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1 Introduction
In  th e  p as t m u ch  effo rt w as d ev o ted  to  th e  com p ila tio n  o f  m u lti- lin g u a l p a ra lle l co rp o ra  for the 
p u rp o se  o f  lingu istic  in fo rm atio n  re tr ie v a l  T h is  p ap er a im s to  in tro d u ce  and  evaluate  th ree 
s im p le  stra teg ies fo r th e  ex trac tio n  o f  translation, equ ivalen ts fro m  stru c tu red  para lle l texts. T he 
g o a l is  to  su p p o rt the p ro d u c tio n  o f  b ilin g u a l d ic tionaries fo r d o m a in -sp ec ific  app lications. T he 
ap p ro ach es  d escribed  in  th e  p ap e r a ssu m e  sen tence a lignm ent, s tr ic t tran s la tio n s , and  h istorical 
re la tio n s  betw een  con sid ered  lan g u ag e  pa irs . T hey  take advan tage  o f  co rp u s  ch aracteristics  like 
sh o rt a lig n ed  u n its  and  s truc tu ra l &  o rth o g rap h ic  s im ilarities  in  o rd er to  o b ta in  resu lts  w ith  a  h ig h  
le v e l o f  p recision . F u rtherm ore , it w ill b e  sh o w n  th a t au to m atic  f ilte rin g  c a n  b e  u sed  to  im prove 
th e  p rec is io n  o f  the  ex trac ted  m a teria l. S im ple  techn iques a re  u sed  to  d e tec t transla tion  
can d id a te s  th a t are  m o st likely  w rong.

2 Pre-processing the Corpus
Im p o rtan t p re-p ro cessin g  steps in c lu d e  p a rag rap h  and  sen tence b o u n d ary  d e tec tio n , token ization , 
c o m p ila tio n  o f  co llocations, an d  m u ltilin g u a l sen tence a lig n m en t. T h e  p rec is io n  o f  ex tracted  
m a te ria l d ep en d s h igh ly  o n  th e  q u a lity  o f  th ese  p re-p ro cessin g  s teps. A ll th ree  ex traction  
m e th o d s  in tro d u ced  in  th e  p ap e r a ssu m e  to k en ised  and  a lig n ed  corpora .

T o k en iza tio n  is one  o f  th e  fu n d am en ta l ta sk s  in  p reparing  the  co rp u s fo r lin g u is tic  in fo rm ation  
re triev a l. T he separa tion  o f  lex ica l to k en s  from  p im ctuation  sy m b o ls  is im p o rtan t. H ere, special 
p a tte rn  can  b e  defin ed  to  seg m en t th e  co rpus. D ifficu lties  arise  due  to  th e  am b ig u ity  o f  the used  
sy m b o ls . F o r fu rth er d iscu ssio n s see [G T 94].

A u to m a tic  sen ten ce  alig rm ien t can  b e  d o n e  b y  sta tis tica l m e th o d s lik e  th o se  p ro p o sed  in  [G C 93], 
[F C 9 4 ], [F M 94], [C hu93], [S F I92], a n d  [M el96]. T h ese  ap p ro ach es  y ie ld  h ig h  p recision  
e sp ec ia lly  fo r c lo se ly  re la ted  lan g u ag e  pairs .

3 Extraction by Iterative Size Reduction
In  th is  sec tio n  an  itera tive  ex trac tio n  m e th o d  is in troduced  th a t ta k es  ad v an tag e  o f  aligned  
p a ra lle l co rp o ra  w ith  a  la rge  n u m b e r o f  sh o rt a ligned  te x t s tructu res. T h is  p h en o m en o n  often  
ap p ea rs  in  h ig h ly  s truc tu red  tex ts  lik e  te ch n ica l docum en tation . T h e  fo llo w in g  investigations are 
b a se d  o n  th e  p ara lle l S can ia  co rp u s  ([S ca9 3 ]) w h ich  con ta ins m an y  sh o rt s tru c tu res  due to  b r ie f  
d esc rip tio n s , lis t e lem ents, tab les , p ic tu re  cap tions, and  headers. T h ese  e lem en ts  can  be  easily  
reco g n ised , a ligned , and  ana lysed . A m o n g  the  S w ed ish /E n g lish  a lig im ien ts  o f  th e  Scan ia  corpus 
w ith  a  to ta l n u m b er o f  35 ,818  a lig n m en ts  th e re  are  2 ,628  a lig n ed  h ead e r s tru c tu res, 8 ,558 aligned
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ta b le  ce ll s tructu res, and  8,423 a lig n ed  lis t item  alignm ents. A b o u t every  th ird  alignm en t 
rep resen ts  a  1; 1 to k en  a lignm ent, a lth o u g h  m an y  o f  th e m  are cop ies o f  each  o ther.

F irst, w e  ex trac ted  1:1, l :x , an d  x : l  to k en  a lig n m en ts  from  th e  c o rp u s  to  co m p ile  a basic  set o f  
tran s la tio n  eq u iva len ts. T his basic  d ic tio n ary  w as u sed  to  analyse  th e  rem a in in g  a lig n m en ts  in  an  
ite ra tiv e  p ro cess  by  rem ov ing  k n o w n  tran s la tio n s  from  th e  to ta l se t o f  co rp u s a lig n m en ts . A s th e  
resu lt, th e  size  o f  th e  alignm en ts ( in  to k en s) decreases. T hen , w e  ex trac ted  n ew ly  ob ta ined  1:1 
to k e n  a lig n m en ts  an d  added  th em  to  th e  se t o f  k n o w n  tran sla tio n s. T h is  ex ten d ed  set o f  
tran s la tio n  p a irs  w as u sed  in  th e  n ex t step  to  an a ly se  th e  rem a in in g  a lig n m en ts  fro m  th e  fo rm er 
step . T h is  p ro ced u re  m ay  be repea ted  im til no  n ew  1:1 to k en  a lig n m en ts  appear.

T h is  s im p le  a lg o rith m  p roduces a  la rg e  n u m b er o f  n ew  tran s la tio n  eq u iv a len ts  in  case  o f  m any  
sh o rt a lig n ed  s tructu res. W hen  ap p lied  to  th e  S can ia  co rpus the  m e th o d  p ro v id es  resu lts  o f  h ig h  
p rec is io n  as sho w n  in  tab le  1.

S tep
Sw ed ish /E n g lish

S w e d is h /G e rm a n

1 184 (9 6 .2  % co rrec t) 2 23  (96 .7  % c o rrec t)
2 90  (93 .3  % co rrec t) 2 31  (98 .7  % c o rrec t)
3 26 (100  % co rrec t) 165 (9 8 .8  % co rre c t)
4 7 (85 .7  % co rrec t) 85  (95 .3  % co rre c t)
5 2 (100  % co rrec t) 31 (93 .5  % c o rrec t)

re c a l l  (inch  b a s ic  
d ic tio n a ry )  1

12.2. % 14. 6 %

Table 1; The number of translation equivalents (1:1 token pairs) extracted with the iterative size reduction method.

T h e  q u a lity  o f  th e  resu lts  in  each  step  h ig h ly  dep en d s on  th e  se t o f  tran s la tio n  eq u ivalen ts  
o b ta in ed  in  fo rm er steps. In  gen era l, w ro n g  p a irs  w ill p ro d u ce  w ro n g  a lig n m en ts  in  the  n ex t 
red u c tio n  step . T ab le  1 show s th a t th e  p rec is io n  o f  S w ed ish /G erm an  resu lts  d ecreases  sligh tly  in  
s tep s  4  an d  5. H ow ever, the  n u m b ers  o f  n ew ly  d isco v ered  S w ed ish /E n g lish  p a irs  a re  to o  sm all in  
th e  fin a l steps to  o b serv e  a  s im ila r behav io u r.

T h e  a lg o rith m  so  fa r  is lim ited  to  th e  ex trac tio n  o f  1:1 pairs. H ow ever, in  lan g u ag e  pa irs  w ith  
d iffe re n t co m p o u n d in g  ru les  (lik e  S w ed ish /E n g lish ) m an y  1 :x  co rresp o n d en ces  appear. 
U n fo rtu n a te ly , rem a in in g  1 :x a lig n m en ts  can n o t b e  considered  as co rrec t tran s la tio n  eq u ivalen ts  
au to m atica lly . S om e tokens m ay  b e lo n g  to  p rev io u s ly  rem o v ed  tokens. T h e  rem a in in g  to kens are 
u su a lly  g ram m atica l function  w ords. F o rtu n a te ly , m o s t o f  the  1 :x a lig n m en ts  can  b e  tran sfo rm ed  
to  co rrec t tran s la tio n  equ iva len ts  b y  s im p ly  rem o v in g  these  w ords u s in g  lan g u ag e  specific  
fu n c tio n  w o rd  lists . A dequate  lists  m ay  b e  co m p iled  b y  ex trac ting  th e  m o s t f req u en t w o rd s from  
th e  co rpus. T h e  e ffic iency  o f  th is  s im p le  ap p ro ach  can  b e  seen  in  ta b le  2.

'The recall value is estimated by comparing the number of extracted pairs with the total number of source tokens 
used in the corpus.
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befo re a f te r
S w e d is h /E n g lis h
l :x

46 .9  % 8 4 .5  %

S w e d is h /E n g lis h
x : l

1.5 % 7 9 .1  %

S w e d is h /G e rm a n
l :x

4 .4  % 8 4 .6  %

S w e d is h /G e rm a n
x : l

4 4 % 6 9 .2  %

Table 2: Precision estimates for extracted Swedish/English and Swedish/German I :x respectively x: 1 alignments 
before and after the removal of function words.

T h e  rem o v a l o f  fu n c tio n  w o rd s  im p ro v es the  p rec isio n  v a lu es  g reatly . A p p ly ing  a  m ore  
so p h is tic a ted  list o f  fu n c tio n  w o rd s  w o u ld  p ro d u ce  ev en  b e tte r re su lts  an d  w o u ld  ad m it the usage 
o f  l : x  pa irs  for the  ite ra tiv e  ex trac tio n  process. T h is  w o u ld  re p re se n t a  m a jo r im provem en t 
esp ec ia lly  for language p a irs  lik e  S w edish /E nglish .

F in a lly , it  is w orth  m en tio n in g  th a t an y  b ilingual d ic tionary  m a y  be u sed  by  th e  a lgorithm , 
p ro v id e d  th a t it su its  the d o m ain  o f  th e  co rp u s under considera tion .

4 Considerations to String Similarities
E v a lu a tio n s  to  string  s im ila ritie s  c an  b e  u sed  for d iffe ren t ta sk s  in  co m p u ta tio n a l linguistics. O ne 
a p p lica tio n  is the  id en tifica tio n  o f  m orp h o lo g ica l d ev ia tions. T h is  m ay  b e  used  in  the size 
re d u c tio n  m ethod , w h ich  is  in tro d u ced  in  the  p rev io u s sec tion , to  id en tify  s lig h tly  m odified  
tra n s la tio n  pa irs  (see fu rth er [T ie97]). A n o th er ap p lica tio n  is  th e  id en tifica tio n  o f  cognates from  
b ilin g u a l tex ts  in  case  o f  s im ila r  ch arac te r sets and  h is to rica l re la tio n s  b e tw een  th e  languages 
u n d e r  considera tion . In  b o th  cases  s im p le  string  m atch ing  a lg o rith m s can  b e  u sed  to  com pare 
w o rd  pa irs . A p p lica tio n s to  tech n ica l tex ts  are  e sp ec ia lly  p ro fitab le  because o f  
in te rn a tio n a lisa tio n  and  s im ila ritie s  in  th e  o rig in  o f  tech n ica l te rm in o lo g y .

O n e  s im p le  a lg o rith m  b ased  o n  ch a ra c te r  com parison  is the  'lo n g es t co m m o n  sub -sequence ra tio ' 
(L C S R ) w h ich  is d e fin ed  as fo llo w s: T h e  L C S R  score is ca lcu la ted  b y  th e  len g th  o f  th e  longest 
co m m o n , n o t n ecessarily  co n tig u o u s , sub -sequence  o f  charac ters  d iv id ed  b y  th e  ch arac ter leng th  
o f  th e  lo n g e r string  ([M el95]).

M o stly , ev en  m o re  sim p le  a lg o rith m s rep resen t su ffic ien t m easu res  fo r  s tring  s im ilarity . W e used  
a lg o rith m s  to  search  in itia l an d  fin a l character sequences, an d  a lg o rith m s to  com pare  fixed  
ch a ra c te r  sequences. M ore co m p lex  a lgo rithm s m ay  ra ise  th e  reca ll b u t n o t th e  p rec isio n  o f  
re su lts  w h en  ap p lied  w ith  s im ila r  th resh o ld  values. See fu rth er [B or98] fo r a  com parison  o f  
d iffe re n t approaches.

T h e  se lec tio n  o f  w o rd  p a irs , w h ic h  are  con sid ered  fo r th e  s trin g  co m p ariso n , is im p o rtan t fo r th e  
q u a lity  o f  th e  ex trac tio n  o f  co g n a tes . A  m a jo r im p ro v em en t rep resen ts  sen ten ce  alignm ent. T he 
d ia n c e  o f  g e ttin g  'fa lse  frien d s ' rem a in s  v e ry  lo w  i f  o n ly  w o rd  p a irs  fro m  a lig n ed  te x t structu res 
a re  considered . W h en  ap p lied  to  th e  S w ed ish /E n g lish  an d  S w ed ish /G erm an  a lignm en ts o f  th e
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S can ia  co rpus w ith  a  th resh o ld  o f  70%  th e  m e th o d  p rov ides resu lts  w ith  h ig h  p rec isio n  as show n 
in  tab le  3,

S w e d is h /E n g lis h S w e d is h /G e rm a n
p a ir s 36 0 843
p re c is io n 9 4 .7  % 97 .9  %
reca ll^ 2 .3  % 5.5  %

Table 3: The number o f cognates that were identified with string similarity measures.

S en ten ce  a lig n m en t also  a llow s fu rth er ev a lu a tio n  o f  s im ilarity  m easu res. Scores from  to k en  
p a irs  c a n  be com bined  fo r fu rth er an a ly ses  (see also  [T ie97]). U su a lly , w o rd s  th a t are v ery  
s im ila r  to  on ly  one w ord  o f  th e  co rre sp o n d in g  alignm en t are  m o re  lik e ly  tran s la tio n  equivalen ts 
th an  w o rd s  th a t show  s im ila ritie s  to  sev era l w ords from  th e  co rre sp o n d in g  a lignm ent. T his 
a ssu m p tio n  can  be  exp ressed  b y  th e  fo llo w in g  sim ilarity  score co m b in atio n s:

dijfXx, y)  =  Sim(x, y ) - ^  sim{x, z)
z

dijf,{x,y) =  sim(x,y)-^sin{z,y)

H ere , th e  te rm  sim (x ,y) rep resen ts  th e  s im ila rity  score fo r th e  to k en  p a ir  (x ,y). In  th is  w ay new  
sco res  fo r each  to k en  p a ir are  ca lcu la ted  w h ich  m ay  b e  ev a lu a ted  b y  sp ec ific  th resh o ld  filters. 
In c lu d in g  evaluations o f  s im ila rity  sco re  co m binations the  s im ila rity  m e th o d  y ie ld ed  a  recall o f  
3 .2 %  w ith  an  estim ated  p rec is io n  o f  9 2 .3 %  fo r S w ed ish /E ng lish  a lig n m en ts , an d  a  reca ll o f  7 .7%  
w ith  an  estim ated  p rec isio n  o f  9 6 .2 %  fo r S w ed ish /G erm an  a lignm en ts.

5 Extraction based on Statistical Measures
M an y  sta tis tica l m easu res are  b ased  o n  co -occu rrence m easu res. T h e  b a s ic  in p u t d a ta  is  the 
ab so lu te  frequencies o f  th e  o ccu rren ce  o f  s ing le  w ords o r  w ord  g ro u p s  an d  th e  co-occurrence 
freq u en c ies  o f  w ord  p a irs  an d  p a irs  o f  w o rd  g roups in  co rresp o n d in g  su b p arts  o f  th e  tex t (fo r 
in s tan ce  a lig n ed  sen tences). U sin g  th e se  va lues, s ta tis tica l m easu res  c a n  b e  estim ated  fo r 
m o n o lin g u a l as w ell as fo r m u lti-lin g u a l inpu t.

S im ila r  to  w o rd  d istrib u tio n  m easu rem en ts  b ased  o n  M utual In fo rm atio n  like  in  [FC 94] ano ther 
s ta tis tic a l ra tio , th e  D ice  co e ffic ien t c an  b e  u sed  to  m easu re  th e  co -o ccu rren ce  o f  w o rd s or w ord  
g ro u p s . T h is  ratio  is u sed , fo r in stan ce , in  th e  co lloca tion  co m p ile r X T rac t ([S m a9 3 ]) and  in  the 
le x ico n  ex trac tion  sy stem  C h am p o llio n  ([S M H 96]). It is d e fin ed  as fo llow s:

 ̂The recall value is hard to estimate. The value mentioned in table 3 is measured by comparing the number of 
resulting pairs with the set o f source words used in the corpus. According to expectations, the recall is very small for 
both language pairs because only a small subset o f  word pairs actually represent cognates.
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D ic e (x ,y )  =
2 P ( x , y )

P { x ) + P [ y )

P (x ,y ) rep resen ts  th e  p ro b ab ility  fo r th e  occu rrence  o f  x  and y  in  co rresp o n d in g  p arts ; P (x ) and  
P (y ) are  the  sin g le  p ro b ab ilitie s  th a t x  an d  y  occur. A ll th e se  v a lu es  can  b e  estim ated  by  
co rrespond ing  freq u en cy  va lues. N o tice  th a t x  and  y  m a y  b e  sing le  %vords as w ell as  w o rd  g roups.

T h e  m a jo r advan tage  o f  s ta tis tica l m easu res is lan g u ag e  independence. T he m a jo r p ro b lem , 
how ever, is the  p ro p e r se lec tio n  o f  m o n o lin g u a l te x t u n its  fo r the  co nsidera tions. T h e  chosen  te x t 
u n its  h av e  to  b e  co m p arab le  in  the ir sem an tic  com p lex ity , o th e rw ise  statistica l m easu res  p ro d u ce  
in co rrec t an d  in co m p le te  resu lts. C o n sid er fo r in stan ce  th e  d iffe ren t usage o f  co m p o u n d s in  
S w ed ish  an d  E ng lish . In  S w edish , com pounds are m o stly  u sed  in  th e  fo rm  o f  com p o sitio n s w h ile  
in  E n g lish  co rresp o n d in g  ex p ressio n s ap p ear as seq u en ces o f  separa ted  w ords. T here fo re , a 
so p h is tica ted  co m p ila tio n  o f  m o n o lin g u a l co llo ca tio n s sh o u ld  b e  p erfo rm ed  fo r th e  id en tifica tio n  
o f  n o n -co m p o sitio n a l co m p o u n d s befo re  p erfo rm in g  sta tis tica l ex traction .

A  second  p ro b lem  is th e  d iffe ren t varie ty  o f  m o rp h o lo g ica l fo rm s in  d iffe ren t languages. To 
so lv e  th is  p ro b lem  all w o rd  fo rm s sh o u ld  b e  red u ced  to  th e ir  s tem  fo rm s b e fo re  cou n tin g  
o ccu rren ce  frequencies,

A  la st p ro b lem  arises w ith  in freq u en t w ords. B ecau se  o f  its d e fin itio n  th e  in troduced  ra tio  m ay  
p ro d u ce  h ig h  sco res fo r p a irs  co n ta in in g  inft'equent te x t u n its  a lth o u g h  th ey  do n o t co rrespond . 
T h is  fac t is due  to  th e  h ig h  p rob ab ility  th a t in freq u en t w o rd s ap p ea r in  co rrespond ing  te x t p a rts  
b y  chance. T here fo re , in freq u en t te x t un its shou ld  be  ex c lu d ed  from  th is  statistica l co nsidera tion .

H ow ever, in freq u en t te x t u n its  can  be an a ly sed  in  a  d iffe ren t w ay . L ik e  in  th e  's ize  red u c tio n ' 
m e th o d  (see sec tio n  3) w e  p resu m e sh o rt a lig n ed  te x t u n its . B y  u sin g  m o n o lin g u a l frequency  
coun ts, a ll te rm s w ith  a  h ig h e r  frequency  th an  a  spec ific  th resh o ld  va lue  t, are  rem o v ed  from  th e  
co m p le te  se t o f  a lig n m en ts . T h en , th e  rem a in in g  a lig n m en ts  are  exam ined . W ith  th e  a ssu m p tio n  
th a t in freq u en t te rm s are  tran s la ted  in to  infirequent te rm s in  the  o th e r language, a ll rem a in in g  
m freq u en t o n e-to -o n e  te rm  p a irs  (a  te rm  m ay  b e  a  w o rd  o r a  w o rd  ph rase) are  ex trac ted  w h ich  
o c c u r  less  freq u en tly  th a n  an o th er th resh o ld  v a lu e  tj. T h ese  p a irs  m ay  b e  co n sid ered  as 
tran s la tio n  eq u iv a len t can d id a tes. A gain , th e  b ig g est d ifficu lty  is  th e  se lec tion  o f  p ro p e r te rm s fo r 
fi'equency coun ts.

D u e  to  tim e  co n stra in ts  th e  a lg o rith m s w ere  ap p lied  w ith o u t p rev io u s  co m p ila tio n  o f  co llo ca tio n s 
a n d  w ith o u t s tem m in g . S en ten ces w ere  s im p ly  seg m en ted  in to  space sep ara ted  to k en s  an d  
freq u en cy  cou n ts  w ere  b a sed  o n  these  te x t e lem en ts. F ilte rin g  th e  D ice  co effic ien t w ith  a 
frireshold  o f  0 .7  p ro v id ed  re su lts  w ith  a  reca ll o f  7 .8%  an d  an  estim ated  p rec isio n  o f  86%  for 
S w ed ish /G erm an  a lig n m en ts  and  a  reca ll o f  4 .1 %  w ith  an  e stim ated  p rec isio n  o f  70%  fo r 
S w ed ish /E n g lish  a lig n m en ts . T h e  ex trac tio n  o f  lo w  freq u en t w o rd  p a irs  w ith  t,= 1 0 0  an d  t2=10 
p ro v id ed  resu lts  w ith  a  reca ll o f  6 .7%  and  a  g o o d  p rec is io n  o f  9 3 .5 %  fo r S w ed ish /G erm an  
alig n m en ts , an d  a  reca ll o f  2 .8 %  and  an  u n sa tisfac to ry  p rec is io n  o f  4 6 %  fo r S w ed ish /E n g lish  
a lignm en ts.
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6 Automatic Evaluation Filter
T h e  resu lts  fro m  th e  th ree  ex trac tio n  m e th o d s in tro d u ced  ab o v e  are  ce rta in ly  n o t p e rfec t and  free 
o f  m istakes, a lthough  p rec is io n  y ie ld ed  p ro m isin g  values. F o rtu n a te ly , au to m atic  filte rs  can  be 
u sed  to  rem ove pa irs  th a t a re  m o s t lik e ly  w rong. S ta tis tica l an d  em p irica l ev aluations can  be  
ap p lied  to  analyse the  se t o f  tran s la tio n  cand idates. S pecia l co n s id era tio n s  shou ld  b e  a ttached  to  
te rm s, fo r w h ich  m u ltip le  tran s la tio n  can d id a tes  w ere  ex tracted . M o s t e rro rs  are to  be  found  here. 
T h e  transla tion  cand ida tes can  be  co m p ared  w ith  each  o th er and  th e  m o s t u n lik e ly  cand idates can  
b e  rem o v ed  au tom atically . S ev era l ap p roaches are  app licab le :

L e n g th  b a se d  f ilte r : A  len g th  d iffe rence  ratio  can  b e  ca lcu la ted  b y  d iv id in g  the  leng th  o f  th e  
shorter s tring  b y  th e  len g th  o f  th e  longer string . In  case  o f  m u ltip le  tran sla tio n  cand idates 
th e  p a ir w ith  the  h ig h e s t score  iden tifies  th e  m o st likely  tran sla tio n . N ow , a ll scores fo r 
a lternative  cand idates are  co m p ared  w ith  th is  score  and  a ll p a irs , w h ich  do n o t pass a  
chosen  th resho ld , are  rem oved . T he len g th  d iffe rence  can  also  be u sed  to  com pare 
alternative  tran s la tio n s  w ith  th e  m o s t lik e ly  transla tion . F u rth erm o re , it m ay  b e  also u sed  
to  exclude tran s la tio n  cand ida tes w ith  un reaso n ab le  le n g th  d iffe rences to  th e  source 
language term .

S im ila r i ty  f ilte r : W ord  co m p ariso n  a lgo rithm s can  b e  ap p lied  to  ex trac ted  pairs. T h e  h ig h est 
resu lting  score id en tifies  th e  m o st lik e ly  tran s la tio n  am o n g  m u ltip le  tran sla tio n  
candidates. T hen , all s im ila rity  scores o f  a lte rna tive  can d id a te s  are  co m p ared  w ith  the  
sim ilarity  score  o f  th e  m o st lik e ly  transla tion . A n o th e r p o ssib ility  is to  calcu la te  
s im ilarities b e tw een  th e  m o st like ly  tran sla tio n  and  a lte rn a tiv e  cand idates. T h is  p resum es 
m ultip le  tran sla tio n s to  ap p ea r b ecause  o f  s lig h tly  m o rp h o lo g ica l m o d ifica tions ra th e r 
th an  because o f  sy n o n y m  transla tions.

F re q u e n c y  b a s e d  f ilte r : A b so lu te  an d  co -occu rrence freq u en c ies  are  ca lcu la ted  fo r ex trac ted  
pairs. U sing  th ese  v a lu es, th e  D ice  coeffic ien t is e s tim a ted  an d  u sed  fo r th e  rem oval o f  
transla tion  can d id a tes  w ith  un reaso n ab le  lo w  scores. In  case  o f  m u ltip le  tran sla tio n s th e  
D ice  score can  a lso  b e  u sed  to  iden tify  the  m o s t likely  tran s la tio n  and  the  score  fo r 
alternative  can d id a tes  is  co m p ared  w ith  th e  score  o f  th is  tran sla tio n .

C o m b in e d  f ilte r : T h e  filte r  d esc rib ed  above m ay  be com bined . G en era lly , one approach  m ay  b e  
used  fo r the  id e n tifica tio n  o f  th e  m o st like ly  tran s la tio n  an d  an o th er app ro ach  m ay  be 
used  fo r th e  co m p ariso n  o f  a lte rna tive  tran sla tio n s w ith  th is  cand idate . O ne  p o ssib le  
co m b in atio n  is fo r in s tan ce  th e  usage  o f  th e  D ice  co e ffic ien t fo r th e  id en tifica tion  o f  th e  
m o st like ly  tran s la tio n  an d  a  sim ilarity  filte r to  co m p are  th is  cand ida te  w ith  a lternative  
ones.

S u b s e t  f il te r: T ran sla tio n  can d id a te s  m a y  be incom plete . T here fo re , i f  o n e  tran s la tio n  cand idate  
is com plete ly  in c lu d ed  in  an o th e r cand ida te  it sh o u ld  b e  rem oved . T ran sla tio n  cand idates 
can  be  con sid ered  as se ts  o f  w ords. T ransla tions are  rem o v ed  i f  th e  co m p le te  se t o f  w ords 
is inc luded  in  an  a lte rn a tiv e  tran s la tio n  cand idate .

A  no n -triv ia l ta sk  is to  ad ju s t th e se  filte rs  to  ob ta in  th e  b e s t resu lt. T h e  im provem en t level
dep en d s on  the  q u ality  o f  th e  p rev io u s ly  ap p lied  ex trac tio n  m ethods.
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7 Discussion and Conclusion
In  tM s p a p e r  th ree  m e th o d s are d escrib ed  fo r th e  re triev a l o f  tran s la tio n  eq u iv a len ts  fro m  a ligned  
b ilin g u a l co rpo ra . T h ey  rep resen t in d ep en d en t ap p ro ach es  th a t use  d iffe re n t a ssu m p tio n s. T ab le  4 
sb o w s  co rp u s  ch arac te ristic s  and  p rep ara tio n s th a t a re  n ecessa ry  fo r  each  sin g le  app roach .

method

highly
structured
text

similar
character
set

tokeni-
zation

sentence
alignment

compilation
o f
collocations

removal o f
function
words

size reduction X X X X

similarity measures X X

score combinations X X X

Dice statistics X X X

low frequent terms X X X X

Table 4; Necessary characteristics and preparations in order to apply the different extraction methods.

T h e  s ize  red u c tio n  m e th o d  takes ad v an tag e  o f  co rp o ra  w ith  m any sh o rt a lig n ed  te x t structu res. 
Q u an tity  an d  q u a lity  w ill decrease  i f  less s tru c tu red  tex ts  are u sed  ev en  i f  a  la rg e  se t o f  
tran s la tio n  eq u iv a len ts  is u sed  in  th e  in itia l step . F o r h ig h ly  struc tu red  tex ts th is  m e th o d  p ro v id es  
fe s t a n d  p rec ise  resu lts . T h e  m ethod  is n o t n ece ssa rily  lim ited  to  1:1 w ord  p a irs , a lth o u g h  the 
ex trac tio n  o f  p h rase  a lig n m en ts  n eeds ad d itio n a lly  th e  rem o v al o f  fu n c tio n  w ords. A n  advan tage 
is  th a t an y  o th e rw ise  co m p iled  d ic tio n ary  m ay  b e  u sed  by  th e  a lg o rith m  as lo n g  a s  it su its  th e  
d o m a in  o f  th e  co rpus. In  th is  w ay , th e  size  red u c tio n  m e th o d  w as ap p lied  ag a in  to  th e  Scan ia  
co rp u s  u s in g  a n  in itia l d ic tionary  th a t w as  co m p iled  b y  d iffe ren t ex trac tio n  m e th o d s. T h e  recall^ 
o f  th e  fin a l d ic tio n ary  am o u n ts  to  2 8 ,3 %  w ith  an  e s tim ated  p rec is io n  o f  9 6 .5 %  fo r 
S w e d ish /E n g lish  an d  4 9 .4 %  w ith  an  estim a ted  p rec is io n  96 ,7%  for S w ed ish /G erm an .

T h e  s tr in g  s im ila rity  ap p ro ach  a im s to  ex trac t c lo se ly  re la ted  w ord  pa irs . I t is lim ited  to  1:1 to k en  
p a irs . T h e  m e th o d  is app licab le  to  h is to rica lly  re la ted  language p a irs  on ly . P rec is io n  an d  reca ll 
c a n  ea s ily  b e  ad ju sted  by  m od ify in g  th e  th resh o ld  va lue . T h e  ap p lica tio n  d escrib ed  in  th e  p ap er 
p ro v id es  resu lts  w ith  p rec is io n  an d  reca ll s im ila r  to  th e  size  red u c tio n  m ethod . H o w ev er, th e  
ex tra c ted  p a irs  rep resen t d iffe ren t sets fo r b o th  ap p ro ach es. In  co n tra s t to  th e  o th e r ap p roaches 
th e  co g n a te  e x tra c tio n  m e th o d  dep en d s h ig h ly  o n  th e  lan g u ag e  p a ir an d  assu m es s im ila r  charac te r 
se ts .

S ta tis tic a l ex trac tio n s  d ep en d  o n  th e  q u a lity  o f  th e  te x t seg m en ta tio n  an d  th e  freq u en cy  coun ts. 
H ie  s im p le  ap p ro ach  d escrib ed  in  th e  p ap e r p ro v id es  resu lts  w ith  reca ll v a lu es  s im ila r  to  th e  
o th e r  tw o  ex tra c tio n  m eth o d s. H ow ever, th e  p re c is io n  is  m u ch  lo w er fo r b o th  lan g u ag e  pairs. 
E q ie c ia lly  fo r  S w ed ish /E n g lish  a lig n m en ts  m an y  in co m p le te  pairs  appear. A  m o re  so p h is tica ted  
seg m en ta tio n  an d  p rev io u s ly  ap p lied  s tem m in g  w o u ld  im p ro v e  the  p rec isio n  g rea tly .

^The number o f  extracted pairs is compared with the total number o f source tokens that are used in the corpus to 
estimate the recall.
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W h en  ap p lied  to  th e  S w ed ish /G erm an  a lignm en ts a ll th ree  ap p ro ach es p ro v id ed  resu lts  w ith  
m u c h  h ig h e r p rec isio n  an d  reca ll th a n  w hen  ap p lied  to  S w ed ish /E n g lish  a lignm en ts, a lthough  th e  
size  red u c tio n  m e th o d  an d  sta tis tica l eva lua tions sh o u ld  b e  m o s tly  language independen t. 
H ow ever, essen tia l p re -p ro cess in g  steps like  co llo ca tio n  co m p ila tio n  and  s tem m ing  w ere n o t 
ca rried  ou t befo re  app ly in g  th e se  a lgo rithm s an d  th ere fo re , rem ark ab le  d ifferences in  quality  and  
q u an tity  o f  th e  ach ieved  re su lts  arose.

References
[B or98] L ars  B orin . L in g u is tic s  isn ’t  a lw ays th e  answ er: W ord  co m p ariso n  in  com putational 
lingu istics. In  P ro ceed in g s o f  th e  11th N ord ic  C o n feren ce  o n  C om puta tional L ing u is tics  
N O D A L ID A  ’98, C openhagen , 1998,

[C hu93] K en n e th  W . C hurch . C h ar align: A  P ro g ram  fo r A lig n in g  P ara lle l T exts a t th e  C harac ter 
L evel. In  P roceed ings o f  th e  W orkshop  on  V ery  L arg e  C orpora: A cadem ic and  Industria l 
P erspectives, A C L . A sso c ia tio n  fo r C om putational L in g u is tic s , 1993.

[FC 94] P asca le  F u n g  and  K en n eth  W . C hurch . K -vec: A  N e w  A p p ro ach  fo r A lig n in g  P aralle l 
T ex ts . In  P roceed ings o f  the  15th In terna tional C o n feren ce  on C om puta tional L ingu istics, 
K yo to /Japan , 1994,

[F M 94] P asca le  F im g and  K ath leen  R. M cK eow n. A lig n in g  N o isy  P aralle l C o rp o ra  A cro ss  
L anguage G roups: W ord  P a ir  F ea tu re  M atch ing  by D y n am ic  T im e W arping . In  P roceed ings o f  
th e  1st C onference  o f  the  A M T  A , C o lu m b ia /M ary lan d , 1994. A sso cia tio n  fo r M ach ine  
T ran sla tio n  in  the  A m ericas.

[G C 93] W illiam  A . G ale  an d  K erm eth  W . C hurch . A  p ro g ram  fo r a lig n in g  sen tences in  b ilingual 
corpora. C o m p u ta tio n a l L in g u is tic s , 19(1), 1993.

[G T 94] G regory  G refenste tte  an d  P asi T apainen . W h at is a  w ord , W h at is a  sen tence? P ro b lem s 
o f  T oken ization . In  P ro ceed in g s o f  th e  3 rd  In te rn a tio n a l C onference  on C o m p u ta tio n a l 
L ex icography  (C O M P L E X  ’94), R esearch  In s titu te  fo r L in g u is tic s , H ungarian  A cad em y  o f  
Sciences, B udapest, 1994. R a n k  X ero x  R esearch  C en tre , G ren o b le  L abora to ry .

[M el95] I. D an  M elam ed . A u to m atic  E v a lu a tio n  an d  U n ifo rm  F ilte r  C ascades fo r Inducing  N - 
b e s t T ran sla tio n  L ex ico n s. In  P roceed ings o f  th e  3 rd  W o rk sh o p  o n  V ery  L arg e  C orpora , 
B o sto n /M assach u se tts , 1995.

P ^ e l9 6 ]  I. D an  M elam ed . A  G eom etric  A p p ro ach  to  M ap p in g  B itex t C orrespondence. 
C o n feren ce  o n  E m p irica l M eth o d s  in  N atu ra l L an g u ag e  P ro cess in g , P h ilad e lp h ia /U S A , 1996.

In

[Sca93] S can ia  p ro jec t - H om epage , h ttp ://s tp .lin g .u u .se /~ co rp o ra /scan ia / U p p sa la  U n iv ersity , 
L in g u is tic s  D epartm en t, 1997.

NODALIDA, Copenhagen, January 1998 127

http://stp.ling.uu.se/~corpora/scania/


JS F I9 2 ] M ich ae l S im ard , G eorge  F . F o ste r, an d  P ierre  Isab e lle . U sin g  C o g n a tes  to  A lig n  
S en te n ces  in  B ilingual C orpora . In  P ro ceed in g s o f  th e  4 th  In te rn a tio n a l C onference on 
T h eo re tic a l an d  M eth o d o lo g ica l Issu es  in  M ach in e  T ransla tion , M o n trea l/C an ad a , 1992.

JS m a9 3 ] F ran k  Sm adja. R e triev in g  C o llo ca tio n s  fro m  T ex t: X T R A C T . C om putational 
L in g u is tic s , 1993,

IS M H 9 6 ] F ran k  Sm adja, K a th leen  R . M cK eo w n , an d  V asile io s  H a tz iv assilo g lo u . T ransla tion  
C o llo ca tio n s  fo r B ilin g u al L ex icons: A  S ta tis tica l A pproach . In  A sso c ia tio n  fo r C om putational 
L in g u is tic s . A sso c ia tio n  fo r C o m p u ta tio n a l L in g u is tic s , 1996,

[T ie9 7 ] Jo rg  T iedem ann , A u tom atica l L ex ico n  E x trac tio n  fro m  A lig n ed  B ilin g u a l C orpora. 
D ip lo m a  th e sis , M ag d eb u rg  U ni v ersity , D ep artm en t o f  C o m p u te r S c ience , 1997.

128 NODALIDA, Copenhagen, January 1998


