t i o n l e v e l of 
t ex t represen ta t ion o u t l i n e d in the l as t sec t ion 
i s , in terms of a p r a c t i c a l , working system, 
q u i t e ambi t ious . Although exper imental systems 
( e . g . W i l ks , op. c i t . ) have proved qu i t e 
success fu l , i t would be rash to assume that an 
accurate semantic rep resen ta t ion can always be 
e s t a b l i s h e d . But a working system cannot be 

al lowed jus t to g ive up and produce no 
t r a n s l a t i o n a t a l l , espec ia l l y i f the 
i n fo rma t ion i s lack ing only for some l i m i t e d 
s t r e t c h of t e x t . The system must there fo re have 
f a l l - b a c k mechanisms. Thus, the i n te r f ace 
s t r uc tu re is a lso to inc lude in fo rmat ion on the 
valency boundedness of c o n s t i t u e n t s , on t h e i r 
surface syn tac t i c f u n c t i o n , on t h e i r 
morpho-syntagmatic c l a s s , and on the morphology 
of termina l elements. Furthermore, the geometry 
of the i n te r face s t r uc tu re def ines the syn tac t i c 
cons t i tuent s t ruc tu re o f the t e x t . A l l t h i s 
in fo rmat ion may be used dur ing t rans fe r in order 
to es tab l i sh the cor rec t l e x i c a l un i t s in the 
ta rge t language. Where the semantic r e l a t i o n s are 
unava i l ab le , it may a lso be used by b i - l i n g u a l 
sa fe ty -ne t grammars in order to provide some 
t r a n s l a t i o n ra ther than none at a l l . Such 
grammars can be imagined as producing t r a n s l a t i o n 
in descending order of q u a l i t y . In the worst 
poss ib le case, the q u a l i t y would be that of 
word-to-word systems. 

Although the main j u s t i f i c a t i o n fo r r e t a i n i n g 
as much in fo rmat ion as poss ib le about the source 
language tex t is i t s p o t e n t i a l usefulness as 
f a l l - b a c k i n f o r m a t i o n , i t does f u l f i l l another 
use fu l purpose, in tha t i n fo rmat ion about the 
surface form of the source tex t can o f ten be very 
usefu l in se lec t i ng the appropr ia te surface form 
of the ta rge t language t e x t . 

The necessi ty to keep a l l these d i f t e r e n t 
k inds of i n fo rmat ion on a s ing le data s t ruc tu re 
has led to the d e f i n i t i o n of a s t r uc tu re whose 
geometry is determined s y n t a c t i c a l l y . The data 
s t r u c t u r e is a general t r e e , where at each l eve l 
of the t ree one node is d i s t ingu ished as being 
the node to which a l l other nodes are 
( s y n t a c t i c a l l y ) r e l a t e d . Thus, w i t h i n a verba l 
phrase w i t h a f i n i t e verb the d is t i ngu ished node 
w i l l be the f i n i t e verb node, w i t h i n a noun group 
the noun and so on. (The analogy w i th dependency 
grammar [ 3 ] i s c l e a r . ) This might be expected to 
lead to the semantic i n f o rma t i on , which is 
represented v i a l a b e l l i n g s on the nodes of the 
t r e e , being represented somewhat u n n a t u r a l l y . In 
f a c t , al though t h i s does happen occas iona l l y , i t 
happens ra the r less o f t en than one would expect, 
p a r t l y because semantic r e l a t i o n s , once named, 
need not be ordered ( c f . Charniak [2] f o r the 
inverse argument that if ordered they need not be 
named), p a r t l y because an extension of the data 
s t r u c t u r e to a l low fo r copies of cons t i tuen ts to 
be inser ted in those cases where a s ing le 
cons t i t uen t plays two semantic ro les ( e . g . ' I 
t o l d him to go ' ) removes much of the d i f f i c u l t y . 
The awkward cases are those where i n t u i t i v e l y , 
the dominant cons t i tuen t semant ica l ly is def ined 
to be the dependent cons t i tuen t s y n t a c t i c a l l y , 
e . g . ' the b o t t l e o f w ine ' ( ' b o t t l e ' i s 
s y n t a c t i c a l l y dominant) . Even here, i n t u i t i o n 
tends to o s c i l l a t e depending on surrounding 
con tex t : 'He drank the b o t t l e of w ine ' vs 'He 
broke the b o t t l e o f w i n e ' . 



4. COLLABORATION 

One of the i n i t i a l postu la tes of the system 
was that it could be designed and implemented 
c o l l a b o r a t i v e l y . 

In p r a c t i c a l terms, c o l l a b o r a t i o n means 
i n d i v i d u a l groups working on the ana lys is and 
generat ion of t h e i r own language, j o i n t teams 
cons t ruc t ing t r ans fe r modules and a separate 
group ensuring communication and co -o rd ina t i on 
between the p a r t i c i p a t i n g groups. Such an 
o rgan isa t ion is made poss ib le by the s t r i c t 
d i v i s i o n i n t o a n a l y s i s , t r ans fe r and generat ion 
modules already descr ibed. 

I t is r e - i n f o r c e d . however, by a f u r t h e r 
cons ide ra t i on . In p lanning such a p r o j e c t , i t is 
p re fe rab le to draw as much bene f i t as poss ib le 
from experience already e x i s t i n g amongst the 
p a r t i c i p a t i n g groups: indeed, i t i s the 
experience of those who have co-operated in 
planning the system which has produced i t s 
o v e r a l l des ign. But the fac t that experience 
ex i s t s means tha t i t is experience w i t h 
p a r t i c u l a r techniques and s t ra teg ies of language 
process ing. Obviously, a group which has spent 
many years developing and improving a p a r t i c u l a r 
s t ra tegy w i l l want to use the r e s u l t s of that 
work in working on EUROTRA. Therefore, the 
p a r t i c i p a t i n g groups should be l e f t considerable 
freedom to choose t h e i r own l i n g u i s t i c 
s t r a t e g i e s . 

This has immediate i m p l i c a t i o n s , i f only 
because anarchy must be prevented from 
degenerating i n t o chaos. The most obvious 
concerns the i n te r f ace s t r u c t u r e : i t s d e f i n i t i o n 
must be agreed by a l l p a r t i e s , and a l l p a r t i e s 
must agree to produce r e s u l t s conforming to tha t 
d e f i n i t i o n . For t h i s reason, much of the l as t 
three years has gone on de f i n i ng the i n t e r f a c e 
s t r u c t u r e . 

A f u r t he r guarantee of f i n a l i n t e g r a b i l i t y 
comes from an agreement to use a common basic 
so f tware , manipu la t ing an agreed data s t r u c t u r e . 
The data s t ruc tu re is a chain graph, very l i k e 
the Q-system Q-graph [ 3 ], whose arcs are l a b e l l e d 
w i t h t rees conforming to the d e f i n i t i o n of the 
i n te r f ace s t r u c t u r e . I t i s manipulated v ia 
product ion system type ru les | 4 | , i n t e r n a l l y 
unordered except of course fo r i m p l i c i t o r d e r i n g , 
but c o n t r o l l e d by ex te rna l means as in MYCIN |3 ]• 
Both the ru les themselves and the con t ro l 
mechanisms are w r i t t e n in a spec ia l l y designed 
language, intended to a l low convenient and 
t ransparent expression of l i n g u i s t i c f a c t s . No 
conceptual d i s t i n c t i o n is made between grammar 
ru les and d i c t i o n a r y r u l e s , both of which are 
w r i t t e n in the h i g h - l e v e l language. D ic t ionary 
in fo rmat ion may be very complex, i nc lud ing 
valency i n fo rma t i on , semantic i n f o rma t i on , 
i n fo rmat ion on surface behaviour and contex tua l 
i n fo rmat ion in a d d i t i o n to convent ional 
morphological i n f o rma t i on . The un i t y of the data 
s t ruc tu res and of the h i g h - l e v e l language fo r 

descr ib ing and manipu la t ing them makes elegant 
expression of a great deal of i n fo rmat ion 
poss ib le . 

Several systems have con t r ibu ted ideas to the 
d e f i n i t i o n of t h i s part of the system. Both GETA 
(op. c i t . ) and TAUM [ 3 ] , amongst machine 
t r a n s l a t i o n systems, have used ex te rna l r u l e s , 
and product ion systems as a whole have received 
wide-spread a t t e n t i o n in A I . EUROTRA pushes the 
general approach to an extreme, by e x p l i c i t e l y 
separat ing c o n t r o l , r u les and computat ional model 
in a way which al lows the same basic t oo l s to be 
used in a v a r i e t y of d i f f e r e n t ways. 

5. EXTENSIBILITY 

M u l t i - l i n g u a l i t y has a f u r t h e r dimension 
which was not discussed e x p l i c i t e l y in the second 
s e c t i o n : i t impl ies the a b i l i t y to add new 
language pa i r s at any t ime wi thout having to 
r e - w r i t e the p r e - e x i s t i n g system. This is made 
poss ib le by the o v e r a l l modu lar i ty of the system. 
To add a new source language going to e x i s t i n g 
ta rge t languages a, b, c , i t is only necessary to 
w r i t e an analyser producing a v a l i d i n t e r f a c e 
s t r u c t u r e from source language t e x t s , and three 
t r a n s f e r modules t r a n s f e r r i n g the new source i n t o 
languages a, b, c. The e x i s t i n g ta rge t generat ion 
modules w i l l then take over . 

S i m i l a r l y extension of the l i n g u i s t i c modules 
to cover new s t ruc tu res or new domains of 
d iscourse is s i m p l i f i e d by the use of i n t e r n a l l y 
unordered product ion r u l e s . Add i t i on of new 
ru les does not per tu rb the e x i s t i n g set of r u l e s . 

But e x t e n s i b i l i t y was also def ined to inc lude 
extension to inc lude new research r e s u l t s . In the 
cur rent s ta te o f the a r t , c e r t a i n l i n g u i s t i c 
problems such as r e s o l u t i o n of pronoun reference 
depending on extensive use of wor ld knowledge 
seem to be i n t r a c t a b l e w i t h i n the framework of a 
bread and bu t te r system. However, g iven advances 
in l i n g u i s t i c s and in A I in the recent pas t , i t 
is poss ib le that they may become t r a c t a b l e . The 
general framework descr ibed in the preceding 
sect ions should prove f l e x i b l e enough to a l low 
the i nco rpo ra t i on of new research r e s u l t s 
p e r m i t t i n g the treatment of problems which , f o r 
the moment, have q u i t e d e l i b e r a t e l y been l e f t 
as ide . On a less ambit ious sca le , the r i g i d 
separat ion of r u l e s , a lgor i thms and con t ro l 
should make it easy to experiment w i t h new 
l i n g u i s t i c models. 

6, CONCLUSION 

This paper has o u t l i n e d some features of the 
design of a m u l t i - l i n g u a l , ex tens ib le machine 
t r a n s l a t i o n system to be developed by a number of 
groups working in c o l l a b o r a t i o n . An attempt has 
been made to exp la in the considerat ions leading 
to those f ea tu res , and to set the system w i t h i n 
an o v e r a l l framework. 




