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Coordination in Eurotra

Abstract
The treatment of coordination in a multilingual MT-system as EURO

TRA poses two major problems:

1. to provide an algorithm for the monolingual analysis o f coordinate 
structures in accordance with the general linguistic theory for EU
ROTRA which can treat basic coordination and the coordination 
of incomplete constituents in the surface analysis and perform the 
mapping of these constructions onto the deeper levels.

2. to establish a semantic feature system, that captures the meaning of 
the conjunctions in order to facilitate their translation.

Since research in this area within Eurotra on a multilingual basis is 
still ongoing, what will be presented is the present state of the art, which 
is a fairly complete theory for basic coordination as well as some ideas for 
the analysis of the more complex cases of coordination involving gapping 
and movement.

1 Introduction
It is well know n that coord in ation  is on e  o f  the m ost prevalent and  com p lex  
con stru ctions in E uropean  leinguages w hich  causes great d ifficulties in all syn
tactic  form alism s. A t present in  E urotra , n ot all aspects o f  coord in a tion  are 
covered. T h e  current im plem entations o f  the gram m ars o f  the m on olin gu al m o
dules handle basic coord in a tion  o f  alike constituents, bu t not specia l cases like 
coord in ation  o f  unlike o r  in com plete  con stru ction s. C oord in a tion  is still a  top ic  
o f  on goin g  research b o th  from  a m onolingual and  a contrastive p oin t o f  view .

In the first part o f  th is paper, I w ou ld  like to  illustrate how  coord in a tion  is 
handled in E u rotra  in analysis, in transfer and  in generation  cind I w ill com m en t 
on  som e o f  the universal m echanism s o r  constra in ts, w hich  w e exp lo it in ord er to  
avoid  overgeneration  and  to  facilitate  the translation  o f  coord in a ted  structures. 
(F or in form ation  on  the E u rotra  lingu istic th eory  as well as the overall o b ject iv es  
o f  the p ro ject see Perschke 1986, Jaspaert 1986, A rn o ld  1986 and  R aw  et al. 
1989). In the second  part I w ill g o  in to  tw o o f  the difficult areas, that we are 
w orking on  at the m om ent.

191

Proceedings of NODALIDA 1989, pages 191-203



192 Computational Linguistics — Reykjavik 1989

2 Basic Coordination— an Example
B asic  coord in a tion  is defined as coord in a tion  o f  constituents w ith the sam e cat
egory, i.e. “ John  and M a ry ” , “ happy o r  sad” etc.

T h e  fo llow in g  section  gives a  short description  o f  the translation  o f  a  sentence 
con ta in in g  a  coord in a ted  stru ctu re from  D anish in to English. T h e  follow ing ex
am ple is used:

(1 ) B åde  U S A , Japan  o g  K in a  viser interesse for  E F

b o th  usa, ja p a n  and ch ina  show  interest for eec 
(litera l tran slation )

2.1 Analysis

T h e  figures 1 and  2 show  th e  structural representation  o f  the sentence (1 ) at two 
o f  the syn ta ctic  levels in the E u rotra  theory: E C S — the constituent structure.

conj

både

NP

1

v.. NP..

CSl

1

CS2

1
NP conj NP conj NP

1 1 og 1
n n n

USA Japan Kina

Figure 1: E C S
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Figure 2: IS
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and IS— the deep  syn tactic  structure. B etw een these levels w e have a  th ird  level, 
E R S— the surface syn tactic  structure, bu t w ith  respect to  coord in a tion  the E R S 
and IS representations axe qu ite sim ilar so  E R S  is left ou t in these exam ples.

C om parin g  the tw o structural representations in  figure 1 and  figure 2, w e can 
note that the interm ediate nodes at E C S , “ c s l ” and  “cs2” , have been  deleted  at 
IS. T heir m ain fu n ction  is to  grou p  the con ju n cts  and  the con ju n ction s  togeth er 
in the constituent analysis at E C S and to  prevent o th er  ca tegories from  entering 
the coord in ate  stru ctu re during the p^lrsing p rocess. T h e  representation  at E C S  is 
in som e respects sim ilar to  the on e presented b y  G azdar et al. (1985 ). G P S G  uses 
a  constituent sim ilar to  the cs2 n ode  for  all parts o f  the coord in a ted  structure. 
W e have in trodu ced  a  m ore com p lex  con stituen t, c s l ,  for  the first tw o con ju n cts  
in order to  speed  up  the parsing process.

T h e  IS level, w here the con stituen ts axe defined as dep en d en cy  structures 
consisting o f  a  govern or and a  num ber o f  argum ents and m odifiers, is ch arac
terized b y  the canonica l orderin g  o f  these constituents. S ince coord in a tion  is 
not a  d ep en den cy  relation , the surface ord er o f  the con stituen ts in coord in a te  
structures is n ot changed.

T h e  con ju n ction , the com m a  and the p recon ju n ction  “ b å d e” are deleted  at 
IS. T heir sem antic con ten t is preserved as a  feature “ [con ju n ction ]” on  the top  
n od e  o f  the coord in ated  structure.

2.2 Transfer

In the transfer phase, the D anish-E nglish  transfer m od u le  translates the lexical 
values o f  the con ju n cts  in to  E nglish . T h is  is p ractica lly  all that happens. T h e  
rest o f  the structure is translated b y  a  default m echanism , th at sim ply  tranfers 
it in to  the target language IS structure w ith ou t any changes (figure 3 ).
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1
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Figure 3 : IS
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2.3 English Synthesis

T h e  last step  o f  the translation  process w hich  w ill concern  us here, is perform ed 
du rin g  gen eration  in the E C S  gram m ar o f  the target language, w here the English 
con ju n ction s  are inserted on  the basis o f  the sem antic features com p u ted  in the 
analysis. T h is  gives us a  structural representation  like the on e  in figure 4.

S

_____ I_________
NP VP..

_____________ 1 ________________
cs cs cs
I ___I____ ___I_____
NP conj NP conj NP

_I___  , I and I
det n n n
the USA Japan Kina

Figure 4: EC S

T h e  final result is the fo llow in g  sentence:

(2 ) T h e  U S A , Japan and C h ina  take interest in the E E C

A t E C S  in generation  the “cs”  n odes have reappeared . T h e y  m ake it easier 
to  insert the con ju n ction s  in the right places. In synthesis we d o  n ot need to  
d istinguish  betw een  “c s l ” and  “cs2” , becau se  we know  from  the analysis, exactly  
w hich  con stituen ts are to  b e  con jo in ed .

A n  equivalent to  the p recon ju n ction  “ både”  has n ot been  created and this is 
part o f  th e  ju stifica tion  for  the featurization  o f  the con ju n ction s, since the occu r
rence o f  these p recon ju n ction s  show  m on olin gu al variations. In English “b o th ” 
is con sidered  a  strictly  b in ary  con ju n ction , p rob a b ly  becau se o f  the hom onym y 
w ith  the quantifier w ich  correspon ds to  “ begge” in D anish . In D anish  “ både” 
m ay o ccu r  w ith  any num ber o f  con ju n cts .

W e can  a lso  n ote , that th e  co m m a  has been  translated as a  com m a  and not 
as a  lex ica l co n ju n ction  as in (3 ):

(3 ) Japan  and the U S A  and C hina  take interest in the E E C

T h is  is a  m atter o f  style and taste. L ike a  jok er  in a  gam e o f  cards, the com m a 
can  take the p lace  o f  any con ju n ction  in a  coord in a te  structure, provided  that 
there are at least three con ju n cts  and  that the com m a  does not appear w ith the 
first o r  th e  last con ju n cts  (ex cep t in en um eration s). I f  we allow ed such variations 
w e w ou ld  get a  m ultip le  ou tp u t, and  since the ou tp u t o f  a  m achine translation  
system  perferab ly  sh ou ld  be  on e so lu tion , we have chosen  the on e in (2 ).
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3 Universal Constraints
In order to  perform  the translation  described  above , we have relied on  a  num ber 
o f  general properties , that seem  to  be  the sam e for  all coord in a ted  structures.

3.1 Beu* Level Constreunts

In order to  be  ab le  to  coord in a te  all categories, w e w ant to  und ersp ecify  the 
category  value. T h e  advantage is o f  course that we can  use on ly  on e  basic set o f  
rules to  handle all cases o f  coord in ation  o f  alike constituents:

1.
2 .

3.

X -> csl[X] *cs2[X]

csl[X] -> (preconj) X conj 

cs2[X] -> conj X

X  is a  variable w hich is instantiated  w ith  the ca tegory  value o f  the con ju n ct 
and perco la ted  to  the to p  n od e  o f  the coord in a ted  structure. U sing unification  we 
can ensure, that X  in every rule con ta in s th e  sam e category. T h ese  very  general 
rules, how ever, tend to  coord in a te  categories at every bar level thus perform in g  
an anlysis w hich  is ob v iou sly  w rong. C onsider cases as (4 ):

(4)
the m an 

N P  
b a r = l

and b oy
N

b a r= 0

C onsequently, we allow  on ly  coord in a tion  o f  con stituen ts at the sam e bar 
level and  not at bar level zero  as in (5 ). A  sim ilar ap p roach  has been  d eve loped  
by  N irenburg (1989).

(5) NP bar=l

det

the

bar=0

CSl

___ L...
n conj 

USA and
n bar=0 

China

3.2 Bin2U‘y euid Iterative Coordination

For the insertion  o f  the correct con ju n ction s  in synthesis it is im portan t to  ca l
cu late w hether the coord in a te  con stru ction  consists o f  tw o o r  m ore than  tw o 
elem ents, as dem on strated  for  “ b o th ”  in (1 ) and (2 ). A  coord in a te  stru ctu re is 
binary i f  it consists o f  on ly  tw o con ju n cts  as in (6 ):

(6 ) B oth  X  and Y
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Iterative coord in a te  structures consist o f  m ore than tw o con ju n cts  as in (7 ):

(7 ) X  and  Y  an d  Z  a n d .................................

T h e  occu rren ce  o f  p recon ju n ction s  in b inary and iterative coord in ation  is 
language specific  as show n in the translation  exam ple above.

3.3 Hier2irchy

I f  we want to  in trod u ce  th e  con cep t o f  hierarchy for  coord in a ted  structures, it 
entails that ou r rules have to  be  recursive. T h is m eans that we m ust be  able to  
crea te  deep  representations as in figure 5 as well as the flat ones presented in 
figure 1 and  figure 4.

NP

I
CSl

_______________ 1 _______________
preconj NP conj NP

either I or I

CSl n
____________________  China

NP conj NP
I and ____ 1_____

n det n

Japan the USA

Figure 5: EC S

T h is stru ctu re  is h ierarch ical in the sense that on e  o f  the con ju n cts  is a  co 
ord in ated  stru ctu re itself. A llow in g  this ty p e  o f  recursion  w ithout restrictions 
w ou ld  cause heavy  overgeneration  at E C S . T h e  num ber o f  possib le  structures 
grow s fast w ith  the num ber o f  con ju n cts . 2 con ju n cts  =  1, 3 con ju n cts  =  3, 4 
con ju n cts  =  11 e tc . A ga in  we prefer on ly  on e  solu tion . T h e  constrain t that we 
p ose  on  these structures is sim ply  that coord in a te  structures m ay not im m edi
a te ly  d om in ate  coord in a te  structures o f  the sam e typ e  (see 3.4 b e low ). In the 
E u rotra  form alism  this is expressed  in  term s o f  filter or  killer rules w hich  delete 
th e  undesired structure.

3.4  Cooccurrence Restrictions

F inally , w e have to  p ose  co o ccu rre n ce  restrictions on  the con ju n ction s  b o th  w ith 
regard  to  their sem antic ty p e  an d  their p arad igm atic d istribution . T h e  way in 
w hich  cooccu rren ce  restriction s are expressed is a  m onolingual m atter. For E u
rop ean  languages, we can  distinguish  5 basic universal types o f  coord in ation .
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C oord in ation T y p e
både -  o g , og , sam t con ju n ction  
enten -  eller d isjun ction
hverken -  eller n egation
m en adversion
, enum eration

T h e  sem antic restrictions im ply  that we can n ot have a  coord in a tion  like (8 ) 
on  the sam e h ierarch ical level.

(8 ) * både X  eller Y

T h e  position a l restrictions for  the con ju n ction s  op era te  w ith  3 position s: 
initial, non-in itia l and  final. In b inary coord in a tion  on ly  the in itia l and  final 
positions are used. In iterative coord in a tion  a  th eoretica lly  in fin ite num ber o f  
con ju n ction s m ay add ition a lly  appear in non-in tial position .

Initial non-in itia l final E xam ple
enten ,/e lle r eller enten A ,B  eller C
0 ,/e lle r eller A ,B  eller C
både . /o g o g /sa m t både A ,B  o g  C
0 , /o g o g /sa m t A ,B  o g  C
hverken ,/e lle r eller hverken A ,B  eller C

Since coord in ate  structures consisting  o f  alike con stituen ts are the m ost fre
quent ones, the rules eind constra in ts discussed a b ove  can  handle m any o f  the 
cases o f  coord in ation  occu rrin g  in the text types we are w ork ing  w ith . H ow ever, 
there are still a  num ber o f  cases w here this basic treatm ent is n ot sufficient, som e 
o f  w hich  w ill be  treated in  the secon d  part o f  this paper.

4 Complex Cases of Coordination

4.1 Coordination of Unlike Constituents

T h e  question  is now  how  to  integrate the coord in a tion  o f  unlike con stituen ts in to 
the system  sketched above.

B y  coord in ation  o f  unlike constituents we m ean coord in a ted  structures con 
sisting o f  different categories as in ( l ) - ( 5 ) :

(1 ) Hun sang sm ukt o g  m ed h øj stem m e
adv prep -1- sub

(2 ) Han var glad og i g o d t hum ør
adj prep -1- sub

(3 ) Hun er bager o g sto lt a f  det
sub adj
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(4 ) D e  spu rgte her o g  på  b jerget
a d v  prep  +  sub

(5 ) H an lovede bedrin g  o g  at det ikke skulle gentage sig
sub sætn

T h e  exam ples show  som e o f  the com bination s o f  con stituen ts that m ay occu r  
in coord in a ted  structures in D anish  texts . H ow ever, there are certain  restrictions 
w ith  regard to  w hich  unlike con stituen ts can  be  con jo in ed , bu t the rules for  these 
restriction s are n ot easy to  determ ine from  a surfaceoriented constituent analysis.

(6 ) * H un sang sm ukt o g  en arie fra  A ida
adv sub

(7 ) * H an var bager og p å  b jerget
sub prep +  sub

(8 ) * D e  spu rgte hende o g  på  kontoret
sub prep +  sub

T h e  underly in g  pattern  em erges i f  we lo o k  at the syn tactic fu n ction s o f  the 
con stitu en ts instead  o f  their gram m atica l category.

(1 )  : su b j V m odifier +  m odifier

(2 )  ; su b j V a ttr .su b j +  a ttr .su b j

( 3 )  : su b j V a ttr .su b j +  a ttr .su b j

( 4 )  : su b j V m odifier +  m od ifier

( 5 )  : su b j V o b j +  o b j

(6 )  : * su b j V m odifier +  in tern a l.ob j

(7 )  : * su b j V a ttr .su b j +  m od ifier

(8 )  : * su b j V o b j  +  m od ifier 

D iderichsen  (1946) notes th at:

L eddene i en sideordn et F orbindelse staar hvert for sig i sam m e 
F orhold  til et tred je  L ed  som  H elheden

and in this w ay he in trod u ces the syn tactic  fu n ction s o f  the constituents as a 
criterion  for  a  correct coord in a tion . G azdar et al. (1985) a lso base their analysis
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o f  coord in ated  structures on  this observation . In G P S G , con stituen t stru ctu re 
in form ation  as well as the syn tactic  in form ation  can  b e  accessed  at the sam e tim e, 
aud consequently  in G P S G  the coord in a tion  o f  unlike constituents is treated  
quite elegantly:

N2

PAT

V2

VO

I S

X2 [PRD]

N2 [PRO.[CONJ,NIL]] A2[PRD,[CONJ,and]] 

A2

a republican

CO

I
and

proud of it

U nfortunately, we can n ot ju st transfer this analysis d irectly  to  the E urotrian  
m odel, because o f  the stratificational design o f  the system  w hich  im plies that 
different in form ation  is com p u ted  at different levels. T h is  m eans that w e can not 
access the in form ation  a b ou t the syn tactic  fu n ction  o f  the con stituen ts at E C S  
because it is not com p u ted  before  the next level. W e have to  w rite  rules for 
all possible com bination s o f  constituents at E C S . T h e  result is a  provisional 
overgeneration  at E C S  before  the va lidation  o f  the con stru ction s  can  take p lace 
at E R S  and IS.

4.2 Incomplete Constituents

T h e  m ost well know n accou nt for the coord in a tion  o f  in com plete  constituents 
is p rob a b ly  the generative on e ad voca ted  b y  C h om sky  in 1965. A cco rd in g  to  
C hom sky, a  coord in a te  surface structure is derived b y  m eans o f  con ju n ction  
reduction  from  tw o parallel sentences in the deep  structure.

Surface structure (1 ) H an elskede huset o g  haven

= >

D eep  structure (2 ) H an elskede huset
(3 ) H an elskede haven

Sim on D ik  (1972) led this th eory  ad absurdum  w ith  an exam ple like the 
follow ing, w hich  he claim s leads to  81 different sentences in the deep  structure.
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Surface stru ctu re  (4 )

= >

D eep  stru ctu re 4.1.

4.2.

4.3.
4.4.

John  o g  K arl og  K u rt sælger 
æ bler o g  pæ rer o g  bananer i 
K øben h avn , O dense o g  Å rhus 
m andag, tirsdag og  onsdag

John sæ lger æ bler 
i K øb en h a vn  m andag. 
K arl sæ lger pæ rer 
i O dense tirsdag.
K u r t ___
etc. til 81.

T h e  qu estion  is n ow , w hether con ju n ction  redu ction  really is an irrelevant 
rule o r  w hether the con cep t or  som e instance o f  it cou ld  be  useful. From  the 
p o in t o f  v iew  o f  m ach ine translation  on e o f  the first th ings to  be  investigated is 
the translational relevance. C onsider the follow ing exam ples:

(5 ) I kn ow  the w om an  w h o painted _  and you  m et the m an w h o stole  the 
p ictu re  that H arry was so  fon d  o f  _

(5 a ) je g  kender den  kvin de som  m alede _  o g  du m ød te  den m and, som  stja l det 
b illede, som  h arry var så glad for  _

(5 b ) * ich  kenne die Frau, d ie _  m alte  und du trafst den M ann, der dafi B ild  
stah l, das H arry _  so  gern m och te

(5 c ) ich  kenne d ie  Frau, d ie  das B ild , dafi H arry so  gern m och te, m alte, und du 
tra& t den  M ann, der es stahl.

In th e  E nglish  and  D anish  sentences th e  rules for  ‘ A cross-th e-board  extrac
t io n ’ seem  to  be  the sam e and w e can  p rod u ce  a  sim ilar surface structure. In 
the translation  in to  G erm an  (5 b ) it is ob v iou s  that the sam e m echanism  does 
n ot w ork  and  that the sentence is ungram m atical. In G erm an, different operar 
tions have to  take p lace i f  we w ant to  create  an adequate translation . In order 
to  d o  th is, th e  G erm an  gen eration  m odu le  m ust have access to  the com plete  
in form ation .

(6 ) John  offered  _  and H arry gave Sally a  C adillac 

(6 a ) John  tilb ød  _  o g  H arry gav  Sally en Cadillac

(6 b ) *Joh n  b o t  _  (a n ) und  H arry g a b  Sally einen C adillac

In (6 ) - (6 b )  the sam e prob lem  arises, here tw o constituents are extracted  
from  the first con ju n ct and  again  an equivalent surface realization  is im possible 
in  G erm an  becau se  o f  the detach ed  preposition  “ an” . (7 ) show s that this type 
o f  e x tra ction  is possib le  i f  th e  verb  does n ot have a  detach ed  prefix.

(7 ) John  verkaufte und H arry g a b  Sally einen C adillac
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In (8 ) - (8 b )  an equivalent structure can n ot b e  bu ild  neither in D anish  nor in 
Germ an.

(8 ) John put the b o o k  away and _  the glass on  the table 

(8a) *john  legte das buch  w eg und _  das glas a u f den tisch 

(8 b ) * joh n  lagde b ogen  væ k  og  _  glasset p å  bordet 

(8aa) John legte das B uch  w eg und stellte das G las a u f den T isch

T h e  verb “p u t”  is translated differently dep end ing  on  the nature o f  the o b 
je c t  it takes— either to  “ legen” / “ læ gge”  or  to  “ stellen” / “stille” in  G erm an  and 
D anish. A  new  verb  m ust be  in trodu ced  in the tw o target languages to  ensure 
the correct translation  o f  the secon d  part o f  the clause to  m atch  the sem antic 
features o f  the o b je c t .

In these cases a  com pletion  o f  the in com plete  con stituen ts b y  filling the gaps 
w ould  m ake the trajislation  m uch easier.

5 Some Solutions
From  the exam ples in section  4 it is obv iou s  that in som e cases gaps have to  be  
filled at IS. W e can not be  sure that the in com plete  con stituen ts have equivalents 
in the target language. T h e  process o f  redu ction  and extraction  is m on olin gu ally  
determ ined and heavily  in fluenced by  ph en om en a  as surface syn tax , h om on ym y 
and selectional properties o f  lexical item s. T h is  m eans that we have to  leave it 
up to  the target level generator to  p rod u ce  the correct degree o f  redu ction  on  the 
basis o f  the m axim al structure at IS. H ow ever, there is n o  need to  treat every 
typ e  o f  coord in ation  as a redu ction . T h is  w ou ld  lead to  rid icu lous m u ltip lication s 
o f  the structures as a lready n oted  b y  D ik.

T herefore , as a  w orking strategy  we are pursuing the fo llow in g  approach  to  
these problem s:

W e distinguish  tw o types o f  coord in ate  structures:

1. C oord in ation  o f  argu m en ts/m od ifiers

2. C oord in ation  o f  governors

5.1 Coordination of Argum ents/M odifiers

In case o f  coord in ation  o f  argu m en ts/m od ifiers  the redu ced  stru ctu re is n o t re
built at IS, but sim ply kept as the coord in a tion  o f  tw o o r  m ore  con stituen ts as 
in figure 6, which iUustrates the fo llow in g  sentence:

(9 ) John  and P eter left
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GOV

leave
ARGl

NP (and) 

1
CONJ CONJ
NP NP

john peter

Figure 6:

5.2 Coordination of Governors

In case o f  coord in a tion  o f  governors (10 ) the m issing argum ents are inserted and 
co in d exed  w ith  the corresp on d in g  constituents in the first con ju n ct in order to  
create com p le te  structures as in figure 7, w here the coord in a tion  o f  the tw o verbs 
is tran sform ed  in to  the coord in a tion  o f  tw o sentences. O n ly  the valency bound  
argum ents are cop ied  to  ensure the com pleteness and coherence o f  the structure 
ciccording to  the defin ition  o f  the IS structure.

(1 0 ) W e gathered  and m arched for  several hours

(and)

CONJ

S

„ 1 ___

CONJ

S

GOV
1

ARGl
1

GOV
1

ARGl
1

MOD
11

n
1
NP

1
n

1
NP

1
PP

gather wei march ei for three

Figure 7:

T h e  com p letion  o f  the coord in a ted  structure also takes p lace i f  m ore than 
on e  gap  is fou n d  in the coord in a ted  stru ctu re as in  (8 ) above , w here the second 
part o f  the stru ctu re  consists on ly  o f  the o b je c t  (the glas) and the m odifier (on  
the ta b le ). In this case b o th  the su b je ct and the verb  are inserted and coindexed .
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T hus, in com plete  structures are on ly  m ade com p le te  i f  we are dealing w ith  
the coord in ation  o f  governors or  sm all clauses. W e believe that a  large am ount 
o f  problem  cases can  b e  solved  in this way.

6 Conclusion
A lth ou gh  the th eory  for  basic coord in ation  is well d eve loped  and well fu n ction in g  
in the E U R O T R A  system , there are still a  num ber o f  p rob lem s that w e have not 
m entioned here i.e. the role  o f  n egation  in  coord in a te  structures, the ca lcu lation  
o f  features, the determ in ation  o f  the categoria l status o f  a  coord in a te  structure 
that consists o f  unlike constituents etc. Som e o f  these have been  solved  w hereas 
others still are the to p ic  o f  on go in g  research.

For com p lex  coord in ation  the p icture is m ore  unclear since we have to  deal 
w ith gapp in g  b o th  & om  a  m onolingual and a  translational p o in t o f  view . H ow 
ever, we believe that the com parative  research w ill g ive  fru itfu l input to  the 
m onolingual analysis.
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