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Abstract

T h is  paper describes som e asp ec ts  o f  the  ling u is tic  an a ly sis  w h ich  has been app lied  to  
d isam b ig u ate  D an ish  co m p o u n d  partic ip les  (C P s) (sect. 1-3), fo llow ed  b y  an  in troduction  to  th e  
im p lem en tio n  o f  the  d isam b ig u a tio n  p rocess (sect. 4-6).

1. Introduction
A  C P  consists  o f  a  p resen t o r p a s t partic ip le , to  w h ich  an o th e r w ord  is p refixed . T h is com pound  
fun ctio n s as an  ad jec tiva l m o d ifie r in  a  no u n  ph rase  (c lause  level) o r  as a  p red ica te  to  th e  
su b jec t/d irec t o b jec t (sen ten ce  level). T w o  exam ples:

1. elp ro d u ceren d e  v in d m ø ller
2. v in d m ø llep ro d u cere t e l

T h e  resu lts  o f  the  an a lysis  co n s is t p a rtly  o f  th e  u n fo ld in g  o f  a  C P  into a  fin ite  verb  co nstruc tion , 
e ith e r as a sen ten ce  o r as a  re la tiv e  clause. T he resu ltin g  u n fo ld ed  co n stru c tio n  a llo w s fo r the  
id en tifica tio n  o f  th e  sy n tac tic  an d  sem antic  fu n c tio n s o f  th e  e lem en ts in teg ra ted  in  th e  C P , th e  
fo rm er by m eans o f  trad itio n a l s tru c tu ra lis t m ethods, th e  la tte r b y  m eans o f  lex ical in fo rm ation .

W ith in  the fram ew ork  o f  th e  U D O G -p ro jec t (R esearch  in to  D an ish  V o cab u la ry  an d  G ram m ar), 
P o u l S øren  K jæ rsg aard  an d  B ja rn e  L e F evre  Jaco b sen  h av e  so u g h t to  in fe r and  to  fo rm alize  th e  
syn tac tic , sem an tic  and  lex ical ru les  w h ich  und erlie  th e  fo rm atio n  o f  C P s (e.g. Jaco b sen  &  
K jæ rsgaard , 1995). S pec ifica lly , they  hav e  addressed  the  fo llo w in g  3 aspects:

1. A  d escrip tio n  o f  C P s b ased  o n  the  va lency  and  the  sem an tic  se lec tiona l res tric tio n s o f  C Ps.
2 . A  con trastive  an a ly sis  o f  C P  co n stru c tio n  p a tte rn s  an d  th e  fin ite  co n stru c tio n  p a tte rn s  o f  
th e ir  derivations.
3. T he ap p lica tio n  o f  v a len cy  n u m b er and  se lec tio n a l res tric tio n s in  th e  analysis  o f  syn tactic  
struc tu re  and  d is trib u tio n  o f  sem an tic  ro les in  C P constru c tio n s.

T h e  C P -U D O G  im p lem en ta tio n  d isam b ig u ates  co m p o u n d -p a rtic ip les  (C Ps) in  D anish . 
F u rtherm ore , th e  ap p lica tio n  g en era tes  m on o lin g u al p a rap h rases  in  w h ich  th e  syn tac tic  and  
sem an tic  re la tio n sh ip s  b e tw een  th e  p artic ip le  fo rm , its  p re fix  and  th e  h ead -n o u n  o f  th e  N P  
b eco m e fiilly explicit.

C P -U D O G  h as b o th  an  ac tu a l an d  a  po ten tia l function : 

N O D A L ID A , C o p e n h a g e n , J a n u a r y  1998 81



I. A  to o l fo r testin g  ling u is tic  h y p o th eses  concern ing  the  ru le s  g o v ern in g  th e  g enera tion  o f  
C P s  in  D anish ,
II. A  p ro to ty p e  m od u le  fo r th e  au to m atic  g en era tio n  o f  tra n s la tio n  eq u iv a len ts  in  R om ance 
lan g u ag es fro m  C Ps in  G erm an ic  lan g u ag es.

2. Linguistic data
T h e  d a ta  th a t the  in v estig a tio n  is  b ased  o n  w as  co llected  p rim arily  fro m  1993 to  1996 from  
D an ish  n ew sp ap ers  an d  te lev is io n  te le tex t. T h e  co rp u s am ounts to  m o re  th a n  3 0 0 0  exam ples o f  
s im p le  an d  co m p o u n d  p artic ip le  co n stru c tio n s  co v erin g  approx . 1000  d iffe ren t verbs.

3. Algorithm
T h e  a lg o rith m  is data-d riv en  and  co n sis ts  o f  tw o  operations: an a ly sis  and  g en era tio n  (see 
ap p en d ix  1). T h e  starting  p o in t is, firs t, th e  observ a tio n , resu lting  fro m  sev era l s tud ies, th a t there 
ex is t so m e arche typ ica l syn tac tic  an d  sem an tic  re la tio n s betw een  th e  p artic ip le  an d  a  p re fix  on 
th e  o n e  h an d  an d  be tw een  th e  (co m p o u n d ) p a rtic ip le  and  the  h ead  o f  a  N P  (c lau se  level) o r  the 
su b jec t/o b jec t (sen tence  level) on  th e  o ther. T h ese  re la tions can  b e  in ferred  fro m  exam ples 1-2:

syntax : d irec t o b jec t-p resen t partic ip le sub ject
sem an tics: patien t agen t
1. eU p ro d u ceren d e v in d m ø ller

syntax ; subject- p as t p a rtic ip le d irec t o b jec t
sem an tics: agen t p a tien t
2. vindm ølle- p r o d u c e r e t el

T h e  s ta rtin g  p o in t is, second , th e  o b serv a tio n , re su ltin g  from  the U D O G  p ro jec t, th a t th e re  ex ist a 
n u m b e r o f  dev ia tin g  p a tte rns w h ich  do  n o t co m p ly  w ith  th e  arch e ty p es. T h e  a lg o rith m  to  be 
p resen ted  h ere  a im s at p ro d u cin g  u n fo ld ed , h en ce  d isam biguated , p a rap h rases  o f  b o th  groups.

T h e  a n a ly s is  m o d u le  consists  o f  five  p aram eters ;

T h e  f i r s t  p a r a m e te r  th e  a lg o rith m  o p era tes  o n  is th e  ty p e  o f  p artic ip le : p re sen t o r past. D an ish  
p re sen t p a rtic ip le s  have  an  in v a rian t en d ing : -ende;  w h ile  p as t p a rtic ip le s  h av e  a  lim ited  nu m b er 
o f  m o rp h em es: -et, -t, ~te, -ede, -ne. In  e ith e r case , a  second  co n d itio n  to  b e  sa tisfied  is th a t the 
ro o t o f  th e  w o rd  u n d er co n sid era tio n  can  b e  id en tified  as a  verb . T h is  o p e ra tio n  is carried  o u t by 
a  d ic tio n a ry  lookup .

T h e  s e c o n d  p a r a m e te r  is th e  v a len cy  o f  th e  v erb  th a t the  p artic ip le  is d e riv ed  from . I t  is 
d e te rm in ed  by  a  d ic tionary  lookup .
V erb a l v a len cy  is defined  as th e  m in im a l n u m b e r o f  dependen ts ( in c lu d in g  th e  sub jec t) a  verb  
p re su p p o ses  in  o rd er fo r the  v erb a l ac tio n  to  tak e  p lace . A p art fro m  av a len t v e rb s , w e  d istingu ish  
ra th e r  trad itio n a lly  be tw een  m o n o v a len t, b iv a le n t an d  triv a len t verbs. T h e  n u m b e r o f  dependen ts 
is c ru c ia l to  th e  d isam b ig u a tio n  p ro cess  sin ce  it m ay  iden tify  fo r in stan ce  a  n o m in a l p refix  w h ich  
d o es n o t fill th e  fu n c tio n  w h ich  th e  a rch e ty p e  w o u ld  o th erw ise  p red ic t. S y n tac tic  v a len cy  is also
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im p o rtan t since  it  co n trib u tes  to  d is tin g u ish  b e tw een  d irec t and  p repo sitio n a l ob jects  (the  
p rep o sitio n  b e lo n g in g  to  th e  la tte r is dele ted  d u rin g  th e  fo rm a tio n  o f  co m p o u n d  partic ip le).

The third parameter is th e  c lass  th e  p refix  b e lo n g s to . M o st p re fix es  are  lexical item s in  th e ir  
o w n  righ t, e.g. e l an d  v indm ølle . A  few , how ever, a re  n o t, e.g . be-, u-). In  e ither case , th e  class is 
d e term ined  by  a  d ic tio n ary  lookup .
T h e  arche typ ica l p a tte rn s  tak e  in to  accoun t on ly  n o m in a l p re fix es, b u t th e  set o f  p o ssib le  p refixes 
inc ludes, am ong  o thers, ad jec tiv es , adverbs, p rep o sitio n s , p a rtic le s  and  bound  m orphem es. I f  the  
p refix  d o es n o t b e lo n g  to  th e  c lass o f  nouns, it can n o t fill a  nom inal fu n ctio n  such  as su b jec t o r 
d irec t ob ject. F u rth er, the  th ird  p aram eter m ay  co o p era te  w ith  the  seco n d  p aram ete r to  iden tify  
th e  fu n ctio n  o f  th e  prefix . T h is  h appens w h en  a  n o m in a l p re fix  rep resen ts  an  e llip sis  o f  a  P P  (the  
p rep o sitio n  be in g  e lided ) o r v ice  versa  w hen  a  p rep o s itio n  rep resen ts  a  P P  w h o se  h ead  w as  
elided .

The fourth parameter ex am in es the  co m patib ility  b e tw een  the  se lec tiona l res tric tions o f  the  
v erb  u n d er co n sid era tio n  an d  sem an tic  featu res b e lo n g in g  to  th e  dependen t. T he m e tap h o r th a t 
m ay  best illu stra te  th is  p h en o m en o n  is tw o  w h ee ls  w h o se  gears m ay  or m ay  n o t m esh . 
Inco m p atib ility  b e tw een  th e  se lec tiona l res tric tio n s o f  a  v e rb  and  th e  sem antic  featu res o f  a 
dep en d en t overru les th e  a rche typ ica l rela tion . In  such  in stan ces, the a lg o rith m  assigns syn tac tic  
an d  sem an tic  fu n c tio n s w h ich  are d ifferen t from  the  a rch e ty p ica l ones. T he check  is p erfo rm ed  
b y  u sin g  a  ra th e r p rim itiv e  se t o f  sem an tic  featu res (eigh t).

A fifth parameter in te rv en es w h en  past p a rtic ip les  are  considered . T h is is e rgativ ity . A n  
inaccusa tive  verb  inverts  th e  norm al sem an tic  re la tio n sh ip  b e tw een  the  p artic ip le  and  its  
dependen ts (see ap p en d ix  1).

The generation module o f  th e  a lg o rith m  assig n s sy n tac tic  an d  sem an tic  functions to  th e  p re fix  
an d  the  head . T h is  enab les th e  p rod u ctio n  o f  an  u n fo ld ed  eq u iv a len t o f  th e  C P. T w o  asp ec ts  
d eserv e  m en tio n in g . F irst, th e  ten se  o f  th e  u n fo ld ed  p re sen t p a rtic ip le  is, by  defau lt, set to  th e  
p resen t. T h is  is tru e  as fa r as  a  co n tex t-free  P P  is concerned . B u t it w o u ld  n o t ho ld  i f  th e  C P to  b e  
u n fo ld ed  w as em b ed d ed  in  a  sen tence in  the p a s t tense . T h e  ten se  o f  th e  u n fo lded  p a s t p artic ip le  
is  se t to p resen t o r p resen t p e rfec t depend ing  on  th e  v e rb ’s ak tio n sa rt (im perfec tive  v erbs deriv ing  
p resen t ten se  and  p erfec tiv e  v erbs p resen t perfect).
S econd , th e  p a rap h rase  is b y  d efau lt se t to  ac tiv e  vo ice . H ence , su b jec t and  o b jec t are  linearized  
in  an  o rder th a t d o es n o t n ecessa rily  co inc ide  v d th  th e  o rd e r th a t w ou ld  p revail i f  the  C P  occu rred  
in  a  co n tex t-sen sitiv e  en v iro n m en t. T h is  m eans th a t e lid ed  d ep en d en ts  are  in d ica ted  fo rm ally  by  
X I ,  X 2,...

4. Database implementering
F o r th e  p u rp o ses  o f  sy stem a tic  analysis , ca teg o riza tio n  an d  h y p o th esis  fo rm ation , a  d atabase  fo r 
th e  co llec ted  C P  ex am p les  h as  b een  constructed . T h e  m an u a l d a ta-hand ling  co n sis ts  o f  3 
sections:

1. A ctual read ing
2. L ex em e
3. P araphrase
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S ec tio n  1 co n ta in s  in fo rm atio n  co n ce rn in g  th e  fo rm  an d  fu n ctio n  o f  th e  p a rticu la r  C P. S ection  2 
d escrib es  th e  v a len cy  an d  se lec tio n a l re s tr ic tio n s  o f  th e  re la te d  in fin itiv e  fro m  an  L F G  
p ersp ec tiv e . In  sec tio n  3, th e  C P  co n stru c tio n  is analyzed : sy n tac tic  s tru c tu re s  and  sem antic  
re la tio n sh ip s  are  fo rm u la ted  in  te rm s o f  L F G . F ina lly , th e  C P ex am p le  is  tran scrib ed  in to  a 
sem an tica lly  eq u iv a len t co n stru c tio n  w ith  a  fin ite  V P, e.g.

I, e lp ro d u ceren d e  v in d m ø ller  ->  v in d m ø lle r , d er  p ro d u cere r  e l  
(e lec tric ity -p ro d u cin g  w in d m ills  ->> w in d m ills  , th a t p ro d u ce  e lec tric ity )

T h e  p a rap h rase  resd lv es  any  p o ten tia l am b ig u o u s  re la tio n sh ip s  b e tw ee n  th e  p a rtic ip le  form , its 
p re fix  an d  th e  N P  head -noun . F ro m  th e  p arap h rase , it is re la tiv e ly  less p ro b lem atic  to  generate 
tran s la tio n -eq u iv a len ts  in  R o m an ce  languages:

II. v in d m ø lle r , d er  p ro d u cere r  e l  —v
d e s  éo lien n es /  q u i p ro d u ise n t d e  V électric ité  / p ro d u c tr ices  d 'é le c tr ic ité /

5. Architecture of the CP-UDOG algorithm
In  o rd e r to  te s t  th e  p o ten tia l o f  th e  a fo rem en tio n ed  ru le  sets fo r an a ly sis  o f  C P  construc tions, the 
C P -U D O G  a lgo rithm , w h ich  fu rth er fo rm alizes  the lingu istic  an a ly sis  an d  the associa ted  
te rm in o lo g y , w as im p lem en ted . D u e  to  concerns fo r tran sp aren cy  o f  th e  p ro g ram  code and 
co m p a tib ility  w ith  o ther language  p ro cess in g  system s, th e  a lg o rith m  w as im p lem en ted  in  the 
p ro g ram m in g  lan g u ag e  P ascal.

T h e  s ta tic  s tru c tu re  o f  the  p ro g ram  co n sis ts  - in  a  ra th e r s im p lified  d esc rip tio n  - o f  d ic tionary  
files , a  d a tab ase  file , an  N P -p a rse r an d  a  m o d u le  fo r enhanced  an a ly sis  w ith  ensu ing  rew rite  
ru les.

In  a d d itio n  to  s tan d ard  m o rp h o lo g ica l va lues, n o uns are ca teg o rized  w ith in  a  coarse-g rained  
sem an tic  h ie ra rch y . T he d a tabase  file  - a  red u ced  v ers io n  o f  th e  d a tab ase  m en tio n ed  in  section  4  - 
co n ta in s  m a in ly  in fo rm atio n  co n ce rn in g  th e  m orp h o lo g y , v a len cy  (se lec tio n a l restric tions), 
ak tio n sa rt an d  erg a tiv ity  o f  verbs.

T h e  N P -p a rse r read s the  inpu t, id en tifies  th e  w o rd  un its, co n firm s th e  sy n tax  an d  segm ents the 
C P s. F o llo w in g  th e  iden tifica tion , fu rth e r sem an tic -sy n tac tic  in fo rm atio n  fro m  th e  d atabase  file  
is ad d ed  to  th e  v erb  form . T h e  in fo rm a tio n  fro m  th e  N P -p a rse r is p assed  o n  to  the  rew rite  
m o d u le , w h ere  th e  d a ta  is  fu rth er an a ly zed  befo re  th e  in p u t - n o n -fin ite  C P s  in  N P s - is 
tran sc rib ed  in to  fin ite  co n stru c tio n s b y  m ean s  o f  rew rite  ru les  (see ex am p le  I, sec tio n  4).
T h u s, th e  m an u a l trea tm en t o f  d a ta  in  th e  d a tab ase  an d  the  au to m atic  an a ly sis  o f  th e  C P-U D O G - 
a lg o rith m  in te rac t o n  several levels;

1. T h e  d a tab ase  con stitu tes  th e  se ttin g  fo r ind u c tiv e  h y p o th esis  fo rm a tio n s , w h ile  the  
im p lem en ta tio n  acts  as a  'to p -dow n ' h y p o th esis  test.
2 . D a tab ase  in fo rm atio n  is ex p o rted  d irec tly  to  th e  d atabase  file  o f  th e  im p lem en ta tio n .
3. T h e  m an u a lly  p ro d u ced  p arap h rases  o f  th e  d atabase  are  th e  m easu res  b y  w h ich  th e  ou tpu t 
o f  th e  im p lem en ta tio n  is ju d g e d .
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4 . T he log ical co n sis ten cy  o f  th e  im p lem en ta tio n  h as  co n trib u ted  tow ards a  m o re  p rec ise  
m e ta-te rm ino logy , in  p a rticu la r  concern ing  such  asp ec ts  as v a len cy  (se lec tiona l restric tions) 
an d  ak tionsart.

6. Tests, maintenance and further perspectives
T h e im p lem en ta tio n  o f  th e  m a in  structu re o f  th e  p ro g ram  is co n clu d ed , tho u g h  the  re fin em en t o f  
certa in  rew rite  ru les  is an  o n g o in g  process.

A s m en tioned  in  sec tio n  5, d etection  o f  p o ten tia lly  ru le  b ased  d ev ian t C P ty p es has been  
facilita ted  by th e  ap p lica tio n 's  ab ility  to  p rocess la rge  co rp o ra  rap id ly  and  consisten tly . B asically , 
th e  m ethod  co nsists  o f  u s in g  files  o f  sy stem atica lly  ca teg o rized  C P  exam ples as te s t d a ta  to  
ach iev e  a  b e tte r o verv iew . T herefo re , th e  ru n -tim e  te s ts  o f  th e  p ro g ram  have  h a d  the dual 
fim ction o f  ev a lu a tin g  ex istin g  lingu istic  h y p o th eses , w h ite  p ro v id in g  data  fo r n ew  analysis  
theories.

F u tu re  tests, ideally , w o u ld  in c lu d e  a  D an ish  p a rse r and  a  fu ll-sca le  d ic tio n ary  in  o rder to  ach ieve 
a  clearer p ic tu re  o f  th e  e ffic ien cy  o f  the  algorithm .

F inally , an  ex ten sio n  o f  th e  C P -U D O G -p ro jec t w ill in c lu d e  a  d esc rip tio n  and  an  an a lysis  o f  C Ps 
in  E ng lish  an d  G erm an , w ith  the  p rim ary  aim  o f  es tab lish in g  analogous m e th o d s fo r 
d isam b ig u atio n  o f  C P co n stru c tio n s in  D an ish , E n g lish  and  G erm an.
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pres,/
pns.perf.

2

+n

+S O 3
pres./

pns.perf.

-3
+0 ineijpitive O ADV pres./ 

pies.peri. 3

+3 inaceiisalive 3 O pres./
fns.pen.

-S.+O -3 ,- 0 ADV o pres./ 
pies. peri. 3

- A O ADV
pres./
pres.perf. 3

3
4 -A 0 ADV

pres./
pies.peif. 3

- A O ADV pres./
pres.perf. 3 piep.O

A p p en d ix  1.
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