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Abstract
The EEC Machine Translation Programme EUROTRA is a multi­

lingual, transfer-based, module-structured machine translation project. 
The result of the analysis, the interface structure, is bcised on a dependency 
grammar combined with a frame theory. The valency frames, specified in 
the lexicon, enable the grammar to analyse or generate the sentences. If 
information about the syntactical structure of the slot fillers is added to 
the lexicon, certain erroneous analyses may be discarded exclusively on 
a syntactical basis, and complex transfer may in some cases be avoided. 
Where semantic tind syntactical differences are related, problems of am­
biguity may be solved as well. This will be exemplified, and the frame 
theory will be explained. The paper concentrates on the valency of verbs; 
according to the EUROTRA theory the verb is the governor of a sentence.

1 The EUROTRA Model
T h e  stru ctu re o f  the system  as a w h ole  is as show n in figure 1.

U nits at th e  difierent levels;

E B L : Signs, cod es .

E M S :  M orphem es.

E C S : W ord s, syn tactica l categories, phrasal categories.

S T R U C T U R E :  C onstitu en t structure: ind icates the natural sequence o f  
the sentence con stituen ts b y  m eans o f  syn tactica l categories and sub­
categories.

E R S :  S yn tactica l fu n ction s (su rface syn tactica l relations): G overn or, su b ject, 
o b je c t  e tc ., m odifiers.
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Fig.l. The modular structure of the EUROTRA system.

ANALYSIS MODULE: 
levels:

SYNHESIS MODULE: 
levels:

! EBL: Normalized text ! j EBL
! (sign analysis) j

j

1

1

T-RULES T-RULES

! EMS: Morphological structure I 1 EMS

! (morphological analysis) 1

j

!
!

T-RULES T-RULES

! ECS: Constituent structure ! ! ECS

! (surface syntax) !

J

!
!

T-RULES T-RULES

! ERS: Relational structure ! j ERS

! (surface syntactical j 1

! relations) 1

J

!

1

T-RULES T-RULES

! IS: Interface structure I j IS
! (deep syntax with some 1 j

! semantic features) !

J

j

!

T R A N S F E R M O D U L E S

S T R U C T U R E :  D epen den ce structure: can on ic  sequence. In d icates the 
surface syn tactica l relations, determ ines agreem ents and percola tes 
features. Sequence o f  units: govern or, su b j, o b j /o b l_ a g /a t t r ^ u b j /  
p o b j /o b l . .g o /o b lJ o c /c o m p l , i o b j ( o b j2 ) /p o b j / c o m p l /o b l^ o /o b l J o c /  
a ttr_ob j, m odifiers. (A b b rev ia tion s  are exp la ined  in fig .4 .; the sou rce 
is the E U R O T R A  R eference M anual version  5 .0 ,1 9 8 9 . A  later version  
was d istributed  after the sym p osion .)
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I S ; D eep  syn tactica l relations; governors, argum ents and m odifiers w ith som e 
sem antic features.

S T R U C T U R E :  D epen den ce  structure: can on ic sequence. Indicates the 
d ep th  syn tactica l relations. E levates certain  sim ple entities by  p erco ­
lating them  to  the relevant m other n ode as feature bundles. Sequence: 
govern or, a rg u m en tl, argum ent2, argum ents, argum entd, m odifiers.

E ach  level consists o f  tw o com pon en ts, a  lexicon  and a  gram m ar. T h e  system  
identifies its units at a  certain  level b y  using the lex icon , w here at the sam e tim e 
the in form ation  a b ou t the various lexical entries, necessary for  the gram m atical 
rules at eaeh level to  fu n ction , is draw n.

Fig.2. The structure of a level.

! LEXICON

! identification of units
I

GRAMMAR
combination of units

B etw een  th e  levels the T -R U L E S  ensure the correct transform ation  o f  the 
ou tp u t from  on e  level to  the form  necessary as input for  the fo llow in g  level.

A s it wiU appear, the sign  analysis o ccu rs  at the E B L  level, the m orphologi,- 
ca l analysis at the E M S level and  the syn tactica l analysis at the three follow ing 
levels. S om e sem antical in form ation  is included  in the IS level. W e shall con ­
cen trate  on  the last tw o syn tactica l levels, the E R S  and the IS levels, and we 
shall p ose  the question : W h a t in form ation  m ust b e  present at the lexical entries 
at these levels for  the gram m ar and  thus the system  to  fu n ction ? In order to  
determ in e this, we m ust lo o k  m ore close ly  at the task o f  these tw o levels in the 
to ta l analysis process.

2 The ERS Theory
O n  m any p o in ts the E R S  th eory  is in agreem ent w ith  the theory  behind  the 
f-stru ctu re  in L E G  (L ex ica l F un ction al G rtim m ar). O ur gram m ar at the ERS 
level is a  depen d en ce  gram m ar. A  depen den ce  structure consists o f  a  govern­
in g  lex ica l unit (G O V E R N O R ) and  (p ossib ly ) a  num ber o f  sentence m em bers 
(D E P E N D E N T S ), w hich  presuppose the presence o f  the G O V E R N O R . W e dis­
tinguish  betw een  tw o types o f  D E P E N D E N T S :

Fig.3. Dependents at the ERS level.

1: COMPLEMENTS, which fill out a place in the frame

of the governor, i.e. are frame boimd or valency bound:

The GOVERNOR requires their presence.
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2: MODIFIERS, which also presuppose the presence

of the GOVERNOR but do not fill out a place in its 
frame, are not required by the GOVERNOR.

A t E R S the com plem en ts o f  the m ain verb  are con stitu ted  b y  the fo llow in g  
syntactica l functions, from  w hich , how ever, the D anish  im plem entation  differs 
on  certain points:

Fig.4. Verbal complements at the ERS level.

SUBJ.

Example: DA: PETER sover.
ENG: PETER sleeps

OBL.AG (the subject in passive clauses).

Example: DA: Suppe spises AF MANGE.

ENG: Soup is eaten BY A LOT OF PEOPLE.

OBJ (the indirect object, if this is not a 
sentence).

Example: DA: Peter spiser SUPPE.

ENG: Petes eats SOUP.

ATTR_SUBJ (the subject complement if this 

is not a sentence).
Example: DA: Problemet er ULOESELIGT.

ENG: The problem is INSOLUBLE.

ATTR_0BJ (the object complement if this 
is not a sentence).

Example: DA: Det kalder jeg EN OVERDRIVELSE
ENG: That's what I call AN OVERSTATEMENT.

POBJ (frame bound prepositional phrase i.e. 

prepositional phrase governed by the main 

verb and requiring a particular preposition). 
Example: DA: Jeg haaber PAA EN FORANDRING.

ENG: 1 am hoping FOR A CHANGE.

OBL.LOC (obligatory prepositional phrase 

denoting place).
Example: DA: Peter bor 1 SLAGELSE.

ENG: Peter lives IN MANCHESTER.
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0BL_G0 (obligatory prepositional phrase 
denoting direction).
Example; DA: Peter tog TIL PARIS.

ENG: Peter went TO PARIS.

COMP (clause-shaped complement).
Example: DA: Peter har lovet, AT HAN NOK SKAL KOMHE.

DA: Peter hoerte HANS KOMNE.

ENG: Peter has promised, THAT HE WILL BE 

THERE.

ENG: Peter heard HANS COMING.

0BJ2 (the direct object, if this is not a 
sentence).

Example: DA: Jeg skylder HAM en tjeneste.

ENG: I owe HIM a favour.

F or the sake o f  clarity  I have chosen  sentences w hich  d o  n ot bear m uch 
resem blance to  the con stru ction s  that we usually w ork  w ith  in texts from  the 
C om m ission .

F rom  L F G  w e have a lso  taken over the so-ca lled  ” P rin cip le  o f  C om pleteness 
and C o h eren ce", w h ich  can  b e  form ulated  as follow s:

A  stru ctu re m ust con ta in  A L L  the com plem en ts required by  its gov ­
ern or A N D  N O  O T H E R S .

F rom  this prin cip le  follow s:

C om plem en ts can  on ly  b e  described  as ob ligatory . E m pty  elem ents 
(em pty  n odes) m ust b e  inserted in a  num ber o f  cases, for instance in 
passive clauses w here the log ica l su b ject (th e  agent) is not present, 
and  in in fin ite con stru ction s w ith ou t an exp licit su b ject d irectly  con ­
n ected  to  the infin ite verb  form .

T h e  E R S  guidelines are o f  a  d irective  character, and n ot ob liga tory ; in  the D an­
ish im plem en tation  we have differed from  them  fo r  exam ple b y  n ot including 
the ca teg ory  C O M P , w hich , as we saw it, was defined not b y  its syntactical 
fu n ction , bu t exclu sively  b y  its be in g  clause-shaped . In the D anish  im plem enta­
tion  we have sim ply  allow ed that su b jects  as well as o b je c ts  m ay also consist o f  
substantiva l sub-clauses or  infinitives. T h is  sim plifies the m appin g  betw een the 
E R S  and IS levels, and  besides it agrees m ore  w ith  ou r linguistic in tu ition , also 
becau se  precisely  the sam e applies in D anish  to  w ords and phrases governed by 
a  p reposition , (fo r  exam ple in a  so -ca lled  P O B J ); in this position  we m ay also 
find b o th  nouns, noun  clauses and  infinitives.
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3 The IS Theory
T h e next level, the IS level, is, how ever, a ctu a lly  legislative. It is here that the 
decorated  tree structures, w hich  con stitu te  the startin g  poin t o f  the synthesis 
A F T E R  the transfer p rocess, are form ulated . Since, as it is well know n, E U R O - 
T R A  is a  m ulti-lingual translation  system , it is necessary to  m od el the IS level 
in such a  w ay that, using a  com m on  feature theory, it describes the linguistic 
features that are relevant for  translation  purposes and w hich  are com m on  to  the 
languages in question , in a  w ay that is com p a tib le  w ith  all nine E E C  languages. 
T o  form ulate this th eory  and the com m on  feature th eory  is a  d ifficult task —  
som e m ight even say an im possib le  on e  —  bu t it is a lso a  challenge, becau se 
no theories existed  that m ight be  transferred to  a  m ulti-lingual, transfer-based 
m achine translation  system . T h e  IS th eory  has been  form ulated  in a  co o p e ra ­
tion  betw een linguists in E U R O T R A  w ith  con stan t feedback  from  the various 
language groups, and it rests on  the fo llow in g  m ain principles:

1. IS is prim arily  a  syn tactica l theory.

2. T h e  startin g-poin t o f  the descrip tion  is E nglish , w hich  fu n ction s as a  kind 
o f  meta^language.

3. T h e  IS theory  consists o f  a  dependen ce gram m ar w ith  a  sunken govern or, 
com bined  w ith  a  fram e theory.

4. T h e  th eory  m ust satisfy the fo llow in g  requirem ents:

(a ) T h e  description  m ust b e  adequate; it m ust, as far as possib le , d isam ­
biguate polysem antic surface structures.

(b ) T h e  description  m ust b e  ca lcu lable ; it m ust be  form alized  so  as to  
perm it a  com pu ter to  ca lcu late  the relevant phenom ena.

A s m entioned above , the theory m ust b e  able to  describe the linguistic fea^ 
tures, relevant fo r  translation  purposes and  com m on  to  the nine E E C  languages; 
hence all non-signific^lnt differences are neutralized. T h is  applies to  the ind iv idu ­
al language (for  exam ple the difference betw een  the active  and the passive v o ice ) 
as well as to  d ifferences betw een  the E E C  languages. A n  exam ple o f  a  difference 
specific to  a  particu lar language is the difference betw een  noun clause types (in­
finitive con stru ctions o r  that sentences). I f  on e w ants to  specify  this difference 
in the analysis, it m ust b e  d on e on  the u nderlying level, the E R S  level. It is a  
m onolingual m atter, w hether a  verb requires finite or  non-fin ite clausal com p le ­
m ents. Som e verbs d o  n ot take clausal com plem en ts at all, others take special 
types, and som e (th e  su pport verbs) require deverbal nouns as o b je c ts , w hile the 
equivalents in oth er languages m ay n ot have the sam e restrictions. I shall show  
an exam ple indicating these differences in the next section .

T h e  neutralization  o f  d ifferences, specific  to  a  particu lar language, is d on e  in 
the follow ing way:
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A s m en tioned  earlier, already at the E R S  level a  ” euroversal” , canonic 
sequence o f  sentence m em bers is determ ined. T hu s w ord  orders, spe­
cific  to  a  particu lar language, are neutralized. A t the IS level this 
sequence describes a  sm all, defined, num ber o f  depth  syntactica l re­
lations betw een  the m em bers.

C erta in  sub-system s (tense, aspect, m odality, e tc .)  are rem oved from  
the actual structural representation  and re -cod ed , a ttribu ted  to  the 
overall sentence com p lex  by  ca lcu lation .

C erta in  surface ph enom ena axe rem oved from  the tree structure and 
are represented instead in the overall sentence co m p le x  as features, 
i f  th ey  are relevant for  the translation .

A s  has been  m entioned , the IS structure is also a  dependen ce structure, 
includ ing  a  govern or and tw o types o f  dependence relations. T hese are:

A R G U M E N T S , o f  w hich  a  m axim um  o f  four m ay occu r . A n  argu­
m ent num ber m ay on ly  be  ind icated , i f  the preceding on e also occu rs 
in the fram e o f  the governor

M O D IF IE R S , w hich  d o  not o ccu r  in the fram e o f  the governor.

T h u s, the m axim u m  com p letion  o f  a  sentence, in w hich the main 
verb  is alw ays regarded  as the governor, is as follow s (th e  K leene star 
in d icates zero , on e , or  m ore  occu ren ces o f  the subsequent m em ber):
S =  G O V , A R G l ,  A R G 2 , A R G 3 , A R G 4 , *M O D .

T h e  relation  betw een the com plem en ts o f  the E R S  level and the argum ents 
o f  the IS level can  be  sch em atica lly  described  as follow s:

S U B J --------------- ARGl

O B L.AG-------------ARGl

O B J ---------------- ARG2

ATTR.SUBJ--------- ARG2

C O M P --------------- ARG2 eller ARG3
P O B J --------------- ARG2 eller ARG3

OBL.GO-------------ARG2 eller ARG3

OBL.LOC------------ARG2 eller ARG3

ATTR.OBJ---------- ARG3

0 B J 2 ---------------ARG3

Frame-bound arguments (PP’s) not otherwise 
indexed------------ARG4

So, b o th  at th e  E R S  level and  at the IS level it is necessary to  specify  the 
valence stru ctu re o f  the lex ica l units in the level specific lexicons. A n d  where can
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in form ation  abou t the valence o f  D anish w ords be  ob ta in ed ?  G enerally  speaking, 
possibiUties are few ; n o  actu al valence d iction aries for  D anish  ex ist, as th ey  d o  
for G erm an for exam ple. T h e  D anish E U R O T R A  grou p  has to  w ork  ou t these 
dictionaries them selves.

4 The Coding of Verbs in the Lexicon
In the D anish im plem entation  we in d icate  the valence o f  the w ords at the E R S  
level already in the lex icon  for  the E C S  level. W e shall see how  this can  b e  d on e 
in the case o f  the verbs, tak ing a  con crete  exam ple.

T h e  D anish verb  B E M A E R K E  (n otice , rem ark) is m on o-transitive , the lex ­
ical entry to  this verb  m ay for  instance lo o k  like this in the E C S  d iction ary :

‘bemaerke_vl’ = cat=v, ers_frame=f20, ctrl=no, dalu=’bemaerke’,

reflex=no, vfeat=nstat, auxlu='have’, t=no, term=xxO.

T h e  form ula  ers_fram e=f20  refers to  the sentence rule that describes sentences 
w ith m ono-transitive  verbs. T h ere  are, how ever, different m eanings o f  this verb . 
I f  we fo llow  the definitions in N udansk O rd b o g , w h ich , in D enm ark , com es closest 
to  the m edium -sized, m on olin gu al d ictionaxy  used for  the p ro je c t , we can  m ake 
a division  in to  these entries, w here on ly  the defin itions differ. T h e  exam ples are 
cod ed  in the form at used for  the L em m a diction ary , w here in form ation  necessary 
for the different levels are gathered  under the relevant entries:

‘bemaerke_vl* = cat=v, scat=mainv, level=zero, dalu=‘bemaerke’, 
darno=vl, ers_frame=f20, dapfoxml=no, dapfonn2=no, dapform3=no, 

dapform4=no, daisframe=argl2, reflex=no, dapargl=no, daparg2=no, 
daparg3=no, daparg4=no, auxlu=‘have’, vfeat=nstat, flex_type=fxl, 

dcons=no, oc=yes, infl=root, term=xx0.

7,5C Coder: boel 16-Jim-89 

Source: experiment 

DEF: iagttage, laegge maerke til 

7'/> Comments:
'/.*/, Examples: Ingen bemaerkede bans fravaerelse. NDO.

‘bemaerke.v2’ = cat=v, scat=mainv, level=zero, dalu=‘bemaerke’, 

damo=v2, ers_frame=f20, dapforml=no, dapform2=no, dapform3=no, 

dapform4=no, daisframe=argl2, reflex=no, dapargl=no, daparg2=no, 

daparg3=no, daparg4=no, auxlu=‘have', vfeat=nstat, flex_type=fx1, 

dcons=no, oc=yes, infl=root, term=xx0. 

y,V, Coder: boel 16-Jun-89 
'/•'/, Source: experiment 
7,y, DEF: udtale, ytre
y,y. Comments: Ambiguous example in the NDO.
y,y. Examples: Han bemaerkede, at ban var forhindret. NDO
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H ere, we use f20 in b o th  cases: T h e  verb  on ly  takes an o b je c t  as a  com plem ent. 
D alu  m eans D anish  lex ica l unit, darn o refers to  D anish  reading num ber. D E F  
m eans defin ition . In form ation  preceded  b y  is not relevant for  the gram m ar.

A cco rd in g  to  th is, there m ust be  tw o different entries in the lex icon , w here the 
co d in g  is identica l, bu t the defin itions differ. H ence, an analysis o f  the sentence:

D A : K om m ission en  har b e m æ rk e t en rim elig udvikling inden for  erhvervslivet.

E N G : T h e  C om m ision  has n oticed  a  reasonable developm ent in industry, (be- 
m æ rk e = n o t ice , sense 1, b e m æ r k e .v l  above)

p rod u ces  tw o identica l results at the E R S  level, b o th  o f  this form :

Fig.5. ERS object with no object differentiation.

cat=s

cat=v

dalu=bemaerke

sf=gov

cat=np

sf=subj

cat=np

sf=obj

cat=n ---------

dalu=Konmissionen cat=n 

sf=gov sf=gov

dalu=udvikling

cat=pp

sf=pobj

cat=ap

sf=mod

cat=p

dalu=inden_for

sf=gov

cat=np

sf=compl

cat=adj
sf=gov

dalu=

rimelig

cat=n

dalu=erhvervsliv

sf=gov

If, how ever, we supplem ent ou r lexical entries w ith  the in form ation  that B E - 
M A E R K E  in sense 1 m ay have certain  types o f  sentence o b je c ts  (an  NP, an 
at-clau se  or  an in terrogative clau se), w hile in sense 2 (bem aerke_v2 a bove) the 
w ord  on ly  takes at-clauses o r  p ron oun s as the o b je c t , the entries w ill look  like 
this:

‘bemaerke_vl’ = cat=v, scat=mainv, level=zero, dalu=‘bemaerke’, 

darno=vl, ers_frame=f244, dapforml=no, dapform2=no, dapform3=no, 

dapform4=no, dai3frame=argl2, reflex=no, dapargl=no, daparg2=no, 
daparg3=no, daparg4=no, auxlu=‘have', vfeat=nstat, flex_type=fxl, 

dcons=no, oc=yes, infl=root, term=xxO.
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‘/.y. Coder: boel 16-Jun-89 
Source: experiment 

'/,*/, DEF: iagttage, laegge maerke til 

'I'l, Comments:
'I'l, Examples: Ingen bemaerkede bans fravaerelse. NDO.

f244: T h e  verb  on ly  takes an o b je c t  as com plem en t. T h e  o b je c t  is: an N P  O R  a 
nom inal at-clause O R  an in terrogative clause.

‘bemaerke_v2’ = cat=v, scat=mainv, level=zero, dalu='bemaerke’, 
darno=v2, ers_frame=f262, dapforml=no, dapfomi2=no, dapform3=no, 

dapform4=no, daisframe=argl2, reflex=no, dapargl=no, daparg2=no, 
daparg3=no, daparg4=no, auxlu='have’, vfeat=nstat, flex_type=fxl, 

dcons=no, oc=yes, infl=root, term=xxO. 

y.y. Coder: boel 16-Jun-89 
'/,% Source: experiment 

DEF: udtale, ytre

y.y. Comments: Ambiguous example in the NDO.

'I'l, Examples: Han bemaerkede, at ban var forbindret. NDO

f262: T h e  verb on ly  takes an o b je c t  as com plem en t. T h e  o b je c t  is: a  nom inal 
at-clause O R  a  pronoun .

F urtherm ore, we change and su b -d iv ide  ou r gram m ar rules on  the basis o f  this 
in form ation . A s a  result, on ly  on e analysis, using the first en try  o f  B E M A E R K E , 
is possible, and the num ber o f  analyses are reduced . W e are thus able to  d iscard  
certain  erroneous analyses exclusively  on  a  syn tactica l basis, becau se it turns 
ou t, that sem antic and synt2ictica l differences m ay b e  con n ected . A n d  th is m ust 
happen  at the E R S level, this be in g  the level w here a  d istin ction  is still m ade 
betw een different o b je c t  types and su b-clau se types. A t the IS level this specific 
d istinction  is neutralized.

T h e  fo llow in g  transfer rules will ensure the correct translation :

1: cat=v, dalu=bemaerke, damo=vl => 

cat=v, enlu=notice, enrno=vl.

2: cat=v, dalu=bemaerke, damo=v2 => 

cat-v, enlu=xemark, enmo=v2.

5 Conclusion
A s claim ed above , prob lem s o f  sem antic differences m ay in som e cases b e  related 
to  syntactica l differences. In these cases, m ore  system atic use o f  the syn tactica l 
in form ation  m ay solve som e, i f  certa in ly  n ot all, sem antic prob lem s o f  m achine 
translation.

W e have also m ade it th eoretica lly  possib le  to  G E N E R A T E  or p rod u ce  the 
correct sentence structure for  a  sentence translated in to  D anish , precisely  by

155Proceedings of NODALIDA 1989



156 Computational Linguistics — Reykjavik 1989

includ ing  in form ation  a b o u t sentence structure in the lex icon , contained in the 
m ore  specific  in d ication  o f  valence. W h a t form s the basis o f  the translation  into 
D an ish  is a  tree stru ctu re, w here the individual w ords m ake up the leaves on  the 
tree. In the transfer p rocess, the w ords o f  the source language are exchanged with 
the equivalent w ords o f  the target language. In case o f  sentential com plem ents, 
fin ite o r  non-fin ite , the tree d oes  not sp ecify  which sentence typ e  m akes up the 
o b je c t  o f  the sentence. T h e  D anish  lex icon  will contain  th e  in form ation  abou t 
the syn tactica l com bin ation s  o f  the different verbal entries, w hich  m ake possible 
the establishm ent o f  a  m ore  specific  sentence structure. In these cases we avoid 
having to  w ork  o u t w ord -specific  rules o f  com p lex  transfer; the problem  can be 
solved  m on olin gu ally  in a  m ore  general way.

T h e  fa ct rem ains that we lack d ictionaries in D anish that allow  us to  draw  in­
form ation  a b o u t the com bin ation  possibilities o f  D anish  w ords to  <in extent that 
suits ou r  pu rpose . O ne o f  the m any tasks that the D anish  E U R O T R A  group 
faces is to  p rod u ce  such d iction aries. I h op e  to  get the possib ility  to  experim ent 
w ith  draw ing this in form ation  from  the G yldendal d iction ary ; ” D ansk  Sprog- 
b ru g “  b y  E rik  B ruun . H ere we find exam ples o f  the use o f  D anish  w ords and a 
ty p o lo g y  com p a ra b le  to  a  rough  valen cy  description . W e shall have to  com plete  
this in form ation  an d  transform  it to  a  form alism  suited  for  this specia l purpose.
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