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Abstract
Machine translation of subordinate clauses, whether finite or non-finite, 

poses a series of problems within representational issues. In £ U R O T R A  
this subject has recently been investigated for complements as well as for 
modifiers to verbal, nominal, adjectival, and prepositioned heads.

Some of the problems encountered during these investigations will be 
addressed in this paper, with a particular focus on the representation of 
finite and non-finite modifiers.

The claim is made that neutralization of surface differences is necessary.
This neutralization of the surface structure is shown to be a prerequisite 
to simple transfer. The concept of simple transfer is briefly introduced.

Various example representations are shown and discussed.

1 Introduction
M achine translation  o f  su bord in ate or  dependent clauses, w hether finite o r  non- 
finite, poses a  series o f  problem s and challenges w ith in  representational issues. In 
E U R O T R A  this su b ject has recently been  investigated  for  all types o f  senten
tial com plem ents and m odifiers, finite as w ell as non-fin ite, to  verbal, nom inal, 
adjectival, and preposition a l heads. (P O -2 2 , 1989)

T h is paper presents som e o f  the results o f  the subset o f  the w ork , w hich  has 
been carried  ou t b y  the D anish language grou p , and w ithin  this, in particu lar 
the special research to p ic  dealt w ith  b y  m y colleague P atrizia  P a gg io  and m yself.

W e have been  particu larly  interested in the defin ition  o f  a  representation  
w hich neutralizes arb itrary  surface variation  fou n d  in dependen t clauses in the 
nine E E C  languages. O f  th e  m any possib le  structures en coun tered  in the a bove  
m entioned syn tactic  fu n ction s we have prim arily  con cen trated  on  finite and  n on - 
finite adverbial m odifiers to  verbs and nouns. T h e  specifica tions, w hich  we have 
p roposed  as a  result o f  ou r w ork , are now  part o f  the E u rotra  R eferen ce M anual, 
w hich has ‘ legislative ’ status in the p ro je ct . (R .M . 6 .0 ).

In the fo llow in g  qu ite a  few  exam ples o f  such structures w ill b e  show n and 
discussed. T h e  fo llow in g  list o f  exam ples serves to  clarify, w hich  typ es  o f  con 
structions are involved.
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Complements to verbal head, non-flnite
Industrien  prøver A T  O V E R T A G E  F IN A N S IE R IN G E N  

L a C om m ission  veut R E N V E R S E R  C E T T E  T E N D A N C E

Complements to verbal head, finite
E F  ønsker, A T  IN D U S T R IE N  S K A L  O V E R T A G E  F IN A N S IE R IN G E N  

T h e  C om m ission  w onders, W H E T H E R  IN D U S T R Y  W IL L  T A K E  O V E R

Modifiers to verbal head, non-finite
E V E R Y B O D Y  H A V IN G  A G R E E D  O N  T H E  D A T E , the m eeting was ad
jou rn ed

A L  S E R  C O N S C IE N T E  D E L  P R O B L E M A , la  C om isidn  form uld una 
propu esta

Modifiers to verbal head, finite
E F T E R  A T  A L L E  V A R  B L E V E T  E N IG E  O M  D A T O E N , blev  m ødet 
hæ vet

D A  D E N  B L E V  O P M Æ R K S O M  P Å  P R O B L E M E T , form ulerede K om 
m issionen  et forslag

A L T H O U G H  L A B O U R  IS E X P E N S IV E  E u rope  em ploys m any peop le

Modifiers to nominal head, non-finite
T h e  action s  T A K E N  b y  in du stry  have not reversed the trend

Modifiers to nominal head, finite
de forholdsregler, S O M  IN D U S T R IE N  H A R  T A G E T , hsir ikke vendt ten
densen

2 Simple Transfer and IS
O n e very  fundam ental issue in the E U R O T R A  translation  m odel is the con cep t 
o f  sim ple transfer. P ou l A ndersen  has given an in trodu ction  to  this con cep t, its 
im p lication s, an d  prov id ed  exem plifica tion  in A ndersen  (1989).

S im ple transfer is ach ieved  through  a  very deep  analysis o f  the input string 
such that the ‘ m ean in g ’ o f  e .g . a  clause is represented as an annotated  tree struc
ture. S im ple transfer then consists o f  su bstitu tin g  the lexical units o f  the source 
language tree, a lso  ca lled  the IS  representation , w ith  the appropria te  lexical 
units o f  the target language. F or the translation  to  be  successful, how ever, m any 
con d ition s  have to  b e  fu lfilled , on e  o f  them  is successful lexical d isam biguation , 
w h ich  is a  n on -triv ia l p rob lem . T h e  con d ition  in focu s here, though , is not lexical, 
bu t representational. S im ple transfer requires that the an notated  tree structure 
m ust b e  transferred unm odified .

T h e  E U R O T R A  IS  th eory  a ttem pts to  give a  deta iled  defin ition  o f  the IS 
representation  from  w hich  sim ple transfer is to  t^lke place. O ne im portan t aspect
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o f  the structures defined at IS is that arb itrary  surface differences, w hich  exist 
betw een the languages, should  b e  neutralized precisely  so  that stru ctu ral trans
fer needs not take place. Structural transfer m eans m od ifica tion  o f  the source 
language IS structure during  tramsfer to  the target language IS structure.

Such surface d ifferences can  be  observed  in the exam ples listed above . T h e y  
show  exam ples o f  b o th  noun and sentence m odifiers, w here a  d irect structural 
m apping from  on e  language to  another, i.e. sim ple transfer, is not possib le. O ur 
investigations have show n evidence o f  great variation  w .r.t . surface realization  
o f  the so  called  sentential com plem ents and  m odifiers across the nine E E C  l£in- 
guages.

U p until recen tly  the E U R O T R A  IS  th eory  had  n ot been  exten ded  to  cover 
all these phenom ena. T h is  m eans that n o  so  called  ‘ leg isla tion ’ was available for 
them , ex cep t fo r  infinitives and finite clauses in o b je c t  position  to  verbs. T h e  
filling o f  such legislative holes, i.e. developm en t, exten sion , and  refinem ent o f  the 
IS theory, is con tribu ted  to  by  the language grou ps throu gh  their experim ents 
w ith  possible representations. C onsequ en tly  qu ite  different structures have so  
far been  im plem ented to  su pport these con stru ction s by  the different language 
groups.

3 Example Representations
In the follow ing a  series o f  exam ple structures for  the clauses in qu estion  w ill 
be d iscussed. T hese exam ples are authentic, i.e. they  have been  p rod u ced  by 
the different analysis m odu les developed  w ith in  E U R O T R A .  T h e  structures, 
however, have been  sim plified here for  the pu rpose  o f  h igh lighting the issue in 
question . Som e o f  the exam ples have a lready  been listed  above , bu t here they  will 
be  discussed in m ore detail. T h e  fo llow in g  labels are used in  the representations:

GOV - governor, head of a construction

ARGl - argument 1, deep subject

ARG2 - argument 2, deep object

ARG3 - argument 3, indirect object

MOD - modifier

TRANC - transconstructional

SBAR - dependent clause

S - sentence

NP - noun phrase

AP - adjective phrase

PP - prepositional phrase

0 - empty element
{..} - emnotations, features, decorations
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(1) ANALYSING FIGURES sas an essential task

S

1
GOV

1
1

1
ARGl/S

{stype=subord}

1
ARG2/NP

1

1
1
1

1
GOV
1

1
ARGl

1

1
ARG2/NP

1

1
1

1
be

1
emeilyse

{prespart}

1
0

1
figure essential task

REVERSE THE TREND is essential

S

1
GOV

1

1
ARGl/S

{stype^subord}

1
ARG2/AP

1
1

1
1
1

1
GOV
1

1
ARGl

1

1
ARG2/NP

1

1
1
11

be
1

reverse
1
0

1
trend essential

{infin}

In b o th  (1 ) and  (2 ) the A R G l ’s, a lthough  th ey  are internally different (-ing 
clause and  infin itive clau se), have been assigned the sam e structure, S, they on ly  
d iffer in m orp h olog ica l typ in g  o f  the verbal head.

In the fo llow in g  three exam ples, (3 ) , (4 ) , and  (5 ), the A R G 2 ’s are all infinitive 
con stru ction s , and  th ey  are all represented as S structures w ith  an em pty  elem ent 
inserted as the log ica l su b ject o f  the infinitive. A ga in  w e see, that they differ in 
features, bu t n ot in structure.

(3) Industrien prøver AT OVERTAGE FINANSIERINGEN

I
GOV

I
ARGl/NP ARG2/S

{stype-infcl}

prøve industri

I
GOV

I
overtage

{inf}

I I
ARGl ARG2/NP

I I
0 finansiering
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(4) La Commission vent RENVERSER CETTE TENDANCE

S

1
GOV

1
ARGl/NP

1
ARG2/S

1
1

1
1

{stype^complet}

1
1
1

1
1
1

1 1 
GOV ARGI
1 1

1
ARG2/NP

1
vouloir

1
Conunission

1 1 
renverser 0

1
cette

{infin} tendance

(5) Kommissionen tillader industrien AT OVERTAGE FINANSIERINGEN

S

1
GOV

1
ARGl/NP

1
ARG2/S

1
ARG3/NP

1
1

1

1

{stype=infcl} 1
1

1
1
1

1
1 1 1 

GOV ARGI ARG2/NP 
1 1 1

1
1
11

tillade
I

Kommissionen
1 1 1 

overtage 0 finansiering
1

industri
{inf}

T h e  preceding five exam ples all show  com plem en ts— su b jects  o r  o b je c ts . 
T heir structural representation  is in a ccord a n ce  w ith  the IS legislation , w hich  
already existed  before ou r investigations started, i.e. S w ith  an inserted em p ty  
elem ent in the non-fin ite clauses.

T h e  three fo llow in g  exam ples, (6 ) , (7 ) , and  (8 ) show  representations o f  finite 
adverbial m odifiers to  a  verbal head.

(6) ALTHOUGH LABOUR IS EXPENSIVE Europe employs many people

I I
GOV ARGl/NP

I
ARG2/NP

employ Europe

I
GOV

I
many people although be

I
TRANC/PP

I I
GOV ARGl/S

{stype«main}

{finite}

I I
ARGl/NP ARG2/AP

I I
labour expensive
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(7) Industrien overtager finansieringen, EFTER AT PROJEKTET 
HAR NÅET VISSE AFTALTE DELMÅL

I I
GOV ARGl/NP

I
ARG2/NP

I
MOD/S

{stype»subord}

I I

overtage industri

GOV ARGl/NP

I I
finansiering nå projekt 

{fin}

I
ARG2/NP

I
visse

aftalte delmål

(8) La industria no tomö ninguna iniciativa, AUNQUE EL 

PROBLEMA ERA CONOCIDO

I I
GOV ARGl/NP ARG2/NP MOD/SBAR

I I
G0V ARG1/S

{stype>subord}

I I I
GOV ARGl ARG2/AP

I I I
no tosar industria ninguna aunque conocer 0 problena 

iniciativa {finite}

A s the exam ples sh ow  there is great variation  w .r .t to  the structures and the 
labelling  chosen  for  these m odifiers.

T h e  E nglish  analysis, (6 ) , show s the m odifier labelled  T R A N C  assigned the 
ca teg ory  P P . T h is  approach  m ahes the su bord in atin g  con ju n ction , here called a 
p rep osition , the head o r  govern or o f  the entire m odifier.

A  sim ilar stru ctu ral approach  is chosen  in the Spanish analysis (8 ) , but the 
labelling  is different. M O D  is chosen  to  label the m odifier, but the ca tegory  is 
S B A R  w ith  a  p rep osition  as govern or o f  the clause. L inguistically  it does not 
seem  particu larly  well m otivated  to  have a  preposition  as the head o f  a  clause. 
T h e  head role to  clauses is usually  reserved for  verbs.

T h e  D anish  analysis, (7 ) , is m ore  flat, the su bord in ate clause is attached 
d irectly  to  the m ain  clause, and the su bord in atin g  con ju n ction  is elevated, thus 
leaving the govern or p osition  o f  the sentence to  the verb. H ere it is not quite 
clear, h ow  th e  con ju n ction  shou ld  be  retrieved.
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T h e  follow ing live exam ples show  dependents o f  nom inal heads.

(9) Le ditto fimeraimo il contratto PREVISTO DALLA COMMISSIONE

S

1
GOV

1

1
ARGl/NP

1

1
ARG2/NP

1
1

1
1

1
GOV

1
MOD/S

1
1

1
1

1
1

{stype^simple}

1
11

1
11

1
11

1 1 
GOV ARGl/NP 

1 11
firmare ditte contratto prevedere commissione

{pastpart}

(10) Le ditto firmeraimo il PREVISTO contratto

(a) S

1
GOV

1

1
ARGl/NP

1

1
ARG2/NP

1
1

1
1

1
GOV

1
MOD/S

1
1

1
1

1
1

{stype=simple}

1
1

1
1

1
1

1
GOV

1
firmare

1
ditte

1
contratto

1
prevedere (cat»v)

{pastpart}

(b) s

1
GOV

1

1
ARGl/NP

1

1
ARG2/NP

1
1
1

1
1
1

1
GOV

1

1
HOD/AP

1
1

1
1

1
1

1
GOV

11
firmare

1
ditte

1
contratto proTodere (cat=adj)
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T h e  m ost interesting observation  a b ou t these Italian exam ples is that when 
th e  p artic ip le  has an exp lic it b y -o b je c t , as ‘dalla  com m ission e ’ in (9 ), it is unam 
b igu ou sly  con sidered  an S, w hereas (1 0 ), w here no exp licit b y -o b je c t  is present, 
is con sidered  am biguou s betw een S and A P , and thus the gram m ar yields tw o 
results. T h is , o f  cou rse, is u n accep tab le , since u ltim ately  on ly  on e translation 
sh ou ld  b e  p rod u ced .

(11) The actions TAKEN BY INDUSTRY have not reversed the trend

1
GOV

I
ARGl/NP

not reverse

I I
GOV HOD/S

{stype=rel}

I I I
GOV ARGl/NP ARG2 

I I I
action take industry 0 

{pastpart}

I
ARG2/NP

trend

(12) Las medidas TOMADAS POR LA INDUSTRIA no invirtieron la 

tendencia

GOV

no invertir

ARGl/NP ARG2/NP

I
GOV

1
I
I
I

Dedida

I
NOD/AP

I
GOV

I
tomeo'
{ptc}

I
ARGl/NP

industria tendencia
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(13) De forholdsregler, SOM INDUSTRIEN HAR TAGET, har ikke 
vendt tendensen

GOV ARGl/NP
I

ARG2/NP

GOV NOD/S
{stype=rel}

ikke vende

GOV

forholdsregel tage 
{fin}

I I
ARGl/NP ARG2/NP

I I
industri som tendens

(13 ) as com pared  to  (11 ) and (12 ) show s that for D anish  a  fin ite relative 
clause is required to  express the m eaning con veyed  by  the non-fin ite  particip le  
in English and Spanish.

A  num ber o f  observations have been  m ade here con cern in g  the variations in 
structure and labelling o f  these representations. O n e observation , w hich  holds 
for  all o f  them  though , is that the stru ctu re assignm ent is linked to  the ca tegory  
assignm ent to  the top m ost n ode  o f  the su bord in ate  clause. T h e  IS th eory  specifies 
w hat constitutes an S, an N P, an A P  etc ., and therefore the decision  taken abou t 
the category  o f  the top  n od e  im plies the structure o f  the lo ca l tree. T h e  fo llow in g  
table lists ou r observations in short form .

3.1 Complements

C ategory  assignm ent to  top  n ode  o f  finites as well as non-fin ites: c a t = s .

S type assignm ent to  top  node: 

s t y p e = s u b o r d ,  s t y p e = c o m p l e t ,  s t y p e = in f c l .

C ategory  assignm ent to  head: 

c a t = v .

M orph olog ica l verb form  assignm ent to  head: p r e s p a r t ,  in fin , in f

N ot surprisingly, the ca tegory  assignm ent and therefore the stru ctu re is iden
tica l for  all the com plem en ts— they fo llow  the IS specifications. T h e  feature dif
ferences, how ever, d o  cause som e problem s. S im ilar prob lem s arise in con n ection  
w ith the m odifiers, w hich  w ill be  in focu s  in th e  rem ainder o f  this paper.
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3.2 Modifiers
C a teg ory  assignm ent to  to p  node: 
n o n - f ln i t e  s e n t e n c e  m o d i f ie r s :  
n o n - f in i t e  n p  m o d i f ie r s :  
f in i t e  m o d i f ie r s ,  a ll :

S type  assignm ent to  top  node: 
s e n t e n c e  m o d i f ie r s :  
n p  m o d i f ie r s :

C a teg ory  assignm ent to  head: 
s e n t e n c e  m o d i f ie r s :  
n p  m o d i f ie r s :

c a t = s ,  c a t = s b a r ,  c a t = p p
c a t = s ,  c a t = a p
c a t = s

s t y p e = m a i n ,  s t y p e = s u b o r d  
s t y p e = s i m p le ,  s t y p e = r e l

c a t = v
c a t = v ,  c a t = p t c ,  c a t = a d j

M orp h o log ica l verb form  assignm ent to  head: 
s e n t e n c e  m o d i f ie r s :  f in , f in i t e ,  in fin
n p  m o d i f ie r s :  f in , p a s t p a r t

A ll these representational and classificational differences reflect a  purely 
m on olin gu al analysis underlying the representation  prov ided  b y  the diflerent 
analysis m odu les. W h a t we have aim ed at in ou r w ork  is a  m ultilingual amalysis 
as a  poin t o f  departu re  for  a  euroversal definition  o f  the representation.

W e have investigated  the translational behaviour o f  a  num ber o f  these con 
stru ction s betw een  a  num ber o f  E E C  languages. N ot surprisingly, it turned out 
that a  o n e -to -o n e  m app in g  o f  ca tegory , m orph olog ica l verb form  and structure 
is not possib le. T h erefore  a  neutralization  o f  structures was necessary, and we 
p rop osed  c a t= S  w ith  its im p lication s as the neutral structure. T h is  p roposa l has 
n ow  been  in tegrated  in to  the IS ‘ leg isla tion ’ .

4 A  Neutral IS Structure

4.1 Non-finite Sentence Modifiers

T hese  are not possib le  in all languages. In the languages which have them , they 
can  b e  expressed  in gerunds, particip les or  infinitives. In the languages which 
d o  not have them , their equivalents are finite clauses preceded  by  a  presenten- 
tial particle , trad ition a lly  classified as either a preposition  or  a  subordinating 
con ju n ction .

T h e  a n n ota ted  tree structures be low  are a  b it m ore decorated  than the struc
tures (1 ) throu gh  (1 3 ). D eta iled  m otivation  for  the presence o f  this additional 
in form ation  exceeds the aim  o f  this paper. A s  a  basic key to  the add itional fea^ 
tures we can  say th at s s t y p e  (surface styp e ) conta ins in form ation  abou t the 
finite- or  non-fin iteness o f  the clause, f s t y p e  (fun ctiona l styp e ) conta ins in for
m ation  a b ou t the lo ca tion  in th e  tree o f  a  given su bord in ate  clause, e.g. the 
value ‘ssu b ord ’ is assigned to  all A R G i/S  and M O D /S  daughters to  S nodes, 
m o d s r  ( ‘sem antic relation  o f  m od ifier to  h ea d ’ ) w ith  no values calcu lated in the
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exam ples, and V J b r m  (m orph olog ica l verb  form ; the variable, V , is a  language 
prefix, e.g . d a ) w hich  con ta in s in form ation  a b ou t verbal in flection , e.g . finite, 
infin, prespart, etc.

F in ite and non-fin ite sentence m odifiers, like in (14 ) and (15 ) be low , will b e  
represented in the fo llow in g  way:

(14) Ich habe ihn iiberrascht. ALS ER DEN BRIEF LAS

cat»s
{fstypexmain, sstype^finite}

I
GOV

I
iiberraschen

I 1
ARGl
1

ARG2
1

MOD/PP. {modsr=?}

ich ihn 1 1
GOV ARGl/S
cat«p {fatype^ppaubord.

1
1

88type>finite}

1 1 1 1 
GOV ARGl ARG2 

1 1 1 
lesen er brief

{de_vfomi=f inite}

(15) EVERYBODY HAVING AGREED ON THE DATE, the meeting vas 
adjourned

cat>8
{f8type>main, 88type°finite}

I I I  I
GOV ARGl/NP ARG2/NP MOD/PP, {mod8r>?}
I I I --------------------------
adjourn empty meeting I I

GOV ARGl/S
0 {f8type>pp8ubord,

88type-nonf in}

I I I
GOV ARGl/NP ARG2/NP 

I I I
agree everybody date 

{en_vform»gerund}

T h e  m otivation  for  this P P  structure is translational in that it captures 
the finite con stru ctions, w hich  in som e languages are the on ly  possibility , and 
w hich  are alternative possibilities in the languages w hich  a lso  have the non-fin ite 
constructions. N ote  in particu lar the in trodu ction  o f  the ‘e m p ty ’ govern or in the 
structural representation  o f  non-fin ite sentence m odifiers.
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4.2 Non-finite N P  Modifiers

A ll the languages included  in the investigation  can express sentential np m odifi
ca tion  th rou gh  non-fin ite  particip ia l con stru ctions o r  finite relative clauses. B ut 
there are restrictions con cern in g  the m appings betw een languages. Som e lan
guages w ill on ly  a ccep t a  relative clause, w here oth er languages w ill also accept 
a  particip le . R ela tive  clauses are alw ays accep tab le  as a  sort o f  default structure, 
so  the n on-fin ite  np  m odifiers w ill be  represented as an S structure, as in (16) 
below :

(16) en paUre ANKOMMET i gAr 

cat^s
{fstype>^ain, sstype=finite}

I
GOV

I
ARGl

I
ARG2/NP

I
GOV

I

I
MOD/S

{fstype»npsubord, 
sstype>nonlin}

pakke(i) I I I
GOV ARGl MOD

I I I
ankomme 0(i) I

{da_vfonn»pa8tpart} {person>3rd, I
nb>sing} i gAr

T h e  E U R O T R A  IS  th eory  su pposes a  full G O V  -  A R G  representation 
for  sentences w ith  an ob lig a tory  A R G l (deep  su b je ct) . T h is im plies insertion o f  
em p ty  n odes in n on-fin ite  con stru ction s  and a  co in d exation  m echanism  as well. 
T h e  aim  o f  th is paper does n ot perm it m e to  g o  in to  details abou t this interesting 
asp ect o f  the representation , bu t w e have dealt w ith  it in ou r research report, 
and  it is an in tegrated  part o f  ou r proposa l.

5 Concluding Remarks
A  surface-neutra l stru ctu ral representation , as show n above , is far from  sufficient 
to  ensure successfu l sim ple transfer. A s show n in the series o f  trees and the tables 
earlier, feature assignm ent prob lem s also have to  be  solved.

E ssentially  w hat is needed to  solve these problem s is a  sem antic classification 
system  for  su bord in ate  clauses, w hich  is sufficiently fine grained to  perm it the 
target language to  generate the a ppropria te  surf^lce representation— finite or 
non-fin ite— from  the in put, regardless o f  the source language. T h e  in form ation , 
w h ich  m ust b e  com p u ta b le  from  the sem antic values, con cern s tim e, tense, m ood .
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m odality, and diathesis for  the sentence as such, plus in form ation  for the correct 
translation  o f  presentential particle.

U nfortunately  such a  system  does n ot ex ist— yet.
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