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ABSTRACT 

Xn r e c e n t  y e a r s  t h e  n a t u r e  and t h e  r o l e  o f  a 
m o r p h o l o g i c a l  component  in  NLP s y s t e m s  ha s  
a t t r a c t e d  a l o t  o f  a t t e n t i o n .  

The two-level model of Koskenniemi which relates 
graphemlc  t o  m o r p h o l o g i c a l  s t r u c t u r e  ha s  been 
s u c c e s f u l l y  imp lemen ted  in  t h e  form o f  f i n i t e  
s t a t e  a u t o m a t a .  

Xn EUROTRA a s o l u t i o n  which  combines  
m o r p h o l o g i c a l  and s u r f a c e  s y n t a c t i c  p r o c e s s i n g  in  
one CFG im p lemen ted  in  a u n i f i c a t i o n  grammar 
framework has been tried out. This article 
c o n t r a s t s  t h e s e  two a p p r o a c h e s  c o n s i d e r i n g  
e s p e c i a l l y  t h e  f e a s i b i l i t y  o f  b u i l d i n g  
m o r p h o l o g l c a l  modu le s  f o r  a b ig  m u l t i l i n g u a l  MT 
s y s t e m  in  a d e c e n t r a l i s e d  R & V p r o j e c t .  

O. INTRODUCTION 

The d e v e l o p m e n t  o f  s o p h i s t i c a t e d  NLP 
a p p l i c a t i o n s  has  c r e a t e d  a need  for s p e c i f i c  
p r o c e s s i n g  in  o r d e r  t o  be a b l e  t o  cope w i t h  l a r g e  
v o c a b u l a r i e s  w i t h o u t  c r e a t i n g  m o n s t r u o u s  
d i c t i o n a r i e s .  E a r l i e r  a p p r o a c h e s  o f t e n  a v o i d e d  
morpho logy  more o r  l e s s  by l i s t i n g  f u l l  wordforms  
in  t h e  d i c t i o n a r y  o r  by s i m p l y  s e g m e n t i n g  some 
i n f l e c t i o n a l  e n d i n g s  w i t h  a few g e n e r a l  r u l e s .  

Much r e c e n t  work i s  b a s e d  on t h e  T w o - l e v e l  Model 
( K o s k e n n i e m i ,  1983) and r e l a t e s  d i r e c t l y  or  
i n d i r e c t l y  t o  t h e  o r i g i n a l  i m p l e m e n t a t i o n  o f  t h i s  
model  in  t h e  form of  f i n i t e  s t a t e  t r a n s d u c e r s  
(FST).  The o r i g i n a l  n o t a t i o n  and i m p l e m e n t a t i o n  
have  been f u r t h e r  d e v e l o p e d  and r e f i n e d  ( c f .  e . g .  
B lack ,  1986 and Bea r ,  1986) in  o r d e r  to  improve 
c o m p i l a t i o n  and r u n t i m e ,  d e b u g g i n g  and 
r u l e - w r i t i n g  f a c i l i t i e s .  

S t i l l  some p rob lems  p e r s i s t  and o t h e r s  have  n o t  
been t o u c h e d  y e t .  T h i s  pape r  p r e s e n t s  an 
a l t e r n a t i v e ,  b u t  no t  c o n t r a d i c t o r y ,  s o l u t i o n  
which has  t o  some e x t e n t  been t r i e d  o u t  in  t h e  
EUROTRA Machine  T r a n s l a t i o n  P r o j e c t  and a r g u e s  
t h a t  t h e  t w o - l e v e l  app roach  may n o t  be e n t i r e l y  
v i a b l e  in  a d e c e n t r a l i s e d  R&D p r o j e c t  which  aims 
a t  ~he c r e a t i o n  of  a b ig  m u l t i l i n g u a l  HT s y s t e m .  

I. THE TWO-LEVEL MODEL 

The o r i g i n a l  p r e s e n t a t i o n  o f  t h e  model  
( K o s k e n n i e m i ,  1983) shows t h a t  i t  i s  p o s s i b l e  t o  

t r e a t  t h e  i n f l e c t i o n a l  morpho logy  ( i n c l u d i n g  
s p e l l i n g  r u l e s )  of  a h i g h l y  i n f l e c t e d  l a n g u a g e  
l i k e  F i n n i s h  by e s t a b l i s h i n g  c o r r e s p o n d e n c e s  
between a surface alphabet and a lexical alphabet 
(the two levels) and using a lexicon to determine 
which combinations of characters and morphemes 
are legal. Moreover, this is done by means of 
declarative rules, thereby avoiding the 
procedural problems of generative phonology, and 
the algorithm used is language independent. 
Together with the fact that the model may bc used 
for synthesis as well as for analysis this is a 
strong argument in favour of employing a 
two-level approach to morphology. 

L a t e r  work p o i n t s  to  some i m p o r t a n t  s h o r t c o m i n g s  
of  t h e  o r i g i n a l  i m p l e m e n t a t i o n  o f  t h e  model in 
the loom of FST's (Black, 1986). Especially 
c o m p i l a t i o n  and r u n t i m e  r e q u i r e m e n t s  and 
d e b u g g i n g  a r e  s e e n  to  pose  s e v e r e  p r o b l e m s .  In  
B l a c k ' s  w o r d s : " D e b u g g i n g  a u t o m a t a  i s  r e m i n i s c e n t  
o f  d e b u g g i n g  a s s e m b l y  l a n g u a g e  progranuuing in  
h e x " .  C o n s i d e r i n g  t h a t  t h e  ( l i n g u i s t i c )  u s e r  i s  
interested in the rules rather than in the 
low-level implementation of them, Black et al. 
have proceeded to develop high-level notations in 
the form of rules which are interpreted directly, 
instead of being compiled into FST's. 

Nonetheless, they entirely respect the two-level 
approach in their notation. Their rules still 
establish correspondences between, on one side, 
elements of a lexical alphabet (the characters of 
the natural language alphabet plus the empty 
c h a r a c t e r  ( i f ) ,  t h e  morpheme b o u n d a r y  (+ ) ,  and 
a r c h i p h o n e m e s  ( n o t e d  as c a p i t a l  l e t t e r s ) )  and,  on 
t h e  o t h e r  s i d e ,  t h e  e l e m e n t s  of  a s u r f a c e  
a l p h a b e t  (the c h a r a c t e r s  of  the n a t u r a l  l a n g u a g e  
p l u s  t h e  empty c h a r a c t e r ) ,  and t h e y  u se  a l e x i c o n  
t o  d e t e r m i n e  which  c o m b i n a t i o n s  of  c h a r a c t e r s  
make up l e g a l  morphemes .  T h e i r  work shows t h e  
r e l a t i v e  i n d e p e n d e n c e  o f  t h e  r u l e  f o r m a l i s m  from 
its implementation - accepting the two-level 
model by no means forces one to accept FST's as 
an implementation vehicle - and it shows that the 
rules for combination of characters (spelling 
rules or morpho-graphemics) are best treated in 
i s o l a t i o n  f rom t h e  r u l e s  f o r  c o m b i n a t i o n  o f  
morphemes ( m o r p h o - s y n t a x ) .  

T h i s  l a t t e r  a pp roa c h  has  been f u r t h e r  d e v e l o p e d  
by Bear  (Be a r ,  1986) .  He combines  a t w o - l e v e l  
a pp roa c h  to  m o r p h o - g r a p h e m i c s  w i t h  a u n i f i c a t i o n  
grammar app roach  (a m o d i f i e d  P A T E  r u l e  
interpreter) to morpho-syntax. The resulting 
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i m p l e m e n t a t i o n  p r e s e r v e s  t h e  g e n e r a l i t y  and 
f l e x i b i l i t y  o f  t h e  t r e a t m e n t  o f  m o r p h o - g r a p h e m i c  
phenomena l i k e  a l l o m o r p h y  w h i l e ,  a t  t h e  same 
t i m e ,  a v o i d i n g  t h e  p rob l ems  of  t r e a t i n g  
m o r p h o - s y n t a x  in  t h e  l e x i c o n ,  which  in  r e a l i t y  i s  
what  h ap p ens  in  K o s k e n n i e m i ' s  o r i g i n a l  model  
where  t h e  l e x i c a l  e n t r i e s  f o r  r o o t  morphemes a r e  
marked f o r  " c o n t i n u a t i o n  c l a s s e s "  ( r e f e r e n c e s  to 
s u b - l e x i c o n s  which d e t e r m i n e  t h e  l e g a l  
c o m b i n a t i o n s  o f  morphemes ) .  

Furthermore, by t r e a t i n g  m o r p h o - s y n t a x  in  a 
u n i f i c a t i o n  grammar framework, Bear  o b t a i n s  an 
e f f e c t  which  i s  v e r y  i m p o r t a n t  p r o v i d e d  t h a t  
m o r p h o l o g i c a l  a n a l y s i s  and s y n t h e s i s  a r e  n o r m a l l y  
r e g a r d e d  as  e l e m e n t s  or  modu le s  o f  s y s t e m s  which  
a l s o  do o t h e r  k i n d s  o f  l a n g u a g e  p r o c e s s i n g ,  e . g .  
s y n t a c t i c  p a r s i n g :  He r e a c h e s  a s t a g e  where  t h e  
o u t p u t  o f  t h e  m o r p h o l o g i c a l  a n a l y s e r  i s  s o m e t h i n g  
which can e a s i l y  be u s e d  by a p a r s e e  o r  some 
o t h e r  p ro g ram (Bea r ,  1986,  p. 275) .  

S t i l l ,  one mus t  admi t  t h a t  o n l y  s u b s e t s  o f  
morpho logy  have  been t r e a t e d  w i t h i n  t h e  t w o - l e v e l  
f ramework  and i t s  s u c c e s s o r s .  Most o f  t h e  work 
seems to  have  c e n t r e d  on i n f l e c t i o n a l  m o r p h o l o g y  
w i t h  a few e x c u r s i o n s  i n t o  d e r i v a t i o n  and a t o t a l  
e x c l u s i o n  of compounding which  i s  a v e r y  
i m p o r t a n t  phenomenon in  l a n g u a g e s  l i k e  German, 
Dutch and D a n i s h .  I t  i s  a l s o  n o t e w o r t h y  t h a t  none 
o f  t h e  i m p l e m e n t a t i o n s  m e n t i o n e d  above c o u l d  be 
u s e d  f o r  t h e  a n a l y s i s  ( o r  s y n t h e s i s )  o f  r u n n i n g  
t e x t  b e c a u s e  t h e y  know no c a p i t a l  l e t t e r s ,  no 
n u m b e r s ,  no p u n c t u a t i o n  marks  o r  s p e c i a l  
c h a r a c t e r s ,  no r  f o r m a t t i n g  i n f o r m a t i o n .  T h i s  does  
n o t  mean t h a t  such  t h i n g s  c o u l d  n o t  be t a k e n  c a r e  
o f  in  c o m b i n a t i o n  w i t h  a t w o - l e v e l  f r amework  ( f o r  
i n s t a n c e  by a p r e - p r o c e s s o r  o f  some k i n d ) ,  i t  
j u s t  means t h a t  in  o r d e r  t o  c a t e r  f o r  them one 
n e e d s  new k i n d s  o f  n o t a t i o n s  and i m p l e m e n t a t i o n s  
( a s  numbers  c o u l d  h a r d l y  be a n a l y s e d  as  l e x i c o n  
e n t r i e s )  w i t h  t h e  c o r r e s p o n d i n g  i n t e r f a c i n g  
problems (cf. Bear's motivation for using a 
u n i f i c a t i o n  grammar f o r  m o r p h o - s y n t a x ) .  

IT. THE EUROTRA BASE LEVEL 

I .  BackKround 

EUROTRA i s  a d e c e n t r a l i s e d  R & D p r o j e c t  
a i m i n g  a t  t h e  d e v e l o p m e n t  o f  a m u l t i l i n E u a l  
machine translation system. Thus, on top of the 
c l a s s i c a l  coder c o n s i s t e n c y  p r o b l e m s  known f rom 
t h e  d e v e l o p m e n t  o f  b i g  )ST s y s t e m s  l i k e  SYSTRAN, 
EUROTRA h as  to  e n s u r e  c o n s i s t e n c y  o f  work done in  
some 20 g e o g r a p h i c a l l y  d i s p e r s e d  s i t e s .  T h i s  
c a l l s  f o r  a s t r o n g ,  c o h e r e n t ,  u n d e r s t a n d a b l e ,  
p ro b l em  o r i e n t e d  and c o m p r e h e n s i v e  f r amework .  
C o n s i d e r i n g  a l s o  t h a t  t h e  s o f t w a r e  d e v e l o p m e n t  in  
t h e  p r o j e c t  i s  s u p p o s e d  to  be b a s e d  on r a p i d  
p r o t o t y p i n g ,  i t  becomes c l e a r  t h a t  t h e  p r o j e c t  
has  to  b u i l d  on some g e n e r a l  i d e a  a b o u t  how 
t h i n g s  w i l l  f i t  t o g e t h e r  in  t h e  end .  We c a n n o t  
a f f o r d  to  b u i l d  i n d e p e n d e n t  modu le s  ( e . g .  an FST 
i m p l e m e n t a t i o n  o f  a m o r p h o l o g i c a l  compone n t ,  a 
PATR-II grammar for our syntactic component 
implemented in PROLOG, some SNOBOL programming 
for the treatment of text formatting, special 

c h a r a c t e r s  e t c ,  and a r e l a t i o n a l  d a t a b a s e  f o r  our  
d i c t i o n a r i e s )  and t h e n  s t a r t  c a r i n g  a b o u t  t h e  
c o m p a t i b i l i t y  o f  t h e s e  modu les  a f t e r w a r d s .  

Consequently, the EUROTRA base level which treats 
all kinds of characters (alpha-numeric, special, 
control etc.) and morphemes and words has been 
conceived as a part of the general EUROTRA 
framework and described in the same notation as 
the syntactic and semantic components. 

I n  t h e  a b s e n c e  o f  a d e d i c a t e d  u s e r  l a n g u a g e  
(which  i s  b e i n  E d e v e l o p e d  now) t h e  EUROTRA 
notation is the language of the virtual EUROTRA 
machine. This virtual machine stipulates a series 
Of so-called generators (G's) linked by sets of 
translation rules (t-rules). Each generator 
builds a representation of the source text (in 
analysis) or the target text (in synthesis) and 
it is the job of the linguists who are building 
the translation system to use these generators in 
such a way that they construct linguistically 
relevant levels of representation (e.g. 
morphological, syntactic constituent, syntatic 
relation and semantic representations). The 
individual generators are unification grammars 
consisting of c o n s t r u c t o r s  which a r e  basically 
functions with a fixed number of arguments and 
atoms which are constructors with no arguments. 

An atom has  the form 

(name,~feature d e s c r i p t i o n ~ )  

The f e a t u r e  d e s c r i p t i o n  i s  a s e t  o f  
a t t r i b u t e - v a l u e  p a i r s  ( f e a t u r e s )  w i th  one 
d i s t i n g u i s h e d  f e a t u r e ,  c a l l e d  t h e  name, which i s  
c a r a c t e r i s t i c  f o r  each  g e n e r a t o r  ( e . g . ,  f o r  t h e  
s u r f a c e  s y n t a c t i c  g e n e r a t o r  i t  would be s y n t a c t i c  
c a t e g o r y ) .  The name i s  p l a c e d  o u t s i d e  t h e  c u r l y  
b r a c k e t s ,  and o n l y  t h e  v a l u e  i s  g i v e n .  

A constructor has the form 

HEAD A R G U M E N T S  

where the n=name and f d = f e a t u r e  d e s c r i p t i o n .  In  
functional terms this represents a function 
( d e s c r i b e d  by t h e  head)  ove r  n a r g u m e n t s .  

The t-rules relate the representation built by a 
generator to the atoms and constructors of the 
subsequent G, thereby making it possible for this 
G to build a new representation of the 
translation of the elements of the preceding one 
in a compositional way (cf. EUROTRA literature 
(2,3 and 4) in the reference list). 

The v i r t u a l  m a c h i n e  ha s  been imp lemen ted  in  
PROLOG and an E a r l y - t y p e  p a r s e r  ha s  been u s e d  to  
b u i l d  t h e  f i r s t  r e p r e s e n t a t i o n  in  a n a l y s i s  
(viewed as a tree-structure over the input 
strins). This implementation, of course, 
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r e p r e s e n t s  a c h o i c e .  Other p r o g r a m m i n g  l a n g u a g e s  
and  p a r s e r s  m i g h t  h a v e  b e e n  u s e d .  The s y s t e m  
i m p l e m e n t e d  by B e a r ,  e . g .  i n d i c a t e s  t h a t  a 
t w o - l e v e l  a p p r o a c h  t o  m o r p h o - g r a p h e m i c a  may be  
c o m b i n e d  w i t h  a u n i f i c a t i o n  granuuar  a p p r o a c h  t o  
m o r p h o - s y n t a x .  Fo r  v a r i o u s  r e a s o n s ,  t h o u g h  we 
h a v e  n o t  c h o s e n  t h i s  s o l u t i o n .  

2.  T e x t  s t r u c t u r e  and  l e x i c o ~ r a p h i c  
c o n s i s t e n c y  

The f i r s t  s e r i o u s  p r o b l e m s  e n c o u n t e r e d  i n  
c h o o s i n g  a t w o - l e v e l  a p p r o a c h  t o  m o r p h o l o g y  i n  an  
MT s y s t e m  i s  t h e  q u e s t i o n  o f  w h a t  t o  do w i t h  a l l  
t h o s e  c h a r a c t e r s  w h i c h  a r e  n o t  l e t t e r s .  I f  we 
f i n d  a p i e c e  o f  t e x t  l i k e  

A. T h i s  q u e s t i o n  w i l l  be  d i s c u s s e d  w i t h  t h e  
D i r e c t o r  G e n e r a l  on A p r i l  2 5 t h .  

we do n o t  wan t  an a n a l y s i s  w h i c h  t e l l s  u s  t h a t  
t h e  s y s t e m  h a s  f o u n d  4 n o u n s  ( o n e  b e i n g  a 
' p r o p e r '  noun), 3 v e r b s  (one f i n i t e ,  two 
i n f i n i t e s ) ,  two d e t e r m i n e r s ,  two p r e p o s i t i o n s  and  
some unintelligible elements which another 
machine will have to take care of. We want to 
know that "Director General" is a compound which, 
s y n t a c t i c a l l y ,  b e h a v e s  l i k e  a s i n g l e  n o u n ,  t h a t  
" A p r i l  2 5 t h "  i s  a d a t e  ( b e c a u s e  i t  may be  a 
t i m e - m o d i f i e r  o f  a s e n t e n c e ) ,  t h a t  "A" i s  an  
i n d e x  w h i c h  i n d i c a t e s  some e n u m e r a t i v e  s t r u c t u r e  
o f  t h e  t e x t ,  t h a t  " . "  i s  a p u n c t u a t i o n  m a r k  w h i c h  
may i n d i c a t e  t h a t  a s e n t e n c e  e n d s  h e r e ,  and  
p r o b a b l y  more  i n f o r m a t i o n  w h i c h  we n e e d  i f  we 
wan t  t o  b u i l d  a r e p r e s e n t a t i o n  o f  t h e  w h o l e  t e x t  
and  n o t  j u s t  o f  some s e l e c t e d  w o r d s  o r  s i m p l e  
s e n t e n c e s .  

I t  s e ems  d i f f i c u l t  t o  s e e  how t h e  t w o - l e v e l  
a p p r o a c h  c o u l d  cope  w i t h  c o m p o u n d s ,  a p a r t  f r o m  
e n t e r i n g  t h e m  a l l  i n t o  t h e  l e x i c o n ,  and  t h i s  
wou ld  r e a l l y  he  a h e a v y  b u r d e n  on t h e  l e x i c o n  o f  
c o m p o u n d i n g  l a n g u a g e s .  S i n g l e  l e t t e r s  l l k e  " A . "  
and  e v e n  p u n c t u a t i o n  m a r k s  m i g h t  be  i n c l u d e d  i n  
t h e  l e x i c o n ,  b u t  n u m b e r s  c o u l d  n o t  f o r  o b v i o u s  
r e a s o n s .  

F u r t h e r m o r e ,  c o n t r o l  and  e s c a p e  s e q u e n c e s  w h i c h  
d e t e r m i n e  m o s t  o f  t h e  t e x t  s t r u c t u r e  ( f o n t ,  
d i v i s i o n  into c h a p t e r s ,  s e c t i o n s ,  p a r a g r a p h s  
e t c . )  i n  any  e d i t o r  o r  word  p r o c e s s o r  m i g h t  be  
e n t e r e d  i n t o  t h e  l e x i c o n ,  b u t  t h e  t w o - l e v e l  
a p p r o a c h  d o e s  n o t  p r o v i d e  any  s o l u t i o n  t o  t h e  
p r o b l e m  of g i v i n g  t h e s e  s e q u e n c e s  an 
i n t e r p r e t a t i o n  w h i c h  i s  u s e f u l  i n  b u i l d i n g  a 
r e p r e s e n t a t i o n  o f  t h e  t e x t  s t r u c t u r e .  

I n  o r d e r  t o  cope  w i t h  t h e s e  p r o b l e m s ,  we h a v e  
c h o s e n ,  i n  EUROTRA, t o  d e f i n e  t h e  i n p u t  and  t h e  
o u t p u t  o f  t h e  s y s t e m  as  e x t e n d e d  ASCII  f i l e s .  The 
ASCII  c h a r a c t e r s ,  i n c l u d i n g  n u m b e r s ,  s p e c i a l  and  
c o n t r o l  c h a r a c t e r s ,  a r e  d e f i n e d  a s  t h e  a t o m s  o f  
t h e  f i r s t  l e v e l  o f  r e p r e s e n t a t i o n  and  t h e r e b y  
p r o v i d e d  w i t h  an i n t e r p r e t a t i o n  w h i c h  m a k e s  i t  
p o s s i b l e  f o r  t h e m  t o  s e r v e  a s  a r g u m e n t s  o f  
c o n s t r u c t o r s  w h i c h  b u i l d  a t r e e - s t r u c t u r e  
r e p r e s e n t i n g  t h e  t e x t  and  a l l  i t s  e l e m e n t s ,  a l s o  
t h o s e  e l e m e n t s  w h i c h  a r e  n o t  w o r d s .  

The s e c o n d  p r o b l e m  i n  t h e  t w o - l e v e l  a p p r o a c h  i s  
t h a t ,  a p a r t  f r o m  t h e  f a c t  t h a t  some t e x t u a l  
e l e m e n t s  s eem t o  be  t o t a l l y  o u t s i d e  t h e  s c o p e  o f  
t h e  l e x i c o n ,  e v e n  t h o s e  e l e m e n t s  w h i c h  go i n t o  
t h e  l e x i c o n  p o s e  a s e r i e s  o f  p r o b l e m s  i n  o u r  
c o n t e x t .  

For  MT t o  be  o f  any  u s e  and  e f f i c i e n c y  we n e e d  
l a r g e  d i c t i o n a r i e s  w h i c h  c o v e r  a s u b s t a n t i a l  p a r t  
o f  t h e  v o c a b u l a r i e s  o f  t h o s e  l a n g u a g e s  t r e a t e d  by 
the MT system. It is known from a lot of MT 
systems that the coding of large dictionaries (or 
l e x i c a )  c a n n o t  be  l e f t  t o  a s m a l l  g r o u p  o f  p e o p l e  
w o r k i n g  t o g e t h e r  i n  c l o s e  c o n t a c t  f o r  a l i m i t e d  
p e r i o d  o f  t i m e .  Many c o d e r s  w o r k i n g  o v e r  l o n g  
p e r i o d s  a r e  n e e d e d ,  and  t h e y  w i l l  c o n s t a n t l y  be  

m a i n t a i n i n g ,  r e v i s i n g  and  u p - d a t i n g  t h e  work  o f  
one  a n o t h e r .  Fo r  s u c h  an e n t e r p r i s e  t o  s u c c e e d  
one  n e e d s  e x t r e m e l y  s t r o n g  and  d e t a i l e d  
g u i d e l i n e s  f o r  c o d i n g ,  and  t h e  c o d i n g  l a n g u a g e  
s h o u l d  be  a s  s i m p l e  and  t r a n s p a r e n t  a s  p o s s i b l e  
and  c o n t a i n  no c o n t e n t i o u s  e l e m e n t s  f r o m  a 
t h e o r e t i c a l  p o i n t  o f  v i e w .  Morpheme b o u n d a r i e s ,  
a r c h i p h o n e m e s  and  n u l l - c h a r a c t e r s  a r e  h a r d l y  
u n c o n t e n t i o u s  i n  t h e  s e n s e  t h a t ,  e . g .  e v e r y b o d y  
a g r e e s  on t h e  r o o t  f o r m  t o  e m p l o y  in  ' r e d u c t i o n '  
( ' r e d u c e '  o r  ' r e d u c '  ? ) ,  and  e v e n  t h e  s l i g h t e s t  
d i s a g r e e m e n t  w i l l  i n v a r i a b l y  j e o p a r d i z e  t h e  
i n t e r c o d e r  c o n s i s t e n c y  w h i c h  i s  a b s o l u t e l y  
n e c e s s a r y  f o r  an  MT p r o j e c t  t o  s u c c e e d .  

3 .  C h a r a c t e r  n o r m a l i z a t i o n  and  morpheme  
i d e n t i f i c a t i o n  

The atoms of the base level identify and 
interpret the characters of the input file in 
that the name of the atom unifies with the input 
c h a r a c t e r  ( f o r  n o n - p r l n t a b l e  c h a r a c t e r s  
h e x a d e c i m a l  n o t a t i o n  i n  q u o t e s  i s  u s e d ) :  

( A, { t y p e  = l e t t e r ,  s u b t y p e  = v o w e l ,  c h a r = a ,  
c a s e  = u p p e r ~ )  

( k,  ~ t y p e  = l e t t e r ,  s u b t y p e  = v o w e l ,  c h a r = a ,  
c a s e  l o w e r ,  a c c e n t  = g r a v e ~ )  

( ' I B ' ,  ~ t y p e  = c o n t r o l _ c h a r ,  s u b t y p e  = e s c a p e ~  ) 

I n  a u n i f i c a t i o n  g ranuuar  w h i c h  a l l o w s  t h e  u s e  o f  
named and  anonymous  v a r i a b l e s ,  i t  i s  e a s y  t o  j o i n  
all variants of the letter 'a' under one heading 
(a constructor in EUROTRA terms) and percolate 
all relevant features to this beading by means of 
feature-passing. This is called normalisatlon in 
our tet~us, and it simply means that all 
typographical variants of a character are 
collapsed so that the dictionary will only have 
to contain one character type. A normalizing 
c o n s t r u c t o r  f o r  ' a  t c o u l d  be :  
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( a ,  ~ t y p e  = l e t t e r ,  s u b t y p e  = v o w e l ,  c a s e  = X, 
a c c e n t  = Y ~ )  

( ' ? ,  ~ c h a r  = a ,  c a s e  = X, a c c e n t  = Y } ) ~  

w h e r e  ' ? '  i s  t h e  a n o n y m o u s  v a r i a b l e .  The a r g u m e n t  
o f  t h i s  c o n s t r u c t o r  w i l l  u n i f y  w i t h  a n y  a t o m  
c o n t a i n i n g  t h e  f e a t u r e  ' c h a r  = a '  and  a c c e p t  t h e  
v a l u e s  f o r  ' c a s e '  and  ' a c c e n t '  f o u n d  i n  t h e s e  
a t o m s .  By f e a t u r e - p a s s i n g  t h e s e  v a l u e s  w i l l  t h e n  
be p e r c o l a t e d  t o  t h e  h e a d .  

At  t h i s  s t a g e  t h e  r e p r e s e n t a t i o n  o f  t h e  i n p u t  
f i l e  i s  a s e q u e n c e  o f  n o r m a l i s e d  c h a r a c t e r s .  T h i s  
s e q u e n c e  i s  now m a t c h e d  a g a i n s t  t h e  d i c t i o n a r y  o r  
l e x i c o n  w h i c h  i s  J u s t  a n o t h e r  s e t  o f  c o n s t r u c t o r s  
o f  t h e  f o r m  

( f o r ,  ~ c l a s s  = b a s i c _ w o r d ,  t y p e  = l e x i c a l ,  
c a t  = p r e p ,  p a r a d i g m  = i n v a r i a n t  } )  

I f ,  O ,  r~ 

( f o r ,  ~ c l a s s  = b a s i c  word ,  t y p e  = p r e f i x ,  
p a r a d i g m  = d e r i v a t i o n  ~ ) 

I f ,  o , r J  

M a t c h i n g  h e r e  m e a n s  t h e  k i n d  o f  m a t c h i n g  w h i c h  
o c c u r s  i n  u n i f i c a t i o n .  T h i s  m e a n s ,  o f  c o u r s e ,  
t h a t  t h e  o v e r g e n e r a t i o n  may be  s e v e r e  i n  some 
c a s e ,  e . g .  e a c h  o f  t h e  ' s '  a p p e a r i n g  i n  
M i s s i s s i p p i  w i l l  i . a .  be  i n t e r p r e t e d  a s  a p l u r a l  
m o r p h e m e .  T h i s  o v e r g e n e r a t i o n  m u s t  be  
c o n s t r a i n e d .  We a r e  w o r k i n g  w i t h  t h i s  p r o b l e m  and  
some r e s u l t s  a r e  r e a d y ,  w h i c h  c o n f i r m  t h a t  o u r  
a p p r o a c h  t o  c h a r a c t e r  n o r m a l i s a t i o n  and  
d i c t i o n a r y  l o o k - u p ,  i . e .  t h e  one  d e s c r i b e d  a b o v e ,  
p r o v i d e s  f o r  a s t r a i g h t - f o r w a r d ,  s t r i c t  and  y e t  
p e r f e c t l y  u n d e r s t a n d a b l e  and  u n c o n t r o v e r s i a l  
c o d i n g  o f  d i c t i o n a r y  e n t r i e s .  The  s e t  o f  p o s s i b l e  
f e a t u r e s  and  t h e  c o - o c c u r r r e n c e  c o n s t r a i n t s  
h o l d i n g  b e t w e e n  t h o s e  f e a t u r e s  a r e  d e f i n e d  i n  
a d v a n c e .  Wha t  t h e  d i c t i o n a r y  c o d e r  h a s  t o  do i s  
t o  c h o o s e  t h e  r e l e v a n t  f e a t u r e s  f o r  e a c h  l e x i c a l  
i t e m  ( b a s i c  word  i n  o u r  t e r m i n o l o g y )  and  w r i t e  
t h e m  i n t o  t h e  r e l e v a n t  c o n s t r u c t o r  w h i c h  w i l l  
o p e r a t e  i n  t o t a l  i n d e p e n d e n c e  o f  a n y  o t h e r  
c o n s t r u c t o r .  T h e r e  w i l l  be  no p r o b l e m s  w i t h  
l i n k i n g  s u b - l e x i c o n s  o r  d i s c u s s i n g  morpheme  
b o u n d a r i e s ,  b e c a u s e  e a c h  c o n s t r u c t o r  o p e r a t e s  
d i r e c t l y  on t h e  s e q u e n c e  o f  s u r f a c e  c h a r a c t e r s ,  
i . e .  t h e  p r o b l e m  o f  w h e t h e r  t h e  s u r f a c e  f o r m  o f  
' a b i l i t y '  i s  a b i 1 ~ ' i  t y o r  
a b i 1 ~ ~ i t y d o e s  n o t  e x i s t  ( c f .  B l a c k  
1986 ,  p .  1 6 ) .  The  e n s u i n g  p r o b l e m s  i n  r e l a t i o n  t o  
t h e  t r e a t m e n t  o f  a l l o m o r p h y  a r e  e x p o s e d  b e l o w .  

4 .  I m p l e m e n t a t i o n  

The EUROTRA Base  L e v e l  h a s  b e e n  i m p l e m e n t e d  
by m e a n s  o f  a p r o t o t y p e  v e r s i o n  o f  t h e  v i r t u a l  
m a c h i n e  i m p l e m e n t e d  i n  PEOLOG w i t h  an  E a r l y - t y p e  
p a r s e r .  T h i s  p r o t o t y p e  was c o n s t r u c t e d  i n  s u c h  a 
way t h a t  t h e  p a r s e r  w o u l d  o n l y  work  i n  o n e  o f  t h e  
g e n e r a t o r s ,  i . e .  t h e  f i r s t  g e n e r a t o r  e m p l o y e d  i n  
a n a l y s i s ,  w h i l e  t h e  o t h e r  g e n e r a t o r s  w o u l d  
p r o d u c e  t r a n s f o r m s  o f  t h e  t r e e - s t r u c t u r e  b u i l t  by  
t h e  f i r s t  g e n e r a t o r .  

Due t o  t h i s  c o n s t r a i n t ,  we h a d  t o  c o l l a p s e  
m o r p h o - s y n t a x  and  s u r f a c e  s y n t a x  i n t o  o n e  
g e n e r a t o r  w h i c h  b u i l t  a t r e e  o v e r  t h e  s e q u e n c e  o f  
c h a r a c t e r s  o f  t h e  i n p u t  f i l e  v i a  n o r m a l i z e d  
c h a r a c t e r s ,  b a s i c  w o r d s ,  c o m p l e x  w o r d s  
( i n f l e c t e d ,  d e r i v e d  and  compound  w o r d f o r m s ) ,  
p h r a s a l  n o d e s  (NP, VP, PP e t c . )  and  e n d i n g  a t  an  
S t o p  n o d e .  The r e s u l t i n g  g r a n n n a r s  be cam e  v e r y  
b i g ,  and  t e s t i n g  i n  m o s t  c a s e s  had  t o  be  d o n e  
w i t h  s u b - g r a m m a r s  i n  o r d e r  t o  p r e v e n t  l o a d i n g  and  
p a r s i n g  t i m e s  f r o m  b e c o m i n g  p r o h i b i t i v e .  

A c t u a l  i m p l e m e n t a t i o n  work  was  d o n e  i n  5 
l a n g u a g e s  ( E n g l i s h ,  Ge rman ,  D u t c h ,  D a n i s h  an d  
G r e e k ) ,  and  s e v e r a l  s u b - g r a m m a r s  w e r e  
s u c c e s s f u l l y  i m p l e m e n t e d  and  t e s t e d .  The  m o s t  
i m p o r t a n t  e x p e r i e n c e  was  t h a t  t h e  d i f f e r e n t  
g r o u p s  p a r t i c i p a t i n g  i n  t h e  p r o j e c t  we re  a b l e  t o  
u n d e r s t a n d  t h e  b a s e  l e v e l  s p e c i f i c a t i o n s  and  t o  
u s e  t h e m  o r  d e v i a t e  f r o m  t h e m  i n  a p r i n c i p l e d  way 
p r o d u c i n g  c o m p a r a b l e  r e s u l t s .  

The  p r o t o t y p e  u s e d  f o r  t h i s  f i r s t  i m p l e m e n t a t i o n ,  
h o w e v e r ,  was a f a i r l y  u n e l e g a n t  and  
u s e r - u n f r i e n d l y  m a c h i n e  w h i c h  was r a t h e r  i n t e n d e d  
t o  be  r u n n i n g  s p e c i f i c a t i o n s  t h a n  a v e h i c l e  o f  
c o n s t r u c t i n g  and  t e s t i n g  g r a n u u a r s .  W i t h  a m o re  
s t r e a m l i n e d  p r o t o t y p e  two c o n s t r a i n t s  on 
i m p l e m e n t a t i o n  and  t e s t i n g  o f  g r a m m a r s  w o u l d  be  
r e l i e v e d :  l o a d i n g  and  r u n t i m e  r e q u i r e m e n t s  w o u l d  
d i m i n i s h  r a d i c a l l y  and  i t  s h o u l d  be  p o s s i b l e  t o  
u s e  p a r s i n g  o r  p a r s i n g - l i k e  p r o c e d u r e s  i n  more  
t h a n  one  g e n e r a t o r .  

T h i s  w o u l d  a l l o w  u s  t o  c o n s t r u c t  a f u l l  MT s y s t e m  
w i t h  a s t a n d a r d i s e d  and  s i m p l e  d i c t i o n a r y  f o r m a t  
and  c a p a b l e  o f  t r e a t i n g  a l l  k i n d s  o f  c h a r a c t e r s  
w h i c h  may a p p e a r  i n  an  i n p u t  f i l e .  

5. The b a s e  l e v e l s  

The l i n g u i s t i c  s p e c i f i c a t i o n s  o f  t h i s  
s y s t e m ,  w h i c h  i s  t o  be  i m p l e m e n t e d  i n  t h e  p r e s e n t  
p h a s e  o f  t h e  p r o j e c t ,  h a v e  b e e n  e l a b o r a t e d  i n  
some d e t a i l .  The i n p u t  t o  t h e  s y s t e m  w i l l  be  
f i l e s  c o n t a i n i n g  c h a r a c t e r s  i n  a 7 o r ,  
p r e f e r a b l y ,  8 b i t  code  ( i n  o r d e r  t o  c o v e r  t h e  
m u l t i l i n g u a l  EOROTRA e n v i r o n m e n t ) .  The c h a r a c t e r s  
u n i f y  w i t h  a t o m s  o f  t h e  t y p e  d e s c r i b e d  a b o v e .  The 
a t o m s  t h e n  u n i f y  with a b s t r a c t  w o r d f o r m ,  
sentence, paragraph etc. constructors of the 
following kind: 
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(wordform) /~+(? ,  { t y p e  = l e t t e r }  ) ~  

( s e n t e n c e )  [ + wordform, (? ,  
~ t y p e  = punc tua t ion_mark~  )1  

(paragraph)  [ + sentenc_e, ( f i n  pa rag raph ,  
• ~char  ffi double  CR} ) 

where ? i s  s t i l l  t he  anonymous v a r i a b l e ,  ' + '  i s  
the  Kleene p lus  s i g n i f y i n g  one or  more of  the  
f o l l o w i n g  argument and ' doub l e  c a r r i a g e  r e t u r n '  
i s  assumed to  be the  c h a r a c t e r  (o r  sequence)  
i n d i c a t i n g  t e r m i n a t i o n  of  a pa ragraph  in t he  t e x t .  

These a b s t r a c t  c o n s t r u c t o r s  w i l l  b u i l d  a 
t r e e - s t r u c t u r e  r e p r e s e n t i n g  the  f u l l  i npu t  t e x t  
from the  c h a r a c t e r s  v i a  t he  words,  t he  s e n t e n c e s ,  
the paragraphs, the sections etc. to a top T(ext) 
node, of course with some overgeneration, e.g. 
some punctuation marks do not terminate a 
sentence, but the overgeneration will be filtered 
out  by subsequent  g e n e r a t o r s  u s ing  m o r p h o l o g i c a l ,  
s y n t a c t i c  and semant ic  information. 

The g e n e r a t o r  f o l l o w i n g  the  f i r s t  ( t e x t  
s t r u c t u r e )  l e v e l  w i l l  no rma l i s e  t h e  c h a r a c t e r s  by 
a many- to-one  mapping o f ,  e . g .  v a r i a n t s  of  ' a ' ,  
and a l l  t he  b a s i c  words of  the  system component 
( e . g .  the  Eng l i sh  a n a l y s i s  component) ,  i . e .  t he  
major  p a r t  of  the  monol ingua l  d i c t i o n a r y ,  w i l l  be 
present in this generator in the form of 
constructors (cf. the 'for' constructor mentioned 
above). This will cause some overgeneration as 
illustrated above with the example ' M i s s i s s i p p i '  
but  an a b s t r a c t  wordform c o n s t r u c t o r  which i s  
connec ted  by a t - r u l e  to  the  r e p r e s e n t a t i o n s  
b u i l t  by the  a b s t r a c t  wordform c o n s t r u c t o r  of  t he  
previous (text structure) level will filter out 
spurious results: 

(wordform) ~ +(? ,  [ c l a s s  = b a s i c _ w o r d ~ ) ~  

Given t h a t  ' m i ' ,  ' i '  and ' i p p i '  a re  not  a l l  b a s i c  
words of English, no interpretation of the 's' as 
plural or third person singular markers will be 
a l lowed ,  because  each wordform has to  cove r  
e x a c t l y  one sequence of  b a s i c  words e x h a u s t i v e l y  
w i thou t  o v e r l a p p i n g .  

Assuming t h a t  ' M i s s i s s i p p i '  i s  a b a s i c  word of  
Eng l i sh  p r e s e n t  in the  d i c t i o n a r y  (as a 
constructor of this level), the sequence of 
normalised characters 'mississippi' will receive 
at least one legal interpretation which is then 
translated into the subsequent (morpho-syntactlc) 
level by a t-rule. 

The t r e a t m e n t  of  a l l omorph i c  v a r i a t i o n  in t h i s  
approach w i l l  r e l y  on a l t e r n a t i n g  arguments  in 
the  b a s i c  word c o n s t r u c t o r s .  In o r d e r  to  cove r  
the  a l t e r n a t i o n  y - i e  found in ,  e . g . ,  c i t y  - - ~  
c i t i e s '  we s h a l l  have to  use a b a s i c  word 
constructor of the following form: 

( c i t y ,  ~ ~ )  ~ c ,  i ,  t ,  ( i ; y ) ]  

where ';' is the alternation operator. This 
constructor will unify with any of the two 
sequences  ' c i t i '  and ' c i t y ' ,  and i f  we c r e a t e  two 
b a s i c  word c o n s t r u c t o r s  o v e r  t he  p l u r a l  ending of  
nouns ( c o v e r i n g  a t  the  same t ime the  t h i r d  person  
s i n g u l a r  of  the  p r e s e n t  t e n s e  of  v e r b s ) ,  i . e .  (s)  
and ( e s ) ,  e . g .  

we may cover  the  wordform ' c i t i e s '  by ( c i t i )  and 
( e s ) .  A d e f i n i t e  advantage  of  u s i n g  t h i s  approach 
i s  t h a t  i t  cove r s  a l l o m o r p h i c  v a r i a t i o n  i n s i d e  
the  r o o t  form l i k e  in German p l u r a l  of  nouns: 

Mann - ->  M~nner 

by (mann,{ ~)Ira, (a, ~), n, nJ 

The on ly  way of  c o v e r i n g  t h i s  phenomenon in the  
t w o - l e v e l  approach seems to  be by e n t e r i n g  both 
'Mann' and 'M~nn' i n t o  the  d i c t i o n a r y  as p o s s i b l e  
roots. 

The g e n e r a t o r  f o l l o w i n g  the  l e v e l  where b a s i c  
word i d e n t i f i c a t i o n  t akes  p l a c e  c o n t a i n s ,  as i t s  
atoms, the  b a s i c  words t r a n s l a t e d  by t - r u l e s  from 
the representations built by the basic word 
constructors. The characters, which are the atoms 
of the previous level, are cut off by receiving a 
0 translation. 

The constructors of this generator are wordform 
(or complex word) constructors covering the 
v a r i o u s  inflectional parad igms,  the different 
classes of derivation and compounding. The 
following constructor would build representations 
of all French verbs of the regular er-paradigm in 
the infinitive, including the information that 
these representations may be used as arguments of 
constructors over future and conditional forms 
(which include the infinitive): 

(V, Jclass = wordform, cat = v, lexical unit = X, 
verbfomu = infinitive, 
inflectional_class = r e g u l a r _ v e r b  e r ,  
inflectlonal_paradigm = inf_cond_fut ~ ) 

i X ,  ~ c l a s s  = b a s i c  word, type  = l e x ,  
--inflectional_~lass = r e g _ v e r b _ e r ~ )  

( e r , { c l a s s  = b a s i c  word, type  = i n f l e c t i o n ,  
i n f l e c t i o n a l  c l a s s  = r e g _ v e r b _ e r ,  ~ )  
i n f l e c t i o n a l _ p a r a d i g m  = i n f _ c o n d _ f u t ~  J 
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The c o n s t r u c t o r  ove r  c o n d i t i o n a l  fo rms  w i l l  t a k e  
t h i s  r e p r e s e n t a t i o n  p l u s  a b a s i c  word 
r e p r e s e n t i n g  a c o n d i t i o n a l  e n d i n g  as  i t s  
a r g u m e n t s ,  and t he  f i n a l  r e p r e s e n t a t i o n  o f ,  e . g .  
' a i m e r a i s '  w i l l  be e q u i v a l e n t  to  a t r e e  w i t h  a l l  
r e l e v a n t  i n f o r m a t i o n  p e r c o l a t e d  t o  t h e  t op  node:  

v 

/ \  
v a i s  

/ \  
aim e r  

The m o r p h o - s y n t a c t i c  g e n e r a t o r  b u i l d s  t h e  same 
k in d  o f  r e p r e s e n t a t i o n s  o f  d e r i v a t i o n s  and 
compounds.  The l e a v e s  o f  t h e  t r e e s  a lways  
c o r r e s p o n d  t o  b a s i c  words ,  and c o n s e q u e n t l y ,  t h i s  
g e n e r a t o r  w i l l  b u i l d  r e p r e s e n t a t i o n s  o f ,  e . g .  a l l  
compounds t h e  e l e m e n t s  o f  which  a r e  p r e s e n t  in  
t h e  b a s i c  word i d e n t i f i c a t i o n  g e n e r a t o r :  

hand b a l l  n ,  d e r i v a t i o n  

/ \  
mann s c h a f t  

The m o r p h o - s y n t a e t i c  r e p r e s e n t a t i o n s  a r e  
t r a n s l a t e d  i n t o  t he  f o l l o w i n g  ( s u r f a c e  s y n t a c t i c )  
l e v e l  in  such  a way t h a t  wordforms  which  a r e  
e x h a u s t i v e l y  d e s c r i b e d  by t h e i r  t op  node 
( i n v a r i a n t  words ,  i n f l e c t i o n s  and some 
d e r i v a t i o n s  l i k e  t h e  a g e n t i v e  ( e . g .  ' s w i m m e r ' ) )  
ap p ea r  as a t oms ,  w h i l e  a l l  o t h e r s  ( a l l  o t h e r  
d e r i v a t i o n s  and compounds)  a p p e a r  as  s t r u c t u r e  
( c o n s t r u c t o r s )  w i t h  t h e  r e l e v a n t  c a t e g o r i a l  
i n f o r m a t i o n  in  t h e  t op  node:  

n ,  d e r i v a t i o n  a t i o n ( n ,  d e r i v a t i o n )  

i n v i t e  a t i o n  i n v i t e  Iv)  

At s u b s e q u e n t  deep s y n t a c t i c  o r  s e m a n t i c  l e v e l s  
i n f o r m a t i o n  f rom o t h e r  nodes  o f  t h e  word t r e e  may 
be needed .  T h i s  can be p r o v i d e d  by l e t t i n g  
t - r u l e s  t r a n s f o r m  t h e  t r e e  in  such  a way t h a t  t h e  
r e l e v a n t  i n f o r m a t i o n  goes  to  t h e  t op  node ( e . g .  
i f  t h e  f r ame  of  t he  r o o t  o f  a d e r i v a t i o n  i s  
needed  f o r  s e m a n t i c  p u r p o s e s ,  t h e  r o o t  f e a t u r e s  
a r e  moved t o  t he  top  o f  t he  t r e e ) .  In  t h i s  way 
r e l e v a n t  m o r p h o l o g i c a l  i n f o r m a t i o n  w i l l  a lways  be 
a v a i l a b l e  when i t  i s  needed :  

a t i o n  (n ,  d e r i v a t i o n )  i n v i t e  (v) 

! > I 
i n v i t e  Iv)  a t i o n  (n ,  d e r i v a t i o n )  

The r e s u l t i n g  t r e e  i s  u se d  in  a deep  s y n t a c t i c  o r  
s e m a n t i c  g e n e r a t o r  where t h e  i n f o m u a t i o n  t h a t  
t h i s  e l e m e n t  was o r i g i n a l l y  a d e r i v e d  noun i s  
i r r e l e v a n t ,  b e c a u s e  t h e  e l e m e n t  h a s  a l r e a d y  been  
p l a c e d  in  t h e  o v e r a l l  s t r u c t u r e  on t h e  b a s i s  o f  
t h i s  i n f o r m a t i o n .  N o n e t h e l e s s ,  t h e  ' a t i o n ' - n o d e  
i s  no t  c u t  o f f ,  b e c a u s e  i t  i s  r e l e v a n t  f o r  
t r a n s f e r  t o  know t h a t  a v e r b - n o u n  d e r i v a t i o n  and 
n o t  j u s t  a v e r b  i s  b e i n g  t r a n s l a t e d .  

I I I .  CONCLUSION 

The EUROTRA b a s e  l e v e l s  b u i l d  a f u l l  
r e p r e s e n t a t i o n  o f  t h e  t e x t  s t r u c t u r e  by t r e a t i n g  
a l l  c h a r a c t e r s  o f  t h e  i n p u t  f i l e  i n c l u d i n g  
s p e c i a l  and c o n t r o l  c h a r a c t e r s .  They n o r m a l i s e  
t h e  c h a r a c t e r s  in  suc h  a way t h a t  t h e  s y s t e m  
d i c t i o n a r y  may f u n c t i o n  i n d e p e n d e n t l y  o f  l a y - o u t ,  
f o n t  and o t h e r  t y p o g r a p h i c  v a r i a t i o n s .  They 
p r o v i d e  s e p a r a t e  t r e a t m e n t s  o f  m o r p h o - g r a p h e m i c s  
and m o r p h o - s y n t a x ,  and t h e  r e p r e s e n t a t i o n s  o f  t h e  
words a r e  o f  such  a k i n d  t h a t  t h e y  may be u s e d  
n o t  o n l y  f o r  s y n t a c t i c ,  bu t  a l s o  f o r  s e m a n t i c  
p r o c e s s i n g .  

At t h e  same t i m e ,  t h e  d i c t i o n a r y  e n t r i e s  a r e  
s i m p l e  b a s i c  word c o n s t r u c t o r s  o v e r  s e q u e n c e s  o f  
c h a r a c t e r s .  No s p e c i f i c  p h o n o l o g i c a l  knowledge i s  
r e q u i r e d  f o r  t he  c o d i n g  o f  t h e s e  e n t r i e s ,  and so 
a p o s s i b l e  s o u r c e  o f  i n c o n s i s t e n c y  among c o d e r s  
i s  a v o i d e d .  

The f a c t  t h a t  EUROTRA c o n s t r u c t o r s  c l o s e l y  
r e s e m b l e  t r a d i t i o n a l  r e w r i t e  r u l e s  t o s e t h e r  w i t h  
t h e  c o o c u r r e n c e  r e s t r i c t i o n s  imposed  by t h e  
EUROTRA f e a t u r e  t h e o r y  a l l e v i a t e s  t h e  d e b u g g i n g  
o f  grammars  and d i c t i o n a r i e s .  No r e a l  prograr~nin$  
e x p e r i e n c e  in  t he  c l a s s i c a l  s e n s e  i s  needed .  The 
c o n s t r u c t o r s ,  however ,  do no t  imply 
u n d i r e c t i o n a l i t y  l i k e  t h e  r u l e s  of  g e n e r a t i v e  
p h o n o l o g y .  They work e q u a l l y  w e l l  bo th  ways ,  and 
c o n s e q u e n t l y ,  t h e y  s e r v e  f o r  a n a l y s i s  as  w e l l  as  
f o r  s y n t h e s i s .  The c o n s t r u c t o r s  o f  a g e n e r a t o r  
a l l  a p p l y  in  p a r a l l e l ,  t h e r e b y  a v o i d i n g  t h e  k ind  
o f  i n t e r a c t i o n  which  i s  t y p i c a l  o f  o r d e r e d  s e t s  
o f  r u l e s .  

T h i s  d e s i g n ,  in  ou r  o p i n i o n ,  p r o v i d e s  a good s e t  
o f  t o o l s  f o r  e n s u r i n g  c o n s i s t e n t  i m p l e m e n t a t i o n  
of  g ran tnars  and d i c t i o n a r i e s  a c r o s s  a 
d e c e n t r a l i s e d  and m u l t i l i n s u a l  MT p r o j e c t .  
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