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Abstract
S trin g  s im ilarity  m e tric s  are  im p o rtan t to o ls  in  co m p u ta tio n a l lin g u is tic s , ex ten siv e ly  u sed  e.g . 
fo r  co m p arin g  w o rd s in  a  v a rie ty  o f  p ro b lem  dom ains. T h is  p ap e r ex am in es th e  som etim es m ad e  
a ssu m p tio n  th a t th e  p e rfo rm an ce  o f  such  w ord  co m p ariso n  m e th o d s  w ou ld  b en efit from  th e  use  
o f  lin g u is tic , viz. p h o n o lo g ica l and  m orpho log ical, k n o w led g e . O n e  lin g u is tica lly  naive m e th o d  
a n d  o n e  in co rp o ra tin g  a  m o d e ra te  am oun t o f  lin g u is tic  so p h is tic a tio n  w ere  com pared  o n  a  
b ilin g u a l and  a  m o n o lin g u a l w o rd  co m p ariso n  ta sk  fo r a  ran g e  o f  languages. T he resu lts  sh o w  the  
p erfo rm an ce , m easu red  as reca ll and  p rec ision , o f  the lin g u is tica lly  n a iv e  m eth o d  to  be su p erio r 
in  a ll  cases.

1. Introduction
A  g o o d  m ethod  fo r s trin g  co m p ariso n , o r  s tr in g  s im ila r ity  m etr ic , is an  im p o rtan t and  usefu l item  
in  th e  co m p u ta tio n a l lin g u is t’s to o l k it. Its specia l case, w o rd  (o r rather: w ord  form ) co m p ariso n  
is  ex ten siv e ly  u sed  in  d ea lin g  w ith  th e  fo llow ing  tasks, am o n g  o thers:

•  S p ellin g  check ing  an d  co rrec tio n , w here  it  is u sed  to  fin d  lex ica l en tries s im ila r to  p u ta tiv e  
m issp e llin g s  (K u k ich  1992; O flaze r 1996);

•  H is to rica l lin g u is tic s  and  d ia lec to lo g y , fo r th e  reco n stru c tio n  o f  ea rlie r language  stages an d  fo r 
th e  su b g ro u p in g  o f  re la ted  languages o r d ia lec ts, th ro u g h  th e  co m p ariso n  o f  su sp ec ted  
co g n a tes  (G uy  1994; K essle r  1995; C ov in g to n  1996);

•  In fo rm atio n  re triev a l, in  p a rticu la r  fo r find ing  p ro p e r  n am es  an d  trad em ark s (K u k ich  1992; 
S ieg fried  1992; L am b ert 1997);

•  M u ltilin g u a l co rp u s lin g u is tic s , fo r sen ten ce  an d  w o rd  a lig n m en t an d  fo r th e  es tab lish m en t o f  
tran s la tio n  eq u iv a len ces o n  th e  w o rd  level (S im ard  e t a l. 1992; M elam ed  1995; M cE nery  an d  
O ak es  1996; T ied em an n  1997);

•  E x trac tio n  o f  lex ica l in fo rm a tio n  fro m  m o n o lin g u a l te x t co rpo ra , w here  w ord  fo rm  
co m p ariso n  can  b e  u sed  fo r  fin d in g  m o rp h o lo g ica lly  re la ted  w o rd  form s.

’ The research reported in this paper was carried out within the project Creating and annotating a  parallel corpus 
fo r  the recognition o f  translation equivalents in the research program Translation and interpreting: A meeting 
between languages and cultures, funded by the The Bank of Sweden Tercentenary Foundation. I wish to thank 
Kama] Khaledzadegan for his help with the transliteration o f the Arabic and Persian material. Bo Utas and Carina 
Jahani for introducing me to the intricacies o f the Arabic script, and the anonymous reviewers for helping me to 
clarify some of the more muddled points of my exposition.
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E v e n  th o u g h  w o rd  com parison  is  n o rm a lly  u sed  in  co n ju n ctio n  w ith  o th e r  m e th o d s  specific  to  
each  ta s k  (su ch  as d ic tionary  lo okup  fo r sp e llin g  check ing , o th e r a lig n m en t m e th o d s , inc lud ing  
in c rem en ta l tran s la tio n  d ic tionary  co n stru c tio n , fo r find ing  tran s la tio n  eq u iv a len ts  etc.), it is 
u b iq u ito u s  en o u g h  th a t it is im p o rtan t to  k n o w  w h ich  o f  several av a ilab le  m e th o d s  is  the m o st 
e ffec tiv e  fo r  a  p a rticu la r  task. S trangely  en o u g h , how ever, eva lua tions o f  th e  re la tiv e  efficacy  o f  
fiiese m e th o d s  are  scarce  in  the  litera tu re , as a  ru le . Som e n o tab le  ex cep tio n s are  L am b ert (1997), 
w h o  co m p ares  ed it d istance w ith  b ig ram  and  tr ig ram  D ice scores fo r assessin g  th e  confusab ility  
o f  d ru g  n am es, M cE n ery  and  O akes (1996), w ho  co m p are  ed it d istance , tru n ca tio n  (i.e ., in itia l 
su b strin g  m a tch in g ), and  b ig ram  D ice  sco res  fo r find ing  tran s la tio n  eq u iv a len ts  in  b ilingual 
p a ra lle l co rp o ra , and  T iedem ann  (1997), w ho  co m p ares  a  v arie ty  o f  su b strin g  m a tch in g  m ethods, 
a lso  fo r  f in d in g  tran s la tio n  equ iva len ts  in  a  b ilin g u a l pa ra lle l co rpus. L am b ert rep o rts  recall, 
fa llo u t (o r fa lse  p o s itiv e  rate), and  accu racy  fo r  th e  m ethods, M cE nery  a n d  O akes g iv e  p recision  
sco res  an d  e s tim ated  reca ll, w h ile  T ied em an n  o n ly  calcu la tes precision .

F ro m  a  lin g u is tic  p o in t o f  v iew , an  im p o rtan t d iv id in g  line is  th a t b e tw een  w o rd  com parison  
m e th o d s  w h ich  u se  som e lingu istically , viz. p h o n o lo g ica lly  and  m o rp h o lo g ica lly , m o tivated  
co m p ariso n  m etric , and  those  w h ich  do m o re  lin g u is tica lly  ‘n a iv e ’ ch arac te r s trin g  com parisons. 
T h e  m e th o d s  co m p ared  in  th e  w o rk s re ferred  to  above all b e lo n g  in  th e  la tte r category . In  th e  
lite ra tu re , i t  is so m etim es assum ed— ^perfectly reasonab ly , in  m y  v iew — ^that th e  perfo rm ance  o f  
ce rta in  w o rd  co m p ariso n  tasks w o u ld  b en e fit from  the  use o f  a  m o re  lin g u is tica lly  m o tiva ted  
co m p ariso n  m e th o d  (e .g ., B rasin g to n  e t al. 1988; B o rin  1991; K essle r 1995; C o v in g to n  1996). 
B y  th is  is  u su a lly  im derstood  a n o n -lan g u ag e-sp ec ific  m ethod^, i.e. th e  idea  is  th a t th e  g en era l 
p e rfo rm an ce— across a  range  o f  p ro b lem s and  languages— o f  such a  m e th o d  co u ld  b e  enhanced  
b y  th e  in tro d u c tio n  o f  som e ling u is tic  soph istica tion .

T o  m y  k n o w led g e  th is  assum ption  h as  n o t ea rlie r b een  ex p lic itly  te s te d  b y  experim en t. T he 
p u rp o se  o f  th e  re sea rch  repo rted  h ere  is to  do th is , b y  app ly in g  b o th  a  lin g u is tica lly  na iv e  and  a  
lin g u is tic a lly  m o re  soph is tica ted  string  co m p ariso n  m e th o d  to  the  sam e tw o  w o rd  com parison  
ta sk s  a n d  th e  sam e m ateria l fo r a  ran g e  o f  lan g u ag es, and  co m paring  th e  p e rfo rm an ce  o f  the  tw o  
m e th o d s  o n  th e se  ta sk s  in  te rm s o f  p rec is io n  an d  recall.

A s  a  rep resen ta tiv e  o f  th e  class o f  lin g u is tic a lly  n a iv e  m eth o d s w as ch o sen  a  m e tric  th a t h en ce­
fo rth  w ill  b e  re fe rred  to  as L C S , w h ich  is  d e fin ed  as th e  leng th  o f  th e  lo n g est co m m o n  
su b seq u en ce  (hence  th e  nam e L C S )  o f  th e  tw o  strings, i.e. th e  m ax im u m  n u m b er o f  exac t 
ch a rac te r m a tch es  b e tw een  the  tw o  s trings, p o ss ib ly  w ith  n o n -m atch in g  ch arac ters  in -betw een , 
d iv id ed  b y  th e  len g th  o f  the  lo n g e r strin g , th u s  y ie ld in g  a  rea l v a lu e  in  th e  ran g e  0 -1 .  T he 
a lg o rith m  fo r  ca lcu la tin g  L C S is a  sp ec ia l case  o f  a  w ell-knovra  string  a lig n m en t m e th o d  w ith  a 
tim e  co m p lex ity  0 (n m )  » 0(n^), i.e. ro u g h ly  quadratic^ (S an k o ff a n d  K r u s k a l  1983).

 ̂ Which should exclude spelling checking and information retrieval algorithms incorporating explicitely 
language-specific pronunciation information. Such language-specific methods are useful and needed, to be sure, but 
flieir existence for some languages does not exclude the search for general methods.

 ̂n and m are the lengths of the two strings. The calculation is simplified by the assumption that, on the average, 
n=m.
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L C S  w a s  ch o sen  u n d er th e  assu m p tio n  th a t the  resu lts  o b ta in ed  b y  it  w ill be  largely  v a lid  fo r 
o th e r  lin g u is tica lly  n a iv e  s trin g  co m p ariso n  m etrics d esc rib ed  in  th e  litera tu re . T hese  are m e th o d s 
s u c h  a s

•  co m m o n  substrings, e .g ., in itia l (S im ard  et al. 1992; M cE n ery  an d  O akes 1996; T ied em an n  
1997), fina l (T ied em an n  1997), o r  in  any  p o s itio n  (Z h an g  an d  K im  1990);

•  e d it d istance, w h en  it is  u n d ers to o d  as the  spec ia l case  o f  L ev en sh te in  d istance w h ere  a ll 
insertions, d e le tions an d  su b stitu tio n s are  g iv en  th e  w e ig h t 1 (S a n k o ff  and  K ruskal 1983);

•  n -g ram  co m p ariso n s, o ften  ex p ressed  as D ice  scores^ (L am b ert 1997; M cE nery  and  O ak es 
1996).

F o r  th e  lin g u is tica lly  m o re  so ph istica ted  m eth o d , a  m e th o d  d esc rib ed  b y  C ov ing ton  (1996 ; 
h en ce fo rth  ca lled  C O G , fo r  C O G nate  a lignm ent)  w as chosen . T h is is  a  d ep th -first a lg o rith m  fo r 
ran k in g  so und  a lig n m en ts  in  w o rd  pairs, as the  firs t s tep  in  the  reco n stru c tio n  o f  p ro to -fo rm s by 
th e  com para tive  m e th o d  used  in  h is to rica l lingu istics. T h e  a lg o rith m  h as exponen tia l tim e  
com plex ity , p ro d u c in g  (in  th e  w o rs t case) ap p ro x im ate ly  3"‘‘ a lig n m en ts . I t w o rk s by  p erfo rm in g  
a  d ep th -first en u m era tio n , o r  search , o f  all p o ssib le  a lig n m en ts  o f  th e  segm ents o f  the  tw o strings 
w ith  each  other^ o r  w ith  0 .  E ach  k ind  o f  a lig n m en t in cu rs  a  ‘c o s t’, acco rd in g  to  the  phono lo g ica l 
n a tu re  o f  the  seg m en ts  a ligned . T h e  co st ass ig n m en t sch em e is sh o w n  in  figu re  1 „

C(onsonant) w ith  identical C 0
V(owel) w ith  identical V  5
short V  w ith  long V, or V  w ith  S(emi-V) 10
V w ith  different V  30
C w ith  different C 60
com pletely d issim ilar segm ents 100
segm ent—0  (a ‘skip’) after s e g m e n t-0  40
s e g m e n t-0  otherw ise____________________50

F ig u re  1: C O G  co st a s s ig n m e n t s ch em e  

A d d itio n a lly , th e  co n fig u ra tio n a  0  
0  b

i.e., a lte rn a tin g  skips, is n o t a llow ed .

T h u s , C o v in g to n ’s a lg o rith m  u ses  fa irly  coarse  lin g u is tica lly  re lev an t featu res o f  th e  w o rd  p a irs  
to  g u id e  th e  a lig n m en t p ro cess , n am ely  th e  p h o n o lo g ica l trich o to m y  V - C - S ,  i.e., sy llab ic ity , 
acco rd in g  g rea te r im p o rtan ce  to  co nsonan ts th an  to  v o w els  o r  sem iv o w els  in  d e te rm in in g  th e  
p re fe rred  a lig m n en t, an d  co n seq u en tly  also  in  d e te rm in in g  th e  s im ila rity  score. T h ere  is  a lso  
so m e  lin g u is tic a lly  m o tiv a ted  co n tex t sen sitiv ity  in  th e  co s t ass ig n m en t schem e, s ince  co n tig u o u s 
sk ip s  a re  p re fe rred  (an d  co n seq u en tly  also  con tig u o u s s e g m e n t-se g m e n t a lignm en ts), re flec tin g  
th e  m o rp h o lo g ica l fac t th a t m o rp h s  ten d  to  b e  co n tiguous. H ence , th e  C O G  m ethod  u tilizes  b o th  * *

Tlie Dice score for an «-gram comparison of two strings is calculated as; 2C/(A+B), where C is the number of 
unique «-grams common to the two strings, and A and B the total number of unique «-grams in each string.

* Ahhough the search space is minimized by the heuristic o f only allowing a search to continue as long as its 
accumulated cost is less than the lowest total cost found so far.
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p h o n o lo g ica l an d  m orpho log ica l k n o w led g e , ad m itted ly  o f  a  fa irly  co a rse  an d  ru d im en ta ry  k ind , 
in  d e te rm in in g  th e  sim ilarity  score.

2. Material
T he m a te ria l u sed  fo r th e  ex p erim en ts  co n sis ted  o f  a  sm all sam ple  fro m  a  m u ltilin g u a l p aralle l 
co rp u s u n d er co nstruc tion  a t o u r  dep artm en t. T h e  corpus is  m a d e  up  o f  ^ i c l e s  fro m  
In va n d ra rtid n in g en , a  Sw edish  p erio d ica l ap p ea rin g  in  42  issues yearly , in  e ig h t paralle l 
lan g u ag e  versions: A rab ic , E ng lish , F in n ish , P ers ian , Po lish , S erbocroatian , S p an ish  and  sim ple 
Swedish®. W e also  h ad  access to  th e  S w ed ish  o rig in a l m anuscrip t v e rs io n , w h ich  is n o t p u b lished  
as such , b u t o n  th e  b as is  o f  w h ich  th e  o th e r lan g u ag e  versions are  p ro d u ced .

A ll lan g u ag e  vers io n s ex cep t F in n ish  an d  s im p le  S w edish  w ere  u sed  in  th e  experim en ts. S ix  
sh o rt b ilin g u a l para lle l tex ts w ere  p rep ared , w ith  S w ed ish  as L I ,  and  A rab ic , E n g lish , P ersian , 
P o lish , S erb o cro a tian  and  S pan ish  as L 2 . T h e  p ara lle l tex ts w ere  m an u a lly  a ligned  a t th e  
sen ten ce  level, and  th e  A rabic, P ers ian  and  S lav ic  tex ts  w ere tran slite ra ted  in to  a  L a tin -1 cod ing  
d ev ised  sp ec ia lly  fo r th e  purposes o f  th e  exp erim en ts. F igu re  2  show s so m e s ta tis tica l da ta  ab o u t 
th e  tex ts  used , and  in  figure 3, som e o f  th e  p ara lle l sen tences from  th e  m a te ria l a re  show n.

language sentences words words/sentence =/sentence corr/sentence

Arabic 28 291 10.39 0 1.32
English 28 336 12 1.18 1.43
Persian 26 329 12.65 0 1.42
Polish 28 292 10.43 1.18 1.04
Serbocr. 28 315 11.25 0.89 1.18
Spanish 28 287 10.25 1.04 1.25
Swedish 28 238 8.5 — ■—

average 28 298 10.78 0 .7 1 /1 .0 7 1.27

Figure 2: Text statistics. The last two columns show the average number o f  exact string  
m atches (mostly proper names) p e r  sentence, and  the average number o f  other 
correspondences p er  sentence (see section 3), respectively.

3. The experiments
T h e  te x t m a te ria l u sed  fo r the  ex p erim en ts  w as  d e lib era te ly  k ep t sm all, p rim arily  so  th a t it w ou ld  
b e  p o ss ib le  to  ca lcu la te  the  reca ll o f  th e  tw o  m eth o d s— ^i.e., th e  ra tio  o f  th e  n u m b e r o f  found  
co rre sp o n d en ces  to  th e  to ta l n u m b er o f  co rresp o n d en ces— a  p aram ete r w h ich  is  im p o rtan t to  
k n o w  in  o rd e r to  com pare  th e  m e th o d s fa irly . W h ere  string  sim ilarity  m e trics  a re  u sed  on  la rge  
te x t co rp o ra  (e .g ., M cE nery  an d  O ak es 1996; T iedem aim  1997), it is g en era lly  n o t feasib le  to  
ca lcu la te  reca ll, o th e r th an  as an  e s tim a te  (as  is  d o n e  b y  M cE nery  an d  O akes), m a in ly  because *

* The following language name abbreviations are used in this paper:
Ar = Arabic; En = English; Pe = Persian; PI = Polish; Sc = Serbocroatian; Sp = Spanish; Sw = Swedish.
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ti ie  to ta l n u m b e r o f  v a lid  co rresp o n d en ces m u st b e  d e term in ed  b y  a  h u m an  ju d g e , o r judges^ , and  
th e  sh eer s ize  o f  m o s t co rp o ra  n o rm ally  p rec ludes th is.
T h e  p erfo rm an ce  o f  th e  tw o  w o rd  sim ilarity  m e tric s  w ere  eva lua ted  fo r tw o  k in d s  o f  
co m p u ta tio n a l lin g u is tic  p ro b lem , nam ely  th o se  o f

(1 ) h ilin g u a l w o rd  co m p ariso n , o r  th e  p ro b lem  o f  fin d in g  w o rd  correspondences*  *, i.e., p u ta tiv e  
tran s la tio n  equ iva len ts, in  p a ra lle l tex ts  in  tw o  lan g u ag es (fo r th e  six  language p a irs  m en tio n ed  in  
th e  p rev io u s  section);

(2 ) m o n o lin g u a l w o rd  co m p ariso n , o r  the  p ro b lem  o f  f in d in g  m o rp h o lo g ica lly  re la ted  w o rd s in  a  
te x t  in  o n e  lan g u ag e  (fo r fiv e  o f  th e  languages; A rab ic  an d  P e rs ian  w ere  n o t inc luded  in  th is  
e7q>eiiment).

T h ese  tw o  ta sk s , o f  cou rse , are  in stances o f  th e  la st tw o  ty p es m en tio n ed  in  the  in tro d u ctio n , i.e., 
d ie  e s tab lish m en t o f  tran s la tio n  eq u ivalences o n  th e  w o rd  level and  ex trac tio n  o f  lex ica l 
in fo rm atio n  from  m o n o lin g u a l te x t co rpora , respectively .

Actually, if  there existed a method by which recall could be automatically determined in these cases, we would 
o f  course use this method instead of the one that we are evaluating for the task at hand. Note also that calculating 
recall by sampling a smaller part, or smaller parts, of a larger corpus basically reduces to the procedure described 
here, although using several samples would presumably make the results more reliable.

* Ofien called ‘cognates’ in the corpus linguistics literature. I prefer the term ‘correspondence’, mainly because 
‘cognate’ has a well-established use as a term in historical linguistics, which in practice is disjoint with that now 
being introduced in corpus linguistics; most of the items picked out by methods for finding ‘cognates’ in bilingual 
corpora (e.g. by Simard et al. 1992, or Melamed 1995) are actually loanwords (e.g. the English-French word pair 
jratemUy-jraternite), i.e. virtually the opposite of cognates in the historical linguist’s sense (a real English-French 
cognate pair, related to the previous one, would be brotherly fraternel).
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(2)
tqdm “bcI3r v ‘I'lnr
R eds and G reens gain ground
srxh“ V sbzh“ py(i myrvnd
Czerwoni i Zieloni coraz popularniejsi
Crveni i zeleni na usponu
Rojos y verdee adelante
Framåt för de gröna och röda

(1)
“l“ntq*l *ly rnkby  
Move to Rinkeby 
bh rsTikhby nql mk*n knyd 
Przeniest) do Rinkeby 
Preseliti nadlestvo u Rinkeby 
Trasladarse a Rinkeby 
Flytta till R inkeby

(3) .
lys b“mk“n 83 fy “lml4t “Itfkyr b®ltcvyt Ic®!' ®zb ®ldymqr*&jd; ®ljdydt 
Eighty-three per cent could not imagine voting for N e w  D em ocracy
83 drcd ®z mrdm nmytv®nnd tcvr rViy d®dn bh ®zb dmkr®sy n v y n  r® dr sr 
bprvr®nnd
83% ankietowanych nie wyobra$a sobie aby mogU poprzej) w wyborach n o w å  
dem okracjé
Oko 83 odsto ne bi moglo da glasa za N o v u  dem okratiju
El 83 por ciento no puede pensarse votar por n u e v a  dem ocracia
83 procent kan inte tänka sig att rösta på n y  dem okrati________ ______________

F ig u re  3: T h ree  p a r a lle l  sen ten ces  fr o m  th e  m a te r ia l  ( in  a d a p te d  o r th o g ra p h y ).
V a l id  co rresp o n d en ces a re  b o ld fa ced . C o g n a tes  e x c lu d e d  by th e  m in im u m - le n g th  
c r ite r io n  a re  b o ld fa ced  a n d  ita lic ize d .

F o r b o th  sets o f  vyord com parison  exp erim en ts, th e  tex ts  w ere no rm alized : A ll tex ts  w ere  low er 
cased , an d  m o st vo w el accen t m ark s w ere  rem o v ed . A d d itiona lly , all w o rd  to k en s  sh o rte r th an  
fo u r  ch arac te rs  w ere  rem oved  from  th e  tex ts . C o n seq u en tly , th e  co m p ariso n s w ere  m ad e  o n  w ord  
to k e n  p a irs  w h ere  b o th  tokens w ere  a t least fo u r charac ters  long. T h is m in im u m  len g th  criterion , 
b o rro w ed  from  S im ard  e t a l. (1992), ex c lu d es m ain ly  function  w o rd s, w h ich  ten d  n o t to  
co rre sp o n d  to  each  o th e r in  the  sense u n d ers to o d  h ere , a lth o u g h  it tu rn ed  o u t th a t it  a lso  exc luded  
so m e co g n ates , such  as the  S w ed ish  w o rd  n y  ‘n ew ’ and its  co rresp o n d en ces in  th e  o ther 
lan g u ag es, ex cep t A rab ic  (w hich , n o t b e in g  In d o -E u ro p ean , im derstandab ly  d o es  n o t share th is  
co g n ate).

T h e  b ilin g u a l w o rd  com parison  ex p erim en ts  w ere  carried  o u t as fo llow s. E ac h  w o rd  in  each  
S w ed ish  sen ten ce  w as  com pared  w ith  each  w o rd  in  th e  co rresp o n d in g  sen ten ce  in  th e  ta rg e t 
lan g u ag e , an d  th e  tw o  sim ilarity  v a lu es  (L C S  an d  sm alles t C O G ) w ere  ca lcu la ted . F o r  v arious 
th re sh o ld s , th e  s tring  pairs  fa llin g  ab o v e  an d  b e lo w  th e  th resh o ld  (ex c lu d in g  ex ac t string  
m a tch es) w ere  co m p ared  w ith  a  p reco m p iled  lis t  o f  v a lid  correspondences (see b e lo w ), w hereb y  
th re e  im p o rtan t v a lu es  w ere  ob ta ined ;

P fre c is io n ) ,  i.e. th e  n u m b er o f  v a lid  co rresp o n d en ces  found , d iv id ed  b y  th e  to ta l n u m b er o f  
co rresp o n d en ces  found ;

R feca ll) , i.e . th e  n u m b er o f  v a lid  co rresp o n d en ces  found , d iv id ed  b y  th e  to ta l n u m b er o f  valid  
co rresp o n d en ces  fo r th e  tex t p a ir  in  question ;

E ffec tiveness, o r  F  (=  2-P-R /(P+R )), a  freq u en tly  u sed  co m b in atio n  v a lu e  o f  P  an d  R  (see v an  
R ijsb e rg en  1979, ch. 7).
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T h e  k in d s  o f  co rresp o n d en ces reco g n ized  as a  p r io r i  v a lid  in  th e  p a ra lle l tex ts  w ere  (easily  
reco g n izab le ) lo a n w o rd s  ( in c lu d in g  p ro p er nouns) an d  co g n a tes, n o t n ecessarily  b e long ing  to  the  
sam e  p a rt o f  sp eech  in  th e  tw o  languages, b u t co n ta in in g  th e  sam e n u m b er o f  lex ica l 
m o rp h em es’, fo r  exam ple:

L I (Sw edish ) w ord  form L2 correspondence

Sw-Ar europa Europe N ®l“vrvby

Sw-Sp kritiserar criticize V critica criticism  N

Sw-Sc populärare more popular A populam ost popularity  N

Sw-En skepsis
slakt

scepticism  N 
slaughter N

scepticism
slaughtered

O n ly  th e  w o rd s in  the  la s t co rresp o n d en ce  p a ir  in  tin s  lis t {sla k t - 
th e  o thers are  lo an w o rd s (in c lu d in g  p ro p er n am es).

sla u g h tered )  are  cognates. A ll

T h e  m o n o lin g u a l w o rd  co m p ariso n  experim en ts w ere  ca rried  o u t in  a  s im ila r fash ion: F o r  each  
te x t, a  list o f  its  w o rd  to k en s  w as p repared . E ach  item  in  th is  lis t w as  com pared  w ith  each  o f  the  
item s fo llow ing  it, and  th e  tw o sim ilarity  values (M E L  an d  sm alles t C O G ) w ere  ca lcu la ted  fo r 
e ac h  w ord  p a ir  th u s com pared . P , R  and  F  w ere  ca lcu la ted  in  th e  sam e w ay  as fo r th e  para lle l 
tex ts , b u t ch eck ed  ag a in s t a  d iffe ren t lis t o f  v a lid  co rresp o n d en ces th an  in  th e  b ilin g u al 
ex p erim en ts, o f  course . T h e  c rite ria  used in  co m p ilin g  th is  lis t w ere  th a t the co rresp o n d en ces 
sh o u ld  be m o rp h o lo g ica lly  re la ted  w ords, b y  the  m o rp h o lo g ica l m ech an ism s o f  (no t necessa rily  
p ro d u c tiv e) in flection , d eriva tio n , o r both  deriva tio n  a n d  in flec tio n , b u t exc lu d in g  co m p ound ing , 
fo r  exam ple:

En democracy
democracy

correspon ds

democratic
democrats

to

PI nowy
g£osowa£oby

new A
would vote V

wznowieniem
g£osy

renewal N  
votes, voices N

Sw minskar 
företagandet 
activity N

diminish  V 
the business

m inskning
företagens

diminishing  N  
the businesses’ N

4. Results
E ac h  o f  th e  ex p erim en ts  y ie ld ed  a  ran g e  o f  p rec is io n /reca ll v a lu es, w h ich  (to g e th e r w ith  th e  
re su ltin g  F  v a lu es) w ere  p lo tted  ag a in st th e  co rresp o n d in g  th resh o ld  v a lu e s '”, resu ltin g  in  a  
n u m b e r o f  d iag ram s like  th e  o n e  sh o w n  in  figu re  4 , w h ere  th e  p erfo rm an ce  o f  b o th  m e th o d s  o n  
m o n o lin g u a l S erb o cro a tian  d a ta  is  d isp layed .

’ In practice, this criterion excludes all words containing more than one lexical morpheme, since, out of the 
languages investigated here, only Swedish and English make extensive use of compounding and only in Swedish 
are compounds written as one word (hence the low word count for Swedish in the table in figure 2).

In order to make the values obtained by the two methods comparable, COG thresholds were mapped into the 
LCS threshold range using the following functions: (500-COG) /  500 (bilingual case) and (230--COG) / 200 
(monolingual case)
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S en sib le  L C S  th resh o ld  values ten d ed  to  fa ll in  th e  ran g e  0 .4 5 -0 .8 , in  s tep s  o f  0 .05 , w hile  th e  
v a lu es  fo r C O G  varied  w ith  th e  ty p e  o f  p ro b lem . V alues o f  5 0 -2 5 0  in  s tep s  o f  25 tu rn ed  ou t to  be  
a  su ita b le  ran g e  fo r fo r the  b ilin g u al ex p erim en ts, w ith  F v a lues p eak in g  fo r th resh o ld s  in  the  
ran g e  1 5 0 -2 0 0 , w h ile  th e  m on o lin g u al ex p erim en ts  need ed  less range  a n d  fin e r g ranularity : 5 0 -  
150 w ith  s tep  size  10 an d  the m ax im al F  v a lu es  o ccu rrin g  in  th e  th resh o ld  in te rv a l 9 0 -1 1 0 .

SERBOCROATIAN MONOLINGUAL DATA

F ig u re  4: P recision , reca ll a n d  F  f o r  the  m o n o lin g u a l S erb o cro a tia n  experim en t.

F o r L C S , too , th e  resu lts  w ere sy stem a tica lly  d iffe ren t fo r th e  tw o  k in d s  o f  p ro b lem . W e find  th a t 
m ax im al F  v a lu es  w ere  o b ta in ed  fo r th resh o ld s  b e tw een  0 .6  and  0.5 in  th e  b ilin g u a l case, b u t in  
th e  th resh o ld  in te rv a l 0 .8 -0 .7  in  th e  m o n o lin g u a l experim ents. F ig u re  5 sh o w s th e  m axim al F  
v a lu es  o b ta in ed  in  a ll th e  experim en ts.
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F-VALUES: ALL COMPARISONS

a B:LCS 
a B:COG 

oMiLCS  
#M :COG

T H R E S H O L D

F ig u re  5: M a x im a l F  va lu es  o b ta in ed  in  the m o n o lin g u a l (circles) a n d  b ilin g u a l 
(triang les) experim en ts, f o r  bo th  L C S  (unfilled) a n d  C O G  (filled). The ‘L C S  reg io n s ’ 
a re  m a rk e d  w ith  d a sh e d  lines.

5. Discussion and conclusions
T h e  p ic tu re  w h ich  em erg es  fro m  th e  resu lts  o f  th e  ex p erim en ts  lead s to  a  clear, b u t fro m  a  
lin g u is tic  p o in t o f  v ie w  so m ew h a t dep ressing  conclu sio n : L C S  p erfo rm s b e tte r  overa ll. T h is  is 
su rp ris in g ; th e  ex p ec ta tio n  w as  th a t C O G — w ith  its  g rea te r lin g u is tic  so p h istica tion— w o u ld  hav e  
sh o w n  b e tte r p e rfo rm an ce  (o r b een  o n  a  p a r  w ith  L C S ), a t least fo r  th e  p ara lle l tex ts , w h ich  are, 
a f te r  a ll, its  ‘n a tu ra l d o m a in ’ a s  an  a lg o rith m  fo r co m p arin g  re la ted  w o rd s in  d iffe ren t languages.

I t  i s  tm e  th a t th e  m ateria l ex am in ed  is  very  sm all, and  th u s  n o  v ery  re liab le  s ta tis tica l co rre la tio n s 
c a n  b e  e stab lish ed  o n  th e  b as is  o f  it. O n  th e  o th e r hand , h o w ev er, fo r  a ll th e  lan g u ag e  p a irs  an d  
lan g u ag es, L C S  p erfo rm s co n sis ten tly  b e tte r th a n  C O G .

S o m e  co n ce iv ab le  reaso n s  fo r  th is  co u ld  be:

(1 )  T h e  o rig in a l fo rm u la tio n  o f  C O G  u ses a  coarse  p h o n e tic  tran scrip tio n  in stead  th e  
co n v en tio n a l o rth o g rap h y  u se d  here . T hus, i t  co u ld  b e  th a t th e  p erfo rm an ce  o f  th e  a lg o rith m  is 
d eg rad ed  b y  o rth o g rap h ic  ‘n o is e ’. T h is can n o t ap p ly  fo r th e  m o n o lin g u a l experim en ts, how ever.

(2 )  C O G  w as  o rig in a lly  d ev ised  fo r a  d iffe ren t ty p e  o f  p ro b lem — n am ely  th a t o f  a lig n in g  w o rd  
fo rm s  fo r  h is to rica l reco n stru c tio n — ^than th e  tw o  to  w h ic h  i t  w as  ap p lied  here . T h is  sh o u ld  n o t
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b e  a  p ro b lem , since  the  m ech an ism s an d  p ro cesses  th a t m u st b e  reck o n ed  w ith  a re , b y  and  large, 
th e  sam e  fo r all th ree  p rob lem  do m ain s (see, e .g .. L ass  1977).

(3 ) 'H iere  is  n o t en o u g h  (or n o t th e  r ig h t k in d  o f) lingu istic  k now ledge  in  C O G . I t  has  som etim es 
b een  suggested , (e.g . B o rin  1991; K essle r 1995; C ov in g to n  1996) th a t  a  d is tan ce  m etric  fo r 
p h o n o lo g ica l seg m en ts  cou ld  b e  u sed  as a  co st schem e fo r lin g u is tic  s trin g  com parisons. 
P re lim in a ry  experim en ts w ere carried  o u t o n  p arts  o f  the  tex t m ateria l u s in g  a  m o d ified  version  
o f  th e  C O G  algo rithm , w here  co n so n an ts  a re  com pared  accord ing  to  th e ir  p lace  and  m anner o f  
a rticu la tio n , and  vow els  acco rd ing  to  (b in ary ) p h ono log ica l featu re v a lu es. T he resu lts  w ere far 
fro m  encourag ing , how ever; reca ll in c reased  to  som e ex ten t, b u t a t th e  co s t o f  m u ch  low er 
p rec is io n  scores, w ith  a  resu ltin g  overall w o rse  p erfo rm ance, i.e. th e  m e th o d  fo u n d  too  m any  
in v a lid  co rrespondences. M ore ex p erim en ts  w ith  v arious co s t ass ig n m en t sch em es are  needed , 
h o w ev er, befo re  th is  id ea  can  be d ism issed  as n o t w orkable.

O n  th e  p o s itiv e  side , L C S  is th e  less reso u rce-d em an d in g  o f  the  tw o  a lg o rith m s, w ith  quadratic  
co m p lex ity , in stead  o f  the  ex p o n en tia l co m p lex ity  o f  C O G . W e a lso  k n o w  th a t b igram  
co m p ariso n s are  ab o u t as good  as L C S , a t le a s t fo r som e w ord  co m p ariso n  ta sk s . M cE nery  and 
O akes (1996) find  th a t b ig ram  D ice  sco res p erfo rm  sligh tly  be tte r th a n  e d it d is tan ce  (i.e., a  
m e th o d  com parab le  to  L C S ) fo r fin d in g  tran s la tio n  equ ivalen ts  in  p ara lle l co rpora, w hile  
L am b ert (1997) arrives a t the  o p p o site  resu lt: ed it d istance o u tp e rfo rm s b ig ram  and  trig ram  
co m p ariso n  on  the  ta sk  o f  d e te rm in in g  th e  co n fu sab ility  o f  (A m erican ) d rug  nam es. G iven  th a t 
th e  tim e  co m p lex ity  o f  b ig ram  co m p ariso n  is lin ear in  the  su m  o f  the  len g th s  o f  th e  strings, and  
g iv en  th e  resu lts  p resen ted  here , b ig ram  co m p ariso n  should  b e  the  m e th o d  o f  ch o ice  for m any 
w o rd  co m p ariso n  app lications. H ow ever, L C S  (o r a  s im ilar m ethod , su ch  as ed it d istance) should  
b e  ch o sen  i f  th e re  is a  need  to  k eep  a  s ta tis tic a l reco rd  o f  character su b stitu tio n s , e.g . fo r adapting  
th e  w o rd  co m p ariso n  m eth o d  to  a  sp ec ific  lan g u ag e  o r language  p a ir  and  a  sp ec ific  p rob lem  
d o m ain .

6- Future work
O u r fu tu re  w o rk  w ith in  th is  p ro b lem  a rea  w ill concen tra te  o n  th e  fo llo w in g  issues:

(i) T e s t w h e th er th e  resu lts  h o ld  fo r la rg e r te x t m ateria ls  and  m o re  languages;

(ii)  In v es tig a te  o th e r s tring  co m p ariso n  m e th o d s, e.g. n o n -sy m b o lic  m e th o d s  su ch  as neural 
n e tw o rk s , o r  o th er au to m atic  lea rn in g  m e th o d s  su ch  as th a t d escrib ed  b y  R is tad  an d  Y anilos 
(1 9 9 6 ), w h ich  h av e  b een  sy stem a tica lly  le ft o u t o f  th e  p reced in g  d iscussion ;

(iii)  In v es tig a te  w h e th er th e  language  o r lan g u ag e  p a ir  and  th e  k in d  o f  co rresp o n d en ce  (e.g. loan­
w o rd , cog n ate , in flec tiona lly  o r  d e riv a tio n a lly  re la ted ) show s a  co rre la tio n  v d th  th e  perfo rm ance 
o f  th e  co m p ariso n  m ethods. T h e  re su lts  p resen ted  in  th e  p rev io u s sec tio n  do  sh o w  d ifferences fo r 
th e  tw o  k in d s  o f  p rob lem : L C S  th resh o ld s  w ere  h igher, an d  C O G  w as  m o re  sensitive , in  th e  
m o n o lin g u a l experim en ts, b u t th is  w as  n o t in v estig a ted  a t th is  tim e;

(iv ) P u rsu e  fu rth er th e  id e a  o f  d ev isin g , o n  lin g u is tic  g rounds, a  m o re  e ffec tiv e  co s t assignm en t 
sch em e fo r th e  w o rd  co m p ariso n  p ro b lem s con sid ered  h ere  (see  th e  p reced in g  section). T his 
co u ld  invo lve, e.g ., add itional p rep ro cess in g  o f  th e  te x t in  o rd er to  m ak e  th e  o rthography  m ore 
p h o n o lo g ica l.
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