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The proposed  paper  d e s c r i b e s  an o n - g o i n 6  r e s e a r c h  p r o -  

~eo t  b e i n g  c a r r i e d  out  by s t a f f  and s t u d e n t s  a t  t he  Cen t r e  
f o r  Computa t iona l  L i n g u i s t i c s  t o  d e s i g n  a. l i m i t e d - s y n t a x  

c o n t r o l l e d - v o c a b u l a r y  machine t r a n s l a t i o n  sys tem o f  s o p h i s t i c -  

a t e d  d e s i g n  t o  run  on .a m i c r o p r o c e s s o r .  

1 t. Background 

Bede i s  e s s e n t i a l l y  a r e s e a r c h  p r o j e c t :  we a r e  no t  

i m m e d i a t e l y  conce rned  w i t h  commerc ia l  a p p l i c a t i o n s ,  t houek  

such  a r e  c l e a r l y  p ~ s s i b l e  i f  t he  r e s e a r c h  p roves  f r u i t f u l .  

Work on Bede a t  t h i s  s t a g e  t h o u e h  i s  p r i m a r i l y  e x p e r i m e n t a l .  

The aim a t  t he  moment i s  to  i n v e s t i g a t e  t h e  e x t e n t  t o  which 

a m i c r o p r o c e s s o r - b a s e d  ~ . T .  sys tem of  advanced d e s i g n  i s  

p o s s i b l e ,  and t h e  l i m i t a t i o n s  t h a t  have t o  be imposed i n  o r d e r  

to. a c h i e v e  a workin  8 sys tem.  This  paper  d e s c r i b e s  t he  o v e r a l l  

sys t em d e s i g n  s p e c i f i c a t i o n  t o  which  ~ a r e  c u r r e n t l y  work ine .  

I n  t h e  b a s i c  d e s i g n  o f  t h e  sys tem we a t t e m p t  t o  i n c o r -  

p o r a t e  as much as p o s s i b l e  f e a t u r e s  o f  l a r g e - s c a l e  ~ .T°  s y s -  

tems t h a t  have proved  t o  be d e s i r a b l e  o r  e f f e c t i v e .  Thus, Beds 

i s  m u l t l l i n g u a l  by d e s i g n  ( i . e .  no t  based on l anguage  p a i r s )  

(of. King, 1981:12)! algorithms and linguistic data are 

strictly separated (of. Johnson, 1979:140); and the system is 

designed in more or less independent modules (of° Vauquols, 

1965:33) • 
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The m i c r o p r o c e s s o r  env i ronment  means t h a t  oz~Lteria of  
s i z e  a re  i m p o r t a n t :  d a t a  s t r u c t u r e  bo th  dynamic ( c r e a t e d  by 
and maz~pula ted  d u r i n g  the t r a n s l a t i o n  p rocess )  and s t a t i c  
( d i c t i o n a r i e s  and l i n g u i s t i c  r u l e  packages)  a re  c o n s t r a i n e d  
to  be as economica l  i n  terms of  s t o r a g e  space and access  

p rocedures  as p o s s i b l e , L i m i t a t i o n s  on i n - c o r e  and p e r i p h e r a l  

s t o r a g e  a re  i m p o r t a n t  c o n s i d e r a t i o n s  i n  the  sys tem d e s i g n .  

I n  l a r g e  ~ e n e r a l  purpose M.T. sys tems ,  i t  i s  n e c e s s a r y  
to  assume t h a t  f a i l u r e  to  t r a n s l a t e  g i v e n  i n p u t  c o r r e c t l y  i s  
g e n e r a l l y  no t  due to  i n c o z T e c t l y  formed i n p u t ,  bu t  t o  i n s u f f -  
i c i e n t l y  e l a b o r a t e d  t r a n s l a t i o n  a l g o r i t h m s .  This  i s  p a r t i c u l -  
a r l y  due to  two problems:  the  l e x i c a l  problem of  choice  of 
~ p p r o p r i a t e  t r a n s l a t i o n  e q u i v a l e n t s ,  and t he  s t r a t e ~ c  problem 

of e f f e c t i v e  a n a l y s i s  of the  wide r ~ e  of  s y n t a c t i c  p a t t e r n s  
found i n  n a t u r a l  l a n g u ~ e .  The r e d u c t i o n  of  t h e s e  problems v i a  
the  n o t i o n s  of  c o n t r o l l e d  v o c a b u l a r y  and r e s t r i c t e d  e~rntax 
seem p a r t i c u l a r l y  appropz~ate  i n  t h e  m i c r o p r o c e s s o r  e n v i r o n -  

ment ,  s i n c e  the  a l t e r n a t i v e  of  making a system i n f i n i t e l y  
e x t e n d a b l e  i s  p robab ly  no t  f e a s i b l e .  Both n o t i o n s  have been  
t r i e d  w~th b i g g e r  sys tems ,  r e s u l t i n g  bo th  i n  b e t t e r  r e s u l t s  
f r o m  the  M.T. system i t s e l f ,  and i n  i n c r e a s e d  l eF~Lbi l i ty  from 
a human p o i n t  of view of source  t e x t s  ( c f .  Ducro%, 1972! E l l i -  

e t o n ,  1978! Lawson, 1979"81-21 So~ners  and McNaught, 1 9 8 0 : 4 9 ) .  

Given t h e s e  c o n s t r a i n t s ,  i t  seems f e a s i b l e  to  a c h i e ve  
t r a n s l a t i o n  v i a  an " i n t e r l i n g u s "  ( c f .  V e i l l o n ,  1969! Hutchiz~s, 
1978z 131),  i n  which the  c a n o n i c a l  s t r u c t u r e s  from the  source  
lan&n~a~e =are mapped d i r e c t l y  onto  those  of the  t a r g e t  lan4gaa- 
g e ( s ) ,  a v o i d i n g  any langua~e-pe~ir  o r i e n t e d  " t r a n s f e r "  ste4~e. 

~=rans la t ion  t hus  t ake s  p lace  i n  two phases= a n a l y s i s  of source  

t e x t  a n d  s y n t h e s i s  of t a r g e t  t e x t .  

2 t Brief description 

A d e s c r i p t i o n  of the  system forms the  second  h a l f  of  
the proposed paper. For the sake of clarity and brevity in 
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this summary, we refer to the attached schematic representat- 

ion of the translation process in Bede. In the full version o~ 

t h i s  pape r ,  each  s t e p  i s  t o  be o u t l i n e d  i n  r a t h e r  more d e t a i l .  

The a n a l y s e r  u s e s  a c h a r t - l i k e  s t r u c t u r e  ( o f .  Kaplan ,  

1973) to produce the interface trees of the abstract inter- 

lingual representation. These trees serve as input to syn- 

thesis, where they are reazTan~ed into valid surface structur- 

es f o r  t h e  t a r g e t  ~ a g e .  

The s o u r c e  t e x t  i s  t r a n s l a t e d  s e n t e n c e  by s e n t e n c e  ( o r  

e q u i v a l e n t ) .  Text  i s  f i r s t  s .ubJeoted t o  a t w o - s t a ~ e  morpho log-  

i c a l  a n a l y s i s .  I n  t he  f i r s t  s t a g e  the  t e x t  i s  compared word 

by word w i t h  a s t o p - l i s t  o f  f r e q u e n t l y  o c c u r r i n g  words (mos t -  

l y  f u n c t i o n  words ) !  words no t  found i n  t he  s t o p - l i s t  undergo 

m o r p h o l o g i c a l  a n a l y s i s ,  a g a i n  on a word by word b a s i s .  Morpho- 

l o g i c a l  rules form a finlte-state grammar of affix-strlpping 

rules (°A rules') and the output is a chart with labelled 

arcs indicating lexical item and possible interpretation of 

stripped affixes, as confirmed by dictionary look-up. The 

morphological analysis phase also creates a temporary "sent- 

ence dlctionary~ consistin~ of copies of the dictionary entr- 

ies for (only) those lexical items found in the current 

t r a n s l a t i o n  u n i t .  

The c h a r t  t h e n  undergoes  a t w o - s t a ~ e  e y n t a c t i c o ~ s e m a n t -  

i o  a n ~ y s i s .  I n  t h e  f i r s t  s t a g e ,  c o n t e x t - s e n s i t i v e  p h r a s e -  

- s t r u c t u r e  r u l e s  ("E r u l e s " )  work towards  c r e a t i n g  a s i n g l e  

a r c  spann ing  t h e  e n t i r e  t r a n s l a t i o n  u n i t -  a r c s  a r e  l a b e l l e d  

w i t h  a p p r o p r i a t e  s y n t a c t i c  c l a s s  and s y n t a c t i c o - s e m a n t i c  

feature information and a trace of the lower arcs which have 

been subsumed. In the second stage, the tree structure implied 

by the labels and traces on these arcs is disjoined from the 

~aph and undergoes general tree-to-tree-transduction rules 

("T z~les') resulting in a single tree structure representing 

t he  c a n o n i c a l  form of  the  t r a n s l a t i o n  u n i t .  With s o u r c e - l a n g -  

uage l e x i c a l  i t e m s  r e p l a c e d  by un ique  m u l t i l i n g u a l - d i c t i o n a r y j  
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a d d r e s s e s ,  t h i s  i s  t h e  i n t e r l i n 6 u a  which  i s  p a s s e d  f o r  s y n -  

t h e s i s  i n t o  t h e  t a r g e t  l a n g u a g e ( s ) .  

S y n t h e s i s  c o n s i s t s  of  a c o m b i n a t i o n  o f  T r u l e s  which  r e -  

a s s i g n  new o r d e r  and s t r u c t u r e  t o  t h e  l n t e r l i n g u a ,  and o f  c o n -  

t e x t - s e n s i t i v e  r u l e s  which  can  be u sed  t o  a s s i g n  m a i n l y  s y n -  

t a c t i c  f e a t u r e  l a b e l s  t o  l e a v e s  ("L r u l e ~ ) ,  f o r  example  f o r  

t h e  pu rpose  o f  a s s i g n i n g  number  and g e n d e r  c o n c o r d  ( e t c . ) .  The 

r e s u l t i n g  l i s t  o f  l a b e l l e d  l e a v e s  ( t h e  super i~or  b r a n c h e s  a r e  

no l o n g e r  n e e d e d ) i s  p a s s e d  t o  m o r p h o l o g i c a l  s y n t h e s i s  where 

a f i n i t e - s t a t e  grsmmar o f  morphographenLlc and a f f i x a t i o n  

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

As can  be s e e n ,  t h e  s y s t e m  i s  s t r i c t l y  m o d u l a r ,  and a t  

e a c h  i n t e r f a c e  o n l y  a s m a l l  p a r t  of  t h e  d a t a  s t r u c t u r e s  u s e d  

by t h e  d o n a t i n g  module i s  r e q u i r e d  by t h e  r e c e i v i n g  module .  

The "unwanted"  d a t a  s t r u c t u r e s  a r e  w r i t t e n  t o  p e r i p h e r a l  s t o r e  

t o  e n a b l e  r e c o v e r y  o f  p a r t i a l  s t r u c t u r e s  i n  t h e  c a s e  o f  f a i l -  

u r e  o r  m i s t r a n s l a t i o n ,  t h o u g h  a u t o m a t i c  b a c k - t r a c k i n g  t o  

p r e v i o u s  modules  by t h e  s y s t e m  as  such  i s  n o t  e n v i s a g e d  as  a 

maj or component. 

The "static" data Used by the system consist of the 

different sets of linEulstio rule packages, plus the diction- 

ary. The system essentially has one large multillngual diction- 

ary from which numerous software packages generate various 

subdlctionarles as required either in the translation process 

itself, or for lexloographers working on the system. Alpha- 

betioal or other structured language-speciflc listings can be 

produced, while of course dictionary updating and editing 

pack~es are also provided. 

~ Implementation details 

The system will run on any microprocessor system which 

runs under the CP/M operating system and at C.0.L. is implem- 

ented on the Intertec Superbrain with twin ~' double density 

floppy disk drives, giving a total of 320k bytes of on-llne 
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s t o r e .  Programs a r e  w r i t t e n  i n  P a s c a l / M  ( S c r o d ,  1979 ) ,  a 

Pascal dialect closely resembli~ UCSD Pascal. 
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Key t o  the scheme (see overleaf): 

(_da~ra sfrucfure/) 
< d lct ionary / gra~r ~ 

enters 

crea tes  

u s e s  

i s  l lnked to 
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