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1 General Overview
T h e E U R O T R A  T R A N S L A T IO N  S Y S T E M  consists basica lly  o f  a  C -p rogram m e 
which operates a front-end  program m e package cind a core  P R O L O G  program ­
m e, the Engine.

T h e  E ngine com bines w ith  a  series o f  generators and  translators w ritten  by  
the linguist in a  user language and com p iled  in to  P R O L O G  cod e . T h e  generators 
and the translators conta in  linguistic in form ation  accord in g  to  the linguistic 
specifications in the E U R O T R A  m odel.

T h e  E U R O T R A  m odel consists o f  three m ain parts: analysis, transfer and 
synthesis. T h e  m ain parts are su bd iv ided  in to  levels. E ach  level in  the E U R O ­
T R A  m odel has a  gram m ar (i.e. a  gen erator) and betw een  tw o levels there is a 
translator.

T h e  E M S, E U R O T R A  M orph olog ica l structure, is the first level in analy­
sis. T h e  first syn tactic  level follow s im m ediately  after E M S , it is ca lled  E C S , 
E U R O T R A  con stituen t structure.

A  fron t-end  program m e package is bein g  tested in E U R O T R A -D e n m a rk , 
from  July to  D ecem ber 1989. It consists o f  a  w ordscanner w ritten  in C  and 
an S G M L  parser. S G M L  is ein abbreviation  o f  “ S tandard G eneralized  M arkup 
L anguage” .

In the present experim ental phase the d ocu m en t w hich  is go in g  to  b e  trans­
lated has to  b e  w ritten  in  “ V I” or  “ Q on e” , tw o ed itors  available for  U N IX  in­
stallations. A  “V I”  d ocu m en t m ay b e  form atted  by  “NroflF” . B u t in princip le, 
any text ed itor  cou ld  b e  used for S G M L  text entry, ju st as S G M L  cou ld  deliver 
an ou tpu t to  any text ed itor.

S G M L  provides m eth ods for  m arking up  docu m en ts. F or instcince you  can  
m ark up the log ica l structure o f  a  text (i.e . chapters, sections, paragraphs e tc .) .

S G M L  also provides a  search -and-rep lace m echanism . W e can  m ake the 
S G M L  parser search for  layout in form ation  and  replace it by  a  m arker.
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W e can  a lso  define translations betw een input character co d e  and output 
ch aracter cod e .

In the fron t-en d  m od u le  we intend to  use the S G M L  parser tw ice;
F irst the specia l form attin g  cod es  o f  the w ord  processors w ill be  changed into 
S G M L  m ark  up  Codes and sim ultaneously the 8 -b it national character sets are 
turned in to  a  standardised  7 -b it E urotrian  character set.
N ext the S G M L  parser creates a  translator.

S G M L  m ay take in a  w hole text for  the first parsing. B ut the paragraphs 
o f  the text w ill b e  forw arded  to  the secon d  app lica tion  o f  the parser and later 
to  the E ngine in strict ro ta tion . T h e  paragraphs w ill b e  translated on e by  one 
and p laced  in their translated  form  in the right position  in the ou tpu t file in 
synthesis.

B etw een  the tw o app lica tion s o f  the parser it is p ossib le  to  edit the first 
S G M L  d ocu m en t m anually.

T h e  last p rogram m e in the fron t-en d  package is a  w ordscanner w ritten  in C. 
T h e  w ordscan n er segm ents the w ord form s on  the basis o f  the lex icon  rules o f  the 
m orp h olog ica l level E M S.

2 An Example

P lease con sider the fo llow in g  exam ple w hich  consists o f  a  title  and a  sentence: 

S ig n a le r

En kombineret 4 og 6 GHz polarizer konverterer det modtagne 

signal.

W ritten  in “V I ”  and  supplied  w ith  “N rofT ’ com m ands the exam ple w ould 
lo o k  like this:

.NH
Signaler
.PP
En kombineret 4 og 6 GHz polarizer konverterer
.UL det
.UL modtagne
.UL signal.

.NH m eans: w hat fo llow s is a  title— .PP m eans: here com es a  paragraph. .UL 
in fron t o f  a  w ord  in d icates that the w ord  is underlined.

T h is  p iece  o f  text is sent to  the S G M L  parser. T h e  “ NrofF ’ com m ands are 
ch anged  in to  S G M L  m arkers. T h e  text now  look s like this:
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<DOC LEVEL="emsda" SCANLEV="ems" SURF="dummy" SCAN=yes 
WP="Nroff" NAME=text">
<TEXT>
<CH>
<TI NROFF= "PP">
En kombineret 4 og 6 GHz polarizer konverterer
<STYLE TYPE="UL">
det
<STYLE TYPE="RN">
<SYLE TYPE="UL"> 
modtagne
<STYLE TYPE="RN">
<STYLE TYPE="UL"> 
signal.
<STYLE TYPE="RN">
</P></CH></TEXTX/DOC>

N ext the text is forw arded  to  th e  secon d  app lica tion  o f  the S G M L  parser 
which produ ces a  translator:

:trans: dummy=>emsda.

:b:

surfaceO = ":{} => {cat=s, io=‘0’}

<{thcat=wordform, rend=no,upper=first} 
*/,*/,SCAN signaler 
>.

surfacel = ":{} => {cat=s, io=‘l’}
<
{thcat=wordform, rend=no, upper=first} 
‘/.‘/.SCAN en

{string=‘&bk’},
{thcat=wordform, rend=no, upper=no} 
‘/‘/.SCAN kombineret

{string=‘&bk'},
{string=numerus, lex=‘4’, rend=no}, 
{string=‘4bk’},
{thcat=wordform, rend=no, upper=no} 
‘/.‘/.SCAN og
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{string=‘ftbk’},
{string=numerus, lex=‘6’, rend=no}, 
{string='tbk'},
{tbcat=wordform, rend=no, upper=first} 
'/.•/.SCAN ghz

f

{string=‘&bk’},
{thcat=wordfonn, rend=no, upper=no} 
'/.'/.SCAN polarizer 

>
{string=‘tbk’},
{th.cat=wordform, rend=no, upper=no} 
'/iitSCAN konverterer

9

{string=‘&bk’},
{th.cat=wordform, rend=under, upper=no} 
•/.'/.SCAN det
9

{string=‘&bk},
{thcat=wordfonn, rend=imder, upper=no} 
'/'/CSCAN modtagne

9

{string=‘&bk’},
{thcat=wordform, rend=nnder, upper=no} 
'/.'/.SCAN signal

9

{string=‘&f3'}
> .

ftbk stands fo r  b lank ; s  stands fo r  fu ll stop .
T h e  tran sla tor w ill translate from  an em pty  o b je c t  (i.e. the em pty  pair o f  

cu rly  brackets on  th e  left side o f  the arrow ) in to  the sentences we gave as input 
(on  the right side o f  the cirrow). { c a t = s }  m eans a  sentence. T h e  sentence in its 
turn conta ins several w ord form s. T h e  lay ou t in form ation  is featurized. ‘u p per ’ 
stands for  u pper case. T h e  value ‘ first’ m eans that the first letter in a w ord  is 
cap ita lised , ‘ ren d ’ m eans rendition  and  ‘ re n d = u p p e r ’ m eans that a  given w ord  is 
underlined. D ou b le  percen tage signs and  the capitalised  w ord  ‘ S C A N ’ is a  signal 
t o  the w ordscan n er that the fo llow in g  w ord  should  b e  segm ented.

N ow , this tran slator is sent to  the w ordscanner. T h e  result will be  sim ilar to  
the tran slator show n a b ov e  excep t for  the w ord form s w hich w ill have been  split 
up  in to  basic strings. T h e  first part o f  the tran slator w ill suffice to  illustrate this:

surfacel = ":{} =>
<
{thcat=wordform, rend=no, upper=first}
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<{atring=en}>,

{string=‘ftbk'},
{thcat=wordform, rend=no, upper=no}
<{string=‘kombiner’}, {string=‘et’};
{string=‘kombiner'}, {string=‘e’}, {string=‘t’}>, 

{string=‘4bk’},

{string=niimerus, lex=‘4’, rend=no),

> .

T h e substructure is in d icated  b y  *< ’ and
T h e  w ordform s are split up in to  basic strings w hich  figure as values to  the 

attribute ‘ strin g ’ . A  useful dev ice  is the possib ility  o f  using a lternation  in the 
translator. If, for  instance, we have three d iction ary  entries for  three different 
verbal endings ‘ { s t r i n g = e , . . . } ’ , ‘ { s t r i n g = t , . . . } ’ , and ‘ {s tr in g = e t , . . .  } ’ w e will 
get tw o possib le  segm entations o f  ‘k om bin eret’ as show n above . T h e  E M S shou ld  
o f  course on ly  accept on e  o f  the p ossib le  segm entations. In case o f  an A ra b ic  
num ber we have a  standard  value to  th e  string a ttribu te : ‘ str in g= n u m eru s ’ . T h is  
m eans that we on ly  have to  w rite a  single lex icon  rule fo r  all possib le  integers 
at the m orph olog ica l level. T h e  actu al num ber is g iven as value to  the attribu te  
‘lex ’ . S ince num bers are the sam e in all the E urotrian  languages n o  tranfer rules 
w ill be  needed.

T h e  w ordscanner com pares the w ord form s w ith  the lex icon  rules o f  the m or­
ph olog ica l m odu le. A  lex icon  rule has d e p th = 0 — it consists o f  on e  feature bun­
dle. A m on g  oth er th ings we assign category , a  lexem e value (assigned to  the 
a ttribu te ‘ lu ’ ) amd a  string value— the la tter w ill unify  w ith  the string value in 
the translator rule. W e have lex icon  rules fo r  in fiectional roo ts  (m arked  b y  the 
feature ‘ in f l= r o o t ’ ), we have lex icon  rules for  invariants (m arked  b y  ‘ in fl= fu U ’ ) 
and we have lex icon  rules for  in flectional suflSxes (m arked b y  ‘ in fl= in fl_en d ’ ). T h e  
approach  to  in flectional m orp h ology  we have a d op ted  is in a ccord a n ce  w ith  the 
so-called  ‘w ord  and paradigm  m od e l’ . C onsequently , the lexem es are d iv ided  in to 
in flectional classes. L exem es which can  b e  grou p ed  as an in flectional class receive 
the sam e num ber as value for the a ttribu te  ‘ f le x J y p e ’ . E xam ples o f  lex icon  rules 
(abbrev iated ):

{cat=art, lu=en, infl=full, string=en, ...}.

{cat=v, lu=konvertere, infl=root, string=kombiner, term=xxO,

{cat=v, infl=infl_end, string=e}.
{cat=v, infl=infl_end, string=t}.
{cat=adj, infl=infl_end, string=et}.
{cat=n, infl=infl_end, flex_type=fx3, msdefs=msindef, 
nb=plu, string=er}.

187Proceedings of NODALIDA 1989



188 Computational Linguistics — Reykjavik 1989

{cat=n, lu=signal, infl=root, flex_type=fx3, string=signal, 

term=xx00000837, ... }.

{cat=card, lu=numenis, infl=full, string=numerus}.

T hese  single feature bundles com bin e  at the m orp h olog ica l level in gener­
al con stru ctors. T h e  con stru ctors  needed for bu ilding past particip les (as e.g. 
‘ k om bin eret’ ) w ill look  like this (slightly  abbrev iated ):

b_stem_v = {infl=stem, cat=v, lu=L, vfomi=inf, ...}
[ {infl=root, cat=v, lu=L,

{infl=infl_end, cat=v, atring=e} ] .

b_full_v = {infl=full, cat=v, vform=pastpart, lu=L, ...}

[ {infl=stem, cat=v, lu=L, vfonn=inf, ...}, 

{infl=infl_end, cat=v, string=t, ...} ].

T h e  con stru ctors needed for  bu ild ing indefinite form s o f  nouns (as e.g . ‘sig­
n aler ’ ) w ill have th e  form :

b_stem_n. = {infl=stem, cat=n, lu=L, nb=N, msdefs=mslndef,

. . . }
[ {infl=root, cat=n, lu=L, flex_type=F, ...}, 

{infl=infl_end, cat=n, flex_type=F, nb=N, 
msdef s=msindef }.

b_full_n = {infl=full, cat=n, lu=L, nb=N, msdefs=M, 
case=nge, ... }

[ {infl=stem, cat=n, lu=L, nb=N, msdefs=M, . 
{infl=full, cat=separator} ].

T h e  identifier o ccu rs  b e fore  the equal-sign  to  the left. In the con stru ctor the 
m oth er n o d e  appears a b ove , the daughter n odes appear betw een sharp brackets 
below .

T h e  in flectional ro o t  m ay b ecom e  an in flectional stem  by  add ition  o f  an 
in flectional en d in g  (e .g . ‘ e ’ in the con stru ctor  for  a  verbal stem ) w hich  in that 
case on ly  becom es a  final w ord form  w hen another in flectional ending is added 
(e .g . ‘ t ’ in the con stru ctor  w hich  turns an infinitive stem  in to a  past participle 
a b o v e ). T h e  finished w ord form  is m arked ‘ in fl= fu ll’ .

V ariables (in  the form  o f  cap ita l letters) are used a ) t o  perco la te  values from  
daugthers to  the m oth er n od e  ( c f  ‘ lu = L ’ ) and  b ) to  ensure that values o f  a  certain 
a ttribu te  are th e  sam e in the feature bundles o f  tw o daugthers ( c f  ‘f le x .ty p e = F ’ ).

B y  m eans o f  the segm entation  and  the subsequent unification  o f  the basic 
strings we turn a w ord form  in to  a  gram m atica l w ord — e.g. we change ‘ signaler’ 
in to  ‘s ignal, p lural, indefinite, n euter ’ .

T h e  sentence rule a ccep ts on e or  m ore w ordform s:
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b _ s e n te n c e  = { c a t = s }
[ { i n f l = f u l l } ] .

T h e  final representation  at E M S has the form  o f  a  tree w ith  a sentence n ode  
at the top  and a series o f  b in ary  subtrees (on e  for  each w ord form ) w hich  are 
hanging on  the sam e level beneath :

c a t = s
. . . --------------------------------------1-------------------------------- . . .

( f u l l )  ( f u l l )
---------------- 1-------------------  lu = d e n

(s te m ) s t r i n g = r  s t r in g = d e t
-------------- 1---------------

I I
( r o o t )  s t r in g = e

lu = k o n v e r te r e  
s t r in g = k o n v e r t e r

A d jectives, verbs and nouns are m arked for  te rm h ood  at E M S. ‘ te rm = xx O ’ 
m eans that a  given w ord  is n ot a  term . A  value different from  ‘xxO’ m eans 
that the w ord  is a  term . M u lti-w ord  term s are identified  at E M S  in the D anish  
im plem entation . A s an exam ple o f  a  con stru ctor  w hich  builds a  m u lti-w ord  term  
I will give the on e for  term  num ber ‘xOOOOOOOOS’ :

b_0 0 0 0 0 0 0 0 3  = { c a t = n ,  lu = k o m b in e re t_ N -o g _ N _ G H z _ p o le o :iz e r , 
te rm = x x 0 0 0 0 0 0 0 0 3 , gd=G , nb=N, m sdefs=M , 
ca se = C , in f l = t e r m }

[  { i n f l = f u l l ,  c a t = p a s t p a r t , lu = k o m b in e r e } , 
{ i n f l = f u l l ,  c a t = c a r d ,  lu = n u m e ru s },
{ i n f l = f u l l ,  c a t = c o o r d ,  lu = o g } ,
{ i n f l = f u l l ,  c a t = c a r d ,  lu = n u m e ru s },
{ i n f l = f u l l ,  c a t = n , lu = G H z},
{ i n f l = f u l l ,  c a t = n , l u = p o l a r i z e r , 

gd=G , nb=N, m sdefs^M , ca s e = C } ]  .

‘polarizer ’ is the m ost im portan t w ord  in this m ulti-w ord  term . W e therefore 
percolate  all relevant gram m atica l in form ation  from  the m ain w ord  to  th e  top  
node, we assign a  num ber to  the a ttribu te  ‘ term ’ and  a  value to  the ‘ lu ’ a ttribu te. 
T h e  num ber is assigned in order to  avoid  translation  rules betw een tw o languages. 
A  given term  has the sam e num ber in all nine E urotrian  languages. T h e  lexical 
unit value is for  the benefit o f  gram m arians and lex icographers w h o  d evelop  and 
m aintain the system .

In the translator betw een  the m orp h olog ica l level, E M S , and the con stituen t 
level, E C S , all substructure beneath  the very to p  n odes is deleted  in general 
translator rules.

W h en  these general translator rules have applied  th e  input o b je c t  to  E C S  will 
therefore consist o f  a  series o f  g ram m atica l w ords and  m u lti-w ord  units hanging 
beneath the sentence nodes:
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{cat=s}

{cat=n, lu=signal, ...}
{cat=s}

{cat=art, lu=en, ...}
{cat=n, lu=kombineret_N_og_N_GH2_Polarizer, 
{cat=v, lu=konvertere, ...}

{cat=art, lu=den, ...}
{cat=n, lu=modtaget_signal, ...} 

{cat=separator, lu=stop, ...}

E U R O T R A -D K , 
N jalsgade 80, 

D K -2 3 0 0  C openhagen  S 
D enm ark
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