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Welcome

John Kuhlmann Madsen
D ean  o f  th e  F acu lty  o f  H um an ities , U n iv ersity  o f  C o p en h ag en  

L ad ies  and  gen tlem en , d ear co lleagues,

I h av e  b een  told th a t th is  is th e  seco n d  tim e y o u  have h o n o u red  o u r  F acu lty  w ith  a N o d a lid a  
m eeting . T he first one to o k  p lace  in  th e  n o w  -  co m p u ta tio n a lly  sp eak in g , i f  y o u  a llow  m e -  
a lm o st p reh isto ric  y ear o f  1979.

P e rm it m e  to  take som e m in u tes  o f  y o u r p rec ious tim e to  ta lk  ab o u t language  stud ies in  ra ther 
genera l term s.

T h e  sev en ties  w ere  th e  h ey d ay  o f  m ass iv e  s tuden t in te rest in  fo rm al lin gu istics. In  la ter years w e 
d isco v ered  a  ra ther d is tu rb in g  m o v em en t aw ay fro m  the  fo rm al asp ec ts  o f  language study, m ore 
o r le ss co rrespond ing  to  th e  ex o d u s fro m  the m aths and p h ysics d ep artm en ts. A  coup le  o f  years 
ago  w e  m ade  a sm all su rvey  o f  th e  m o d e m  language departm en ts, fo cu s in g  on  the  them es o f  the  
m in o r  th eses , (w h ich  are  co m p u lso ry  fo r o b ta in ing  th e  M A  degree). I t w as shock ing  fo r m e to  
learn  th a t in  tw o consecu tive  acad em ic  years there  w as no  m in o r th e sis  on  theo re tica l aspects o f  
g ram m ar, phono logy , o r sem an tics, in  E ng lish , F rench , G erm an , o r S pan ish . T he closest w e g o t 
to  lin g u is tic s  in  language s tu d ies  w ere  the  essays on  soc io lo g ica l aspects  o f  som e speech  
co m m u n ity  in  som e d is tan t reg io n a l areas, and  th e  like. W e can  d e tec t the  sam e tendency  w hen  
ap p lican ts  m ake th e ir firs t cho ice : firs t in  line  w e have  p sy ch o lo g y , genera l literatu re, film  and  
m e d ia  stud ies, h is to ry  o f  art, p h ilo so p h y , thea tre  stud ies, and  h is to ry . I am  sure yo u  g e t the  
o v era ll p ic tu re: th e  m a in  in te rest lies  w ith in  h erm en eu tics  and  aesth e tics. A ccord ing  to  fe llow  
d ean s  from  o th e r a rts  and  h u m an ities  facu lties  th e  resu lts  o f  o u r su rv ey  are n o t excep tional. W e 
are  fac ing  a  s im ilar tren d  in  th e  n in e ties . T h e  w ay I see it, w e are ta lk in g  ab o u t a  tren d  tha t m u st 
b e  ha lted ; no t to  save o u r lan g u ag e  an d  lingu istics  departm en ts, b u t s im p ly  because th e  sm all 
N o rd ic  coun tries can n o t do w ith o u t to p -lev e l language education . W e like to  th in k  tha t w e speak  
fo re ig n  languages be tte r th an  th e  fo re ig n ers  do. I m u st con fess th a t I am  n o t so  sure o f  the  
co rrec tn ess  o f  th is  op in ion . O n  th e  o th e r hand , y o u  n eed  n o t b e  a  fo rm al lin gu ist to  speak  a  
fo re ig n  language b eau tifu lly , bu t, i f  on ly  a  tiny  m in o rity  fee ls  a ttrac ted  by  th e  s tudy  o f  gram m ar, 
I fea r teach ers  w ill soon  ex p erien ce  so m e d ifficu lty  co rrec ting  th e ir p u p ils .

I fee l th a t in  p ro m o tin g  lin g u is tic  lan g u ag e  stud ies w e are m o v in g  up stream . I am  co n fid en t th a t 
it w ill be w orth  ou r w h ile . H o w ev er, w e  m u st b e  rea lis tic  in  o u r e ffo rts . S om e years ago  o u r 
M in is te r  o f  E d u ca tio n  tried  to  fo rce  stu d en ts  in  specific  d irec tions. H e  succeeded  on ly  in  causing  
sev ere  dam age to  m an y  su b jec t a reas, esp ec ia lly  w ith in  th e  h u m an ities  and , iron ically  enough, in  
th e ir  language  departm en ts. W e still su ffe r from  h is  p ecu lia r id eo logy . T h e  w ay  I see it, th e  
stu d y  o f  language m u st reg a in  its  a ttrac tio n  on  its o w n  te rm s. T h e  jo b s  are  the re , th e  teachers are 
-  s till -  there , b u t h o w  do  w e  a ttrac t s tuden ts  o th e r th a n  th o se  w ho  h av e  been  au  pairs?  T he 
u su a l tr ic k  is to  sit b ack  and  leav e  i t  to  th e  secondary  schoo l system . T h e  in te res t m u st be created  
in  seco n d ary  schoo l, b u t w hy  leav e  it all to  o thers. W hy do w e n o t co llab o ra te  w ith  th e  language
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teachers and  th e ir p rin c ip a ls  to  at least g a in  som e u n d ers tan d in g  o f  the  situ a tio n ?  F o r  o u r p a rt 
tha t is ex ac tly  w h a t w e  are  d o ing  now . In  m id  F eb ru ary  h ead m aste rs  fro m  th e  easte rn  p a rt o f  the  
coun try  w ill m ee t a t o u r  F acu lty  to  s ta rt a  d iscu ss io n  o n  h o w  w e  can  g e t to  u n d ers tan d  each  
o th e r’s needs. H o p efu lly , th a t m eeting  w ill lead  to  fu rth er m ee tin g s  o n  sp ec ific  sub jects, 
inc lud ing  lan g u ag e  an d  lingu istics.

L ast y ear w e n o ticed  an  in c reased  in te rest in  lin g u is tic s  am o n g  o u r app lican ts. H o p in g  fo r a  tu rn  
o f  th e  tid e  I lo o k  fo rw ard  to  w elco m in g  m an y  fu tu re  lin g u is ts  -  co m p u ta tio n a l o r  n o t -  a t o u r 
Faculty . I am  co n fid en t th a t y o u r w ork  -  h ere  and e lsew h ere  -- w ill be  in sp iring  b o th  fo r y o u r 
fe llow  spec ia lis ts  an d  fo r th e  s tudy  o f  language  in  genera l.

It's m y  p leasu re  to b id  y o u  w elcom e to  tw o  days o f  m u tu a l in sp ira tion .

T h an k  y o u
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Introduction

Bente Maegaard
P rogram m e ch air

T he N ord ic  con ference  o f  C om putational L in g u is tic s  (N o rd isk e  D atalingv istikdage, 
N O D A L ID A ) is a  b ian n u a l even t, d irected  to  th e  research ers, s tu d en ts  and  industrialists in  the  
fie ld  o f  com pu tational lin g u is tic s  as w ell as to  a ll in te rested  parties . M o st o f  the  p artic ipan ts  are 
fro m  the  N o rd ic  coun tries.

P apers w ere in v ited  from  all areas o f  co m pu tational lin g u is tics , inc lu d in g  b u t n o t res tric ted  to: 
m orpho log ical, syn tactic , sem an tic  and  tex tua l analysis  and  genera tion , speech  p rocessing , 
m ach ine
transla tion , com p u ta tio n al lex ico g rap h y  and  p ro cessin g  o f  m o n o lin g u a l o r  m u ltilin g u al tex t 
corpora.

T h e  p rog ram m e featu red  m an y  o f  th ese  w ith  a  specific  focus o n  co rp u s  re la ted  w ork , i.e. the 
c rea tio n  o f  co rpora, and th e ir  use  fo r d ifferen t pu rposes. R esearch  and  d ev elo p m en t concern ing  
co m pu ta tional lex ica  w as d iscu ssed  in  a coup le  o f  papers. A n o th er featu re  w o rth  m en tio n in g  is 
th a t several papers d iscu ssed  th e  use  o f  the  In terne t in  co n n ec tio n  w ith  com pu tational lingu istic  
applications: m ak ing  co rp o ra  ava ilab le  on the In terne t, m ak in g  educa tiona l softw are p ackages 
av a ilab le  o n  the  In te rn e t etc.

I w ish  to  th an k  w arm ly  th e  p ro g ram m e com m ittee  w ho  w ith  th e ir  ex p ertise  and  th e ir  read iness to  
p ro v id e  feedback  to  th e  au th o rs  and  to  m e v ery  fast, m ad e  it  p o ssib le  to  p ro v id e  a  v ery  
in te resting  p rog ram m e. T h e  p ro g ram m e com m ittee  co n sis ted  o f  K im m o K oskenn iem i, H elsink i, 
P e te r M olbæ k  H ansen , C o p en h ag en , T o rb jø rn  N o rd g ård , T ro n d h e im , an d  A n n a  S ågvall H ein , 
U ppsa la .

A  p an el d iscu ssio n  on  The N o rd ic  languages in  the In fo rm a tio n  S o c ie ty  - a  re sp o n sib ility  f o r  
co m p u ta tio n a l lin g u is tic s  a n d  co m p u ta tio n a l lingu is ts?  sh o w ed  th a t th e  in te rest fro m  pub lic  
fu n d in g  agencies in  su p p o rtin g  co m pu ta tional lingu is tics  h as  b een  an d  is d ifferen t in  the  various 
N o rd ic  countries. T h e  N o rd ic  C ouncil d iscussed  th e  lan g u ag e  issu e  last M ay , and  it w as 
suggested  th a t a  co o rd in a ted  ap p ro ach  b e  m ad e  to  the  N o rd ic  C o u n cil concern ing  th e  p ro tec tio n  
an d  re in fo rcem en t o f  th e  N o rd ic  languages w h ich  are T ess u s e d ’ o n  a  w o rld  basis.
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LMT at Tivoli Gardens

Arendse Bernth and Michael McCord
IB M  T . J .  W a ts o n  R e s e a rc h  C e n te r  

P .O .B . 704 , Y o rk to w n  H eig h ts, N Y  10598  
arendse@  w atson . ibm . co m  m cco rd @ w atso n . ibm . com

Abstract
T his p ap e r  rep o rts  o n  certa in  aspects  o f  E n g Iish -> D an ish  m a ch in e  tran sla tio n , u sing  a  new ly  
red esig n ed  v ers io n  o f  L M T  th a t is im p lem en ted  in  C and  is cap ab le  o f  tran s la tin g  W eb  pages. 
W e u se  the tran s la tio n  o f  a  W eb p ag e  ab o u t T iv o li G ardens as a  sp rin g b o ard  fo r  d iscu ssio n  o f  
L M T ’s trea tm en t o f  som e p h en o m en a  o f  E n g l is h ^ D a n is h  tran s la tio n , w ith  em p h asis  o n  the 
co n trib u tio n s o f  a  n ew  tran sfo rm atio n a l sy stem  fo r L M T .

1 Introduction
W e w o u ld  like  to  tak e  y o u  to  T iv o li G ardens, ev en  th o u g h  it is m id w in te r. O u r g roup  a t IB M  
R esearch  has b een  w o rk in g  on  a  n ew  v ers io n  o f  the  M T  system  L M T  (M cC o rd , 1989a, 1989b; 
B em th  and  M cC ord , 1991), and w e are  ap p ly in g  it cu rren tly  to  th e  tran s la tio n  o f  W eb  pages. W e 
w ill illu stra te  a  n ew  E n g lish -> D an ish  L M T  p ro to ty p e  on  the  tran s la tio n  o f  a  n ice  W eb page 
ab o u t T iv o li G ardens.

F o r several y ears, th e  L M T  sy stem  w as  dev e lo p ed  in  P ro lo g . T h e  P e rso n a l T ran sla to r 
E n g l is h o G e rm a n  L M T  p ro d u c t (L ehm ann , 1995) is  im p lem en ted  la rge ly  in  P ro lo g . H ow ever, 
th ree  years ago o u r g ro u p  a t IB M  R esearch  d ec id ed  to  redo  our n a tu ra l lan g u ag e  so ftw are  in  C. 
T h is m o v e  w as o rig in a lly  p ro m p ted  b y  a  d esire  fo r inc reased  speed  an d  g rea te r p o rtab ility ; b u t it 
tu rn ed  o u t to  b e  a  g rea t ex cu se  fo r m ak in g  v ario u s  d esig n  im p ro v em en ts, ev en  th o u g h  th e  overall 
s tru c tu re  an d  th eo ry  rem a in  the  sam e.

F irs t th e  S lo t G ram m ar system  (M cC o rd , 1980, 1990, 1993) an d  o u r g ram m ar checker 
E asy E n g lish  (B em th , 1997) w ere  rew ritten , and  th e n  the  g roup  (in c lu d in g  S ue M ed e iro s) tu rn ed  
to  red o in g  th e  L M T  shell. W e h av e  co n cen tra ted  so fa r  m ain ly  o n  th e  E n g lish -> G erm an  v ers io n  
(w ith  C lau d ia  G d an iec  as o u r G erm an  ex p ert), b u t h av e  also  done a  p a rtia l p o rtin g  o f  the  ex isting  
P ro lo g  E n g lish -> D an ish  vers io n . (T he  P ro lo g  v e rs io n  w as b e g u n  b y  B em th  an d  dev elo p ed  
m o re  fu lly  b y  H an n e  Jen sen .) T h e  g roup  w ill so o n  tu rn  to  the d ev e lo p m en t o f  o th e r language 
pa irs  in  th e  n ew  fram ew o rk , s ince  b y  n o w  th e  co re  en g in e  is ra ther w e ll d eveloped .

In  th is  paper, w e  w ill d escrib e  som e cen tra l a sp ec ts  o f  th e  n e w  L M T  sy s tem  th ro u g h  the  
E n g lish -> D an ish  v e rs io n  (E D L M T ). A s o p p o sed  to  som e o f  the  o th e r L M T  lan g u ag e  pairs , e.g. 
E n g lish -> G erm an , E D L M T  m ay  s till b e  co n sid ered  a  “ to y ” sy stem ; fo r in s tan ce  th e  transfer 
lex ico n  is fa irly  sm all, ab o u t 8000  lem m as. N ev erth e less , w e can  g ive  a  g o o d  illu stra tio n  o f  
several tech n ica l fea tu res o f  th e  n e w  L M T  in  th e  co n tex t o f  E n g lish -^ D an ish .
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L M T  is  a  tran sfe r sy stem  co m prising  fo u r m a jo r steps; S o u rce  analysis , lex ical transfer, 
transfo rm ations, and  ta rg e t m o rp h o lo g ica l genera tion . W e w ill n o t a ttem pt, in  th is  short paper, 
to  describe th e  w h o le  system . T he tran sfo rm a tio n a l s tep  is th e  m ost in te resting  fo r p resen t 
concerns, and  w e w ill em p h asize  it in  o u r  exam ples.
T he transfo rm ationa l p h ase  u ses a  new ly  d esigned  tran sfo rm a tio n a l fo rm alism . I t is  a  language 
in  its o w n  righ t, w ith o u t any  “escapes” to  an  u n d erly in g  p ro g ram m in g  language. I t  has a  L isp ­
like syn tax , and  is in te rp re ted  by our C  p ro g ram s in  th e  L M T  shell. T he transfo rm ationa l 
fo rm alism  is d escrib ed  in  d eta il in  (M cC ord  and  B em th , 1998); h e re  w e shall o n ly  g ive a  b r ie f  
descrip tio n  in  the  co n tex t o f  o u r exam ples fo r E D L M T .

2 Web Page Translation
T he n ew  C v ersio n  o f  L M T  can  p rocess co m p le te  H T M L  files  (as  w ell as docum en ts in  o ther 
m ark -up  system s), id en tify in g  the  n a tu ra l language  seg m en ts  an d  rep lac in g  th e m  by  the ir 
transla tions. T h e  trea tm e n t o f  segm en t-in te rnal H T M L  tag s an d  p u n c tu a tio n  (“m ark -u p ”) is 
non-triv ia l, s ince  (1) the  ta rg e t language m ay  hav e  d iffe ren t co n stitu en t o rder and  th e  m ark -up  in  
th e  ta rg e t o u tp u t m u s t b e  p laced  appropria te ly , and  (2) th e  m ean in g  o f  segm en t-in te rna l m ark -up  
(e.g. a  quo te) m ay  d ep en d  o n  segm en t-ex te rna l m ark-up .

T o g eth er w ith  W . R ubin , w e have  developed  “ W eb L M T ”, w h ich  a llo w s users o f  a  W eb  b row ser 
to  get o n -the-fly  tran s la tio n s  o f  W eb p ag es u sing  a  p ro x y  server on  w h ich  L M T  is runn ing . T he 
user can  se lec t th e  ta rg e t language (so far, E n g lish  is th e  on ly  sou rce  language). W ebL M T  
show s b o th  the sou rce  an d  ta rg e t pages in  a  2 -fram e b ro w se r w indow . A ll o f  th is  can  b e  done 
w ith o u t any  add itional in s ta lla tio n  o f  so ftw are  o n  the  u se r’s m ach ine.

F igu re  1 sh o w s th e  W eb L M T  tran s la tio n  fo r E n g l is h ^ D a n is h  o f  o u r  T iv o li W eb  p age. T he U R L  
is:

h ttp ://w w w .d an b b s.d k /~ a is /co p en h ag en /tiv o li.h tm l

T his W eb  p ag e  w as c rea ted  by  H an s-H en rik  T . O h lsen , an d  is  u sed  h ere  w ith  h is  perm ission .

F o r the  rem a in d er o f  th is  p ap er, w e w ill use  the  te x t o f  o u r exam ple  as a  m eans o f  illu stra tin g  
v arious fea tu res  o f  E D L M T . W e organ ize  th e  d iscu ss io n  in  te rm s o f  th e  lin g u is tic  p h en o m en a  
th a t are  trea ted  by  E D L M T — w h ich  com p rise  som e o f  th e  m a in  p ro b lem s in  E n g l is h ^ D a n is h  
transla tion . T h e  p o in t is  n o t to  b reak  any  n ew  lin g u is tic  g round , b u t to  sh o w  h o w  these  
p h en o m en a  are  trea ted  by  L M T , w ith  em p h asis  o n  the  tran sfo rm a tio n a l com ponen t.

3 Treatment of Definite Noun Phrases
O ur firs t p ro b lem  is  th e  trea tm en t o f  D an ish  defin ite  n o u n  p h rases— co rrespond ing  ro u g h ly  to  
E n g lish  n o u n  p h rases  w ith  a  d efin ite  a rtic le  d e te rm in e r (“ th e”). T he D an ish  N P  m ay  have  an  
o v ert d e fin ite  a rtic le  d e te rm in e r o r a  c litic  o n  th e  h ead  n o u n  o f  th e  n o u n  phrase. W e w ill n o t deal 
w ith  th e  d iffe ren ces b e tw een  E n g lish  an d  D an ish  in  th e  u sag e  o f  defin iteness, b u t d em onstra te  
o u r trea tm en t o f  d e fm ites  once  defin iteness h as  b een  estab lish ed . D efin iteness in  th e  D an ish  N P  
m ay  b e  in tro d u ced  b ecau se  o f  a  d efin ite  a rtic le  in  th e  E n g lish , in  w h ich  case  it is in troduced  by  
lex ical tran sfer; o r it m ay  b e  in troduced  fo r o th e r reaso n s, by  a  transfo rm ation .
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W h eth e r th e  D an ish  N P  uses a  c litic  o r n o t dep en d s on  a  n u m b er o f  fac to rs. T h e  basic  case is 
c litic  and  appears w h en  th e  N P  h as n o  ad jec tiv a l p rem od ifie rs  (w ith  a  few  ex cep tions such as 
“ h e l” (“w h o le”)) and  no re s tric tiv e  re la tiv e  c lau se  postm o d ifie rs ; o th e rw ise  an  o v ert defin ite  
a rtic le  is u sed  in  D anish . S ee e.g. (D id erich sen  1987; K oefoed  1987; Jo n es an d  G ade, 1985).

l iv o h  b y  NighI — T fonila lioo  b p  WebLMT • N e tscap e

: So

What is Tivoli Gardais? As its name brother in Italy, just South of Rome, it is a garden with mai^ beautiful flowers. 
Tulips bloom hae  by the houndred thousands, and most o f the trees have been in residence since the opening o f the 
Tivoli Gardens. Also, Tivoli is a place of lights, which makes Tivoli a very special place to visit once it gets dark. You ^  
have to go to Tivoli twice (or for a longtime) if you want to escperienceboth atmospheres o f Tivoli: In the daytime K 
the abundance of flowers, and in the night time the many lights and an atmosphere that could be taken directly from a ^  
fairyUle by Hans Christian Mdereea...... .......................... .......... .................... ...................................................................h ’

Hvad er Tivoli? Som dens navnebroder i Italiwi lige syd Ibi Rom er det en have med mange smukke blomster. 
Tulipaner blomstrer her ved houndred tusinderne, og de fleste af træerne har været tilstede siden Tivolis åbning. 
Desuden er Tivoli et lysenes sted, hvilket gør Tivoli til et m ^ e t specielt sted at besøge, så snart diÆ bliver mørkt Du 
skal gå til Tivoli to gange (eller i lang tid), hvis du vil opleve begge Tivolis atmosfæra: Om dagen overfloden af 
blomster og om natten de mange tys og en atmosfære, der kurme være taget direkte fra et æventyr af Hans Christian 
Andersen.

ofr lOoBunwt Dm

F ig u re  1. W eb  P ag e  T ran sla tio n  by  W eb L M T

T he issu e  is ex em p lified  in  ju s t  ab o u t ev ery  sen ten ce  o f  the W eb p ag e . H ere  is o n e  no u n  phrase  
th a t sh o w s b o th  the  c litic  and  th e  n o n -c litic  cases:

“ th e  ab u n d an ce  o f  flow ers, and  in  th e  n ig h t tim e  the  m any  lig h ts” =>

“o v erflo d en  a f  b lo m ste r og  o m  n a tten  d e  m an g e  lys” .

T h e  fac to rs de term in in g  w h eth er to  u se  th e  c litic  o r  the  n o n-c litic  d e te rm in e r are  s tructu ra l, and 
sp ec ific  to  th e  ta rg e t language (D an ish ). In  L M T , su ch  issues are  h an d led  b y  th e  transfo rm ations, 
w h ich  can  exp lo re , test, and  ch an g e  th e  tre e  s tru c tu re  as it is converted  fro m  th e  so u rce  language 
fo rm  to  th e  ta rg e t language form . T h e  tree s  o p era ted  o n  by the  tran sfo rm a tio n s  are  exp ressed  in  
te rm s o f  ta rg e t language  w ords an d  fea tu res  (resu ltin g  from  lex ical tran sfe r), b u t th ey  beg in  w ith  
sou rce  lan g u ag e  tree  structure.

O ne o f  th e  featu res shared  across a  n o u n  p h rase  (bu t n o t across co o rd in a tio n ) is th e  feature 
“D efin ite” . D u rin g  lex ical tran sfe r, “D e fin ite ” is se t to  true  (m ean ing  a  c litic  w ill b e  u sed ) as the 
d efau lt, an d  the  actual d efin ite  d e te rm in e r is zero ed  o u t (by defau lt) b y  se ttin g  o n e  o f  its features, 
th e  fea tu re  “ IsZ ero ” , to  true . I f  n ecessa ry , th e  tran sfo rm a tio n a l sy stem  w ill la te r change these  
defau lts , u s in g  a  tran sfo rm a tio n  ca lled  n o n c lit ic d e t.
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W e w ill sh o w  h ere  a  so m ew h at s im p lified  v e rs io n  o f  noncliticdet. I t h as  tw o  p arts : o n e  dealing  
w ith  th e  case  o f  a  p rem o d ify in g  ad jective , and  o n e  fo r th e  re s tric tiv e  re la tive  clause . T hese  tw o 
ru les  co u ld  b e  co m b in ed  in to  one ru le  w ith  a  d is ju n c tio n , bu t it is e a s ie r  to  read  sep ara te  clauses, 
w h ich  w ill b e  tried  in  o rder o f  appearance un til one  succeeds, o r th e re  are  no m o re  c lau ses  for th e  
ru le  (as in  P ro lo g  c lau ses  w ith  cuts).

H ere  is th e  c lause  fo r the  case  o f  a p rem o d ify in g  ad jec tiva l, to  be ex p la in ed  below :

noncliticdet

(tf ((POS . noun)))

(tm { *vl

(v2 (th d) )
(v4 (ts nadj))
*v5 
head 

*v6 ) )
(cfl v2 (IsZero . F))
(cfl (Definite . F))

T h e  tran sfo rm a tio n a l a lg o rith m  w ill a ttem p t to  ap p ly  th is  tran sfo rm a tio n  to  every  node . A s it is 
tried  fo r a  g iv en  node n, w e call n  the  node in fo c u s .

T his  tran sfo rm a tio n  has fo u r top -level o p era tio n s, w ith  operato rs tf, tm , c f l , an d  c f l . In  th e  
n am e o f  an  opera tio n , a  b eg inn ing  “f  ’ ind ica tes a  test, and  a  b eg in n in g  “c ” in d ica tes  a  change.

A fte r th a t (in  the  o p era tio n  nam e), w e  u se  “ f  ’ fo r featu res, “m ” for m o d ifie rs , “h ” fo r head  w ord  
(c ita tio n  fo rm ), and  “ s” fo r s lo t (filled  b y  th e  n o d e  in  question). A  v ariab le  n am e  is a “v ” 
fo llo w ed  by  an  in teg er, and  th e  p re fix  o n  a  v a riab le  signals th a t th e  v a riab le  is a  su b lis t 
va ria b le , w h ich  can  m a tch  any  sub lis t o f  a  m o d ifie r list.

T h e  firs t opera tio n , w ith  opera to r tf, te sts  th a t th e  n o d e  in  focus h as  p a rt o f  sp eech  (P O S ) noun. 
G en era lly , t f  can  tak e  any  lis t o f  fea tu re-v a lu e  p a irs , and  can  n o t o n ly  test, bu t a lso  a ss ig n  values 
to  tran sfo rm a tio n  variab les.

T h e  seco n d  opera tio n , w ith  o p era to r tm  (“te s t m o d ifie rs”), gets to  the  h eart o f  th e  m atter. Its  
a rg u m e n t is a  p a tte rn  th a t is m atched  ag a in s t th e  m o d ifie r  list o f  th e  N P . T h e  p a tte rn  has six  
p a tte rn  e lem en ts, d isp lay ed  v ertica lly  here.

T h e  f irs t p a tte rn  e lem en t, * v l , m atch es any  p red e te rm in e rs  (a  su b lis t variab le  m a y  m a tch  nil).

T h e  seco n d  p a tte rn  e lem en t, (v2  (th  d )), illu stra tes  a  genera l featu re o f  th e  p a tte rn  language. A  
p a tte rn  e lem en t m ay  b e  o f  th e  form

(V ar O p l O p 2 ...)

w h ere  th e  variab le  V a r m atch es a  m o d ifie r n o d e  and  th e  opera tions O pi ac t as  te sts  (and  m u st 
succeed ), as i f  th e  m a tch ed  node w ere  th e  n o d e  in  focus. T hese  opera tions can  recu rsive ly  
in v o k e  th e  fu ll p o w er o f  th e  tran sfo rm a tio n  lan g u ag e . T h e  v ariab le  V a r m ay  a lso  b e  a  sub list 
v ariab le , in  w h ich  case  the  opera tions are  tr ied  o n  ev ery  node in  the  m a tch ed  su b list. In  the  
p re sen t case , th e re  is o n e  operation , ( th  d), w h ic h  te s ts  th a t th e  node m a tch ed  has  h ead  w o rd  “d ” .
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w h ich  hap p en s to  be  th e  fo rm  th a t th e  tran sfe r lex icon  g ives to  th e  D an ish  d efin ite  article befo re  
in flec tion . So th is  p a tte rn  e lem en t ju s t  m a tch es the  d efin ite  article .

T he th ird  pattern  elem ent, (v4  (ts  n ad j)), req u ire s  v4  to  m a tch  a  n o d e  w h ich  fills  th e  nadj slot. 
T h e  nadj s lo t can  b e  filled  by  ad jec tiv es , v erb  p artic ip les, and  n u m b e rs , ( 'fh e re  are add itional 
p o ssib ilitie s , w h ich  w e  w ill leave  o u t h e re  fo r th e  sake o f  s im p lic ity .)  So th is  p a tte rn  e lem en t 
finds a  k ey  th ing  fo r th e  tran sfo rm a tio n , an  ad jectival p rem od ifier.

A fter th is, w e have any  m o d ifie rs  *v5, fo llow ed  by  th e  h ead  w o rd , fo llo w ed  by any  
p o stm o d ifie rs  *v6.

I f  th is  m o d ifie r pattern  su cceed s, th e n  w e  con tinue and  th e  firs t c f l  o p e ra tio n  w ill apply,, T his 
opera tio n , (c f l v2  (IsZ ero  . F )), lo oks a t the  d e term in e r n o d e  v2 an d  ch an g es  its IsZ ero  feature to  
F  (false). (R ecall from  ab o v e  th a t th e  d efau lt se tting  (before  tran sfo rm a tio n s) is th a t IsZ ero  =  1').

T h en  w e  do the  nex t change , ( c f l  (D efin ite  . F )). N o te  th a t th is  a p p lica tio n  o f  c f l  has only one 
arg u m en t, the  featu re  setting . G en era lly , w h en  the  n o d e  a rg u m en t o f  an  o p era tio n  is om itted , it 
is u n d ersto o d  to  b e  th e  no d e  in  focus, w h ich  in  th is  case is o u r N P . So  th is  c f l  o pera tion  sets the 
D efin ite  featu re  o f  the N P  to  F.

So  i f  an  ad jectival p rem o d ifie r ex ists, o u r tran sfo rm a tio n  sees to  it th a t th e  defin ite  artic le  is overt 
(IsZ ero  =  F ) and  the  h ead  n o u n  w ill n o t  g e t th e  (defau lt) c litic  (D efin ite  =  F).

I f  th is  tran sfo rm a tio n  fa ils  on  a  n o d e , th e n  th e  nex t ru le  fo r n o n c l i t ic d e t  is tried  on  tha t node. 
T h is  is  th e  ru le  th a t te sts  fo r a  res tr ic tiv e  re la tiv e  c lause  p ostm od ifie r.

noncliticdet
(tf ((POS . noun))
(~' (tsourcepunc , ) )

(tm ( *vl
v2 (th d) )
*v5
head
(v6 (1 (ts
*v7 ) )

:el) (ts nrela)))

(cfl v2 (IsZero , F))
(cfl (Definite . F ) )

In  th is  v e rs io n  o f  the  ru le , w e  te s t th a t th e  re la tiv e  c lause  is n o t  p reced ed  b y  a  com m a in  the  
E n g lish  so u rce  (v ia  th e  tso u rcep u n c  op era to r); th is  fa irly  re liab ly  te s ts  th a t th e  (E ng lish ) re la tive  
c lau se  is restric tive . T h e  d is ju n c tiv e  te s t (| (ts  n re l) (ts  n re la )) o n  th e  m o d ifie r  n o d e  v 6  tests  th a t 
v6  is a  re la tiv e  clause.

N o te ; T h e  re la tiv e  c lause  ru le  fo r n o n c l i t ic d e t  is o rdered  a fte r o th e r tran sfo rm a tio n s  th a t co n v ert 
ce rta in  E n g lish  N P  p o stm o d ifie rs  (lik e  p a rtic ip ia l c lauses) to  D an ish  re la tiv e  c lauses, so th a t w e 
are  rea lly  te stin g  for th e  o ccu rren ce  o f  D an ish  re la tiv e  c lau ses, ev en  th o u g h  th e  E n g lish  m ay  have 
u sed  so m e eq u iv a len t p o stm o d ifie r.
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4 Verb-Second Rule
D an ish  is  a v e rb -second  language— m ean in g  th a t in  an  in d ep en d en t fin ite  clause , th e  fin ite  verb  
is th e  seco n d  constituen t. S ince th is  is a  structu ra l issue, i t  is  a  good  cand idate  for a 
tran sfo rm a tio n .

T h e  verb-second tran sfo rm a tio n  is ex em p lified  by

“ S om  dens navnebroder i Ita lien  lige  sy d  fo r R o m  det er en  h av e  m ed  m an g e  

sm u k k e  b lo m ste r.” =>

“ S o m  dens nav n eb ro d er i I ta lien  lige  syd  fo r R o m  er det en  h av e  m ed  m an g e  

sm u k k e  b lo m ste r.”

“ D esu d en  T ivo li er et lysenes s ted ” => “ D esu d en  er T ivo li e t ly senes s ted ”
F ig u re  2 show s th e  o u tp u t o f  the  m a in  steps in  tran s la tin g  the  la st ex am p le : th e  sou rce  analysis 
tree , th e  lex ical tran sfe r tree, th e  tree  re su ltin g  fro m  ap p lica tio n  o f  all th e  tran sfo rm a tio n s, and the 
ta rg e t s trin g  resu ltin g  from  D an ish  m o rp h o lo g ica l generation .

T h e  v e rb -s e c o n d  tran sfo rm a tio n  in te rch an g es th e  verb  “v æ re” (in fin itiv e  fo r “ er” ) and the  
su b jec t “ T iv o li” , in  o rder to  m ake “v æ re” second , since there  is  an  in itia l adverb . O ther 
tran sfo rm a tio n s  are  invo lved  in  th is  transla tion .

Syntactic analysis no. 1 Evaluation = 2.321000...

■E

vadv
subj(n)
top
ndet
pred(n)

alsoKl) adv 
Tivolil(2) noun propn sg 
bel(3,2,5) verb vfin vpres sg vsubj 
al(4) det sg indef
placel(5,u) noun cn sg 
of 1(6,7). prep1—  nprep otH.b,/J prep

'—  objprep(n) light2(7) noun cn pi

Transfer tree.

o-

TZ

vadv
sub j
top
ndet
pred
nprep
objprep

ogsa 
T ivoll 
være 
en
sted
af
lys

((POS . adv) (PCS . posi) (.HasWh 
((PÖS . noun) (NType 
((POS . verb) (VInfl 
((POS . det) (DType 
((PÖS . noun) (NType 
((POS . prep) (Case 
((PÖS . noun) (NType

F) (Case nom-f 
propn) (NClass) (CCIass) (Pe 
vfin) (Tense . vpres) (Mood 
indef) (Person . pers3) (Numb 
cn) (NClass r) (CCIass) (Per 

dat) (SSlot . nprep)) 
cn) (NClass o) (CCIass) (Per

Restructured tree.

L£
vadv
top
suB J
ndet
objprep
pred

desuden ((POS . adv) (PCS . posi) 
være ((POS . verb) (VInfl
Tivoli ((POS . noun) (NType
en ((POS . det) (DType
lys ((PÖS . noun) (NType
sted ((POS . noun) (NType

(HasWh . F) (Case . nom) ( 
vfin) (Tense . vpres) (Mood . 
propn) (NClass) (CCIass) (Per 
indef) (Person . pers3) (Numbe 
cn) (NClass o) (CCIass) (Pers 
cn) (NClass r) (CCIass) (Pers

Desuden er Tivoli et lysenes sted.

F ig u re  2. S tep s o f  L M T  T ran sla tio n

5 Intrasentential Punctuation
In tra sen ten tia l p u n c tu a tio n  is a  h ig h ly  la n g u ag e-sp ec ific  issue. F o r D an ish , th is  is d e term ined  by 
sen ten ce  s tru c tu re  (a t least in  “ trad itio n a l” D an ish  p u n ctua tion ). T h is  is  a lso  a n  id ea l candidate
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for transfo rm ations. T h e  p u n c tu a tio n  tran sfo rm a tio n s sh o u ld  b e  ap p lied  a t th e  end  o f  th e  
transfo rm ationa l p ro cess , s in ce  th e y  need  to  w o rk  o n  th e  fina l s tru c tu re  o f  th e  sen tence.

T he p u n ctu a tio n  tran sfo rm a tio n s  ap p ly  to  m any o f  the  sen ten ces in  th e  W eb  p ag e  exam ple; ev en  
w here th e  E ng lish  p u n c tu a tio n  h ap p en s to  co incide  w ith  th e  D an ish , th e  p u n c tu a tio n  is ac tua lly  
added  by  a  transfo rm ation .

O ne exam ple  o f  th e  p u n c tu a tio n  tran sfo rm atio n s is show n  in;

“D u  skal g å  til T iv o li to  g an g e  (e lle r i lang  tid), h v is  du  v il o p lev e  b eg g e  T ivo lis  a tm o sfæ rer:” 

H ere  a  co m m a is in serted  b e tw een  th e  m a in  and  dep en d en t c lauses.

6 Compound Nouns
In  D an ish , com pound  co m m o n  n o u n s are m ostly  w ritten  as one  w o rd  w ith  a  p o ten tia l connecting  
soim d (usually  “e” ,” s” , “ e r” , “en ” , o r “ t” ). M o rpho log ica l ru le s  d e te rm in e  th e  com bin ing  form s 
o f  nouns, as illu stra ted  by  “n am e b ro th er” “n av n eb ro d er” .

A  sim p lified  v ersion  o f  th e  p a rticu la r heu ris tic  em p lo y ed  h ere  is:

I f  the  noun  ends in  tw o  consonants, the la st o f  w h ich  is n o t “d ’\  th en  the

co m b in in g  fo r m  is noun+  "e

O f  course  the re  are  m an y  ex cep tio n s to  the  genera l ru les , an d  it  is n o t possib le  to  g e t a ll  
co m bin ing  form s rig h t b ased  on  genera l ru les alone; h o w ev er, in  th e  absence  o f  su itab le  lex ical 
in fo rm ation , ru les p ro v id e  a  no ticeab le  im provem en t in  tran s la tio n  quality .

7 Target Word Selection
T he L M T  tran sfe r lex ico n  can  sp ec ify  tests  tha t d e term in e  th e  p re fe rred  tran sfe r o f  a  g iven  source 
w ord  (sense), based  o n  co n tex t in  th e  sou rce  analysis  tree . T h e  m o s t co m m o n  tests  are  on  th e  
com plem en ts  o f  th e  sou rce  w o rd  sense , and  th ese  tests  m ay  b e  o n  sem an tic  ty p es (using  a  ty p e  
h ie ra rchy), on  m o rp h o sy n tac tic  co n d itio n s, o r o n  spec ific  w o rd s o r phrases. H ow ever, ta rg e t 
se lec tio n  tests  can  ex am in e  any  p a rt o f  th e  source tree , an d  a  g en era l m ech an ism  fo r g e tting  to  
any  p a rt o f  the tree  and  m ak in g  a  te s t is th e  p a th  test.

A  p a th  te s t consists  o f  a  “p a th ”  (d escrib in g  a  w ay  to  g e t to  som e p a rt o f  th e  tree  fro m  th e  no d e  in  
question ), p lus a  te s t to  be p e rfo rm ed  o n  the  destin a tio n  node . F o r  E D L M T , a  p a th  te s t takes care 
o f  tran sla tin g  th e  re la tiv e  p ro n o u n  “ th a t” in to  “der”  i f  it is th e  su b jec t (an d  n o t a  r ig h t con junct), 
an d  in to  “ som ” o therw ise . T h is  g iv es  a  n ice  v aria tio n  ev en  th o u g h  “ so m ” a lso  co u ld  b e  u sed  fo r 
th e  subject.

A  sim p lified  v ers io n  o f  th e  en try  fo r  “ tha t” show s th is . (F o r  th e  sak e  o f  s im plic ity , a ll o ther 
an a ly ses  o f  th is w o rd  h av e  b een  om itted .)

that

< pron sg def 

> if (pth (sf subj -u (sf nrel)) der
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if (pth — u (sf nrel)) som 
else den (png pers3 sg nt)

T h is  en try  firs t g ives th e  head  w o rd  “th a t” , th e n  th e  source e lem en t (p reced ed  b y  and then  
th e  co rrespond ing  ta rg e t e lem en t (p reced ed  by  In  th e  ta rg e t e lem en t, a  p a th  te s t (signaled  
b y  “p th ”) tests  w hether th e  w o rd  fills  th e  su b jec t slo t, and  w h e th er its  m o th e r (“u ” for “up one 
lev e l” ) fills  a  re la tive  c lause  slo t. (T he  la tte r is a  te s t th a t th e  p ro n o u n  is  a  re la tiv e  p ronoun .) I f  
th e  te s t succeeds, the  tran sfe r is “der” . I f  it does n o t succeed , th e  n ex t te s t is tried . T his ju s t  
ch eck s w h e th er it is indeed  a  re la tiv e  p ro n o u n  (b u t n o t a  sub ject), in  w h ich  case th e  transfer is 
“ so m ” . I f  it is a  p ronoun , bu t n o t a  re la tive  p ro n o u n , th e  tran s la tio n  is  “d en ” .

A n  ex am p le  is:

“an  a tm o sp h ere  th a t cou ld  b e  ta k en ” =>

“ en  a tm osfæ re, der kunne v æ re  ta g e t”

T h e  P ro lo g  v ersion  o f  L M T  m ad e  use  o f  a  sp ec ia l an ap h o ra  re so lu tio n  m o d u le  (L app in  and  
M cC o rd , 1990a, 1990b; L ap p in  and  L eass, 1994); th is  is n o t im p lem en ted  fo r th e  C  v ersion  yet.

8 Unknown Words
W o rd s n o t found  in  the  lex icon  are  assu m ed  to  be  p ro p er n o u n s and  a re  n o t translated . O f  
course , th is  also  applies to  sp e lling  erro rs. T h e  W eb page has a  sp e llin g  error: “b y  the  houndred  
th o u san d s” , w h ich  is th e  sou rce  o f  a  bad  translation : “ ved  h o u n d red  tu s in d e rn e” . T he
tran s la tio n  shou ld  have b een  “ i h u n d red e tu sin d v is” .

9 Conclusion
O u r trip  to  T ivo li G ardens has illu s tra ted  a  n u m b er o f  featu res o f  E D L M T  d irec tly : T rea tm ent o f  
th e  defin ite  a rtic le  by w ay  o f  a  tran sfo rm a tio n ; trea tm en t o f  d iffe rence  in  w o rd  o rd e r exem plified  
b y  th e  v erb -seco n d  rule; in trasen ten tia l pu n c tu a tio n ; co m bin ing  fo rm s o f  nouns; and transfer 
ch o ices  in  th e  lexicon.

In  ad d itio n  to  these, a  n u m b er o f  o th e r  fea tu res have  b een  illu s tra ted  ind irec tly . T he m ost 
n o tab le  are  the  fo llow ing : O u r trea tm en t o f  H T M L  files, w h ich  a llo w s u s  to  h o o k  up  L M T  to do 
o n -th e -fly  tran s la tio n  o f  W eb p ag es; th e  h ig h  quality  o f  the  so u rce  an a ly sis  b y  E n g lish  S lo t 
G ram m ar, w h ich  a llow s accu ra te  tran sfe r o n  b o th  a  lex ical and  a  s tru c tu ra l level; and  the  D an ish  
g en e ra tio n  m orpho logy . T h ese  fea tu res  co m p rise  b o th  lan g u ag e-sp ec ific  parts  and  language- 
in d ep en d en t parts.

O u r fo cu s has b een  o n  th e  p arts  th a t are  sp ec ific  to  the  language  p a ir  E n g lish -> D an ish , b u t w ith  
em p h asis  o n  lan g u ag e-in d ep en d en t m e th o d s  (transfo rm ations and  lex icons).

A ll o f  th ese  featu res and  m e th o d s co n trib u te  to  th e  quality  and  u se fu ln ess  o f  L M T .
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Abstract
T h is  p ap er starts w ith  a  b r ie f  o v era ll p resen ta tio n  o f  the A V E N T IN U S  pro jec t, m ere ly  a  list o f  
th e  d iffe ren t inc luded  m o d u les  and  som e com m ents. T h en  fo llow s a  d iscu ss io n  ab o u t d rug  te rm i­
n o lo g y  and  fin a lly  a  d esc rip tio n  o f  th e  desig n  and im p lem en ta tio n  o f  a  ta ilo red  m u ltilingual drug 
te rm in o lo g y  database in  M S A ccess. T h e  u sed  tags and  links are  p resen ted  and  d iscussed  and the  
in p u ttin g  situa tion  is described . T h en  som e num erical deta ils  o f  th e  datab ase  and  a  short con ­
clu d in g  rem ark  are given.

Project description
T h e  A V E N T IN U S  Project* a im s a t su p p o rtin g  an  A d vanced  In fo rm a tio n  S ystem  fo r M ultina­
tio n a l D ru g  E nforcem ent. It is fu n d ed  by  th e  E uropean  U n io n  in  th e  L in g u is tic  E ng ineering  (LE) 
P rog ram , and  has several d ev e lo p m en t an d  u se r partners. T he go al o f  th e  p ro jec t is to  support 
d m g  en fo rcem en t w ith  m u ltilin g u a l lin g u is tic  expertise. A V E N T IN U S  w ill su p p o rt com m unica­
tio n  b y  p ro v id in g  ling u is tic  to o ls  to  o v erco m e language co m m u n ica tio n  barrie rs. U sers should  be 
ab le  to  access in fo rm ation  a n d  rece iv e  resu lts  o f  search  req u ests  in  th e ir  ovra n a tiv e  language, 
ev en  i f  th e  in fo rm ation  is d e riv ed  fro m  fo re ig n  language sources.

T h e  lan g u ag es dea lt w ith  in  th e  firs t p h ase  are  E ng lish , G erm an, S p an ish , an d  Sw edish .

A V E N T IN U S  w ill p ro v id e  m o d u les  an d  com ponen ts th a t can  b e  lin k ed  to  an d  in teg ra ted  into the  
u sers  do m estic  env ironm en ts. M o d u la rity  and  in teg ratab ility  are  th e  m o st p ro m in en t features o f  
th e  so ftw are  so lu tions to  b e  p ro v id ed .

T h e  partic ip a tin g  users are  d o m estic  p o lice  o rgan isations and  in te llig en ce  ag en c ies  and  the Euro- 
p o l D ru g  U n it (E D U ). In te re st fro m  o th e r au tho rities  h av e  a lso  b een  n o ticed , though .

' For an exhaustive description of the project, see [THUR97] or take a look at our AVENTINUS web page at 
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T he d a ta  to  b e  h an d led  by  A V E N T IN U S  are  o f  sev era l types, th e  m o s t im p o rtan t ones fo r 
A V E N T IN U S  bein g  tex tu a l data. T exts from  o p e n  s o u rc e s , m a in ly  n ew sw ire  tex ts  an d  in te r n a l  
c o m m u n ic a tio n  tex ts , lik e  p o lice  reports , w ill be co n sid ered .

A ccord ing  to  th e  U se r R equ irem en ts R eport, tliere are  tw o  m a in  scen ario s  th a t sh o u ld  be  su p ­
ported , the  In d e x in g  (D a ta  E n t iy )  S c e n a r io  and  th e  R e tr ie v a l  (A n a ly s is )  S ce n a rio .

In  the  In d ex in g  S cenario , u sers  are  con fro n ted  w ith  in co m in g  tex ts  from  d iffe ren t sou rces (fax , 
te lex , e lec tron ic) in  d iffe ren t languages. T h ey  h av e  to  d ec id e  w h e th e r a  g iven  in p u t te x t is re le ­
van t o r no t. A V E N T IN U S  w ill support th is  scenario  b y  p ro v id in g  tran s la tio n  su p p o rt too ls, and  
by  p ro v id in g  in fo rm atio n -u n d erstan d in g  to o ls  (ind ex in g , in fo rm a tio n  ex traction).

In  the  R etriev a l S cenario , search  sup p o rt w ill co m p rise  to o ls  like  n am e search  (translite ra tion , 
s im ilarity  o f  n am es) o r te x t search  b o th  in  s tru c tu red  an d  tex tua l da tabases. T ran sla tio n  sup p o rt 
too ls  w ill be re sp o n sib le  to  tran sla te  th e  search  req u es ts  as w ell as th e  search  resu lts  (s tructu red  
o r tex tu a l) in to  th e  n a tiv e  language  o f  th e  searcher

T o  sup p o rt th e  scenarios, A V E N T IN U S  w ill p ro v id e  d iffe ren t ty p e s  o f  co m ponen ts, such  as 
T ra n s la t io n  S u p p o r t ,  I n f o rm a t io n  P ro c e s s in g  S u p p o r t ,  and  S e a rc h  S u p p o r t .

T he p ro jec t w ill have  th ree  ty p es o f  tran s la tio n  su p p o rt too ls. T erm  Substitu tio n , T ra nsla tion  
M em o ry , and  M a ch in e  T ransla tion . A ll o f  th em  w ill b e  ava ilab le  as stand-alone to o ls  accessing  
co m m o n  lex ical reso u rces , and  as com ponen ts to  b e  ca lled  from  standard  W indow s ed ito rs  such  
as W inW ord . T h ere  w ill b e  several com p o n en ts  to  p ro cess  th e  in co m in g  tex ts , an d  p ro v id e  fu r­
th e r in fo rm a tio n  fo r la te r  re trieval, fo r in stan ce  In fo rm a tio n  E x tra c tio n  and  In d ex in g

S earch  S u p p o rt re fe rs  to  sev era l requ irem en ts, fo r  in stan ce  (i) req u es ts  in n a tu ra l la n g u a g e , as 
w ell as in  som e s tru c tu re d  fo r m ,  (ii) req u es ts  in  a  n a tive  la n g u a g e  in s tead  o f  th e  fo re ig n  lan ­
guages o f  the  d a tab ase  to  b e  searched  and  (iii) q u ery  exp a n sio n  and  n av ig a tio n  p o ssib ilitie s  in  the  
area  o f  te x t search . S earch  in  b o th  struc tu red  d a tab ases  an d  in  a  tex tu a l ones w ill b e  supported . 
T he co m p o n en ts  to  b e  o ffe red  com p rise  the  fo llow ing : N a m e Search , S earch  in texts, an d  S ea rch  
in  s tru c tu re d  da tabases. In  o rd e r to  su p p o rt th e  A V E N T IN U S  app lica tio n , th ree  ty p es  o f  lin g u is­
tic  reso u rces  w ill b e  se t u p  w h ich  have  to  do  w ith  b o th  m u ltilin g u a l issues and  d o m a in  m o d e l­
ling: L ex ica l D a tabase, Thesaurus, and  D o m a in  M o d e l

T h e  arch itec tu re  o f  A V E N T IN U S  fo llo w s tw o  b as ic  p rin c ip les . I t m u s t b e  b ased  o n  co m p o n en ts  
th a t can  b e  in teg ra ted  in  a  v ery  flex ib le  w ay  in to  th e  ex is tin g  sy stem  env iro n m en ts  o f  th e  users 
and  it m u s t b e  v ery  f lex ib le  in  th e  in te rac tio n  o f  th e  in te rn a l com ponen ts. In  m an y  co m p o n en ts  
th e  A V E N T IN U S  fu n c tio n a lity  m ay  be ca lled  fro m  a  s tan d ard  te x t p ro cessin g  system . T h e  in ter­
face  w ill b e  av a ilab le  o n  several p la tfo rm s.

A  firs t v e rs io n  o f  the  A V E N T IN U S  d a ta  p oo l, in c lu d in g  te s t tex ts  an d  te rm in o lo g y , is im p le ­
m en ted , as a  p o o l to  c rea te  reso u rces  and  te s t sp ec ifica tio n s. T he co m p le te  system  spec ifica tio n s
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h av e  been  w ritten  and rev iew ed , so m e o f  the  A V E N T IN U S  co m p o n en ts  (transla tion  m em ory , 
m ach in e  transla tion) are o p era tio n a l an d  a  te st p la n  is ava ilab le , w ith  E u ro p o l as th e  first te stin g  
env ironm ent.

Drug terminology
O u r assignm en t in  th e  p ro jec t is cu rren tly  tw ofo ld . O ne is to  co llect, s tructure , link and  
‘lin g u is tica lly ’ ed it the  d rug  te rm s fo r a ll languages invo lved . T h e  o ther one  is to  develop lin ­
gu is tic  resources fo r Sw edish . O n ly  th e  fo rm er w ill be  d iscu ssed  in  th is  paper. I t is m ainly  the  
respon sib ility  o f  M aja  L in d fo rs  V ik lu n d , Y vonne C ederho lm  and  m yself, w here  m y  Job is and  
h as  been  to  design , im p lem en t and  m a in ta in  a  database  to  sto re  and  link, th e  term s locally .

D ru g  te rm ino logy  [M L V 97] d iffe rs  from  ‘n o rm a l’ te rm in o lo g y  in  a  substan tia l w a y -a s  p robab ly  
m o s t crim inal te rm in o lo g y  d o e s -a s  i t ’s p a rtly  used  n o t to  m ake  co m m u n ica tio n  easie r bu t ra ther 
to  h id e  facts. T he fac t th a t m an y  o f  th e  te rm s are  slang  w ords o r  a rg o t on ly  em phasises th is  d if­
fe rence  still m ore. N o rm ally , one  can  assum e a  te rm in o lo g ica l en v iro n m en t to  co v er a  ra ther sp e­
cific , w ell defined  dom ain , an d  to  b e  ra th e r co nsisten t w ith  re sp ec t to  am bigu ity  and  stability  in  
m ean in g  and  also  o ften  in  g row th . In  the  case  o f  d rug  re la ted  te rm in o lo g y  w e face a  qu ite  d iffe r­
en t situa tion . T he dom ain  in c lu d es su ch  opposite  areas as s tree t s lang , p o lice  an d  custom  v o ­
cabu lary , drug leg isla tion , m ed ica l trea tm ent, com plex  ch em ica l com pounds. N e w  p ro d u c ts -  
b ased  up o n  new  chem ica l fo rm u las  (referred  to  as desig n er drugs)-eeiQ. constan tly  developed  to  
k eep  th e  trade ahead  o f  the  le g is la tio n  since  a  drug is n o t p ro h ib ited  in  o u r socie ty  un til it‘s ex ­
p lic itly  p u t on the  list o f  illega l d rugs, i.e. c lassified  as narco tic .

T h e  te rm s in  our d rug  te rm in o lo g y  co v er areas such  as:

NOD ALIDA; Copenhagen, January 1998 15



cultivation  -  geographical areas, traditions 
and methods
production  -  handling of substances 
substance -  types of drugs, names 
trade — related places and persons

•  equipment -  tools and accessories
•  abuser -  often nicknames according to the 

drug in question
•  symptom ~ behaviour and experiences

W e h av e  u n til to d ay  co llec ted  som e 13,000 term s a ll toge ther. M o stly  E ng lish  (ro u g h ly  5000), 
and  S w ed ish  (4000), b u t a lso  som e 20 0 0  G erm an  an d  ab o u t th e  sam e am o u n t o f  Spanish . 
S ince w e  w o rk  in  S w eden  it has ap p aren tly  b een  eas ie r fo r us to  co llec t S w ed ish  te rm s than  
te rm s fro m  th e  o th e r languages inv o lv ed  an d  th a t ex p la in s  w hy  w e , re la tiv e ly  sp o k en , have 
ra th e r m an y  S w ed ish  ones. I t is a lso  qu ite  n a tu ra l th a t th e  n u m b er o f  E ng lish  te rm s is equally  
h igh , o r in  fac t h ig h er, since  w e are u s in g  E n g lish  as a  p iv o t language. In  ad d itio n  th e re  is the  
ob v io u s in flu en ce  fro m  the  A n g lo -A m erican  cu ltu res  up o n  the  w es te rn  E uropean  coun tries, 
re flec ted  b o th  in  life  an d  language. T h e  re la tiv e ly  lo w  am o u n t o f  G erm an  and  S p an ish  term s 
is, to  so m e ex ten t, ex p la in ed  by  th e  fac t th a t w e  s till h a v e n ’t  com e th a t far in  co llec tin g  term s 
fro m  th e se  languages.

W h en  th e  p ro jec t w as  designed , it w as assum ed  th a t th e  users, m a in ly  p o lice  and  in te llig en ce  
o rg an isa tio n s and  the  E D U , shou ld  p ro v id e  us  w ith  tex ts  and  lists o f  term s. B u t in  rea lity  th is  
has n o t w o rk ed  v ery  sm ooth ly , perhaps due to  th e  ra th e r d e lica te  na tu re  o f  th e se  tex ts  and  
lists. M o st o f  th e  p o lice  o rgan isations h av e  b een  v ery  re lu c tan t to g iv e  any th ing  aw ay . T his is 
u n d ers tan d ab le  b u t p rob lem atic . T here  are  so m e ex cep tio n s though . T he S w ed ish  p o lice  o r­
g an isa tio n s h av e  b een  v ery  co -operative  and  h av e  su pp lied  th e  p ro jec t w ith  a  lo t o f  m ateria l. 
F o r in stan ce , w e h av e  a  very  go o d  re la tio n sh ip  w ith  S v en sk a  N ark o tik ap o lis fo ren in g en  
(S N P F ), w ith  th e  S w ed ish  offic ia ls  in  E uro p o l, an d  w ith  th e  S w ed ish  N atio n a l P o lice  A cad ­
em y. T h ey  h av e  su p p lied  us  w ith  a  lo t o f  m a te ria ls  an d  in  re tu rn , I m ig h t add , w e  h av e  had  
som e o p p o rtu n itie s  to  h e lp  th em  [H ol97].

A m o n g  o th e r th in g s SN P F  has g iv en  u s -o n  d isk e tte - th e  tex t to  th e ir b o o k  B a sfa k ta  om  
n a rko tika  [S N P F 96] (B asic  facts ab o u t narco tics). T h e  b o o k  deals w ith  a lm o st ev ery th in g  in  
th is  co n tex t an d  w e  h av e  b een  ab le to  ex trac t n u m ero u s  te rm s fo r drugs, to o ls , trea tm en t o f  
add ic ts , leg is la tio n , etc. fro m  th is text. A n o th e r m a in  so u rce  fo r th e  co llec tio n  o f  d ru g  re la ted  
te rm s is  In tern e t. I t ’s am az in g  w h at y o u  can  fin d  the re . P rice  lis ts , recipes, a rtic le s, etc. etc. 
So, su rfin g  th e  In te rn e t h as  becom e m o re  w o rk  th a n  p leasu re  fo r u s , a t least in  th is  respect. 
W e h av e  a lso  co llec ted  n ew sp ap er a rtic les  a b o u t d ru g s  an d  o th e r re la ted  to p ics  an d  se t up  
w o rd  lis ts  an d  co n co rd an ces to  find  m o re  te rm s.

The ‘tagset’
T h e  in itia l b u lk  o f  te n n s  th a t w e co llec ted  w ere  p rep a red  in  a  un ix  en v iro n m en t an d  im p o rted  
in to  th e  d a tab ase  w h ere  th e  te rm s th en  h av e  b een  fu rth e r analysed . T h e  tags w e  u se  are:

1. Part o f  speech 5. Subdomain — type o f  drug
2. Type o f  term  ~ D; ‘drug term’, G: ‘General 6. Concepts -  links to the domain model

language term’ 7. Comment -  free comment
3. Language -  EN, ES, DE or SE 8. Original language -  Chinese, Swahili, Inca,
4. Definition — given in English and/or in a 

‘native’ language
... whatever (not used for the moment)
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T h e  th ree  firs t tag s  are  com p u lso ry . T h e  res t are, fro m  th e  da tab ase  p o in t o f  v iew , op tional. O f  
course, w h en  a  te rm  is  fu lly  ana lysed , all re lev an t tag s  sh o u ld  b e  g iven . T h e  su b d o m a in  tag  is 
u sed  to  c lassify  th e  te rm s in to  d rug  categories like  can n a b is, coca in e , hero in , op ium  etc. T he 
co n cep t tag s  c lassify  th e  te rm s in to  categories w ith in  th e  a rea  o f  d ru g s and  re la ted  (crim inal) 
ac tiv ity  and  behav iou r, fo r in stan ce  drugs, too ls, d iffe ren t ty p es  o f  g eo g ra p h ica l loca tions, 
organ isa tions, p e r s o n s  etc. T h e  se t o f  concep ts is d ec id ed  u p o n  in  co -opera tion  w ith  th e  
A V E N T IN U S  g roup  a t th e  u n iv e rs ity  in  Sheffield  w ho  w o rk s w ith  th e  on to lo g y  (i.e. the  w orld  
m odel, o r ra th e r in  th is  case  th e  d o m ain  m odel). T h e  co n cep t tag s  are  hen ce  the links from  the 
d rug  te rm in o lo g y  to  th e  o n to lo g y  in  th e  pro ject.

W e use  th ree  sem an tic  links, o f  w h ich  the  firs t one  is o p tio n a l in  th e  sam e sense  as above, 
w h ile  the  tw o  o thers are  tru ly  op tional.

•  Language equivalence -  to a term in the 
pivot language

•  Synonym -  to term(s) in the same language
•  Hyperonym -  to term(s) in the same language

The database
T he te rm s and  th e  tag s  are  s to red  in  a  re la tiona l datab ase  im p lem en ted  in  M S A ccess 8.0. The 
m ain  tab le  is ca lled  Term  and  con ta ins a  u n ique  id e n tifica tio n  n u m b er, the  te rm  itse lf, a  no r­
m a lised  form , m ain ly  u sed  fo r so rting  purposes, a  read in g  n u m b er (in  case o f  h o m ography  o r 
po lysem y) and a  sh o rt fo rm  fo r language. T h e  co n cep ts  an d  su b d o m ain s are sto red  in  separate  
tab les S u b d o m a in s L  and  C o n cep ts  L  w ith  u n ique  id en tifica tio n  n u m b ers  and  the links in  sp e­
c ia l link  tab les S u b d o m a in s  an d  C oncep ts  w ith  p o in te rs  to  T erm  an d  S u b d o m a in s L  and  Term  
and  C oncep ts L  respec tive ly .

Database relations
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T h ere  are  o tlie r tab les  in  the d a tab ase  than  th o se  sh o w n  in  the fig irre . F o r in s tan ce  the  ra ther 
im p o rtan t tab le  N extA va ila b leN u m b er, th a t p ro v id es  n ew  term s, an d  so m e o th e r  en tities as 
w ell, w ith  u n iq u e  ID -num ber. A ll links b e tw een  te rm s and  p ro p e rtie s  use  th e  id -num bers  in ­
stead  o f  th e  te rm s them selves. T h is  te ch n iq u e  ensu res th a t all e s tab lish ed  links are  k ep t u n ­
ch an g ed  ev en  i f  th e  te n n s  are co rrec ted  fo r m issp e llin g s  o r i f  the  o rd e rin g  o f  read in g  num bers 
are  ch an g ed  o r w hatever. To en su re  th a t no  links are  se t u n ex p ec ted ly  th e se  ID -n u m b ers  are  
n ev er a llo w ed  to  b e  reused . T h a t is, i f  a  te rm  fo r som e reaso n  is d e le ted  fro m  th e  tab le  Term , 
th e  freed  id -n u m b er is ju s t  th ro w n  aw ay.

The interface

_ _ _ ............ .................. .

The A VENTINUS Drug Enforcement Input Screen

E x istin g  te rm s a re  se lec ted  in  th e  sm a lle r u p p e r  w in d o w  in  the  lis t fie ld , i.e . a  fie ld  th a t lists 
all en tries  in  th e  ta b le  Term  in  a lp h ab e tica l o rder. B y  k ey in g  in  one  o r m o re  le tte rs  in  th e  fie ld , 
th e  lis t p o s itio n s  i ts e lf  to  th a t p a rt o f  th e  a lp h ab et. W h en  a  te rm  is se lec ted , a ll ta g s  are  au to ­
m a tica lly  fe tch ed  an d  m ad e  av a ilab le  fo r ed itin g  in  th e  b ig g e r w indow .

T o  en te r a  n ew  te rm  one c licks o n  th e  N e w  term-hvSXon in  e ith e r o f  the  tw o  w in d o w s. T h en  a  
sep ara te  in p u t w in d o w  appears th a t fo rces  th e  u se r  to  in p u t no t ju s t  th e  te rm , b u t a lso  th e  type  
and  th e  p a r t  o f  sp eech . T his w in d o w  w ill a lso  g iv e  in fo rm atio n  ab o u t th e  p resen ce  o f  any  
o th e r h o m o g rap h s  to  th e  one g iv en  an d  i f  so  g iv es  a  w arn ing .
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W hen a  n o n -E n g lish  te rm  is en tered  it shall b e  lin k ed  to  an  E n g lish  eq u iv a len t term . I f  no n e  
ex ist w e try  to  fin d  one so m ew h ere  in  o u r sources. I f  th a t isn ’t  p o ss ib le  w e can  in  m o s t cases 
g e t a  lin k  th ro u g h  a  h y p ero n y m  and  as a la st reso u rce  w e in v en t a  te rm  by ‘p la in  tran s la tio n ’. 
T he link in g  is carried  o u t b y  selecting  the  ta rg e t(s) fro m  a  lis t fie ld  th a t con tains th e  a lready  
ex isting  te rm s in  th e  sam e language  (synonym s and  h y p ero n y m s) o r in  E ng lish  (equ ivalen ts).

W hen an  eq u iv a len ce  lin k  is estab lished , all o th e r te rm s in  the  o th e r tw o  non-p iv o t languages 
th a t are  linked  to  th e  sam e p iv o t te rm  w ill au to m atica lly  p o p  up  in  th e  E quiva lence  fie ld . T hus 
one  can  g e t a  p ic tu re  o f  the  popu la rity  o f  a  te rm  (=  d rug ) in  th e  o th e r tw o  non-p ivo t languages. 
In  the  exam ple  o f  th e  S w ed ish  te rm  koka in  in  th e  figu re  there  are  no  less th en  88 links, o f  
w h ich  o n e  is th e  p iv o t te rm  (in  E ng lish ) w h ile  the  o th e r rep resen t th e  bou q u et o f  sy nonym s fo r 
th is  p o p u la r d rug  in  G erm an  (66) and S pan ish  (21). T h e  co rresp o n d in g  lis t o f  (15) te rm s in  
Sw edish  is sho w n  in  th e  sy n o n y m  field . To see th e  E n g lish  sy n o n y m s w e ju s t  p ick  th e  E n g lish  
cou n terp art as th e  m a in  en try . In  the  case o f  coca ine  th e re  are  no  less than  99 synonym s.

W hen a  n o n -E n g lish  te rm  is linked  to a  p iv o t te rm  in  E n g lish , it w ill au to m atica lly  be  linked  
to  a  su b d o m a in  an d  a  co n cep t v ia  the already  estab lish ed  links fro m  th e  p iv o t term . S ince  n o t 
a ll these  te rm s are lin k ed  y e t- th e  p ro jec t is still in  p ro g re ss -th e re  is an  op tional p o ssib ility  to 
link  ‘m a n u a lly ’ as w ell.

T o  each te rm  a  d e fin itio n  m ay  be given. T he defin itio n s m ay  be g iv en  in  E ng lish  an d /o r in  a 
native  (no rm ally  S w ed ish ) language. W e g o t a  se t o f  te rm s fro m  th e  G erm an  B undesK rim i- 
n a lA m t (B K A ) an d  so m e o f  th em  w ere g iv en  a  k in d  o f  ro u g h  d efin itio n  in  G erm an. T he 
‘native  language  d e fin itio n s’ are  m ere ly  u sed  as a  w ay  to  g iv e  a  p re lim in ary  d efin ition , p e r­
haps to  b e  tran s la ted  la te r  o r  ev en  handed  o v e r to  a  (h u m an ) tran s la to r. T he m ain  p u rp o se  o f  
the  d efin itions are  to d ay  to  serve as an  a id  an d  a  bases  fo r c lass ifica tio n  and  link ing .

A t irreg u lar o ccasions, th e  w h o le  database  is ex p o rted  in to  tex tfile s  and  tran sm itted  v ia  the 
‘n e t’ to  G M S  in  M u n ich , w h ere  th e  p ro jec ts  m a in  da tab ase  is  im p lem en ted .

Statistics and examples
H ere are som e n u m b ers , d raw n  from  th e  database . N o te  th a t th e se  num b ers  m ay  d iffe r from  
w hat is m en tio n ed  in  th e  tex t, depend ing  on  th e  fac t th a t a ll te rm s are  n o t ye t in c lu d ed  in to  th e  
database  and  ce rta in ly  n o t fu lly  analysed . S ta tis tic s  lik e  th e se  re fle c t th e  p resu m ed  fac t th a t th e  
am oun t o f  te rm s fo r a  ce rta in  drug , or class o f  d rugs, is  re la ted  to  th e  usage in  a  socie ty . P er­
haps w e  w ill ev en tu a lly  fin d  som eth ing  m o re  ex c itin g  than  th is  ra th e r obv ious fact. B u t i t ’s 
too  early  to  go  in to  th is  yet, th e  da ta  has to  b e  m o re  co m p le te  first.
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Subdomains:

Concepts:

Enslish German Spanish Swedish Total
Terms 5414 2181 1719 1829 11143
I.inked to equivalence 1860 985 1421 4266

Amphetamine 283 35 3 49 370
Cannabis 871 68 29 74 1042
Cocaine 600 55 20 56 731
Heroin 247 73 15 35 370
Opium 95 59 4 22 180

Drug: substance 2631 545 n o 229 3515
Drug: tool 65 3 1 18 87
Person: dealer 55 11 4 24 94
Person: user 108 7 11 43 169

T he fo llow ing  exam ples fro m  th e  d a tab ase  a re  th o ro u g h ly  d iscu ssed  in  [M L V 97].

In h erita n ce  exam ple.

English German Spanish Swedish

deal deal dilear dila
flip (out) ausflippen flip flippa
snort snorten snortar snorta
speed (n) Speed espid speed

S m u g g ler  exa m p le . 

mula (ES)
Körperschmuggler (DE) 
bodypacker (EN) 
bollbärare (SE) 

sväljare (SE)

burro (ES)

culero (ES) 
vaginera (ES)

T h e ‘sm u g g le ’ te rm s all m ean s in  p rin c ip a l the  sam e th ing , a  p e rso n  w h o  sm u g g les  d rugs, b u t 
v a ry  fro m  th e  ‘p ack  an im a ls’ v ia  so m e ra th e r n eu tra l te rm s to  th e  ex trem es  th a t d escrib e  how , 
and  ev en  w h ere  in  the  body , th e  d ru g s are  sm uggled . T h is  can  b e  seen  as an  illu stra tio n  o f  
h o w  cu ltu ra l a ttitudes m ay  b e  re fle c ted  in  language.

C a p ita l le tter  exam ple . H  is u sed  as sh o rt fo r heroin-^ and  has th e n  b een  ex p an d ed  to  horse , 
p e rh ap s to  in d ica te  the  s tren g th  in  th e  d rug . T h e  sam e te rm  then  sh o w s u p  in  th e  o th e r lan ­
g uages as / / a n d  P ferd , / / a n d  caba llero , an d  / / a n d  häst.

Conclusions
T h e  a rea  o f  d rug  te rm in o lo g y  is to  o u r  k n o w led g e  a  ra th e r u n ex p lo red  fie ld  o f  research  and 
sh o w s som e in teresting  d ev ia tio n s fro m  ‘n o rm a l’ te rm ino logy . A ll th e  lin k in g  o f  te rm s to  
sy n o n y m s and  h y p ero n y m s an d  to  E n g lish  ‘eq u iv a len ts’ resu lts  in  a  n e tw o rk  o f  re la tio n s b e­
tw een  te rm s th a t in  m any  resp ec ts  a re  n o t y e t fu lly  tak en  advan tage  o f  So , w h en  th e  database 
is ‘re a d y ’, I th in k  w e  w ill h av e  a  g o o d  fram ew o rk  to  sta rt som e ra th e r in te res tin g  issues.

■ The figure 8  (//being  the 8:th letter o f  the alphabet) is also used as a synonym for heroine.
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T h ere  h av e  a lso  b een  sug g estio n s to  b ro ad en  th e  datab ase  b o th  w ith  re sp ec t to  o th e r languages 
an d  to  in tro d u ce  n ew  dom ains. T he da tab ase  co u ld  th e n  be  used  a s  a  foun d atio n  to  create an 
in te rn a tio n a l p o lice  th esau ru s. T h is  m ay  g iv e  us a  lo t to  do in  the  fu tu re .

I t seem s to  us th a t th e  A ng lo -A m erican  in flu en ce  on  th e  d rug  v o cab u la ry  is  m o re  p ro n o u n ced  
in  n ew ly  in tro d u ced  d rugs, w h ils t o ld e r m o re  estab lish ed  drugs te n d  to  develop  a  dom estic  
vocab u lary . I f  th is  is a  tendency  th a t w ill su rv ive  is h o w ev er hard  to  tell.

T he w o rk  has  b een  ra th e r ted io u s and  o ften  qu ite  d ifficu lt since n o n e  o f  us are  a  m u ltilingual 
d ru g  ab u se r w ith  k n o w led g e  in  s lang  fro m  the  s tree ts  o f  H am b u rg , L iverpoo l, B a rce lo n a  o r 
M ölndal. W e have  g o t good  help  th o u g h , fro m  po licem en  and fro m  p eo p le  w e k n o w , w ith  
in s ig h t in to  the  d o m a in  an d /o r th e  d iffe ren t languages.

A t la s t I w an t to  em p h asise  th e  use  o f  M S A ccess  in  a  nu m b er o f  d iffe re n t a reas o f  research . It 
can  b e  u sed  to  sto re  sm all o r m ed iu m  sized  d a tabases and  can  eas ily  be  learned  to  m aste r by 
lin g u is ts  w ith  a  little  h e lp  from  th e ir friends. I t  has becom e m y standard  desk top  da tab ase  tool.
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K e y w o rd s : A V E N T IN U S , G A T E , In fo rm atio n  E x traction , S w ed ish  L ingw are

Abstract
T his rep o rt p resen ts  an  o u tlin e  o f  th e  S w ed ish  L ingw are  co m p o n en ts  in teg ra ted  in  th e  L anguage 
E n g in eerin g  app lication  d ev e lo p m en t en v iro n m en t o f  G A T E . T h is  is  an  o n g o in g  w o rk  w ithin th e  
fram ew o rk  o f  the  L an g u ag e  E n g in ee rin g  p ro jec t A V E N T IN U S .

A V E N T IN U S , A d v a n c e d  In fo rm a tio n  S ys tem  fo r  M u ltilin g u a l D ru g  E n forcem ent, is a  
m u ltilin g u a l in fo rm atio n  p ro cess in g  p ro jec t financed  b y  th e  E u ro p ea n  U n io n , L anguage 
E n g in eerin g  p rogram , w ith  co n trac t re fe ren ce  L E l-2 2 3 8  10335/0. T h e  A V E N T IN U S  p ro jec t is a  
u ser- and  data-orien ted  p ro jec t, ad d ress in g  the  needs o f  E u ro p ean  p o lice  an d  law  en fo rcem en t 
ag en c ies  on  p reven tion  and  d e tec tio n  o f  d rug -re la ted  o ffenses, su ch  as m o n ey  laundering , drug 
tra ffick in g , d rug  abuse etc. A V E N T IN U S  is also  expec ted  to  b e  ex ten d ed  and  u sed  in  re la ted  to 
d rug  en fo rcem en t fie lds such  as o rg an ized  crim e.

T he rep o rt w ill concen tra te  o n  a  co n c ise  d esc rip tio n  o f  th e  o n g o in g  d ev e lo p m en t, in tegration  and  
ev a lu a tio n  o f  S w ed ish  lin g w are  co m p o n en ts  in  G A T E . T h ese  co m p o n en ts  as w ell as the  tex tua l 
m a te ria l used , th a t is co rpora , o f  th e  n a rco tica  su b co rp o ra  d o m ain  w ill b e  d iscussed .

F irst, a  b r ie f  overv iew  o f  th e  A V E N T IN U S  pro jec t, its  goa ls  and  ch arac te ris tic s  are  p resen ted . 
T h en  a  descrip tio n  o f  G A T E  an d  th e  in fo rm atio n  ex traction , IE , ta sk  o f  th e  p ro jec t w ill be 
d iscu ssed . F inally , th e  d esc rip tio n  o f  S w ed ish  m odu les, co m p ris in g  th e  necessa ry  lingw are  fo r 
the  IE  ta sk  w ill b e  g iven . T h ese  m o d u les  and  the  in te rac tio n  b e tw een  th e m  w ill be illu stra ted  
w ith  co n cre te  exam ples. F u rth e rm o re  th e  so ftw are /lin g w are  sp ec ifica tio n s, req u irem en ts  and , 
w h en  appropria te , som e p re lim in a ry  p erfo rm an ce  m easu res  w ill be  g iven .

1. Introduction
T h is  rep o rt p resen ts  an  o u tlin e  o f  S w ed ish  L ingw are  com p o n en ts  in teg ra ted  in  th e  L anguage 
E n g in eerin g  ap p lica tio n  d ev e lo p m en t en v iro n m en t o f  G A T E . T h is  is  o n g o in g  w o rk  w ith in  the  
fram ew o rk  o f  the  L an g u ag e  E n g in ee rin g  p ro jec t A V E N T IN U S . F irs t, a  b r ie f  ov erv iew  o f  the  
A V E N T IN U S  pro ject, its  g o a ls  an d  ch arac teristics  are  p resen ted . T h e n  a  d esc rip tio n  o f  G A T E  
and  th e  in fo rm ation  ex traction , IE , ta sk  o f  th e  p ro jec t w ill be  d iscu ssed . F in a lly , the  descrip tion  
o f  S w ed ish  m odules, co m p ris in g  th e  necessa ry  lin g w are  fo r th e  IE  ta sk  w ill b e  g iven. T hese 
m o d u les  and  the  in te rac tio n  b e tw een  th em  w ill be illu stra ted  w ith  concre te  exam ples.
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F u rth e n n o re  th e  so ftw are/lingw are  sp ec ifica tio n s, requ irem en ts an d , w h en  appropria te , som e 
p re lim in a ry  p erfo rm an ce  m easu res  w ill b e  g iven .

2. The AVENTINUS Project
A V E N T IN U S ', A d va n c ed  In fo rm a tio n  S ys tem  fo r  M u ltilin g u a l D ru g  E n fo rcem en t, is a 
m u ltilin g u a l in fo rm ation  p rocessing  p ro jec t financed  by th e  E u ro p ea n  U n io n , L anguage 
E n g in eerin g  p rog ram , (L E l-2 2 3 8  10335/0). T h e  A V E N T IN U S  p ro jec t is a  user- and data- 
o rien ted  p ro jec t, addressing  the  n eed s o f  E u ro p ean  p o lice  and  la w  en fo rcem en t agencies on  
p rev en tio n  and  d etection  o f  d ru g -re la ted  o ffenses, such  as m o n ey  la im dering , d rug  traffick ing , 
d ru g  ab u se  etc ., re ferred  to , in  th e  re s t o f  th e  rep o rt, as d ru g  en forcem en t. A V E N T IN U S  is also 
ex p ec ted  to  be  ex ten d ed  and  used  in  re la ted  to  d rug  en fo rcem en t fie ld s  su ch  as o rgan ized  crim e. 
T h e  eco n o m ica l and  social im p ac t o f  su ch  p ro jec t is ev ident, d ru g  tra ffick in g , dealing  and  
co n su m p tio n  po ses  one o f  th e  g rea test th rea ts  to  the  E uropean  n a tio n s. T h e  goal o f  the  p ro jec t is 
th u s  to  su p p o rt d rug  en fo rcem en t w ith  m u ltilin g u a l lingu istic  expertise . T h e  A V E N T IN U S  users 
sh o u ld  b e  ab le  to  access in fo rm atio n  in  th e ir o w n  n ative  lan g u ag e  and  rece iv e  th e  resu lts o f  
sea rch  req u ests  in  th e ir ow n n a tiv e  lan g u ag e  as w ell, even i f  the  in fo rm a tio n  is derived  from  
fo re ig n  lan g u ag e  resources.

A V E N T IN U S  focuses on th ree  m ain  areas:
T r a n s la t io n  s u p p o r t  a n d  too ls

te rm  substitu tion , tran sla tio n  m em o ry  an d  m ach ine tran sla tio n ;
I n fo r m a t io n  p ro c e ss in g

co m p o n en ts  fo r IE , n am ed  en tity  reco g n itio n ; in te lligen t in dex ing ;
tem p la te  genera tion , in  s tan d ard  as w ell a s  in  In terpo l fo rm s (u se r req u irem en ts);

S e a rc h  s u p p o r t
q u ery  expansion , tran slite ra tio n  an d  n am e sim ilarity .

In  th e  firs t p h ase  o f  A V E N T IN U S , th e  lan g u ag es analyzed  and  p ro cessed  a re  G erm an , E ng lish  
a n d  S pan ish , w h ile  S w ed ish  is p art o f  th e  seco n d  phase.
I t  sh o u ld  be  em phasized  tha t th e  m ain  ta sk  o f  A V E N T IN U S  is n o t co n cen tra tin g  o n  constructing  
a  n e w  fu ll-fled g ed  in fo rm ation  system  fo r th e  d ru g  dom ain , as th e  A V E N T IN U S  u sers  have th e ir 
o p era tio n a l en v iro n m en t in  p lace  a lready . In stead , A V E N T IN U S  p ro v id es  m o d u les  and  
co m p o n en ts  w h ich  can  be lin k ed  to  an d  in teg ra ted  in to  th ese  en v iro n m en ts . T h u s, the  tw o  
p red o m in an t featu res o f  A V E N T IN U S  are  m o d u la rity  and  in teg ratab ility .

3. GATE/IE and AVENTINUS

3.1 GATE
G A T E , G en era l A rch itec tu re  f o r  T ex t E n g in eer in g , C unn ingham  e t al. (1995 , 1997), G aizauskas 
e t  a l. (19 9 6 b ), is  an  ap p lica tio n  d ev e lo p m en t en v iro n m en t w h ich  su p p o rts  n a tu ra l language 
en g in ee rin g  tasks. G A T E  has b een  ch o sen  b y  A V E N T IN U S  for th e  in fo rm atio n  ex trac tio n  task . 
In  G A T E , h e te ro g en eo u s natu ra l lan g u ag e  co m p o n en ts /so ftw are  m ay  be ev a lu a ted  an d  refined

More information about the project can be found:
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in d iv id u a lly  o r m ay  b e  co m b in ed  in to  la rger app lica tions. G A T E  su p p o rt bo th  researchers and  
d ev elo p ers  w ork ing  o n  co m p o n en t tech n o lo g ies  (e.g . tag g in g , p a rs in g ) and  th o se  w ork ing  on  
d ev e lo p in g  end -u ser ap p lica tio n s (e.g. in fo rm ation  ex trac tio n , te x t sum m ariza tion ). G A T E  is an  
in teg ra ted  co llec tio n  o f  to o ls  b u ilt upon  a  s tandard ized  m o d e l o f  s to rag e  an d  re trieva l develo p ed  
b y  th e  T IP S T E R  p ro g ram . T IP S T E R  is an  A R P A -fu n d ed  p ro g ram  o f  research  and  d ev elo p m en t 
in  in fo rm ation  re triev a l an d  ex traction , in v o lv in g  the  c rea tio n  o f  a  standard  
arch itec tu re /in te rfaces  fo r sy stem s d ea lin g  w ith  in fo rm a tio n  re triev a l and  ex traction .

Figure 1. pie'

COM

arcfutectarfet figure taken fi"oni GATE'S web-site. (Site visited 06/11/97)

CREOlf CCI

Figure 1. The Gate architecture, figure taken from GATE'S web-site, (sote visited 06/11/97

G A T E  consists  o f  th ree  m a in  parts;
T h e  G A T E  d o cu m en t m anager, G D M , b ased  on  th e  T IP S T E R  docum ent 

m anager, G rish m an  (1996);
A  C o llec tio n  o f  R E u sab le  O b jects  fo r L E , C R E O L E , w h ich  is a  set o f  

lan g u ag e  en g in eerin g  m odu les in teg ra ted  w ith  the  system , 
su ch  as tag g ers  an d  parsers;

T h e  G A T E  G rap h ica l In terface, G G I , w h ich  p ro v id es  in teg ra ted  access to  the 
serv ices o f  th e  o th e r com ponen ts.

3.2 Information Extraction
In fo rm atio n  ex trac tio n , IE , is  th e  m ap p in g  o f  u n seen  n a tu ra l lan g u ag e  tex ts  in to  p red efin ed , 
fixed -fo rm at, s tru c tu red  rep resen ta tio n s  o r tem plates. T h e  tem p la tes , w h en  filled , rep resen t an  
ex trac t o f  key  in fo rm atio n  fro m  the  o rig ina l tex t. T h e  resu ltin g  d a ta  can  be  fu rth er u sed  fo r 
in te llig en t index ing , fo r s to rin g  in to  a  database , fo r q u eerin g  o r  fo r ju s t  d isp lay in g  it to  an  en d - 
u ser. IE  system s are  o ften  tie d  to  a  p a rticu la r ap p lica tio n  d o m a in  o r scenario , and  they  are 
co m p u ta tio n a lly  as w ell as  k n o w led g e  in tensive  to  bu ild .

F o u r ty p es  o f  IE  ta sk s  are  iden tified :
N a m e d  e n tity  re c o g n itio n , id en tifica tio n  o f  a ll th e  n am es  o f  peo p le , p laces, 

o rg an iza tio n s, dates, am o u n ts  o f  m oney ;
C o re fe re n c e  r e s o lu t io n , id en tifica tio n  o f  id en tity  re la tio n s  (anaphoric  

re fe ren ces) be tw een  en tities  in  tex ts;
T e m p la te  e le m e n t c o n s tru c t io n ,  (TE), a sso c ia tio n  o f  d esc rip tiv e  in fo rm ation
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w ith  th e  en tities , su ch  th a t ” L u le å  l s _ a  c i t y  i n  Sweden” ;

S c e n a r io  te m p la te  c o n s tru c t io n  , link in g  o f  T E  in to  even ts  an d  re la tio n  
d escrip tions.

T h e  V IE , V anilla  IE , system , fo llo w in g  G A T E , has been  d ev e lo p ed  a t th e  U niv . o f  Sheffield . 
V IE  is u sed  fo r b u ild ing  a  m ode l o f  a  te x t fo r d ifferen t p u rposes, su ch  as M U C -6  tasks, tex t 
su m m ariza tio n  and  fo r co m p o sitio n a lly  co nstruc ting  sem an tic  rep resen ta tio n s o f  sentences 
in teg ra ted  in to  a  ”d iscourse  m o d e l” . V IE  is a  m odu larized  v ers io n  o f  the  lassie  system . L arge  
S ca le  In fo rm a tio n  E xtraction , a lso  dev e lo p ed  a t the  U niv . o f  S heffie ld , (G aizauskas e t al. 1995). 
V IE  h as  b een  th e  starting  p o in t fo r th e  d ev e lo p m en t o f  the S w ed ish  L in g w are .

3.3 Multilingual GATE/IE and AVENTINUS
A V E N T IN U S  p rov ides m u ltilin g u a l access to  in fo rm ation  ex trac ted  fro m  tex ts. T herefo re , the IE  
co m p o n en ts  hav e  to  cope w ith  m u ltip le  in p u t languages. T h is  is so lv ed  b y  du p lica tin g  parts  o f  
th e  E n g lish  IE  system  fo r each  in p u t language. E ach  lan g u ag e-sp ec ific  IE  system  is p roducing  
re su lts  to  each  o f  th e  A V E N T IN U S  o u tp u t languages.

Figure 3. The AVENTINUS ontological objects.

S in ce  A V E N T IN U S  is in te rested  o n  d ru g  en fo rcem en t ac tiv ities , (cf. C u n n in g h am  e t al. 1996), 
th e  en titie s  o f  in terest are  p erso n s, co m m u n ica tio n  and  tran sp o rta tio n  m ean s, p laces, 
o rg an iza tio n s, dates, tim e sequences and  o f  co u rse  d rug  substances an d  d ru g -re la ted  too ls, (fo r 
th e  la tte r  en titie s  see L in d fo rs  V ik lu n d  1997). A  n u m b er o f  re la tio n s b e tw een  th e se  en tities, 
u su a lly  in  th e  fo rm  o f  even ts, is a lso  spec ified , fo r in stan ce  b e tw een  peop le , buyer-seller, 
b e tw een  p eo p le  and  com pan ies etc.
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4. Swedish Lingware in GATE

4.1 Introduction
T h e  fo llow ing  ch ap ters  g iv e  a  co n cise  descrip tio n  o f  th e  o n g o in g  dev elo p m en t, in teg ra tio n  an d  
eva lua tion  o f  S w ed ish  lin g w are  com ponen ts in  th e  lan g u ag e  eng ineering  app lication  
dev elo p m en t en v iro n m en t o f  G A T E . T hese co m p o n en ts  as w e ll as th e  tex tua l m ateria l used, th a t 
is corpora, o f  th e  n a rco tica  subcorpora  do m ain  w ill b e  d iscu ssed . T he fo llow ing  s tages are  
carried  o u t by  th e  IE  system :

L an g u ag e  Id en tifica tio n  
T ok en iza tio n  
P art-o f-S p eech  tag g in g  
N am e en tity  reco g n itio n  
C oreference  reso lu tio n

T ex t ty p e  id en tifica tio n  
S en tence b o u n d ary  id en tifica tio n  
M o rp h o lo g ica l an a lysis  
P arsing
D isco u rse  in te rp re ta tio n

4.2 Corpora, Overview
T he tex t m a teria l, co rp o ra , u sed  in  th e  system  co m p rises  th ree  d iffe ren t do cu m en t co llec tions. 
T hese  are: i)1 4 0 +  p o lice  rep o rts , ii)300+  d ru g -re la ted  n ew sw ire -tex ts  d o w nloaded  fro m  v ario u s  
In tern e t w eb  p ag es and  o th e r te x t co llections, and  iii)a  la rg e  n u m b er o f  m isce llan eo u s repo rts , 
artic les and  p u b lica tio n s, p ro v id ed  by d ifferen t sources. T h e  p o lice  repo rts  hav e  b een  p ro v id ed  
by  th e  E U R O P O L  d a ta  p o o l and  the  S w ed ish  p o lice  au th o ritie s . R ik sp o lissty re lsen . A ll o f  th em  
co n sis t o f  a  h ead e r id en tifica tio n  and  a  tex t body . T h e  m isce llan eo u s  tex tua l resou rces co n sis t o f  
m ach ine  readab le  v e rs io n s  o f  d rug  rela ted  litera tu re , such  as th e  b ook : ”B asfak ta  om  n ark o tik a” , 
p ro v id ed  by  S N P F  (1996), co u rte sy  o f  Jonas H arte liu s , ”P u n d artu g g ” , ca  5000 s lang  w o rd s and  
expressions p ro v id ed  b y  th e  au th o r o f  the  bo o k  S tefan  H o lm é n  (19 9 7 ), and  a  large n u m b er o f  o n ­
line  pub lica tions, rep o rts , w o rd lis ts , g lo ssaries an d  a rtic le s  ab o u t d rugs, b o th  ency c lo p ed ic  and  
non-encyc loped ic .

4.3 Language Identification

4.3.1 Overview
T his is a  m o d u le  th a t u ses M ark  m o d e ls  fo r lan g u ag e  c lass ifica tio n  developed  b y  T ed  D u n n in g  
(1994). N o  lin g u is tic  p re su p p o sitio n s  are  in co rp o ra ted  fo r th is  task . T h e  on ly  assu m p tio n  u sed  is 
th a t a  tex t can  b e  en co d ed  as a  se t o f  by tes. T h e  m e th o d  u sed  is to  d ev elo p  a  se t o f  level language  
m o d e ls  from  tra in in g  d a ta  an d  th e n  to  use  th e se  lan g u ag e  m o d e ls  to  es tim ate  the  lik e lih o o d  th a t a  
p a rticu la r te s t s trin g  m ig h t h av e  b een  genera ted  b y  each  o f  th e  lan g u ag e  m odels.

4.3.2 Training and Output
F o r th e  tra in in g  o f  th is  so ftw are , th e  c lassifier, a  co llec tio n  o f  tex ts  fo r th e  g iv en  language(s) 
(> 5k) is requ ired , a fte r th a t th e  c rea tio n  o f  a  p ro file  file  is  g en era ted  fo r th e  g iven  language(s). 
T he o u tp u t o f  th e  c la ss ifie r  is a  se t o f  scores p lu s  th e  p ro file  w h ich  h ad  th e  best m atch . I f  a  file  F 
is in  Sw edish , th e  o u tp u t vrill be:

s w e . 3 - 4 1 5 . 9 3 - 3 2 0 . 6 3
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w h ere  i  is  th e  n u m b er o f  p ro file s  w h ich  h ad  b est m atch , ewe. 3  is  th e  p ro file  w ith  th e  best m atch , 
h ere  th e  tra in ing  is based  o n  trig ram  sequences, f is th e  file  b e in g  c lass ified , - 4 1 5 . 9 3  is the score 
fo r E n g lish  and  - 3 2 0 .63 is th e  score  fo r Sw edish , assum ing  tha t w e  p ro v id e  pro file  files fo r these  
tw o  languages,

4.4 Tokenization and Text Type Identification
T o k en iza tio n  is the  p ro cess  o f  d is tin g u ish in g  ind iv idual tok en s and  th e ir boundaries in  a  tex t- 
s tream  and it is o f  v ita l in te re s t fo r  lex icon  lookup and  co rrec t an n o ta tio n  o f  any k in d  o f  
labe lling , tagg ing  and  ev en  fo r th e  g ram m ar d e v e lo p m e n t T h e  T O K E N IZ E R  m odu le  in  G A T E  
id en tifies  these  boundaries and  re tu rn s  by te  offsets to  be  u sed  as in d ices  in  the  G D M  database. 
T h e  p ro cess  is ra ther ad v an ced  an d  it h as  the capab ility  to  id en tify  over 350 m ultiw ord  
adverb ia ls , p repositions an d  con junctio n s/su b ju n ctio n s, and  a  la rg e  am o u n t o f  phrasal verbs. T he 
T ex t T y p e  Iden tifica tion  (T T I), i.e. i f  a  tex t is p la in , h tm l, em ail e tc ., is b e e n  carried  o u t at the 
m o m en t b y  the  token izer. T h is  w ill b e  a  ta sk  o f  an  in d ep en d en t m o d u le  in  th e  fu ture. T he 
T O K E N IZ E R  and  th e  T T I are im p lem en ted  v ia  a  se t o f  reg u la r ex p ress io n  patterns w h ich  are 
tran s la ted  to  C + +  usin g  flex. T he S w ed ish  token izer, is fo llo w in g  the  specifications o f  th e  
E n g lish  coun terpart, w h ich  h as  b een  m o d ified  in  o rd er to  acco u n t fo r th e  S w ed ish  specific set o f  
p ecu lia rities . T he T O K E N IZ E R  is d om ain  independent. C e rta in  A V E N T IN U S  specific  
im p lem en ted  patterns do n o t in flu en ce  th e  analysis o f  o th er ty p es  o f  tex ts . T hree m a jo r changes 
h av e  b een  incorpora ted  in to  th a t m odu le .

i) the  in teg ra tio n  o f  sep ara te  exclusive  sta rt sta tes, acco u n tin g  fo r the analysis o f  
Sw edish  n ew sp ap er a rtic le s  and  fo r the  an a lysis  o f  S w ed ish  p o lice  reports;

ii) id en tifica tion  o f  S G M L  m arkup;
iii) the  in teg ra tio n  o f  th e  S w ed ish  m ultiw ord  and  p h rasa l verb  recognition .

4.5 Sentence Boundary Identification

4.5.1 Overview
T he S E N T E N C E  B O U N D A R Y  ID E N T IF IC A T IO N  (SB I), m o d u le  id en tifies  sen tence sta rt and  
en d  by te  o ffsets, m ak ing  use  o f  S G M L  sen tence m arkup  i f  p resen t. T h e  m o d u le  is a  varian t o f  the  
p ro v id ed  E ng lish  m o d u le  in  G A T E . T h is  have  been  te sted  an d  m o d ified  accord ing ly , in  o rd er to  
su it th e  S w ed ish  needs. T h e  SB I m o d u le  is im p lem en ted  as a  P e rl scrip t.

4.5.2 Processing and Performance
T h e  resu lt o f  th is  m odu le  is to k e n  s ta rt and  end  by te  o ffsets, o n e  p a ir  p e r line, each  fo llow ed  by  
th e  co rrespond ing  to k en  string . N ew lin e s  from  the  raw  te x t are  a lso  trea ted  as tokens. T he by te  
o ffse t pairs , one p e r line, rep resen t th e  sen tence sta rt and  en d  p o sitio n s. T he SB I m odu le  is 
reaso n ab ly  dom ain  independen t. S en tence  sp litting  is a lso  a ffec ted  by  the  w ay  in  w h ich  
p im ctu a tio n  is h and led  b y  th e  to k en izer, w h ich  w ill v ary  b e tw een  d iffe ren t cases. T h e  con ten t o f  
th e  p o lice  reports, fo r in stan ce , is  co n ta in ing  a  lo t o f  u p p erca se  tokens, acronym s and  
ab b rev ia tio n s w h ich  req u ire  spec ia l a tten tion . Som e o f  th e  s tag es  in  S B I are dup licated  from  the 
E n g lish  SB I m odule, som e are  m o d ified  and  som e n ew  are  added . O ne o f  th e  n ew  stages added  is 
th e  fo llow ing :
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”A  sen ten ce  en d  is assu m ed  i f  a  p e rio d  is p reced ed  by  a  sequence o f  lo w er case  to kens fo llow ed 
b y  a  to k en  starting  w ith  a  n u m era l” . T h is  is the  case  of:

” [ . . .  bakom s m u g g l i n g . ]  [ 2 7 - å r i n g e n  h ä k t a d e s  . . . ]  ”

T h ere  is a  po ssib ility  to  an a ly ze  tex ts  h av in g  SG M L  m arkup , in  th is  case , the  in p u t is s im ply  
sea rch ed  fo r ” < s > . . , < / s > ”  p a irs , and th e  co rrespond ing  o ffse ts a re  w ritte n  out. T h e  perfo rm ance 
o f  th e  m o d u le  in  th e  d rug  en fo rcem en t d om ain  is > 9 5 %  co rrec t id en tifica tio n  o f  sen tence 
b o u n d arie s.

4.6 Part-of-Speech Tagging

4.6.1 Overview and Interface
T w o tag g ers  fo r Sw edish  have b een  te s ted  in  th e  cu rren t system , n am e ly  B rill's  ru le-based  part- 
o f-sp eech  tagger, (B rill 1994), and  C o o k e 's  sem an tic  tagger, S em an T ag , (C ooke  1996). B rill's  
tag g e r h av e  b een  tra ined  in  a  su b se t o f  th e  S U C  corpus, E jerhed  e t  al. (1992), as  w ell as som e 
o th e r n ew sp ap er m ateria l. F o r th e  tra in in g  in  S w ed ish  tex ts  as w ell a s  an  ex ten siv e  descrip tion  o f  
th e  ta g se t see Johansson  K o k k in ak is  e t al. (1996) and K okk in ak is  (19 9 7 a). T h e  tag se t com prises 
14 ca teg o ries , noun , verb  etc., as  w ell as  S G M L  m ark u p  as a  ca teg o ry  o f  its ow n, 162 tags are 
u sed  in  to ta l. T he idea o f  using  S em an T ag  is m ain ly  th reefo ld . T h e  S em an T ag  is 9 to  10 tim es 
fas te r th a n  B rill's , the re  is a  p o ssib ility  o f  ex tend ing  th e  tag g er w ith  sem an tic  in fo rm ation  and it 
u ses ex ac tly  th e  sam e reso u rces  as th e  B rill's  tagger, so no  re-tra in in g  is  n ecessary .

4.6.2 Processing and Performance
T h e  tag g ers  requ ire  fo u r reso u ree  files in  o rder to  operate: a  lex ico n , a  lex ica l and  a  con tex tual 
ru le  lis t an d  a  list o f  co m m o n  b ig ram s. V ario u s th resh o ld  v a lu es  a re  d ec id ed  d u rin g  train ing . 
T u n in g  flag s  can  be a lso  used . T h e  cu rren t lex ico n  is co m p rised  o f  5 1 0 0 0  en tries, and  750 rules. 
M u lti-w o rd  expressions, such  as ” p å  g r u n d  a v ”  are  p a rt o f  th e  lex ico n . T h e  o rig in a l lexical ru le  
file  g en e ra ted  w as m an u ally  su p p lem en ted  w ith  ru les iden tify in g  so m e  co m m o n  unam biguous 
en d in g s, n o t genera ted  du ring  tra in in g , fo r in stance ” o m a s  h a s s u f  s  ncupgd” . T h e o rig inal 
co n tex tu a l ru le  file  w as also  b een  m an u a lly  su p p lem en ted  w ith  ru le s , fo r in stan ce  w ith  ru les 
d is tin g u ish in g  partic ip les fro m  o th e r v erb  form s, ” vmnoa a p o n (s p ) oo p r e v i o r 2wd b i i v i t ” . B y 
th e  ad d itio n  o f  these  ru les  th e  p e rfo rm an ce  h as  been  n o w  im p ro v ed  co n sid e rab ly , a fte r evaluating  
la rge  S w ed ish  co rpo ra  and  ad d in g  m an u a lly  ru les th a t reso lv e  th a t so rt o f  errors. T h e  o rig inal 
p e rfo rm an ce  o f  92% ~95%  co rrec tn ess  is  u p  to  96-99% .
T h e  tag g ers  ex p ec t a  p la in  te x t file  as  inpu t, fo rm atted  w ith  o n e  sen ten ce  p e r line.
E x am ple :
” En 2 3 - å r i g  p o l s k  m e d b o r g a r e  h ä k t a d e s  i  g å r  i  T r e l l e b o r g  m i s s t ä n k t  f ö r  g r o v t  

n a r k o t i k a b r o t t

T h e  d efau lt o u tp u t is a  v e rs io n  o f  th e  in p u t file  w ith  a  p art-o f-sp eech  ta g  ap p en d ed  to  each  token . 
E x am ple :
” En/DIUSO 23 -å r ig /A O P U S N I polsk /AO PUSN I m e d b o r g a r e /NCUPNI h ä k ta d e s /V M I S P  i _ g å r / R  i / S  

T r e l l e b o r g / N P  m is s tän k t /A P O U S N I  f ö r / S  grovt/AOPNSNI n a r k o t i k a b r o t t / N C N S N I  . / f ”

28 NODALIDA, Copenhagen, January 1998



T h e  lex ico n  u sed  b y  th e  taggers is s ligh tly  b ia sed  to w ard s  th e  drug en fo rcem en t d o m ain , because  
th e ir  re so u rce  files h av e  b een  ex tensive ly  te s ted  o n  d rug  re la ted  te x ts . T he tag g er c a n  be  used  in  
o th e r d o m a in s  w ith  th e  sam e lex icon  and  ru le  se ts , w ith o u t serious p e rfo rm an ce  d raw backs.

4.7 Annotated and Unannotated Morphological Analysis

4.7.1 Overview
T h e  m o rp h o lo g ica l an a ly sis  is p roducing  the  stem  o r ro o t form  fo r each  token  it is g iven , p lus an  
affix . T h is  m o d u le  can  b e  u sed  e ither w ith  p a rt-o f-sp eech  ann o ta ted  tex ts  o r ju s t  p la in  tex ts  and  
o n ly  p ro cess in g  o f  n o u n  and  verb  to k en s is considered . T h e  m o rp h o lo g ica l analysis is 
im p lem en ted  v ia  a  se t o f  regu lar ex p ressio n  p a tte rn s  w h ich  are tran s la ted  to  C + +  u sing  flex. 
T h ese  p a tte rn s  co v e r o v er 90%  o f  all th e  p o ssib le  p a tte rn s  for S w ed ish  n o uns an d  verbs, and 
o rig in a te  fro m  the  an a ly sis  and  th e  m o rp h o lo g ica l g ro u p in g  o f  th e  1 1th ed itio n  o f  th e  Sw edish  
A cad em y  w ord  lis t (S A O L ), see K okk in ak is  e t al. (1997). In  th is an a lysis  208 m orp h o lo g ica l 
c lasses  o f  verb s  an d  244  classes o f  nou n s h av e  b een  d is tin g u ish ed , very  u n u su a l o r elderly  
p a tte rn s  h av e  b een  o m itted  for th is task , though .

4.7.2 Performance
T h e  in p u t o f  th is  m o d u le  is p la in  tex t on  s tandard  in p u t w ith  each to k e n  op tionally  ann o ta ted  by 
V E R B  o r N O U N  to  res tric t the search  tim e. T h e  p erfo rm an ce  o f  th e  m odu le  in  th e  anno tated  
m a te ria l is o v er 9 8 %  accuracy , w h ile  fo r u n an n o ta ted  tex ts  is co n siderab ly  low er and  it ranges 
fro m  70-95% . T h is  d epends to a  g rea t ex ten d  o n  th e  am bigu ity  b e tw een  id en tica l verbal and  
n o u n  su ffixes, ” a r / e r ” , aS w ell as h o m ography , ” h a m n a r / h ä n d e r ” .

E xam p le ; ” . . . f ö r a r e n  h a r  g r i p i t s . . .  . . . f ö r a r e + n  h a + r  g r i p a + i t s .  .

4.8 Name Entity Recognition, Gazetteer Lookup
T h e  G aze ttee r lo o k u p  m odu le  is try in g  to  id en tify  keyw ords an d  ph rases re la ted  to  nam ed  
en titie s , as d e fin ed  fo r  A V E N T IN U S . T h is  is  acco m p lish ed  by  sea rch in g  a  series o f  p re-s to red  
lis ts  o f  o rg an iza tio n s, locations, p e rso n  n am es, d a te  fo rm s, cu rrency  nam es, etc. M o st o f  the  lists 
h av e  b een  d eriv ed  fro m  various In tern e t reso u rces , su ch  as the  G en et N a m es S erver  fo r  a  
tax o n o m ic  lis t o f  sev era l th o u san d  o f  S w ed ish  c ities . T h ese  lists a re  tran sla ted  in to  a  series o f  
fin ite -s ta te  reco g n ise rs  u sing  flex. T h e  o u tp u t o f  th is  p rocess is a  ta g  and  a  ty p e  a ttrib u te  fo r 
ev ery  reco g n ized  n am ed  en tity  pattern . M o st o f  th e  g aze ttee rs  are d o m ain  indep en d en t. C onsider 
fo r in s tan ce  a  sm all su b se t o f  the co n ten t o f  th e  title  g aze ttee r for th e  S w ed ish  p o lice  en fo rcem en t 
agenc ies:
R i k s p o l i s c h e f  s t ä l l f ö r e t r ä d a n d e  R i k s p o l i s c h e f
B i t r ä d a n d e  ( R i k s p o l i s c h e f ]  L ä n s p o l i s m ä s t a r e )  L ä n s p o l i s m ä s t a r e  
( b y r å c h e f  I R e k t o r )  p å  PHS k r i m i n a l ( k o m m i s s a r i e | i n s p e k t ö r )

p o l i s ( k o m m i s s a r i e  I i n s p e k t ö r ]  a s s i s t e n t ]  a s p i r a n t j c h e f s a s p i r a n t ) \  
s e k r e t e r a r e ] m ä s t a r e ]ö v e r i n t e n d e n t ] i n t e n d e n t )

T h e  p erfo rm an ce  o f  th is  m o d u le  is o v er 97%  co rrec t iden tification , w h ile  A V E N T IN U S  requ ires 
th a t th e  q u a lity  reco g n itio n  is > 80%  in  reca ll an d  p rec isio n .
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4.9 Parsing

4.9.1 Overview
T w o separate  g ram m ars a re  u sed  fo r th e  p arsing  task . F irs t a  n am ed  en tity  g ram m ar is applied  to  
co n stru c t p ro p er n o u n  p h rases , th e n  a  fu ll sen tence g ram m ar is app lied . T h e  p a rse r is a  bo ttom -up  
ch art p a rse r w h ich  b u ild s  a  sem an tic  rep resen ta tio n  co m p o sitio n a lly , an d  a  b es t parse  a lgo rithm  
is ap p lied  to  each  final chart, p ro v id in g  a partia l parse  i f  no  c o m p le te  sen tence span can  be 
constructed . T he p arser is w ritten  in  P ro log . T here  are  ab o u t 50 ru le s  fo r th e  n am ed  en tities w ith  
te rm in a ls  like t i t i e _ N P ,  p e r so n _ N P ,  an d  110 fo r the  sen tence g ram m ar. T h e  sen tence level 
g ram m ar has been" d eriv ed  b y  firs t acq u irin g  a  surface level p a r tia l g ram m ar w h ich  has b een  
m an u ally  com pleted  by  in sp ec tin g  th e  resu lts  o f  app ly ing  it on  th e  d ru g  en fo rcem en t corpus, 
K o k k in ak is  (1997b).
T h e  fo rm al chart/5  te rm  in  th e  g ram m ar is defined  as fo llow s:
c h a r t ( s e n te n c e :N l ,

f i r s t _ t o k e n : T l ,  
la s t_ to k e n :T n ,
e d g e s : [edge ( S ta r t_ to k e n ,  End__token,

C a tegory  ( f l  : v l ,  £2 s v 2 , ,
Level,Start_offset,End_o£fset,Category,Parent,Child,ID)] 

next_edge_number;Ne).

C o n sid er fo r instance the  sy n tac tic  en co d in g  and  rep resen ta tio n  o f  th e  sen tence:
” s i l k  s k u l l e  v i l j a  a n v ä n d a  l ä t t a r e  d r o g e r .  ” 
c h a r t  (sentence__n:l, 1 ,7 ,  e d g e s s [

edge (1, 
e d g e (1,

edge (2, 
edge (3,

pn(s_form:'SILK', m_root:'silk’, number:sing),1,...), 
list_np (s_form: ' SILK' , m__root: ' silk‘, ne_tag;person, 

ne_type:person_last),2 ,. .. ), 
md(s_form:'skulle‘, m_root:'ska') , 1, .. .) , 
md(s_form:'vilja', m_root:'vilja') , 1, . . .) ,

edge(4 ,  5, v ( s _ f o r m : 'a n v ä n d a ' , m _ r o o t använda' ,  te n se :n o n e ,  
v o i c e :a c t i v e ,  vfortn:base) , 1, . . .) , 

edge(5 ,  6, a d j ( s _ f o r m : ' l ä t t a r e ' , m _ r o o t l ä t t ' , d e g r e e ; _ ) , 1 , . . . ) ,  
edge(6 ,  7, n ( s _ fo r n i : ' d r o g e r ' ,m _ ro o t : 'd r o g ' .n u m b e r :p lu r a l )  , 1, . . . )  , 
edge (7, 8, p e r io d  ( s _ f o r m : , m _roo ts ' . ' )  , 1,...) ] 
next_edge_number!8 ) .

sy n ta x  0 37 s
sy n ta x  0 4 np

syn tax  0 4 bas ic_np  
sy n ta x  5 37 vp

syn tax  5 24 vpcore
sy n ta x  5 24 inodal_vpcore 

sy n ta x  5 11 md
sy n ta x  12 17 md 
sy n ta x  18 24 nonmodal_vpcorel 

sy n ta x  18 24 v p co re l  
s y n ta x  18 24 v

syn tax  29 37 np
sy n ta x  29 31 ad j 
sy n ta x  32 37 n

4.9.2 QLF
T h e b es t p a rse  se lec ted  d u rin g  p a rs in g  is re tu rned  in  a  p red ica te -a rg u m en t rep resen ta tion  or 
qu asi-lo g ica l form , Q L F , fo r eac h  sen ten ce  p rocessed . T h e  Q L F  p ro d u ced  m ark s  the  p o in t w here  
a  co m m o n  rep resen ta tio n  b eg in s  to  em erge  be tw een  th e  d iffe re n t A V E N T IN U S  languages, 
G aizauskas e t al. (1997). T h e  Q L F  is  ju s t  con junctions o f  firs t o rd e r lo g ica l te rm s. Som e o f  the
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Q L F  p red ica te s  a re  th e  u n ary  c i t y  and  o r g a n i z a t i o n ,  th e  b in ary  and  la n g u ag e  in d ep en d en t t im e  

a n d  name, an d  th e  re la tio n a l b in ary  l o g i c a l  s u b j e c t  and  l o g i c a l  o b j e c t ,  A zzam  e t al. (1997). 
A ll N P ’s and  V P ’s lead  to  th e  in tro d u c tio n  o f  a  u n iq u e  in stance co n stan t in  th e  sem an tics  w h ich  
se rv es  as an  id en tif ie r  fo r th e  o b jec t o r ev en t re fe rred  to  in  th e  text.
C o n s id e r fo r in stan ce  th e  sem an tic /Q L F  rep resen ta tio n  o f  th e  sentence:
” s i l k  skulle vilja använda lättare droger. ” 
name 0 4 person e5 
semantics 0 37

[name( e 5 SILK*), ne_tag(e5,offsets(0,4)), person(eS),
realisation(e5,offsets(0,4)), använda(e4), modal(e4,skulle,vilja), 
time(e4,present), aspect(e4,simple), voice(e4,active), lobj(e4,eS), 
drog(eS), number(e6,plural), head(e6,droger), adj(e6,lätt),
realisation(e6,offsets(29,37)), realisation(e4,offsets(5,37)), Isubj(e4,e5)]

4.10 Coreference Resolution
T h e  co re fe ren ce  reso lu tio n  m odu le  is n o t try in g  to  reco g n ize  new  p ro p e r nam es b u t adds identity  
re la tio n s  b e tw een  th o se  found  by  th e  p arser. S om e o f  th e  ru les are: i) i f  one o f  th e  to k en s o f  one 
n am e  m a tch  a  nam e in  a  text, th e n  they  are  iden tica l: ” B a r c l a y s  B a n k /b a n k e n ,  N a t t k i u b b e n  

• S p o r t s ' / k l u b b / k l u b b e n ” ; ii) A lia ses  are  co n sid ered  equal: ” ove  L e n n a r t  A n d e r s s o n  a l i a s  

'A r m a r  o ch  B e n ' ” .

4.11 Discourse Interpretation
T he D IS C O U R S E  IN T E R P R E T E R , (D I), m o d u le  tran sla tes  the Q L F  rep resen ta tio n  p ro d u ced  by 
th e  p a rse r in to  a  sem an tic  net rep resen ta tio n  o f  in stances, th e ir A V E N T IN U S  sp ec ific  on to log ical 
c lasses  and  th e ir a ttribu tes. T he A V E N T IN U S  d o m a in  m odel is u sing , a t th e  m o m en t, the X I 
k n o w led g e  rep resen ta tio n  language, G aizau sk as e t al. 1996a. T he X I is w ritten  in  P ro log . The 
p rin c ip a l ta sk  fo r th e  d iscourse  p ro cessin g  m o d u le  is  to  in tegrate  th e  sem an tic  rep resen ta tio n s o f  
m u ltip le  sen ten ces in to  a  s ing le m ode l o f  th e  te x t fro m  w hich  th e  in fo rm atio n  req u ired  fo r filling  
a  tem p la te  m ay  b e  derived.
T h is  is th e  on ly  m od u le  n o t b een  im p lem en ted  y e t fo r S w edish  in  an y  fo rm , i.e . p ro to ty p ica l o r 
fu lly  opera tio n a l. T h is d epends o n  th e  fac t th a t th e  A V E N T IN U S  d o m ain  m o d e l o r on to lo g y  is, 
a t th is  m o m en t (N o v em b er 1997), on  th e  la s t p h ases  o f  its  in teg ration  in to  G A T E .

5. Template Generation
T h e  n ex t s tep  o f  the  m on o lin g u al IE  ta sk  is to  search  th e  d iscourse  m o d e l fo r a ll th e  instances o f  
o b jec ts  and  th e ir  (inherited ) a ttrib u tes, w h ich  are  fo rm atted  acco rd ing  th e  A V E N T IN U S  user 
sp ec ifica tio n s, e .g . In terpo l fo rm s. T h is  p h ase  is n o t im p lem en ted  yet, s ince  it is  d ep en d en t o n  the 
D I. T h e  accu racy  requ ired  fo r th e  te m p la te  e lem en t p ro d u ctio n  in  f-m easu re , i.e. m in im u m  
p rec is io n  an d  reca ll is 65% .

6. Conclusion and Further Development
T his  p ap e r h as  d escribed  th e  o n g o in g  w o rk  fo r b u ild in g  an  in fo rm atio n  ex trac tio n  sy stem  for 
S w ed ish , w ith in  th e  fram ew o rk  o f  th e  L E  p ro jec t A V E N T IN U S . S w ed ish  lin g w are  com ponen ts 
h av e  b een  p resen ted  and  d iscussed . T h e  d ead lin e  fo r accom plish ing  th e  ta sk  is th e  sum m er '98, 
an d  th e re  is still a  lo t o f  w o rk  n eed ed  in  o rd e r to  m ee t the  A V E N T IN U S  g o a ls  s ta ted  in  the 
sp ec ifica tio n s. N ev erth e less , th e re  is a  s tro n g  b e l ie f  th a t th e  tim e fram ew o rk  a llo w s us  fo r a
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su ccessfu l acco m p lish m en t o f  th e  task . B y m id -su m m er ’98 the  sy stem  w ill be o p era tio n a l into 
Unix an d  N T  en v iro n m en ts .
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Norwegian Computational Lexicon {N orK om pLeks)

Torbjørn Nordgård

D ept, o f  L in g u is tic s
N o rw eg ian  U n iv ers ity  o f  S c ien ce  and  T ech n o lo g y  (N T N U )

T ro n d h e im
N o rw ay

Background
T h ere  is n o  g en era lly  accessib le  lex ico n  fo r th e  N o rw eg ian  lan g u ag e . T h is  s itu a tio n  p reven ts  
d ev e lo p m en t o f  genera l language en g in eerin g  app lica tio n s fo r th is  language . In  add ition , 
lin g u is ts  can n o t u se  m o d e m  lex ical to o ls  in  th e ir  research . G iven  th is  b ack g ro u n d , the lex icon  
p ro jec t « N o rsk  k o m p u tas jo n e lt leksikon»  (N o rw eg ian  C o m p u ta tio n a l I.,exicon), ab b rev ia ted  as 
N o rK o m p L eks, h as  th e  fo llow ing  goals:

1. C rea te  a  m o rp h o lo g ica l lex icon  fo r th e  w ritten  s tan d ard  B okm ål
2. C rea te  a  m o rp h o lo g ica l lex icon  fo r th e  w ritten  s tandard  N ynorsk
3. P ro v id e  p h o n o lo g ica l d escrip tions fo r b o th  stan d ard s
4. D esc rib e  a rg u m en t structu res fo r re lev an t lex ica l item s (verbs, p rep o sitio n s , c e rta in  nouns)

« B o k m ålso rd b o k a»  (65000  item s) and « N y n o rsk o rd b o k a»  (90000 item s), b o th  o w n ed  by S ection  
o f  L ex ico g rap h y  a t th e  U n iversity  o f  O slo , d e fin e  the  coverage o f  th e  tw o  lex icons. T hese 
d ic tio n aries  co n ta in  th e  «offic ia l»  lex ico g rap h ic  in v en to ry  o f  N o rw eg ian , as d e fin e d  b y  N o rsk  
S p råk råd  (T h e  N o rw eg ian  L anguage  C o u n cil). In  w h a t fo llow s th e  resu lts  o f  th e  p ro jec t w ill be 
b rie fly  d esc rib ed , and  specia l a tten tio n  is g iv en  to  a rg u m en t s tru c tu re  d esc rip tio n s  and  h ow  
lex ica l d esc rip tio n s  can  b e  converted  in to  lin g u is tic  fo rm alism s.

T h e  p ro jec t « N o rsk  k o m p u tasjo n e lt lek sikon»  (N o rw eg ian  C om puta tional L ex ico n ) is fun d ed  by 
th e  N o rw eg ian  R esea rch  C ouncil (N F R ) an d  T e len o r (T he N atio n a l T elem atic  C o m p an y ).' T he 
p ro jec t p e rio d  is  fro m  Jan u ary  1996 th ro u g h  D ecem b er 1998. T he p artn e rs  are

•  L in g u is tic s  D epartm en t, N T N U , T ro n d h e im
•  « D o k u m en tasjo n sp ro sjek te t»  (a  n a tio n a l d o cu m en ta tio n  p ro jec t w ith in  th e  h u m an ities). 

U n iv e rs ity  o f  O slo
•  C o m p u tin g  C en tre  fo r the  H um an ities , U n iv e rs ity  o f  B ergen
•  T e len o r

' Project assistants: Jardar Eggesbø Abrahamsen (Bokmål and Nynorsk morphology), Bodil Aurstad (Bokmål 
morphology and argument structure), Kristin Hide (Nynorsk morphology), Bente Moxness (Phonology), Eli 
Sætherø (Argument structure).
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Morphology
T h e m o rp h o lo g y  o f  th e  w ritten  standard  B okm ål (g rap h em ic  b ase  form s and  m orpho log ica l 
p arad igm s) w as fin ished  in  D ecem b er 1996. T h e  fo rm at o f  th e  lex icograph ic en tries in  
B o k m ålso rd b o k a  is

N B 0 0 «  B ase  F o rm
N B 0 0 « a  In flec tio n a l parad ig m (s)
NBOOnb V ersio n  n u m b er (in  case o f  h om onom y)
A R T N R  Id en tifica tio n  lab e l (an  in teger)
T R 007  L ex ico g rap h ic  in fo rm atio n  (e tym ology , defin itio n s, ex am p les , etc.)

A n  exam ple  fro m  the B o k m ål sou rce  (irre levan t ty p o g rap h ica l codes inc luded , i.e. $C , $B , @ , 
etc .):

NB001 fremme 
NBOOIa v24,v24a,v25 
NBOOtb 2 
ARTNR 17805 
TR007
..OPP #>$Cll fremme@ v1
..ETY (norr $Bfremja@, av $Bfram@)
..DEF $C1@ hjelpe fram, øke, påskynde, stimulere 
..UTR $Bf- en sak, et formål !@
..UTR SBtiltak som f-r kommunens økonomi !@
..UTR $Bf- salget av, interessen for !@
..DEF adj i pr pt:
..UTR $Bvirke f-nde på@
..FOR stimulerende
..DEF $C2@ legge fram til behandling, ta opp, reise 
..UTR $Bf- et forslag !@
..UTR $Bf- en sak for Stortinget, retten@
..DEF $C3@ sette i verk, gjennomføre

In  th e  m ore  co m p ac t co m p u ta tio n a l lex icon  th e  m o rp h o lo g ica l in fo rm atio n  is described , in  
P ro log , as

bm(fremme,[v24,v24a,v25],17805).

L ex icograph ic  in fo rm atio n  is rem oved , b u t can  b e  o b ta in ed  v ia  th e  num eric  id en tifie r 17805. 
v2 4 ,v2 4 a  an d  v2 5  are m o rp h o lo g ica l in flec tion  codes w h ich  d escrib e  in flection  p a tte rn s  fo r th e  
lex ica l item  fr e m m e  (« p ro p o se» ). A fter ex p an sio n  b y  th e se  co d es, w e g e t th e  fo llow ing  
parad ig m , in  acco rdance w ith  F aarlu n d , L ie  &  V an n eb o  (1996):

nkl_ff(frem,[verb,imperativ,aktiv,hovedverb,17805,fremme]).
nkl_ff(fremma,[adj,mfn,pos,best,pl,17805,fremme]).
nkl_ff(fremma,[adj,mfn,pos,best,sg,17805,fremme]).
nkl_ff(fremma,[adj,mfn,pos,ubest,pl,17805,fremme]).
nkl_ff(fremma,[adj,mfn,pos,ubest,sg,17805,fremme]).
nkl_ff(fremma,[verb,perf_part,indikativ,aktiv,hovedverb, 17805,fremme]).
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nkl_ff(fremma,[verb,perf_part,indikativ,passiv,hovedverb, 17805,fremme]). 
nkl_ff(fremma,[verb,pret,indikativ,aktiv,hovedverb,17805,fremmej). 
nkl_ff(fremme,[verb,infinitiv,indikativ,aktiv,hovedverb,17805,fremme]). 
nkI_ff(fremmede,[adj,mfn,pos,best,pl, 17805,fremme]). 
nkl_ff(fremmede,[adj,mfn,pos,best,sg,17805,fremme]). 
nkl_ff(fremmede,[adj,mfn,pos,ubest,pl, 17805,fremme]). 
nkl_ff(fremmende,[adj,mfn,pos,best,pl,17805,fremme]). 
nkl_ff(fremmende,[adj,mfn,pos,best, sg,17805,fremme]). 
nkl_ff(fremmende,[adj,mfn,pos,ubest,pl, 17805,fremme]). 
nkl_ff(fremmende,[adj,mfn,pos,ubest,sg,17805,fremme]). 
nkl_ff(fremmende,[verb,pres_part,indikativ,aktiv,hovedverb,17805,fremme]). 
nkl_ff(fremmer,[verb,presens,indikativ,aktiv,hovedverb,17805,fremme]). 
nkl_ff(fremmes,[verb,presens,indikativ,passiv,hovedverb,17805,fremme]). 
nkl_ff(fremmet,[adj,mfn,pos,ubest,sg,17805,fremme]). 
nkl_ff(fremmet,[verb,perf_part,indikativ,aktiv,hovedverb, 17805,fremme]). 
nkl_ff(fremmet,[verb,perf_part,indikativ,passiv,hovedverb,17805,fremme]). 
nkl_ff(fremmet,[verb,pret,indikativ,aktiv,hovedverb, 17805,fremme]). 
nkl_ff(fremmete,[adj,mfn,pos,best,pl, 17805,fremme]). 
nkI_ff(fremmete,[adj,mfn,pos,best,sg, 17805,fremme]). 
nkl_ff(fremmete,[adj,mfn,pos,ubest, pi, 17805,fremme]).

(best=definite, ubest=indefinite,mfn=masculine,feminine and neuter, hovedverb= main verb, 
perf_part=past participle, pos=positive, pres=present tense, pret=pase tense, presj3art=present 
participle)

T h is  ex p an sio n  is designed  so th a t it m ee ts  th e  req u irem en ts  o f  a  ta g g e r b e in g  dev elo p ed  at the 
U n iv e rs ity  o f  O slo . T he ex pansion  can  b e  d efin ed  d ifferen tly , fo r  in stan ce  w ith  w ord  class 
in fo rm a tio n  on ly  (the  deta ils  o f  th is  p ro cess  w ill b e  exp lained  below ):

nkl_ff(frem,[verb]).
nkl_ff(fremma,[adj]).
nkl_ff(fremma,[verb]).
nkl_ff(fremme,[verb]).
nkl_ff(fremmede,[adj]).
nkl_ff(fremmende,[adj]).
nkl_ff(fremmende,[verb]).
nkl_ff(fremmer,[verb]).
nkl_ff(fremmes,[verb]).
nkl_ff(fremmet,[adj]).
nkl_ff(fremmet,[verb]).
nkl_ff(fremmete,[adj]).

F u ll fo rm  e x p an s io n  is co n tro lled  b y  th e  in fo rm a tio n  co n n ec ted  to  th e  in flec tio n  codes. C onsider 
th e  co d e  v2 4  (fro m  th e  se t o f  p a rad ig m  co d es  fo r th e  v erb  frem m e):

code(v24,
[inf_v:>0,
imp_v:>[1:0,1:0],
pres_v:>'V',
pret_v:>T,
p_part_.v;>"r,
pr_part_v:>"nd8",
pass_part_v:>''t".

% fremme 
% frem 
% fremmer 
% fremmet 
% fremmet 
% fremmende 
% fremmet

(infintive)
(imperative)
(present)
(past)
(past participle)
(present participle) 
(passive participle form)
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sj3ass_v:>"s ,
pos_ub_sg_v:>T,
pos_b_sg_v;>"de",
pos_pl_v:>"de",
pos_v:>"nde"]).

% fremmes («s-passive»)
% fremmet (adjective,positive,indefinite,singular)
% fremmede (adjective,positive,definite,singular)
% fremmede (adjective,positive,plural)
% fremmende (adjective, positive)

T h e  ex p ressio n  in f_y:> 0  m ean s th a t the in f jy  (the  in fin itiv a l fo rm ) is ach ieved  i f  no th in g  is done 
to  th e  lex ica l s tem . T h e  im p era tiv e  is gen era ted  by  d e le tin g  th e  tw o  rig h tm o st characters  o f  the 
stem , th e  p resen t ten se  req u ire s  th a t the  string  «r» is ad d ed  to  th e  stem , and  so on. T hus, each 
genera ted  fo rm  is tied  to  a  m orp h o sy n tac tic  code  {inf_y, im p  v, ...). T hese codes m u st be  g iven  
an  in te rp re ta tio n  acco rd in g  to  the req u irem en ts  o f  th e  lex ico g rap h er, lingu ist o r system  designer 
w ho  is g o in g  to  u se  th e  lex icon . The sym bol p res_ v  h as  th e  in te rp re ta tio n  verb , p re sen t tense, 
ind icative , ac tive , m a in  verb . In  Prolog:

m_kode(pres_v,[verb,presens,indikativ,aktiv,hovedverb]).

N o te  th a t th e  lis t [verb,presens,indikativ,aktiv,hovedverb] is a su b lis t o f
[verb,presens,indikativ,aktiv,hovedverb,17805,fremme], i.e . th e  m orp h o lo g ica l in fo rm atio n  

asso c ia ted  w ith  the  p resen t fo rm  fr e m m e r  in  th e  ex am p le  above. B y  chang ing  th e  in te rp re ta tio n  
o f  the  code p r e s _ v  n ew  lex ica l descrip tions can  b e  g en era ted , fo r in stan ce  in  acco rdance  w ith  T E I 
o r E A G L E S  spec ifica tions. T h e  sam e is true  o f  all m o rp h o lo g ica l codes in  the  lex icon . T hus, the  
codes is  a  m e th o d  fo r d esc rib in g  the p roperties  o f  m o rp h o lo g ica l d istinc tions in  N o rw eg ian , and  
th e  descrip tio n s can  be  ad ap ted  to  various th eo ries  an d  fo rm alism s, s im ply  by ch an g in g  the  
in te rp re ta tio n  o f  th e  codes. A triv ia l exam ple  is th e  a lte rn a tiv e  w h ere  w ord class in fo rm atio n  is 
th e  on ly  in fo rm atio n , as  in  th e  exam ple above:

m_kode(pres_v,[verbj).

T h e sam e co d in g  sy stem  w ill b e  used  fo r th e  N y n o rsk  m a te ria l, an d  th is  w ork  w ill b e  fin ished  in  
th e  sp ring  o f  1998.^

Phonology
T h e p ro jec t h as  co m p le ted  phon o lo g ica l d esc rip tio n s o f  approx . 65 .000  B okm ål en tries. T he 
d escrip tions are  w ritten  in  S A M P  A . C o n sid er som e ex am p les  (begynne = begin):

f re m m e
b eg y n n e

""frem ®
b@"jyn@

VOl
v 21

17805
49 7 4

O bserve  th a t s tress an d  to n e s  are  m arked: A  sing le  " m e an s  stress w ith  tonem e 1, an d  d o u b le  
signals  s tress  w ith  to n e m e  2.^

 ̂The derivation of «verbal adjectives» is different in the Nynorsk lexicon where a verb licenes an adjective base 
form together with an adjective code. This pair serves as the basis for generating a normal adjective paradigm. The 
description of verbal adjectives in the Bokmål material will be changed to this format when time and resources are 
available, hopefully in the fall 1998.
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T h e p h o n o lo g ica l d escrip tions are  b ased  o n  th e  m o st co m m o n  p ro n u n c ia tio n  patterns in  the  
S o u th  E as te rn  p arts  o f  N o rw ay , w h ere  m o s t N o rw eg ian s live. In  co n tro llin g  th e  phono log ical 
rep resen ta tio n s th e  developers u se  an  au to m atic  speech  g en era tio n  sy stem  d ev e lo p ed  by  T elenor 
R esearch .
A s in  the  m o rp h o lo g y  p h o n o lo g ica l p a rad ig m s w ill be genera ted , u s in g  th e  sam e descrip tion  
fo rm at. T hus, w h en  the  p ro jec t is fin ish ed  p h o n o lo g ica l rep resen ta tio n s w ill b e  av a ilab le  to g e th er 
w ith  m o rp h o lo g ica l form s, b o th  fo r th e  b ase  en tries  in  th e  lex ico n  an d  in  the  expanded  (« fu ll 
fo rm ») lex icon .

P h o n o lo g ica l co d in g  o f  n y n o rsk  en tries  h as  s ta rted  and  w ill b e  f in ish e d  in  1998. G eneration  and 
co n tro l o f  phon o lo g ica l parad ig m s w ill b e  acco m p lish ed  in  1998.

Argument Structure in NorKompLeks
T h ere  is a  w ell-k n o w n  ten sio n  b e tw een  lin g u is tic  so p h is tica tio n  in  lex ical d esc rip tio n s and  the 
tim e  av ailab le  fo r develop ing  a  lex ico n  o f  an  adequate  size. A n  im p o rtan t q u estion  in  
N o rK o m p L e ks  is h o w  to  describe  a rg u m e n t stru c tu re  in  a  lin g u is tic a lly  so u n d  w ay , and  at the 
sam e tim e  be in g  ab le  to  m ake  th ese  d escrip tio n s in  a  fin ite  am o u n t o f  tim e , i.e. 20  m onths w ork  
fo r o n e  person .

It is v e ry  im p o rtan t for th e  reu sab ility  o f  a  lex ico n  th a t th eo re tica l ad ap ta tio n  can  be  ach ieved  
w ith o u t reb u ild in g  the  en tire  lex icon . C onsequen tly , the  lex ico n  sh o u ld  b e  th eo ry  neutral 
(w ith o u t be in g  an ti-theo re tica lly ). T h e  p ro jec t b u ild s  on p rev io u s lex ico n s fo r N orw eg ian : the 
T R O L L  lexicon '' and  N o r L ex  verb  lists  (U n iv ersity  o f  B ergen , 1992 - 1993).

A b so lu te  th eo ry  in dependence  is im p o ssib le  (and  undesirab le). B u t th eo re tic a l « id iosyncrasies»  
and  « h ang-ups»  m u s t be avo ided , fo r in stan ce  lingu istic  th eo ries  w h ich  in s is t th a t reference to 
g ram m atica l fu n c tio n s is irre lev an t in  th e  lex ico n , as  in  G o v ern m en t and  B in d in g  and  M in im alist 
ap p ro ach es, see e.g. C h o m sk y  (1981 , 1986) and  C h o m sk y  (1994). A  c rite rio n  fo r success is th a t 
th e  lex ico n  can  be  used  to  genera te  a rg u m en t d escrip tions in  v ario u s  th eo ries , fo r  instance 
L ex ica l-F u n c tio n a l G ram m ar (see e.g . D a lry m p le , K ap lan , M ax w ell &  Z ae n en  1995), H ead- 
D riv en  P hrase  S tructu re  G ram m ar (see  P o lla rd  and  Sag 1994) an d  G B -ty p e  argum en t 
d esc rip tio n s  (see  th e  references ab o v e), b y  so m e lim ited  adap tations.

T he a rg u m en t struc tu re  fo r a  verb  m u s t co n ta in  in fo rm atio n  ab o u t th e  b a s ic  co n stru c tio n  types  
th a t th e  v erb  can  b e  engaged  in . T h is  in fo rm a tio n  can  be  en co d ed  a t v a rio u s  lev e ls  o f  abstraction , 
an d  lin g u is tic  th eo ries  w ill ty p ica lly  ten d  to  rep resen t th is  in fo rm atio n  in  a  co m p ac t fo rm at w h ich  
can  b e  in te rp re ted  b y  th eo ry  in te rn a l m ech an ism s. A  co m p u ta tio n a l le x ico n  w ith  reusab ility  
am b itio n s  sh o u ld  tak e  th e  o p p o site  ap p ro ach ; D escribe  th e  co n stru c tio n  ty p e s  tran sp aren tly , and  
sh o w  h o w  th ese  co n stru c tio n  ty p es can  b e  in te rp re ted  by lin g u is tic  theo ries .

 ̂ The code VOl is an original morphological code from Bokmålsordboka. This code will be replaced by new 
morphological codes (v24,v24a,v25) and phonological codes (work in progress).

'' See Hellan and Johnsen 1988.
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•  In tran sitiv e  v erb  w ith  ex p le tiv e  su b jec t 
D et reg n er  (It ra ins)

•  In tran sitiv e  v erb  w ith  ex p letive  su b jec t and  req u ired  adverb ia l
D et k va k k  i hen n e  (« It su d d en ly -su rp r ised  her», ‘sh e  w a s  su d d en ly  su rp r ised  by  so m e th in g  )

•  In tran sitiv e  verb  w ith  agen tive  sub jec t 
S tu d en ten e  ten ker  (The s tu d en ts  think)

•  In tran sitiv e  verb  w ith  experiencer su b jec t 
G utten  fr y s e r  (The b o y  is free z in g )

A  co n stru c tio n  ty p e  is charac terised  by  its o b lig a to ry  argum en ts. E ach  construction  ty p e  is g iven  
a  u n iq u e  label. T hus, th e  construction  ty p e  « In tran sitiv e  v erb  w ith  ex p le tiv e  sub ject»  is called  
nu llv  (m ean in g  n u llverd ig  o r «zero  valency»). T he arg u m en ts  o f  a  co n stru c tio n  ty p e  is d escribed  
as a  trip le  w ith  in fo rm atio n  ab o u t syn tactic  function , th e m atic  ro le  an d  categoria l rea lisa tion . T he 
code n u llv  is in te rp re ted  as

arg_code(nullv,[arg1;su;;norole;;np]).

T his s im p ly  m ean s th a t a  v erb  w ith  th is  code  can  tak e  a  su b jec t N P  w ith  no  th em atic  ro le , i.e. an  
ex p letive  sub ject. T h e  co d e  fo r in transitive  verb  w ith  ag en tiv e  su b jec t is

arg_code(intrans1,[arg1;su::ag::np]).

T h at is, a  co n stru c tio n  w ith  a  su b jec t N P  w h ich  h as  th e  th em atic  ro le  agent.

P assiv iza tio n  is a  reg u la r p ro cess  in  m o st languages, b u t ce rta in  v erbs can  n o t en te r th e  passive  
construc tion . A  w ell-k n o w n  exam ple  in  th e  sy n tac tic  lite ra tu re  is so -ca lled  erg a tiv e  verbs, like 
arrive . In  N o rK o m p L ek s  p assiv iza tio n  p o ssib ilitie s  a re  tied  to  co n stru c tio n  types. T here fo re , 
in tran sitiv e  verb s  o f  th e  «arrive» -type  h as  the  label in tra n s2  w h ich  is  co m p o sed  as

arg_code(intrans2,[arg1:su;:th::np,-passiv]).

T h at is, a  verb  w ith  a  th em atic  sub ject. T he tag  « —passiv »  signals th a t th is  co n stru c tio n  ty p e  
can ’t  u n d erg o  a  lex ica l p assiv iza tio n  p rocess, w h ereas  th e  ty p e  in tra n s l  does n o t h av e  th is  
restric tion . T h e  tag  « —passiv e»  is in  a  sen se  red u n d an t, g iv en  th a t it is em p irica lly  tru e  th a t verbs 
w h ich  ta k e  a  th em atic  su b jec t canno t b e  p assiv ized , b u t th is  tag  m ak es th e  codes m o re  ex p lic it 
and  th u s  red u ces th e  r isk  o f  w rong  code  assignm en ts.

T he p a ss iv iz a tio n  p ro ced u re  can  be  d efin ed  as

I f  a  verb  h a s the code in tra n s l, it a lso  h a s the p o s s ib le  rea lisa tio n  [a rg l:su ::n o ro le ::n p ]  w hen  it 
a p p ea rs  w ith  p a s s iv e  m orpho logy.
C o n sid er tw o  co d es fo r  tran s itiv e  constructions;

Consider some intransitive construction types with examples;
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•  atg_code(trans1,[arg1:su::ag:;np,arg2;obj::th::np]).
Example: dekomponere [decom pose)

•  arg_code(trans2,[arg1:su::ag::np,arg2:obj::th::s1]).
Example: dokumentere [to document, with clausal complement)

N o te  th a t each  argum en t in  the  co n stru c tio n  is rep resen ted  as a  tr ip le , b u t th e  a rg u m en t structure 
is  co n ce iv ed  as a  lis t  o f  su ch  triples.*

C o n tro l v e rb s  requ ire  th a t th e  n u m b e r o f  a rgum ents is spec ified  to g e th e r  w ith  th e  con tro ller o f  
th e  in fin itiv a l subject. T h is  is d o n e  as fo llo w s in  N orK om pL eks;

•  arg_code(trans3,[arg1:su::ag::np,arg2:obj;:th;;inf, arg2:su=arg1:su]).
Example: prøve (try)

T h e  ex p ress io n  a rg 2 :su = a rg l:su  says th a t th e  sub ject o f  the  second  a rg u m en t is  iden tica l to  the  
su b jec t o f  th e  firs t a rgum ent, i.e. su b jec t contro l.

L e t u s  n o w  tu rn  to  so m e exam ples from  th e  a rgum en t struc tu re  d esc rip tio n s :

w (dages,9088,[nullv]). (dawning, «The day is dawning»)
w (dampe,9220,[transl,intrans2]}. (steam) 
w (dandere,9237,[transl]). (shape, arrange)
w(dangle,9242,[intrans2,transl]) . (dangle, swing) 
w(danse,9265,[intransl,transl]). (dance)
w (danske,9279,[intransl]). (speak Danish affectedly)
w(dirre,9285,[intrans2]). (quiver, vibrate)

N o te  th a t a  v erb  can  en ter in to  a  se t o f  co n stru c tio n  types, as the  v e rb  d a n se  (dance) w h ich  can  be 
u sed  tran sitiv e ly  o r as a  s tan d ard  in tran s itiv e  verb .

Interpretation of Argument Structures in Grammatical Frameworks
T h e  a rg u m en t s tm c tu re  in fo rm atio n  in  N o rK o m p L eks  sa tisfies th e  b a s ic  req u irem en ts  o f  cu rren t 
g en e ra tiv e  theo ries. « C lassica l»  L F G , i.e . th e  1982 version , needs in fo rm a tio n  ab o u t syn tactic  
fu n c tio n  in  o rd er to  spec ify  th e  a rg u m e n t s tructu re  p o rtio n  o f  th e  lex ica l descrip tions. M ore 
rece n t v e rs io n s  o f  L F G  h as  a rg u m e n t lin k in g  in fo rm ation  w h ere  sy n tac tic  fu n c tio n s and  th em atic  
ro le s  a re  connected . N o rK o m p L ek s  seem s to  h av e  the  req u ired  in fo rm a tio n  fo r b o th  versions o f  
L F G . A  p re lim in ary  v ers io n  o f  a  co m p ile r  w h ich  tran sla tes  a rg u m en t d escrip tions in 
N o rK o m p L eks  in to  L F G -8 2  d esc rip tio n s  h as  b een  developed . T h e  P ro lo g  session  below  
illu s tra te s  th e  id ea  o f  tran s la tin g  N o rK o m p L e ks  descrip tio n s o f  v e rb s  in to  L F G -8 2  fo rm at (the 
in fo rm a tio n  is g iv en  in  P ro lo g  syn tax ). T h e  p ro g ram  co nsu lts  the  lex ica l d esc rip tio n s o f  a  w ord 
fo rm  (e .g . ta b le ) ,  tran sla tes  th e  co d e(s) in to  L F G -82  fo rm at, an d  re tu rn s  th e  transla tion . T he 
u su a l L F G  n o ta tio n  is a lso  g iven .

’ Such a list is of special interest for subcategorization in HPSG.
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27 ?- translate_word(bable,Trans,Ifg82). ta b le  = babble  
Trans = [[up pred = bable(up subj)]]

LFG notation: ( t  PRED) = 'bable<(t SUBJ)>’

28 ?- translate_word(baktale,Trans,lfg82). baktale  = slander, speak ill o f  
Trans = [[up pred = baktale(up subj, up obj)]]

LFG notation: ( t  PRED) = 'baktale<(t SUBJ), ( t  OBJ)>’

29 ?- translate_word(boble,Trans,lfg82). boble = bubble  
Trans = [[up pred = boble(up sub])], [up pred = bobIe(up sub])]]

LFG notation: ( t  PRED) = 'boble<(t SUBJ)>’

30 ?- translate_word(beta,Trans,lfg82). beta = impress, fascinate 
Trans = [[up pred = beta(up subj, up obj)]]

LFG notation: ( t  PRED) = 'beta<(T SUBJ), ( t  OBJ)>’

31 ?-translate_word(begynne,Trans,lfg82). begynne = begin
Trans = [[up pred = begynne(up subj)], [up pred = begynne(up subj, up obj)], 
[up pred = begynne(up subj, up vcomp), up subj = (up vcomp, subj)]]

LFG notation: [ jT  PRED) = ‘begynne<(t SUBJ)>’^

j i t  PRED) = ■begynne<(t SUBJ), ( t  OBJ)>^

[( t  PRED) = 'begynne<(t SUBJ), ( t  VCOMP)>’
( t  SUBJ) = ( t  VCOMP SUBJ)

T h e la st v e rs io n  o f  th e  v erb  begynne  (beg in ) h as  a  con tro l equ atio n  w h ich  sta tes  th a t th e  m atrix  
su b jec t is th e  sam e as th e  sub ject o f  th e  vcom p. O bserve  th a t tran s la tio n  29  in  th e  P ro lo g  session  
g ives tw o  id en tica l a rg u m en t s truc tu res, w h ich  m eans th a t the lex ico n  m akes a  d is tin c tio n  th a t 
th is  L F G  co m p ile r d o esn ’t.

L ex ica l d esc rip tio n s in  H P S G  n eed  in fo rm a tio n  ab o u t catego ria l rea lisa tio n  an d  o rd erin g  am ong  
th e  a rg u m en ts . T h e  re lev an t o rdering  is im p lic itly  en co d ed  (a rg l is th e  sub ject, a rg 2  is the  ob ject, 
etc.). T h e  sem an tics  o f  lex ical item s H P S G  is  n o t p ro v id ed  by  N o rK o m p L eks, s im p ly  because 
th is  sem an tic  in fo rm atio n  is m ore  o r le ss in te rn a l to  H PSG .

G o v ern m en t and  B in d in g  approaches to  sy n tax  is n o t w idesp read  in  co m p u ta tio n a l lingu istics, 
b u t G B  g ram m ars (and  M in im alist ap p ro ach es) are  p o p u la r am ong  syn tac tic ian s . B ecause  the 
N o rK o m p L eks  lex ico n  is m ean t to  b e  usefu l a lso  fo r syn tactic ians w ho  are n o t N L P  p ractitioners, 
G B  tran s la tio n s  o f  lex ica l descrip tio n s h as  so m e in terest. L ex ical d esc rip tio n s in  G B requ ire  
in fo rm a tio n  ab o u t th em atic  ro les, ca teg o ria l in fo rm a tio n  and  w h eth er an  a rg u m en t is «ex ternal»
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o r « in ternal» . T he fo rm er tw o  ty p e s  o f  in fo rm atio n  is en co d ed  d irec tly , b u t th e  «external»  /  
« in ternal»  d icho tom y  is p resen t ind irec tly . A g en tiv e  su b jec ts  a re  «ex tern a l» , b u t th em atic  
su b jec ts  are  « in ternal» . T hus, th e  co d e  in tra n s l  has one ex te rn a l a rg u m en t in  G B  term s, and  
in tra n s2  has one in ternal a rg u m en t. S o m e ex am p les  o f  th e  tran s la tio n  p rog ram ;

22 ?- translate_word(bable,Trans,gb).
Trans = [bable lex_gb verb args [ag : np - 'E']]

T h e  expression  bable lex_gb  verb  a rg s  [ a g  : np  - 'E '] m ean s th a t bab le  is a  verb  w ith  one 
ex ternal agen t a rg u m en t w h ich  is  rea lized  as N P.

23 ?- translate_word(baktaie,Trans,gb).
Trans = [baktale lex_gb verb args [ag ; np 'E', th ; np]]

H ere  th e  verb  bak ta le  h as  tw o  arg u m en ts , an  ex ternal ag en t N P and  an  in ternal them atic  N P.

24 ?- translate_word(boble,Trans,gb).
Trans = [boble iex_gb verb args [], boble lex_gb verb args [th : np]]

T h e em p ty  list s igna ls  a  v e rb  w ith  no  th e ta -m ark ed  a rg u m en ts  (th e  firs t v e rs io n  o f  boble). T h e  
seco n d  v ers io n  o f  the verb h as  one  a rg u m en t w h ich  is in te rn a l, w h ich  is the  th eo re tical 
d esc rip tio n  o f  an  erg a tiv e  verb .

T h e  verb  beta  has a  th em atic  ex tern a l a rg u m en t an d  an  in te rn a l a rg u m en t w ith  the ro le  
experiencer:

25 ?- translate_word(beta,Trans,gb).
Trans = [beta Iex_gb verb args [th : np - 'E', exp: np]]

T h e ac tu a l tran sla tio n  fro m  N o rK o m p L ek s  d escrip tio n s to  G B  d esc rip tio n s  is go v ern ed  b y  P ro log  
p red ica tes  like

arg_translation(gb,[arg1 : su :: ag :: np], [ag : np - 'E']). 

and

arg_translation(gb,[arg1 : su R O L E n p ,  -- passiv], [ROLE : np]).

T h e  th ird  argum en ts, i.e. [ag : n p  - 'E '] an d  [R O L E  : np] are  G B -tran s la tio n s  o f  N o rK o m p L ek s 
codes. R eca ll th a t [a rg l : su  :: ag  :: np] is th e  in te rp re ta tio n  o f  th e  code  in tr a n s l,  and  the  verb  
bab le  h as  th is  code. R O L E  is  a  P ro lo g  v a riab le  w h ich  has  th e  e ffec t o f  t r a n s f e r r in g  th e  
N o rK o m p L ek s  th e ta  ro le  on to  th e  G B  descrip tion . L F G  tran s la tio n s  is acco m p lish ed  by  the  sam e 
m e th o d , b u t w ith  o th e r in te rp re ta tio n s, o f  course:

arg_translation(!fg,[arg1:su::_ARG1ROLE::np], up pred = [up sub]]).

N o te  th a t th e  th em atic  ro le  is o f  n o  in te re s t here , and  it is m ad e  in v isib le  by  th e  anonym ous 
P ro lo g  v ariab le  _ A R G 1 R 0 L E .
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Argument Information and Morphological Information
T h e  v erb

w (d e b u te re ,9 4 3 4 ,[ in tr a n s l] ) .  (m a k e  o n e ’s d e b u t)

h as  an  id en tifie r 9434  w h ich  is a  « p o in ter»  into th e  stem  lex icon . T h e  s tem  lex icon  has 
in fo rm a tio n  ab o u t m orp h o lo g ica l p ro p erties  (co n ju g a tio n  c lasses an d  sp e lling ). G enerating  full 
fo rm s w ith  m orphosyn tac tic  (see th e  m o rp h o lo g ica l section  above) and  a rg u m en t structure 
in fo rm a tio n  is a  ra th e r triv ia l m atte r, b u t th e  de ta ils  are  o f  cou rse  d ep en d en t u p o n  theo re tical and 
fo rm al considera tions.

Conclusions
T h e b as ic  in g red ien ts  o f  th e  m o rp h o lo g ica l, phono lo g ica l and  sy n tac tic -sem an tic  p roperties  o f  
th e  N o rK o m p L e ks  lex icon  h as  been  described . M o st o f  the  w ork  is fin ished . T oday  the  lex icon  is 
u sed  a t  th e  U n iv ersity  o f  O slo  in  a  m le -b ased  P O S -tagger, and  it w ill b e  u sed  in  th e  N orw eg ian  
p a r t o f  th e  ongo ing  E U -pro jec t S C A R R IE . T E l in te rp re ta tions o f  th e  m o rp h o lo g ica l and 
sy n tac tic -sem an tic  in fo rm ation  w ill be  m ad e  la te r th is  year.
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h ttp ://v is l.h u m .o u .d k /L in g u is tics .h tm l

Abstract
T he p ap er d iscusses, on  th e  lex ica l level, th e  in teg ra tio n  o f  h eu ris tic  so lu tions in to  a  lex ico n  
b ased  and  ru le  g o v ern ed  sy stem  fo r th e  au to m atic  ana lysis  o f  u n res tric ted  P ortuguese  tex t. In  
particu la r, a  m o rp h o lo g y  b ased  an a ly tic  app ro ach  to  lex ica l h eu ris tics  is p resen ted  and  evaluated . 
T he tag g er in v o lv ed  u ses a  50 .000  en try  base fo rm  le x ico n  as w ell as p refix -, suffix- an d  
in flex io n  end ings lex ica  to  a ss ig n  p a rt o f  speech  and  o th e r m o rp h o lo g ica l tag s  to  every  w ordform . 
in  the  text, w ith  reca ll ra tes b e tw een  99 .6%  and  99 .7% . M u ltip le  read in g s are  su b sequen tly  
d isam b ig u ated  by  u s in g  g ram m atica l ru les  fo rm u la ted  in  th e  C o n stra in t G ram m ar fo rm alism . O n  
th e  n ex t level o f  an a ly sis , tag s  fo r syn tactica l fo rm  an d  fu n c tio n  a lte rn a tiv es  are  m apped  on to  th e  
w o rd fo n n s  and  d isam b ig u a ted  in  a  s im ila r w ay . In  sp ite  o f  u sin g  a  h igh ly  d iffe ren tia ted  ta g  set, 
the  p arser y ie lds co rrec tness ra te s  - o n  ru n n in g  u n restric ted  an d  u n k n o w n  tex t - o f  over 99%  fo r 
m o rpho logy /P oS  and  9 7 -9 8 %  fo r syntax . A  te st s ite  w ith  a  v a rie ty  o f  ap p lica tions (parsing , 
co rpus searches, in te rac tiv e  g ram m ar teach ing  and  - ex p erim en ta l - M T  has b een  estab lish ed  a t 
h ttp ://v is l.h u m .o u .d k /L in g u is tic s .h tm l.

1 Background
In  co rpus lin gu istics, m o s t sy stem s o f  au to m atic  an a ly sis  can  b e  c lassified  b y  m easu ring  th e m  
ag a in st the  b ip o la rity  o f  ru le  b ased  v ersus p ro b ab ilis tic  ap p ro ach es. T hus K arlsson  (1995) 
d is tingu ishes  b e tw een  “p u re”  ru le  b ased  o r p ro b ab ilis tic  sy stem s, h y b rid  system s an d  co m p o u n d  
system s, i.e. ru le  b ased  sy stem s su p p lem en ted  w ith  p ro b ab ilis tic  m o d u les , o r  p ro b ab ilis tic  
system s w ith  ru le  b ased  “b ia s” o r postp ro cessin g . A s  a  seco n d  p aram ete r, lex ico n  dep en d en cy  
m ig h t b e  added , s ince  b o th  ru le s  b ased  and  p ro b ab ilis tic  sy stem s d iffe r  in te rn a lly  as to  h o w  m u ch  
use  th ey  m ake  o f  ex ten siv e  lex ica , b o th  in  te rm s o f  lex ica l co v erag e  an d  g ran u la rity  o f  lex ica l 
in fo rm ation .

T he co n stra in t g ra m m a r  (C G ) fo rm alism  (e.g. K arlsso n  e t a l., 1995), w h ich  I have  b een  u s in g  in  
m y  o w n  sy stem ’ fo r th e  au to m atic  an a lysis  o f  u n res tric ted  P o rtu g u ese  te x t (B ick , 1996 [1] an d  
1997 [2]), is b o th  ru le  g o v ern ed  and  lex icon  based , fo cu s in g  on  d isam b ig u atio n  o f  m u ltip ly

‘ The system was developed in the framework of a Ph.D.-project at Arhus University, over a period of three 
years, drawing on lexicographic research on Portuguese from an earlier Master's Thesis.
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ass ig n ed  lex ica l an d  structu ra l read in g s as th e  m ain  to o l o f  ana lysis . R ead in g s are  expressed  as 
se ts  o f  w ord  b ased  m o d u lar tags. S y n tac tic  s tructu re  is covered  b y  u s in g  fu n ctio n  tags and 
depen d en cy  m arkers (B ick, 1997 [1]), b u t I w ill here concen tra te  o n  th e  lex ico -m orpho log ical 
level. B efo re  any  C on stra in t G ram m ar ru les  can  apply, all (m o rp h o lo g ica lly ) p o ss ib le  read ings 
h av e  to  be iden tified , and  I h av e  to  th is  end  developed  a p rep ro cesso r, th a t iden tifies  w ordform s, 
p o ly lex ica l u n its  and  sen tence b o u ndaries, as w ell as a  m o rp h o lo g ica l an a ly se r fo r  P ortuguese  
u sing  an  ad ap ted  e lec tron ic  v ers io n  o f  a  p rev iously  p u b lish ed  d ic tio n ary  (B ick , 1993) in  
co m b in a tio n  w ith  affix - and  in flec tio n  end in g s lex ica  su p p lem en ted  b y  co rresp o n d in g  alternation  
ru les  fo r w o rd  fo rm atio n  (B ick , 1995). In  th e  analyser's  ou tpu t, ev ery  w ord  fo rm  is fo llow ed by 
as m an y  tag  lines as there  are  p o ten tia l read ings:

(1) "<revista>"
"revista" < + n>  <C P>  < rr>  N F S
"revestir" < v t>  < d e^v tp >  < de^vrp>  V  P R  1/3S S U B J V F IN  
"rev istar" < v t>  V  IM P  2S V F IN  
"rev istar" < v t>  V  P R  3S IN D  V FIN  
"rever" < v t>  <vi>  V  PC

W ith  a  C G -term , such  an am b ig u o u s lis t o f  read ings is ca lled  a  cohort. In  th e  exam ple , the w ord  
fo rm  'rev ista ' has one n o u n -read in g  (fem ale  singu lar) and  fou r (!) v e rb -read in g s, the la tter 
co v erin g  th ree  d iffe ren t b ase  fo rm s, sub junctive , im perative , in d ica tiv e  p resen t tense and  
p artic ip le  read ings. C onven tionally , P oS  and  m orpho log ica l featu res are  reg ard ed  as p rim ary  tags 
and  co d ed  by  cap ita l le tters. In  ad d itio n  th e re  can  be secondary  lex ical in fo rm atio n  abou t valency  
an d  sem antica l c lass, m arked  b y  b racketing .

A  co n stra in t g ra m m a r ru le  b rin g s th e  am b ig u ity  p rob lem  to  th e  fo reg ro u n d  b y  specify ing  w h ich  
read in g  (o u t o f  a  co h o rt o f  am b ig u o u s  read in g s fo r a  g iv en  w ord) is im p o ss ib le  (and  thus to  be 
d iscard ed ) o r m an d ato ry  (and  th u s to  b e  chosen ) in  a  g iven  sen tence-con tex t. F o r  instance, a  ru le  
m ig h t d iscard  a  fin ite  verb  read in g  a fte r a  p rep o sitio n  (2a) , o r  w h en  an o th e r - u n am biguous - 
fin ite  v e rb  is a lready  found  in  th e  sam e c lause , w ith  no coord ina to rs p re sen t (2b).^

(2a) R E M O V E  (V F IN ) IF  (-1 P R P )
[d iscard  fin ite  verb  read ings (V F IN ) i f  th e  firs t w ord  to  the  le ft (-1 ) is a  p rep o sitio n  PR P)]

(2b ) R E M O V E  (V F IN ) IF  (*1C  V F IN  B A R R IE R  C LB  O R  K C ) (N O T  * - l  C L B -W O R D )
[d iscard  V F IN  i f  th e re  is an o th er u n am biguous (C ) fin ite  v erb  (V F IN ) anyw here  to  the  
r ig h t (*1) w ith  no  c lau se -b o u n d ary  (C L B ) and  coo rd in a tin g  co n ju n c tio n  (K C ) in terfering  
(B A R R IE R ). D iscard  on ly  i f  th e re  is no  su b o rd in a to r (C L B -W O R D ) anyw here  to  the  le ft 
(* - l) ]

2 Ordinarily, this disambiguation process works on whole cohort lines, i.e. distinguishes between PoS, base form 
and inflection, but tolerates competing valency options. However, on a higher level o f analysis, I have introduced 
valency and semantical disambiguation, too. This can be very useful for polysemy resolution, like in "rever", where 
the transitive <vt> - intransitive <vi> distinction has a meaning correlate: 'tomar a ver' [see again] vs. 'transudar' 
[leak through]. Likewise, "revista" followed by a name <+n> or being read (semantical class <rr>) is more likely to 
be a newspaper than an inspection (semantical class <CP> for action; +CONTROL, +PERFECTIVE).
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W ith  cu rren t so ftw are , b e fo re  an  analysis  run , a ll ru les  a re  tran s la ted  in to  a  fin ite  s tate  n e tw o rk  
by  a  co m p ile r p ro g ram , y ie ld in g  the actual parser. T h e  P o rtu g u ese  g ram m ar w as o rig in a lly  
w ritten  in  th e  fo rm alism  su g g ested  by  P asi T ap an a in en 's  firs t co m p ile r  im p lem en ta tion , b u t la te r 
rew ritten  to  m a tch  th e  n o ta tio n  u sed  in  h is n ew  C G -2  p a rse r co m p ile r  (T apanainen , 1996).

B y  app ly ing  th e  ru le  se t several tim es, th e  p a rse r ren d ers  m ore  an d  m ore  w ords in  th e  sen ten ce  
u nam biguous, and  in  th e  end , on ly  one read ing  is  le ft fo r  ev ery  w o rd . S ince th e  in d iv id u al ru le  
can  be  m ad e  v ery  "cau tious"  by  add ing  m o re  co n tex t co n d itio n s, and  since  th e  la s t su rv iv in g  
read ing  w ill n ev e r b e  d iscard ed , th e  fo rm alism  is  v ery  rob u st. E v e n  im p erfec t in p u t w ill y ie ld  
so m e  parse. U n lik e  p ro b ab ilis tic  system s, w here  "m anual in te rference"  as in  th e  in tro d u c tio n  o f  
b ias on  b e h a lf  o f  irreg u la r p h en o m en a  o ften  h as  an  ad v erse  side-effec t on  the  o vera ll 
perfo rm ance o f  the  p a rse r (d u e  to  in terference w ith  th e  o rd in ary  sta tis tica l "ru les" biised o n  the  
regu lar  "m ajority" p h en o m en a), C onstra in t G ram m ar to le ra te s  and  ev en  encourages the 
increm en tal "p iecem eal " ad d itio n  o f  excep tions and  co n tex t co n d itio n s fo r in d iv idual ru les  (F o r 
a  co m p ariso n  o f  s ta tis tica l an d  co nstra in t-based  m e th o d s  see  C h an o d  &  T apanainen , 1994).

2. System Performance
I f  they  can  b e  m ad e  to  w o rk  on  free tex t, ru le  b ased  sy stem s can  ach ieve v ery  low  erro r rates. 
W hile  s ta te -o f-th e -a rt p ro b ab ilis tic  tag g ers  still h av e  e rro r ra tes o f  o v er th ree  p ercen t^  ev en  for 
PoS  tagg ing , C G  b ased  sy stem s fare som ew hat better. F o r E n g lish  w o rd  class e rro r rates o f  u n d er 
0 .3%  have  b een  rep o rted  a t a  d isam b ig u atio n  level o f  9 4 -9 7 %  (V o u tila in en , 1992), F o r m y  o w n  
P ortuguese  C G  system , te st runs runs w ith  n ear 100%  d isam b ig u a tio n  on  fic tio n  and new s tex ts 
suggest a  co rrec tn ess  ra te  o f  o v er 99%  for m o rp h o lo g y  and  p a rt o f  speech , w h en  an a lysing  
unkn o w n  u n res tric ted  text'*. F o r  sy n tax  th e  fig u res  a re  98%  for c lass ica l lite rary  p ro se  (E 9 a  de  
Q ueiroz, "O  te so u ro ") and  97%  fo r the  m o re  in v en tiv e  " journalese" o f  new s m ag azin e  tex ts  
(V E JA ,9 .1 2 .1 9 9 2 ),as  sh o w n  in  tab le(3 );

 ̂ Compare, for English, (Garside et.al, 1987) on the HMM based CLAWS system, (Francis and Kucera, 1992) 
on recovering PoS tags from the Brown corpus, Ratnaparkhi's maximum-entropy tagger trained on the Penn 
Treebank (Marcus et al., 1993) or Brill's stochastic tagger using automated learning (Brill, 1992). For German the 
Morphy system described in (Lezius et. al., 1996) achieved an accuracy of 95.9%.

" The test texts used were not part of the benchmark corpus used to develop the rules, and fresh text chunks were 
used for every new test. The present grammar, however, still being improved, does incorporate changes made as a 
result of test run errors.
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(3) System performance on the PoS and syntactic levels:

T e x t : 0  tesouro V E J A J V E J A 2
ca . 2 5 0 0  w o rd s ca . 4 8 0 0  w o rd s ca. 3 1 4 0  w o rd s

E r r o r  t y p e s :  ,' . ,  > L. e r r o r s co rrec t- e r ro r s c o rre c t- e r ro r s co rrec t-
n e s s  . n e s s n e s s

P a r t-o f-sp e e c h  e r ro rs 16 15 24
B a se -fo rm  & flex ion  e r ro r s 1 2 2
A ll  m o r p h o l o g i c a l  e r r o r s 17 99 .3  % 17 9 9 .7  % 26 9 9 ,2  %
s y n ta c tic : w o rd  & p h ra s e s 54 118 101
s y n ta c tic : s u b c la u s e s 10 11 13
A ll s y n t a c t i c  e r r o r s 64 9 7 .4  % 129 9 7 .3  % 114 9 6 .4  %
"local" s y n ta c t ic  e r ro r s  d u e  to - 2 7 - 23 - 2 8
P o S /m o rp h o lo g ica l e r ro r s
P u r e l y  s y n t a c t i c  e r r o r s 37 98 .5  % 106 9 7 .8  % 86 9 7 .3  %

3. Lexico-morphological heuristics
Y et even  in  a ru le  based  C G  system , h eu ris tics  can  be  qu ite  usefiil (fo r E n g lish , see K arlsson  et. 
a l., 1995). T hus ru les are  u su a lly  g rouped  accord ing  to  th e ir "sa fe ty" , i.e. th e ir  s tatistical 
ten d en cy  to  m ake errors. L ess safe ru les can  be  added  as a  h eu ris tic  lev e l o n  top  o f  a  kernel o f  
safe  ru les , and  w ill be  ap p lied  a fte r  these . A lso , statistica l in sp ired  "ra rity  tags" (<R are>) can  be 
ad d ed  to  certa in  less p ro b ab le  read in g s in  the lex icon , and  th e n  re fe rred  to  b y  contex tual 
d isam b ig u atio n  ru les. A  th ird  fie ld  fo r the  ap p lica tion  o f  h eu ris tics  is o n  th e  an a lyser  level, i.e. 
co n cern s the  (lex ico -m o rp h o lo g ica l) in p u t o f  th e  d isam b ig u atio n  ru le  system . It is th is  th ird  type 
o f  h eu ris tics  I am  con cern ed  w ith  here .

S in ce  th e  h ig h e r levels o f  th e  p a rs in g  sy stem  (fo r exam ple , PoS  an d  sy n tax ) are  techn ica lly  ru le  
b ased  d isam biguato rs, th ey  n eed  so m e  read in g  fo r every  w ord  to  w o rk  on , w h ich  is w hy even  
un an a ly zab le  w ord  fo rm s (i.e. w o rd  fo rm s th a t can  n o t b e  red u ce d  to  a  ro o t found  in  the  
a n a ly se r’s lex icon) need  to  be  g iv en  one  o r m o re  heu ristic  read in g s w ith  reg ard  to  w o rd  class and  
flex io n  m orpho logy . T he m a jo rity  o f  such  cases is accoun ted  fo r b y  u n k n o w n  p ro p e r nouns (1- 
2 %  o f  a ll w ords, dep en d in g  o n  te x t ty p e ), and  can  be  h an d led  b y  ass ig n in g  h eu ris tic  PR O P tags 
to  a ll  cap ita lised  w o rd s in  ce rta in  con tex ts , and  then  a d d in g  any  co m p e tin g  a n a ly tica l analysis, 
e sp ec ia lly  in  the  case o f  sen ten ce  in itia l positio n , leav ing  th e  fina l d ec is io n  to  th e  ru le  b ased  
d isam b ig u a tio n  m odule. T h is  w ay , th o u g h  80%  o f  a ll nou n s in  m y  co rpus n eed  heuristica l 
trea tm en t, th e  e rro r ra te  fo r th e  P R O P  class  as a  w ho le  can  be  k e p t a t  2% , n o t to o  fa r  from  the 
tag g ers  ov era ll PoS  erro r ra te  (<  1% ).
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3.1 "Unanalyzable® words": typology and statistics
T h o u g h  acco u n tin g  fo r on ly  0 .3 -0 -5%  o f  w o rd  fo rm s in  ru n n in g  tex t, o th e r ty p es o f  an a ly sis  
fa ilu res  (i.e. w o rd  fo rm s th a t can  n o t b e  red u ced  to  a  ro o t fo u n d  in  th e  an a ly se r’s lex ico n ) are  
m ore  d ifficu lt to  h an d le , due  to  the ir fim ctional d iv e rs ity  and  th e  lack  o f  a  c lear m o rp h o lo g ica l 
m arker. T ab le  (4 ) p ro v id es  a n  erro r ty p o lo g y  fo r  a  13L 981  w o rd  lite ra tu re  an d  secondary  
litera tu re  co rp u s (T he R N P  d eposito ry  o f  B raz ilian  literatu re), co n ta in in g  604  u n an a ly zab le  
w ords in  th e  te s t run.

T hree  m a in  g ro u p s  m ay  b e  d istin g u ish ed , co m p ris in g  o f  ro u g h ly  o n e  th ird  o f  the  cases each:

a) o rth o g rap h ica l e rro rs  (shaded  in  th e  tab le , an d  partia lly  co rrec ted  befo re  h eu ris tic s  p ro p e r 
b y  an  a cc en t m o d u le  reco g n isin g  reg u la r reg io n a l spelling  v aria tions)

b) u n k n o w n  an d  u n d eriv ab le  P o rtu g u ese  w ords o r ab b rev ia tio n s
c) u n k n o w n  fo re ig n  loan  w ords

(4) E rro r ty p es  in  "u nanalyzab le" w ords:

DOMAIN NUM BER OF  
TOKENS

PERCENTAG E

F o re ig n 232 38.4
o r th o g ra p h ic  v a r ia tio n  
(E u ro p ea n /a cceh tu a tio n )

125 20.7 Correctables

o th er  p ort. O rth o g ra p h ic 74 12.3 Misspellings
n o n -ca p ita lise d  n a m es  an d  
a b b r ev ia tio n s

37 6.1 E n cyclopaed ic  
lexicon fa ilu re s

n a m es an d  n am e ro o ts 18 3.0
a b b r ev ia tio n s 19 3.1

root n o t  fou n d  in  le x ic o n 119 19.7 Core lexicon
fou n d  in  A urelio^ 91 15.1 fa ilu re s
n o t fo u n d  in  A u re lio 28 4.6

d er iv a tio n /fle x io n  p ro b lem 15 2.5 A ffix lexicon
su ffix 8 1.3 fa ilu re s
p refix 3 0.5
H exion  e n d in g 2 0.3
a lter n a t io n  in fo rm a tio n 2 0.3

o th er 2 0.3
SUM 604 100.0

3.2 Analytical morphological heuristics
F o r o p tim al p e rfo rm an ce , th e  th ree  g ro u p s m en tio n ed  ab o v e  w o u ld  req u ire  d iffe ren t s tra teg ies. 
F o re ig n  w o rd s  ap p ea rin g  in  ru n n in g  P o rtu g u ese  te x t are  typ ica lly  nou n s o r n o u n  p h rases , and  * *

* In this paper I intend "unanalysable word forms" to mean word forms that cannot - by derivation and/or 
inflexional analysis - be reduced to a root found in the analyser's lexicon. Of course, only part of these - typing 
errors and foreign language quotes - are really unanalysable, while others might be covered by enlarging the lexicon 
or enhancing the scientific derivation list.

* "Novo Dicion^io Aurelio" is the largest monolingual dictionary of Brazilian Portuguese.
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try in g  to  iden tify  verba l e lem en ts  o n ly  causes troub le . In  "real" P o rtu g u ese  \vords w ithou t 
sp e lling  errors, s tructu ra l c lu es  - like flex io n  end ings an d  su ffixes - sh o u ld  b e  em phasised . T hese 
w ill b e  m ean ingfu l in  m issp e lled  P o rtu g u ese  w ords, too , bu t, in  ad d itio n , specific  ru les abou t 
le tte r m an ip u la tio n  (d o u b lin g  o f  le tters , m issin g  le tters, le tte r in version , m issin g  b lanks etc.) and  
ev en  kn o w led g e  ab o u t k ey b o ard  ch arac teristics  m ig h t m ake  a  d ifference.
M o tiv a ted  by a g ram m atica l p e rsp ec tiv e  ra ther th an  p ro b ab ilis tics , m y  approach  has been  to 
em p h asise  groups (a) and  (b) and  lo o k  fo r P o rtu g u ese  m o rp h o lo g ica l c lues in  w ords w ith  
u n k n o w n  stem s. S ince p re fix es  h av e  v ery  little  b earing  on  th e  p ro b ab ility  o f  a  w ord 's  w ord  class 
o r flex io n al categories, o n ly  th e  f lex io n  end ings and su ffix  lex ica  are  used . A s it a lso  does in  
o rd in ary  m orpho log ical an a ly sis , th e  tag g er tries to  id en tify  a  w o rd  fro m  th e  right, i.e. 
backw ards, cu tting  o f f  p o ten tia l end in g s o r su ffixes an d  ch eck in g  fo r  th e  rem ain ing  stem  in  the 
ro o t lex ico n  (the m a in  lex icon). N o rm ally , fo r (m ultip ly ) a n a ly sed  w o rd s, u s in g  K arlsson 's  law  
(K arlsson  1992, 1995)’, th e  P o rtu g u ese  ana lyse r w o u ld  try  to  m ak e  th e  ro o t as long  as possib le , 
an d  to  u se  as few  deriv a tio n a l layers® as possib le . F o r (sy stem -in tern a lly ) unanalyzab le  w ords, 
how ever, I use  the  o p p osite  s trategy; S ince I am  look ing  fo r a  h y p o th e tica l roo t, flex ion  end ings 
and  su ffix es  are all I've go t, an d  I try  to  m ak e  th e ir h a lf  o f  th e  w o rd  (th e  r ig h t hand  part) as large 
as possib le .

W ork ing  w ith  a m in im al ro o t len g th  o f  3 le tters, and ca llin g  m y  h y p o th e tica l ro o t 'xxx ', I w ill 
s ta rt by  rep lacing  only  th e  firs t 3 le tters o f  the  w ord  in  q u estio n  b y  'xxx ' and  try  fo r an  analysis, 
th e n  I w ill rep lace th e  firs t 4  le tters  by 'xxx ', and  so on, un til - i f  n ecessa ry  - the  w h o le  w ord  is 
rep laced  by  'xxx '.’ F o r a  w o rd  like  on to g en etica m en te  the  rew ritin g  reco rd  w ill y ie ld  the chain  
below . H ere, the full ch a in  is  g iven , w ith  all read ings it w ould  en co u n te r on  its w ay . In  the real 
case , how ever, the  tag g er - p refe rrin g  long  deriv a tio n s/en d in g s to  sh o rt ones - w ould  stop 
search in g  at the  xxx tica m en te  -leve l, w h ere  the  firs t g roup  o f  read in g s  is  found. In  fact, the  
ad v erb ia l use  o f  an  ad jec tiv e ly  su ffix ed  w o rd  is m u ch  m o re  likely  th an  h ittin g  upon, say, a  "root- 
on ly" n o u n  w hose last 9 le tters  h ap p en  to  inc lude b o th  the  '-ico ' an d  th e  '-m en te ' le tte r chains by  
chance.

(5 ) on to een e tica m en te  ->  no  an a ly sis

xxxogeneticamente
xxxgeneticamente
xxxeneticamente
xxxneticamente *

’’ Karlsson's law states, that of two morpological analyses of different derivational complexity, the one with fewer 
elements is almost always the correct one.

* Karlsson's law can be applied to any string of free (i.e. compounding), derivational or inflexional morphemes, 
but the frequency of ambiguity types with respect to these three elements will differ from language to language - 
thus, in Portuguese, compounding is much rarer than in most germanic languages, while Swedish, the language for 
which Karlsson's law was originally fomulated, does have compounding, but not as rich an inflexion morphology.

’ A similar method of partial morphological recognition and circumstantial categorization might be responsible 
for a human being's successful inflectional and syntactic treatment of unknown words in a known language; the 
Portuguese word games "coHorido" (president Collor & colorido - 'coloured') and "tucanagem" (the party of the 
tucanos & sacanagem - 'dirty work'), for instance, will not be understood by a cultural novice in Brazil, even if he is 
a native speaker of European Portuguese - but he will still be able to identify both as singular, the first as a past 
participle ('-do') and the second as an abstract noun ('-agem') of the feminine gender.
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xxxeticamente
xxxticamente

xxxicamente

xxxcamente
xxxamente

xxxmente
xxxente

-> su ffix  -ico ' (v a ria tio n  '- tico ')  +  adverb ia l end ing  '-m en te ' 
"on togene" < D E R S  -ico  [A T T R ]>  < d ead j>  A D V  

->  su ffix  '-ico ' +  ad v erb ia l en d in g  '-m ente '
"ontogene" < D E R S  -ico  [A T T R ]>  < d ead j>  A D V

~> adverb ial en d in g  '-m en te ' (v aria tio n  '-am ente ')
"on togenetico" < x x x o >  < d e a d j> A D V

~> "presen t p a rtic ip le" -su ffix  '-en te '
"on togeneticam er" < D E R S  -en te  [P A R T .P R ]>  A D J M /F  S 
"on togeneticam er" < D E R S  -en te  [A G E N T ]>  N  M/F' S 

->  causative su ffix  '-en ta r '’° +  v erba l f lex io n  end ing  ’-e'
"on togeneticam " <D E R S  -a r [C A U S E ]>  V  P R  1/3S S U B J V F IN

xxxnte
xxxte
xxxe -> verbal flex io n  en d in g  '-e'

"on togeneticam en te r"  < x x x er>  V  IM P  2S V FIN  
"on togeneticam entir"  < x x x ir>  V IM P 2S  V F IN  ###  
"on togeneticam en te r"  < x x x er>  V  P R  3 S IN D  V F IN  
"on togeneticam en tir"  < x x x ir>  V  P R  3S  IN D  V F IN  # # #  
"on togeneticam en ta r"  < x x x ar>  V  P R  1/3S S U B J V F IN  

XXX -> no deriva tion  o r f lex io n
"on togeneticam en te" < x x x >  N F S  
"on togeneticam en te"  < x x x >  N  M  S

R oo ts w ith  'x x x ' are  p resen t in  the  core  lex ico n  a lo n g sid e  the  "real" roo ts , in c lu d in g  th e  necessa ry  
stem  a lte rn a tio n s"  fo r  verb s  (here, B b C c  fo r d iffe re n t ro o t-s tressed  fo rm s an d  A a iD  fo r  end in g s- 
s tressed  fo rm s):

(6)
ro o t w o rd  c lass  a lte rn a tio n  subclass lex em e  ID  ta rg e t o f  analysis_________ _
XXX <sm> 
xxxar <am£> 
xxxar- <vt>

xxxer <sm> 
xxxia <sf> 
xxxo <sm>

A aiD

54573
59547
54578

54666
54665
54582

m ascu lin e  n oun , ty p ica lly  fo re ig n  
P o rtu g u ese  '-ar'-ad jec tive*  
end in g s-s tressed  fo rm s o f '- a r '-  
verbs
m ascu line  noun , ty p ica lly  E ng lish*  
fem in ine  n oun , L atin -P o rtu g u ese*  
m ascu line  noun , ty p ica lly  
P o rtuguese

This suffix is regarded as a variant of'-ar', and therefore normalized in the DER-tag: <DERS -ar [CAUSE]>. 
Here, BbCc for different root-stressed forms and AaiD for endings-stressed forms, with D, for example,

meaning a root to be used with future subjunctive endings.
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B esid es  th e  typ ica l s te in s en d in g  in  '-o ', '-a' and  '-r', d e fau lt s tem s co n sis tin g  o f  a  p la in  'xxx' have  
b een  en tered  to  acco m m o d a te  fo r fo re ign  n o uns w ith  "un -P ortuguese"  spelling . L ike m any o th e r 
languages, P o rtuguese  w ill fo rce  its  o w n  gender system  ev en  on to  fo re ig n  loan  w ords, so a 
m ascu lin e  and a  fem in in e  case  m u s t b e  d istingu ished , fo r la te r u se  in  th e  tagger's  d isam biguation  
m odule .

S ince th e  analyser's  h eu ris tics  fo r unkn o w n  w ords p re fe rs  read in g s w ith  end ings (o r suffixes) to 
th o se  w ithou t, and  lo n g er o n es to  sho rte r ones, verbal read in g s (esp ec ia lly  those  w ith  in flex ion  
m o rp h em es in  'r', 'a ' o r 'o ') h av e  a  "natural" advan tage  o v er w h a t rea lly  shou ld  b e  n o uns o r 
ad jec tiv es , espec ia lly  w h en  th e se  appear in  th e ir u n in flec ted  s in g u la r b ase  form . L ex icon-w ise , 
th is  tendency  is co u n te red  by add ing  th ree  o f  th e  m o s t co m m o n ly  ignored  nom inal cases 
specifically  in to  th e  lex icon : (a) E n g lish  '-er' n o u n s  o th e rw ise  o n ly  tak en  as P ortuguese  
in fin itives, (b) L atin -P o rtu g u ese  '-ia ' nouns o therw ise  o n ly  read  as v e rb a l fo rm s in  th e  im perfeito  
tense , and  (c) '-ar' ad jec tiv es  o th erw ise  analysed  only  as in fin itives.

R u le -w ise , verbal read in g s a lo n e  are n o t a llow ed  to  stop  th e  h eu ris tics-m ach in e , it w ill p roceed  
u n til it fin d s a  read in g  w ith  an o th e r w ord  class. So, th e  p ro cess  is set to  ig n o re  verb a l read ings on  
its  w ay  dow n th e  ch a in  o f  h y p o th e tica l w ord  fo rm s w ith  ev er sh o rte r su ffix /end ings-parts . T hus, 
th e  h eu ris tics-m ach in e  w ill re c o rd  verbal read ings, b u t o n ly  s top  i f  a  noun , ad jective  o r adverb  
read in g  is found  in  th a t level's  co h o rt (list o f  read ings). In  th is  con tex t, partic ip les  and  gerunds - 
th o u g h  verbal - are trea ted  as "ad jectives" and  "adverbs", resp ec tiv e ly , b ecause  they  feature very  
ch arac teristic  end ings ( '-ado ', '-ido ', '-ando ', '-endo ', '-indo ').

T h is  ra ises the p o ssib ility  o f  th e  h eu ristics-m ach ine p ro g ress in g  fro m  m ulti-derived  analyses 
(w ith  one  o r m ore  su ffixes) to  sim p le  analyses (w ith o u t su ffix es) b e fo re  it encoun ters a  n o n ­
v erba l read ing . In  th is  case , th e  ap p lica tio n  o f  K arlsso n 's  la w  does still m ak e  sense, and  w h en  th e  
h eu ris tics-m ach in e  h an d s its re su lts  over to  th e  local d isam b ig u a tio n  m o d u le , th is  w ill se lec t th e  
read ings o f  low est de riv a tio n a l com plex ity , w eed ing  o u t a ll (read : v e rb a l!) read ings con tain ing  
m o re  (read: verbal!) su ffixes th a n  the  g roup  selected . In  th e  m issp e lled  F ren ch  w ord  'entaente', 
fo r  exam ple, the  v erba l read ing :

(7a) "enta" < D E R S  -(en t)a r [C A U S E ]>  V  P R  1/3S S U B J V F IN , 
fro m  th e  'xxxaen te '-leve l, is rem o v ed , leav ing  on ly  u n d eriv ed  verba l read in g s - from  the 'xxxe '- 
level, a lo n g  w ith  th e  d esired  n o u n  s ingu la r read ing  fro m  th e  'xxx '-leve l.

(7b) en taen te  A L T  x x x aen te  A L T  xxxe A L T  xxx  
"en taen ter"  < x x x er>  V  IM P 2S V FIN  
"en taen ter"  < x x x er>  V  P R  3S IN D  V F IN  
"en taen tar"  < x x x ar>  V  P R  I/3 S  S U B J V F IN  
"entaente" < x x x >  N F S  
"en taen te" < x x x >  N  M  S

S ince  a ll d isam b ig u atio n  n o t re la ted  to  K arlsson 's  law  is re fe rred  to  th e  C G -m oduIe, the  w ord  
c lass ch o ice  b e tw een  V  and  N  w ill b e  con tex tua l (and  ru le  b ased ), as  w e ll as the  m orpho log ica l 
sub -ch o ice  o f  m o d e  (IM P  - P R ) fo r the  verb , and  g en d er (M  - F ) fo r th e  noun . In  th e  p ro to typ ica l 
case  o f  a  p reced in g  artic le , th e  v erb  read ing  is ru led  o u t by:

(8a) R E M O V E  (V ) IF  (-1 A R T ) 
a n d  th e  g en d er ch o ice  is th e n  ta k en  by  ag reem en t ru les  su ch  as:
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(8 b ) R E M O V E  (N  M ) IF  ( - 1 C D E T ) (N O T  -1 M )
R E M O V E  (N  F) IF  ( - 1 C  D E T ) (N O T  -1 F)

C o n s id e r th e  fo llo w in g  exam ples o f  "u nanalyzab le" w o rd s from  re a l co rpus sen ten ces, w h ere  the  
fina l o u tp u t, a fte r m o rp h o lo g ica l co n tex tu a l d isam b ig u atio n , is g iven ;

(9a) in v en tim an h as  A L T  x xxas (also : one  A D J and  th ree  ra re  V -read in g s) 
" inven tim anha" < xxx>  N  F P 'tricks '

(9b) a ra raq u a ren ses  A L T  xxxenses (3 o th e r A D J read ings rem o v e d  by local 
d isam b ig u a tio n )

"araraq u ai"  <D ER S -ense  [P A T R ]>  < jh >  < jn>  A D J M /F  P 'fro m  A raraquara '
(9c) so m b ran ce lh as  A L T  xxxas (also : o n e  A D J an d  th ree  ra re  V -read in g s) 

"som brancelha"  < xxx>  N  F  P '= so b ran ce lh as  - eye b ro w s '
(9d) cas t A L T  x x x  (also : N F S )

"cast" < * 1 >  <*2> < x x x >  N  M  S 'E ng lish : cast'

In  (9a) an d  (9b) th e  p arse r assigns co rrec t read in g s  to  un k n o w n , b u t w e llfo rm ed  P ortuguese  
w ords. D ep en d in g  o n  th e  o rthodoxy  o f  th e  fu s io n  p ro cess , these  a ffix e s  m ay  b e  reco g n ised  (9b), 
o r n o t (9a). T h a t a ffix  reco g n itio n  is im p o rtan t, c an  b e  seen fro m  th e  fact th a t a ll com peting  
an a ly ses  in  (9b) - b u t n o t in  (9a) - have  th e  co rrec t P oS  tag. W h a t is sp ec ia l ab o u t (9c), is the  
(p h o n e tica l? ) m issp e llin g  ( 'so m b ran ce lh as ')  o f  an  o th e rw ise  o rd in ary  P o rtu g u ese  w ord . E v en  so, 
w ith  th e  h e lp  o f  th e  su rv iv ing  m o rp h o lo g ica l c lues and  con tex tua l d isam b ig u a tio n , th e  p arse r is 
ab le  to  ass ig n  th e  r ig h t analysis  in  m o s t cases, esp ec ia lly  i f  the w o rd s still lo o k  P o rtu g u ese . (9d), 
fina lly , is th e  h a rd  czise - fo re ign  lo an  w ords. E n g lish  'cast' d o es  n o t f it  w ith  an y  P ortuguese  
f lex io n  end in g , th e re fo re  the d efau lt read in g  N  is assigned , g en d er d isam b ig u a tio n  re ly in g  on  
N P-context„

In  o rd e r  to  te s t th e  parser's  perfo rm an ce  an d  to  id en tify  the  stren g th s  an d  w eak n esses  o f  the  
h eu ris tics  s tra teg y  o f  th e  parser, I h av e  m a n u a lly  in sp ec ted  757 "runn ing" in stances '^  o f  low er 
case  w o rd  fo rm s w h ere  the  parser's  d isam b ig u a tio n  m o d u le  rece iv ed  its  in p u t fro m  the  tagger's  
h eu ris tics  m o d u le . T h e  firs t co lu m n  show s th e  w o rd  c lass  an a lysis  chosen , an d  in sid e  the  th ree 
g ro u p s (erro rs, P o rtu g u ese , fo re ign ) th e  le ft co lu m n  gives th e  n u m b er o f  co rrec t analyses, 
w h ereas  th e  rig h t co lu m n  offers s ta tis tic s  ab o u t th e  m istak es, spec ify in g  - an d  q u an tify in g  - w h at 
th e  an a ly s is  s h o u ld  h av e  been.

The words comprise all "unanalysable" word forms in my corpus, that begin with the letters 'a' and 'b'. Since 
the relative distribution of foreing loan words and Portuguese words depends on which initial letters one works on 
('a', for one, is over-representative of Portuguese words, whereas 'x'. 'w' and y  are English-only domains), no 
conclusions can be drawn about these two groups' relative percentages. Inside the Portuguese group, however, the 
distribution between real words and misspellings may be assumed to be fairly alphabet-independent. Any way, the 
sampling technique has no significance for error frequencies or distribution in relation to word class, which was the 
main objective in this case.
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(10) W ord  c lass  d is tr ib u tio n  an d  p arse r perfo rm ance in  "u nanalyzab le" w o rd s (V E JA  new s tex t)

A) orthographical 
errors

B) Portuguese words C) foreign words^® aU

analysis correct other correct other correct other correct other
N 119 ADJ 8 

ADV 8 
W I N  3 
P R O N l  
DET 1 
PRP 1

212 ADJ 3 226 ADV 11 
ADJ 3 
PR O N 2  
PRP 2

557 43

ADJ 25 N 8  
GER 2

95 N 7 8 128 17

ADV 3 - 5 - - 8 -

W IN 13 N 4  
PCP 1 
ADV 1

9 N 4  
ADJ 2

N 7  
ADJ 1

22 20

PCP 10 - 16 - - - 26 -

GER 3 - - - - - 3 -

INF 9 - 4 - - N 4 13 4
182 38 341 16 234 30 757 84

(17.3%) (4.5%) (11.4%) (10.0%)

T he tab le  show s tha t, w h en  u sin g  lex ical heu ris tics , the  p a rse r p e rfo rm s best - n o t en tire ly  
su rprising ly  - fo r w e llfo rm ed  P ortuguese  w ords (B). O f  323 n o uns and  ad jectives in  g roup  B, 
on ly  16 (5% ) w ere  m isa n a ly sed  as false positiv es  o r fa lse  n egatives. T he p rob ab ility  fo r an  
assigned  N -tag  be in g  co rrec t is as h ig h  as 98 .6% , fo r th e  u n d errep resen ted  adverb  and  no n -fm ite  
verba l c lass even  100% . A ll fa lse  p o sitiv e  no m in al read in g s (N  and  A D J) are  still in  the  nom in al 
c lass, a  fac t th a t is  q u ite  fav o u rab le  fo r la ter syn tac tic  ana ly sis .

F igu res are  low er fo r g ro u p  C , u n k n o w n  loan  w ords, w h ere  th e  ch an ce  o f  an  N -tag  be in g  co rrec t 
is on ly  92 .6% , ev en  w h en  a llo w in g  for a  n am e-ch a in -lik e  N -an a ly sis  o f  E n g lish  ad jec tives 
in tegrated  in  n o u n  c lu ste rs  o f  th e  ty p e  'b ig  boss'. F in ite  v e rb  read ings, th o u g h  rare  (due to  lack ing  
flex ion  ind ica to rs), are  o f  co u rse  a ll fa ilu res, and  on ly  th e  little  ad jec tiv e  g roup  w as a  h it, th e  few  
cases being  trig g ered  b y  m o rp h o lo g ica lly  "P ortuguesish" S p an ish  o r Ita lian  w ords.

T h e  resu lts  in  g roup  A  (m issp e llin g s) resem ble  th o se  o f  g ro u p  B , w ith  a  good  p erfo rm an ce  fo r 
c lasses w ith  c lear en d in g s, i.e. no n -fm ite  verb s  and  '-m en te '-ad v erb s, and  a  bad  p erfo rm an ce  fo r 
fin ite  verb  form s. F o r th e  la rg e  n o m in a l g roups fig u res  are  so m ew h at low er: 84 .4%  o f  N -tag s, 
an d  only  71 .4%  o f  A D J-tag s  a re  co rrec t - th o u g h  m o st fa lse  p o s itiv e  A D J-tags are  still w ith in  th e  
nom inal range. T h e  lo w er fig u res  can  be p artly  exp la in ed  b y  the  fact th a t m issp e lled  c lo sed  class 
w ords (adverbs, p ro n o u n s  an d  th e  like) w ill ge t the  (d efau lt, b u t w rong) n o u n  read ing  - a 
techn ique  th a t w o rk s so m ew h a t b e tte r and  m o re  n a tu ra lly  fo r fo re ig n  lo an  w ords (C ), w h ich  o ften  
are  "term s" im p o rted  to g e th e r w ith  th e  th in g  o r co n cep t th e y  s tand  for, or n£imes. A lso , the

Only individual words and short integrated groups are treated, foreign language sentences or syntactically 
complex quotations are treated as "corpus fall-out" in this table.
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p ercen tag e  o f  "sim plex '^" w ords w ith o u t a ffix es  is m u ch  h igher a m o n g  th e  m issp e llin g s  in  g roup  
A  th a n  in  g roup  B , w here a ll s im p lex  w o rd s - being  spelled  co rrec tly  - w o u ld  have  been  
reco g n ised  in  th e  lex icon  any w ay , due to  th e  good  lex icon  co v e rag e  b e fo re  g e ttin g  to  the  
h eu ris tic s  m odu le . T herefo re , n o u n s and  ad jec tiv es  in  g roup  A  la c k  th e  stru c tu ra l in fo rm atio n  o f  
su ffix es  th a t h e lp s  th e  p arser in  g ro u p  B : 'xxxo* lo oks defin ite ly  le ss  ad jec tiv a l th a n  'xxxfstico '. In 
particu la r, 'xxxo ' inv ites th e  N /A D J-co n fu s io n , w hereas m any  su ffix es  a re  c lea rly  N  o r A D J. 
T h u s, '-is tico ' y ie ld s  a  safe ad jec tive  read ing ,

4. Special - ”deviant” - word class probabilities for the heuristics module
Is it p o ssib le , ap a rt from  m o rp h o lo g ica l-stru c tu ra l c lues, to  use  "p ro b ab ilis tic s  pure" fo r decid ing  
o n  w o rd  c lass  tags fo r "unanalyzab le" w o rd s?  In  o rder to  answ er th is  q u estio n , I w ill - in tab le  
(14) - rea rran g e  in fo rm ation  from  tab le  (13) an d  co m p are  it to  w h o le  tex t d a ta  (in  th is  case, fiom. 
a  197 .029  w o rd  stre tch  o f  th e  m ix ed  g en re  B orba-R am sey  co rp u s). H ere , I w ill on ly  be 
co n ce rn ed  w ith  th e  op en  w o rd  c lasses, n o m in a l, verbal and  '-m en te '-ad v erb ia l.

(11) O p en  w o rd  class frequency  fo r "un an aly zab le"  w ords as co m p ared  to  w h o le  te x t figures

whole text "unanalysable" wore s
orthographical
errors

Portuguese
words

foreign words all heuristics

analyse
s

% cases % cases % cases % cases %

N 47.38 131 63.59 232 63.39 237 95.18 600 73.08
ADJ 12.79 33 16.02 100 27.32 12 4.82 145 17.66
ADV15 1.26 3 (+9) 1.46 5 1.37 - (+11) 8 0.97
W IN 24.96 16 7.77 9 2.46 - 25 3.05
PCP 4.96 11 5.34 16 4.37 - - 27 3.29
GER 2.47 3 1.46 - - 3 0.37
INF 6.17 9 4.37 4 1.09 - - 13 1.58

206 366 249 821

A m o n g  o th e r th in g s, the  tab le  show s th a t th e  n o u n  b ias in  "unanalyzab le" w o rd s is m u ch  stronger 
th a n  in  P o rtu g u ese  te x t as a  w h o le , th e  d iffe ren ce  be in g  m o st m ark ed  in  fo re ig n  lo an  w ords. The 
o p p o site  is tru e  o f  fin ite  verbs w h ich  sh o w  a  strong  tendency  to  b e  an a ly sab le . F in ite  verbs are  
v irtu a lly  ab sen t fro m  the  u n k n o w n  lo an  w o rd  g roup . F o r the  n o n -fin ite  v e rb a l c lasses  the  
d is tr ib u tio n  p a tte rn  is fairly  u n ifo rm , ag a in  w ith  th e  excep tion  o f  fo re ig n  lo an  w o rd s.

''' "Simplex'' words are here defined as words that can be found in the root lexicon without prior removal of 
prefixes or suffixes. Of course, the larger the lexicon the higher the likelihood of an (etymologically) affix-bearing 
word appearing in the lexicon, - and thus not needing "live" derivation from the parser.

Only deadjectival '-mente'-adverbs can meaningfully be guessed at heuristically, and therefore only they should 
enter into the statistics for word class guessing. Also the base line figure of 1.26% for normal text is for '-mente'- 
adverbs only, the overall ADV frequency is nearly 12 times as high. Since non-'mente'-adverbs are a closed class in 
Portuguese, the latter will be absent from the heuristics class of wellformed unknown Portuguese words, but in the 
foreign loan word group and the orthographical error group they will appear in the false positive section of other 
word classes (numbers given here in parentheses). In the orthographical error group, both '-mente'-adverbs and 
closed class adverbs can occur, the first as correct ADV-hits, the other usually as false positive nouns (for instance, 
'aiinda').
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A s m ig h t b e  ex p ec ted , am o n g  the  "unanalyzab le" w o rd s, o rth o g rap h ica l e rro rs  and  co rrect 
P o rtuguese  w ords sh o w  a  rem ark ab ly  s im ila r w o rd  c lass  d istribu tion .

A  lesson  from  th e  ab o v e  fin d in g s m ig h t be  to  o p t fo r no u n  read in g s and  ag a in st fin ite  verb  
read ings in  "unanalysab le" w ords, w hen  in  doub t, e sp ec ia lly  w here  n o  P ortuguese  flex io n  end ing  
o r  suffix  can  be  found , su g g estin g  fo reign  m ateria l. A s a  m a tte r o f  fact, th is  s tra tegy  has since 
been  im p lem en ted  in  th e  system , in  th e  fo rm  o f  h eu ris tica l d isam b ig u atio n  ru les, th a t d iscard  
V FIN  read in g s an d  chose N  read in g s fo r < M O R P -H E U R >  w ords, w h ere  low er level (i.e. safe) 
C G -ru les h av en 't been  ab le  to  decide  the  case  con tex tually .

5. Conclusion
I t  can  be show n  th a t lex ico -m o rp h o lo g ica l h eu ris tics  - a t least fo r a  m o rp h o lo g y -rich  language 
like P o rtuguese  - can  b e  b ased  on  structu ra l c lues and  th e  system atic  ex p lo ita tio n  o f  deriva tional 
and in flectional sub lex ica . A p p lied  to  im prove  an a ly se r reca ll on  th e  in p u t level o f  a  C on stra in t 
G ram m ar system , the  d escrib ed  tech n iq u e  p o sitiv e ly  co n trib u ted  to  th e  overall p erfo rm an ce  o f  a 
lex icon  b ased  ru le  g o v ern ed  tagger/parser. C o rrec tn ess  ra tes o f  m ore  th a n  99%  w ere  ach ieved  fo r 
the  m o rp h o lo g ica l/P o S  tag g e r m odule, w ith  h eu ris tic  e rro r ra tes ru n n in g  at 2%  fo r p ro p er nam e 
heu ristics  and  4 .5 %  fo r th e  heu ristica l an a ly sis  o f  o th er un recogn ised , b u t co rrec tly  spelled  
P ortuguese  w ord  form s. In  all, heu ristic  an a lysis  w as need ed  fo r 80%  o f  all p ro p e r nouns 
(am ounting  to  ca. 2%  o f  ru n n in g  w ord  fo rm s in  new s tex t), b u t for less th an  0 .4%  o f  non-nam e 
w ord form s. F ina lly , w o rd  class frequency  coun ts su ggest th a t PoS  p ro b ab ilitie s  for 
"unanalyzab le" w ords in  P o rtuguese  tex ts  are  qu ite  d iffe ren t from  th o se  fo r the language o n  the 
w hole.
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A b s t r a c t

D e te rm in e rs  a n d  a d v e rb ia ls  in  m an y  la n g u a g e s  o c c u r  in  a  fixed o rd e r  w h ich  is n o t  a n  issue t h a t  
h a s  rece iv ed  a  g re a t d e a l o f a t te n t io n  in  H P S G 94[9 ]. T o  d ea l w ith  th e  o rd e r  o f I ta l ia n  d e te r ­
m in e rs  A lle g ra n z a  ([2] a n d  [3]) p ro p o ses  a  rev is io n  o f  H P S G 9 4 . W e have  a d o p te d  A lle g ra n z a ’s 
a p p ro a c h  to  a c c o u n t fo r th e  o rd e r  o f D a n ish  d e te rm in e rs  a n d  we h av e  e x te n d e d  i t  to  d e sc rib e  
th e  o rd e r  o f  c o o c c u rrin g  c lau sa l a d v e rb ia ls . O u r  e x te n s io n  p ro v id es  ev id en ce  t h a t  A lle g ra n z a ’s 
rev is io n  o f  H P S G  c a n  b e  u sed  n o t o n ly  to  a c c o u n t fo r d e te rm in e rs  in  o th e r  la n g u ag es  th a n  
I ta l ia n ,  b u t  a lso  o th e r  p h e n o m e n a  t h a t  e x h ib it  a  s im ila r  c o m b in a to r ia l b e h a v io u r .

1 Introduction

D a n ish  d e te rm in e rs ,  like d e te rm in e rs  in  o th e r  la n g u a g e s , co m b in e  in  a  fixed  o rd e r  w ith in  th e  
n o u n  p h ra s e . T h e  o rd e r  o f d e te rm in e rs  is n o t  a n  issu e  t h a t  h as  rece ived  m u c h  a t te n t io n  in  
H P S G 9 4 [9 ]. In  H P S G 9 4  th e  class o f  d e te rm in e rs  fo rm s  a  u n ifo rm  c a te g o ry  h a v in g  no  s u b ­
ca te g o rie s . D e te rm in e rs  a re  lex ica lly  a ss ig n ed  th e  fu n c tio n  sp ec ifie r w h ich  is re s tr ic te d  to  
th e  c a te g o ry  o f  fu n c tio n a ls . F u n c tio n a ls  in c lu d e  th e  ty p ic a l m in o r  c a teg o rie s  la ck in g  p h ra s a l 
p ro je c tio n s , b u t  a re  a lso  m e a n t to  in c lu d e  w o rd s  t h a t  p ro je c t  [9, c h a p te r  9]. T h is  an a ly s is  
c a n n o t  a c c o u n t fo r th e  c a te g o r ia l d iv e rs ity  o f  d e te rm in e rs  w hich  is e ssen tia l to  a n y  d e sc r ip tio n  
o f  th e i r  o rd e r . S ince d e te rm in e rs  in  H P S G 9 4  b e lo n g  to  th e  sa m e  ca teg o ry , th e  c o m b in a tio n  
o f  d e te rm in e rs  c a n n o t  b e  c o n s tra in e d  b y  le t t in g  d e te rm in e rs  o r n o u n s  se lec t s u b c a te g o r ie s  o f  
d e te rm in e rs . A lso , c e r ta in  d e te rm in e rs  m a y  fu n c tio n  as e ith e r  sp ec ifie r o r a d ju n c t  d e p e n d in g  
o n  th e  c o n te x t th e y  o c c u r  in . S ince fu n c tio n -sp e c if ic a tio n  ta k es  p la c e  in  th e  lex ico n  ir re sp e c ­
tiv e  o f  c o n te x t,  th is  an a ly s is  w ou ld  re q u ire  tw o  lex ica l e n trie s  fo r each  o f th e se  d e te rm in e rs , 
o n e  fo r  w h e n  th e y  fu n c tio n  as sp ec ifie r a n d  o n e  fo r  w h en  th e y  fu n c tio n  a s  a d ju n c t .

D a n ish  c la u sa l a d v e rb ia ls  a lso  co m b in e  w ith in  th e  c lau se  in  a  fixed  m u tu a l  o rd e r  a n d  th is  o rd e r  
c a n  b e  d e sc r ib e d  in  te rm s  o f th e ir  s u b c a te g o r ie s . In  th is  re sp e c t th e y  re sem b le  d e te rm in e rs . 
T h is  p r o p e r ty  o f a d v e rb ia ls  is n o t d e a l t  w ith  in  [9] e ith e r .

NODALIDA, Copenhagen, January 1998 57

mailto:costanza@cst.ku.dk
mailto:anne@cst.ku.dk


In  (2)^ w e p re se n t D a n ish  d a t a  i l lu s t r a t in g  th e  m u tu a l  o rd e r  o f  d e te rm in e rs  in  n o u n  p h ra se s  
a n d  c la u s a P  ad v e rb ia ls  in  m a in  a n d  s u b o rd in a te  c lau ses. T h e n , in  (3 ), A lle g ra n z a ’s ([2] a n d
[3] ) a l te rn a t iv e  an a ly s is  o f  I ta l ia n  d e te rm in e rs , w ith in  th e  fra m e w o rk  o f  H P S G , is p re se n te d . In
(4) w e d e sc r ib e  hpw  w e h av e  a d a p te d  A lle g ra n z a ’s a p p ro a c h  to  fo rm a liz e  D a n ish  d e te rm in e rs  
w h ich  d o  n o t  e x h ib it th e  sa m e  co o cc u rre n c e  p a t te rn s  as I ta l ia n  d e te rm in e rs . W e fu r th e r  
show  t h a t  th e  a p p ro a c h  c a n  b e  e x te n d e d  to  c o n s tra in  th e  m u tu a l  o rd e r  o f c la u sa l ad v erb ia ls^ . 
F in a lly , in  (5) we co n c lu d e  a n d  p ro p o se  t h a t  th e  o rd e r  o f  o th e r  c a te g o r ie s  m a y  b e  c o n s tra in e d  
in  a  s im ila r  fash io n .

2 The Order of Danish Determiners and Clausal Ad­
verbials

2.1 Determiners

D e te rm in e rs  in c lu d e  th e  fo llow ing  ca teg o rie s :

(1) a. a r tic les; den (the), en (a)

b. d e m o n str a t iv e s :  denne (this), disse (these), . . .

c. p o ssess iv es: min (m y), din (your), . . .

d. q u a n tif ic a t io n a l d e t.;  alle (all), enhver (every/each), mange (m any), . . .

e. card in a ls; en (one), to (two), . . .

f. ord in a ls: første (first), anden (second), . . .

D e te rm in e rs  a re  co m m o n ly  c lassified  a c c o rd in g  to  th e ir  d is t r ib u tio n ,  a n d  h en ce  d iv id ed  in to  
p re d e te rm in e rs ,  c e n tra l d e te rm in e rs  a n d  p o s td e te rm in e rs  (cf. [10]). T h e  c la ss ifica tio n  is b a sed  
o n  th e i r  p o s itio n  in  th e  n o u n  p h ra s e  w ith  re sp e c t to  each  o th e r ,  p re -  a n d  p o s td e te rm in e rs  
p iv o tin g  o n  th e  c e n tra l d e te rm in e r .  Q u a n tif ic a t io n a l d e te rm in e rs  c u t  a c ro ss  a ll th re e  c lasses 
a n d  w e m a y  su b d iv id e  th e m  in to  q u a n tif ic a tio n a l p r e - , c e n tra l  a n d  p o s td e te rm in e rs .  A rtic les , 
d e m o n s tra tiv e s  a n d  possessives a re  c e n tra l  d e te rm in e rs , c a rd in a ls  a n d  o rd in a ls  a re  p o s td e te r ­
m in e rs . (2) show s th e  successive  a t ta c h m e n t  o f a  p re - , c e n tra l  a n d  p o s td e te rm in e r .

(2) a.

b.

c.

alle katte 
(all cats)

alle disse katte 
(all these cats)

alle disse mange katte 
(all these many cats)

^The work described in this paper in part originates from research carried out within the framework of 
two EU funded projects, MLAP93-09[11] and LSGRAM (LRE 61029[7]).

^By clausal adverbials we mean adverbials which are placed in the so-called Actualization Field (in Danish 
“Nexus Felt” following Diderichsen[4j) i.e. they follow the finite verb or the finite verb and the subject in 
main clauses, while in subordinate clauses they occur in-between the subject and the finite verb.

®In this paper we focus exclusively on the syntax of determiners and adverbials.
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T h e  c la ss if ic a tio n  in  [10] w h ich  is b a se d  o n  E n g lish  d e te rm in e rs  p re su p p o se s  t h a t  d e te rm in e rs  
fro m  th e  d iffe re n t c lasses  a re  m u tu a lly  exc lusive . H ow ever, in  D a n ish , p ossessives a n d  th e  
d e fin ite  a r t ic le  m a y  in  c e r ta in  c o n te x ts  c o o cc u r w ith  a  c e n tra l d e te rm in e r ,  as  sho w n  in  (3) 
(cf. [5]):

(3) a. dette m it eneste ønske 
(this my only wish)

b. mine de røde vanter 
(my the red gloves)

c. dette det første forsøg 
(this the first attem pt)

T h u s  in  (3a) th e  p o ssessive  w h ich  u su a lly  fu n c tio n s  as a  c e n tra l d e te rm in e r  co o ccu rs  w ith  a  
d e m o n s tra tiv e  d e te rm in e r . In  (3b) th e  d e fin ite  a r t ic le  is p rece d ed  b y  a  p o ssessive  d e te rm in e r , 
a n d  f in a lly  in  (3c) th e  d e fin ite  a r tic le  is p rece d ed  by  a  d e m o n s tra tiv e  d e te rm in e r .

2.2 Clausal Adverbials

A d v erb s , p re p o s it io n a l p h rases , te m p o ra l n o m in a l p h ra se s  (e.g. h e le  dagen  (a ll d a y )) ,  p a r t ic i­
p les  a n d  s u b o rd in a te  c lau ses  m a y  a ll fu n c tio n  as a d v e rb ia ls  m o d ify in g  c lauses.

M a in  c lau se s  a n d  s u b o rd in a te  c lau ses  h av e  d iffe re n t w o rd  o rd e r. In  m a in  c lau se s  a d v e rb ia ls  
c a n  o c c u r  in  th e  th re e  p o s itio n s:

•  final position, after the main verb and its complements:
Jeg rejser til Italien om en måned
(I will travel to Italy in a m onthl

•  initial position, before the finite verb^:
Om en måned rejser jeg til Italien
(In a m onth I w ill travel to Italy)
(lit. In a m onth will I travel to Italy)

•  in the so called “Actualization field” , after the finite verb or after the finite verb and the 
postpositioned subject®;
Jeg vil faktisk rejse til Italien om en måned.
(I w ill actually travel to Italy in a month.) 
and
Til Italien vil jeg faktisk rejse om en måned.
(To Italy, I will actually travel in a month.)
(lit: To Italy w ill I actually travel in a month)

S om e a d v e rb ia ls  c a n  o c c u r  in  a ll p o s itio n s  (free  a d v e rb ia ls ) , so m e o n ly  in  th e  A c tu a l iz a tio n  
field , (c la u sa l a d v e rb ia ls ) , som e c a n n o t  o c c u r  in  th e  A c tu a l is a tio n  field , so m e  o ccu r b o th

^Note that the subject follows the finite verb in main clauses with an initial topicalized element.
®In main clauses the subject is postpositioned in simple interrogative clauses and in comment clauses in 

addition to the previously mentioned clauses with a topicalized element.
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in  in i t ia l  p o s itio n  an d  in  th e  A c tu a l is a tio n  field. A  few  a d v e rb ia ls  h av e  d iffe ren t m e an in g s  
d e p e n d in g  o n  w h e th e r  th e y  o c c u r  in  th e  A c tu a l is a tio n  field  o r  n o t.

In  s u b o rd in a te  c lau se s  a d v e rb ia ls  c a n  o n ly  o ccu r in  th e  A c tu a l is a t io n  field  (a f te r  th e  s u b je c t 
a n d  befo re  th e  f in ite  v e rb ) a n d /o r  a f te r  th e  m a in  v e rb  a n d  i ts  c o m p le m e n ts  (final p o s itio n ) .

C la u sa l ad v e rb ia ls  m o d ify  th e  e n t ire  c lau se  a n d  h av e  a  fixed  o rd e r ,  e.g .

(4) a. Jeg kan altså faktisk sjtsldent komme tidligere.
(I can therefore really seldom come earlier.)

b. Jeg ved at jeg altså faktisk sjældent kan komme tidligere.
(I know that I can therefore really seldom come earlier.
Lit. I know that I therefore really seldom can come earlier.)

a re  c o r re c t c lauses w hile  th e  fo llow ing  tw o  a re  n o t:

(5) a. * Jeg kan sjældent faktisk altså komme tidligere.

b. * Jeg ved at jeg sjældent faktisk altså kan komme tidligere.

C la u sa l ad v e rb ia ls  a re  d iv id e d  in to  fo u r g ro u p s  b y  A llan  e t  a l .[ l]  a s  follows:

(6) 1. S h o r t m o d a l a d v erb s; da (surely), jo  (certainly), skam  (you know), vel (presum­
a b ly ) ...

2. C o n ju n c tio n a l a d v erb s; oftsd (consequently), der/or (therefore), desuden (addition­
ally), dog ( s t i l l /y e t ) . . .

3. L o n g er , m o d a l a d v e r b s  a n d  p r e p o s it io n a l p h ra ses; antagelig (probably), egentlig 
(really), faktisk  (actually), i det hele taget (all together), oven i købet (in addition), 
trods alt (in spite o f everything), virkelig (rea lly .. . )

4. N e g a t io n s :  aldrig (never), ikke ( not ) . . .

T h e  fo u r  g ro u p s  re flec t th e  re la tiv e  o rd e r  o f c la u sa l a d v e rb ia ls  c o o c c u rr in g  in  a  c lause , i.e. 
s h o r t  m o d a l a d v e rb ia ls  o c c u r  f irs t, fo llow ed b y  c o n ju n c tio n a l, lo n g e r m o d a l a n d  n e g a tio n  
a d v e rb ia ls  as  i l lu s tr a te d  in  (7):

(7)
Peter har vel derfor faktisk aldrig været i København 

1 2  3 4

(Peter has presumably therefore actually never been in Copenhagen)

T o th e  fo u r th  g ro u p  (n e g a tio n s )  w e h av e  ad d e d  ex p ress io n s  o f  f re q u e n c y  su ch  a s  a ltid  (a lw ays), 
s jæ ld e n t  (se ld o m ), o fte  (o ften ). H ow ever, th e  re la tiv e  o rd e r  o f  c la u sa l ad v e rb ia ls  is n o t  as  
s im p le  a s  d e sc r ib e d  in  [1]. A d v e rb ia ls  f ro m  th e  f irs t th r e e  g ro u p s  c a n  c o o cc u r freely  w ith  
a d v e rb ia ls  o f  th e  sa m e  type®. M oreover, in  m a in  c lau se s  th e  m a in  v e rb  o ccu rs  b e fo re  th e  
c la u sa l a d v e rb ia ls  w h ile  in  s u b o rd in a te  c lau ses  i t  fo llow s th e m .

^Actually, there are some restrictions on the combination of adverbials of the same type, which are not 
mentioned in [1]. We will not describe them in this paper.
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3 Allegranza’s Revised Selection and Marking

A s w e h av e  sh o w n  in  sec tio n  2 b o th  d e te rm in e rs  a n d  c lau sa l a d v e rb ia ls  co m b in e  in  a  fixed 
o rd e r . In  o rd e r  to  c o n s tra in  th e  c o m b in a tio n  o f  I ta l ia n  d e te rm in e rs  A lle g ra n z a  ([2] a n d  [3]) 
p ro p o se s  a  rev is io n  o f  H P S G 9 4  [9]. T h is  rev is io n  allow s for a  s u b c a te g o r iz a t io n  o f d e te rm in e rs  
a n d  th e  sp ec if ic a tio n  o f a  s ing le  lex ica l e n try  fo r d e te rm in e rs  w h ich  m a y  b e  a d ju n c t  o r  specifier 
a c c o rd in g  to  th e  c o n te x t in  w h ich  th e y  o ccu r.

In  H P S G 9 4  d e te rm in e rs  a n d  a d v e rb ia ls  a re  spec ifie rs  a n d  a d ju n c ts  re sp e c tiv e ly  a n d , to g e th e r  
w ith  m a rk e rs  (co m p lem e n tize rs  a n d  c o n ju n c tio n s ) , th e y  a re  n o n -h e a d  se lec to rs .

T h e  fu n c tio n a l specifiers  a n d  m a rk e rs , se lec t th e ir  h ead  s is te r  b y  m e an s  o f  th e  spec h ead  
f e a tu re  a cc o rd in g  to  th e  h e a d -S P E C IF IE R  a n d  th e  H E A D -M A R K E R  SCH EM ATA . In  a d d itio n , 
in  th e  H E A D -S P E C IF IE R  SCHEM A th e  h e a d  d a u g h te r  se lec ts  th e  sp ec ifie r d a u g h te r  v ia  th e  
c a te g o ry  fe a tu re  SPr '̂ . T h e  s u b s ta n tiv e  a d ju n c ts  se lec t th e  a d ja c e n t  h e a d -d a u g h te r  by  m ean s  
o f  th e  h e a d  fe a tu re  MOD in  th e  H E A D -A D JU N C T  schema[9, p. 46],

M a rk in g  is re s tr ic te d  to  m a rk e rs  a n d  is u se d  to  b lo ck  th e  co o cc u rre n c e  o f m a rk e rs  in  th e  sam e 
c o n s tru c t io n . T h e  v a lu e  o f M A R K IN G , i.e . marking, is s u b ty p e d  in to  marked a n d  unmarked. 
T h e  s o r t  marked is su b ty p e d  in to  complementizer a n d  conjunction, a n d  complementizer is 
a g a in  s u b ty p e d  in to  that a n d  for.

A lle g ra n z a , s im ila r ly  to  N e tte r  ([8]), g en e ra lize s  H P S G  n o n -h e a d  se lec tio n  to  cover se lec tio n  by 
a  g en e ra l fu n c to r  a n d  e x te n d s  th e  m a rk in g  m e ch an ism  to  cover a ll n o n -h e a d  fu n c to rs . In  th e  
rev ised  H P S G  a  head-functor-structure rep la ce s  H P S G  head-specifier-structure, head-marker- 
structure a n d  head-adjunct-structure a n d  a  f u n c t - d t r  s u b s t i tu te s  s p r - d t r , a d j - d t r  an d  
M A R K -D T R . T h e  F U N C T -D T R  h as  tw o  h e a d  fe a tu re s  a  se lec tin g  A R G -s l o t  w hich  rep laces  
S P E C  a n d  M O D , a n d  a  m a rk in g  fe a tu re  M A R K E R . T h e  value o f  M A R K E R  is s tru c tu re -s h a re d  
w ith  th e  M A R K ED  v a lu e  o f th e  m o th e r  n o d e  in  a  head-functor-structure. T h e  S P R  w hich  in  
H P S G  w as a  v a len cy  lis t  is t r e a te d  as a  s im p le  b o o le a n  fe a tu re  s im ila r  to  N e t t e r ’s f c o m p l ®. 

T h e  H E A D -F U N C T O R  SCH EM A  re p la c in g  th e  H E A D -S P E C IF IE R , H E A D -A D JU N C T  a n d  H EA D - 

M A R K E R  S c h e m a ta  in  [9] is sh o w n  in  e x a m p le  (8 )  (c.f. [3, p . 34]):

(8) 'SYNSEM I LOG 1 CAT | M ARKED □

D TR

hcad’fu n^struc

FU N -D TRI SYNSEM  I LOG I CAT

.H E A D -D TR  | SYNSEM  (H
syn ta g m a

M ARKED I SPR  +

M ARKER III 
. ARG-SLOT H]

head

HEAD

D e te rm in e rs  a re  now  fu n c to rs  a n d  th u s  h av e  th e  p ro p e r ty  o f  m a rk in g  th e i r  h e a d  s is te rs . 
T h is  is e x p lo ite d  in  A lle g ra n z a ’s a c c o u n t o f  I ta l ia n  d e te rm in e rs . I ta l ia n  d e te rm in e rs  hav e  th e  
a t t r i b u t e  M A R K E R  w ith  th e  v a lu e  marking w h ich  is su b ty p e d  as follow s:

(9) P a rtitio n s  o f  m a rk in g : u n m a rke d , m a rked .

P a rtitio n s  o f m arked: d e te rm in a tio n  (d e t) ,  . . .

’^This mutual selection giving rise to a recursive structure has been criticized in both [8] and [3]. 
®Netter[8] introduces the concept of functional completeness in addition to subcategorization to account 

for projection levels of nominals and suggests an analysis of German NP specifiers as functional heads.
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P artitio n s  o f  det: sw itch -d e t, so u n x -d e t .

P artitio n s  o f sw itch -d e t:  o u te r -d e t, in n er -d e t.

P artitio n s  o f source-det: in n e r -d e t,  baretype-det.

T h e  v a rio u s  p a r t i t io n s  a re  f u r th e r  specified  a s  in  (10)-(14)®; 

(10) tnari:ed;(SPR too/ean]

(11) det: QUAMARK boolean 
ORDMARK boolean 
POSSPRO l is t( s y n s e m )

(12) outer-det.(SPR

(13) tnner-«ief;(SPR -j

(14) 6areii/pe-det.'(SPR + j

A lle g ra n z a ’s a p p ro a c h  so lves th e  p ro b lem s th e  H P S G  a n a ly s is  o f  d e te rm in e rs  p re se n te d . 
F irs tly , th e  ty p e  h ie ra rc h y  re fle c ts  th e  c a te g o ria l d iv e rs ity  o f  d e te rm in e rs . T h e  a t t r ib u te s  
Q U A M A R K , O R D M A R K  a n d  P O S S P R O  re flec t th e  fa c t m e n tio n e d  ab o v e  t h a t  d e te rm in e rs  d o  
n o t  fo rm  a  u n ifo rm  g ro u p . Q u a n tif ic a tio n a l d e te rm in e rs  ( q u a m a r k ) , o rd in a ls  ( o r d m a r k ) 

a n d  possessives (P O S S P R O ) a re  d iffe re n t su b c a te g o rie s  a n d  e n te r  in to  each  th e ir  fixed p o s itio n  
in  th e  n o u n  p h ra se . T h e  a t t r ib u te s  a re  u sed  to  c o n s tra in  se le c tio n  b y  d e te rm in e rs  o f th e ir  
n o m in a l h e a d -s is te r .

S econd ly , th e  fu n c tio n a l v a r ia t io n  o f d e te rm in e rs  a s  sp ec ifie rs  o r  a d ju n c ts  is fo rm a lize d  by  th e  
s u b ty p in g  a n d  th e  a t t r ib u t e  S P R . D e te rm in e rs  o f ty p e  o u te r -d e t  a re  sp ec ifie rs  i f  th e y  p ro je c t 
S P R  -  n o m in a ls  in to  S P R  n o m in a ls , in  o th e r  w ords if  th e y  se lec t in n e r -d e t  n o m in a ls . T o  th is  
g ro u p  b e lo n g  I ta l ia n  a r tic le s , d e m o n s tra tiv e s  a n d  c e n tra l  q u a n tif ie rs , su ch  a s  il, questo , ogni 
( th e , th is ,  ev ery ). If, on  th e  o th e r  h a n d , th e y  p ro je c t  S P R  - f  n o m in a ls  in to  s p r  -|- n o m in a ls , 
i.e . p a s s  on  th e  s p r  v a lu e  o f  th e i r  h e a d -s is te r , th e y  a re  a d ju n c ts  ( I ta l ia n  p re d e te rm in e rs  a re  
tu tto , en tra m b i (a ll, b o th ) ) .  D e te rm in e rs  o f ty p e  in n e r -d e t  a re  a lw ay s a d ju n c ts  a n d  p ro je c t 
S P R  ~ n o m in a ls . U n d e rsp ec ified  so u rce-d e t d e te rm in e rs  w h o se  p ro je c tio n s  a re  reso lv ed  to  
n o m in a ls  o f ty p e  ba re typ e -d e t b y  e x te rn a l se lec tio n  a re  a lw ay s a d ju n c ts ,  a n d  th e  S P R  -H v a lu e  
o r ig in a te s  fro m  th e  h e a d  n o u n  ( I ta l ia n  o rd in a ls  a n d  p o ssessives, e.g . secondo, m io  (second , 
m in e )) . S o u rce -d e t  d e te rm in e rs  t h a t  a re  reso lved  to  in n e r -d e t  b y  th e  a t ta c h m e n t  o f a  p re ­
ced in g  d e te rm in e r  a re  a d ju n c ts ,  i.e . s p r  - . T h e  ty p e  s w itc h -d e t  is likew ise u n d ersp ec ified . A  
d e te rm in e r  lex ica lly  u n d e rsp e c ife d  as a  sw itc h -w e t  d e te rm in e r  m a y  e n d  u p  a s  e i th e r  a n  o u ter-  
d e t  d e te rm in e r  i f  n o  o th e r  d e te rm in e r  p reced es, h en ce  sp ec ifie r, o r  a n  in n e r -d e t  d e te rm in e r , 
h en c e  a d ju n c t,  w h e n  a n o th e r  d e te rm in e r  p reced es. In  I ta l ia n  th is  h o ld s  fo r c a rd in a ls  a n d

®Note that POSSPRO takes a list as its value. Nouns are not assumed to subcategorize for possessives. 
However, Allegranza notes that possessives are subject to binding theory (cf. [2, p. 69]), and consequently must 
appear on the subcategorization list of the head noun. To achieve this he structure-shares the possessive’s 
synsem with an element on the head noun’s subcategorization list via POSSPRO. Therefore the value of 
POSSPRO is not boolean. It should also be noted that the marking mechanism presupposes a binary branching 
analysis of constituent structure, which is a departure from HPSG94.
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q u a n t if ic a t io n a l  p o s td e te rm in e rs , e.g. du e, m o lt i (tw o, m a n y ), a s  sh o w n  in  th e  fo llow ing  tw o 
e x am p le s : du e b a m b in i (tw o ch ild ren )  a n d  i  du e  b a m b in i ( th e  tw o  c h ild re n )  w h ere  d u e is a  
sp ec ifie r a n d  a n  a d ju n c t resp ec tiv e ly .

4 Formalizing Danish Determiners and Clausal Adver­
bials

4.1 Determiners

In  th e  fo llow ing  we w ill show  how  A lle g ra n z a ’s m a rk in g  ty p o lo g y  c a n  b e  a p p lie d  to  th e  fo rm a l­
iz a t io n  o f  D a n ish  d e te rm in e rs , b y  g o in g  th ro u g h  th e  successive a t ta c h m e n ts  o f d e te rm in e rs  in 
th e  N P  a lle  d is s e  de  f ø r s te  fo r s ø g (a ll th e se  th e  f irs t a t te m p ts ) .

D a n is h  o rd in a ls , like th e  I ta l ia n  o rd in a ls , p ro je c t  O R D M A R K  +  s o u r c e -d e t n o m in a ls  a n d  selec t 
O R D M A R K  - s o u rc e -d e t n o m in a ls . O rd in a ls  p ass  on u n ch an g e d  th e  SPR v a lu e  o f th e  n o m in a l 
to w h ich  th e y  a t ta c h .  A p a r t  fro m  th e  o r d m a r k  m a rk in g , th e  re p re s e n ta tio n  o f o rd in a ls  
c o r re s p o n d  to  th e  re p re s e n ta tio n  o f ad jec tiv e s .

vspaceO.Scm

(15) ’M ARKER [D

ARG-SLOT MARKED [D 

source-det

I
første

[D

source-det

■POSSPRO El ■ 
DEFMARK [3 
QUAMARK m 
ORDMARK +

■possPRO E] ■ 
DEFMARK El 
QUAMARK E] 
ORDMARK -

so u rce-d et

■posspRO El ■ 
DEFMARK El 
QUAMARK E] 
ORDMARK S

forsøg

T h e  D a n is h  d e fin ite  a r tic le  m a y  follow  a  d e m o n s tra tiv e  o r  a  possessive . T h is  is a cc o u n te d  for 
b y  t r e a t in g  i t  as  sw itc h -d e t. T o av o id  i t e r a t io n  o f  d e fin ite  a r tic le s  th e  a t t r i b u t e  DEFMARK is 
in tro d u c e d  fo r D an ish . T h e  d e fin ite  a r t ic le  se lec ts  DEFMA RK - n o m in a ls  a n d  p ro je c ts  DEF­
M A R K  -H m a rk e d  n o m in a ls . T h e y  u n d o  a  p o te n t ia l  q u a m a r k  r e s u lt in g  fro m  a  p rev io u s 
a t ta c h m e n t  o f  a  q u a n tif ic a tio n a l p o s td e te rm in e r ,  a llo w in g  p re d e te rm in e rs  to  a t ta c h  a f te r  a  
d e m o n s tra t iv e  even  th o u g h  th e  n o m in a l m a y  a lre a d y  c o n ta in  a  q u a n tif ic a tio n a l p o s td e te r-  
m in e r .
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E

sw itch -d e t

■POSSPRO Hl ■ 
DEFMARK +  
QUAMARK - 
ORDMARK S

(16)
MARKER E

ARG-SLOT MARKED E  

in n e r -d e t

I
de

POSSPRO Hl “ 
DEFMARK - 
QUAMARK E 
ORDMARK B  
SPR -

E

3ouTce-det

’POSSPRO El ■ 
DEFMARK B  
QUAMARK E 
ORDMARK +

første forsøg

D a n ish  d e m o n s tra tiv e s  h av e  th e  sa m e  m a rk in g  a n d  se le c tio n  p )roperties  a s  I ta l ia n  d e m o n s tra ­
tiv es , se lec tin g  a n  inner-de t, w h ich  is SPR an d  p ro je c t in g  a n  o u te r-d e t, r e s u lt in g  in  an  SPR -|- 
m a rk e d  n o m in a l.

vspaceO.Son

o u ter -d e t

■pOSSPRO □  
DEFM ARK E 
QUAMARK - 
ORDMARK 
SPR  +

B

(17) 'MARKER E

ARG-SLOT MARKED E

in n e r -d e t

I
disse

’POSSPRO B  ■ 
DEFMARK E 
QUAMARK E 
ORDMARK B  
SPR -

E

sw itch -d e t

’POSSPRO E  ' 
DEFMARK +  
QUAMARK - 
ORDMARK +

de første forsøg

F in a lly , th e  d is tr ib u tio n  o f  D a n is h  p re d e te rm in e rs  d iffers  fro m  t h a t  o f  I ta l ia n  p re d e te rm in e rs . 
I ta l ia n  p re d e te rm in e rs  se lec t o u te r -d e t  m a rk e d  n o m in a ls . A s (18) show s, D a n ish  p re d e te rm in ­
e rs  se lec t fo r th e  less spec ific  ty p e  d e t f u r th e r  c o n s tra in e d  a s  Q U A M A R K  av o id in g  im m e d ia te  
c o o cc u rre n ce  o f  q u a n tif ic a tio n a l d e te rm in e rs .

E

o u ter -d e t

"POSSPRO m "
DEFMARK E
QUAMARK +
ORDMARK E
SPR +

(18) "MARKER E
-

ARG-SLOT MARKED E

det

POSSPRO E  ■ 
DEFMARK E 
QUAMARK - 
ORDMARK B

/
alle

E

o u ter -d e t

’POSSPRO □  “ 
DEFMARK +  
QUAMARK - 
ORDMARK +  
SPR +

disse de første forsøg
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4.2 Clausal Adverbials

In  th e  fo llow ing  w e give a  fo rm a l a c c o u n t o f th e  m u tu a l o rd e r  o f  D a n is h  c la u sa l ad v e rb ia ls  by 
fu r th e r  e x te n d in g  A lle g ra n z a ’s m a rk in g  sy s te m . T o  c o n tro l th e  p la c e m e n t o f  a d v e rb ia ls  in  a  
c lau se , w e in tro d u c e  a  h e a d  fe a tu re  P L A C E M  th e  v a lu e  o f w h ich  is s u b ty p e d  in to  fro n t, end, 
n exu s. T h e  va lue  o f P L A C E M  is e n c o d e d  lex ica lly  in  th e  e n trie s  o f c la u sa l ad v e rb ia ls . T h e  
m a rk in g  sy s te m  we d esc rib e  co n ce rn s  c la u sa l a d v e rb ia ls , i.e. a d v e rb ia ls  w ith  th e  value  n exus.

W e h av e  a d d e d  th e  s u b ty p e  a c tu a liza tio n  to  A lle g ra n z a ’s m a rk ed  p a r t i t io n  a s  in  (19):

(19) P a r t i t i o n s  o f  m a rked : a c tu a liza tio n  ( a c t ) , . . .
P a r t i t i o n s  o f  act: m a im c l,  subord .c l.

m a in -c l  a n d  su bord .c l c o n s t i tu te  th e  tw o  s u b ty p e s  o f th e  m a rk in g  s y s te m  re fe rrin g  to  a d ­
v e rb ia ls  in  m a in  c lau ses  a n d  in  s u b o rd in a te  c lau ses  resp ec tiv e ly . T h e  p a r t i t io n s  a re  fu r th e r  
sp ec ified  in  (20 a n d  21):

(20) m a in -c l: ADVl boolean, ADV2 boolean 
ADV3 boolean, ADV4 boolean

(21) subord-cL BADVl boolean, BADV2 boolean 
BADV3 boolean, BADV4 boolean

W e n ow  i l lu s t r a te  how  th e  ab o v e  fo rm a liz a tio n  a cc o u n ts  fo r th e  a t ta c h m e n t  o f  c lau sa l a d v e r­
b ia ls  d e sc r ib e d  in  sec tio n  2.2. In  p a r t ic u la r  we look  a t  th e  a t ta c h m e n t  o f th e  ad v e rb ia ls  in  
th e  s e n te n c e  Jeg  k o m m e r  jo  d e r fo r  (I co m e c e r ta in ly  th e re fo re ) .

S h o r t  m o d a l a d v e rb ia ls  se lec t m a in  c lau se s  t h a t  m a y  c o n ta in  an  a d v e rb ia l  o f  th e ir  ty p e , a n d  
p ro je c t  ADVl + . T h e  s h o r t  m o d a l jo  a t ta c h e s  to  th e  c lau se  Jeg  k o m m e r ,  w h ich  does n o t 
c o n ta in  a n y  ad v e rb ia ls . T h u s  th e  m a rk in g  o f  th e  c lau se  un ifies w ith  th e  se le c tin g  m a rk in g  o f 
th e  s h o r t  m o d a l a n d  th e  p ro je c te d  c lau se  rece ives a  p o s itiv e  v a lu e  fo r ADVl as  show n in  (22).

(22)

vspaceO.Scm

m a in .c l

E

m a in .c l

ADVl +■ 
ADV2 - 
ADV3 - 
ADV4 -

’ADVl [n "MARKER E *

ADV2 [H "ADVl -■
ADV3 E ADV2 -
ADV4 S_ ARG-SLOT MARKED E

ADV3 -
ADV4

m a in .c l .

Jeg kommer JO

W h e n  th e  c o n ju n c tio n a l a d v e rb ia l d e r fo r  ( th e re fo re ) a t ta c h e s  to  th e  c la u se  Jeg  k o m m e r  jo , 
i t s  s e le c tin g  m a rk in g  un ifies w ith  t h a t  o f  th e  c lau se  as sh o w n  in  (23). T h e  p ro je c te d  c lause  
s tru c tu re - s h a re s  th e  v a lu e  o f  M A R K E D  w ith  th e  v a lu e  o f  M A R K E R  o f th e  se lec tin g  ad v e rb ia l.
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(23)

vspaceO.Scm

[H

m a in -c l

0

•m ain-cl

ADVl BJ 
ADV2 +  
ADV3 - 
ADV4 -

"ADVl +  
ADV2 « 
ADV3 - 
ADV4 -

Jeg kommer" jo

"MARKER 0

ARG-SLOT MARKED 0  

m a in -c l

\
derfor

Adv i ET 
ADV2 - 
ADV3 - 
ADV4 -

A tta c h in g  th e  s h o r t  m o d a l vel to  th e  p ro je c te d  c la u se  Jeg  k o m m e r  jo  d e r fo r  in  (23) is p re ­
v e n ted  by  th e  m a rk in g  m e ch an ism . In  fa c t th e  m a rk in g  o f th e  c lau se  does n o t u n ify  w ith, th a t  
o f th e  se lec tin g  a d v e rb ia l a s  show n  in  (24).

vspaceO.Scm

(24)
SI

m a in .c l

"ADVl ET 
ADV2 +  
ADV3 - 
ADV4 -

Jeg kommer jo derfor

MARKER 0

ARG-SLOT MARKED 0  

m a in -c l

1
vel

"ADVl
ADV2
ADV3
ADV4

5 Concluding Remarks

T h e  o rd e r  o f c o o c c u rr in g  d e te rm in e rs  in  n o m in a l p h ra s e s  a n d  o f  c la u sa l ad v e rb ia ls  in  c lau se s  is 
n o t  t r e a te d  in  H P S G 9 4 . T o  c o n s tra in  th e  o rd e r in g  o f I ta l ia n  d e te rm in e rs  A lle g ra n z a  p ro p o se s  
a  rev is io n  o f H P S G  se le c tio n  a n d  M ark in g  P r in c ip le . T h e  c a te g o r ia l a n d  fu n c tio n a l d iv e rs ity  
o f  d e te rm in e rs  is re f le c ted  in  th e  fo rm a lize d  m a rk in g  sy s te m .

In  th is  p a p e r  we h av e  a d o p te d  A lle g ra n z a ’s a p p ro a c h  to  t r e a t  th e  o rd e r  o f  D a n ish  d e te r ­
m in e rs  a n d  c la u sa l a d v e rb ia ls . O u r  ex ten s io n  o f th e  m a rk in g  sy s te m  p ro v id es  ev id en ce  th a t  
A lle g ra n z a ’s a p p ro a c h  c a n  b e  u sed  n o t o n ly  to  d e sc r ib e  d e te rm in e rs  in  o th e r  la n g u ag es  th a n  
I ta l ia n , b u t  a lso  to  d e a l w ith  a n o th e r  se lec tin g  c a te g o ry  t h a t  o c cu rs  in  a  fixed  o rd e r.

A lso  in  o th e r  la n g u a g e s  th a n  D a n ish  th e re  a re  o rd e r  re s tr ic t io n s  o n  c e r ta in  a d v e rb ia ls . F o r 
ex am p le  in  E n g lish  H e can  a c tu a lly  a lw ays g e t aw ay w ith  a rr iv in g  la te  is a  c o rre c t sen te n c e  
w h ile  H e can a lw ays a c tu a lly  g e t aw ay w ith  a rr iv in g  la te  is n o t. A lth o u g h  th e  m u tu a l  o rd e r  
o f  su ch  a d v e rb ia ls  is q u ite  flex ib le , i t  is p o ss ib le  to  fin d  so m e  g en e ra l ru le s  [10]. T h e  sam e  
ap p lie s  fo r th e  c o m b in a tio n  re s tr ic tio n s  o n  p u n c tu a t io n  m a rk e rs  [6]. T h e  o rd e r in g  in v o lv ed  in  
th e se  k in d s  o f  p h e n o m e n a  c a n  b e  c o n s tra in e d  b y  m e a n s  o f  th e  e x te n d e d  m a rk in g  s y s te m  in  a  
w ay s im ila r  to  t h a t  p re s e n te d  in  th is  p a p e r .

66 NODALIDA, Copenhagen, January 1998



References

[1] R . A llan , P . H olm es, T . L u n d sk æ r-N ie lsen . 1995. D a n ish  - A  C o m p reh en s ive  G ram m ar. 
R o u tled g e , L o ndon .

[2] V . A lleg ran za . 1995. In teg ra ted  R e p o r t on D e te r m in a tio n  a n d  Q u a n tifica tio n . L IN D A  - 
M L A P 9 3 -0 1 5 , g ru p p o  D IM A , T o rin o .

[3] V . A lleg ran za . fo r th c o m in g . D e te rm in e rs  as F u n c to rs : N P  S tru c tu r e  in  I ta lia n . In  S. 
B a la r i  &  L. D in i (eds) R o m a n c e  in  H P S G  C SL I, S ta n fo rd .

[4] P . D id erich sen . 1946. E le m e n tæ r  D a n sk  G ra m m a tik . G y ld e n d a l, C o p en h ag e n .

[5] E . H an sen . 1994. K va lific e re t bestem thed . U n p u b L  m a n u s c r ip t ,  C o p e n h a g e n  U niversity .

[6] B . Jo n es . 1996. T o w ard s  a  S y n ta c tic  A cco u n t on  P u n c tu a t io n .  In  Proceedings o f  
C O L IN G -9 6 , C o p e n h a g e n .

[7] B . M usic  a n d  C. N a v a r re t ta .  1996. D o c u m e n ta tio n  o f th e  D a n is h  L in g w are . L R E  61029, 
L S G R A M  D eliv e rab le  C S T ,E -D 8 -D K , C o p en h ag en . A ix -en -P ro v en ce .

[8] K . N e tte r . 1994. T o w ard s  a  T h e o ry  o f F u n c tio n a l H eads: G e rm a n  N o m in a l P h ra se s . In  J. 
N e rb o n n e , K . N e tte r  a n d  C . P o lla rd , ed ito rs , G erm a n  in  H e a d -D r iv e n  P hra se  S tru c tu re  
G ra m m a r.  C SL I, S ta n fo rd .

[9] C . P o lla rd  a n d  L A . S ag . 1994. H ea d -D riven  P h ra se  S tr u c tu re  G ra m m a r. C SLI, th e  
U n iv e rs ity  o f C h icag o  P re ss , C h icag o .

[10] R . Q u irk , S. G re e n b a u m , G . L eech , J .  S ta r tv ik . 1985. A  C o m p re h e n s iv e  G ra m m a r  o f  
th e  E n g lish  L anguage. L o n g m a n , L o n d o n .

[11] N . L. U n d e rw o o d  (ed ), C . P o v lsen , P . P ag g io , A . N eville , B . S. P e d e rse n , L. D . Jø rg en sen , 
B . Ø rsn es, A . B raa sch . 1996. L IN D A  - L in g u is tic  S p ec ifica tio n s  f o r  D a n ish . M L A P 93-09 , 
C S T , C o p en h ag en .

NODALIDA, Copenhagen, January 1998 67



A Chart-Based Framework for Grammar Checking
Initial Studies
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1 Introduction
A  language checker, ty p ica lly , has tw o  b asic  co m p o n en ts , a  spe ll-checker an d  a  g ram m ar 
checker. W h ereas  th e  spe ll-checker, u sua lly , lim its  its  o p era tio n  to  th e  in spection  and  co rrec tio n  
o f  ind iv idual te x t w o rd s, th e  g ram m ar ch eck er h as  to  co p e  w ith  e rro rs th a t can  on ly  be  d e tec ted  
in  con tex ts  th a t a re  la rger than  th e  w ord. A m o n g  th e  la tte r  w e find  n o t on ly  syn tac tic  erro rs in  the 
trad itio n a l sense , b u t a lso  p u n c tu a tio n  erro rs, so ft lo w er case  e rro rs , and  o th e r v io la tio n s  o f  
g raph ical co n v en tio n s (W ed b je r R am bell 1998). H ere  w e  w ill o n ly  d iscuss errors th a t m a y  be 
deno ted  co n stru c tio n  erro rs, i.e. syn tactic  errors and  certa in  ty p es  o f  p u n c tu a tio n  erro rs , e.g . 
separato rs such  as corm na. S pelling  e n o rs  th a t re su lt in  p ro p e r w ords b u t w ro n g  co n stru c tio n s 
and  th u s can n o t be cap tu red  by a  spe ll-ch eck er also  b e lo n g  to  th is g roup . For the  h an d lin g  o f  so ft 
low er case  erro rs and  o th e r v io la tio n s o f  g rap h ica l co n v en tio n s in c lu d in g  erroneous use  o f  dash, 

q uo ta tions m ark  etc. a  s im p le r m ach inery  m ay  be en v isag ed .

W e w ill s ta rt by  ex am in in g  d iffe ren t leve ls  o f  fu n c tio n a lity  o f  a  g ram m ar checker. T h en  w e  w ill 
s tudy  w h a t can  b e  ach iev ed  b y  a  co m b in atio n  o f  ro b u s t p artia l p a rs in g  and  th e  ap p lica tio n  o f  
local e rro r ru les. In  sp ec ific , a  chart-based  im p lem en ta tio n  o f  such  a  fram ew o rk  w ill b e  p resen ted  
and  from  o u r ex p erien ce  w ith  th is  fram ew o rk  w e w ill d raw  som e conclusions.

2 Functionality of a grammar checker
In  th e  firs t p lace , a  g ram m ar checker h as  to  d e tec t  a  co n s tru c tio n  error. F u rther, in  o rd e r to 
co rrec t it, o r reco m m en d  a  co rrec tion , it m u st p ro v id e  a  d iagn o sis . A s regards th e  d iag n o sis , 
U szk o re it (1996), in  ad d itio n , suggests  a  level o f  reco g n itio n . R eco g n itio n  m eans id en tify in g  the  
na tu re  o f  th e  e rro r in  te rm s o f  lo ca lisa tio n  an d  co n s tra in t v io la tio n s, e.g . v io la tio n  o f  su b jec t -- 
verb  ag reem en t. T h e  d iag n o sis  shou ld  id en tify  th e  so u rce  o f  the  e rro r as a  basis  fo r co rrec tion , 
e.g . chan g in g  th e  su b jec t, o r chan g in g  th e  verb . S u ch  a  fo u r level schem e seem s to  p ro v id e  a  
u sefu l fram ew o rk  fo r th e  d iscu ss io n  o f  g ram m ar ch eck in g  functionality .

1. D e tec tio n
Id en tif ica tio n  o f  segm en ts p o ssib ly  co n ta in in g  an  erro r

2. R eco g n itio n
L o ca lisa tio n  an d  id en tifica tio n  o f  co n stra in ts  p o ssib ly  v io la ted
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3 . D iag n o sis
Iden tifica tion  o f  p o ssib le  e rro r sources

4 . C orrection

a)
b)

c)

fin d in g  o r  co nstruc tion  a lte rna tives
o rdering  o f  alternatives
su b stitu tin g  m o st h igh ly  ranked  a lte rn a tiv es

Figure 1: Possible tasks in grammar correction (from Uszkoreit 1996)

A  p a rse r w ith  a  com plete  g ram m ar o f  th e  language o r language frag m e n t to  be  checked  appears 
to  be  th e  p rim ary  to o l fo r e rro r detection . I t w ill b e  capab le  o f  m a k in g  a  p rim ary  d iv ision  
b e tw een  co rrect and  in co rrec t sen ten ces acco rd in g  to  its gram m ar. A ll co n stru c tio n s ou tside the  
sco p e  o f  the  gram m ar w ill b e  flag g ed  as erroneous. It w ill no t, h o w ev er, p e r se p rov ide the  
fu n c tio n a lity  th a t is req u ired  fo r th e  reco g n itio n  and d iagnosis  o f  an  erro r. In  o rder to do so, the 
p a rse r m u s t have qu ite  d e ta iled  k n o w led g e  o f  the  k inds o f  e rro rs  th a t m a y  occur. A  gram m ar rule 
m a y  b e  v io la ted  in  several w ays, and  th e re  is no  lim it to  th e  k in d s o f  e rro rs  th a t m ay  occur, at 
le a st i f  acc iden ta l perfo rm ance  erro rs are  to  be considered . C o n seq u en tly , a  co m plete  accoun t o f  
a ll p o ssib le  k inds o f  errors is o u t o f  reach . T h is is th e  m o tiv a tio n  fo r th e  h ig h  p rio rity  g iven to  
e rro r co llec tio n  and erro r m o d e llin g  in  th e  S carrie  p ro jec t'.

A p p ro x im ate ly  9,000 p ro o f-read in g  erro rs  h av e  been  analysed  and  s to red  in  an  erro r database, 
th e  S carrie  E rro r C orpora  D a ta b a se , E C D . E ach  database en try  co m p rises  an  erro r fragm en t and  
its  co rrec tio n  m arked  w ith  an  e rro r ty p e  co d e  in  accordance w ith  an  e rro r ty p o lo g y  th a t w as also  
d ev e lo p ed  in  the  Scarrie p ro jec t (see W ed b je r R am bell 1998). T h e  e rro r  m ateria l w as p rov ided  
b y  tw o  p ro m in en t S w ed ish  n ew sp ap ers , S ven ska  D agb la d et, a co n trac ted  p a rtn e r o f  th e  p ro ject, 
an d  U ppsa la  N ya  T idning , one  o f  its  subcon trac to rs. See fu rth er (W ed b je r R am b ell e t al. 1998).

B e lo w  w e  w ill exam ine th e  ap p licab ility  o f  the  U szk o re it schem e to th e  S carrie  e rro r typology . 
T h e  ex am p les  w ill all be  ch o sen  fro m  th e  ECD .

A  firs t ex am p le  from  the  E C D :

E rro r te x t

*det tid ig a  1800-ta len

P ro o f-read er's  co rrec tio n  E rro r ty p e  code 

d e t tid ig a  1 8 0 0 -ta le t G PN PA G O l

T h e e rro r ty p e  code reflec ts  th e  fo u r lev e ls  o f  th e  typo logy . 

G roup  G P: g ram m ar p ro b lem

' The Scarrie project aims at the development of a proof-reading tool for the Scandinavian publishing industry, see 
further url:http://guagua.echo.lu/langeng/en/le3/scarrie/scarrie.html.
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C ateg o ry  N P ; nom inal ph rase
S ubcategory  A G : ag reem en t
S p ecifica tio n  01; n u m b er

T he p ro o f-read er h as  ch o sen  to  co rrect th e  noun , ch an g in g  its n u m b e r fro m  p lu ra l to  singu la r. 
H ow ever, a  co rrec tio n  o f  th e  determ iner b y  a  ch an g e  o f  n u m b er fro m  singu la r to  p lu ra l is a lso  an  
a lte rna tive  to  consider. T h e  exam ple w ith  th e  tw o  p o ss ib le  co rrec tio n s fits  w ell in to  th e  U szk o re it 
schem e:

*det tid ig a  1800-ta len  

D etec tion : N P  is  flagged

R ecogn ition : v io la tio n  o f  n um ber ag reem en t in  p rem o d ifie r  n o u n

D iagnosis: 1. p lu ra l instead  o f  s in g u la r in  noun,
2. s in g u la r instead  o f  p lu ra l in  p rem o d ifie r

C orrec tion : 1. d e t tid iga  1800~talet (one co rrec tio n  step)
2. de  tid ig a  1800-ta len  (o n e  co rrec tion  step)

Figure 2: A simple example from the ECD in the Uszkoreit (1996) framework

B elo w  w e  p re sen t an  ex am p le  o f  an  erro r th a t can  b e  an a ly sed  in  m o re  th a n  one w ay. T h e  first 
ana lysis  is  in  acco rd an ce  w ith  the co rrec tio n  m ad e  b y  th e  p roo f-reader. T h e  seco n d  o n e  w as 
found  by  S carC heck , o u r  p ro to ty p e  g ram m ar ch eck er (to  b e  d escrib ed  below ). *

*det s lu tg iltig a  s iffro rn a  

D etec tion : N P  is flagged

R ecogn ition : 1. v io la tio n  o f  n um ber ag reem en t in  p rem o d ifie r  - no u n
2. v io la tio n  o f  g en d er an d  n u m b e r ag reem en t in  p rem o d ifie r - n o u n

D iagnosis:

C orrection :

L  s in g u la r in stead  o f  p lu ra l in  p rem o d ifie r 
2. n eu te r  in stead  o f  u tru m  in  p rem o d ifie r  and  

p lu ra l in stead  o f  s in g u la r in  n o u n

L  d e  s lu tg iltig a  s iffro rn a  
2. d en  s lu tg iltig a  s iffra n

(one co rrec tion  step) 
(tw o  co rrec tion  steps)

Figure 3: An example of alternative error analyses in the Uszkoreit (1996) framework
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T h e  acco m o d atio n  o f  th is  ex am p le  in  th e  U szkoreit sch em e is  n o t qu ite  straigh tforw ard . 
S p littin g  the  reco g n itio n  level up  in to  tw o , i.e. the lo ca lisa tio n  o f  th e  e rro r (p rem od ifie r - noim  
ag reem en t), and  th e  id en tifica tio n  o f  th e  constra in ts p o ssib ly  v io la ted  is an  alternative  to  be  
considered . A p art fro m  tha t, w e  th in k  th a t th is  schem e p ro v id es  a  g o o d  b as is  fo r d iscussing  and 
co m p arin g  g ram m ar check ing  functionality .

In  its  p resen t version , the  S carC h eck  g ram m ar check ing  p ro to ty p e  d o es n o t go beyond  the 
reco g n itio n  level. It does, h o w ev er, p ro v id e  m echan ism s fo r o rdering  a lte rn a tiv es  at th is  level.

3 Constraint relaxation and the application of local error rules
B u s ta m a n te & S ^ c h e z  (1996) m ak e  a  p rim ary  d iv ision  o f  g ram m atica l e rro rs  into non-structural 
an d  s truc tu ra l errors. N o n -stru c tu ra l erro rs  are m ism atch in g s o f  fea tu res  that do  n o t affect 
con fig u ra tio n a l issues. E x am p les  o f  non-struc tu ra l errors are  ag reem en t v io la tions. S tructural 
e rro rs  are  m ism atch ings o f  fea tu res th a t rep resen t syn tac tic  ca teg o ries . E xam ples o f  structural 
e rro rs  are  w rong  h ead -a rg u m en t re la tions, w ord  o rder errors, and  su b stitu tio n  o f  categories. F o r 
th e  h an d lin g  o f  no n -stru c tu ra l erro rs  th e  au thors p ro p o se  co n s tra in t-re lax a tio n  techn iques. Such  
tech n iq u es are  also  used  fo r th e  d e tec tio n  o f  s tructu ra l v io la tio n s  concern ing  th e  use  o f  
p rep o sitio n s  in  h ead -a rg u m en t re la tio n s. T he approach  has  b een  im p lem en ted  in pro log , and  
ap p lied  to  Spanish . T he resu ltin g  d em o n stra to r covers in tra- and  in te rsy n tac tic  agreem ent, errors 
d u e  to  w rong  usage  o f  b o u n d  p rep o sitio n s  in  head  a rg u m en t re la tio n s, an d  errors on  po rtm an teau  
w ords. C erta in  sty listic  asp ec ts  are  also  covered. T he au tho rs a lso  p ro v id e  a com prehensive  
b ack g ro u n d  to  g ram m ar check ing .

A  s im ila r app ro ach  h as  b een  ch o sen  fo r Sw edish . T h e  m a in  d iffe ren ce  is to be found  in  the 
S w ed ish  a ttem p t to  use  an  u n d ersp ec ified  g ram m ar in  o rd e r to  ach iev e  a  rea lis tic  coverage. T hus 
a  co m b in a tio n  o f  ro b u st p a rtia l p a rs in g  an d  th e  ap p lica tio n  o f  local e rro r ru les  is being  explored. 
P h rase  constituen ts  (N P, A d jP , A d v P , PP , V P  (verbal co re)) are  an a ly sed  by  m eans o f  ru les th a t 
accep t featu re v io la tions. A n tic ip a ted  erro rs a t c lause  and  sen ten ce  level, be  they  structu ra l o r  
n o n -stru c tu ra l, are  h an d led  b y  m ean s o f  local e rro r ru les. T he local e rro r ru les  operate  on  the  
re su lts  o f  th e  p ars in g  p ro cess . T h ey  m ay  b e  fo rm ula ted  in  te rm s o f  p h rase  categories, lex ical 
ca tego ries, lem m as, and  m o rp h o -sy n tac tic  featu res. A ll th e  ru les  are  in teg ra ted  in  one sing le  
p ars in g  g ram m ar. T yp ica lly , each  ru le  co v ers  bo th  th e  p o s itiv e  an d  th e  n eg a tiv e  case.

3.1 ScarCheck - a chart-based implementation of a grammar checker
T h e  g ram m ar ch eck ing  s tra teg y  ou tlin ed  above has b een  im p lem en ted  in  a  chart-based  
firam ework. T h e  p ro to ty p e  ch eck er, S ca rC h eck , has tw o  b asic  m o d u les , a  ch a rt p a rse r and a  ch art 
scanner. T h e  p arser bu ild s  as m u c h  s tru c tu re  as the g ram m ar a llow s, an d  th e  scanner traverses the 
ch a rt co llec tin g  and  rep o rtin g  erro rs. B e lo w  w e p resen t an  ex am p le  o f  the  in teraction  w ith  
S carC heck . (So far, th e re  is no  in te rface  connec ting  th e  tw o  m o d u les). F o r the  sake o f  the  
p resen ta tio n , com m ents in  q u o ta tio n  m ark s  are  added.

"User: invoking the parser:"
> (p "de tidiga 1800-talet ") 'the early 19th century'

"System: respons"
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1 parse, 22 vertices.

T

"User; printing the result;"

> (pr)

"System: respons"

de tidiga 1800-talet :

{* = (PHR.CflT = NP 
FIRST = +

DBF = DEF 

FORM = DEF 

NUMB = PLUR 

GENDER = NIL 

DET = (LEM = DENl.AL 

WORD.CAT = ART)

ATTR = (PHR.CAT = ADJP

HEAD = (1 = (LEM = TIDIG.AV 

WORD.CAT = ADJ 

DEGREE = POS)) 
GENDER = NEUTR 
NUMB = <* NUMB>

DEF =  N IL^

FUNC = ATTR 
A-FORM = A 

CASE = BASIC 

SEX = NIL)

ERR = (1 - GPNPAGOl)

CASE = BASIC

HEAD = (WORD.CAT = NOUN

LEM = 1800-TAL.NN)))

OK

"User: invoicing the chart scanner" 

> (reportchart)

"System: respons'

' The NIL value unifies with any value.
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FELTEXT 'erroneous text': de tidiga 1800-talet

FEL 'error':; number agreement in premodifier - noun

Figure 4: An example of a simple interaction with ScarCheck

T h e e rro r m essage g en era ted  b y  rep o rtch art is an  in te rp re ta tio n  o f  th e  (firs t and  only) e rro r 
fea tu re  va lu e  (E R R  =  (1 =  G P N P A G O l)) tha t w as found  in  th e  chart. T h e  m essage p rovides 
tw o  k in d s  o f  in fo rm ation , i.e. th e  lo ca l co n tex t in  w h ich  th e  e rro r w as  recogn ised , and  a  spelling- 
o u t o f  the  error ty p e  code. In  th e  ex am p le  the  local con tex t is id en tica l to  th e  fu ll input. T his is 
n o t a lw ay s so, as w e w ill see be lo w . F irs t, how ever, w e  w ill p re sen t a  case  w here  tw o  errors are  
found:

> (p "Det slutgiltiga siffrorna ") 'the final figures'

1 parse, 27 vertices.
T
> (reportchart)

FELTEXT: Det slutgiltiga siffrorna
FEL: 1 number agreement in premodifier ~ noun

2 gender agreement in premodifier - noun

Figure 5: Two errors recognised by ScarCheck

T he tw o  errors are  p resen ted  in  th e  sam e order as th e y  ap p ea r in  th e  chart. T h is  is also th e  
p referred  order. V io la tio n  o f  n u m b e r ag reem en t is, by  far, th e  m o s t co m m o n  ag reem en t v io la tion  
in  the  E C D . O rdering  th e  e rro rs acco rd in g  to  p rio rity  is th e  ta sk  o f  th e  g ram m ar ru le  w riter.

3.1.1 Parsing for errors
T h e  parser, U C P (S ågvall H e in  1983) uses a  b o ttom -up  stra tegy . T h is  is in  accordance w ith  th e  
p artia l natu re  o f  th e  p a rs in g  p ro cess; in  the  general case, th e re  w ill be  no  edge spanning  the  
w h o le  chart, b u t a  seq u en ce  o f  ed g es rep resen ting  w ords and  p h rases . T h e  g ram m ar is fo rm ulated  
in  a  procedural fo rm alism  (S åg v a ll H e in  1983), and  g ram m ar ru les  (inch  local ru les o f  
an tic ip a ted  errors) are tr ig g e red  fro m  th e  gram m ar. F o r in stance , N P  ru les  are  triggered  at th e  
reco g n itio n  o f  lex ical ca teg o ries  th a t m ay  appear as N P  in troducers.

C lau se  in itia l p o sition  and  c lau se  fina l p o s itio n  are im p o rtan t c lues to  th e  detec tio n  o f  structural 
erro rs  a t sen tence level. A s a  m ean s  o f  iden tify ing  th e  b eg in n in g  o f  a  c lause  w hen  it appears as 
th e  firs t co nstituen t o f  th e  sen tence , ch art in itia l p o s itio n  is reco rd ed  as a  featu re in  th e  
m orp h o lo g ica l d esc rip tio n  o f  th e  f irs t w o rd  o f  th e  input. A n  ex am p le  o f  a  ru le  w here  such  a 
signal is m o tiva ted  is th e  lo ca l e rro r ru le  d esigned  to  ca tch  e rro n eo u sly  de le ted  fin ite  verbs in  
m a in  c lauses in troduced  b y  N P s. T h e  in v o catio n  o f  the  ru le  is co n d itio n ed  b y  the  p o sitio n  o f  the  
N P ; it is on ly  in voked  i f  th e  N P  ap p ea rs  a t th e  po ten tia l b eg in n in g  o f  a  clause .
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U n ifica tio n  o f  fea tu re  structu res is th e  b as ic  o p era tio n  fo r te s t a n d  assig n m en t in  th e  p ro ced u ra l 
U C P  fo rm alism .

E rro rs  are  reco rd ed  as fea tu res w ith  v a lu es  se t in  acco rd an ce  w ith  th e  e n o r  ty p o lo g y . In  p rinc ip le , 
th e  p a rse r accep ts  an y  n u m b er o f  e n o rs  in  a  constituen t.

R ep o rtch art ex p ec ts  th e  erro rs to  be  loca ted  a t th e  top  lev e l o f  the  fea tu re  descrip tion . 
C o n seq u en tly , th e  p a rse r has  to  acco u n t fo r p ro p e r e rro r p ro p ag atio n .

3.1.1.1 Error propagation
F o r in stance , i f  an  e rro r is fo u n d  in  one o f  tw o  co o rd in a ted  N P s, i t  h a s  to  b e  p ro p ag a ted  to  th e  top  
level o f  th e  d esc rip tio n  o f  th e  co o rd ina ted  N P  (see  fig . 6). I t m ay b e  ana lysed  in  sev era l w ays. In  
p articu la r, th e re  are  several o p tions as regards th e  scope o f  the  d e te rm in e r {det) an d  the  ad jective  
{större  'b igger'). D o th ey  m o d ify  b o th  n o uns {m ask inerna  'm ach in es ' and  tra k to re rn a  'trac to rs ') o r 
o n ly  th e  firs t one?  In  cases like th is  one, th e  p arse r w ill p ro v id e  on ly  one an a ly sis , and  it w ill 
ch o o se  the m o st superfic ia l one  acco rd in g  to  w h ich  the  p rem o d ifie rs  m o d ify  o n ly  th e  first, and 
c losest, noun . T h is  d ec isio n  is m o tiv a ted  b y  p ro cessin g  econom y; w e  w an t th e  ch eck e r to  b e  as 
fas t and  e ffic ien t as p o ssib le .

L et's  ex am in e  th e  con seq u en ces o f  th is  cho ice . T w o  (a lte rn a tiv e ) ag reem en t e rro rs w ill be 
reco g n ised  in  th e  firs t N P , w hereas th e re  are  no  erro rs to  b e  found  in  the  second  o n e  co n sis tin g  o f  
a  s in g u la r n oun . T h e  erro rs th a t are  found  in  the  firs t N P  are p ro p ag a ted  to  th e  to p  level o f  the  
d escrip tio n , i.e. th e  level o f  the  co o rd in a ted  N P . T h e  coord ina ted  N P  co n stitu te s  th e  e rro r con tex t 
and  w ill be p resen ted  as such  to the u se r (see  fig . 7). I t m ay  be a rg u ed  th a t th e  con tex t is  too  

w id e  and  th u s  co u n te rin tu itiv e . I f  so, th e  m o s t o b v io u s  so lu tion  w o u ld  b e  to  m ak e  R ep o rtch art 
tak e  a  d eep e r lo o k  in to  th e  stru c tu re  a t th e  ex p en se  o f  p ro cessin g  econom y. W e w o u ld  not, 
h o w ev er, b e  in  a  b e tte r  p o sitio n  in  th is  re sp ec t b y  m ak in g  a  "deeper" analysis.

det större maskinerna och traktorerna 'the bigger machines and 
tractors':
(* = (PHR.CAT = NP

ERR = (1 = (1 = GPNPAGOl
2 = GPNPAG02))

1 = (PHR.CAT = NP 
FIRST = +

DEF = DEF
FORM = DEF
NUMB = SING
GENDER = NEUTR
DET = (LEM = DENl.AL

WORD.CAT = ART)
ATTR = (PHR.CAT = ADJP

HEAD = (1 = (LEM = STORl.AV 
WORD.CAT = ADJ 
DEGREE = COMP)) 

GENDER = <* 1 GENDER>
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3

2

NUMB = <* 1 NUMB> 
DEF = NIL 
FUNC = ATTR 
A-FORM = NIL 
CASE = BASIC 
SEX = NIL)

ERR = <* ERR 1>
CASE = BASIC
HEAD = (WORD.CAT = NOUN

LEM = MASKIN,NN)) 
(LEM = OCH.CN 
WORD.CAT = CONJ)
(PHR.CAT = NP 
NUMB = PLUR 
GENDER = UTR 
CASE = BASIC 
DEF = DEF
HEAD.FORM = <* 3 DEF>
HEAD = (WORD.CAT = NOUN

LEM = TRAKTOR.NN))

Figure 6: An example of a propagated error

> (reportchart)

FELTEXT: det större maslcinerna och tralctorerna
FEL: 1 number agreement in premodifier - noun

2 gender agreement in premodifier - noun

Figure 7: A  report of a propagated error

3.1.1.2 Changing or postponing a decision
S o m etim es the  p arser needs to  ch an g e  its  dec ision  ab o u t an  error. F o r in stance, in  a  Sw edish  N P  
in tro d u ced  by the  defin ite  d e te rm in e r den , the  head  n o u n  sho u ld  b e  in  th e  d efin ite  form , e.g. de  
o m rå d en a  'those areas' un le ss  it is fo llo w ed  b y  a  res tric tiv e  re la tiv e  c lause  in troduced  by  th e  
p ro n o u n  som  'w h ich '. In  th e  la tte r  case, the  indefin ite  fo rm  is th e  p ro p e r one, e.g. de om råden  
so m  'th o se  areas w hich '. T h e  p a rse r can  han d le  such  p ro b lem s u s in g  its  lo o k -ah ead  facility  (see  
fu rth e r S ågvall H e in  1983, p. 12) in  co m b in a tio n  w ith  an  e rro r can ce llin g  NOERR featu re  feature. 
I t  neu tra lises  an  E R R  fea tu re  w ith  th e  sam e value. F o r in stance, d e  om rå d en  w ill be  analysed  as 
a n  N P  w ith  an  ag reem en t v io la tio n  o f  th e  species value: G P N P A G 03  (see  fig. 8) w hereas the  
e rro r w ill be cance lled  in  th e  an a ly sis  o f  de om råden  so m  (see  fig . 9).

de områden :
(* = (PHR.CAT = NP 

FIRST = +
DEF = DEF 
FORM = DEF 
NUMB = PLUR
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GENDER = NEUTR
DET = (LEM = DENI.AL

WORD.CAT = ART)
ERR = (1 = GPNPAG03)
HEAD = (WORD.CAT = NOUN

LEM = OMRÅDE.NN))

FELTEXT: de områden
FEL: 1 species agreement in premodifier ~ noun

Figure 8: An error that may be cancelled

de områden [som] :
(* = (PHR.CAT = NP 

FIRST - +
DEF = DEF
FORM = DEF
NUMB = PLUR
GENDER = NEUTR
DET = (LEM = DENl.AL

WORD.CAT = ART)
ERR = (1 = GPNPAG03)
HEAD = (WORD.CAT = NOUN 

LEM = OMRÅDE.NN)
NOERR = (0 = GPNPAG03)))

Figure 9: Cancelling an error

R ep o rtch art w ill co n s id e r th e  E R R  fea tu re  can ce lled  b y  the  N O E R R  fea tu re . I t w ill face  a  
s itu a tio n  w h ere  th e re  are  tw o co m p etin g  ed g es o f  th e  sam e length , o n e  w ith  an  e rro r  in  it and  one 
w ith  no  e rro r (e rro r cancelled). I t w ill p re fe r  th e  e rro r free one.

3.1.1.3 Parsing local error rules
W h ereas a  ro b u st g ram m ar ru le  reco g n ises  co n fig u ra tio n a lly  w ell-fo rm ed  un its, a  lo ca l e rro r rule, 
ty p ica lly , app lies  to  fragm ents o f  co n stitu en ts . S u ch  fragm en ts a re  rep resen ted  b y  edges in  the  
ch a rt b u t n o t u sed  in  the  fu rth er analysis . F o r  in stan ce , a  local e rro r ru le  w ill ap p ly  to  th e  in itia l 
frag m en t o f  th e  m a in  c lause  D e t b li s å n g  o ch  m u s ik  'T h ere  w ill b e  song  and  m u sic ' and  reco g n ise  
an  e rro r in  th e  v erb  fo rm  (in fm itiv e /im p era tiv e  in stead  o f  fin ite), see fig . 10. T he ru le  w as 
d es ig n ed  to  cap tu re  n o n -stru c tu ra l v io la tio n s  o f  th e  v erb -second  ru le  in  S w ed ish  m a in  clauses.
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Det bli [sång och musik] : 
music*

( *  =  (ERR =  ( 1  =  G P V F F V O l )  
PHRoCAT =  C L . F R A G ) )

'There will be song and

FELTEXT: Det bli
FEL: 1 infinite verb instead of finite

Figure 10: A  non-structural error recognised by a local error rule: main clause

A n  an alogous ru le  w as fo rm u la ted  fo r th e  reco g n itio n  o f  im p ro p er v erb  fo rm s in  th e  position  o f  
th e  fin ite  v erb  in  sub ju n ctiv e  c lau ses, see fig. 11.

Om människor börja [tro] :
'If people begin [to believe]'

(* = (ERR = (1 = GPVFFVOl)
PHR.CAT = CL.FRAG))

FELTEXT: Om människor börja
FEL: 1 infinite verb instead of finite

Figure 11: A  non-structural error recognised by a local error rule: conditional clause

In  th e  E C D  th e re  are also  ex am p les  o f  dele ted  fin ite  verbs. S ince  the  p o s itio n  o f  the  fin ite  verb  is 
fix ed  in  Sw edish , de le ted  fin ite  verb s  m ay  be reco g n ised  b y  m ean s o f  local e rro r ru les, p ro v id ed  
th a t th e y  are capab le  o f  reco g n is in g  th e  p reced in g  co n stitu en t (and , in  su b junctive  clauses, an  
o p tio n a l adverb) in  its  fu ll ex ten sio n . H ereby , h eav y  dem an d s are  m ad e  o n  th e  parser's  coverage, 
in  sp ec ific , w ith  resp ec t to  N P s. A n  exam ple  o f  a  d e le ted  fin ite  verb  th a t is recogn ised  by m eans 
o f  a  local e rro r is p resen ted  in  fig. 12. In  th is  case  th e  p a rse r eas ily  found  the  p reced ing  
constituen t.

Det nödvändigt [att tänka i nya banor] 
new

(* = (PHR.CAT = CL.FRAG
ERR = (1 = GPVVMVOl)))

FELTEXT: Det nödvändigt
FEL: 1 finite verb missing

'It necessary [to think in

ways]

Figure 12: A  structural error recognised by a local error rule

3.1.1.4 Partial parsing
T h e  p a rse r  starts its  o p era tio n  a t th e  level o f  the  characters. I t  reco rd s u n k n o w n  strings, and  saves 
th e m  fo r  th e  p ro toco l. W h en  a  ru le  fa ils  o r there  is no  ap p licab le  ru le  it  ju s t  m oves on  to  the  n ex t 
w o rd  an d  the  ru les  th a t are  a sso c ia ted  w ith  th a t w o rd  are trig g ered . F o r  in stance, in  fig. 13 w e
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p re sen t th e  e rro r m essag es th a t w ere  gen era ted  a s  a  re su lt o f  the an a ly sis  o f  a  sen ten ce  in  th ree 
in d ep en d en t segm en ts. T here is no  ed g e  co v erin g  th e  w h o le  sen ten ce  (0 p arses) b u t th ree  partia l 
p a rses  are  s to red  in  th e  chart and  in terp re ted  by  th e  ch art scanner. T h e  first seg m en t w as ana lysed  
b y  m ean s  o f  a  lo ca l e rro r ru le , th e  second  w as  rep o rted  m issin g  fro m  the  d ic tio n ary , and  th e  th ird  
seg m en t w as  an a ly sed  b y  m eans o f  a  ro b u s t N P  ru le .

T h e  ex am p le  D e t b li fö rm o d lig e n  d e t s lu tg iltig a  siffrorna . 'It b eco m e  p ro b ab ly  th e  final figures', 
w as co n s tm c ted  fo r th e  sake o f  th e  p resen ta tio n , and  fo r the  sam e reaso n  th e  ad v erb  fö rm o d lig e n  
w as rem o v ed  from  th e  d ic tionary . (S en ten ces w ith  th is  s im p le  s tru c tu re  are  lik e ly  to  be covered  
fu lly  b y  th e  g ram m ar.)

> (p "Det bli förmodligen det slutgiltiga siffrorna.

0 parses, 48 vertices,
NIL
> (reportchart)

FELTEXT: Det bli
FEL: infinite verb instead of finite

')

FELTEXT: förmodligen 'probably' 
FEL: Ordet finns ej i lexikonet, 
dictionary.'

'The word is not in the

FELTEXT: det slutgiltiga siffrorna
FEL: 1. number agreement in premodifier - noun

2, gender agreement in premodifier - noun

Figure 13: Error messages based on partial parsing

I t is  o f  v ita l im p o rtan ce  th a t the  p a rse r is cap ab le  o f  reco v erin g  w h en  ru les  fa il o r  th e re  are  gaps 
in  th e  g ram m ar o r  th e  d ic tionary . O therw ise , it  w ill n o t be cap ab le  o f  reco g n is in g  erro rs tha t 
ap p ea r a fte r  th a t in itia l p a rt o f  th e  sen ten ce  th a t is co v ered  by  g ram m ar rules^.

A s is n o rm ally  th e  case  in  ch art p a rs in g , th e  p a rse r en d s its  w o rk  w h en  n o  m o re  ru le s  ap p ly  and  
th e  ag en d a  is exhausted .

3.1,2 Scanning the Chart for Errors
T h e ch a rt scarm ing  m o d u le  R ep o rtch art trav e rses  th e  ch art in  search  fo r e rro r featu res. S tarting  at 
th e  firs t v ertex , it in sp ec ts  th e  to p  leve l o f  th e  fea tu re  d esc rip tio n  o f  th e  lo n g est in ac tiv e  edge. I f  
an  e rro r is fo u n d , a  co rresp o n d in g  m essag e  is fo rm u la ted  and  tak en  to  th e  e rro r p ro toco l, 
o th e rw ise  th e  in sp ec tio n  ju s t  goes o n  to  th e  fina l v e rtex  o f  the  cu rren t edge  an d  th e  ed g ese t go ing  
o u t fro m  th a t vertex . W h en  there  is a  ch o ice  b e tw een  several edges, th e  scan n er a lw ay s chooses

’ An alternative framework for grammar checking in which robust parsing may be combined with the application 
of rules of anticipated errors has been proposed and implemented by Vosse (1994). The parser works bottom-up; 
still there seems to be no way of implementing partial parsing in an efficient way.
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th e  lo n g est one  d isreg ard in g  th e  o thers. W hen  th e re  are  m o re  th a n  one  edge  o f  m ax im um  leng th , 
an d  one o f  th em  h as no erro rs, th is  edge is p referred  and  n o  e rro r is reco rd ed  in  th e  p ro toco l. 
B efo re  finally  accep tin g  an  erro r, R eportchart v erifies  th a t th e  e rro r h as  n o t been  cancelled  b y  
m ean s  o f  a co rresp o n d in g  N O E R R  feature.

4 Conclusions and future work
T h e p roposed  app ro ach  h as  b een  te sted  in  the  im p lem en ted  fram ew ork , b o th  w ith  regard  to  
fea tu re  re laxation  te ch n iq u es fo r th e  hand ling  o f  n o n -stru c tu ra l erro rs  and  the  ap p lica tio n  o f  local 
e rro r ru les fo r th e  h an d lin g  o f  s tructu ra l errors and  som e ty p es o f  n o n -stru c tu ra l errors at c lause  
level. T he resu lts  th a t w ere  ach iev ed  so fa r are  encourag ing .

In  specific , th e  h an d lin g  o f  n o n -stru c tu ra l errors is found  to  b e  fa irly  stra igh tfo rw ard . A n  issue to  
b e  fu rth er in vestiga ted  th o u g h  is th e  nu m b er o f  featu re  v io la tio n s  to  b e  accep ted  fo r th e  v arious 
p h rase  types. I f  too  m an y  erro rs are  accep ted , th e  ch eck er m ay  overgenera te . A n o th er p ro b lem  
th a t should  be  fiirther ex p lo red  concerns featu re p ropagation . W hen  an d  h ow  far shou ld  an  erro r 
fea tu re  be p ropagated?

T h e  coverage o f  th e  ch eck er w ill be  m ode lled  afte r th e  S carrie  E rro r C o rp o ra  D atabase . 
P relim inary  stud ies in d ica te  th a t a  g rea t num ber o f  e rro r ru les  w ill b e  need ed  to  accoun t for th e  
v arie ty  o f  e rro r types tha t are  rep resen ted  in  the  base.

T he p ro to ty p e  ch eck er is a lso  b e in g  evaluated  in  an  ap p lica tio n  to  con tro lled  language a t S can ia  
(S ågvall H ein  et al. 1997).
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CP-UDOG
An Algorithm for the Disambiguation of Compound

Participles in Danish

Jens Ahlmann Hansen and Poul Søren Kjærsgaard
O dense U n iversity

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 : 
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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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1. Introduction
H iis  p ap er p resen ts  an  ev a lu a tio n  o f  the syn tac tic  p a rs in g  p erfo rm ed  b y  the  E N G lish  C o n stra in t 
G ram m ar p arse r (E N G C G ). T h e  p arser is d escribed  in  ‘C o n stra in t G ram m ar; A  Language- 
In d ep en d en t System  fo r  P a rs in g  U nrestric ted  T e x t’ (K arlsson , V ou tila in en , H eik k ila , A n ttila , 
1995) and  a  v ers io n  o f  it is ava ilab le  on In terne t. A lth o u g h  E N G C G  is bo th  a m orp h o lo g ica l an d  
a  sy n tac tic  p arser, th is  p ap e r d eals  exc lusive ly  w ith  th e  sy n tac tic  com ponen t. A  sm all co rpus has 
b een  com piled  from  five  sh o rt tex ts  from  d iffe ren t tex t ca teg o ries  and  h as  been  sen t to  th e  p arser. 
T he re tu rned  an a lysis  has b een  checked  and  th e  p erfo rm an ce  o f  th e  p arser has th en  been  
evaluated .

T he fo llow ing  sec tio n  p ro v id es  an  in troducto ry  p resen ta tio n  o f  the E N G C G  parser, th e  m e th o d  
u sed  in  p ars in g  an d  the  rep resen ta tio n  o f  th e  analysis . T h e  th ird  sec tio n  describes th e  m e th o d  
u sed  in  th e  ev a lu a tio n  w h ile  th e  fou rth  p resen ts  th e  re su lt o f  th e  evaluation . T he fifth  sec tio n  
con tains som e co m m en ts  a b o u t e rro rs found  in  th e  ana ly sis , th e  six th  p o in ts  to  som e facto rs th a t 
m ay  affec t the p erfo rm an ce  and  the  last sec tio n  co n sis ts  o f  so m e conclusions.

2. English constraint grammar
C on stra in t G ram m ar (C G ) is a  language in d ep en d en t fram ew o rk  fo r m orpho log ica l and  syn tactic  
p ars in g  o f  n a tu ra l language(s) (K arlsson , 1995, p. v). A ny  language  sho u ld  be  p o ssib le  to  parse  
w ith in  th is  fram ew o rk  p ro v id ed  th e re  is a  co rrec t d esc rip tio n  o f  th a t language. E N G C G  is an  
im p lem en ta tio n  o f  C G  fo r th e  p arsing  o f  E ng lish . W o rd s are  ass ig n ed  possib le  an a ly ses  b y  ta g  
assig n in g  m o d u les  an d  th e  o u tp u t from  th ese  m o d u les  are  th e n  d isam biguated  by  th e  ap p lica tio n  
o f  co n stra in in g  ru les. A  w o rd  m ay  be ass ig n ed  sev era l m o rp h o lo g ica l read ings as w ell as 
syn tac tic  an a ly ses. T h e  am b ig u o u s o u tp u t fro m  th e  ta g  ass ig n m en t m ay  lo o k  as fo llow s:

"< tended> "
"tend" < S V >  < S V O >  V  P A S T  V E IN  @ + F M A IN V  
"tend" < S V >  < S V O >  P C P 2  @ A PP @ -F M A IN V

T he firs t line  co n ta in s  th e  w o rd  fo rm  fo u n d  in  th e  tex t. T h e  fo llo w in g  lines con tain  tw o  d iffe ren t 
m o rp h o lo g ica l analyses. T h e  w o rd  su rrounded  b y  q u o ta tio n  m arks is  the  lex ical fo rm  o f  th e  
w ord . T h en  fo llo w s a  se t o f  tag s  exp ressing  th e  an a ly ses. T h e  tag s  su rrounded  b y  an g u la r 
b rackets , here , in d ica te  th a t b o th  read ings o f  th e  w o rd  are  e ith e r in transitive  o r m ono  transitive .
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T h e  re s t o f  th e  m orpho log ical and  sy n tac tic  analyses is  rep resen ted  b y  th e  tag s  th a t fo llow . V  
P A S T  V F IN  ind icates th a t th e  w o rd  is a  fin ite  verb  in  p a s t ten se , w h ile  P C P 2  o n  the  th ird  line 
in d ica te s  th a t th e  w ord is  a  pa rtic ip le . A s fa r  as  th e  m orpho log ica l an a ly s is  is concerned , one line 
ex p resses  one  u n am biguous ana lysis . A  sing le  line m ay , h o w ev er, c o n ta in  m o re  th an  one 
sy n tac tic  analysis . S yntactic  an a ly ses  a re  rep resen ted  by  tag s  p rece d ed  b y  @ F M A IN V  
in d ica te s  th a t th e  w ord  is a  fin ite  m a in  verb . In  the exam ple  ab o v e , th e  seco n d  read ing  is 
am b ig u o u s  b e tw een  an  analysis  as an  ap p o sitio n  and  a  non -fin ite  m a in  verb .

In  o rd e r to  so lve  am bigu ities  C o n stra in t G ram m ar ru les  are  a p p lied  to  th is  analysis. A ll 
C o n stra in t G ram m ar ru les  h av e  th e  sam e b asic  construction . A  ru le  co n sis ts  o f  a  ta rg e t 
d esc rip tio n  th a t sing les o u t a  p a rticu la r  ana lysis , a se t o f  co n tex t co n d itio n s  th a t has to  b e  
sa tis f ied  fo r th e  ru le  to  apply , and  an  ac tio n  th a t is u ndertaken  i f  th e  ru le  is ap p lied . A s a  resu lt o f  
th is  ac tio n  th e  cu rren t analysis  m ay  b e  d isca rd ed  o r sing led  o u t as th e  co rrec t o n e  and  a ll o ther 
an a ly se s  d iscarded . T he m o rp h o lo g ica l co n stra in ts  d iscard  co m p le te  lines to g e th e r w ith  syn tactic  
tag s. T h e  rem a in in g  syn tactic  tag s  are  th e n  su b jec t to  th e  ap p lica tio n  o f  sy n tac tic  constrain ts. In  
th is  w ay  a  ru n  th ro u g h  th e  p arse r m ay  red u ce  th e  n um ber o f  ana lyses. C o n secu tiv e  runs th ro u g h  
th e  p a rse r m ay  reduce th is n u m b er fizrther s ince  d iscard ing  certa in  an a ly ses  m ay  create con tex t 
th a t a llo w s th e  ap p lica tion  o f  o th e r ru les. T h e  la s t read ing  is a lw ays re ta in ed . In  th is  w ay  the 
o u tp u t fro m  th e  p arser w ill a lw ays co n ta in  a t least one analysis  fo r each  w o rd .

T h e re  a re  tw o  d iffe ren t set o f  ru les  u sed  b y  the  parser. T h e  firs t se t co n s is ts  o f  ‘sa fe ’ ru les, tha t 
are  su p p o sed  to  alw ays y ie ld  a  co rrec t resu lt, w h ile  the  second  set co n s is ts  o f  h eu ris tic  ru les th a t 
m ay  re su lt in  erroneous analyses. T h e  u se r  h as  th e  op tion  o f  ch o o sin g  th e  ap p lica tio n  o f  bo th  sets 
o f  ru les  o r th e  ap p lica tio n  o f  on ly  th e  n o n -h eu ris tic  set.

3. Method
F o r  th e  ev a lu a tio n  o f  the  sy n tac tic  p a rs in g  p erfo rm ed  b y  the  E N G C G  p a rse r  a  sm all corpus w as 
co m p iled  co n sis tin g  o f  five  tex ts  fro m  d iffe ren t categories, all in  a ll 2 6 2 8  w o rd s, rep resen ting  
d iffe re n t g en res  (see tab le  below ).

C a teg o ry T okens A v erag e  sen ten ce  length

L ea rn ed 560 43.1
F ic tio n 488 40.7
B io g rap h y 514 39.5
G o v ern m en ta l 562 62.4’
P ress 504 14.5

T O T A L 2628 32.0

T ab le  1. D iv is io n  o f  tex t sam ple

In order to obtain text pieces of reasonable length the last 355 words in this text sample have been divided 
into four clauses using semicolon as a delimiter.
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T h e  tex ts  w ere  d iv id ed  in to  ‘ch u n k s’ o f  abou t th ree  h u n d red  w o rd s th a t w ere sen t to  th e  on -lin e  
E N G lish  C o n stra in t G ran u n a r parser accessib le  o n  In te rn e t (h ttp ://w w w .lin g so ft.fi/cg i- 
pub /en g cg ). T h e  p a rse r g iv es  th e  o p tion  o f  an a ly sin g  th e  te x t w ith  o r w ithou t th e  use o f  
heuristics. B o th  th e se  o p tio n s h av e  b een  used  fo r th is  s tudy . T h e  sam e te x t sam ple  has, thus, b een  
an a ly sed  tw ice , o n ce  w ith  th e  u se  o f  the  heu ris tic  set o f  ru le s  in  ad d itio n  to  the o rd inary  set a n d  
on ce  w ithou t.

T h e  ou tp u t from  th e  p a rse r h as  b een  m anually  checked . T h e  n u m b er o f  w ords in  each  sen tence 
has  been  co u n ted  as w ell as  th e  nu m b er o f  syn tac tic  un its. W ords  h ere  re fers  to  w o rd  tokens an d  
le tters  bu t n o t to  p u n c tu a tio n  m arks. S yntactic  u n its  are  sin g le  w o rd s o r g roups o f  w o rd s en tered  
on  sing le lines (see  ex am p le  below ).

(1 ) . a ."< press_conference> " 
b. "<as=if>"

B o th  th ese  sequences o f  w o rd s  are  fitted  to g e th er o n  a  s in g le  lin e  by  the  C on stra in t G ram m ar 
P rep rocesso r an d  are co n sid ered  as one u n it b u t tw o  w o rd s. T he character is u sed  fo r  
com pounds w h ile  p h rasa l id io m s and  m u lti-w o rd  p rep o sitio n s  are fitted  to g e th er w ith  th e  
character ‘= ‘.

D ifferen t m o rp h o lo g ica l an a ly ses  are  rep resen ted  as sep ara te  lines; read ings, a long  w ith  syn tactic  
analyses (see  ex am p le  below ).

(2 ) . "<*you>"
"you" < *>  < N o n M o d >  P R O N  PE R S A C C  S G 2/P L 2  @ O B J 
"you" < *>  < N o n M o d >  P R O N  PE R S N O M  S G 2 /P L 2  @ S U B J

In  th is  case  th e  w o rd  y o u  h as  tw o  m orpho log ica l read in g s w ith  one  syn tac tic  analysis each.

W h en  ch eck in g  th e  an a ly sis , tag s  th a t are d eem ed  to  b e  in co rrec t have  b een  m ark ed  an d  co rrec t 
ones, i f  m iss in g , h av e  b een  added  to  the  analysis . A ll th e se  tag s  h av e  b een  co u n ted  y ie ld in g  
fig u res  fo r re tu rn ed  tags, co rrec t tags, and in ten d ed  co rrec t ta g s  fo r each  sentence.

In  som e cases  a  w o rd  o r u n it has  b een  m arked  w ith  m o re  them one tag  th a t w as d eem ed  to  be  
correct.

(3 ) . "< the>"
"the" < D ef>  D E T  C E N T R A L  A R T  S G /P L  @ D N >

"< *m 25> "
"m 25" < * >  A B B R N O M  SG  @ <P

"<in>"
"in" P R E P  @ < N O M  @ A D V L  

"< *kent> "
" k e n f ' < * >  < P ro p er>  N  N O M  SG  @ < P
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In  th e  ex am p le  above, th e  p rep o sitio n  in  is  tag g ed  bo th  w ith  an  @ A D V L  tag , m ark ing  it as a 
in d ep en d en t adverb ia l, an d  a  @ < N O M  tag , m ark ing  it as a  p o s t-m o d ify in g  p reposition . B o th  
th e se  an a ly ses  are  possib le  an d  th is  u n it w ill fo r th is  reaso n  y ie ld  tw o  co rrec t tags and  tw o 
in ten d ed  co rrec t tags. In  o th er cases d iffe ren t m orp h o lo g ica l re ad in g s  m ay  y ie ld  th e  sam e correct 
sy n tac tic  analysis.

(4). "< m ore= than> "
"m o re= th an ” A D V  @ A D V L  
"m ore= than" < C om pP P >  P R E P  @ A D V L

In  th is  exam ple  th e  A D V  read in g  is in co rrec t and  th e  P R E P  read in g  correc t. B o th  read ings are, 
h o w ev er, m ark ed  w ith  the  co rrec t sy n tac tic  tag  (@ A D V L ). In  th is  case  b o th  an a ly ses  are deem ed 
co rrec t an d  th is  u n it is, thus, ass ig n ed  tw o  co rrec t tags. T h is  m a y  be co n sid ered  a  k in d  o f  
o v e rg en e ra tio n  o f  syn tactic  tags. I t does n o t, how ever, affect th e  re su lt in  a  n eg a tiv e  w ay. In  m ost 
cases  th e re  is on ly  one in tended  co rrec t tag  fo r each syn tactic  un it.

4. Result
S in ce  th e  an a ly sis  m ay  y ie ld  m o re  th an  one  tag , co rrect as w ell as  in co rrec t, fo r one syn tactic  
im it, it is reaso n ab le  to  d iv id e  th e  re su lt in to  tw o  parts: reca ll and  p rec isio n . R eca ll is calcu la ted  
by  th e  fo rm ula: re tu rned  co rrec t tag s  d iv id ed  by  in tended  co rrec t tag s, w h ile  p rec isio n  is 
ca lcu la ted  b y  th e  form ula: re tu rn ed  co rrec t tag s  d iv ided  by  all re tu rn e d  tag s. F o r  exam ple: the 
sen ten ce  ‘A l l  in all, B erlin  a n d  K a y  a p p ea r  to  have dea lt a  severe b lo w  to  th e  n o tio n  o f  lingu istic  
rela tiv ism . ’ co n sis ts  o f  19 w ords. A ll  in  a ll  is  considered  an id iom  and  all th ree  w ords are  fitted  
to g e th e r  o n  a  sing le  line. T he sen tence , th u s , h as  17 units. N o  u n it is  m o rp h o lo g ica lly  am biguous 
so  th e  n u m b er o f  read ings is a lso  17. T h e  p rep o sitio n  to  b e fo re  th e  la s t n o u n  ph rase  is 
sy n tac tica lly  am b ig u o u s b e tw een  @ < N O M  @ A D V L  y ie ld in g  a  n u m b er o f  18 syn tactic  tag s  in  
to ta l. T h e  @ < N O M  an alysis  fo r th is  read in g  is considered  inco rrect. T h is  g iv e s  a  n u m b er o f  17 
co rrec t ta g s  eq u a llin g  th e  n u m b er o f  in ten d ed  co rrec t tags. T h e  reca ll fo r  th is  sen tence w ill be  
100%  (17  co rrec t tags d iv id ed  by  17 in ten d ed  co rrect tags. T he p rec is io n  is ab o u t 94 .4%  (17 
co rrec t tags d iv id ed  by  18 re tu rn ed  tags)

T h e  reca ll an d  p rec isio n  fo r each  te s t te x t is p resen ted  in  tab le  2 below .

Learned Fiction Biogr. Govern. Press Total
No Heur. Recall 93.9 97.4 96.0 96.4 99.4 96.5

Precision 70.1 65.7 71.3 68.4 78.1 70.5
Heur. Recall 93.4 96.4 95.7 96.4 98.8 96.0

Precision 74.2 67.1 73.3 68.5 78.1 72.0

T ab le  2. R eca ll an d  p rec isio n  fo r th e  te x t sam p le  (% )

T h e  reca ll is h ig h e r fo r th e  n o n -h eu ris tic  p a rs in g  th a n  fo r th e  h eu ris tic  p a rs in g . T h is  is tru e  in  all 
ca teg o rie s  ex cep t G overnm en tal. In  th a t ca tego ry , recall show s id en tica l fig u res  fo r the  heu ris tic  
an d  th e  n o n -h eu ris tic  analyses. T h e  p rec is io n  is lo w er fo r the  n o n -h eu ris tic  an a ly sis  th an  fo r the 
h eu ris tic . T h is  is  tru e  in  a ll ca teg o ries  ex ce p t p ress. T he im m ed ia te  co n c lu s io n  to  be  d raw n  from
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th is  is  th a t th e  op tio n al ad d itio n  o f  h eu ristics  low ers th e  reca ll b u t in c reases  the  p recision . T h e  
heu ris tic  ru les  d iscard  m an y  erroneous tags along  w ith  so m e o f  th e  co rrec t ones.

5. Comments
V erb  sequences are  o ften  co rrec tly  analysed  and  th e re  is o n ly  a  sm all am o u n t o f  overgenera tion .

(5 ) . "<w ill>"
"w ill" V  A U X M O D  V F IN  @ + F A U X V

"<be> "
"be" < S V >  < S V C /N >  < S V C /A >  V  IN F  @ -F A U X V  

"< re tum ed> "
"return" < S V O C /A >  <SV > < S V O >  P C P 2  @ -F M A IN V

A dverb ia l p h rases  are  o ften  co rrec tly  tagged. M o d ifie rs  in  n o u n  ph rases , such  as determ iners, 
p re - and p o s t-m o d ify in g  n o u n s  and  adverb ials m o stly  g e t co rrec t analyses.

(6 )  . "<his>"
"he" P R O N  P E R S  M A S C  G E N  SG3 @ G N >

"<late> "
" la te " A A B S  @ A N >

"<years> "
" y e a r " N N O M P L  @ <P

N o m in a l h ead s  cause  a  co n sid erab le  am o u n t o f  overg en era tio n . T he p arser is o ften  u nab le  to  
re la te  h ead s o f  nom in al p h rases  to  th e  rest o f  th e  sen tence.

(7 ) . "< term >"
"term " N  N O M  S G  @ S U B J @ O B J @ < P

6, The Effect of Sentence Length and Morphological Analysis on the 
Performance of the Parser
R eca ll an d  p rec is io n  do  n o t seem  to  be  a ffec ted  a t all b y  sen ten ce  leng th  w h en  sing le sen tences 
a re  com pared . E v en  th e  ex trem ely  long  sen tences in  th e  te s t te x t h av e  qu ite  h ig h  reca ll and  
precision . If, how ever, th e  av erag e  recall and  p rec isio n  fo r each  tex t categ o ry  are co m p ared  to  th e  
average  sen ten ce  len g th  o f  co rrespond ing  ca tegory , sen ten ce  len g th  affect b o th  reca ll and  
p recision . T ex t ty p es  w ith  lo n g e r average sen tence len g th  h av e  lo w er reca ll an d  p rec isio n  th an  
te x t fypes vrith  shorter. T h is  m ay , how ever, b e  caused  b y  th e  d iffe ren ce  in  tex t types ra th e r th an  
b y  sen tence len g th  i t s e l f  A  te x t ty p e  w ith  lo n g e r sen ten ces m a y  be m o re  com plica ted  and  m o re  
d ifficu lt to  analyse . T o  d e te rm in e  to  w h a t ex ten t th is  is th e  case  is, un fo rtunate ly , o u ts id e  th e  
sco p e  o f  th is  study.

T h e  n u m b er o f  m o rp h o lo g ica l analyses also  a ffects  reca ll an d  precision . I f  th e  n u m b er o f  
m o rp h o lo g ica l read in g s p e r xmit is com pared  to  th e  p rec is io n , th e re  is a  v is ib le  co rre la tio n  in  th a t 
a  h ig h  n u m b e r o f  m o rp h o lo g ica l read ings p e r u n it g iv es  a  lo w  figure fo r p recision . 
O v erg en era tio n  o f  m o rp h o lo g ica l einalyses seem s to feed  o v erg en e ra tio n  o f  syn tactic  labels. T h e
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co rre la tio n  b e tw een  the  n u m b er o f  m o rp h o lo g ica l read ings p e r  w o rd  a n d  reca ll seem s to  be 
rev ersed . A  h ig h  nu m b er o f  m o rp h o lo g ica l read ings g ives a  h ig h  reca ll, in d ica tin g  th a t a  h igh  
n u m b e r o f  m orpho log ica l read in g s in c reases  th e  chances o f  co rrec t sy n tac tic  analyses.

7. Conclusions
T h is  stu d y  has  show n  th a t th e  reca ll fo r th e  syn tac tic  parsing  seem s to  lie  a ro u n d  93-99% , h igher 
fo r  th e  n o n -h eu ris tic  p arsing  and  lo w er fo r  th e  heuristic . T he p rec is io n  is  co n sid erab ly  lo w er and 
fa lls  b e tw een  66-78% , h ig h e r fo r th e  h eu ris tic  p ars in g  and lo w er fo r th e  non-heuristic . T here 
seem s to  be  a  balance b e tw een  reca ll an d  p recision . T he ad d itio n  o f  h eu ris tic s  in  the p arsing  
lo w ers  th e  reca ll b u t m akes th e  p rec is io n  h ig h e r as th e  u se  o f  h eu ris tic  ru le s  d iscards bo th  
e rro n eo u s  an d  co rrect ana lyses. T h is  co rm ection  be tw een  reca ll a n d  p rec is io n  seem s to  be  quite 
co n s tan t th ro u g h o u t all te x t ca tego ries.

T h e re  seem s to  b e  no  co n n ec tio n  b e tw een  sen tence leng th  and  th e  p e rfo rm an ce  o f  the  p arser in 
te rm s o f  reca ll and  p recision . T ex t ty p e s  w ith  longer average sen ten ce  len g th , how ever, have 
b o th  lo w er recall and  p recision  th a n  te x t ty p e s  w ith  sho rter average sen ten ce  leng th .

M o rp h o lo g ica l am bigu ities  seem  to  feed  sy n tac tic  am biguity . T h is  is n o t a t  all su rp rising  since 
ev ery  read in g  o f  a  s ing le syn tac tic  u n it w ill rece ive  a t least one  sy n tac tic  lab e l. O v ergenera tion  o f  
m o rp h o lo g ica l read ings feeds o v e rg en e ra tio n  o f  syn tactic  an a ly ses  s ince  ev ery  m orpho log ical 
read in g  m o re  th an  necessary  g en era tes  a t least one syn tactic  ta g  m o re  th a n  necessary . T he 
o v erg en e ra tio n  o f  syn tactic  tag s  does, h o w ev er, n o t a lw ays a ffec t reca ll an d  p rec isio n  in. a 
n eg a tiv e  w ay. T he overg en era tio n  o f  sy n tac tic  tags seem s to  be  th e  rea so n  w hy  th e  connection  
b e tw een  reca ll and  m orp h o lo g ica l o v e rg en e ra tio n  seem s to  b e  rev ersed . I f  a  w o rd  has m any 
sy n tac tic  tag s  a ttached  to  it, th e  ch an ce  o f  fin d in g  th e  co rrec t one  am o n g  th e m  is g rea te r than  i f  
o n ly  o n e  sy n tac tic  tag  is p resen t.

T h e  te s t te x t has b een  co m p iled  fro m  fo llo w in g  sources:

L ea rn ed
G eo ffrey  S am pson , S choo ls o f  L in g u is tic s , 1980, H u tch inson , L o n d o n , M elb o u rn e , Sydney, 
A u ck lan d , Johan n esb u rg , pp . 98-100 .

F ic tio n
M arg a re t D rabb le , T he N e e d le ’s E ye , 1972, P en g u in  B ooks, pp . 190-191.

B io g rap h y
T . C . D u n can  E aves and  B en  D . K im p e l, S am uel R ichardson , A  B io g rap h y , 1971, p p  11-12. 

G o v ern m en ta l
D o cu m en t au th o rised  by  T h e  C o u n cil o f  T h e  S tock  E xchange u n d er sec tio n  154 (1) (b) o f  the 
F in an c ia l S erv ice  A ct 1986, T erm s an d  C o n d itio n s  o f  A pplication .

P re ss
Jo h n , S tee le , F riday , M ay 2 4 ,1 9 9 6 , T h e  D a ily  T eleg raph , pp. 1-2.
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CATCH: A Program for Developing World Wide Web
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U n iv ers ity  o f  U p p sa la  
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1 Introduction
C o m p u te r-A ss is ted  L anguage L earn in g , in  sh o rt C A L L , is the  re sea rch  a re a  w h ich  deals w ith  the 
d ev e lo p m en t an d  eva lua tion  o f  co m p u te r so ftw are  and hardw are  th a t is  u sed  in  a  language 
le a rn in g  en v iro n m en t. T he recen tly  p u b lish ed  h o o k  {\it C o m p u te r-A ssis ted  L an g u ag e  L earn ing  -  
C o n te x t an d  C oncep tualization}  by  M ich ae l L ev y  focuses on  e v a lu a tin g  C A L L  system s and  
p ro v id in g  a  h ig h -lev e l d esc rip tio n  fo r th em . W e are  in te rested  in  o b ta in in g  an sw ers  to  m ore basic  
q u es tio n s: W h a t educational m eth o d s can  b e  used in  C A L L  m a te ria l?  A n d  w h a t so ftw are  can  be 
u sed  fo r  d ev e lo p in g  C A L L  m ateria l?

T h is  p ap e r p ro v id es  answ ers to  th ese  tw o  questions. W e w ill s ta rt w ith  describ in g  a  basic 
c o lle c tio n  o f  educa tiona l m eth o d s th a t are  u sab le  in  C A L L  m ateria l. A fte r th a t w e  w ill in troduce 
o u r  p ro g ra m  CATCH* w h ich  su p p o rts  th e  d ev e lo p m en t o f  C A L L  le sso n s th a t m ak e  use  o f  these 
ed u ca tio n a l m ethods.

W e h av e  ch o sen  th e  W orld  W ide W eb  (W W W ) as the ta rg e t p la tfo rm  fo r  o u r  C A L L  m ateria l. 
T h e  ad v an tag e  o f  d evelop ing  C A L L  m a te ria l fo r  W W W  is  th a t it w ill b eco m e  accessib le  and  
u sa b le  fro m  a lm o s t all o p era tin g  sy stem s w ith  s tandard  so ftw are  th a t is  av a ilab le  on  m o st 
co m p u te rs  th e se  days. T h is so lves p o rtab ility  p ro b lem s an d  opens th e  p o ss ib ility  fo r u sin g  the  
C A L L  m a te ria l lo n g e r th a n  u n til th e  n ex t so ftw are  o r hardw are  update^.

2 Educational methods in CALL
In  th is  sec tio n  w e  w ill p resen t a  b as ic  co llec tio n  o f  educa tiona l m e th o d s  th a t can  b e  u sed  in  
C A L L  m ate ria l. P resen tin g  a  co m p le te  co llec tio n  is  im p o ssib le  and  th e re fo re  w e  w ill concen trate  
o n  th e  m e th o d s  th a t w e  co n sid e r m o st im p o rtan t. W e w ill s ta rt w ith  d esc rib in g  ex erc ise  form ats 
a n d  co n tin u e  w ith  help  and  feed b ack  fac ilitie s . T h e  sec tio n  w ill b e  co n c lu d ed  w ith  a  genera l p a rt 
in  w h ic h  so m e o th e r educational m e th o d s  w ill be  d escrib ed  briefly .

2.1 Exercises
T h e  ab ility  o f  C A L L  so ftw are  to  ch ec k  th e  language  level o f  s tu d en ts  an d  subsequen tly  
d e te rm in e  th e  co u rse  m ateria l th e y  sh o u ld  b e  su b jec ted  to  g ives C A L L  an  advan tage  over 
la n g u ag e  le a rn in g  b y  u s in g  b o o k s o r  au d io -v isu a l m ethods. C h eck in g  th e  lan g u ag e  level o f  
s tu d en ts  ta k e s  p lace  in  an  ex erc ise  en v iro n m en t. T w o  advan tages o f  ex erc ises  w ith  au tom atic

* The program CATCH is available at http://stp.lmg.uu.se/~erikt/catch/
 ̂Reusability of CALL material is a big problem according to [Lev97]. CALL material is often discarded at the 

next software or hardware update.
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an sw er ch eck ing  are  th e  p o ss ib ility  fo r te stin g  s tu d en ts  fro m  one  g roup  o n  d iffe ren t to p ics  
sim u ltaneously  and  th e  o p p o rtu n ity  for d isco v erin g  s tu d en ts  w h ich  p ro b lem s im m ed ia te ly  
w ith o u t a la rg e  in v estm en t o f  tim e  by  a  h u m an  te ach e r [S ci95]. It is  h a rd  to  o verestim ate  th e  
im portance o f  ex erc ises  fo r C A L L  m ateria l.

E xerc ises can  b e  charac te rized  b y  four features:

E x e rc ise  fe a tu re s :
Purpose: p rac tice  an d  test.
Task: tran sla tio n , q u es tio n  answ ering  and  gap  filling .
F orm at: tex t, sp eech  a n d  im ages.
Inpu t fo rm at; tex t, sp eech  and  m ultip le -cho ice  answ ers.

In  o u r v iew  ex erc ises  can  be  used  fo r tw o pu rposes. O ne is  fo r m ak in g  th e  stu d en t p ractice  w ith  
th e  m ateria l. In  th is  case  th e  perfo rm ances o f  the  stu d en ts  o n  th e  ex erc ise  do  n o t have to  be 
reg istered . S tuden ts  m ay  ch an g e  th e ir  answ ers as m an y  tim es  z s  th ey  w an t and a ttem p t to  u se  the  
feedback  p ro v id ed  b y  th e  C A L L  softw are to  g e t all answ ers rig h t. I t is  a lso  possib le  fo r u sin g  an  
exerc ise  fo r d e te rm in in g  th e  level o f  a  student. In  th a t case  th e  ex erc ise  shou ld  be  regarded  as a  
test. T he resu lts  o f  th e  s tu d en ts  o n  the te s t exerc ises are  im p o rtan t fo r the  so ftw are  and the  
teacher. T h e  an sw ers  sh o u ld  b e  reg istered  and  th e  s tu d en ts  shou ld  n o t be a llow ed  to  m od ify  
them .

T h ere  are th ree  b as ic  ex erc ise  tasks. T he firs t one is  tran sla tio n . In  a  transla tion  exerc ise  the  
studen ts  h av e  to tran s la te  w o rd s o r ph rases fro m  one la n g u ag e  to  ano ther. T he seco n d  ta sk  is 
q uestion  answ ering . H ere  stu d en ts  have to  an sw er q u estio n s, fo r  exam ple  abou t a  te x t they  have  
read . T he th ird  ex erc ise  ta sk  is  gap  filling . H ere  studen ts  are  p resen ted  w ith  a  tex t in  w h ich  w o rd s 
o r phrases h av e  b een  rem o v ed . T h e ir ta sk  is to  fill in  th e  d e le ted  m ateria l.

T here  are th ree  p o ssib le  ex erc ise  form ats. T h e  firs t o n e  is th e  m o s t co m m o n  one: p resen tin g  an  
exerc ise  as tex t. I t  is a lso  p o ssib le  to  p resen t an  exerc ise  as sp o k en  m ateria l. T his is necessary  fo r 
te stin g  the  lis ten in g  cap ab ilitie s  o f  the  students. H o w ev er o n e  sh o u ld  b e  aw are o f  th e  fac t th a t 
developm ent, s to rag e  and  re triev a l o f  speech  sam ples req u ire s  m u ch  m o re  tim e  an d  co m p u ter 
resources than  d o in g  th e  sam e  w ith  w ritten  m ateria l. T h e  sam e is tru e  fo r th e  th ird  exerc ise  
form at: im ages. E x erc ises  can , o f  course, a lso  m ake  u se  o f  a  co m b in a tio n  o f  th ese  th ree  fo rm ats.

T h ere  are  th ree  fo rm ats  o f  an sw er resp o n se  fro m  stu d en ts . T h e  m o s t sim ple fo rm at is  the  
m u ltip le -ch o ice  answ er. F o r  ev ery  q u estion  th e  stu d en ts  are  p ro v id ed  w ith  a  n u m b er o f  p o ssib le  
answ ers and  th e y  h av e  to  ch o o se  th e  co rrec t one. T h is  m ak es  d ea lin g  w ith  th e  answ ers m u ch  
easie r fo r th e  C A L L  so ftw are  since  every  p o ssib le  a n sw er is  k n o w n  b y  the  d ev e lo p er o f  th e  
m ateria l. I f  th e  s tu d en t is a llo w ed  to  resp o n d  to  a  q u es tio n  b y  in p u ttin g  te x t then  it is n o t p o ssib le  
to  foresee every  p o ssib le  answ er. R ecogn iz ing  erro rs in  an sw ers  b eco m es h ard er especia lly  w h en  
th e  an sw er co nsists  o f  a  seq u en ce  o f  w ords ra th e r th a n  a  s in g le  w ord . T he th ird  in p u t fo rm at, 
speech , is ev en  m o re  ch a llen g in g  fo r the  C A L L  d ev e lo p e r th a n  te x t input. B esid e  th e  an sw er 
hand ling  p ro b lem , w h ich  is  eq u a lly  d ifficu lt as  fo r te x t inp u t, it a lso  in c lu d es tech n ica l p ro b lem s 
d ea ling  w ith  th e  reco g n itio n  o f  th e  tex ts  u tte red  b y  d iffe ren t s tuden ts.
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D e v e lo p e rs  o f  C A L L  m ateria l a re  in te rested  in  find ing  o u t w h ich  ex e rc ises  w ill h e lp  increasing  
rile  lan g u ag e  level o f  th e  s tu d en ts  in  th e  b e s t w ay . A .G . S c ia rone  h as  p ro v id ed  som e in teresting  
an sw ers  to  th is  q u estio n  fo r th e  to p ic  o f  te x t understan d in g  [Sci95] „ T h e  lan g u ag e  level o f  second 
Irm giiage le a rn in g  stu d en ts  can  b e  in c reased  b y  m ak in g  th e m  spend  m o re  tim e  o n  read in g  w ritten  
te x ts  a n d  lis ten in g  to  spo k en  m a teria l. S tuden ts  w ill spend  m o re  tim e  o n  th e se  ta sk s  i f  they  
p e rfo rm  te s ts  w ith  o b lig a to ry  re su lt lev e ls  regu larly . D ic ta tio n  ex e rc ises  a re  th e  b e s t m e th o d  fo r 
te s tin g  lis ten in g  capab ilitie s  an d  gap  fillin g  is  th e  b es t exerc ise  ta sk  fo r te s tin g  te x t understand ing  
[S c i9 5 ]^

2.2 Feedback and help
C A L L  so ftw are  reac ts  to  in p u t o f  s tu d en ts  by  p ro v id in g  feedback . In  o rd e r fo r th e  feedback  to  be 
u se fu l th e  C A L L  sy stem  sho u ld  b e  ab le  to  reco g n ize  and  c lassify  th e  in p u t. T h is  is one o f  the 
m o s t ch a llen g in g  ta sk s  fo r d ev e lo p ers  o f  C A L L  m ateria l. T oo  o f te n  lan g u ag e  teachers tha t 
e v a lu a te  C A L L  p ro g ram s co m p la in  th a t a  s tu d en t has g iv en  a  c o ire c t an sw er to  a  q u estion  bu t 
th a t  th e  co m p u te r h as  fa iled  to  reco g n ize  it  [vdL 97]. T he p ro b lem  h e re  is th a t co m p u te r softw are 
i s  u n ab le  to  u n d erstan d  h u m an  language.

A  co n sid e ra tio n  o f  th e  p o sitio n  o f  C A L L  in  lan g u ag e  educa tion  is n ecessa ry  here . C A L L  system s 
a re  n o t b e in g  u sed  fo r rep lac in g  h u m an  teach ers  b u t as an  ex tra  to o l fo r  a id in g  th e ir  w ork. T his 
m e a n s  th a t C A L L  p ro g ram s do n o t h av e  to  be ab le  to  evaluate  ev ery  p o ss ib le  language  learn ing  
task^. C A L L  so ftw are  m ay  co n cen tra te  o n  th e  ta sk s  th a t it p e rfo rm s b es t a n d  u se  in p u t form ats 
th a t  a re  re la tiv e ly  easy  to  check.

I f  C A L L  p ro g ram s a llo w  on ly  s im p le  in p u t o f  s tuden ts  like  m u ltip le -ch o ice  answ ers o r s ing le 
w o rd  re sp o n ses  th en  w e can  a ttem p t to  sp ec ify  each  re lev an t an sw er in  ad v an ce . In  th a t case  it is 
p o ss ib le  fo r  th e  C A L L  d ev e lo p er to  d e fin e  usefiil feedback  fo r th e se  p red e fin ed  answ ers. T he 
a n sw e r  se t w ill b en e fit fro m  an  ev a lu a tio n  o f  th e  answ ers g iv en  b y  th e  s tu d en ts  w h ile  u s in g  the  
C A L L  m a te ria l [A ke98]. I t is  th e re fo re  d esirab le  th a t C A L L  so ftw are  is ab le  to  sto re  the 
u n fo re se e n  an sw ers  o f  s tuden ts  so th a t th ey  b e  eva lua ted  by  its  dev elo p ers .

A p a r t  f ro m  g en era l h e lp  fac ilitie s  a b o u t p ro g ram  usage C A L L  so ftw are  n eed s  sp ec ia l a id s  for 
s tu d en ts . T h e  m o s t im p o rtan t o f  th e se  is  a  search ab le  on line  d ic tionary . L an g u ag e  studen ts  o ften  
en co u n te r u n k n o w n  w o rd s w h ich  th e y  h av e  to  lo o k  u p  an d  it is an  ad v an tag e  i f  th ey  can  u se  the 
C A L L  sy s te m  fo r  d o in g  th a t as w ell. A  p ro b lem  is th a t fo re ig n  lan g u ag e  s tu d en ts  m ay  have 
d iffe re n t f irs t  lan g u ag es an d  th is  m ean s  th a t th e  d ic tio n ary  m ay  n eed  m o re  th a n  one  source 
lan g u ag e .

 ̂ Sciarone has compared multiple-choice exercises, question answering exercises and gap filling exercises. His 
conclusion was riiat multiple-choice exercises allowed too much guessing, answers on questions are too hard to 
check for the available computational linguistics technology while gap filling exercises provide both good testing 
facilities and allow checking answers with the available technology [Sci95].

■* An example o f a language learning evaluation task which seems impossible for a CALL system with the present 
technology is testing die communicational capabilities of language learning students. This task requires a human 
teacher.
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23  Other methods
W ith  ex erc ises , feed b ack  and  help  facilities  o u r  o v erv iew  o f  edu ca tio n a l m e th o d s th a t are  usab le  
in  C A L L  sy stem s is  b y  no m eans com plete . A n o th e r im p o rtan t m e th o d  is  n a rra tiv e  te x t w h ich  
can  b e  e ith e r w ritten  o r spoken . H ow ever tex ts  n eed  to  b e  acco m p an ied  by  ex erc ises  to  m ake su re 
d ia t th e  s tuden ts  h av e  read  and  u n d ersto o d  th em . E q u ally  im p o rtan t are  ex p lan a tio n s ab o u t 

g ram m atica l fea tu res  o f  th e  language th a t is to  b e  learned . T hese c a n  be in co rp o ra ted  in  a  general 
C A L L  le sso n  b u t th e y  are a t least as u sefu l as  a  p a r t o f  th e  feed b ack  p rov ided  to  th e  students. A  
th ird  ed u ca tio n a l m e th o d  w h ich  is o ffered  by  so m e com m erc ia l C A L L  p ro g ram s a re  language 
g am es. W e reg ard  th e se  as ffee -fo rm a t p rac tice  exerc ises.

3 CATCH
In  th is  section  w e d escrib e  o u r au th o rw are  p ro g ram  C A T C H . W e w ill s ta rt w ith  a  general 
d esc rip tio n  o f  th e  so ftw are . A fter th is  w e  w ill p re sen t the  d iffe ren t parts  o f  th e  C A L L  lesson  
d esc rip tio n  lan g u ag e  and  g iv e  an  exam ple  ex erc ise  defin ition . W e w ill conclude th e  section  w ith  
ex p erien ces  o f  C A T C H  users.

3.1 Background
T h e  W orld  W ide  W eb  (W W W ) is an  in te restin g  m ed iu m  fo r C A L L  m ateria l b ecau se  i t  so lves the  
p o rtab ility  and  reu sab ility  p ro b lem s th a t com es w ith  m an y  o f  th e  cu rren t C A L L  app lications. 
H o w ev er th e re  are  so m e p ro b lem s w ith  th is  m ed iu m  as w ell;

L

2.
3.

a  lo t o f  tech n ica l kn o w led g e  ab o u t d o cu m en t en co d in g  and p ro g ram m in g  is necessary  in  
o rd e r to  b e  ab le  to  d evelop  a  w ork ing  W W W  C A L L  ap p lica tio n ^  
a  la rge  am o u n t o f  enco d in g  in fo rm atio n  is n ecessa ry  fo r even  th e  s im p lest exercise* and 
b ecau se  s tu d en ts  m ig h t hav e  a  s lo w  n e tw o rk  co n n ec tio n  to  the m a te ria l C A L L  d evelopers are  
n o t ab le  to  ap p ly  free ly  all tech n iq u es th e y  w o u ld  like  to  u se  (they  sh o u ld  b e  care fa l w ith  
u sin g  m an y  im ages, an im atio n s an d  sou n d  files).

T h ese  p ro b lem s h in d e r th e  d ev elo p m en t o f  C A L L  W W W  m ateria l. T here  is n o t m u c h  w e can  do 
a b o u t th e  th ird  p ro b lem . H o w ev er th e  firs t an d  th e  seco n d  p ro b lem  are so lvab le . O u r p rop o sed  
so lu tio n  fo r th e se  tw o  p ro b lem s is to  c rea te  a  C A L L  d ev e lo p m en t language  w h ic h  enab les 
lan g u ag e  teach ers  to  d efine  in fo rm atio n  n ecessa ry  fo r C A L L  ap p lica tio n s w ith o u t hav ing  to  
w o rry  ab o u t th e  p ecu lia ritie s  o f  W W W  d o cu m en t encod ing . A n ex tern a l p ro g ram  w ill be u sed  
fo r  co n v ertin g  the  sp ec ifica tio n s to  a  W W W  d o cu m en t. O ur p ro g ram  C A T C H  w o rk s  exac tly  like 
tha t.

C A T C H  is a  d o cu m en t co n v ersio n  p ro g ram  w ritten  in  th e  p ro g ram m in g  lan g u ag e  P e rl [W al96]. 
I t  co n v erts  d o cu m en ts  in  a  C A L L  encod ing  lan g u ag e  to  docu m en ts  in  th e  en co d in g  language  o f  
W W W : H T M L . T h e  C A L L  enco d in g  lan g u ag e  co n sis ts  o f  m arkup  tag s  w h ich  d e fin e  th e  ty p e  o f

’ For example, [Gol96] reports that while many departments at the University of British Columbia were 
interested using WWW based course material in the early nineties both quantity and quality o f this material was 
highest at the Computer Science Department.

*[Ahl98] reports that for a WWW file with an eleven-question gap exercise 89% of the file consisted of encoding 
tags and software.
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te x t p a rts . T he ta g s  u sed  in  th is  lan g u ag e  are  S G M L  tags: they  s ta rt w ith  th e  <  charac te r and  end  
w ith  > . T h ere  a re  tw o v arian ts  o f  each  m ark u p  tag: th e  < xxx>  tag  w h ic h  o p en s  co n tex t xxx  and 
th e  < /x x x >  ta g  w h ich  c lo ses  c o n tex t x x x . E xam ples o f  th ese  ta g s  a re  th e  s ta rt o f  lesson  tag  
< lesso n >  and  th e  end  o f  te s t ex erc ise  ta g  < /exercise> .

T h e  u se rs  o f  C A T C H  can  sp ec ify  C A L L  m a te ria l w ith o u t h av in g  to  w o rry  ab o u t techn ica l details  
lik e  an sw er ch eck ing  and W W W  d o cu m en t encoding . T he C A L L  fo rm a t docu m en ts  are bo th  
sm a lle r  and  easie r to u n d erstan d  th an  th e  co rrespond ing  H T M L  d o cu m en ts . I t is p o ssib le  to  use 
C A T C H  w ith o u t hav ing  a n y  k n o w led g e  o f  H T M L . H o w ev er w e  h av e  fo reseen  th a t C A L L  
d ev e lo p ers  w ill w an t to  u se  H T M L  fea tu res  th a t are  n o t inc luded  in  th e  s tan d ard  o u tp u t fo rm at o f  
C A T C H . F o r th a t reaso n  C A T C H  a llo w s H T M L  tags to  be p resen t in  its  in p u t file . T h e  p rog ram  
w ill accep t th e se  tags and  co p y  th e m  to  its  o u tp u t file. In  th is  w ay  it  is  p o ss ib le  fo r C A T C H  users 
to  ad ap t th e  fo rm at o f  th e ir C A L L  lesso n s to  th e ir ow n w ishes.

3.2 Parts of the program
T h e  p resen t v ers io n  o f  C A T C H  (2 .0 ) reco g n izes  fifteen  C A L L  m a te ria l en co d in g  tags. T he 
ch o ice  o f  th e se  tag s  has b een  b ased  o n  th e  theo re tical ou tline  p resen ted  in  sec tio n  2. T he la rgest 
p a r t o f  th e  tag s  deals w ith  ex erc ises  (9  tags). A p art from  th a t th e re  are  so m e genera l structure 
ta g s  (3 ) an d  so m e tag s  th a t d ea l w ith  o th e r educa tiona l m e th o d s  (3). T h e  g en era l structu re tags 
d ea l -with defin in g  the  C A L L  le sso n  co n tex t, the head in g s an d  m e n u s  w ith  p o in te rs  to  the 
d iffe ren t p a rts  in  the  C A L L  lesson . C A T C H  offers  th ree  o th e r ed u ca tio n a l m e th o d s fo r the  C A L L  
m ate ria l: tex ts , w ord  lists  and  g ram m ar exp lanations.

C A T C H  offers tw o  exerc ise  ty p es: p rac tice  exerc ises and  te s t ex erc ises . S tuden ts  can  w ork  w ith  
th e  p rac tice  exerc ises o n  a  s tan d -a lo n e  com pu ter. H o w ev er fo r w o rk in g  w ith  th e  te s t exercises 
th e y  w ill need  a  co m p u ter w ith  a  n e tw o rk  con n ec tio n  b ecause  an sw er ch eck in g  w ill u sually  be  
p e rfo rm e d  b y  a  cen tral com pu ter. B o th  ex erc ises  a llo w  tw o  in p u t fo rm ats: m u ltip le -ch o ice  inpu t 
a n d  te x t inpu t. T h e  dec isio n  ab o u t w h a t ex erc ise  fo n n a t and  w h a t ex erc ise  ta sk  to  u se  has been  
le f t to  th e  d evelopers o f  th e  C A L L  m ateria l.

3.3 User experiences
T h e  firs t v e rs io n  o f  CA TC H ^ h as b een  te s ted  b y  second-year L an g u ag e  E n g in ee rin g  studen ts at 
U p p sa la  U n iv ersity  in  a  o n e -p o in t C A L L  in tro d u c tio n  course . T h e  s tu d en ts  h av e  used  th e  
p ro g ram  fo r  d ev e lo p in g  C A L L  m a te ria l fo r  S w ed ish  and  F rench . T h ey  w ere  p o s itiv e  ab o u t the  
so ftw are . T h e  s tu d en ts  had  so m e reco m m en d a tio n s  fo r ad d itio n a l fu n c tio n a lity  w h ich  have  been  
u sed  fo r ex ten d in g  th e  p rev io u s  v e rs io n  o f  th e  p rog ram . T h e  C A L L  m a te ria l d ev e lo p ed  by  the  
s tu d en ts  h as  su b seq u en tly  b een  p u b lish e d  o n  WWW®. W e h av e  rece iv ed  q u ite  so m e en thusiastic  
reac tio n s  on  th e se  lessons fro m  its  u se rs  an d  req u ests  fo r  dev elo p in g  m o re .

C u rren tly  th e  p ro g ram  is b e in g  u se d  in  a  fiv e -p o in t C A L L  co u rse  fo r  d ev e lo p in g  m ateria l fo r 
S p an ish  an d  R ussian . In  th is  co u rse  w e  a re  co o p era tin g  w ith  a  p ro fess io n a l lan g u ag e  teacher. W e 
h av e  rece iv ed  m an y  in te res tin g  reco m m en d a tio n s  fro m  b o th  h e r  [A ke98] a n d  th e  students

’ The first version of CATCH was called call2html.
® The CALL material is available at http://stp.ling.uu.se/call/
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[A hl98]. S om e o f  th e ir reco m m en d a tio n s  fo r add itional fu n c tio n a lity , lik e  p rac tice  exercises, 
h av e  a lread y  b een  added  to  C A T C H .

4 Concluding remarks
T h e  W o rld  W ide W eb is an  ex ce llen t m ed iu m  fo r the  d ev elo p m en t o f  C A L L  m ateria l. H ow ever 
th e  am o u n t o f  techn ica l k n o w led g e  an d  th e  am o u n t o f  H T M L  co d in g  th a t are  requ ired  fo r 
c rea tin g  CAL,L lessons m ay  p rev en t lan g u ag e  teachers fro m  u s in g  W W W  fo r develop ing  th e ir 
o w n  teach in g  m ateria l. In  th is  p ap e r w e  h av e  described  a  genera l to o l ca lled  C A T C H ’ w hich  can  
b e  u sed  to  overcom e th is  barrie r. C A T C H  converts  d escrip tions o f  C A L L  m ate ria l w ritten  in  an  
easy  to  und erstan d  encod ing  fo rm at to  H T M L  files. B y w o rk in g  in  th is  w ay  it is possib le  fo r 
p eo p le  w ith o u t techn ica l k n o w led g e  to  d ev elo p  C A L L  m ateria l in  a  fas te r w ay  th an  b y  creating  
H T M L  files  fro m  scratch .
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Assembling a Balanced Corpus from the Internet

Johan Dewe, T e lia  R esearch ,

Jussi Karlgren, S IC S , an d  

Ivan Bretan, T e lia  R esearch

A d d ress  fo r co rrespondence:
. Ju ssi K arlg ren , S IC S , B o x  1 2 6 3 ,1 6 4  29  K ista , S w eden  

F a x :+  46  8 751 72 30  
Ju ssi.K arlg ren @ sics .se

Balanced Corpora for Textual Research
F o r  em p irica lly  o rien ted  tex tu a l re sea rch  it is crucia l to  h av e  m a te ria ls  av a ilab le  fo r ex trac tio n  o f  
s ta tis tic s , tra in ing  p ro b ab ilis tic  a lgo rithm s, an d  te s tin g  h y p o th eses  a b o u t language an d  language 
p ro cess in g  in  general. In  rece n t years, the  aw areness th a t te x t is n o t ju s t  tex t, b u t th a t tex ts  com es 
in  sev era l fo rm s, has sp read  fro m  m o re  th eo re tica l and  lite rary  su b fie ld s  o f  lingu istics  to  the  
m o re  p rac tica lly  o rien ted  in fo rm atio n  re trieva l and  n a tu ra l lan g u ag e  p ro cessin g  fields. A s a 
consequence , several te s t co llec tio n s availab le  fo r re sea rch  ex p lic itly  a ttem p t to  co v er m any or 
m o s t w e ll-e stab lish ed  tex tu a l g en res , o r  fu n c tio n a l s ty le s  in  w e ll-b a lan ced  p rop o rtio n s (Fi an c is  
a n d  K ucera , 1982; K ällg ren , 1990).

T h e  crea tion  o f  su ch  a  co llec tio n  is a  co m p lex  m a tte r in  several respec ts. O u r research  area  is to  
b u ild  re triev a l to o ls  fo r th e  In tern e t, an d  thus, fo r  o u r p u rp o ses , th e  ch o ice  o f  genres to  inc lude is 
o n e  o f  th e  m o re  cen tra l p ro b lem s: th e re  is no  w ell-e stab lish ed  g en re  p a le tte  fo r In tern e t m ateria ls . 
T o  f in d  m ateria ls  to  ex p e rim en t w ith , w e  n eed  to  c rea te  th e m  in  a  fo rm  su itab le  fo r o u r  pu rp o ses . 
T h is  is  a  d o u b le  ed g ed  p ro b lem , in v o lv ing  b o th  v ag u ely  ex p ressed  u se r  expec ta tions an d  
estab lish in g  ca teg o ries  u s in g  la rge  n u m b ers  o f  fea tu res w h ich  ta k en  sin g ly  hav e  lo w  p red ic tiv e  
a n d  exp lan ato ry  p ow er. T h is  p ap e r  g iv es  an  o u tlin e  o f  th e  m e th o d o lo g y  w e  u se  fo r determ in in g  
w h ich  gen res to  inc lude.

Stylistic Variation and Genre
T ex ts  ex h ib it co n s id erab le  v aria tio n . W h ile  th e  v a ria tio n  in  to p ic  o r co n ten t is qu ite  o b v io u s and  
th e  b as is  fo r m o s t ca teg o riza tio n  en terp rises  in  in fo rm atio n  re triev a l research  v a ria tio n  in  s ty le  is  
a s  n o ticeab le , an d  fo rm s a  seco n d  b as is  fo r ca teg o riza tio n : p o e try , p ro se , non -fic tio n , re feren ce  
m a te ria ls , and  so  fo rth  a re  a ll s ty lis tic  ca tego ries  o r genres.

S ty lis tic  v a ria tio n  sh o w s th ro u g h  s ty lis tic  item s: o b serv ab le  ch o ices  o f  ling u is tic  item s. S ty lis tic  
item s c a n  b e  o b serv ed  o n  an y  lev e l o f  lin g u is tic  ab strac tio n : lex ical, fo r  th e  ch o ice  b e tw een  
w o rd s  o f  s im ila r m ean in g  b u t d iffe ren t con n o ta tio n s; sy n tac tic , fo r  th e  ch o ice  b e tw een  eq u iv a len t 
co n stru c tio n s w ith  d iffe ren t co m m u n ica tiv e  im port; tex tu a l, fo r  d ec isio n s o f  tex tu a l o rg an iza tio n .

E a c h  sty lis tic  item  is o f  little  im port, b u t ta k en  to g e th e r th e y  a re  ind ica tiv e  o f  sy stem atic  
d iffe ren ces. A  se t o f  d o cu m en ts  \v ith  a  p e rce iv ed  co n sis ten t ten d en cy  to  m ak e  th e  sam e s ty lis tic
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cho ices is called  a  g en re  o r, spec ifica lly , i f  it has an  e s tab lish ed  co m m u n ica tiv e  function , a  
fu n ctio n al sty le  (see e.g . E n k v ist, 1973; V achek , 1975).

S ty lis tic  v aria tio n  b e tw een  gen res  o r language varie ties  can  b e  d e tec ted  re liab ly  u sin g  a  large 
b a tte ry  o f  qu ite  s im p le  s ty lis tic  item s su ch  as p ro n o u n  co u n ts  o r re la tiv e  fi-equencies o f  certa in  
ty p es  o f  constructions su ch  as ag en tless  passives (B iber, 1988, 1989; K arlg ren  and  C utting ,
1994) , u tilized  fo r au th o rsh ip  de term in a tio n  by sim p le  ca lcu la tio n s  o f  average  w o rd  leng th  
d is trib u tio n s (M endenhall, 1887), and  w ith  som e success p red ic tiv e ly  fo r in fo rm atio n  retrieval 
(K arlg ren , 1996; K arlg ren  an d  S traszheim , 1997; S tra lkow sk i e t a l ,  1996).

Establishing Genres

Method
In  p rev io u s s im ilar s tud ies, w e  h av e  u sed  in tro sp ec tiv e  m eth o d s: w e  h av e  estab lished  gen res 
m a in ly  based  on  p erso n a l ex p erien ce  (B en  C heikh  an d  Z ack risso n , 1994; H u ssa in  an d  T zikas,
1995) . O ther tex t co llec tio n s o rg an ized  b y  genre, gen re  is la rg e ly  equated  w ith  source. T ex ts 
fi'om  som e o rgan iza tio n  are ca teg o rized  to g e th er w ith  tex ts  fro m  sim ila r o rgan izations, w ith o u t 
reg a rd  fo r tex t usage: e .g  jo u rn a lis tic  p ress  arch ives, p e rso n a l le tte rs , techn ica l docum entation , 
(e .g . K ällgren , 1990). F o r  th is  s tudy , w e w ish ed  to  h av e  a  b e tte r fo u n d a tio n  for o u r gen re  palette . 
O u r basic  souce o f  k n o w led g e  is in te rv iew ing  users ab o u t th e ir p e rcep tio n s o f  w h a t types o f  
m a te ria l they find  and  in te rac t w ith  on line. W e co lla te  th e  im p ressio n s  and  try  to  define  genres 
th a t a re  bo th  reaso n ab ly  co n sis ten t w ith  w h a t u sers  ex p ec t and  observ ab le  and  conven ien tly  
co m p u tab le  u sin g  m easu res  o f  s ty lis tic  varia tio n  as o u tlin ed  in  th e  p rev io u s  section . C f. F igu re  1, 
see  la s t page o f  th is  paper.

Questionnaire
T h e  q u estionnaire  in  F ig u re  2  w as sen t to  648 co m p u te r u sers  - studen ts, researchers, and  

te ach e rs  a t S tockho lm  U n iv e rs ity  an d  th e  R oyal In stitu te  o f  T e c h n o lo g y . W e rece ived  7 e rro r 
m essag es  and  67  responses, w h ich  g ives a  response ra te  o f  10 p e r  cen t.

Hi. I need two minutes of your time.
For my M Sc project I will classify WWW documents by genre.
What is a genre? A genre is a group of documents with similarities as 
regards form. Journalistic material, for instance, gives us several 
examples of genres. We find scientific materials, short stories, news 
items, advertisments, and so forth. In a larger perspective a newspaper 
itself is a genre, as compared to crime fiction, parliamentary records, 
and chat group text.
Similarly, it should be possible to categorize materials from the WWW in 
genres. The obvious ones I can figure out myself, but I do not 
want to constrain myself to a single perspective. So I need your help 
to gain a wider view:
* What genres do you feel you find on the WWW?
Take a minute to think over the question, and send me a
list of the genres that occur to you. All replies are useful to me!
Thank you for your time,
/Johan Dewe, d92-jde0nada.kth.se

Figure 2. The genre questionnaire (This is an English translation. The Swedish original can 
http://www.stacken.kth.se/~dewe/dropjaw/enkat.txt)

)e found at
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Compiling the results

Science, Entertainment, Information
Here I am. Sales pitches, Serious material
Home pages
Data bases
Guest books
Comics
Pornography
EAQs
Search pages 
Corporate info 
Product info 
Reference materials
My immediate reaction is that genres from general society 
vill be found on
the WWW as well. We get stuck in old conventions. ... e.g, e- 
mail
conventions follow paper letter conventions. I would start by 
using genres
from ordinary life and see if they are applicable to WWW.
Home pages 
Public info
Non-government organization info
Search info
Corporate info
Informative advertisements
Non-informative advertisments
Research materials
Games and pornography
News
Economic info
News
Tourism
Sports
Games
Adult pages
Science
Culture
Language
Media
Public documents. Internal documents,
Personal documents 
Information
"Check out what a flashy page I can code"
"I guess we have to be on the net too"

Figure 3. Some translated excerpts from the answers to the questioimaire. (The answers in their entirety can be 
found alhttp://www.stacken.kth.se/~dewe/dropjaw/enkatsvar.txt).

T h e  a n sw ers  ran g ed  fro m  v ery  sh o rt to  ex ten siv e  d iscu ss io n s  - so m e  ex am p les  a re  sh o w n  in  
F ig u re  3 . I t w as  v ery  c lea r to  u s  from  th a t m o s t re ad e rs  co n fla ted  g en re  and  fo rm  o n  th e  one  h an d  
w ith  c o n ten t an d  to p ic  o n  th e  o ther: " to u rism ", "sp o rts" , "gam es", "adu lt pag es" . T h is  is n o t 
su rp ris in g . G en re  an d  to p ic  are  n o t in d ep en d en t d im en sio n s  o f  v a ria tio n , an d  a  ty p ic a l lib rary  
ca teg o riza tio n  re fle c ts  b o th  d im ensions s im u ltan eo u sly . S everal resp o n d en ts  d id  g iv e  exam ples 
o f  m o re  c lean ly  fo rm -o rien ted  gen res as w ell; "h o m e p ag es" , "d a ta  bases" , "F A Q s", "search  
p ag e s" , " re fe ren ce  m ateria ls" . S om e resp o n d en ts  g av e  ex p lic it references to  p a p e r  g e n re s  - one  
le n g th y  q u o te  is  g iv e n  am o n g  th e  ex am p les  in  F ig u re  3. T h e  in ten tio n  o f  th e  in fo rm a tio n  p ro v id e r 
d io w e d  u p  a s  a  g en re  fo rm atio n  c rite rio n  in  sev e ra l responses: "here  I am ", "sa les p itches", 
"se rio u s  m a te ria l" ; o r, as  an  a lte rna tive  fo rm u la tio n  o f  th e  sam e crite rio n , th e  ty p e  o f  au thor:
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"co m m erc ia l in fo", "pub lic  in fo", "n o n -g o v ern m en ta l o rg an iza tio n  info". S om e responses 
e jq jlic itly  b ro u g h t u p  qua lity , "boring  hom e pages"  an d  te x t eco lo g y  o r in ten d ed  env ironm en t: 
"p u b lic  do cu m en ts" , "in te rnal docum en ts", "personal docum ents".

W e h av e  a ttem p ted  to  system atize  som e o f  th e  u se r p e rce iv ed  d is tinc tions, nam ely  th o se  th a t are  
p red ic tab le  en o u g h  to  b e  m o d e led  w ith  s im p le  m e trics , in  th e  gen re  p a le tte  show n  in  F ig u re  4.

In fo rm al, P riv a te
P erso n a l h o m e pages.

P u b lic , co m m ercia l
H o m e p ag es  fo r th e  genera l public.

S earch ab le  ind ices
P ages w ith  feed-back : cu sto m er d ia logue; search ab le  indexes. 

Jo u rn a lis tic  m ateria ls
P ress: n ew s, rep o rtag e , ed ito ria ls, rev iew s, p o p u la r 
rep o rtin g , e-zines.

R ep o rts
S cien tific , legal, and  p u b lic  m ateria ls; fo rm al tex t.

O th er ru n n in g  te x t 
F A Q s
L in k  C o llec tions
O th er lis tin g s  an d  tab les
A sy n ch ro n o u s m u lti-p a rty  co rrespondence

C o n trib u tio n s  to  d iscussions, requests , co m m en ts; U sen e t N ew s 
m ateria ls .

E rro r M essag es

Figure 4. The current genre palette.

W h en  try in g  to  a ss ig n  tex tu a l m ateria ls  to  th e  v a rio u s  ca teg o ries  au to m atica lly  w e  ex p ec t to  fin d  
th a t so m e gen res a re  n o t as  u sefu l as th ey  m ay  seem  a t firs t sigh t; w e  w ill find  th a t som e o f  th ese  
ca teg o ries  m ay  h av e  to  b e  ad ju sted  - m erg ed , sp lit, o r  red efin ed  - as  the  eo llec tio n  is  eva lua ted  
u s in g  s ta tis tica l m eth o d s. T he eategories sh o w n  in  F ig u re  4  are  s ta rting  p o in ts  fo r researeh , n o t 
fin a l resu lts.

Finding Samples
W e u se  th ree  m e th o d s  to  co llee t d a ta  fro m  th e  W o rld  W id e  W eb.

F irs tly , w e  tak e  qu eries  u sed  fo r th e  T ex t R e triev a l C o n feren ee  (H arm an , 1996) (T R E C  queries 
n os. 2 5 1 -3 0 0 ; fie ld s  "top ie" an d  "deserip tion") an d  ru n  th e m  th ro u g h  A ltav ista , a  sea reh  serv iee  
o n  th e  In terne t. W e u se  th e  to p  ten  h its  fo r each  q u ery  to  re triev e  ab o u t 500 d ocum en ts.

S eco n d ly , w e  tak e  s ix ty  queries from  M agellan , an o th e r search  serv ice  o n  th e  In terne t. M ag ellan  
p ro v id es  a  "v o y eu r page"  (h ttp ://m ck in ley .v o y eu r.eo m /v o y eu r.cg i# v o y eu r? ! )  w h ich  d isp lay s real
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u s e r  q u e rie s  in  rea l tim e. W e ru n  th e  six ty  q u erie s  th ro u g h  M ag e llan , an d  s im ila rly  o b ta in  abou t 
6 0 0  d o cu m en ts .

T hird ly  w e use history files from local N etscape users to  retrieve about 700 additional documents.

URL source TREC Magellan History Total
via Voyeur List

Altavista
01 Informal, Private 11 67 50 128
02 Public, Commercial 23 87 87 197
03 Searchable indices 4 14 55 73
04 Journalistic materials 50 28 16 94
05 Reports 106 5 2 113
06 Other running text 73 49 38 160
07 FAQs 0 4 8 12
08 Link Collections 31 50 67 148
09 Listings, Tables 17 138 70 225
ID Discussions 16 0 8 24
11 Error Messages 55 36 93 184

Total 386 478 494 1358

Figure 5. The current composition of the corpus.

Evaluating the choice of genres
T o  ev a lu a te  th e  g en re  p a le tte  w e  sen t ou t th e  lis t o f  genres w e se ttled  on  to  th e  sam e recip ien ts  
w e  o rig in a lly  so lic ited  the  gerne  d is tin c tio n s  from , w ith  a  q u es tio n  i f  th ey  u n d ers to o d  w h at the 
g e n re s  rep resen ted  an d  i f  any  o b v io u s g en re  w as m issing . W e rece iv ed  102 responses. M ost 
re sp o n d e n ts  c la im ed  to  u n d erstan d  w h a t ty p e  o f  te x t o u r gen re  lab e ls  w ere  in ten d ed  to  cover, and  
w h ile  m o s t ca teg o ries  go t som e co m m en ts  o f  o n e  fo rm  o r ano ther, m o s t co m m en ts  w ere  caused  
b y  o u r  g iv in g  to o  few  exam ples o f  w h a t th e  gen res  w ere  in ten d ed  to  cover. M o st com m ents 
co n ce rn ed  th e  ca teg o ry  "In terac tive  p ag es" . M an y  resp o n d en ts  w ere  an n o y ed  b y  th e  fac t th a t the  
ca te g o ry  w as  n o t o f  th e  sam e ty p e  as th e  o th e r types. S om e resp o n d en ts  o b jec ted  o r  d id  no t 
u n d e rs ta n d  th e  labe ls  — e.g. "FA Q " o r  "L is tin g s, tab les"  o r "E rro r m essag es" ; m an y  asked  fo r a  
d o w n lo a d  p ag e  o r ftp  datab ase  ca tegory ; so m e w o n d ered  ab o u t th e  a ll-in c lu siv en ess  o f  "O ther 
ru n n in g  te x t" ; sev era l asked  fo r a  sp ec ific  ca teg o ry  fo r "S earch  en g in es"; sev era l su g g ested  m ore 
c o n te n t b a sed  genres.

M a n y  p o in te d  o u t th a t som e o f  th e  ca teg o rie s  w ere  less su itab le  fo r sea rch  in  th a t th ey  d id  no t 
im a g in e  th e m se lv es  ev er search in g  fo r "E rro r m essages" o r " In terac tive  p ag es"  specifically . 
SevCTal re sp o n d en ts  p o in ted  o u t th a t th e  ca teg o ries  w ere  n o t m u tu a lly  ex c lu siv e . In  sum m ary , the  
m o s t  cen tra l o b jec tio n s w ere  e ith e r su ch  th a t w o u ld  b e  rem ed ied  in  an  in te rac tiv e  s itu a tio n  w here 
ex am p le s  a re  read ily  availab le , o r req u es ts  fo r m o re  flex ib le  gen re  assig n m en t.

Recognizing genres automatically
T b e  g en re  p a le tte , b esides b e in g  in tu itiv e ly  un d erstan d ab le , needs to  b e  w o rk ab le  fo r au tom atic  
an a ly s is . W e ca lcu la te  a  qu ite  la rge  n u m b e r o f  tex tu a l featu res fo r each  in d iv id u a l te x t an d  w ork
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th e m  to g e th e r  fo r a  ca teg o riza tio n  d ec is io n  u s in g  a  m ach ine le a rn in g  a lg o rith m . T h e  p ioneering  
w o rk  b y  D o u g las  B iber(1988 , 1989) o n  co m pu ta tional co rp u s-b ased  s ty lis tic s  has been  
d esc rip tiv e  ra th e r th an  p red ic tive , a im in g  to  fin d  d istinctions b e tw ee n  d iffe re n t reg isters or 
v a rie tie s  o f  spo k en  and  w ritten  language. I t h as  m ad e  use  o f  la rg e  n u m b ers  o f  s ty lis tic  features 
co llec ted  fi-om prev ious, n o n -co m p u ta tio n a l w o rk  an d  w eigh ing  th e m  to g e th e r u s in g  standard  
m e th o d s  fi-om m ultiva ria te  s ta tis tics. W e u se  th is  w o rk  as a  b a s is  fo r o u rs . M o st o f  B iber's 
fea tu res  w e  u se  h ere  are  ra ther lex ica l in  n a tu re , fo r  ease  o f  p ro cessin g : th e  re la tiv e  frequency  o f  
ce rta in  c lasses  o f  w ords such  as p erso n al p ro n o u n s, em phatic  ex p ressio n s, o r  dow nton ing  
ex p ress io n s , fo r instance. W e ad d  m o re  g en era l tex tual and  g en re  sp ec ific  featu res: rela tive  
n u m b e r o f  d ig its , o r average w o rd  len g th , fo r in stan ce  (K arlgren , 1996; K arlg ren  an d  S traszheim , 
1997). O th ers  y e t are  v ecto red  sp ec ifica lly  to  th e  In tern e t m a te ria l w e h av e  b een  using  for 
ex p erim en ta tio n : n u m b er o f  im ages o r  n u m b er o f  H R E F  links in  th e  d o cu m en t, fo r  instance. W e 
n o rm alize  th e  m easu rem en ts by  m ean  an d  s tan d a rd  dev ia tion , and  co m b in e  th e m  — 40  o f  them , at 
p re sen t — in to  sim ple  if-then  ca teg o riza tio n  ru les  u sing  C 4.5 , a  n o n -p a ram etric  categoriza tion  
to o l (Q u in lan , 1993).

If- there are more "because" than average,
- longer words than average,
- type-token ratio is above average, 
then
~ the object is of class Textual 
with
- a certainty of 90.0%,

Figure 6. An example classification rule.

W e h av e  a  few  d o zen  ru les to  ca teg o rize  tex ts  in to  one  o f  th e  e lev en  gen res  d e fin ed  in  th e  above 
sec tio n s . T h e  gen res  partitio n  in to  tw o  m a jo r hyperca tegories: tex tu a l (04 , 05 , 06 , 07, 10) and  
n o n -tex tu a l (01 , 02, 03, 08, 09 , 11); each  o f  th e m  in  tu rn  sp lits  to  one  o f  fiv e  o r s ix  sub­
ca teg o ries . T h ese  sp lits  are  o f  v ary in g  q u a lity : th e  firs t does qu ite  w ell, so m eth in g  like  a  n inety 
p e r  c e n t success ra te , w hile  th e  su b sp lits  m ak e  th e  w rong  cho ice  so m ew h ere  b e tw een  once in  
th ree  o r  fo u r tim es. W ith  ad d itio n a l fea tu res  an d  a  b e tte r d e fin ed  g en re  p a le tte  resu lts  w ill 
im p ro v e . H ow ever, to  g e t rea lly  u sefu l re su lts  th e  ca tegoriza tion  sh o u ld  n o t b e  exclusive . E very  
o b je c t sh o u ld  p o ten tia lly  be o f  several gen res.

Conclusions
In te rn e t u se rs  h av e  a  vague sense  o f  g en res  am o n g  th e  docum en ts th e y  re tr iev e  an d  read . T he 
im p ressio n s  u se rs  h av e  o f  gen re  can  b e  e lic ited  an d  to  som e ex ten t fo rm alized  en o u g h  fo r genre 
co llec tio n . T h e  nam es o f  gen res  sh o u ld  b e  ju d ic io u s ly  cho sen  to  b e  o n  a n  ap p ro p ria te  level o f  
ab s tra c tio n  so th a t m ism atches w ill n o t faze  read ers .
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a 1101011101101
b 1010100111010
c 0101110101001
d 1111001011100
e 1100110110101
f 1100110010010
g 1001101000111

Figure 1. A snapshot of the methodology shows the inteqjlay between vaguely expressed user 
expectations and observable and conveniently computable categories.
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Internet access 

to a large speech corpus

Peter Juel Henrichsen

D ept, o f  D an ish  D ia lec to lo g y  an d  
D ep t, o f  G eneral and  A p p lied  L in g u is tic s  ( lA A S ) 

U niv . o f  C openhagen , N ja lsg ad e  80, D K -2 3 0 0  S, D enm ark  
p ju e l@ cp h lin g .d k

1. Introduction
O u r new ly  opened  In te rn e t s ite  offers a  v iew  to  a  >10* w o rd  corpus o f  in fo rm al D an ish  
conversations. T he co rp u s an d  th e  search  eng ine situ a ted  a t lA A S  c a n  n ow  be reach ed  and  used  
as easily  as any  h o m ep ag e  on  th e  W orld  W ide W eb, o ffe rin g  a  to o l fo r serious investigations into 
in form al speech.

A fte r a  few  in tro d u cto ry  rem ark s, w e shall p resen t the  co rp u s and  th e  search  eng ine as seen  from  
th e  u se r’s p o in t o f  v iew , fo llow ing  up  the  p resen ta tio n  w ith  a  few  exam ple  queries. In  
conclusion , som e re flec tio n s  o n  th e  p ossib ilities  th a t th e  In te rn e t has to  o ffer in  u tilisa tio n , 
m ain tenance, and  co n tro l o f  la rg e  co rpo ra  o f  sem i-co n fid en tia l data.

T h e  new  site  m ay  b e  reach ed  d irec tly  a t th e  U R L  h ttp :/ /p h o n e m e .c p h lin g .d k /B y S o c , o r e lse  v ia  
th e  lA A S  h o m e p ag e  a t h ttp :/ /w w w .c p h lin g .d k

1.1 Why study informal speech?
O rdinary  p eo p le  are  co m m o n . M o st o f  the  day , th ey  ta lk  casua lly , tak ing  p art in  in fo rm al 
conversations. So, b y  fa r th e  la rg est p a rt o f  the  lan g u ag e  n a tio n a l p ro d u c t m u st b e  p la in  and  
s im p le  vernacu lar. M o reo v er, m o st ch ild ren  acq u ire  th e ir  m o th e r to n g u e  exposed  to  th is  s ty le  
o n ly , arguab ly  m ak in g  it th e  m o s t essen tia l p a rt as w ell.

S till, the syn tax  an d  sem an tics  o f  in fo rm al speech  h av e  h a rd ly  b een  stu d ied  a t a ll w ith  th e  ex ac t 
m eans o f  m o d e m  fo rm al g ram m ar. W hy?

F irstly , b ecau se  in fo rm al sp eech  is  irregular, seen  fro m  a  trad itio n a l syn tactic  p o in t o f  v iew , 
m ak in g  it m u ch  m o re  reca lc itran t to  w o rk  w ith  th an  ed u ca ted  w ritten  sty le . S econdly , b ecause  it 
is  h ard  to  g e t access to  la rge , re liab le  sam ples o f  g en u in e  ev ery d ay  conversation ; th e  u se  o f  b u g s 
is  o f  cou rse  un eth ica l, a n d  p erh ap s illegal, m ak in g  th is  ab u n d an t source o f  language  ra th e r  
e lu siv e  as a  sc ien tific  o b je c t (w h ich  m ay  w ell seem  a  b it p aradox ica l). F inally , b ecau se  
genera tive  lin g u is tic s  h av e  tu rn ed  these  tw o  ob stac les  in to  a  c la im  th a t in fo rm al sp eech  is 
theo re tica lly  un in terestin g .
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T ilis  p a p e r  su g g ests  a  so lu tio n  to  one  o f  th e  p rob lem s.

2, The corpus
T h e  search ab le  co rp u s co nsists  o f  tran sc rip tio n s  o f  ap p ro x im a te ly  80  co n v ersa tio n s’. T he 
p a rtic ip an ts  a re  a ll n a tiv e  D anes, m o s t o f  th e m  b o m  and  ra ised  in N y b o d e r  in  cen tral 
C o p en h ag en . In  each  case , th e  lin g u is t w ho  p a rtic ip a ted  in  the  co n v ersa tio n  to o k  g rea t care  to 
m a k e  th e  s itu a tio n  as co m fo rtab le  an d  fam iliar- fo r th e  in fo rm an t as p o ssib le . M o st o f  the  
co n v ersa tio n s  th u s  to o k  p lace  in  p riv a te  h o m es, w ith  the  lin g u is t as a  so -ca lled  ‘in tim ate 
s tra n g e r’, ra th e r th a n  a  T V -sty le  in terv iew er. T h e  s tra teg y  w as th e  fo llow ing : P rio r  to  h is  firs t 
m e e tin g  w ith  th e  in fo rm an t, th e  lin g u is t w o u ld  try  to  g e t acq u a in ted  w ith  a  n e ig h b o u r o r such, 
en a b lin g  h im  to  p resen t h im se lf  to  th e  in fo rm an t as ‘a  frien d  o f  y o u r  fr ie n d ’, “N o rm ally , peop le  
d o  n o t  co n fid e  in  a  stranger, b u t so m e h av e  d o n e  so w h en  they  h av e  m e t a n  in tim a te  stranger'' 
(G reg e rsen  &  a l (91) p .53 , fo llovring M ilro y  &  al (77)). A fter a  w h ile , m an y  in fo rm an ts  reach  a  
re lax ed , o r  e v en  confiden tia l state. T h is  s ta te  is o f  co u rse  desirab le , since  it is  ex ac tly  th en  th a t 
w e  g e t th e  in fo rm al s ty le  free o f  co n sc io u s co n tro l. F or th is  reaso n , th e  sessio n s  reco rded  w ere 
ra th e r  lo n g , a lm o s t a lw ay s m ore  th an  an  ho u r, in  som e cases m o re  th a n  th ree  hours.

T h e  reco rd in g s  w ere  tran scrib ed  u sing  th e  co n v en tio n  D ansk  S tan d a rd  2 , a s  defin ed  by T he 
D an ish  L an g u ag e  C ouncil (D an sk  S p ro g n æ v n ), a b asica lly  o rth o g rap h ic  co d e , en rich ed  w ith  
sp ec ia l sy m bo ls. In  ad d itio n  to  D an sk  S tandard  2, a  so -ca lled  sco re  fo r m a t  w as designed , 
sh o w in g  th e  o n se t o f  th e  u tterances re la tiv e  to  each  other.

Transcription sample

i>
2>
A >ja v i  stZLTter h a l t  f o r f r a  ( le r )

j a  j a  nej~
nå nå ( le r )  # nå 1 s t a r t e d e  i  de små l e j l i g h e d e r  i k '  nå

1>
2>£ d e t  t ro e d e  je g  ? ( e l l e r s ) ?  j a  j a

j a  f o r d i  d e r  d e r  e r  dem d e r  e r  m indre £. d e r  e r  dem d e r  e r  p i  h a lv a n d e t

l> p å -
2>

A>vasrelse i k '

a t t e n  k v ad ra tm e te r j a -  sådan  en f i k  v i  t i l b u d t  £
j a  d e t  v a r  hvad v i  kunne f å

j a -  £

 ̂ The searchable corpus covers about two thirds of the recordings made in connection with the project Urban 
Sociolinguistics (Projekt Bysociolingvistik), carried out in the late eighties by a group of Danish sociolinguists 
rooted in Institute o f Danish Dialectology and Institute o f Nordic Philology at the University o f Copenhagen. An 
important purpose of the project was to study Danish vernacular as a fimction of age, sex, and social class. 
However, according to leading member Frans Gregersen, the group was very anxious not to have this particular 
purpose influence the data collection. The interviewers were thus instructed to let the informants choose as well 
topic as style, not urging them into narration, say (pers.comm.). The background and results of Project 
Bysociolingvistik are reported in Gregersen & al (91).
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Special symbols: A> refers to an interviewer; 1>, 2>  .... to informants; ~ stands for tøven’ 
(hesitation); L for 'pause' (pause); # for ‘pause med vejrtrækning’ (breathing); ( ) for
transskriptørkommentar’ (transcriber’s comment) ? ( ... ) ? for 'usikker transskription’ 
(transcription uncertain)

T h e  search ab le  co rp u s (B yS o c  fro m  h ere  on) co n sis ts  o f  1.4 m illio n  w ords, d is trib u ted  over som e 
35 ,0 0 0  w o rd  form s. T h e  corpus has  recen tly  b een  th o ro u g h ly  p ro o f  read  an d  co n v erted  in to  a  
w ell-d e fin ed  d a ta  stru c tu re  ( c f  H enrichsen  (97)). B yS o c  h as  no  g ram m atica l anno tations.

3. The search engine
T h e  cen tra l w in d o w  in  th e  B yS o c  s ite  co n sis ts  o f  a  n u m b er o f  fram es, am o n g  w h ic h  the  m o s t 
im p o rtan t are  th e  fram es Søgeområde (S earch  A rea), Søgeprofil (S ea rch  P ro file ), an d  R e s u lta t  
(R esu lt). U sin g  the  b u tto n s  and  tab les in  th ese  fram es, th e  u se r  can spec ify
•  A  search  a rea  (a  su b p art o f  the corpus)
•  A  search  p ro file  (a  string  o f  le tters  and  specia l sy m bo ls)
•  A n  o u tp u t fo rm at (coun t, lis t o f  occurrences, o r te x t sam ples)

3.1 Search Area
T h e  search  d o m a in  can  b e  cu t a long  the  fo llo w in g  d im en sio n s (am o n g  others).

S p ea ker. sex , age, r d e  (lingu ist/in fo rm an t), social g roup (w o rk in g /m id d le  c lass), nam e, id  
Conversation", n u m b er o f  p a rtic ip an ts , tim e  s lice  (e.g . ‘ex c lu d e  th e  firs t ten  m in u te s ’)
Style'. lan g u ag e  (D an ish /fo reign ), enxinciatoT(seW q u o te),o h 2 in (tra n scrip tio n /co m m en f)
Transcrip tion:  tran scrib er, con fidence (re lia b le /u n certa in ), v ersion  (m a in!secondary!encryp ted)

3-2 Search Profile
A  sim p le  o rth o g rap h ic  w o rd  w ill do  as a  sea rch  p ro file , w h ile  in  genera l any  reg u la r  expression  
is  a llo w ed . O u r d ia lec t o f  R E  is as in  th e  p ro g ram m in g  language P e r l  (W all (91)), en rich ed  w ith  
sp ec ia l sy m b o ls  fo r ‘sp ace  charac te r’ ( _ )  ‘le tte r ’ (  Q ), ‘v o w e l’ ( Vi ), and  ‘c o n so n an t’ ( § ). S om e 
sp ec ia l sy m b o ls  o f  R E : x l  m a tch es zero  o r o n e  in stan ces o f  x; x{n ,m )  m a tch es n-m  in stances o f  
X  in  seq u en ce  (m m ay  b e  o m itted  i f  th e re  is no  u p p er bo u n d ); x+  is  eq u iv a len t to  x { l,} ; x*  
eq u iv a len t to  x{0,}.
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Exam ple profiles

Search  profile m atches does not 
m atch

Nyboder_Skole Nyboder
Slcole

Nyboderskole

[Nn]y.ode(r]ns) Nyboder 
nymodens 
ny oder

yboder 
nyodens 
ny ode

§ybod?er Nyboder
byboer

Ayboder
bybodder

(ja)*da da
jajajada

j j jda 
jaada

n {1,2}y§od+er Nyboder
blylodder

yboder
polyboder
Nyboer

n + Nyboder
slikasparges

Nyboder
Skole
slik­
asparges

S o m e lin gu is tica lly  re lev an t p ro files  are  d em o n stra ted  in  sections 0 an d  0 below.,

3.3 Result format
D iffe ren t queries call fo r d iffe ren t k in d s  o f  o u tp u t from  the  search  eng ine . T h e  u se r can  choose 
o u tp u t fo rm at by  c lick in g  one  o r m o re  b u tto n s in  th e  tab le  ‘R esu lta te ts  fo rm ’ in  the fram e 
R e s u lta t .  T here  are  th ree  fam ilies  o f  o u tp u t fo rm ats availab le,
•  C o u n t nu m b er
•  A n n o ta ted  w o rd  list, so rted  b y  freq u en cy  o r  a lphabetica lly
•  T e x t sam ples, in  one  o r  tw o  d im en sio n s  (s in g le  sp eak er o r  fiill sco re)

T h e  u se r  m ay  also  cho o se  to  h av e  th e  re su lt sen t as em ail.

3.4 Query check
W h ile  th e  u se r is w ork ing  o n  h is  q u ery , h is  d isp o sitio n s are  be in g  ch eck ed  fo r co nsistency  by a  
b ack g ro im d  process. T h is  p ro cess  is co n tro lled  b y  a  J a va S c r ip t  p ro g ram  (cf. re f.) , em bedded  in  
th e  H T M L  source  code. T h e  p ro cess  is  in v is ib le  to  th e  u se r u n til h e  m ak es  an  illeg a l cho ice -• 
s u c h  a s  ex c lu d in g  m en  a n d  w o m en  fro m  th e  sea rch  area , o r p u ttin g  re s tric tio n s  o n  ‘$ 3 ’ w hile  h is  
p ro file  co n ta in s  on ly  tw o  b rack e ted  su b p arts . In  such  cases, th e  b ack g ro u n d  p ro cess  corrects th e  
e rro r, i f  p o ssib le , o r  o th e rw ise  rese ts  th e  p a ram e te r in  q u estio n  to  its  d e fau lt setting .

A  sim p le  exam ple  is th e  ch eck  p ro ced u re  asso c ia ted  w ith  th e  q u e ry  p a ram ete r sex. T he 
co rre sp o n d in g  tab le  in  th e  fram e S ø g e o m rå d e  (S earch  area) is g en e ra ted  b y  th e  fo llow ing  
H T M L  code.
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H T M L  sa m p le

<a n am e= sexX iX u > K 0 n < /u X /iX /aX br>
<86100^ name=sex m u ltip le  onchange=notem pty(this,2 ) >

<option value=*'F" selected > kvin der  
<option value= ”M" selected>msnd  

< /s e le c t>

E a c h  tim e  th e  u se r  clicks on  o n e  o f  th e  op tio n s, m ale  o r fe m a le ,  the  fu n c tio n  n o te m p ty  is called.

J a v a S c r ip t sam p le

fu n ctio n  notem pty(s,e) { 
var f la g = fa ls e ,  i = - l ;  
w hile (s , o p tio n s[+ + i]) {

i f  ( s . o p tio n s [ i] . se le cte d ) (fla g = tr u e ; break)

}

}
i f  ( !f la g )  {for (i=0; i< e ; i++) { s . o p tio n s [ i] . s e le c te d  -  tru e)}

I f  th e  u se r h ap p en s to dese lec t a ll  op tio n s -  in  th e  case a t hand: b o th  sex es  ~  th e  background  
p ro cess  resets  th e  tab le  to  its d e fau lt se tting  [male se lec ted , fe m a le  s e lec ted ]. O therw ise, the 
p ro cess  stays inv isib le .

3.5 Submitting a query
W h en  th e  u se r h as  fin ished  h is  query , he  c licks th e  S ta r t  s ø g n in g  b u tto n  (S tart search). A  
Jav aS crip t p ro cess  then  co llec ts  a ll p a ram ete r settings, encloses th e m  in  a  v irtu a l envelope, and 
su b m its  th em  to  the  server. A t th e  se rv er s id e , a  U N IX  d aem o n  u n p ack s  th e  envelope , starts a  
P erl sessio n , an d  feeds the  sea rch  en g in e  w ith  the  u se r in p u t as %  E N V  v ariab le s  (fo r technical 
d e ta ils  cf. H o ltse  an d  H en rich sen  (jn  p rep a ra tio n )) .

B efo re  th e  re su lt is re tu rned  to  th e  c lien t, ce rta in  p ro p er n am es a re  en cry p ted , n am ely  those  that 
do  n o t o ccu r in  R etsk riv n in g so rd b o g en  (th e  S tandard  D an ish  O rth o g rap h ic  D ictionary ). T his 
m ean s  th a t n o n -lo ca l nam es like  G rø n la n d  an d  R oskilde  a re  a llow ed , w h ile  D elfin g a d e  (a  local 
s tree t n am e) an d  M argre te  (a  p e rso n a l n am e) are  not. O f  course , th is  d o es n o t exc lude  the 
p o ssib ility  o f  m isuse , bu t i t  d o es  p rev en t th e  s in cere  u se r fro m  b e in g  p resen ted  w ith  confiden tia l 
d a ta  u n w illin g ly  (in  case o f  d e lib e ra te  m isu se , app ro p ria te  actions c a n  b e  taken , s ince  each  user 
m u s t s ig n  a  sin cerity  d ec lara tio n  to  o b ta in  a  p assw ord ).

T h e  o u tp u t o f  th e  search  en g in e  is th e n  tran s la ted  in to  an  H T M L  d o cu m en t, en c lo sed  in  a  v irtual 
en v e lo p e , an d  sen t v ia  the  C o m m o n  G a tew ay  In terface  (C G I) to  th e  c lien t w here  it  is  in terp reted  
a n d  p resen ted  to  th e  user.
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4. Sophisticated queries
T h is  sec tio n  m ay  b e  sk ip p ed  b y  th e  b u sy  reader.

4.1 Cascaded filters
O n e  o f  the  specia l fea tu res o f  o u r search  en g in e  is  th e  ca sc a d e d  fi l te r .  B y  en c lo sin g  ce rta in  
su b p arts  o f  a  p ro file  in  ang le  b rack e ts  ( <  and  > ), one can  re fe r  to  th em  ind iv idually . T he firs t 
b rack e ted  sub strin g  is  th e n  re fe rred  to  as ‘$ 1 ’, th e  seco n d  as ‘$ 2 ’, and  so on. B y  p u ttin g  
in d iv id u a l res tric tio n s o n  th e se  n am ed  subparts, one  can  co n stru e  soph is tica ted  filters  p iecem eal.

C o n s id e r  an  ex am p le  (th is sec tio n  m ay  be sk ip p ed  b y  th e  b u sy  read e r). F in d  adverb ia l c lu ste rs  
in c lu d ed  in  co m p o u n d  v erb  g ro u p s  o f  th e  ty p e  ‘h a r  ... v æ re t’ -  c lu ste rs  such  a s  ‘h a r s ikkert n o k  
v æ re t’ an d  ‘h a r i o  h e lle r  ik k e  a ltid  v æ re t’ .̂ F o r p rac tica l reaso n s, w e  w ill res tric t th e  goal to  2 -6  
w o rd  clusters.

A s  a  f irs t try , w e d efin e  th e  p ro file  _ h a r< _ (n + _ } { 2 ,6 } > v æ re t_  an d  sp ec ify  th a t on ly  $1 is to  be  
reg is te red , i.e. th e  2 -6  u n in s tan tia ted  w ords b e tw een  th e  an g le  b racke ts . N o w  the  u n b rack e ted  
p a rts  o f  the  p ro file  serve as co n tex t constra in ts . T h is  is n o t good  en o u g h  yet, though . A long  w ith  
th e  w an ted  adverb ia ls , m an y  su b jec t N P s in  d e to p ica lized  p o s itio n  are  adm itted : ‘h a r du  se lv  
v æ re t .. .’, ‘n o g en  g an g e  h a r m in  m o r og  far v æ re t...’, etc. So w e  im p o se  a  res tric tion  on  $1 th a t it 
m a y  n o t m atch  _ ( je g |d u jm in |d m |h a n |h u n |n o g e n ja I le jv ijd e |I |d e t |d e n Id e r )_ . T he w ords ‘j e g ’, 
‘d u ’, ... are  th e  m o s t freq u en t D an ish  p ron o u n s in  th e  n o m in a tiv e  an d  indeed  the  m o st freq u en t 
su b je c t N P  e lem en ts  in  B ySoc .

N o w  th e  p ro file  w orks, b u t o f  co u rse  it m isses o u t a  lo t o f  re lev an t ad v erb ia l c lu sters, n am ely  a ll 
th o s e  con ta in ed  in  o th er  p a rtic ip le  construc tions, such  as ‘h a r ... h a f t’ o g  ‘har ... k u n n e t’. So w e  
so fte n  u p  the  p ro file : _ h a r< _ (n + _ ){ 2 ,6 } > (h a ft |n + e t)_ , n o w  a llo w in g  fo r a  spec tre  o f  p artic ip le  
co n stru c tio n s  su ch  as ‘h a r fak tisk  ik k e  h a ft en  ch an ce ’ an d  ‘h a r  n u  ikke a ltid  lø b e t så  s tæ rk t’. 
H o w ev er, a  n ew  res tric tio n  is ca lled  for, s ince  th e  (h a f t |n + e t)_  p a rt o f  th e  p ro file  h appens to  
m a tch , n o t o n ly  p artic ip les , b u t a lso  p ro n o u n s in  th e  n eu ter, as in  e.g . ‘h a r e t e lle r an d et im o d  
m ig ’ . So w e  p u t (h a f tjn + e t)_  in  ang le  b rack e ts  an d  sp ec ify  th a t $2 m u st n o t m a tch  
(d e t]n o g e t|m e g e t|a n d e t)_ , th e  fo u r b y  far m o st freq u en t PRO„gu,„ in  spo k en  D anish . T hese  little  
ad ju stm en ts  can  b e  ad d ed  in  a  b o tto m -u p  fash ion , s im p ly  by  an a ly sin g  th e  o u tp u t o f  th e  search  
en g in e .

N o w  th e  filte r p e rfo rm s q u ite  w e ll, m ak in g  it reaso n ab le  to  s ta rt d raw in g  co n clu sio n s firom th e  
re su lts  d e liv ered  b y  th e  sea rch  eng ine. S till, th e re  is p len ty  o f  ro o m  fo r im p ro v em en ts, o n  th e  o n e  
h a n d  b y  ex ten d in g  th e  h u n tin g  g ro u n d  w ith  m o d a l verb s  ( ‘k a n ’), n ew  au x ilia ry  v erb s  ( ‘h av d e ’), 
su b o rd in a te  c lau ses  ( ‘a t je g  ik k e  h a r  h a ft d en ’), etc. -  an d  o n  th e  o th e r h an d  b y  sh arp en in g  th e  
co n stra in ts .
S h o u ld  w e  la te r w an t to  fo cu s o n  sp ec ia l adverb ia l c lu ste rs  on ly  -  say , th o se  co n ta in in g  n eg ativ e  
p o la rity  item s, o r  ‘ik k e ’, o r  d isco u rse  p artic les  lik e  ‘j o ’, ‘veT an d  ‘sg u ’ -  th is  can  b e  done b y  
s im p ly  ad d in g  m o re  res tric tio n s  o n  th e  $-variab les.

 ̂In terms of the feltskema, Diderichsen’s reknown description o f the Danish sentence syntax, the adverbials in 
question belong to the a-slot o f the nexus field (Diderichsen (46)).
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A2. Two-dimensional profiles
In  in fo rm al conversation , th e  w o rd  changes rap id ly  and  im p u ls iv e ly  -  th e  m o re  so , the m o re  
ty p ic a l th e  conversation . H ence , an y  an a ly sis  o f  th e  sem an tics  an d  p rag m atic s  o f  conversation  
w ith o u t access to the  d is tr ib u tio n  o f  u tte rances o v er sp eak ers  w o u ld  be  im paired , or ev en  
m ean in g less .

S o  o f  cou rse  such  B yS o c  in fo rm atio n  sh o u ld  be  accessib le , an d  th is  calls  fo r a  n ew  en try  to  th e  
sea rch  eng ine. In  o rd er n o t to  h av e  th e  in te rface  lo o k  like  th e  d ash b o ard  o f  a  Ju m b o  je t, w e hav e  
ch o sen  to  add  ju s t  one n ew  co n v en tio n : ‘% n ’. A s m en tio n ed  in  th e  p rev io u s section , ‘$ n ’ re fers  
to  th e  /7th b racke ted  su b p art o f  th e  p ro file , ‘% n ’, in  co n trast, re fers  to  th e  sam e te x t p o sition  as 
*$n' (i.e . th e  sam e tim e slice), b u t anyone  b u t th e  sam e speaker.

C o n s id e r an  exam ple. In  D an ish  in fo rm a l speech , the  tag  i k ’ u su a lly  trig g ers  a  p o s itiv e  response 
(w e  ta k e  p ositive  responses to  b e j o j a ,  an d  m m ). F in d  all ex cep tio n s to  th is  ru le.

O n e  so lu tio n  w o u ld  be  to  sea rch  fo r {2)> . T h is p ro file  fin d s each  u tte rance-fina l
o ccu rren ce  o f  i k \  th an k s to  th e  tw o  ad jacen t spaces. T he b rack e ted  p a rt o f  th e  p ro file  th e n  
co rresp o n d s to  the firs t 3 ch arac ters  o f  th e  rig h t co n tex t -  an d  w hen  re ferred  to  w ith  ‘% 1 ’, it 
ap p lie s  to  the  full score, o r  ra ther: all speak ers  w ith  th e  ex cep tio n  o f  th e  sp eak er say ing  i k \  N o w  
w e  n eed  only  to  im pose  the  re s tric tio n  o n  ‘% 1 ’ th a t it m ay  n o t m a tch  j o  | j a  | mm.

T w o  o f  th e  i k ’ occurrences in  q u es tio n  o ccu r in  th e  tran scrip tio n  sam p le  in  sec tio n  0.

5. Linguistic sessions (examples, not science!)

5,1 Trigrams, n-grams
T rig ram s -  g roups o f  th ree  ad jacen t w o rd s -  are  w ell-k n o w n  c rea tu res  in  co rpus lingu istics. 
B y S o c  tr ig ram s m ay  b e  fo u n d  w ith  th e  search  p ro file  _(«+__) {3} (easily  m o d ified  to  cover 4 - 
g ram s etc.).^

T h e  sea rch  eng ine repo rts  780 ,513  h its , th e  m o st frequen tly  o ccu rrin g  trig ram s being:

’  Select the output format ‘Usf (deselect ‘text samples'^). As queries of this kind put a considerable load on the 
server, you may have to split up the corpus. You could, for instance, cut it in three time slices: 0-49th minute of 
each interview, 50th-99th minute, and lOOth-and-on, and search them individually.
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R an Form Coun
k t
#1 ‘det er jo’ 1881
H2 ‘og sådan  

noget’
1589

#3 ‘m en det er’ 1340
#4 ‘i hvert fald’ 1248
#5 ‘det er det’ 1089
#6 ‘ja d e ter ’ 961
#7 ‘or det er’ 858
#8 ‘d e tk a n  jeg’ 800
#9 ‘det ved jeg’ 783
#10 ‘jeg ved ikke’ 781

5-2 Differences in word selection: men versus women
A s m e n tio n ed , th e  co rp u s can  be  to m  alo n g  v ario u s  seam s, in c lu d in g  sex  an d  age, p ro v id in g  fo r 
in v estig a tio n s  in to  w o rd  se lection . F o r in stance, th e  freq u en cy  o f  a  few  p ro n o u n s, ‘j e g \  ‘m a n ’, 
*du’, ‘m in ’, seem  to  v ary  qu ite  a  b it as  a  fu n c tio n  o f  sex  and  age (sea rch  p ro file : 
_ ( j e g lm a n ld u |m in ) _  ).

F r e q u e n c y  an d  
ra n k

‘jeg ‘ 'man’ ‘d ll’ ‘m in’

M, 14-25 years 3.8% (#2) 1.0% (#21) 0.63% (#31) 0.30% (#58)
M, 25+ years 2.7% (#5) 1.2% (#16) 0.80% (#27) 0.24% (#66)
F, 14-25 years 5.4% (#2) 0.71% (#29) 0.59% (#34) 0.36% (#45)
F, 25+ years 3.5% (#2) 0.85% (#25) 0.84% (#26) 0.34% (#49)

53  George Kingsley Zipf revisited
G . K . Z ip f  w as  o n e  o f  th e  firs t to  su g g es t g en era l s ta tis tic a l hy p o th eses  ab o u t lan g u ag e . T h e  
fo llo w in g  h as  b eco m e  k n o w n  as ‘Z i p f  s la w ’ ( Z ip f  s o w n  fo rm u la tio n  w as  a  b it  d iffe ren t, b u t 
eq u iv a len t).

In ary corpus o f  considerable size, in any language, Vze WordJbrms: RanHz) x Count(z) = c, c constant

Z i p f  s  c la im  d o es  h o ld  q u ite  n ice ly  in  a  v a rie ty  o f  D an ish  te x t co rpo ra , a t least fo r  w o rd s  o f  ran k  
> 1 5 .
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R ank R an k  x C ou n t /
1000 magazines scientific journals 
newspapers

#1 6 8 8
#2 13 13 15
#4 15 17 21
#8 25 27 31
#15 28 33 37
#30 22 27 25
#60 19 24 20
#120 22 24 19
#250 23 22 22
#500 25 24 23
#1000 26 24 25
#2000 27 24 24
#4000 25 23 23

Figures based on Maegaard&al (86)

D oes in fo rm al sp o k en  D an ish  show  the  sam e k in d  o f  reg u la rity ?
T o  answ er th is  questio n , w e com pute  a  frequency  lis t u sing  th e  p ro file  
efficiently'*;

n+ or, m ore
H + .

Total: 1 ,348,083 hits.

R ank C ount W ave  
le n g th  = 
T o ta l /  
C ount

F req u en
cy

A ccu m u la te
d
fr eq u en cy

R an k  x
C ou n t
/lOOO

W ord
form

#1 74191 18 5.50% 5.50% 74 ‘det’
#2 45779 29 3.40% 8.90% 92 ‘ja’
#3 41338 32 3.07% 12.0% 124 ‘og’
#4 39497 34 2.93% 14.9% 158 ‘jeg’
#5 39218 34 2.91% 17.8% 196 ‘er’
#6 36211 37 2.69% 20.5% 217 ‘så’
#7 32194 41 2.39% 22.9% 225 ‘der’
#8 25315 53 1.88% 24.8% 203 ‘ikke’
#15 17284 77 1.28% 35.0% 259 ‘ik”
#30 10337 130 0.77% 49.9% 310 ‘også’
#60 3467 388 0.26% 62.9% 208 ‘vil’
#120 1359 991 0,10% 72.6% 163 ‘ude’
#250 477 2826 0.035% 80.3% 119 ‘hvorfor’
#500 178 7573 0.013% 85.7% 89 ‘døren’
#1000 70 19258 0.005% 89.73% 70 ‘situation’
#2000 27 49929 0.002% 92.9% 64 ‘forstod’
#4000 10 134808 0.0007% 95.4% 40 ‘bøgerne’

The engine has two search algorithms, one lazy and one meticulous. The lazy one is the faster, but it does not 
find overlapping hits, so it wont work with the profile On the other hand, it does work with _ h+, and this
profile is (nearly) equivalent, since the + operator is ’greedy’ , always matching as many characters as possible.
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A s  c a n  b e  seen  in  th e  tab le , co rpus B yS o c  d o es  n o t fo llo w  Z i p f s  law . T he d is trib u tio n a l patterns 
o f  in fo rm a l sp eech  seem  to  be rad ica lly  d iffe ren t fro m  th o se  o f  w ritte n  tex ts . W h ile  th is  is hard ly  
a  c o n tro v e rs ia l o b serv a tio n  in  itse lf, it does trig g e r a  series o f  ch a llen g in g  q u estions: H o w  
d iffe ren t?  W h ere?  A n d  w hy?

I n  co n c lu sio n , th e  read e r is  inv ited  to try  an o th e r Z ip f-h y p o th esis  o n  co rpus B ySoc .

“The product o f the number of words of a given occurrence, when multiplied by the square of their 
occurrences, remains constant for the great majority of the different words of the vocabulary in use, 
though not for those of highest frequency.” (Zipf (36) p.41ff).

V is it  h t tp : / /p h o n e m e .c p h l in g .d k /B y S o c , en te r  th e  p ro file  _ a + , and  se lec t th e  o u tp u t fo rm at 
Z i p f  lis t.

6. Concluding remarks
U sin g  th e  In te rn e t as a  keyho le , th e re  is little  n eed  fo r d is trib u tin g  cop ies o f  a  co rpus. A sing le 
co p y  re s id in g  a t  th e  server side is su ffic ien t, fo r  m an y  p u rposes. T h is  h as  so m e sign ifican t 
ad v an tag es .

F irs tly , th e  research e r can  do cu m en t h is  resu lts , s im p ly  b y  rep o rtin g  th e  p a ram ete r se ttings o f  h is 
cen tra l queries. S econd ly , m ain ten an ce  o f  th e  co rp u s is fast and effic ien t. E ach  u se r  is  a  po ten tia l 
p ro o f  read e r, and  h is  rep o rted  co rrec tio n s can  b e  im p lem en ted  an d  u tilised  in  m in u tes  o r hours. 
T h ird ly , co n fid en tia l d a ta  can  b e  encryp ted , an d  i f  necessary , e ffec tiv e ly  b a rred  w ith in  an  
in s tan ce . T h is  im p ro v ed  effic iency  o f  co n tro l c an  be  fo reseen  to  ac tu a lly  m ak e  th e  co rpus m ore  

f r e e l y  av a ilab le , s in ce  th e  co rpus ad m in is tra to r can  n o w  m ete  o u t access  m u ch  m o re  p rec ise ly  ~  i f  
n ece ssa ry , ev en  o n  an  ind iv idual b as is  -  an d  d o es n o t hav e  to  em p lo y  ‘b e tte r  to o  little  th an  too  
m u c h ’ k in d s  o f  p recau tio n s. T he p rec is io n  in  co n tro l co u ld  a lso  m ak e  th e  su p p lie r  o f  d a ta  feel 
m o re  co n fid en t, a s  h e  can  n o w  b e  g iv en  (i) a  q u a lified  p ro m ise  th a t no  u n au th o rised  p arty  w ill 
g a in  a cc e ss , an d  (ii)  a  d e ta iled  d escrip tio n  o f  w h a t au th o rised  u sers  w ill be a llo w ed  to  see and  do 
(o n e  c o u ld  ev en  trad e  w ith  a  re lu c tan t in fo rm an t, o ffe rin g  the  w ith d raw al o f  d a ta  in  case , say, the 
p r iv a te  s itu a tio n  o f  th e  in fo rm an t sh o u ld  change).

T h e  c lien t-se rv e r m o d e l o ffers p la tfo rm  in d ep en d en ce  o n  the c lien t side, an d  sp ec ia lisa tio n  on  
th e  se rv e r s ide . T h is  m ay  lead  to  a  n ew  an d  a ttrac tiv e  situation : ev en  th e  s lo w est o f  to d a y ’s 486s 
o r  M a c s  is  su ffic ie n t fo r the  m o st p o w erfu l search es, as  long  as th e re  is an  In te rn e t connec tion  
(a n d  a  w ill in g  co rp u s  p ro v id er a t th e  o th e r end ). T h e  im p lic it anarchy  and  d ecen tra lisa tio n  o f  the  
In te rn e t co u ld  th u s  streng then  th e  re sea rch  co m m u n ity  b y  coun terac tin g  a  n o to rio u s  technocratic  
a n d  an ti- in d iv id u a lis tic  b a rrie r in  th e  co rp u s b a sed  research . V ia  th e  In te rn e t, ev ery o n e , including  
in d iv id u a l re sea rch e rs  an d  lo w -b u d g e t in stitu tio n s , c an  have equal access  to  reso u rces  and  
m e th o d s . In  th e  sam e  vein , the  tech n ica lly  in secu re  lin g u is t can  m ak e  as in trica te  qu eries  as can  
th e  U N IX  o r  P e rl w izard .

L a s t b u t  n o t  least, n o  one is fo rced  in to  b u y in g  a  sp ec ific  softw are p ro d u ct, th an k s  to  th e  system  
in d e p en d en ce  o f  H T M L  and  Jav a  -  an  o b v io u s  d em o cra tic  advan tage, w h ich  th e  D ep artm en t o f  
J u s tic e  in  W ash in g to n  rig h t n o w  is s tru g g lin g  to  p reserv e .
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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.

124 NODALIDA, Copenhagen, January 1998



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.
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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.
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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.
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The Construction of a Tagged Danish Corpus
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Abstract
T h e  o b jec t o f  th is  p ap e r is to  p resen t ongo ing  w o rk  o n  th e  co n stru c tio n  o f  a  m o rp hosyn tac tica lly  
tag g ed  D an ish  co rpus, w h ich  is  an  in tegral s tep  in  th e  m ak in g  o f  a  C o n stra in t G ram m ar (C G ) 
p a rse r fo r  D an ish  an d  a lso  co n stitu te s  a  p a rt o f  th e  D an ish  co n trib u tio n  to  th e  E u ro p ean  P A R O L E  
pro ject. T h is  p ap er d iscu sses  v arious aspects  o f  the  m o rp h o lo g ica l d esc rip tio n  o f  D an ish  u se d  
h ere  as w ell as so m e o f  th e  gu ide lines develo p ed  fo r the  m an u a l d isam b ig u a tio n  p rocess. F ina lly , 
i t  a lso  b rie fly  g ives an  o v erv iew  o f  th e  o b jec tives o f  th e  tw o  p ro jec ts  invo lved .

1. Introduction
T h e w o rk  o n  th e  co n stru c tio n  o f  a  m orp h o sy n tac tica lly  tag g ed  D an ish  corpus as described  h ere  
w as u n d ertak en  as a  jo in t  e ffo rt b y  stud. P hD  T hom as B ilg ram , U n iv ersity  o f  A arhus, and cand . 
m ag. B ritt K eson  and  stud. m ag. D orte  H altrup  H an sen  from  D et D anske S prog- og  
L itte ra tu rse lsk ab  (D SL ), one o f  the  tw o  D an ish  p artners in  th e  P A R O L E  pro ject. O ne o f  the  a im s 
o f  th e  P A R O L E  p ro jec t is to  p ro d u ce  a  m o rp h o sy n tac tica lly  tag g ed  corpus o f  approx , 250 ,000  
ru n n in g  w o rd s fo r the  lan g u ag es o f  each  o f  the  E u ro p ean  partners. F o r T hom as B ilg ram , the  
tag g ed  co rp u s w ill serve as te stin g  m ateria l fo r th e  d ev e lo p m en t o f  a  C o n stra in t G ram m ar 
au to m atic  tag g e r/p a rse r fo r D an ish .

T h e  D an ish  te x t m a te ria l to  be  tag g ed  w as co m p o sed  o f  a  ran d o m  se lec tio n  o f  approx . 1600 
excerp ts  co n ta in in g  one o r m o re  consecu tive  p arag rap h s (each  ex cerp t to ta llin g  approx . 1 5 0 - 1 8 0  
w o rd s) ex trac ted  in  p a rt fro m  th e  40  m ill, w o rd  co rp u s o f  th e  D an ish  D ic tionary  a t D SL . T h is  
su bcorpus w as th e n  an a ly sed  usin g  a  T w o -lev e l d esc rip tio n  o f  D an ish  m orph o lo g y , D A N - 
T W O L , to  ass ig n  to  each  w o rd  a ll o f  th e  p o ssib le  m o rp h o sy n tac tic  analyses, a fte r w h ich  the  
co irec t an a ly sis  w as  ch o sen  du rin g  a  m anual d isam b ig u a tio n  p rocess. In  o rder to  m ak e  the  re su lt 
a s  co n sis ten t as p o ssib le , th is  d isam b ig u atio n  p ro cess  w as  fo r th e  m o s t p a rt carried  o u t in  para lle l 
o n  th e  sam e  tex ts , an d  la te r consensus o n  p o ssib le  d iffe ren ces w as ach iev ed  am o n g  th e  h u m an  
taggers. T h e  firs t 50 ,0 0 0  rum iing  w o rd s w ere  trea ted  as a  p ilo t p ro jec t to  en su re  th a t th e  
in fo rm atio n  y ie ld ed  b y  D A N -T W O L  w as su ffic ien tly  d e ta iled  fo r th e  pu rp o ses  o f  b o th  p ro jec ts , 
an d  to  d ev e lo p  a  tag g in g  m an u a l to  gu ide  th e  h u m an  tag g ers  in  th e  d isam b ig u a tio n  p rocess.
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2.DAN-TWOL

2.1 TWOL: A short introduction
TTie T w o -lev e l a lg o rith m  w as o rig in a lly  d esig n ed  b y  BCinuno K o sk en n iem i [K oskenn iem i 83]. A  
T W O L  is  b ased  o n  th e  p rin c ip le  th a t a  w o rd  can  be reg ard ed  a s  h a v in g  tw o  separate  levels, a  
su rface  a n d  a  lex ical level, as  w ell as  a  d esc rip tio n  o f  th e  re la tio n  b e tw ee n  th e se  tw o  levels. T he 
su rfece  lev e l is th e  w o rd  as it ap p ea rs  in  a  tex t. T he lex ical level c o n s is ts  o f  (i) th e  m orphem es 
(i.e , lem m as, deriva tional m o rp h em es an d  in flectional m o rp h em es), (ii) a  d escrip tion  o f  the  
m o rp h o tax  -  i.e. -inflections, d e riv a tio n s, an d  co m pound ing  ~  a n d  (iii) a  descrip tio n  o f  
a llo m o rp h y . T h e  D A N -T W O L  w as  m ad e  du rin g  the  
g rad u a te  stu d ies  o f  T hom as B ilg ram  [B ilg ram  94]. F ig . 1.

The TWOL tagset vs. other tagsets
T h e  fu n d am en ta l id ea  in  a  T W O L  is th a t a  w o rd  is an a­
ly se d  b y  a  p ro cess  o f  accep tin g  o n e  le tte r o f  th e  w ord a t 
a  tim e . W h en  a  sequence o f  le tte rs  is accep ted  as a  
m o rp h em e , th e  p a rt o f  th e  an a ly sis  th a t th is  m orphem e 
co n stitu te s  is appended  to  th e  an a ly sis  s tring . H ence, the 
re su ltin g  an a ly ses  hav e  a  v ery  m o d u la r ap p ea ran ce ’ (See 
F ig . 1).

b il+ 0 + 0 + 0  = K FLS SG UBEST NOM

b il+ 0 + 0 + s  = K FLS SG UBEST GEN

b .ll+ e r+ 0 + 0  = N FLS PL DBEST NOM

b i l+ e r + 0 + s  = N FLS PL UBEST GEN

b il+ 0 + e n .+ 0  = N FLS SG BEST NOM

b il+ 0 + e n + s  = N FLS SG BEST GEN

b il+ e r+ n e + 0 =  N FLS PL BEST NOM

b il+ e r + n e + s =  N FLS PL BEST GEN

T liis  m o d u la rity  m akes the  an a ly ses  lo o k  so m ew h at d iffe ren t fro m  o th e r  PoS  analysis  system s 
(s u c h  a s  th e  C L A W S w ord  tag g in g  sy stem  [G arside 97]), w h ere  a s ing le , an d  often  quite 
co m p ac t, tag  bears all th e  m o rp h o lo g ica l (an d  o ften  syn tac tic  an d  sem an tic ) in form ation . 
H o w ev er, in  genera l the  fu ll se t o f  fea tu res  in  th e  T W O L  can  b e  co m p ared  to  a  tag  in  o th e r 
sy stem s, an d  th is  leads to  a  la rger an d  m u ch  m ore  deta iled  tag  in v en to ry . T h e  defin itions o f  the  
ta g s  (i.e . s trin g s o f  featu res) in  a  T W O L  is fo cu sed  o n  the  co n ten ts  o f  th e  m o rp h o lo g ica l features, 
a n d  h e n c e  th e  n u m b er o f  tag s  is a  d irec t p ro d u c t o f  the  n u m b er o f  fea tu res . A t p resen t, a  D an ish  
co rp u s  o f  25 0 ,0 0 0  ru n n in g  w o rd s w as  g iv en  ju s t  over 500 d iffe ren t ta g s  w h e n  an a ly sed  by  D A N - 
T W O L . T h is  fig u re  can  b e  co m p ared  to  o th e r ta g  system s, su ch  a s  th e  P en n  T reeb an k  corpus 
(tg jprox. 50 tag s) an d  th e  B ro w n  C o rp u s (ju s t o v er 200  tags).^

2.1.2 DAN-TWOL
T h e  re s u lt o f  a  D A N -T W O L  an a ly sis  is  a  lis t o f  a ll the p o ssib le  m o rp h o sy n tac tic  analyses o f  a 
g iv e n  w o rd . M o re  th an  h a lf  o f  th e  w o rd s  in  th e  co rpus w ere  am b ig u o u s, an d  the  average  lev e l o f  
a m h ig u ity  w as approx . 2  an a ly ses  fo r  ev ery  w ord . M ak ing  th is  am b ig u ity  ex p lic it is  the  p rim ary  
g o a l fo r  th e  T W O L , an d  a  w o rd  an d  th e  p o ss ib le  ana lyses g iv en  to  it  b y  D A N -T W O L  is referred  
to  a s  a  cohort. *

* The PoS and gender information (bold type) is part of the lexicon. The number, definiteness and case 
in&nnation (underlined) is a result of the acceptance o f ~  possibly nil -  morphemes.

 ̂The differences in the tagsets in different taggers render it virtually impossible to make a comparison of 
perfonnance and output from different automatic taggers. An attempt has been made by Jochen Leidner in a CLUE 
report [Leidner 97]. The figures mentioned here are from this report.
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D A N -T W O L  is co m p o sed  o f  a  d esc rip tio n  o f  a  lex ico n  o f  D an ish  (i) lem m as, (ii) in flec tiona l an d  
(iii) d e riv a tio n a l m o rp h em es, a s  w ell as  a  d esc rip tio n  o f  so m e a llo m o rp h y . T h e  lem m as in  th e  
lex ico n  a re  b ased  o n  a  m ach in e-read ab le  v e rs io n  o f  th e  1986 ed itio n  o f  R etskrivn in g so rd b o g en  
[S p ro g n æ v n  8 6 ] th e  o ffic ia l O rth o g rap h ica l D ic tio n ary  o f  D anish . F ro m  th is , a ll th e  reg u la r 
lem m as w ere  ex trac ted  and  co n v erted  in to  th e  fo rm a t n eed ed  in  D A N -T W O L . F o r exam ple , 
n o uns w ere  co d ed  fo r gender, n u m b er an d  d efin iten ess  m orp h em es, an d  v erbs w ere  coded  fo r 
tense  and  p artic ip le  m o rp h em es. A ll irreg u la r lem m as w ere  h an d co d ed  in  th e  lex icon . T h e  
lex ico n  h as  since  b een  inc rem en ta lly  u pdated  from  its o rig ina l size o f  approx . 42 ,0 0 0  en tries to  
p resen tly  ju s t  o v e r 4 9 ,0 0 0  en tries. T he in flec tio n a l an d  deriv a tio n a l p a rts  w ere  im p lem en ted  o n  
th e  b as is  o f  [A rnd t 92] an d  a re  v ery  s im ila r to  th e  m o rp h o lo g y  o u tlin ed  in  th e  O rthograph ica l 
D ic tionary  [S p ro g n æ v n  96].

T he a ssu m p tio n  in  T W O L  th a t th e  lex ico n  o ffers  fu ll co v erag e  o f  a ll th e  w o rd s fo im d in  a  g iv en  
te x t is  v e ry  ra re ly  true. L arge rea l-life  co rpus tex ts  w ill a lw ay s co n ta in  w ords n o t in c lu d ed  in  the  
lex icon , and  th ese  w o rd s are  re tu rned  as u n an a ly sed  by  D A N -T W O L , and  h en ce  have to  b e  
h an d led  b y  o th e r m ean s^  A  co nsequence  o f  th e  re la tiv e ly  free co m p o u n d in g  in  D A N -T W O L  is 
th a t w o rd s w hich  sh o u ld  n o t h av e  rece ived  an  an a lysis  by  D A N -T W O L  erro n eo u sly  are  an a ly sed  
as v ario u s com pounds. F o r exam ple , the  n am e ‘B ilg ram ’ is ana lysed  a s  a co m p o u n d  o f ‘b il’ {car) 
and  ‘g ra m ’ (gram ). T h is  s itu a tio n  can  be  reg ard ed  as a  con tinuum ; a t one en d  w e  hav e  a  system  
based  on  a  clo sed  lis t o f  fu lly  in flected  w ords reco g n ised  by  the  ana lyse r, and  at th e  o th e r end  w e 
have a  v ery  libera l m o rp h o tac tica l system . T h e  fo rm er system  y ie ld s  very  good  analyses o f  all 
th e  reco g n ised  w ords, b u t leaves a  g rea t n u m b er o f  w o rd s un reco g n ised , w h ile  th e  la tte r system  
y ie lds an  an a lysis  for a lm o st every  w ord  in  th e  tex t, b u t th e  analyses p ro p o sed  b y  the  system  are 
n o t a lw ay s  accep tab le . T he T W O L  sy stem  is c learly  lo ca ted  at the  lib e ra l end  o f  th is  con tinuum .

T he O rth o g rap h ica l D ic tio n ary  [S prognæ vn  96] co n ta in s  a  few  n o te s  (§ 35 an d  §36) o n  th e  
ch an g e  o f  PoS  th a t tak es  p lace  in  co n n ec tio n  w ith  th e  in flec ted  fo rm s o f  ce rta in  lem m as. F o r 
exam ple, p a s t p a rtic ip les  can  ap p ear in flec ted  acco rd in g  to  n u m b er an d  d efin iten ess  in  th e  sam e 
w ay  th a t ad jec tiv es  are , an d  (typ ica lly  th e  - t  in flec ted  fo rm  of) ad jec tives can  a lso  o ccu r w ith  an  
ad v erb ia l function . In  th e  C G  ap p ro ach  th e re  is a  c lea r-cu t d is tin c tio n  b e tw een  th e  PoS  and  the  
syn tac tic  fu n c tio n  and  a lso  an  accep tance  o f  th e  fac t th a t w ords o f  a  ce rta in  PoS  in  th e  lex ico n  
can  ap p ea r in  sy n tac tic  p o sitio n s ty p ica lly  o ccu p ied  b y  w o rd s o f  an o th er P oS . H ence , th e  o p tio n  
o f  ad d in g , fo r exam ple , a ll p a s t pa rtic ip les  to  th e  lex ico n  as possib le  ad jec tiv es  w as  de lib era te ly  
avo ided . In stead , th e  p o ssib ility  o f  ad d in g  th is  sy n tac tic  in fo rm atio n  d u rin g  th e  m an u al 
d isam b ig u a tio n  p ro cess  w as in troduced .

2.2 PoS Definition in DAN-TWOL
T he P o S  d e fin itio n  in  D A N -T W O L  is b ased  o n  th e  d iffe ren ce  in  th e  se t o f  app licab le  featu res. 
N o u n s  h av e  one se t o f  fea tu res , verb s  ano ther, p ro n o u n s  a  th ird , e tc . F ig . 2  is a  lis tin g  o f  th e  
d iffe ren t P o S  ca teg o ries  an d  p o ssib le  fea tu res fo r th o se  u sed  in  D A N -T W O L .

’ A natural part o f a CG tagger is a heuristic module that supplies the unrecognised word with a cohort.
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F ig . 2.
PoS
N

1 2 3
Definiteness

4 5 6 7
Gender Number Case

v Mood Tense Voice (Gender N u m b e r Definite­
ness

Case)

A Decree Gender Number Definiteness Case

------ ----
PRON Number Definiteness Case
NUM Ord/Cad Case
EGEN Case

I f  th is  is 
co m p ared  to  the  
P A R O L E  tag se t 
in  sec tio n  5, one 
w ill n o tice  tha t 
g en e ra lly  the 
sam e  fea tu res  are  
p resen t. T he
m a jo r  d iffe ren ces are  due to  the T W O L  d is tin c tio n  b e tw een  the  tru ly  m o rp h o lo g ica lly  derivab le  
in fo rm a tio n  an d  in fo n n a tio n  th a t is  m o re  sy n tac tica lly  o rien tated . T h e  la tte r  in fo rm atio n  is g iven  
in  E .g . U  < c O ,  U  <cs> , U  < in f> , U  <prep> , U  <adv> , U  < m id lsu b j> . T h e  '<  > ' are  u sed  to  
rep re sen t o th er k inds o f  d is trib u tio n a l o r tex tua l in fo rm atio n  as w ell: F o r exam ple , <*>  (in itia l 
cap ita l le tter), < up l>  (n o u n  w ith o u t a  p lu ra l fo rm ) and  < x -sg >  (re fe ren t o f  p ro n o u n  is  singular).

3. The Disambiguation Process
D u rin g  th e  d isam b ig u atio n  p ro cess , th e  h u m an  tag g er eva lua ted  all th e  an a ly ses  in  the  cohort and 
m ark e d  th e  analysis  reg ard ed  a s  co rrec t w ith  the  tag  < C o rrect!> , A s m en tio n ed  in  2 .1 .2 , the 
ta g se t d e fin ed  fo r the  P A R O L E  n ecess ita ted  th e  add ition  o f  'tran sca teg o riza tio n ' tags du ring  this 
d isam b ig u a tio n  p ro cess  (ex am p les  in  sec tio n  4 .2).

T h e  ac tu a l d isam b ig u atio n  p ro cess  w as  p erfo rm ed  using  te ln e t co rm ections to  a linux  server. T he 
te x ts  w ere  h an d led  in  a  re s tric tiv e  m o d e  fo r th e  tex t ed ito r em acs, a llo w in g  on ly  m o v em en t in  the 
te x t an d  th e  add ition  and  d e le tio n  o f  th e  v ario u s types o f  'correct' tag s . H en ce , it w as no t possib le  
to  e d it th e  actual tex ts  by  m istake.

4. Some examples from the tagging guidelines

4.1.1 Common Nouns
In  g en era l, a  cap ita lised  n o u n  w h ich  h as  rece iv ed  a  m o rp h o sy n tac tic  an a ly sis  as a  com m on  noun  
fi'om  th e  D A N -T W O L  w as tag g ed  a s  a  co m m o n  noun , un less  th e  w o rd  c learly  is  th e  nam e o f  
p e rso n , a  geograph ica l lo ca tio n  o r  th e  like. T h e  m o tiv a tio n  fo r th is  d is tin c tio n  b e tw een  com m on  
a n d  p ro p e r n o uns w as: (i) to  tak e  in to  co n sid era tio n  the  w id esp read  v a ria tio n  in  th e  use 
cap ita lisa tio n  in  v ario u s 'nam in g ' ex p ressio n s, and  (ii) to  av o id  o v erp o p u la tin g  th e  lex icon  w ith  
p o te n tia l (i.e . cap ita lised ) p ro p e r n o u n s , c rea tin g  an  u ndesirab le  am b ig u ity  3  

fo r  w o rd s  in  sen ten ce-in itia l p o s itio n . S ince co m p lex  n am in g  ex p ress io n s  
lik e  ‘d e t ko n serv a tiv e  fo lk ep a rti’ (the  con serva tive  p a r ty )  a re  n o t reco g n ised  
a s  a  s in g le  u n it b y  th e  m o rp h o lo g ica l an a ly se r, th ey  h ad  to  b e  tre a ted  o n  a  
s tr ic t w o rd -b y -w o rd  basis . A s seen  b e lo w , a  n u m b er o f  D an ish  p erso n a l 
n a m e s  in d eed  o verlap  w ith  co m m o n  n o u n  read ings, b u t in  th e se  cases  th e  
p ro p e r  n o u n  tag  w as p re fe rred  (m ark ed  b y  ®”), and  i f  m issin g , w as ad d ed  la te r to  com plete  the 
c o h o rt (m ark ed  by  ^ ) .

com m on noun  
>

proper noun
>

foreign  word
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n u  b a r  st.ntsrninistRr«»n b ed t departem en tscbefen  
undersøge sagen
(now te  p rim e  m in is te r  b as  asked  tb e  p e rm an en t 
u n d e rse c re ta ry  to  investiga te  tb e  m atte r)
*■ "stat\s#minister" N FLS SG BEST NOM

D et k u n n e  væ re in te re ssa n t a t  m øde S ta tsm in is te ren  
(It could  be in te re s tin g  to  m eet th e  P rim e M inister! 
*• "stat\s#minister" <*> N FLS SG BEST NOM

P e t k o n serv a tiv e  F o lk ep a rti e r  d e t stø rs te  
o p p o sitio n sp arti
IThe conservative  P a r ty  is the  la rg est opposition  p arty ) 

"den" <*> PRON SG BEST NOM <x-int> <w-pers>
"det" <*> U <midlsubj>

•■"den" <*> PRON SG BEST NOM <x-int> <w-demo/art> 
"konservativ" A POS UK PL UB NOM 

"»■"konservativ" A POS UK SG BEST NOM 
■»-"folk\e#parti- <*> N INT SG UBEST NOM

e t folketingsm edlem  fo r  D et K onservative F o lkeparti 
(a m em ber o f p a rliam e n t for The C onservative P arty )

"den" <*> PRON SG BEST NOM <x-int> <w-pers>
"det" <*> U <midlsubj>

■»■"den" <*> PRON SG BEST NOM <x-int> <w-demo/art> 
"konservativ" <*> A POS UK PL UB NOM 

-»-"konservativ" <*> A POS UK SG BEST NOM 
®-"folk\e#parti" <*> N INT SG UBEST NOM

‘D e t g iver en  m asse ru tin e ,” siger Thom as B iørn
(“I t  g ives a  lo t of experience,” Thom as Biørn/’hear’ says)

"bjørn" <*> N FLS SG UBEST NOM 
"»bjørn" EGEN NOM

P e te r  S øndergård  h a r  lev ere t en  levende m ontage 
(P e te r S øndergård /’so u th e rn  farm ’ has given a vivid 

m ontage)
"sønder\#gird" <*> N FLS SG UBEST NOM 

“'»Søndergård" EGEN NOM

4.1.2 Proper Nouns
B y far the  m o s t w ords to  be  m arked  as p ro p e r n o u n s  du ring  the  d isam b ig u a tio n  p ro cess  w ere  
nam es o f  p eo p le  and  geograph ical lo ca tions (co u n tries , c ities , rivers e tc .). In  ad d itio n , th e  p ro p e r 
n o u n  tag  w as  g iv en  to  the  ‘p ro p e r no u n  e lem en t’ o f  co m p lex  nam ing  ex p ressio n s fo r com pan ies, 
in s titu tio n s , sp o rts  team s, m u sic  g roups, b o o k  title s , film  title s  etc., leav in g  all w ords th a t overlap  
w ith  lex ica l co m m o n  nou n s to  be  tag g ed  as co m m o n  nouns. E arly  on, i t  b ecam e c lea r th a t m o s t 
o f  th e  cap ita lised  w o rd  u n recogn ised  by  the  D A N -T W O L  analyser in  fac t tu rn ed  o u t to  b e  
fo re ig n  w o rd s w ith  w h a t co u ld  be  reg ard ed  as p ro p e r n o u n  d eno ta tions, and  hen ce  th e  ‘p ro p e r 
n o u n  e le m e n t’ d e fin itio n  w as ex tended  to  in c lu d e  e ith e r (i) th e  (cap ita lised ) nam e o f  a  p e rso n  o r 
g eo g rap h ica l lo ca tio n  o r  th e  like, o r  (ii) an y  cap ita lised  w o rd  u n k n o w n  to  th e  D A N -T W O L  
analyser. In  th e  few  instances w here  th e  D A N -T W O L  analyser h ad  ass ig n ed  a  D an ish  
m o rp h o sy n tac tic  an a ly sis  to  a  cap ita lised  fo re ig n  w o rd  th a t w as p art o f  a  n o n -D an ish  p h rase , it 
w as d ec id ed  to  d is reg ard  th is  analysis  and  g iv e  co n sis ten t p ro p er n o u n  tags to  each  e lem en t o f  
the  w h o le  exp ressio n .

d e t b ø ta lin g sstau d sed e  firm a A ccum ulator Invest 
(the su sp en d ed  com pany  'A ccum ulator In v est') 

“»accumulator” EGEN NOM 
“»invest" EGEN NOM

i fo rå re t 1990 blev R ungsted  G ym nasium  in v ite re t 
(in  s p rin g  1990 R ungsted  G ram m ar School w as invited) 
-»- "»rungsted" EGEN NOM 
■»- "gymnasium" <*> N INT SG UBEST NOM

kvindlige og m and lige b e tjen te  fra  K øbenhavns P olitis 
s ta tio n
(fem ale an d  m ale police officers from  C openhagen 
Police s ta tio n )

"»københavn" EGEN GEN 
"politi" <*><upl> N INT SG UBEST GEN 

■»- "station" N FLS SG UBEST NOM

bogen, som  kom m er f ra  Roval B otan ic G ardens 
(the  book, w hich  com es from  th e  'Roval B otan ic 
G ard en s ')

"royal" <»> A POS FLS SG UBEST NOM 
^  “»royal” EGEN NOM 
«■ “»botanic” EGEN NOM

"garde" <»> N FLS SG BEST GEN 
tJ “»gardens” EGEN NOM
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C o m p o u n d  nouns are  re la tiv e ly  freq u en t in  D an ish , and  h ere  th e  g en e ra tiv e  e lem en t o f  the  D A N - 
T W O L  m orp h o lo g ica l an a ly se r p ro v ed  particu la rly  u sefu l fo r id en tify in g  th e  com pound  w ords 
n o t a lread y  listed  in  th e  lex icon . In co rp o ra ted  in  th e  an a ly se r is  th e  d ec is io n  a lw ay s to  assign  th e  
P o S  o f  the la st e lem en t o f  a  co m p o u n d  w ord , regard less o f  th e  P o S  o f  th e  p reced in g  elem ent(s).

d a n se tru p p e n  b a r  b an an d an sen  m ed i p ro g ram m et 
( th e  d an ce  g roup  bas tb e  b an an a  dance  in  its  program ) 

'banan\#dans-en" <kentaur> N FLS SG UB NOM 
••  "banar\#dans" N FLS SG BEST NOM

a t  give den  gam le D ickens-b isto rie  en  Syvende s ta r t  
(to get tb e  old D ickens s to ry  off to  flying sta rt)
»• "♦dickens'^-bistorie" N FLS SG UBEST NOM

4.13 Foreign Words
A n o th e r  co m m o n  p o ten tia l d ilem m a ex ists  be tw een  an a ly sin g  a  w o rd  as a  (co m m o n  or p roper) 
n o u n  o r as a  fo re ign  w ord . In  o u r w ork , th e  < fo re ig n  w o rd >  tag  w a s  re ta in ed  o n ly  as an  abso lu te  
la s t re so rt fo r un recogn ised , n o n -cap ita lised  w ords th a t are  n o t o f  D einish o rig in , and  w hich, due  
to  th e ir  re la tiv e  obscu rity  o r  in freq u en cy , w e fe lt w o u ld  b e  u n reaso n ab le  to  ad d  to  the  lex icon , 
an d  w h ich  the re fo re  rem a in ed  co m p le te ly  unanalysed  a fte r th e  d isam b ig u a tio n  process. H ence, 
th e  < fo re ig n  w o rd >  tag  w as n o t  u sed  to  m ark  con tem porary  fo re ig n  lo an -w ords th a t fo r one 
rea so n  o r ano ther do  n o t ap p ea r in  th e  O rthograph ic  D ictionary . In s tead , th e se  loan-w ords w ere  
g iv e n  ‘p ro p e r’ D an ish  m o rp h o sy n tac tic  analyses, w h en ev er it w as fe lt th a t en o u g h  in fo rm ation  
w as  p re sen t to  do  so. T h e  d ec is io n  to  tag  cap ita lised  u n reco g n ised  w o rd s as p ro p e r nouns and  
n o n -cap ita lised  u n reco g n ised  w ords (m o st frequen tly ) as fo re ig n  w o rd s p ro v ed  to  b e  usefu l in  
m o s t in stances, an  o b v io u s ex cep tio n  be in g  fo re ign  so n g /film /b o o k  etc, title s  an d  nam es o f  
p eo p le , w h ere  cap ita lised  an d  n o n -cap ita lised  w ords m ay  o ccu r in  successio n .

T jen eren  und redede sig over aa u ad e n te n  
( tb e  w a ite r  w ondered  ab o u t tb e  aa u ad e n te ) 

"aquadente" N FLS SG BEST NOM

fra  den dag  t ilh ø re r  b a n  E rlan d e rs  no ikar 
(from  th a t  day on  he belongs to  E rlan d e r's  noikar) 

“pojkar” «fo re ign  w ord>

a t  s id d e  m ed en  p in t og “The S un”
(to  s i t  w ith  a  p in t an d  “The S un”)

"pine" V INF PCP2 UK SG UBEST NOM 
V ’ “pint" N FLS SG UBEST NOM

den  saud iske g e n e ra llø jtn an t K halid  b in  S u ltan  
(the  S aud i lieu ten an t-g en e ra l K halid b in  Sultan) 
*• "‘khalid" EGEN NOM 
tJ’ "bin" EGEN NOM «foreign  w ord>

"sultan" «*> N FLS SG UBEST NOM 
“‘ sultan" EGEN NOM

4.2 Adjectives, Adverbs and Participles
A d jec tiv es , adverbs and  p a rtic ip le s  a lso  rep resen t an  in te restin g  am b ig u ity  c lass  in  D anish . In  
th is  case , w ith  reg ard  to  th e  d iffe ren t n eed s o f  th e  p o ten tia l u se rs  o f  th e  tag g ed  tex ts , it w as 
d ec id ed  to  adhere  c lo se ly  to  th e  P oS  assig n m en ts  in  the O rth o g rap h ic  D ic tio n ary  p jg  ^
fo r  th e se  w ords, an d  n o t to  a ss ig n  th e  m em b ers  o f  th is  am b ig u ity  c lass  th e  
v a r io u s  p o ssib le  P oS  b y  ex p an d in g  th e  D A N -T W O L  lex ico n . In stead , 
’tran sca teg o riza tio n ' tag s, su ch  as < u s e -a d v > , w ere  u sed  to  m a rk  th e  syn tac tic  
u sa g e  o f  th ese  w o rd s in  a  p a rticu la r  co n tex t an d  th e reb y  c rea te  a  m ore  
in fo rm ativ e , an d  h en ce  m o re  f lex ib le , resu ltin g  tagset. A s w ill b eco m e  ev id en t 
f ro m  th e  exam ples be low , th e  g en era l ten d en cy  w ith  th is  am b ig u ity  c lass  w as to  
p re fe r  a  p a rtic ip le  an a ly sis  to  an  ad jec tiv a l ana lysis , an d  to  p re fe r a n  ad jec tiv a l analysis to  an  
ad v e rb ia l an a lysis  (S ee F ig . 4 .)
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4.2.1 Adjectives and adverbs
W h en  a  lex ica l ad jec tiv e  functions sy n tac tica lly  a s  an  adverb  in  a  g iv e n  con tex t, i t  w as  decided  to 
re ta in  th e  ad jec tiv e  PoS  analysis  and  to  add  th e  sy n tac tic  in fo rm a tio n  w ith  th e  < u s e -a d v >  tag. 
T h e  on ly  ex cep tio n s  to  th is  ru le  are  w o rd s w h ich  h av e  b een  ass ig n ed  b o th  an  ad jec tiv e  PoS and  
an  ad v erb  P o S  in  th e  O rthograph ic  D ic tio n ary , u su a lly  because o f  a  s ig n ifican t d iffe ren ce  in  
m ean ing .

n å r  b lodet langsom t kom m er i kog 
(w hen th e  b lood slow ly begins to  boil)

"langsom" A POS INT SG UBEST NOM <use-adv>

d esv æ rre  d o r h u u  tid lig t i film en 
(u n fo rtu n a te ly  she d ies early  in  th e  movie)

"tidlig" A POS INT SG UBEST NOM <use-adv>

naboerne e r  lige ved a t  ringe ti l  b ø rn ev æ rn e t 
(the  neighbours a re  iu s t  ab o u t to  ca ll th e  RSPCC) 
*" "lige" U <adv>

"Uge" A POS UK UT UB NOM 
"lige" N FLS SG UBEST NOM 
"lig" A PO SU K PLU B N O M  
"lig" A POS UK SG BEST NOM

4.2.2 Participles
A s D an ish  lex ica l p resen t and  p a s t p a rtic ip les  o ften  ap p ear w ith  a n  ad jec tiv a l o r  adverb ial 
sy n tac tic  fu n c tio n  o n  p a r w ith  lex ical ad jectives, it  w as  decided  to  u se  tran sca teg o riza tio n  tags 
fo r p a rtic ip le s  as w ell. A ttrib u tiv e  ad jec tiv a l u se  o f  p resen t an d  p as t p a rtic ip les  is in d ica ted  w ith  
th e  < u s e -a d j>  ta g  as show n  below . H en ce  n o  a ttem p t has b een  m ade to  co n v ert lexical 
p a rtic ip les  to  ad jectival P oS , even  w h en  th e  (past) partic ip le  ap p ea rs  in flec ted  fo r num ber, 
d e fin iten ess  an d  (o ccasio n ally ) gender. A ttrib u tiv e  ad v erb ia l use  o f  p re sen t an d  p a s t pa rtic ip les  is 
m ark ed  w ith  th e  < u se -a d v >  tag.

hele fam ilien  overve jer folgende p u n k te r  
( th e  w hole fam ily is considering  the  follow ing po in ts) 

"følge" V INF PCPl NOM <use-adj>

H an v a r  ifø rt m eget stram m e, s lid te  cow boybukser 
(He w as w ea rin g  very  tig h t, w prn  jeans)

"slide" V IN FPC P2U K PL U B N 0M <use*adj>
"slide" V IN FPC P2U K SG BESTN O M

m in  m or k la re r  sig fo rbavsende godt 
(my m o th er does su rp ris in g ly  well)
"*■ "forbavse" V INF PC Pl NOM <use-adv>

en  s to r  g ruppe  form odet rask e  ø steu ro p æ isk e  børn  
(a la rge  g roup  of p resum ab ly  h ea lth y  E a s t E u ropean  
ch ild ren )
■»- "formode" V INF PCP2 UK SG UBEST NOM <use-adv> 

"for I mod" <upl> N INT SG BEST NOM

W h en  b o th  a  p a rtic ip le  analysis and  ad jec tiv a l an a ly sis  are  p ossib le , th e  p a rtic ip le  analysis  is 
u su a lly  p re fe rred , un le ss  (i) the  co rresp o n d in g  v e rb a l lem m a d o es n o t ex ist, o r  (ii) the  tw o 
an aly ses  d iffe r to o  g rea tly  in  m ean in g  (rare ly  th e  case). T he fo rm er case  is tru e  w h en  the  D A N - 
T W O L  m o rp h o lo g ica l an a ly se r h as  p ro d u c tiv e ly  g en era ted  an  analysis  as th e  p a rtic ip le  fo rm  o f  a  
n o n -ex is tin g  v erb a l lem m a.

k ræ ft i livm oderen  e lle r  tilg ræ n sen d e  o rg an e r 
(cancer in  th e  u te ru s  o r  a d jac en t o rgans)

"tilgrænsende" A POS UK UT UB NOM 
"tu I grænse" V INF PCPl NOM

M an e r  fød t m ed e t  b es tem t a n ta l h å rsæ k k e  
(One is b o rn  w ith  a  c e r ta in  nu m b er o f  h a ir  follicles)

"bestemme" V INF PCP2 UK SG UBEST NOM 
"be I stemme" V INF PCP2 UK SG UBEST NOM 

<»- "bestemt" A POS UK SG UBEST NOM

5. The PAROLE Project
T h e p u rp o se  o f  th e  E U -fu n d ed  L E -P A R O L E  p ro jec t is  to  p ro d u ce  a  la rge-sca le  h a rm o n ised  se t o f  
'co re ' co rp u s an d  lex ico n  reso u rces  fo r  the  lan g u ag es  o f  th e  E u ro p ean  U nion . O n e  o f  th e  tw o  
m a in  o b jec tiv e s  o f  th e  co rpus p a rt o f  th e  P A R O L E  p ro jec t is to  p ro d u ce  la rg e  m on o lin g u al 
co rp o ra  o f  app rox . 2 0  m illio n  ru rm ing  w o rd s, w h ich  vidll o bey  certain  co m m o n  m ark-up
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co n v en tio n s , n am ely  th e  P A R O L E  C o rp u s E ncod ing  S tan d ard  (C E S ) a s  p resen ted  in  [R id ings 
96 ], w h ich  is in  line w ith  th e  E A G L E S /M U L T E X T  C E S  g u id e lin e s  [Ide e t a l 95]. T he o th e r 
m a in  o b jec tiv e  is  to  co n stru c t a  su b co rp u s o f  approx , 25 0 ,0 0 0  ru n n in g  w ords, w hich  are to  be  
m o ip h o sy n tac tica lly  tag g ed  acco rd in g  to  p redefined  tag se ts  th a t  a re  co m p atib le  w ith  th e  
P A R O L E  lex icons. T h ese  re so u rces  p ro d u ced  by  P A R O L E  w ill b e  m ad e  ava ilab le  th rough  the  
E u ro p ea n  L anguage  R eso u rces  A sso c ia tio n  (ELRA).^

Fig. 5.
PoS Type 3 4 6 6 7 8 9 10
N o u s G ender N um ber Case

/«v’sWS'-alt i W c " -
D efin ite­
ness

~

V erb Mood Tense Person N um ber G ender D efin ite­
ness

T rC at Voice Case

Adj D egree G ender N um ber Case
*

D efin ite­
ness

T rC at

P ro n Person ■ G ender N um ber Case Possessor Reflexive R egister
Det P erson! Gender Number Case Possessor
Art Gender s * Number f Case i -

Adv D egree Function ‘ Wh-ness .... «. - .
A dpos Formation Gender- N um ber. T _
Conj Ctype Coord- ' 

posit -
“T V

Num Gender Number ‘ Case >
In te r j
K esidu
a l

- -

U nique

: ca tegories an d  fea tu res used in  th e  D an ish  PAROLE corpus
-I = ca tegories an d  fea tu res n o t used in  th e  D an ish  PAROLE corpus

T lie  D an ish  P A R O L E  tag g ed  su b co rp u s  w ill b e  b ased  o n  an  au to m atic  co n v ers io n  o f  th e  D A N - 
T W O L  m o rp h o sy n tac tic  tag s  to  th e  D an ish  P A R O L E  ta g se t fo rm a t (see  F ig . 5). T h e  co m m o n  
P A R O L E  tag se t fo rm at w as sp ec ified  in  th e  P A R O L E  M u ltilin g u a l C o rp u s  T a g se t Sp ec ifica tio n s  
[V o lz  a n d  L en z  96], w h ich  co n s titu te s  an  enhanced  v ers io n  o f  th e  E A G L E S /M U L T E X T  tag se t as 
p re sen te d  in  [M onach in i an d  C a lzo la ri 96]. In  th is  fo rm at, th e  f irs t p o s itio n  in  the  tag s tring  
co n ta in s  a  ch arac ter fo r th e  P o S , an d  th e  second  p o sitio n  co n ta in s  a  ch a rac te r rep resen ting  one  o f  
v a r io u s  p red efin ed  P oS  su b ca teg o riza tio n  types. T h e  p o s itio n s  3 - 7  co n ta in  m orpho log ical 
fea tu res  tak en  fro m  a  co m m o n  P A R O L E  featu re  set, w h ile  th e  p o s itio n s  8  an d  up  con ta in  
m o rp h o lo g ica l fea tu res  th a t a re  language-specific . U n d ersp ec ifica tio n  an d  am b ig u ities  are  
ex p ressed  using  a  co m b in a tio n  o f  v a rio u s  am bigu ity  m ark e rs  (an d  charac ters), w h ile  sym bo ls 
su c h  a s  a n d a r e  u sed  as fillers . In  th e  tag g ed  subcorpora , a  m o rp h o sy n tac tic  tag  is ex p ressed  
u s in g  th e  fo llo w in g  n o ta tio n a l fo rm at: < W  lem m a= w o rd _ lem m a m sd = "tag _ strin g "> w o rd < /w > .

T h e  fo llo w in g  ex am p le  (d iscu ssed  in  sec tio n  4 .2 ) d em o n stra tes  w h a t th e  con v ersio n  to  the  
D a n ish  P A R O L E  ta g se t an d  fo rm a t lo o k s  like:

*More information about the PAROLE project in general can be found at http://www-tei.uic.edu/orgs/tei/app/ 
leOZitmL Information about the two Danish PAROLE partners in particular is available at http://coco.ihi.ku.dk 

/-parole/par_eng.html (Det Danske Sprog- og Litteraturselskab) and http://www.cst.ku.dk/home.html (Center for 
Sprogteknologi).
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i  f o r å r e t  1990 b le v  R u n g s te d  G y m n a s iu m  in v i t e r e t :
<W lemma = "i" msd = "SP">i<A/V> <W lemma = "forår" msd = "NCNSU= =D">foråret<AV> 
< W lemma =" 1990" msd = "AC---U = > 1990 <A/V> < W lemma = "blive" msd = "VADA = A- 
">blev<AV>
<W lemma = "Rungsted" msd = "NP--U ==-">Rungsted<A/V>
<W lemma = "gymnasium" msd = "NCNSU= = I">Gymnasium<A/V>
<W lemma = "invitere" msd=*VAPA = S[CNll[ARV]-U">inviteret</W>

6. Using the Tagged Corpus as a Testing Corpus
A s  m e n tio n ed  above , th e  tagged  co rp u s m a te ria l p roduced  th ro u g h  th e  p ro cess  d escribed  here  
a lso  rep resen ts  a n  in teg ral s tep  in  th e  te s tin g  o f  a n  au tom atic  tag g er/p arse r, th e  D A N -C G . T he 
C o n s tra in t G ram m ar (C G ) is a  k n o w led g e-b ased  system  in  w h ich  ev e ry  p ie ce  o f  lingu istic  
in fo rm a tio n  is h an d -co d ed  in  th e  sy stem  b y  a  lingu ist. T he sy stem  d o es n o t m ak e  use  o f  
s ta tis tic a l in fo rm ation , and  does n o t ap p ly  an y  k in d  o f  au tom atic  le a rn in g  a lg o rith m s on  the 
co rp u s m ateria l. T h e  system  is con sid ered  to  b e  au to m atic  in  th a t it c a n  tak e  any  k in d  o f  tex t as 
in p u t an d  d e liv e r PoS  and  a  -  sh a llo w  -  sy n tac tic  F ig . 6 
an a ly sis  fo r the  w o rd s con ta ined  th e re in  as ou tput.
[K arlsso n  94] is an  in troduction  to  C G  and  its  
p rin c ip les , an d  a  sp ec ific  descrip tio n  o f  th e  E N G - 
C G  can  be found  in  [V ou tila inen  92].

T h e  fo u n d a tio n  o f  the  C G  tag g in g /p ars in g  p rocess 
is  th a t one  o f  th e  ana lyses in  any  co h o rt is the  
co rrec t o n e , and  th is  reduces th e  actual p ro cess  o f  
tag g in g /p a rs in g  to  a  cho ice  b e tw een  th e  an a ly ses  in 
th e  co h o rt, o r -  in  C G  te rm s -  to  a  d e le tio n  o f  the  
co n tex tu a lly  w ro n g  analyses.

N ye c y k le r  r u s t e r  h u r t i g t  
(N ew  b ik e s  r u s t  q u ic k ly )
"<nye>"

"ny" APOS UK PLUB NOM 
"ny" A POS UK SG BEST NOM <= see fig. 7. 

"<cykler>"
"cykle" V FIN PRS AKT <= see fig. 8
"cykel" N FLS PL UBEST NOM 

"<ruster>"
"ruste" V FIN PRS AKT 

"<hurtigt>"
"hurtig" A POS INT SG UBEST ______

T h e in p u t to  the  D A N -C G  is D A N -T W O L  m a te ria l o f  th e  k in d  u sed  as in p u t in  th e  m anual 
d isam b ig u a tio n  p ro cess  as described  above. A  se t o f  C G  ru les  is ap p lied  to  th is  m a te ria l in  o rder 
to  rem o v e  th e  ana lyses in  the  co h o rt th a t a re  co n sid ered  to  be 
w ro n g  in  th e  con tex t. In  th e  sen tence in  F ig . 6 one  can  see tha t 
‘n y e ’ is am b ig u o u s b e tw een  th e  A  S G  an d  th e  A  P L  analyses, 
a n d  ‘cy k le r’ b e tw een  the  N  P L  an d  V  F IN  analyses. T he 
c o n tex tu a lly  w ro n g  analyses are  m ark ed  in  ita lics .

F ig .7 .

T h e  C G  ru les u sed  to  d isam b ig u ate  
ap p ea ran ce  as sh o w n  in  F igs. 7  an d  8.

a t present^ have  the

REMOVE (A SG NOM)
(1C  N-PL-NOM )
(NOT * - l  V -T R I /V A L ) ;
Remove the A SG NOM from the 
cohort if the next word to the right 
(1) definitely (C) is a N P L  NOM, 
and no (NOT) trivalent verbal 
(TRI-VAL) can be found anywhere 
(*) to the left (•) starting the search 
from word 1(1).

’ This sentence was constructed as an example, since real texts most often contain more ambiguity. The rules are 
taken from the present CG rule file, which is changing constantly.
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REMOVE 
(NOT 0 
(*1C  
( * - l

BARRIER
OR

(V F IN )
V ERB-N O -C S)
V -F I N  BARRIER CLS-BOUND/POS) 
(>>>)

V -F IN
C L S -B O U N D /P O S );

Remove the V FIN analyses from the cohort if  the same 
(0) word is not (NOT) a verbal of the kind that can 
make a clause without a  clause marker (E.g. here’and  
‘se’) (VERB NO CS), and a word whose only reading is 
that of a finite verb (V  FIN) is found somewhere (*) to 
the right starting from the first position (1), and not 
preceded (BARRIER) by anything that can he a clause 
boundary (CLS BOUN/POS), and -  to the left -  no 
finite verbs (V  FIN) or possible clause boundaries 
(CLS-BOUND/POS) are found before (BARRIER) the 
beginning of the sentence (» > ) ._____  _____

'W hen app ly ing  th e  s tan d ard  m e th o d  o f  develop ing  a  C G , o n e  m a k es  u se  o f  th e  testin g  m o d e  o f  
th e  C G  softw are w h ich  is  d es ig n ed  to  re tu rn  a
w arn in g  w h en ev er an  an a ly sis  m ark ed  Fig- 8. ________________________
< C orrect!>  is rem o v ed  fro m  th e  cohort. W ith  
th is  m o d e  on, one can  q u an tify  th e  o u tp u t o f  
th e  C G  tag g er/p arser b y  co u n tin g  h o w  m any  
an a ly se s  m ark ed  < C o rrec t!>  a re  rem o v ed  by  
an y  g iv en  ru le  in  th e  system , co m p ared  to  h o w  
m a n y  analyses n o t  m a rk ed  < C o rrec t!>  are 
rem o v ed . H ence, i f  a  ru le  h ap p en s  to  rem ove 
th e  co rrect A  PL  an a ly sis  o f  ‘n y e ’ ab o v e  and 
leav es  th e  inco rrec t A  S G  B E S T  analysis , th is 
w o u ld  appear in  th e  log  file , and  th e  ru le  can  
b e  located  and  co rrec ted . T h ese  testing  
p ro ced u res  are  need ed  s in ce  th e  n u m b er o f  
ru le s  in  a  fu lly  dev e lo p ed  C G  is  qu ite  la rge (>
1000), and the am o u n t o f  ru n n in g  w ords 
n eed e d  for d evelop ing  it is  la rg e  as w ell (o ften  50 ,000  to  100 ,000  w ords). H ence m an u ally  
ev a lu a tin g  the o u tp u t w o u ld  s im p ly  b e  to o  tim e-consum ing.®

7. Perspective
T h e  co -opera tive  e ffo rt b e tw een  th e  P A R O L E  p ro jec t an d  D A N -T W O L /C o n stra in t G ram m ar 
p ro jec ts  has p ro v ed  to  be v ery  fru itfu l fo r b o th  p ro jec ts . T h e  co m m o n  ta g se t and  com m on  
d isam b ig u a tio n  p ro ced u re  a lso  ren d ered  all the in fo rm atio n  n ecessa ry  fo r b o th  p ro jects, and  the  
p a ra lle l perfo rm ance  o f  th e  m an u a l d isam b ig u a tio n  h as  g rea tly  im p ro v ed  th e  quality  o f  th e  
re su ltin g  tagged  corpus. W e h o p e  th a t th e  p ro d u c t o f  o u r e ffo rts  w ill a lso  b e  usefu l fo r o ther u se rs  
in  n e e d  o f  a  la rge  m o rp h o sy n tac tic a lly  tag g ed  D an ish  co rp u s in  th e  fu tu re .
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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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A R
E N
P E
P L
SC
S P
S W

A R
E N
P E
P L
S C
S P
S W

(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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Abstract
I n  -fliis p ap er, a  p u re ly  log ical approach  to  p a rt-o f-sp eec h  tag g in g  an d  sh a llo w  p a rs in g  is 
exp lo red . I t h as  a lo t in  co m m o n  w ith  red u c tio n is t p a rs in g  s tra teg ies  such  as th o se  em p lo y ed  in  
C o n stra in t G ram m ar (K arlsso n  e t al. 1994) an d  F in ite -S ta te  In te rsec tio n  G ram m ar (K o sk en n iem i 
1990), b u t  ru les  are  fo rm u la ted  en tire ly  in  log ic , an d  a  m o d e l g en era tio n  th eo rem  p ro v e r is  u sed  
fo r p a rt-o f-sp eech  ta g g in g  and  parsing .

1 Introduction
In  th is  paper, a  p u re ly  log ica l app roach  to  p a rt-o f-sp eech  tag g in g  and sha llo w  p a rs in g  is 
exp lo red . It has a  lo t in  co m m o n  w ith  red u c tio n is t p a rs in g  s tra teg ies such  as th o se  em p lo y ed  in  
C o n stra in t G ram m ar (K arlsso n  e t al. 1994) and  F in ite -S ta te  In te rsec tio n  G ram m ar (K o sk en n iem i 
1990), b u t ru les  are  fo rm u la ted  en tire ly  in  firs t-o rd er lo g ic , and  a  m ode l generation  th eo rem  
p ro v e r is  u sed  fo r p a rt-o f-sp eech  tagg ing  and  pars in g . F o r  th e  p u rp o se  o f  d em o n stra tin g  th e  
^ p r o a c h ,  a  sm all N^^WW-based system  h as b een  im p lem en ted .

2 Logic
R ecen t y ears  have  seen  sev era l log ic  p ro g ram m in g  lan g u ag es  th a t ex ten d  p u re  P ro lo g  to  h an d le  
d is ju n c tio n  an d  v ario u s  fo rm s o f  negation . T h e  p a rticu la r  k in d  o f  ex ten sio n  u sed  in  th is  p ap e r 
h av e  c lau ses  o f  th e  fo llo w in g  form :

{^) -4 /  .'•••.■ •'* Bfi, ~Dffj

T h a t is , th e  co n seq u en t o f  a  c lause  m ay  co n sis t o f  a  d is ju n c tio n  o f  a tom ic  fo rm ulas, a n d  the  
an teced en t m ay  c o n ta in  n eg a ted  fo rm ulas. N eg a tio n  h e re  is n o t c lassica l n eg a tio n  th o u g h , b u t 
n o n -m o n o to n ic , ‘d e fa u lt’ n eg a tio n  (like n o t  o r  \+  in  P ro lo g ). F o r reaso n s w e need  n o t to u ch  u p o n  
h e re , c lau ses  m u s t b e  ra n g e-restr ic ted , w h ich  m ean s th a t all va riab les  occurring  in  a  c lau se  m irst 
o ccu r in  a t le a s t o n e  o f  th e  p o s itiv e  bo d y  a tom s B

E x p lic it n eg a tiv e  in fo rm a tio n  can  be  g iv en  as fo llo w s;

P) --Bj,.,., Bfj, —D],..., ~Dffj

H iis  lo g ic  h as  th e  ex p ress iv e  p o w er o f  fu ll firs t-o rd er lo g ic , a n d  th e  n o n -m o n o to n ic  o p era to r on ly  
ad d s  to  th a t. A  co llec tio n  o f  su ch  clauses is ca lled  a  d is ju n c tiv e  n o rm a l lo g ic  p ro g ra m .

I t  is  w e ll-k n o v /n  th a t ev e ry  m o d e l o f  a  lo g ic  p ro g ram  c a n  b e  rep resen ted  b y  a  se t o f  g ro u n d  
a to m ic  fo rm u las. F u rth erm o re , a  m odel M  is  a  m in im a l m o d e l  o f  a  th eo ry  T  i f  th e re  ex is ts  no 
o th e r m o d e l o f  T  w h ic h  is in c lu d ed  (in  th e  se t-th eo re tic  sen se) in  M , W hereas a  th eo ry  in  th e
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lan g u ag e  o f  p u re  P ro log  a lw ays h a s  ex ac tly  one  un ique  m in im al m o d e l, a  d is jim ctiv e  theory  in  
g en era l d o es  n o t (cf. e.g. F ern an d ez  &, M in k er 1992).

T h e  m in im a l m o d e l sta te  o f  a  th eo ry  T  is  th e  se t o f  po sitiv e  g ro u n d  d is jim ctio n s a ll o f  w hose 
m in im a l m o d e ls  sa tisfy  T. T h u s it p ro v id es  a  very  com pact rep resen ta tio n  o f  a  se t o f  m inim al 
m o d e ls .

3 Input
'L tty ie ld (s )  d en o te  the d escrip tio n  o f  an  in p u t s tring  o f  w ords s. F o r exa m p le , y ie ld C h e  can can  
a  ca n  ”)  co n sis ts  o f  the  fo llo w in g  clauses:

(3) word(1-2,he). word(2-3,can). word(3-4,can). word(4-5,a). word(5-6,can).
N o te  th a t th e  fo rm s o f  the  w o rd s, as w e ll as  th e ir  re la tiv e  p ositions, are  en co d ed  in  th e se  clauses,

4 Grammar
A  g ram m ar can  b e  conceived  o f  as a  se t o f  constra in ts, an d  co n stra in ts  can  b e  expressed  by  
c lau ses. In  th e  app roach  ad v o ca ted  here , lex ica l en tries  a re  en co d ed  as  c lau ses, often  w ith  
d is jim ctio n s in  th e ir consequen ts, as in  (4).

(4) cat(S,v(nonsg3,inf)); cat(S,n(sg)); cat(S,aux(fin))word(S,can).
T h is  c lau se  can  be  p arap h rased  as “ev ery  in stan ce  o f  the w o rd  ‘can ’ is a  n o u n  o r a  verb  o r an  
au x ilia ry ” .

O th e r  co n stra in ts  express neg a tiv e  in fo rm atio n , and  tend  to look  a t th e  lo c a l co n tex t o f  the w ord  
o ccu rren ces to  b e  d isam biguated . H e re ’s an  exam ple:

(5) cat(P0-P1,det), cat(P1-P2,v(___)).
T h is  sen ten ce  can  b e  parap h rased  as “d e term iners and verbs, in  th a t o rder, do  n o t occu r 
to g e th e r” .

C o n stra in ts  can  a lso  be  w ritten  th a t ‘ta g ’ occu rrences o f  w o rd s w ith  sy n tac tic  functions, and  
w h ich  p erfo rm  d isam b ig u a tio n  o n  th a t lev e l too . A lso , b y  m ean s o f  a  recu rs iv e  defin ition  o f  
“zero  o r  m o re  w o rd s” , w o rd s w h ich  a re  n o t s tric tly  ad jacen t m ay  b e  re la ted , e.g , a s  fo llow s:

(6) fun(P0-P1 ,subj), zero_or„more_words(P1-P2), fun(P2-P3,subj).
T h is  c lau se  exp resses th e  co n stra in t th a t a  sen ten ce  m ay  n o t co n ta in  m o re  th a n  o n e  subject.

5 Part“Of-Speech Tagging and Parsing
L e t r  b e  a  g ram m ar, co rrec t b u t n o t n ecessa rily  com plete , in  th e  fo rm  o f  a  se t o f  constrain ts. L e t 
y ie ld (s )  b e  a  se t o f  co n stra in ts  d e riv in g  fro m  th e  inpu t s trin g  o f  w o rd s  s. T h en  th e  n o tio n  o f  
g ra m m a tica lity  c an  b e  d efin ed  as fo llow s;

Def. 1: A n input string o f  words s  is gramm atical if  the sentencehood o f  5 is a  logical 
consequence o f  T  E yield (s), else the gram m aticality o f  j  is unknown.

N o tic e  th a t i f  th e  sen ten ceh o o d  o f  s  can n o t b e  dem onstra ted , w e  rea lly  d o n ’t  k n o w  w hether s  is 
g ram m atica l. Y et, th is  k in d  o f  s tra teg y  is  o ften  su p p lem en ted  w ith  th e  c lo se d  w o r ld  assum ption .
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a n d  w ith  a n  in d irec t d e fin itio n  o f  un g ram m atica lity  b ased  o n  a  n eg a tio n  b y  fa ilu re  in feren ce  step , 
i n  -which th e  n eg a tiv e  is  trad e d  fo r the  unknow n:

D e £  2 : A n  in p u t s trin g  o f  w o rd s s  is  u n g ram m atica l i f  it can n o t b e  sh o w n  to  b e  
g ja n im a tica l in  th e  sen se  o f  D e f  1.

P a rs in g  b y  m ean s o f  trad itio n a l genera tive  g ram m ars can  b e  p e rfo rm ed  w ith in  su ch  a  fi-am ew ork 
(c f . Jo h n so n  1994). In  con trast, th e  red u c tio n is t a p p ro a ch  can  b e  seen  as b ased  on a  n o tio n  o f  
2m g ra m m a tic a lity  d e fin ed  as fo llow s:

D e £  3 : A n  in p u t s trin g  o f  w o rd s s  is u n g ram m atica l i f  T E  y ie ld (s)  has no m odel, i.e. i f  
fa l s e  is  a  lo g ica l co n seq u en ce  o f  T  E y ie ld (s ) ,  e lse  th e  g ram m atica lity  o f  s  is unknow n.

T h is  d e fin itio n  can  be  su p p lem en ted  w ith  th e  fo llo w in g  in d irec t d e fin itio n  o f  gram m atica l:

D e f .4 :  A n  in p u t s trin g  o f  w ords s  is g ram m atica l i f  it can n o t be  sho w n  to  b e  
u n g ram m atica l in  th e  sense  o f  D ef. 3.

In  th e  trad itio n a l ap p ro ach , rep resen ted  b y  the  d efin itio n s  1 an d  2, ev ery th ing  n o t ex p lic itly  
a llo w ed  (o r  ‘licen sed ’) is fo rb idden , w hereas a  red u c tio n is t g ram m ar, based  on th e  d efin itio n s 3 
a n d  4 , a llo w s ev ery th in g  w h ich  i t  does n o t ex p lic itly  d isa llow .

T h e  d iffe rence  can  be seen  very  c learly  in  th e  ex trem e case  w h ere  w e  have  no  g ra m m a r  a t  all. 
T h en , in  th e  trad itio n a l app roach , s ince  no  in p u t s trin g  o f  w ords can  be parsed , every  su ch  string  
is  d eem ed  u n g ram m atica l, w h ereas  in th e  red u c tio n is t ap p ro ach , no  in p u t s tring  o f  w o rd s  is 
d eem ed  u n g ram m atica l.

6 Output
I f  fa l s e  can n o t be  d em o n stra ted , th e n  the  g ram m ar h as  a t le a st one  m in im al m o d e l w h ich  show s 
th a t  th e  sen ten ce  is  a llo w ed  by  th e  g ram m ar and  w h ich  encodes th e  lin g u is tic  p ro p erties  o f  the  
in p u t s tr in g  o f  w o rd s. T h a t is, a  w ell-fo rm ed  lin g u is tic  rep resen ta tio n  is an y  stru c tu re  th a t 
sa tisfies  th e  co nstra in ts .

T h e re  a re  tw o  eq u iv a len t w ay s in  w h ich  lin g u is tic  s tru c tu res  can  be  represen ted : as a  s e t o f  
m in im a l m o d e ls , w h ere  each  m ode l rep resen ts  a  s tru c tu re  th a t ‘su rv iv es’ the  constra in ts , o r  as  a  
m in im a l m o d e l s ta te  (i.e . as  a  se t o f  d isjunc tions o f  g ro u n d  a to m ic  sen tences).

7 Examples

7-1 Part-of-Speech Tagging
T h e  ab o v e  id eas  can  b e  a p p lied  to  part-o f-sp eech  tag g in g . A  y ie ld  rep resen tin g  th e  sen ten ce  “h e  
c a n  can  a  can ”  as fo llow s:

(7) word(1-2,he). word(2-3,can). word(3-4,can). word(4-5,a). word(5-6,can).
a n d  th e  re le v an t lex ico n  en tries  as fo llow s:

(B) cat(S,pron(sg3))word(S.he).
cat(S.det)w ord(S,a).
cat(S,v(nonsg3,inf)); cat(S,n(sg)); cat(S,aux(fin))word(S.can).

h a s  n o  le ss  th a n  tw en ty -sev en  m in im al m odels. W e th e n  a d d  th e  fo llo w in g  constra in ts  (w h ich  all 
se e m  reaso n ab ly  tru e ) to  th e  theory :
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(9) ;-cat(P0-P1,det).cat(P1-P2,vL,J).
-cat(P0-P1,det), cat(P1-P2,aux(_)).
-cat(P0-P1,pron(J), cat(P1-P2,n(sg)).
-cat(P0-P1 ,pron(sg3)), cat(P1-P2,v(nonsg3,J).
-cat(P0-P1 ,aux(J). cat(P1-P2.n(sg)).
- cat(P0-P1,aux(fin)), cat(P1-P2,aux(fin)).

C o m p u tin g  th e  se t o f  m in im al m o d e ls , w e  fin d  th a t on ly  one  m in im a l m o d e l rem ains.

(10) (word(1-2,he). word(2-3,can). word(3-4,can). word(4-5,a). word(5-6,can). 
cat(1-2,pron(sg3)). cat(2-3,aux(fin)), cat(3-4,v(nonsg3,inf)). cat(4-5,det). 
cat(5-6,n(sg)).}

T h is  m o d e l encodes the  p a rt-o f-sp eech  o f  th e  w o rd s in  the in p u t string . T h u s  th e  constra in ts  serve 
w ell to  d iscard  certa in  m in im al m o d e ls  and , b y  d o ing  th is, d isam b ig u a te  th e  in p u t s tring  o f  w ords 
on  th e  level o f  part-o f-speech .

7.2 Shallow Parsing
N o w , le t u s  co nsider an  ex am p le  fro m  syn tax . G iven  the rep resen ta tio n  o f  th e  S w ed ish  sentence 
“ lisa  ä lsk a r p e lle” (E ng lish  =  “ lisa  lo v es p e lle ”) in  (11), the  lex ical en trie s  in  (12), th e  ru les for 
a ss ig n in g  syn tactica l fun ctio n s to  p a rt-o f-sp eech  in  (13), and  th e  n eg a tiv e  in fo rm atio n  in  (14), 
there  are  tw o  m in im al m odels, d isp lay ed  in  (15) and  (16), respectively .

(11) word(1-2,pelle). word(2-3,älskar). word(3-4,lisa).

(12) cat(S,pn) :-word(S,pelle). 
cat(S,pn)word(S,lisa). 
cat(S,pron(nom))word(S.hon). 
cat(S ,v)w ord(S ,älskar).

fun(S,subj); fun(S.obj):- cat(S,pn). 
fun(S,subj)cat(S,pron(nom)). 
fun(S,pred):- cat(S.v).

(13)

(14) :- fun(P0-P1 ,subj), zero_or_more_words(P1-P2), fiJn(P2-P3,subj).
:-fun(P0-P1,obj), zero_or_more_words(P1-P2), fun(P2-P3,obj).

(15) { word(1-2,lisa). word(2-3,älskar). word(3-4,pelle). cat(1-2,pn). 
cat(2-3,v). cat(3-4,pn). fun(1-2,subj). fun(2-3,pred). fun(3-4,obj).}

(16) { word(1-2,lisa). word(2-3,älskar). word(3-4,pelle). cat(1-2,pn). 
cat(2-3,v). cat(3-4,pn). fun(1-2,obj). fun(2-3,pred). fun(3-4,subj).}

In  S w ed ish , th is  am bigu ity  is  ac tua l, s in ce  th e se  tw o  analyses a re  b o th  p o ssib le . H ow ever, 
an a ly se s  a ss ig n in g  the  sam e sy n tac tic  fu n c tio n  to  bo th  nam es are  ru led  o u t b y  th e  descrip tion , as 
th e y  sh o u ld  be.

T h ese  tw o  analyses can  b e  ‘p ack e d ’ in to  o n e  m in im al m odel state , as  fo llo w s:

(17) { word(1-2,lisa). word(2-3,älskar). word(3-4,pelle). cat(1-2,pn). 
cat(2-3,v). cat(3-4,pn). fun(1-2,obj);fun(1-2,subj). fun(1-2,obj);fun(3-4,obj). 
fu n (l-2 ,su b j);fu n (3 -4 ,su b j) . fim (2 -3 ,p red ). fu n (3 -4 ,o b j) ;f im (3 -4 ,su b j) .}
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T h u s , a  m in iin a l m o d e l s ta te  can  a lw ays p ro v id e  a  d ense , ‘un d ersp ec ified ’ rep resen ta tio n  o f  
an a ly se s  rep resen ted  as a  se t o f  m in im al m odels.

F in a lty , n o te  th a t th e  sen ten ce  “h o n  ä lsk a r p e lle”  w o u ld  on ly  rece iv e  one  analysis , s in ce  th e  
n o m in afiv e  fo rm  o f  th e  p erso n a l p ro n o u n  “ h o n ” (E n g lish  =  “ she” ) d isam b ig u a tes  A e  sen ten ce  on 
th e  le v e l o f  syn tax .

73  More Complex Constraints
T h e  co n stra in ts  w e  h av e  seen  so far h av e  b een  fa irly  sim p le , so  le t’s consider a  m o re  co m p lex  
o n e . In  (K arlsso n  e t al. 1994, p . 59) th e  fo llo w in g  ex am p le  o f  a  co n stra in t is g iven:

(IB ) {“<fbr>“ =! CS (NOT -1 VFIN)(1 TO)(2 INF)(*3 VFIN))
T h e  id e a  b eh in d  th is  co n stra in t is  tha t “ the  su b ju n c tio n  read in g  (C S ) o f  th e  w o rd -fo rm  “ < fo r> “ is 
co rrec t i f  th e  p reced in g  w o rd  is n o t a  fin ite  verb , i f  th e  b ase  fo rm  o f  th e  n ex t w o rd  is “to ” , i f  the  
w o rd  a f te r  th is  is  an  in fin itiv e , an d  i f  th e re  is a  fin ite  v e rb  in  o r r ig h tw ard s o f  p o sitio n s 3 ,”

H ere’s  o n e  w ay  to  w rite  th is  in  logic:

(19) cat(P1-P2.es)
word(P1-P2,for),
~cat(P0-P1,v(fin)),
cat(P2-P3,to),
cat(P3-P4,v(inf)),
zero_or_more_words(P4-P5),
cat(P5-P6,v(fin)).

N o te  th a t th is  is  a p o s itiv e  constrain t, N o te  a lso  th e  u se  o f  a  n eg ativ e  cond ition , m ad e  p o ss ib le  by  
file in c lu s io n  o f  n eg a tio n  in  the  language, an d  th e  u se  o f  the  ze ro -o r-m o re-w o rd s p red ica te , 
in tro d u ced  ab o v e .

L e ts  te s t  th is  ru le  o n  a  rea l-w o rld  exam ple . In  th e  B ro w n  co rp u s  (F rancis  &  K u cera  1982), th e re  
is  o n e  (b u t o n ly  o n e!) ex am p le  th a t sa tisfies  th e  co n d itio n s  o f  th is  ru le .

W ith o u t sa y in g  so, sh e  w as r e a lly  g ra te fu l;  f o r  to  a tte n d  the  
d y in g  w a s  so m e th in g  sh e  h a d  n ever  e x p e r ie n c e d ...

CJiven a  re p re sen ta tio n  o f  th e  re lev an t p a rt o f  th is  te x t as  in  (20), th e  lex icon  en tries in  (2 1 ), and  
fire co n stra in ts  in  (19 ) an d  (22 ), w e  are  ab le  to  co m p u te  th e  m in im a l m o d e l s ta te  in  (23).

(20)  word(1-2,for). word(2-3,to). word(3-4,attend). word(4-5,the). word(5-6,dying).
word(6-7,was). word(7-8,something). ...

(21)  cat(S.cs): cat(S.prep)word(S.for). 
cat(S,to); cat(S.prep)word(S.to). 
cat(S,v(ing)); cat(S.n)word(S,dying). 
cat(S,det(def))word(S.the). 
cat(S,v(fin)):- word(S.was). 
cat(S,v(inO)word(S,attend). 
cat(S.pron): -word(S,something).

(22) :-cat(P0-P1,prep), cat(P1-P2,v(inf)).
:-cat(P0-P1,det(J), cat(P1-P2,v(J).
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(23) {word(1-2,for). word(2-3,to). word(3-4,attend). word(4-5,the).
word(5-6,dying). word(6-7,was). word(7-8,something). cat(1-2,cs). 
cat(2-3,to). cat(3-4,v(inf)). cat(4-5,det(def)), cat(5-6,n). cat(6-7,v(fin)). }

O n e fin a l th in g  w o rth  n o ting  ab o u t th is  ex am p le  is th a t th e re  is a  lo t o f  in te rac tio n  betw een 
co n stra in ts , b u t th a t th e  o rder in  w h ich  th e y  in te rac t does n o t m a tte r a t a ll.

8 Implementation
O n  to p  o f  th e  m ode l genera tion  th eo rem  p ro v e r D isL o g  (S eipel &  T h o n e  1994), w h ich  is capable 
o f  g en era tin g  th e  se t o f  m in im al m o d e ls  o r  th e  m in im al m ode l s tate  w h ic h  sa tisfies  a  d isjunctive 
n o rm al lo g ic  p rog ram , I h av e  b u ilt a  s im p le  b u t u se r-fn en d ly  W o rld  W ide  W eb app lication  
w h ich  ta ilo rs  th e  D isL o g  p ro v e r to  th e  ta sk  o f  tagg ing  and  p ars in g  w ith  g ram m ars encoded in  
log ic . T h e  en try  page  is a t h ttp ://w w w .lin g .g u .se /~ la g er/IC C G /iccg ,h tm L

9 Summary and Conclusion
In  th e  lo g ic  g ra m m a r  trad itio n , p h ra se  s tm c tu re  gram m ars as w e ll as un ification -based  
ex ten sio n s  o f  p h rase  s tm ctu re  g ram m ars a re  v iew ed  in  th e  lig h t o f  th e  tw o  eq u a tio n s “gram m ar =  
th e o ry ” an d  “p arsing  = th eo rem  p ro v in g ” . T h is  v iew  is sim ple, n a tu ra l a n d  in  m an y  o ther w ays 
a ttrac tiv e : F o rm al log ic has an  o ld  trad itio n  an d  is w ell-understood ; lo g ic  is  c lo se  to  natural 
lan g u ag e , it  com es w ith  a  c lear n o tio n  o f  tm th , and  is d eclara tive  in  th e  s tro n g es t p ossib le  sense. 
A lso , p ro p erties  like co nsistency  and  m o n o to n ic ity  have been  ex ten siv e ly  stu d ied  in  log ical 
fi-am ew orks. Indeed , i f  th e re  is a  lin g u a  fr a n c a  o f  k now ledge  rep resen ta tio n , it o u g h t to  be form al 
log ic.

R ed u c tio n is t g ram m ars -  g ram m ars th a t u se  m o stly  negative  and  u su a lly  lo ca l constra in ts  to  cu t 
aw ay  am b ig u ities  in troduced  by  a  lex ica l/m o rp h o lo g ica l an a ly sis  p h ase  -  constitu te  an  
in te re s tin g  a lternative  to  trad itio n a l p h rase  s tm c tu re  g ram m ars, an d  h a v e  b een  d eveloped  fo r 
sev era l languages.

In  th is  p ap e r  I hav e  tried  to  tak e  a  lo g ic  g ram m ar v iew  o n  red u c tio n is t g ram m ars. I hope to  have 
sh o w n  th a t th is  v iew  is  co n cep tu a lly  s im p le  and  transparen t, an d  w e ll w o rth  to  explore. It 
rem a in s  to  develop  the  basic  ideas fu rth er, to  scale  up, to  assess its  p rac tica l m erits and  
d isad v an tag es, and  to  co m p are  it  w ith  o th e r app roaches w h en  tried  o n  rea l co rpora .

B y  try in g  to  ‘reco n s tm c t’ red u c tio n is t g ram m ars in  logic, w e  m ay  b eg in  to  see w h y  an d  h o w  th ey  
w o rk , i f  an d  w h en  they  d eserv e  to  b e  ca lled  ‘d ec la ra tiv e ’, w h a t w e co u ld /sh o u ld  m ean  w hen  w e 
sp eak  o f  th em  as ‘in co n sisten t’, ‘red u n d an t’ o r  ‘ro b u st’, etc. W e m ay  a lso  b e  ab le  to  im prove o u r 
u n d ers tan d in g  o f  h o w  red u c tio n is t p a rs in g  re la tes  to  o ther k in d s  o f  m e th o d s  su ch  as parsing  w ith  
p h ra se  s tm c tu re  g ram m ars, an d  tag g in g  w ith  sta tis tica l m ethods. F o r  ex am p le , since ph rase  
s tm c tu re  g ram m ars can  b e  ex p ressed  in  log ic , it  w o u ld  b e  in te restin g  to  e lab o ra te  o n  the  re la tio n  
o f  red u c tio n is t g ram m ars to  p h rase  s tm c tu re  g ram m ars, an d  also , to  try  to  co m b in e  th e  tw o.

T h e  u se  o f  a  m in im a l m o d e l s ta te  fo r  rep resen tin g  am b ig u ity  in  a  p rin c ip led  an d  v ery  com pact 
w ay  ap p ea rs  to  b e  re la ted  to  w o rk  b y  D y m etm an  (1997), w h ere  an  am b ig u o u s  rep resen ta tion  o f  
th e  g ram m atica l p roperties  o f  an  in p u t s trin g  o f  w ords is seen  as a  sp ec ia lisa tio n  o f  the  g ram m ar
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fcffflia l p a rticu la r  in p u t s trin g .’ T h is  indeed  is ex ac tly  h o w  a  m in im a l m ode l s ta te  is  re la ted  to  the  
k in d  o f  g ram m ars  ex p lo red  in  the  p resen t paper.

A s  fe r  a s  sca lin g  up  is  concerned , th e  log ica l ap p ro ach  is h o p e fu lly  su ffic ien tly  s im ila r  to  
C o n stra in t G ram m ar an d  F in ite -s ta te  In te rsec tio n  g ram m ar to  a llo w  large p o rtio n s o f  su ch  
g ram m ars to  be  co n v erted  in to  logic. M oreover, s in ce  ev ery th in g  is  expressed  in  log ic, th e re  m ay  
b e  o ff- th e -sh e lf  m e th o d s  -  su ch  as th e se  d ev e lo p ed  w ith in  th e  fie ld  o f  In d u ctiv e  L og ic  
Programming (M u g g le to n  1992) -  fo r  au to m atica lly  acq u irin g  co n stra in ts  b y  learn ing  fro m  a 
co rpus.

A s  reg a rd s  e ffic ien cy , it rem ain s to  be  sho w n  th a t a  lo g ic -b ased  red u c tio n is t g ram m ar co u ld  ever 
b eco m e  p rac tic a l as a  m e th o d  fo r tag g in g  o r p a rs in g . T h ere  is a  w e ll-k n o w n  tra d e -o ff  b e tw een  
ex p ressiv e  p o w e r an d  co m p u ta tio n a l co m p lex ity  th a t a lw ay s  th rea ten s  to  m ak e  p articu la r u ses  o f  
su ch  p o w erfu l fo rm a lism s in tractab le. On th e  o th er h an d , th e re  are , as  far I k now , no re su lts  th a t 
d io w  th a t th e  sp ec ific  k in d  o f  theories th a t I h av e  in  m in d  h ere  ac tu a lly  exerc ise  th e  w o rs t case 
co m p lex ity  o f  th e  g en era l case . B e th a t as it m ay , s in ce  in  any  case , log ic  m ay  still h av e  a  ro le  to  
p la y  as an  an a ly tica l to o l fo r investigating  how  d iffe ren t k in d s  o f  k n o w led g e  ab o u t lan g u ag e  can  
b e  b ro u g h t to  b ea r on  th e  p rob lem  o f  p art-o f-sp eech  ta g g in g  and  sh a llo w  parsing .
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D ep artm en t o f  L ex ico g rap h y  and  C o m p u ta tio n a l L ingu istics  

T he A arh u s B u sin ess  S choo l 
b b @ ln g .h h a .d k

1. Background.
T his  article* ske tches a  m e th o d  by  m eans o f  w h ich  lik e ly  tex t-re lev an t co lloca tional w o rd  strings 
m ay  b e  ex trac ted  fro m  su b -d o m ain  L S P -tex ts. B ecau se  o f  the rep e titiv e  n a tu re  o f  co llo ca tio n s, a  
s ta tis tica l and  s tru c tu ra l ap p ro ach  is suggested . T h e  go al o f  th is  p ro jec t is tw o-fo ld : (a )  to  exp lo re  
th e  d eg ree  to  w h ich  co m p u ta tio n a l m e th o d s a re  su itab le  fo r ex trac tin g  co llocations; (b )  to 
ex p lo re  th e  d eg ree  to  w h ich  it is p o ssib le  to  ex trac t in fo rm atio n  p articu la r  to th e  overall to p ic  o r 
d o m ain  o f  a  L S P  tex t, i.e. te rm in o lo g y , b y  m ean s o f  k n o w led g e-p o o r techn iques. A s th is s tudy  
h as  ru n  o n  a  tim e-lim ited  b asis , m o st im portance  h as  b een  p laced  o n  (a).

2. What is understood by **coIIocation”,
A  "co llo ca tio n ” is o ften  d efin ed  as e ither "an arb itra ry  an d  recu rren t w ord  com bination" (B en so n
1990) o r  " the co o ccu rren ce  o f  tw o  o r m o re  w o rd s w ith in  a  sh o rt space o f  each  other" (S in c la ir
1991) . H ow ever, su ch  d efin itio n s  ten d  to  leav e  tw o  im p o rtan t questio n s o u t o f  co n sid era tio n , cf. 
th e  tw o  fo llo w in g  ex am p les:

(a )  ... sh o u ld n 't h av e  do n e  that. This  p ro m p ted ........
(b )  ......... seem s u n lik e ly  th a t th is  sh o u ld  b e  th e  case

T h e  tw o  d e fin itio n s ab o v e , w h ich  are  in  e ffec t fa irly  rep resen ta tiv e  o f  th e  m a jo r p a r t o f  
d e fin itio n s o ffered , do  n o t tak e  tw o  p o in ts  in to  co n sid era tio n s, n am ely  the d is tin c tio n  b e tw een  
lex ica l co llo ca tio n s  lik e  p r im e  m in is te r  an d  sy n tac tic  co llo ca tio n s lik e  th a t th is  - o r  th e  issue 
w h e th e r w o rd s  sh o u ld  b e  a llo w ed  to  c ro ss  sen ten ce  b o u n d arie s. R e ly in g  o n  e ith e r o f  th e  above 
d efin itio n s w o u ld  re su lt in  m ass iv e  overg en era tio n , so  co n seq u en tly  w e  w ill d e fin e  th e  co n cep t 
o f  "co llocation" a s  to  b e tte r  su it a  q u an tita tiv e  approach :

A  co llo ca tio n  is  a  w o rd  string  co n sis tin g  o f  a  m in im u m  o f  tw o  w o rd s’ w ith  th e  fo llo w in g  
charac teristics:

*This is a brief description o f the method designed and the findings made in connection with the research project 
UDOG (Udforskelse af Dansk Ordforråd og Grammatik - Exploration of Danish Vocabulary and Grammar) under 
fhe auspices of The Danish Research Council for the Humanities. A broader outline is given in Danish in Blom 
1997 and (1998 - forthcoming).

'For the purposes of this study, we will impose the restriction on the minimum word string length that it must 
contain at least one content word, cf. section six.
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(1 ) the  en tire  w ord  s trin g  is  o ccu rin g  w ith in  a  g iven  tex tua l seg m en t a.

(2 ) th e  least frequen t w o rd (s) in  th e  w o rd  string  occur(s) a t le a s t h  tim es  in  th e  
corpus,

(3) all w ords in  the w o rd  s trin g  o ccu r w ith  a  span  o f  c  w o rd s to  its  neighboixr 
co llocate

(4 ) all w ords in  the  w o rd  s trin g  o ccu r in  d  p articu la r sequences

T h is  d e f in itio n  is ra th e r a  set o f  p a ram ete rs  to  b e  ad ju sted  acco rd ing  to  th e  p a rticu la r  scien tific  
c o n tex t in  w h ich  th ey  are to  b e  u tilised , th u s  (1) re fers  to  w h e th er a  w o rd  s trin g  is considered  to  
b e  a  p h ra se , a  syntagm a, an  en tire  sen tence , o r ev en  p erm itted  to  cross sen ten ces boundaries; (2) 
re fe rs  to  a  lo w er th resh o ld  value  d ec id ed  o n  fo r  a  g iv en  p u rp o se  in  o rd e r to  f ilte r o f f  in frequen t 
o ccu rren ces  ; (3) refers to  th e  issue w h e th e r in te rru p ted  structu res sh o u ld  b e  tak en  in to  account; 
(4 ) re fe rs  to  th e  question  w h eth er in v e rted  s tru c tu res  shou ld  be  taken  in to  acco u n t. In  th is  artic le  
w e  le t a  be  sen tence level, i.e . w e accep t a  c lausual s tructu re  as a  co llo ca tio n  ra ther than  
im p o sin g  so m e arb itrary  value  as a  m a x im u m  w ord  string  length ; w e  le t h  b e  four, i.e. a  w ord 
o ccu rrin g  th ree  tim es or less is n o t co n sid ered  to  b e  sign ifican t; w e le t c b e  zero , i.e. w e do no t 
in c lu d e  in te rru p ted  structures, as  su ch  s tru c tu res  req u ire  qu ite  an  ex ten siv e  s ta tis tica l setup ( c f  
Ik eh ara , S h ira i &  U chino  1996), and  su ch  s tru c tu res  are  o u ts id e  th e  sco p e  o f  th is  study; w e le t d  
b e  le ft-to -rig h t, in  the  sense th a t w e do n o t lem m atize  b ig ram  stru c tu res, i.e, a fg ift beta les  =  
b e ta le s  a fg ift  in  o rder to  secu re  th e  in c lu s io n  o f  underrep resen ted  item s. H ow ever, in  case 
in v e rted  s truc tu res  are  s ign ifican tly  rep resen ted  in  the  co rpus, they  w ill b e  in c lu d ed  as valid  
co llo ca tio n s.

3. Finding likely relevant words (unigram level).
T h e  ap p ro ac h  is founded  on  th e  assu m p tio n  th a t a  w ord  h as  b o th  s ta tis tica l an d  g ram m atical 
p ro p e rtie s  w h ich  m ay  serve as a  c lue  to  its  te rm in o lo g ica ln ess, a t least th is  is  b e lieved  to  b e  th e  
case  fo r v e ry  hard-core  L S P  tex ts . A s an  ex am p le  o f  such  a  tex t, th e  D an ish  V A T  ac t has been  
ch o sen . T h e  leg isla tive  genre  has  b een  ca re fu lly  selected , as leg is la tiv e  te rm in o lo g y  tends to  b e  
u n am b ig u o u s  in  the  sense th a t o n e  p a rticu la r  co n cep t is u sually  b ack ed  b y  o n e  particu lar 
o rth o g rap h y . A s opposed  to  L G P , th e  u se  o f  synonym y, paraphrases  an d  o th e r  s ty lis tic  w ays o f  
rep resen tin g  a  concep t o rth o g rap h ica lly  is  m in im ised  in  o rd er to  av o id  in te rp re ta tiv e  scope on  the  
leg a l c ircu m stan ces re la ting  to  a  g iv en  concep t. A s a  bonus, w e  m ay  ex p ec t p o ly sem y  n o t to  
co n s titu te  a  serious p rob lem  fo r th is  k in d  o f  study ,

Z ip f  (1 9 4 9 ) suggested  th a t th e re  seem s to  ex ist an  inv erse ly  p ro p o rtio n a l in terdependence 
b e tw ee n  frequency  and  ran k  in  a  tex t, in  th a t a  v e ry  lim ited  n u m b er o f  w o rd s o ccu r w ith  v ery  
h ig h  freq u en cies , w hereas a  v e ry  la rg e  n u m b er o f  w ords o ccu r w ith  v ery  lo w  frequencies, 
D am era u  (1965), D enn is (1967) a n d  S to n e  &  R u b in o ff  (1968) d isco v ered  a  lin k  be tw een  
freq u en cy , ty p ica lity  - and  w o rd  c lass, so  th a t so -called  fu n c tio n  w o rd s (w h ich  ten d  to  accoun t 
fo r  q u ite  a  considerab le  p a rt o f  w o rd s  fo u n d  a t th e  h igh -frequency  en d  o f  th e  Z ip fian  d istribu tion) 
a n d  c o n ten t w o rd s have  d iffe ren t s ta tis tic a l b eh av io u r in  tex ts , as th e  fo rm er categ o ry  fo llow s a  
p o is so n  d is trib u tio n  closely , w h ereas  th e  la tte r  does no t. T hese  w o rk s  p ro v id e  theore tical 
fo u n d a tio n  fo r th e  in tu ition  th a t a  w o rd  lik e  "that" has a  g rea ter in te rtex tu a l d isp ers io n  th an  a  
w o rd  lik e  " therm odynam ics". B o o k s te in  &  S w an so n  (1974) (1975) and  H a rte r  (1975) sharpened

NOD ALIDA, Copenhagen, January 1998 161



th is  p o in t by  o fferin g  an  ex p lan atio n  w h y  certa in  co n ten t w ords (lik e  e.g . red, say, m a n )  have  
g rea te r in te rtex tu a l d isp e rs io n  th a n  o ther co n ten t w o rd s (lik e  e.g . en terprise , sub-clause, taxab le). 
T h e ir c la im  w as th a t w o rd s w h ich  sh o w  a  ran d o m  d is trib u tio n  in  a  p o isso n  p ro cess  are  lik e ly  n o t 
to  co n ta in  in fo rm a tio n  ab o u t th e  te x t in  w h ich  th ey  occu r, w h ereas  w ords vd iich  do  n o t fo llo w  a  
p o isso n  d is tr ib u tio n  ten d  to  co n ta in  in fo rm atio n  a b o u t th e  te x t in  w h ic h  they  occur.

F o r  th is  s tu d y , w e w ill re ly  o n  th e  very  sim p le  assu m p tio n  th a t g iv e n  th e  fact th a t w e  are d ea lin g  
w ith  a  v e ry  sp ec ia lised  su b -d o m ain  L S P  tex t, i.e. a  leg is la tiv e  g en re  tex t w ith in  th e  d o m a in  o f  
tax a tio n , tex t-re lev an t w o rd s  are  like ly  to  be  fo u n d  am o n g  h ig h -freq u en cy  co n ten t w o rd s. F o r 
th is  en d , th ree  step s  h av e  b een  necessary : (1 ) th e  te x t h a s  b een  tag g ed  fo r w o rd  c lass, (2) w o rd s 
sh arin g  an  id en tica l s tem  hav e  b een  lem m atised  to  av o id  in sig n ifican ce  aris in g  from  the  
u n d errep resen ta tio n  o f  a  g iv en  in flected  fo rm , and  (3 ) a  v e ry  s im p le  and  lim ited  stop  list h as  been  
ap p lied  to  f ilte r  o f f  sp a tio -tem p o ra l item s (eg. n am es o f  v a rio u s  E U  coim tries o r w o rd s re ferrin g  
to  a  dead lin e  by  w h ich  a  g iven  ta sk  is to  b e  carried  ou t), w h ich  te n d  to  be  rep resen ted  w ith  som e 
frequency  o w in g  to  th e  n a tu re  o f  the tex t, h o w ev er is  lik e ly  to  b e  irre levan t fo r the  p a rticu la r  
leg a l d o m ain  in  questio n . In  o rd er to  d e te rm in e  a  su itab le  th resh o ld  va lu e  fo r filte rin g  o f f  w ords 
w ith  n o  o r yery  little  re lev an ce , a  n um ber o f  su b -sec tio n s o f  th e  V A T  ac t h av e  b een  ran d o m ly  
p ick ed  in  o rd e r to  co m p are  th e  frequency  o f  occu rren ce  o f  w ords in  th e  sub -sec tion  w ith  th e ir  
freq u en cy  o f  occu rren ce  in  th e  en tire  tex t. T h is  w as d o n e  in  o rder to  find a  su itab le  c u t-o ff  p o in t 
b e lo w  w h ich  w o rd s are  lik e ly  n o t to  be  o f  re lev an ce  to  th e  te x t (fo r an  exam ple  o f  th is, see B lo m  
1997), an d  th e re  seem ed  to  b e  a  case  fo r o m itting  item s b e lo w  th e  freq u en cy  o f  four.

4. Finding words with collocational potential (unigram level).
T h e  o u tp u t co n sis ts  o f  a  lis t o f  un ig ram s ren d ered  te x t- re le v a n f  b y  th e  m ethod . W h at w e n eed  to  
fin d  o u t n o w  is w h ich  o f  th e se  un ig ram s ten d  to  o ccu r as e ith e r s in g le  w o rd s o r  as p a rt o f  a  m u lti­
w o rd  u n it.
T h ere  a re  ex istin g  s ta tis tica l m ethods fo r te s tin g  th e  "bondness" o f  w o rd  p a irs , th e  m o st 
p ro m in en t o n e  b e in g  m u tu a l in fo rm ation , cf. C h u rch  &  H anks (1990). M utual in fo rm atio n  is  a  
w id e ly  u sed  freq u en cy -b ased  fo rm alism  th a t ca lcu la tes  th e  p ro b ab ility  w h e th e r a  w o rd  p a ir  
occu rs to g e th e r  o r separa te ly  in  a  text. H ow ever, th is  ap p ro ach  is n o t adequate  fo r th is  s tu d y , as 
w e  p la c e  o u r fo cu s o n  co n ten t w ords. In  m u tu a l in fo rm a tio n  sta tis tic s , b o th  w o rd s o f  a  b ig ram  
rece iv e  eq u al w e ig h t irresp ec tiv e  o f  g ram m atica l s ta tu s. T h is  w o u ld  m ean  th a t fu n c tio n  w ords 
m ig h t ex e rc ise  u n d u e  in flu en ce  o v er th e  o vera ll M l-v a lu e  an d  th u s b ias  the  m easure . T h is  is no  
u n reaso n ab le  assu m p tio n , i f  w e co nsider th e  fac t th a t th e  m o st freq u en t w o rd s in  a  Z ip fian  
d is trib u tio n  te n d  to  b e  fu n c tio n  w ords. In  th is  s tu d y , w e  restric t o u r  scope to  k eep in g  co n ten t 
w o rd s a s  "nodes" an d  th e n  ex am in e  th e  w ay  th e y  co m b in e  w ith  th e ir  e ith er le ft o r  rig h t ad jacen t 
"co llocates" .

W e  vrill u se  th e  h eu ris tic s  th a t a  co n ten t w o rd 's  ab ility  to  en te r  in to  a  "bond" w ith  an o th e r w o rd  
d ep en d s o n  its  co n tex tu a l d is tribu tion , i.e, its  n u m b e r o f  ad jacen t e ith e r le ft o r  r ig h t w o rd s in  a  
tex t. T h e  few er su ch  ad jacen t w ords, th e  m o re  a  w o rd 's  u n ig ram  frequency  w ill b e  d is trib u ted  
rq)on p a r tic u la r  co llo ca tes . In  case  a  co n ten t w o rd  h as  a  la rg e  n u m b er o f  co llocates, its  u n ig ram

 ̂Future versions o f the method will try to incorporate more sophisticated heuristics such as the way a given 
content word is distributed over the entire number of sentences, or the number of content words used to describe a 
given content word in the entire text.

162 NODAI.IDA, Copenhagen, January 1998



fi^ q u en cy  w ill b e  w atered  out. C o n sid er a  co n ten t w o rd  w h ich  occu rs fo u rtee n  tim es  in  a  tex t and  
h a s  a n  eq u a l n u m b er o f  co llocates, th e n  each  b ig ram  gets a  frequency  o f  one. O n  th e  basis o f  
th e se  s ta tis tic s , w e can  safely  assu m e th a t th is  co n ten t Word d efin ite ly  co n stitu te s  a  sing le w ord  
u n i t  I t  o n  th e  o th e r hand , a  co n ten t w o rd  o ccu rring  fo u rteen  tim es is  rep resen ted  tw o  tim es w ith  
o n e  p a rtic u la r  ad jacen t w ord  an d  tw elv e  tim es  w ith  an o th er p a rticu la r ad jacen t w ord , w e can  
d ed u c t th a t th is  co n ten t w ord  is  p red o m in an tly  p a rt o f  a  m u lti-w ord  u n it. F o r  th e  p u rp o ses  o f  th is  
h eu ris tic s , w e  ap p ly  th e  fo llow ing  fo rm u la  in  w h ich  u  is th e  u n ig ram  freq u en cy  o f  th e  con ten t 
w o rd  a n d  c  is  th e  n u m b er o f  co lloca tes o f  the  co n ten t w ord:

5. Finding word-pairs with collocational strength (bigram level).
O u r p re se n t o u tp u t consists  o f  th e  u n ig ram  lis t from  th e  p rev io u s step  ex c lu siv e  o f  w ords w h ich  
th e  m e th o d  d o es  n o t ren d er p o ten tia l m u lti-w o rd  item s. W e w ill n o w  ex p lo re  th e  ab o v e  idea a  b it 
fu rther, as  w e  w ill focus on  the  s tren g th  o f  an y  g iven  b ig ram  in  w h ich  a  p a rticu la r  con ten t w o rd  
o ccu rs  in  o rd e r to  fin d  the  s treng th  o f  th e  b o n d  o f  th e  w ord-pair. T he b o n d  s tren g th  depends on  
th e  n u m b e r o f  tim es  a  w ord  occu rs in  a  g iv en  b ig ram  com pared  to  h o w  o ften  th e  w o rd  occurs as 
a  u n ig ram . O u r assum ption  is th a t co n ten t w o rd  n  exercises go o d  "a ttrac tiv e  pow er"  o n  w o rd  x  i f  
th e  b ig ram  freq u en cy  O^/tx) accoun ts fo r a  m a jo r p a rt o f  the  u n ig ram  freq u en cy  o f  con ten t w ord  
n  (fqn)- W e w ill try  to  m ake th is  s ta tis tica l p a ram ete r d ifferen tia te  b e tw een  w o rd s w ith  the sam e 
u n ig ram /b ig ram -ra tio , bu t w ith  d iffe ren t frequencies, eg. th e  instance w h ere  tw o  w o rd s w ith  ten 
co llo ca te s  each  o ccu r w ith  a  u n ig ram  freq u en cy  o f  te n  and  a  h undred , resp ec tiv e ly . W e w ill use 
th is  fo rm u la , in  w h ich  u  is th e  u n ig ram  frequency  and  b  is th e  b ig ram  freq u en cy , to  d iscrim inate  
b e tw een  su p e rio r and  less sup erio r co llo ca tio n al strength:

6. Expanding the bigrams (sentence level).
T h e  ouq)Ut fro m  th e  last tw o  step s  co n sis ts  o f  a  lis t o f  b ig ram s w h ich  are , o n  th e  basis  o f  the  
s ta tis tic s  ap p lied , considered  to  b e  o f  a  m u lti-w o rd  na tu re  ra th e r th an  a  s in g le -w o rd  nature. N o w  
w e  w ill ex p an d  each  b ig ram  to  find  each  p o ssib le  w o rd  string  in  w h ich  th e  b ig ram  occurs. In  
s te ad  o f  m ere ly  ex trac ting  th e  lo n g est p o ssib le  b ig ram  like fo r in stan ce  S m ad ja  (1993), w e w ill 
p e rm it a ll syn tac tica lly  w ell-fo rm ed  w o rd  strin g s in  w h ich  a  cand idate  b ig ram  occurs. T o th is  end  
a  co n tex tu a l a rray  is app lied , in  w h ich  a  g iv en  b ig ram  is sho w n  in  a ll its  con tex ts , so th a t the  
h o rizo n ta l ax is  accoun ts fo r sy n tag m atic  v a lu es, w h ile  the  vertica l ax is  acco u n ts  fo r  p arad igm atic  
v a lu es. T h e  fo llo w in g  ru les  ap p ly  to  th e  ex p an sio n  o f  o rth o g rap h ic  w o rd  s trings: (1) O nly  w o rd  
s trin g s  (n o n -ex p an d ed  as w ell as ex p an d ed  b ig ram s) occu rring  a t  least th ree  tim es  are  accepted ; 

(2 ) A  b ig ram  m ay  b e  expanded  b y  ± o n e  p o s i t i o n  o n ly  i f  t h e  s a m e  w o r d  o c c u r s  a t  t h e  s a m e  
sy n tag m atic  p o s itio n  in  th e  co n tex tu a l a rray ; (3) A  b ig ram  is le ft o u t o f  co n sid e ra tio n  in  case  a  
lo n g e r w o rd  s tring  occu rs w ith  a t le a s t th e  b ig ram  frequency  m inus o n e  occu rrence . T his is to  
a v o id  sy n tac tica lly  incom ple te  s tru c tu res, th e  freq u en t occu rrence  o f  w h ich  can  b e  ascribed  to  
sy n tac tic  reaso n s  on ly . T he lo n g er w o rd  s trin g  w h ich  the sam e o r n early  th e  sam e frequency  as 
th e  b ig ram  is  likely  to  be  th e  v a lid  one. A n  eas ie r so lu tio n  w o u ld  b e  to  fav o u r ce rta in  syn tactic  
s tru c tu re s , ty p ica lly  n o u n  sy n tag m as o r  p red ica tiv e -lik e  structu res like S m ad ja  (19 9 3 ), o r to  lim it 
th e  s tu d y  to  b ig ram s co n ta in ing  on ly  co n ten t w ords, h o w ev er th is  w o u ld  id io sy n c ra tica lly  fav o u r 
b e ta le  q fg ift  {C -C }to  b e ta lin g  a f  a fg ift  {C -F-C }.

In  a  Z ip fian  d is trib u tio n  o f  w o rd s, th e  h ig h -freq u en cy  en d  is do m in ated  b y  g ram m atica l w ords
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lik e  p rep o sitio n s , co n ju n c tio n s  and  th e  like, w h ich  is  w h y  a  g rea t am o u n t o f  sy n tac tic  
co llo ca tio n s is to  b e  ex p ec ted  in  any  g iv en  b ig ram  ou tpu t. In  o rd e r to  reduce th e  likely  am o u n t o f  
overg en era tio n , w e  w ill tak e  in to  acco u n t o n ly  b ig ram s th a t co n ta in  a t least one  co n ten t w o rd  and  
w h ich  d o e s  n o t in c lu d e  a  p u n c tu a tio n  m ark . H av in g  ta k e n  th is  p rev en tiv e  step , w e  w ill assu m e 
th a t sy n tac tic  n o ise  is lik e ly  to  o ccu r a t th e  left- an d  r ig h tm o st p o s itio n s  in  a  w o rd  s tring  w h ere  a  
fu n ctio n  w o rd  m a y  b e  found . In  s tead  o f  m ere ly  leav in g  an  e x p e rt w ith  th e  ted io u s ta sk  o f  
f ilte rin g  o f f  item s irre lev an t o w in g  to  syn tac tic  n o ise , w e  w ill ap p ly  a  set o f  syn tactic  ru les  to  
se rv e  a s  a  filte r  fo r su ch  sy n tac tic  noise.

I h e r e  a re  fo u r sy n tac tic  m a in  ru le  c lasses (1-3), o n e  sy n tac tic  ex cep tio n  ru le  c lass  (4) a n d  one 
s ta tis tica l ex cep tio n  ru le  c lass  (5) as fo llow s: (1) a  p a rticu la r  ta g  (o r ta g  sequence) can n o t ta k e  up  
th e  le ftm o st s lo t (o r  s lo ts) o f  a  w o rd  string ; (2) a  p a rticu la r  tag  (o r ta g  sequence) can n o t tak e  up  
th e  rig h tm o st s lo t (o r s lo ts) o f  a  w ord  string ; (3) a  p a rticu la r  tag  seq u en ce  can n o t fo rm  e ith e r an  
en tire  w o rd  string  o r a  p ru t o f  a  g iven w o rd  s trin g  co u n tin g  fro m  th e  second  le ft- o r r ig h tm o st 
s lo t; (4 )  a  p a rticu la r  ta g  seq u en ce  d isch arg ed  by a  sy n tac tic  ru le  m ay  qualify , i f  it m a tch es  a  
^ e c i f i c  sy n tac tic  p a tte rn ; (5) a  p a rticu la r tag  seq u en ce  le ft o u t b y  a  syn tac tic  ru le  m ay  q u a lify  i f  
a  co n ten t w o rd  is im m ed ia te ly  succeeded  an d /o r p reced ed  by  a  p rep o sitio n  in  a t least 80%  o f  all 
cases. T h e  la tte r ru le  is  u sed  to  s ta tis tica lly  id en tify  p h rasa l v e rb s  (berettige til), as w e ll as 
co m p lex  p rep o sitio n s  ( i h en h o ld  til). A ll occu rren ces o f  (v b -p rep } an d  {p rep-sb-prep}have been  
ex am in ed  in  o rd e r to  ev a lu a te  th e  perfo rm ance  o f  th is  80% -ru le. A ll instances o f  p h rasa l verbs 
and  co m p lex  p rep o sitio n a l p h rases  are co rrectly  iden tified . C o nsequen tly , th is tech n iq u e  m igh t 
ev en  p ro v e  to  be  a  th eo re tic a l sp in o ff  o f  th is  p ro jec t.

Example o f  a Class (1) rule:
input "den i stk. #num#" {det-prep-noun.abbr-num}
main rule: a word string cannot be initiated by tags {det-prep}- reduce word string by these words,
output "stk. #num" {noun.abbr-num}

Example o f  a Class (2) rule:
input "registrere som landbrug og" {vb.inf-konj-noun-konj}
main rule: a word string cannot be ended by tag {konj}- reduce word string by this word.
ouq}ut "registrere som landbrug" {vb.inf-konj-noun}

Example o f  a Class (3) rule;
input "opgøres på grund a f  {vb.pres.pass-prep-noun-prep}
m a in  ru le : a  w o rd  s tr in g  cam io t b e  eq u iv a len t to  tag s  { v b .o p t\o p t-p rep -n o u n -p rep }  w here
*prep -noun-p rep*  is  a

ou^ut:
co m p lex  p rep o sitio n a l p h rase  - o m it en tire  w o rd  string , 
0

E x am p le  o f  a  C lass  (4) ru le:
in p u t  "d en  i s tk  # n u m #  o m hand lede  afg ift"  {det-p rep -noun .abbr-num -vb .part.ad j-noun}
m a in  ru le : a  w o rd  s trin g  can n o t b e  in itia ted  b y  tag s  {det-p rep}- red u ce  w o rd  string  b y  th e se
w ords.

^This notation refers to optional filling o f  slot. The slots may be filled by a tag referring to a verbal tense, voice and 
mood.
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ex cep tio n ; a  w ord  string  in itia ted  b y  ta g s  {det-prep} can n o t b e  red u ced , i f  th e  w o rd  string  is 
en d ed  b y  tag s

{num -vb.pret.adj-noun}^.
o u tp u t "den i stk #num# om handlede afgift" {det-prep-noun.abbr-num-vb.part.adj-noun}

Exam ple o f  a Class (5) rule:
input: "fritage for" {vb.inf-prep}
main rule: a word string cannot be ended by tag {prep}- reduce word string by this words,
exception: a word string ended by tag {prep}cannot be reduced, if  (prep}has in its immediate left
position the

tag {vb.opt.opt}, and {vb.optopt}has in all its lem m atized form s the orthographic 
representation o f

{prep} in 80% or m ore o f  all cases, 
o u tp u t "fritage for" {vb.opt.opt-prep}

....... m stæ n d ig h ed er fritage en  v irksom hed  for.......

..... . k a n  ind røm m e fritagelse f o r ..... ...................... .

........ ..e r k a n  m eddele fritagelse f o r  fo rhø je lse  a f ...... .

........ ....o m h an d len d e fritagelser. d  . S pørgsm ål 1..... .

......... f  v irk so m h ed er fritage f o r  a t svare  a fg ift..... .

...........a re r  v ille  v æ re fritaget f o r  a fg ift efte r §............

......... d re  E F -lan d e  er fritaget f o r  a fg ift : 1 ......

........h ed e r v ille  væ re fritaget f o r  a fg ift . Stk. 5 ...... .

......... n d e t v ille  væ re fritaget f o r  a fg ift . 2 ) . . .............

...... s tk . 1 og  3 , er fritaget f o r  a t svare  a fg ift...... .

Fig. 1. Concordance for the lemma "fritage[-J" (frequency 
of occurrence: 10) and its immediate right collocates. In
eight out of ten cases, the lemma "fritage" has "for" as its 
adjacent right collocate. In this case, the {prep}tag is deemed 
to be a particle rather than a preposition, and thus a valid part 
of a phrasal verb.

7. Evaluating the syntactic filter.
T h e  sy n tac tic  filte r w as c rea ted  o n  th e  b as is  o f  th e  o rthograph ic  o u tp u t s trings. T h e  o u tp u t w as 
ex am in ed  in  o rd er to  d is tin g u ish  b e tw een  w o rd  strings w h ich  sh o u ld  e ith e r b e  p e rm itted  as 
sy n tac tica lly  w ell-fo rm ed  o r o m itted  as sy n tac tica lly  ill-fo rm ed . T h is  w as d o n e  in  o rd e r to  deduct 
sy n tac tic  ru le s  to  b e  gen era lised  w ith  a  v iew  to  crea tin g  th e  b es t p o ssib le  reca ll-p rec is io n  rate.

4 8 %  o f  a ll o rthograph ic  w o rd  strin g s w ere  syn tac tica lly  ill-fo rm ed , w h ereas  52%  w ere  w ell- 
fo rm ed . T h is  50-50  ratio  d o es ce rta in ly  im p ly  a  ce rta in  h ig h e r p rin c ip le  o f  ran d o m n ess, w h ich  
m ig h t m ak e  sy n tac tic  fo rm aliza tio n  im p o ss ib le . H ow ever, i f  w e  ex am in e  sy n tac tic  ta g  sequences 
am o n g  th e  g roup  o f  o m itted  w o rd  s trings, w e d isco v er th a t som e 9 6 %  a re  ac tu a lly  un ique,

^This rule aims at including a syntactic pattern particular to the legal domain in Danish in which the head of a 
nominal phrase is pre-modified by a determiner followed by a preposition.
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w h ereas  so m e  4%  sh are  a  sy n tac tic  sequence w ith  a  m em b er o f  th e  g roup  o f  syn tac tica lly  w ell- 
fo im ed  w o rd  strings. W ith in  th e  g roup  o f  o m itted  w o rd  strings w ith  a  u n iq u e  ta g  sequence , 99%  
m a y  b e  su b jec t to  fo rm aliza tio n , w h ereas  o n ly  1%  co u ld  n o t b e  fo rm alised  in to  any  o p era tiona l 
ru le . T h is  o n e  p e r cen t acco u n t fo r a  m in o r  lo ss  o f  p rec is io n  (-0 ,6% ). T h e  fo rm aliza tio n  o f  the  
99%  w o rd  s trin g s  d id  n o t co n flic t w ith  ru les  ap p licab le  to  th e  sy n tac tica lly  w ell-fo rm ed  w o rd  
strings. A ll o f  th e  rem a in in g  4 %  am b ig u o u s w o rd  strin g s co u ld  b e  fo rm alised , h o w ev e r w ith  a  
m o d e ra te  lo ss  o f  reca ll (-3 ,4% ). T he syn tac tic  filte r  w orks w ith  96 ,6%  reca ll and  99 ,4%  
p rec isio n , and p ro v id es  so m e in d ica tio n  th a t sy n tax  u sag e  in  su b -d o m ain  L S P  tex ts  lik e  the 
p re s o it  o n e  is  o f  a  n a tu re  w h ich  accom m odates fo rm a lisa tio n  ru les.

8. How to evaluate the terminological relevance of the word strings extracted.
T h e  sy n tac tic  f ilte r en su res  a  w ell-fo rm ed  ou tp u t, b u t th is  is o f  co u rse  no  gu aran tee  th a t the  
o u tp u t m e e ts  a  ce rta in  q u a lita tiv e  s tandard  as to  te x t typ ica lity . H o w  can  w e k n o w  th a t th e  w ord 
s trin g s ex trac ted  are  n o t m ere ly  co m m onp lace  co llo ca tio n s  found  in  v irtua lly  an y  tex t. O ne 
o b v io u s  w ay  o f  ju d g in g  th e  o u tp u t w o u ld  b e  to  h av e  an  ex p ert ev a lu a te  it, h o w ev er o n e  o b v ious 
d raw b ack  to  th is  ap p ro ach  is th e  c ircum stance  th a t ex p erts  ten d  to  h av e  d iffe ren t an d  so m etim es 
ev en  co n flic tin g  op in io n s. H o w ev er an o th er m e th o d  m ig h t be  to  te s t h o w  th e  w ord  s trin g s  are 
d isp ersed  o n  a  c ro ss-sec tio n  o f  tex ts  from  v ario u s d o m ain s in  o rd e r to  find  o u t w h e th e r th e  sam e 
co llo ca tio n s tend  ap p ea r in  one o r m o re  o th e r tex ts , o r w h e th e r th e y  ten d  to  be  restric ted  to  the 
D an ish  V A T  A ct. O b v io u sly , w e can n o t lo o k  fo r the co llo ca tio n s in  all tex ts  ev er w ritten , b u t w e 
c a n  ascerta in  w ith  s ta tis tica l certa in ty  w h e th er a  g iv en  w o rd  s tring  is  res tric ted  to  th e  V A T  A c t or 
n o t  E v a lu a tio n  o f  L S P  re lev an ce  has b een  le ft o u t o f  c o n sid e ra tio n  for th is  p re sen t s tudy , b u t is 
an  in te res tin g  issue fo r fu rth er research .
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A  Reasonably Language Independent, Heuristic Algorithm 
for the Marking of Names in Running Texts

Benny Brodda
S to ck h o lm

0. Introduction
T h e  id en tifica tio n  o f  n am es  an d  abbrev ia tions in  a  ra w  te x t is a n  im p o rtan t sub ac tiv ity  in  the  
"to k en iza tio n "  p ro cess , i.e . th e  id en tifica tion  o f  th e  b as ic  u n its  o f  th e  tex t: parag raphs, sen ten ces 
a n d  w ords. T o k en iza tio n  is  in  its tu rn  an  im p o rtan t su b ac tiv ity  in  th e  "norm alization" o f  tex ts , th e  
to ta lity  o f  o p era tio n s  and p repara tions a te x t has  to  u n d erg o  b efo re  it is su itab le  fo r be in g  ad d ed  
to  a  te x t co rpus.

T h is  sp ec ific  p ap e r  d ea ls  in d irec tly  w ith  th e  sen ten ce  reco g n itio n  p rob lem  
co n fig u ra tio n  in  a  te x t o f  th e  ty p e

In  m o st cases a

(1) major_delirn word interspace +  up"case_letter_-t- one or more low-case_letters;

in d ica te s  th e  en d  o f  o n e  sen ten ce  an d  the  b eg in n in g  n ex t, w h ere  a  “m a jo r d e lim (ite r)” s tan d s  fo r 
a n y  o f  th e  ch arac ters  M’, ..., and a  “w o rd  in te rsp ace”  a  non-em pty  s trin g  o f  “w h ite”
ch arac te rs  (spaces an d /o r a  linebreaks). T h ere  are , h o w ev er, qu ite  a  few  excep tions to  th is  rule, 
a n d  one im p o rtan t se t o f  su ch  excep tions in vo lves co m b in a tio n s  o f  abb rev ia tions and  nam es, e.g.

cf. B r o d d a  1 9 9 8  ’ o r 'A s  H .G , W e lls  w r ite s  in  N e ith e r B ro d d a  n o r  W ells a re  h ere  
sen ten ce  o peners. T h ere  are  m an y  o ther w ay s sen ten ce  breeiks m ay  b e  in d ica ted  (o r n o t ind ica ted ) 
in  a  te x t ,  an d  th e re  are  o th e r ty p es  o f  ex cep tions (o r “ tr ick y  co n fig u ra tio n s”) b u t th e  m en tio n ed  
co n fig u ra tio n  in  (1) ce rta in ly  p ro v id es  fo r th e  v as t m a jo rity  o f  cases.

W h e n  s ta rtin g  th is  p ro jec t I s e t fo r  m y se lf  a  k in d  o f  sp ec ifica tio n : In  p rin c ip le  I sh o u ld  b e  ab le  to  
ta k e  a  ra w  te x t o f  an y  k in d  and  in  any  language, “ th ro w ” it th ro u g h  m y  a lgo rithm s and  g e t the  
n a m e s  in  i t  m ark ed . N o w , it  is n ev er as s im p le  as tha t. O ne  a lw ay s has to  m ak e  a t le ast som e 
p re lim in a ry  in v estig a tio n s , (fin d in g  ou t w h ich  ch arac te r se t is u sed , w h ich  w o rd  de lim iters  th e re  
a re , i f  th e  w o rd s  are  h y p h en a ted , i f  th e  tex ts  co n ta in  p rin tin g  codes, e tc .) an d  som e p re lim in ary  
p rep ro cess in g s  (m ak in g  so m eth in g  usefu l o u t o f  p o ssib le  p rin tin g  codes an d /o r rem o v e  them , 
f iise  h y p h en a ted  w ords, p e rfo rm  a  p re lim in ary  p a rag rap h  sep ara tio n , e tc.)

B u t  s till, in  p rin c ip le , i f  th e se  p re lim in ary  p rep ro cess in g s  a re  done, I th in k  I c an  do p rec ise ly  th is. 
I  h a v e  m a d e  ex ten siv e  te s t fo r  S w edish , w h ere  m y  a lg o rith m s  w o rk  q u ite  sa tisfac to ry , and  I h av e  
p e rfo rm ed  so m e  p re lim in a ry  te s ts  on  F rench , I ta lian  an d  E n g lish , w ith  com parab le  resu lts  so  far. 
W e  h a v e  a lso  te s ted  it  o n  E sto n ian , w here  th e  resu lts  w ere  n o t th a t im pressive  (b u t s till u sefu l). I 
h a v e  n o t  te s ted  it  o n  G erm an , b u t th a t w o u ld  p ro b ab ly  b e  a  w aste  o f  tim e; as lo n g  as th ey  in s is t 
o n  g )e llin g  th e ir  n o u n s  w ith  cap ita l in itia l le tte rs  m y  a lg o rith m s ju s t  w o n ’t  w ork ; Sorry , 
G erm an s.
A s  w e  w ill see , fo r  S w ed ish  I c an  reach  a  reca ll ra te  o f  a t  le a s t 98%  an d  a  p rec isio n  ra te  o f  ab o u t 
95+% .
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A ll c o m p u te r p ro g ram s u sed  in  th e  ex p erim en ts  rep o rted  h ere  are  w ritte n  in  th e  P C B eta  
p ro g ram m in g  sy stem ; cf. B rodda, 1998, fo rthcom ing .

1. Preliminaries
In  th is  p ap e r I w ill m a in ly  co n sid er p r o to ty p ic a l  nam es, nam es th a t ad h ere  to  w h a t I ca ll the U x- 
fo rm a t ,  o n e  u p p er case  le tte r fo llo w ed  b y  one o r m ore  co m m o n  le tters. Furtherm ore , 
p ro to ty p ica l n am es shou ld  hav e  a  ( re a s o n a b ly )  s ta b le  o r th o g ra p h y  in  th e  sense  tha t they  
a lw ay s  re ta in  th e  U x-fo rm at, and  they  on ly  tak e  som e restric ted  ty p es o f  "b end ing"; in  Sw edish  
an d  m o s t o th e r w est E uropean  lan g u ag es q u ite  reg u la rly  the gen itive , ( in  S w ed ish  and  in  th e  
o th e r  N o rd ic  lan g u ag es by  ju s t  ad d in g  a n  5 to  th e  nam e: P au l, P a u ls). C o m m erc ia l nam es fo r 
p h y s ica l o b jec ts  ten d  to  becom e u sed  as co m m o n  n o u n s and  are co rre sp o n d in g ly  flexed: Saab , 
S a a b en , S a a b a r , Saa b a rn a . T h is  ty p e  o f  f lex io n  is  a  m arg ina l p ro b lem , a n d  I w ill n o t accoun t fo r 
i t  here .

O f  co u rse  th e re  are  o ther ty p es o f  n am es th a n  th e  p ro to typ ica l o nes. 'U S A ', fo r  instance, 
rep resen ts  o n e  im p o rtan t ty p e  o f  nam es, w h ich  I w ill leave o u t h ere  (th ey  p o se  a  m in o r problem ). 
M o re  tro u b leso m e  are nam es o f  in te llec tua l w o rk s, w h ich  nam es so m etim es o ccu r d irec tly  in  th e  
te x t w ith o u t su rro u n d in g  quo ta tio n  m ark s  (as th ey  p ro b ab ly  shou ld  h av e , i f  th e  p ro o f  reader had  
d o n e  h is /h e r jo b  p roperly ). 'D y la n  w rites  in The T im es they  are  A chang ing , t h a t N ow , neither 
o f  th e  la st th ree  U x -w o rd s h av e  a  s tab le  o rth o g rap h y  (in  an  E n g lish  tex t). A t le a s t th e  w ord  The  
w o u ld  ce rta in ly  ap p ear in  th e  tex t(s) a lso  as the, and  co rresp o n d in g ly  fo r th e  w o rd  Tim es  
(m ay b e). F o r  th e  w o rd  A ch a n g in g  th e re  is a  le sse r chance o f  fin d in g  th e  w o rd  a ch a n g in g  in  the 
tex t(s ); i t  w o u ld  p ro b ab ly  b e  accep ted  as a  n am e accord ing  to  m y  alg o rith m s. T hus, w h at is 
acc ep ted  a s  a  n am e m ay  depend  o n  th e  ty p e  o f  tex ts  w e are  in v estig a tin g  an d  th e  to ta l am oun ts o f  
them .

T h e  w o rd s  The, T im es  and  A c h a n g in g  in  th e  ex am p le  above a re  ex am p les  o f  a  ty p e  w h ich  I w ill 
ca ll f o rm a l  n a m e s , w o rd s ad h erin g  to  th e  U x -fo rm a t and  appearing  in  an  in t e r io r  p o s itio n ; a t 
le a s t o n e  w o rd  (o r co rrespond ing ly ) aw ay  fro m  e ith er a  p arag rap h  b eg in n in g  o r  th e  n earest m ajo r 
d e lim (ite r) to  its  left. T he in ten d ed  m ean in g  o f  “ in terio r p o s itio n ” is , o f  course , “ sen tence 
in te r io r  p o s itio n ” , b u t as I in ten d  to  u se  m y  nam e id en tifica tion  p ro ced u re (s) as  an  a id  fo r sen ­
te n c e  d e tec tio n , I can  no t, a t th is  p o in t, a ssu m e th a t I k n o w  w h ich  th e se  are. T h e  “ in terio r 
p o s itio n ’ -co n cep t, is, b y  and  la rge , s tro n g er th a n  an y  reasonab le  m ean in g  o f  “ sen tence in terio r” . 
T h e  a d d itio n  “o r  co rresp o n d in g ly ” ab o v e  is  to  acco u n t fo r s itu a tio n s o f  th e  ty p e  cf., e.g., 
B ro d d a  1 9 9 8 ' w h ere  B ro d d a  n o w  is in te rio r ( ‘, ’ shou ld  n o t o ccu r in  sen ten ce  beg inn ings), 
w h ereas
th is  w o rd  is n o t in te rio r in  th e  co rresp o n d in g  ex am p le  in  the  In troduction .

N o w  a  fe w  w o rd s ab o u t “m a jo r d e lim (ite r)s”  and  ab o u t “w h at a  w o rd  is” . I f  a  sen tence beg ins 
w ith  '1 0 :1 5  th is  m o rn in g  B en n y  B ro d d a  p r e s e n te d  h is  ep o ch -m a k in g  th e o ry  on nam e  
id en tifica tio n ' th e n  '1 0 :1 5  ‘is, o f  cou rse , a  w ord ; i t  is p a rt o f  a  to p ica lized  tim e  adverb ial. I f  you  
h av e  an  item ized  lis t o f  th e  ty p e  ' \ 0 \ \ S  B en n y  B ro d d a  on  a  na m e id en tifica tio n  method', 
11:00 K im m o  K o sken n iem o  o n  F S-parsing ;  11.45 ...(e tc .)’, th en  it is n o t a t  a ll c lea r w hether 
‘ 1 0 :1 5 ’ sh o u ld  b e  co n sid ered  as p a rt o f  th e  fo llovring  sen tence o r  no t. (P erso n a lly  I w o u ld  say
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n ø t) . P ro p e rly  speak ing , th e  tim e  specifications h ere  sh o u ld  n o rm ally  b e  d e lim ited  by  so m eth in g  
( a  fu ll  s to p , a  co lon , o r  so ), b u t th e  p ro b lem  is w h a t y o u  do  i f  th ey  a re  not.

T h e  charac ters  u su a lly  a ssu m ed  to  b e lo n g  to  th e  se t o f  “m a jo r d e lim s” are  an d  ‘? ’, b u t
th e re  a rc  o th e r  charac ters  w h ic h  to  a  vary ing  d eg ree  h av e  s im ila r  functions, a t le a st in  ce rta in  
s itu a tio n s. T h e  m o st im p o rtan t o f  th ese  are  (co lon) a n d  (sem ico lon ). E sp ec ia lly  i f  th e se  
ch arac te rs  o ccu r in  co n fig u ra tio n s  like  (1), above, th e n  th e  b e s t p ro ced u re  is  to  co n sid er th e m  to 
b e  m a jo r delim s. In  S w ed ish  w ritin g  the  in  a  co n fig u ra tio n  o f  th e  ty p e  ‘... xxx : "U xx  x x x  ... 
m o s t ce rta in ly  in d ica tes  th a t th e  U x-w ord  co m m en ces a  sen ten ce-lik e  ob ject; th is  is  th e  o rd inary  
w a y  d irec t q u o ta tio n s  are  w ritten . In  th e  p ro ced u re  d esc rib ed  b e lo w  I w ill to  b eg in  w ith  ta k e  the  
co n serv a tiv e  p o s itio n  th a t a  q u o te -in  ch arac ter a lw ay s is eq u iv a len t to  a  m a jo r delim iter, i f  the  
q u o te d  s tre tch  o f  te x t co m p rises  m o re  th an  one w ord . D ash , ‘ finally , in  A S C II-tex ts  o ften  
o ccu rrin g  as an  o rd in ary  h y p h en  su rrounded  by  w h ite  charac ters , is  ag a in  a  ch arac te r w ith  
so m ew h a t u n s tab le  u se  as a  sen tence beg in /end  ind icato r; I a ssu m e th a t it is, i f  i t  occu rs befo re  an  
U x-w ord .

2. The test texts

T h e  b ig  id e a  w ith  m y  in v estig a tio n  is to  (p re)p rocess raw  tex t, w ith  no  m ark in g s  in  it to  beg in  
w ith . In  o rd er to  b e  ab le  to  ev a lu a te  m y  nam e id en tifica tio n  a lg o rith m , I  needed , how ever, a  te x t 
w ith  th e  n am es  a lread y  m ark ed . L uck ily , w e h ad  p rec ise ly  tha t a t m y  d epartm en t, viz. a  su b ­
stan tia l - th o u g h  p re lim in a ry  - su b se t o f  the  so called  S U C -co rp u s (S U C  =  the  S to ck h o lm -U m eå 
C o ip u s ; cf. K ällg ren : w w w .l in g .s u .s e / fo r s k n in g /  S U C /d is tr & a n v .h tm .  T he tex ts  in  S U C  are 
S G M L -m ark ed  (acco rd in g  to  the  T ex t E n co d in g  In itia tiv e  co nven tions), m ean in g  th a t they  
co n ta in  a  lo t o f  sp u rio u s in fo rm atio n  fo r m y  spec ific  p u rp o ses , so  I ex trac ted  from  it th e  te x t 
f ts e lf  to g e th e r w ith  (a  tran sfo rm ed  v arian t of) th e  nam e tag s . I a lso  k ep t th e  p arag rap h  s tru c tu re  
(e ssen tia lly  in  th e  fo rm  o f  an  em p ty  line  a fte r each  p arag rap h .) H ere  fo llow s a  sm all b u t ra th e r 
ty p ica l sam p le  o f  su ch  a  tex t. (T he asterisks do  n o t o ccu r  in  th e  S U C -tex t itse lf. T h ey  a re  the  
re su lts  o f  m y  a lgos.)

aa03a 035 bådas framtida toppmöten kommer att minska .+ Med hänvisning 
aa03a 036 till att relationen mellan [ USA ] och [ *Sovjetunionen ] nu 
aa03a 037 undergått avgörande "kvalitativa" förbättringar beslöt sig 
aa03a 038 [ president *George *Bush ] och *Sovjetledaren [ *Gorbatjov ] 
aa03a 039 från och med nu att hålla regelbundna , sannolikt årliga , 
aa03a 040 ... +

Fig. 1; A  text sample from one o f  the input texts.

“ a a 0 3 a ” in  th e  line  b eg in n in g s  is th e  n am e o f  th e  co rresp o n d in g  (su b )tex t in  S U C , an d  “ 035 , 036 , 
e tc .”  a rc  flie  (tem p o rary ) lin e  n u m b ers  w ith in  th a t te x t I u se  d u rin g  m y  experim en ts. T h e  ‘+ ’- 
s ig n s  in  frie te x t ab o v e  a re  w h a t rem a in  o f  th e  sen ten ce-in  an d  sen ten ce-o u t tag s  in  SU C ; h ere  
th e y  a re  s tr ic t sen ten ce  e n d  m arkers. T h e  ‘[‘ an d  ch arac te rs  co rrespond  to  th e  n am e-in  an d  
n am e-o u t ta g s  o f  S U C , resp ec tiv e ly . M y n am e m ark in g  p ro g ram s ju s t  d isregard  th e  charac ters  
m en tio n ed  in  th is  p a rag rap h .
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A lto g e th e r I h av e  n o w  a  corpus o f  som e 30 0 ,0 0 0 +  w o rd s, b u t fo r th e  ex p e rim en t rep o rted  here  I 
h av e  u sed  a  su b se t o f  som e 77 ,000+  ru n n in g  w ords.

W h en  ev a lu a tin g  m y  p rocedures I do , o f  course , tak e  th e  nam e-in  an d  n am e-o u t charac ters  in to  
accorm t - th ey  d e lim it a  “nam e reg io n ”  - and  I can  im m ed ia te ly  see w h ich  w o rd s a re  “ fa lse  h its” , 
“ tru e  h its ”  an d  “m isses” . T he la st tw o  co n cep ts  are  d efined  re la tive  to  w h a t I ca ll S U C -n a m es , 
U x -w o rd s  o ccu rrin g  in sid e  a  nam e reg ion . T r u e  h its  (o r ju s t  h its) are  th e  m ark ed  S U C -nam es 
an d  m isse s  th e  no n -m ark ed  ones. (N B ! ‘U S A ’ in  F ig . 1 is n o t  a  m iss ; c f  la st p a ra  o f  th is  
sec tion ). T h e  fa lse  h its  are  the  aste risk ed  w o rd s  o u ts id e  any  nam e reg io n  (e .g ., ‘ *Sovjetledaren  
“ th e  S o v ie t leader” ; in  Sw edish  a  co m p o u n d  lik e  th a t m ay  or m ay  n o t b e  spe lled  w ith  a  cap ital 
firs t le tte r, b u t e ith er w ay  it shou ld  n o t b e  co u n ted  as a  nam e. (T he E n g lish  co u n te rp art is also  a 
co m p o u n d , b u t I th in k  it  is n o t en tire ly  w ro n g  to  co n sid er th e  w ord  ‘S o v ie t’ in  it to  b e  a  nam e.)

In  th e  ev a lu a tio n s  o f  m y  algo rithm (s) I use  th e  s tandard  descrip tive  sta tis tic s  r e c a ll  an d  p re c is io n  
-  o rig in a lly  em an a tin g  from  the I/R -w o rld  - an d  (here) defined  as:

(2) recall =  (number_of_hits) / (number_of_SUC-names);
precision = (number_of_hits) /  (number_of_hits + number_of_false_hits);

B o th  th e se  s ta tis tic s  are  com m only  ex p ressed  in  p ercen t: 100%  reca ll (here) =  a ll th e  S U C -nam es 
w ere  ac tu a lly  “reca lled ” , i.e asterisked ; 100%  p rec isio n  =  all as te risk ed  w o rd s are  also  SU C - 
n am es  (=  no d is tu rb in g  “no ise” in  th e  ou tpu t).

B efo re  I  p ro ceed  I m u st exp lain  very  ca re fu lly  w h a t m y  cla im s are. F o r the  tim e  be in g  I on ly  
c o n s id e r U x -w o rd s, m ean ing  th a t I h ere  s im p ly  d is reg ard  w ords like  “U S A ” . (In  th e  n ex t w arp  I 
w ill try  to  ca tch  su ch  nam es, too ). W o rd s lik e  p re s id e n t  in  p r e s id e n t G eorge  B u sh  the  SU C - 
p e o p le  th in k  is p a rt o f  th e  nam e, b u t I w ill n o t ev en  try  to  catch  th em ; I s im p ly  th in k , th a t th e ir 
v ie w  is  w ro n g . A n o th er th ing  th a t I h av e  n o t tried  to  ca tch  so far, is  th a t n am e  co m b in atio n s like 
G eorge  B u sh  ac tu a lly  re fe r to  one an d  th e  sam e ob ject, the  c o n s te lla tio n  m u s t b e  considered  as 
o n e  n am e. A t p resen t th ey  are co u n ted  as tw o  separate  nam es. I h av e  d o n e  so m e p re lim inary  
te s tin g  fo r  iden tify in g  such  co m p lex  n am es, an d  fo r th e  m o m en t th e  b e s t - in  te rm s o f  reca ll and  
p rec is io n  - a  p rio ri p rocedure  seem s to  c o n s id e r a ll  n am e m eetings as b e in g  co referen tia l, b u t th is  
is  to o  ea r ly  to  say. P ecu liarly  enough , th e  p resen ce  o f  certa in  n o n -U x -w o rd s  seem s to  enhance 
su c h  affin itie s: O tto  von B ism arck, L o u is  de F unds, J a n  van der Velde, G a b rie l de la G ard ie, etc. 
S u c h  w o rd s  o r  w o rd  co m b in atio n s I ca ll n a m e  c o n t in u a to r s ,  and  I h av e  ab o u t 10 o f  th em  in  a 
p e rm a n en t lex icon , w h ich  is u sed  in  th e  p ro ced u res  described  in  sec tio n  4.1 an d  4 .2 . (In  fact, th is  
is  th e  o n ly  lex ico n  I use, b esides th e  te m p o ra ry  o n es  crea ted  du rin g  th e  p ro cess in g ; c f , e .g ., nex t 
sec tio n ).

T h e  n am e  m ark in g  is n o w  p e rfo rm ed  in  fiv e  d is tin c t steps, tw o  steps w h en  lo o k in g  a t s ing le 
w o rd s  in  iso la tio n , tw o  w hen  im m ed ia te  co n tex ts  are  tak en  in to  acco u n t an d  one  fin a l le ft to  rig h t 
p a ss , m a rk in g  su ch  fo rm al n am es w h ich  fo r so m e reaso n s hav e  n o t b een  m ark ed , so far.
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T h e  basic  h ere  id ea  is  to  ex trac t all fo rm al n am es in  th e  tex t(s ), m ak e  a  lex icon  o f  them , an d  th e n  
u se  th a t lex ico n  fo r m ark in g  (a lledged) n am es  o ccu rrin g  an y w h ere  in  the  tex t, in c lu d in g  th e ir 
o rig in a l positio n s.

3.1 Step It The marking of formal names

T h e  v e ry  firs t s tep  is to  m a rk  all fo rm al n am es in  th e  tex t; th is  is the  b as is  fo r a ll la te r 
p rocessin g s. T h e  te x t I  use h e re  is a  te x t called  A A -A F .T X T , w h ich  com prises 77 ,0 0 0 +  w o rd s  o f  
ru n n in g  tex t, and  th e  re su lt te x t is  ca lled  A A -A FM O .T X T . W h en  m im in g  th e  ev a lu a tio n  p ro g ram  
o n  th is  tex t, I ge t the  fo llo w in g  basic  s ta tis tic s  (F ig . 2).

LOG Output AA~AFMO.LOG date: 28/2 1998
RuleFile: NAMELOG.RUL
TextFile in: AA-AFMO.TXT, Lines in: 13764

3. Looking at names in isolation

Event statistics! 
wds 77664
runs 5575
fse 254
mss 589
hts 4986
r c l :  89.4
p r e : 95.2

%%total # of wrds
%%total # of SUC-names (Ux-words only) 
%%false hits: only marked by rules 
%%misses: only SUC-marked 
%%hits: both marked by rules and by SUC 
%%recall; 100*hts/nms
%%precision; 100*hts/(fse+hts)

Fig 2. The evaluation o f  text AA-AFM0.txt: formal names marked

P lease , observ e , th a t th e  reca ll ra te  as g iv en  in  F ig . 2  is  fo r th e  w h o le  tex t. I f  on ly  in te rio r a reas  
a re  co n sid ered  - i.e. th o se  w o rd s w h ich  S tep  1 co m p rises  - th e  reca ll ra te  is co n sid erab ly  h ig h er, 
v iz . a b o u t 98% .

A m o n g  th e  2 54  fa lse  h its  a b o u t 2 20  are  co m p o u n d s o f  th e  ty p e  *Sovjetledaren  (cf, sect. 2), an d  I 
w ill re tu rn  to  a  co m m en t ab o u t su ch  “erro rs”  in  th e  fina l section .

3.2 Step 2: Apply the information obtained in Step 1 to non-interior Ux- 
words.

3.2.1 Step 2,1: “No morphology”.
A s a  p re lim in ary  ex erc ise  w e  n o w  ex trac t a ll m ark ed  w o rd s  in  A A -A FM O .T X T , m ak e  a  lex ico n  
o f  th e m  an d  m ark  th o se  U x -w o rd s  in  A A -A FM O .T X T  th a t w ere  n o t m ark ed  in  step  1, i.e. 
e ssen tia lly  w o rd s in  sen ten ce  beg in n in g s, w e o b ta in  a  rem ark ab ly  h ig h  reca ll - v iz . 98 .1%  - b u t a t 
a  c o s t o f  a  ra th e r b ad  p rec is io n  78 .1% . I f  w e  o n ly  co n s id e r su ch  w o rd s th a t th is  step  ac tu a lly  
com prises, i.e  n o n -in te rio r w o rd s, th e  resu lt is a  n ea r ca tastro p h y . W e g e t a  p rec is io n  ra te  o f  o n ly  
2 9 .1 % , w h ich  m eans th a t m o re  th a n  70%  o f  a ll fresh ly  m a rk e d  w o rd s are  non-nam es. N o t v ery  
im pressive .
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H ie  so u rce  o f  th is  d isaste r are  to  b e  fo u n d  am o n g  “h its” in  S tep  1 o f  th e  fo llo w in g  types:

ac04c 014 köper nu ut [ *Den norske Bank ] , [Union ... 
ae07d 024 ar ingen roll *Det är det som är det fina m . .„

In  th e  firs t exam ple  D en  in  D en  n o rske  b a n k  (“ T he N o rw eg ian  B an k ”) is (p a rt of) a  nam e, w h ich  
so  fa r  is  O K  (i.e. in  S tep 1). In  th e  seco n d  exam ple , D et  is m ark ed  b eca u se  o f  a  p rin tin g  erro r in  
th e  S U C -tex t (or, raher, in  th e  o rig in a l ra w  tex t). D et h ere  sim p ly  o p en s  a  n ew  sentence, and  
th e re  sh o u ld  h av e  been  a  fu ll s top  b e fo re  it. (A s said , m y  te s t tex ts  a re  d eriv ed  from  a  p relim inary  
v e rs io n  o f  the  S U C -corpus. In  fact, u s in g  S tep 1 and  th e n  a  sea rch  fo r fa lse  h its  in  in te rio r 
p o s itio n s  is  an  ex ce llen t w ay  o f  lo ca tin g  erro rs o f  the m en tioned  ty p e , th u s  p ro v id in g  valuab le  
iq i-d a te  in fo rm atio n  fo r th e  fin a l version .

N o w , th e  w o rd s D en  and D et are  b o th  o rd inary  w ords and , in c id en ta lly , also  very  com m on. 
F u rth erm o re , th ey  are ty p ica l “ sen ten ce  o p en ers” , m ean ing  th e re  is a  g o o d  ch an ce  to  find  them  in  
sen ten ce  b eg inn ings and  spe lled  w ith  a  cap ita l in itia l le tter. A lto g e th e r th e re  w as a  handfu ll o f  
d iffe ren t w o rd s o f  th a t ty p e  m ark ed  in  S tep  1, an d  these few  w o rd s to g e th e r to ta lly  destroyed  th is  
s im p lis tic  approach.

T h is  s tep  is  n o w  m od ified  in  th e  fo llo w in g  w ay. I com pare  th e  freq u en c ies  o f  all fo rm al nam es 
o b ta in ed  in  S tep  1 w ith  th e  freq u en cies  o f  th e  sam e w ords spelled  w ith  co m m o n  letters. T hen  I 
k eep  o n ly  th o se  fo rm al n am es th a t a re  m o re  com m on  as fo rm al n am es  a s  th e y  are as com m on 
w o rd s. S im ple.

A fte r  s tep  2 .1: reca ll =  9 5 .8 %  ; p rec is io n  =  9 5 .8 .% .

3.2.1 Step 2.2: Now taking morphology into account.

A s  sa id  in  P re lim inaries I w ill a ssu m e th a t nam es can  on ly  take  the  g en itiv e  as flex ion , w h ich  in  
S w ed ish  is  a sim ple: an  -s ad d ed  to  th e  n am e (an d  no  apostrophe): P aul, P a u ls, an d  i f  the nam e 
a lre ad y  en d s in  an  -s, th en  n o th in g  is  ad d ed : N ils, N ils.

T h e  p ro ced u re  is now : F o r  every  fo rm al n am e found  in  th e  tex t, rem o v e  an  -s i f  it ends in one, 
a d d  a n  -s  i f  it does no t, and  th e n  tre a t th e  tw o  fo rm s as separate  w o rd s as in  S tep  2 .1 , i.e. m atch  
th e  freq u en cy  o f  th em  as n am es a g a in s t th e  frequency  o f  th em  as co m m o n  w ords, and  k n o ck  
th o se  n am e  fo rm s o u t th a t h ad  a  lo w er freq u en cy  as th e ir co m m o n  co u n terp arts . I f  th e  tw o  fo rm s 
o f  a n  a lleg ed  n am e b o th  su rv ive  th is  s iev e , th e y  are  aga in  fu sed  an d  trea ted  acco rd ing  to  a  d efau lt 
ru le , say in g  th a t a  fo u n d  item  m ay  o r  m ay  n o t h av e  an  ex tra  -s o n  it in  o rd e r  to  b e  accepted . T hus 
N ils  o ccu rs  in  th e  lex ico n  o n ly  as N il, b u t trea ted  acco rd ing  to  th e  d efau lt ru le , (no  N il  w as found  
in  th e  tex t, b u t w ho  cares), S va n , w h ic h  is a  co m m o n  S w ed ish  fam ily  n am e  su rv iv ed  th is o rdeal 
(a  fe w  sva n , “ sw an” , w ere  n o t m an y  en o u g h ), b u t S va n s  d id  no t; a  few  sva n s , “ta il” , k nocked  th a t 
v a r ia n t ou t. F o r  the  co m m o n  S w ed ish  firs t n am e H a n s  n e ith e r fo rm  surv ived : harts, “h is” , 
k n o ck ed  H a n s  out, han, “h e” , k n o ck ed  H a n  ou t; the  la tte r w as less ca tastro p h ic , becau se  no H a n  
a c tu a lly  ap p ea red  in  th e  tex ts . In  S tep  3 an d  4  w e  w ill se  h o w  to  sav e  H a n s.
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TTie a lg o rith m  in  th is  fin a l v e rs io n  o f  S tep  2  w as a lso  m o d ified  in  o rd e r to  acco u n t nam es lik e  
d ’A ille  an d  P r in c e ’s. T h e  so lu tio n  h ere  w as sim p ly  to  c o n s id e r th e  to  b e  a  w o rd  d e lim ite r in  
su ch  con tex ts, m ean in g  th a t no  sp ec ia l arrangem en ts n eed e d  fo r  th em . (I see  no  p ro b lem  in  u s in g  
th is  s im p le  “tr ick ”  to  so lv e  th e  gen itive  p ro b lem  fo r E n g lish .)  A n y h o w , th e  final “ scores”  fo r 
S t ^  2  a re  now :

A fte r  S tep  2 : re c a l l  =  96.0%  ; p re c is io n  =  95.7% .

4. Looking at names in context

4.1 Step 3: “The property of being a name is contagious^’.

N am es  o ften  co m e  in  “b u rs ts” , th e  earlie r m en tio n ed  ex am p le  G eorge B ush  is b y  no  m eans rare . 
O n  th e  co n tra ry , th ey  abound : H a n s *G ustavsson , S v en ska  *H andelshanken  (“The Swedish 
Business Bank”), N y a  *Zeeland , * P a ris  A l l  S tars, The In te rn a tio n a l Tennis ^W eekly , *P erstorp  
*P lastic  S ys tem s, *S turkd  ^D esign  och  R o keri and  m an y  o th e rs  (T he  aste risk s  here  are  th o se  p u t 
th e re in  S tep  2 .).

S tep  3  is  n o w  v ery  s im p le , w e  ap p ly  w hat I call “a s te risk  p ro p ag a tio n ” : A n  U x-w ord  in  in te rio r 
p o s itio n  rece iv es  an  aste risk , i f  a  n e ig h b o u r o f  i t  has  o n e , an d  th is  p ro ced u re  is  ap p lied  
recu rsiv e ly . T h e  “ in fec tio n ” m ay  also  sp read  o v e r “n am e co n in u a to rs” , ( c f  sect. 2), and  o ch  is 
o n e  o f  them . T h ro u g h  th is  m ech an ism  all th e  u n as te risk ed  U x -w o rd s  in  the exam ples ab o v e  n o w  
b eco m e  m ark ed . T h e  ten n is  jo u rn a l th ro u g h  a  rep e titiv e  a s te risk  le ft p ropagation , th e  P aris  s tars  
th ro u g h  a  co rresp o n d in g  r ig h t asterisk  p ropagation . T h e  w o rd  R o keri, “ sm oke h o u se” , rece iv es  
its  as te risk  th ro u g h  a  r ig h tw ard s  ju m p  over och. 13 o ccu rran ces , fo r  instance, o f  th e  nam e H a n s  
w e re  reco v ered  th ro u g h  S tep  3.

A fte r  S tep  3: r e c a l l  =  97.0%  ; p re c is io n  =  95.7% .

4.2 Step 4; “Once a forename, always a forename”,

ha th is  s tep  w e d efin e  an  as te risk ed  w o rd  o ccu rrin g  im m ed ia te ly  to  th e  le ft o f  ano th er as te risk ed  
w o rd  a s  a  fo re n a m e , p o ss ib ly  w ith  a  w o rd  co n tin u a to r in  b e tw een . W e s ta rt th is  s tep  by  
ex trac tin g  a ll fo renam es, m ak e  a  lex icon  o f  them , an d  ap p ly  th is  lex ico n  to  th e  w o rd s in  th e  
sen ten ce  b eg in n in g s  (w ell, in  n o n -in te rio r p o sitio n s). A  fo u n d  w o rd  is th e n  assu m ed  to  b e  a  
n am e , i f  th e  w o rd  a fte r  it is  asterisked .

T h e re  w ere  n o t m an y  n am es  cau g h t in  th is  p ro cess  (fiv e  fo r th is  tex t, to  be p rec ise , inc lu d in g  one  
H a n s)  an d  th e re  w ere  th re e  fa lse  h its. In  a  la rg e r sam p le  o f  th e  SU C -tex ts, A A -E D .T X T , 
co m p ris in g  so m ew h at m o re  th a n  300 ,000  w ords, th e  co rre sp o n d in g  figu res w ere  57  h its  an d  30 
fe lse  h its , so  th e  in c rease  in  reca ll m ay  no t b e  th a t n eg lig ib le .

A fte r  S tep  4 : r e c a l l  =  97.5%  ; p re c is io n  =  95.7% ,

I n  th e  n e x t a n d  fina l s tep  w e  ag a in  lo o k  a t in te rio r w o rd s in  iso la tio n .
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In  s e c t  3.2.1 w e b rie fly  d iscu ssed  th e  exam ple

ac04c 014 köper nu ut [ *Den norske Bank ]

5. Step 5: “Formal names are names, after all”

[ Union

T h e  w o rd  D en  in  th is  ex am p le  w as  aste risked  in  S tep  1, b u t it  lo s t its  m ark in g  th rough  th e  knock­
o u t p ro ced u res  o f  S tep  2. T h is  D en  has  th en  stayed  im aste risk ed  a fte r  tha t. B u t D en d efm es, a fte r 
a ll, a t  le a st the beg in n in g  o f  a  nam e, and  it is a  S U C -nam e acco rd in g  to  ou r defin itions. H ow  do 
w e  cap tu re  th is  o b serv a tio n ?

In  th is  final p ass w e o n ce  m o re  scan  th e  tex t fro m  le ft to  r ig h t an d  m ark  so fa r unasterisk ed  
fo rm al nam es, n o w  w ith  so m ew h a t slackened  cond itio n s co m p ared  to  S tep 1. T here  w e excluded  
U x -w o rd s occurring  im m ed ia te ly  a fte r a  quo te -in  sign. N o w  w e  accep t such  w ords un less  th is  
charac te r is p reced ed  by  a  co lo n  (w hen  th e  U x-w ord  opens a  d irec t q u o ta tio n  and  m ay  o r m ay  n o t 
b e  a  n am e). U x -n am es n o w  m ark ed  in  th is  p rocess are  m o re  o ften  th a n  n o t (the beg inn ing  of) 
e ith e r a  nam e o f  an  in te llec tu a l w o rk  o r ju s t  an  o rd in ary , co m p lex  nam e, as th e  o n e  in  the 
ex am p le  d iscussed  above.

A fte r  S tep  5: re c a l l  =  9 8 ,7 % ; p re c is io n  =  9 5 .2 % ,

6. Conclusions

W e see  a  s ligh t d ecrease  o f  p rec isio n  ra te  in  S teps 3 th ro u g h  5. T h is  decrease w ou ld  m o st 
certa in ly  be hard  to v erify  s ta tis tica lly , b u t I th in k  it is s ig n ifican t. T h e  reason  is th a t th ese  steps 
(o r ru les) m ig h t be  a  little  b it to o  heu ristic , m ean ing  th a t th e  n u m b e r o f  n ew  fa lse  h its  w ill g row  
re la tiv e ly  faste r th a n  th e  n u m b e r o f  n ew  true  h its. I t m ig h t b e  p o ssib le , I th ink , to  m arg in a lly  
re fin e  th e se  steps, b u t fo r m y  p u ip o se s  th e  p resen t figu res a re  q u ite  sa tisfac to ry .

A n y h o w , I h av e  ru n  th e  sam e se t o f  ru les o n  th e  m u c h  la rg e r te x t A A -A D .T X T , an d  found  
ab so lu te ly  co m p arab le  resu lts . T h eore tica lly  th e re  shou ld , th o u g h , ex is t som e o p tim u m  te x t size 
fo r ap p ly in g  m y  a lg o rith m s, b u t m y  find ing  so fa r seem  to  in d ica te  th a t th e  a lgo rithm s are  very  
in sen s itiv e  to  te x t size.

C o m p o u n d s o f  th e  *SovJetleader  ty p e  ( c f  sect. 2) rep resen t th e  b y  fa r  m o s t com m on  ty p e  o f  false  
h its , an d  they  co n sid erab ly  co n trib u te  to  the  sm alle r fig u re  o f  th e  p rec isio n  rate . I f  y o u  are 
ac tu a lly  try ing  to  id en tify  a ll (an d  o n ly ) the  nam es in  a  tex t, su ch  w o rd s w ill, o f  course , crea te  
tro u b le . B u t in  th e  c o n tex t o f  w h a t I am  try ing  to  do  - id en tify  sen tences - th e  q u estio n  is, 
w h e th e r  the  accep tan ce  o f  su ch  w o rd s  as nam es w o u ld  b e  so  b ad , a fte r all. I n eed  to  iden tify  
w o rd s  w ith  a  s tab le  U x -sp e llin g , an d  th e  m en tioned  co m p o u n d s  h av e  ex ac tly  that.
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Abstract

In  th is  a rtic le  we focus on som e restric tions we m ay im pose on  Tree H om om orphic 
F ea tu re  S tru c tu re  G ram m ar (THFSG) regard ing  th e  em pty  strin g . A fter defin ing  the  
re s tric tio n s , we prove som e closure p ro p erties  of th e  two new classes of languages these 
re s tr ic tio n s  give us. F u rtherm ore , we estab lish  th a t  th e  m em bersh ip  prob lem  is PSPA C E - 
com plete  for THFSGs w ithou t em p ty  p ro d u c tio n s in  th e  ph rase  s tru c tu re  ru les.

1 Introduction and some definitions
In  m a n y  l in g u is tic  th e o r ie s  th e  e m p ty  s t r in g  p la y s  th e  p ro m in e n t ro le  o f  th e  e m p ty  ca teg o ry . 
T h is  is a lso  th e  ca se  fo r e a r ly  L e x ic a l-F u n c tio n a l G ra m m a r  (L F G ) [K B82]. H ow ever, la te r  th e  
u se  o f  th e  e m p ty  c a te g o ry  in  L F G  h a s  b e e n  q u e s tio n e d . K a p la n  a n d  Z ae n en  [KZ89] a rg u e  th a t  
b y  th e  in t r o d u c t io n  o f  fu n c tio n a l u n c e r ta in ty  ( im p le m e n te d  as re g u la r  ex p re ss io n s  in  e q u a tio n  
sc h e m a ta )  th e re  is  n o  p la c e  fo r  th e  e m p ty  c a te g o ry  in  L F G . G ra ra m a tic a l i ty  is en fo rc e d  th ro u g h  
th e  c o m p le te n e s s , co h e re n ce  a n d  c o n s is te n ce  c o n s tr a in ts  on  th e  fu n c tio n a l s t r u c tu re .  B re sn an  
[Bre95] o n  th e  o th e r  s id e , a rg u es  a g a in s t th is  v iew . W ith  n o  in te n tio n  o f  g o in g  in to  th is  
d isc u ss io n , w e m a y  a t  le a s t  say  th a t ,  fro m  a  lin g u is tic  p o in t o f  v iew , i t  r e m a in s  a  m a t te r  
o f  d i s p u te  w h e th e r  th e  e m p ty  c a te g o ry  is n e e d e d  in  L F G -lik e  g ra m m a rs  w h ich  a llo w  re g u la r  
ex p re ss io n s  in  th e  e q u a t io n  s c h e m a ta .

F ro m  a  m o re  te c h n ic a l p e rsp e c tiv e , th e  e m p ty  s t r in g  re q u ire s  sp ec ia l c a re  w ith  re s p e c t to  
p a rs in g : T h e  q u e s t io n  is , w h en  d o  w e in tro d u c e  a n  e m p ty  c a te g o ry /s tr in g ?  E v e n  i f  i t  so u n d s  a  
b i t  o v e rw h e lm in g , w e m a y  in tro d u c e  an  u n lim ite d  n u m b e r  o f  e m p ty  c a teg o rie s  a l l  o v e r th e  s tr in g . 
T h is  is  a  p ro b le m  e .g . fo r  b o t to m -u p  p a rs in g . B o th  th e  lin g u is tic  a n d  th e  te c h n ic a l p e rsp ec tiv e s  
m a ie  i t  in te r e s t in g  to  s tu d y  g ra m m a r  fo rm a lism s  w ith  re sp e c t to  th e  e m p ty  s tr in g .

T re e  H o m o m o rp h ic  F e a tu re  S tru c tu r e  G ra m m a r  (T H FSG ) [B ur97b] is a n  L F G -lik e  fe a tu re  
s t r u c tu r e  g r a m m a r  fo rm a lis m  w h ich  m a y  allo w  re g u la r  ex p ress io n s  in  th e  e q u a t io n  sch em a ta .^

*This article is a short version of [Bur98].
^In [Bur97a] it was proved that we may introduce regular expressions in the equation schemata for THFSG 

without extending the class of languages described.
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A s L F G , i t  h a s  a  c o n te x t- f re e  p h ra se  s t r u c tu re  b a c k b o n e  a n d  i t  a llow s th e  e m p ty  s t r in g  o n  th e  
r ig h t h a n d  s id e  in  th e  p h ra s e  s tru c tu re  ru les . In  th e  w o rk  p re se n te d  here , we s tu d y  th e  c lasses 
o f  la n g u a g e s  w e g e t b y  m a k in g  tw o  d iffe ren t r e s tr ic tio n s  re g a rd in g  th e  e m p ty  s tr in g .  F i r s t  we 
define  th e  c la ss  o f  la n g u a g e s  we g e t b y  ju s t  rem o v in g  th e  e m p ty  s tr in g  fro m  th e  la n g u ag es  
d efin ed  b y  THFSG. T h e n  we define a  sp e c ia l v ers io n  o f  THFSG in  w hich  we d o  n o t  a llo w  th e  
e m p ty  s t r in g  in  th e  p h ra s e  s t r u c tu re  ru le s , th e  so -ca lled  e -free  THFSG. B u t f irs t, so m e  w ords 
a b o u t  THFSG itse lf .

1.1 Tree Homomorphie Feature Structure Grammar
THFSG w as in t ro d u c e d  b y  B u rh e im  in  [B ur97b]. I t  is b a se d  o n  L ex ical F u n c tio n a l G ra m m a r  
[K B 82, D K M Z 95] a n d  w o rk  b y  C o lb an  [Col91]. T h e  fo rm a lism  h a s  a  co n tex t-free  p h ra s e  s tru c ­
tu r e  b a c k b o n e  a n d  a d d  e q u a tio n s  to  th e  n o d es  in  th e  p h ra s e - s tru c tu re  t re e  as is  d o n e  in  L F G . 
T h e se  e q u a t io n s  d e s c r ib e  fe a tu re  s tru c tu re s .  In  th e  fo rm a l fram ew o rk  th e re  a re  tw o  m a in  d if­
ferences fro m  L F G : F i r s t ,  d u e  to  a  re s tr ic tio n  t h a t  is im p o se d  on  th e  eq u a tio n s  in  th e  g ra m m a r, 
th e  re fe rre d  p a r t  o f  t h e  fe a tu re  s t r u c tu re  is a  t re e  w h ich  in c lu d es  a  h o m o m o rp h ic  im a g e  o f 
th e  p h ra s e  s t r u c tu r e  t r e e .  O n  th e  o th e r  s id e , w ith  th is  re s tr ic t io n  w e d o  n o t n e e d  th e  off-line 
p a r s a b il i ty  c o n s tr a in t  to  m a k e  th e  g ra m m a r  d ec id ab le .

W e g iv e  a  b r ie f  in t ro d u c t io n  to  TH FSG . S ince i t  is b a se d  on  fe a tu re  s tru c tu re s  we w ill s t a r t  
w ith  a n  in fo rm a l d e f in i t io n  o f  fe a tu re  s tru c tu re s .

A  fe a tu r e  s tr u c tu r e  o v er a  s e t o f  a t t r ib u t e  sy m b o ls  A  a n d  v a lu e  sy m b o ls  V  is a  fo u r- tu p le  
(Q j I d , 5 ,6) w h e re  Q  is a  f in ite  se t o f  no d es, f o :  D  Q 'l s a  fu n c tio n , ca lled  th e  n a m e  m a p p in g , 
5 : ( 3 x . 4 . —̂ Q i s a  p a r t i a l  fu n c tio n , ca lled  th e  t r a n s i t io n  fu n c tio n , a n d  6 : Q  V  is a  p a r t ia l  
fu n c tio n  c a lle d  th e  a to m ic  v a lu e  fu n c tio n . W e e x te n d  th e  tra n s i t io n  fu n c tio n  b y  i t s  tr a n s i t iv e  
a n d  reflex ive c lo su re  to  b e  a  fu n c tio n  fro m  p a irs  o f n o d e s  a n d  s tr in g s  o f  a t t r ib u t e  sy m b o ls , a n d  
w e a ssu m e  t h a t  D  is im p lic it  defined  by  / .  A  fe a tu re  s t r u c tu r e  is w ell defined  i f  i t  is d ^ c r ib a b le  
(from  n a m e d  n o d e s ) ,  a cy c lic  a n d  a to m ic .

THFSG u ses  e q u a t io n s  to  ta lk  a b o u t  fe a tu re  s t r u c tu re s ,  su ch  t h a t  a  fe a tu re  s t r u c tu r e  m ay  
o r  m a y  n o t  s a tis fy  e a c h  e q u a tio n . A  fe a tu re  s t r u c tu r e  sa tis fie s  th e  e q u a tio n  X iU i =  X2 i f  a n d  
o n ly  i f  u i )  =  / ( X 2 ), a n d  th e  e q u a tio n  X3 U3 =  u i f  a n d  o n ly  i f  a {6 { f { x 3), U3 )) =  v ,  w h ere
x i , X 2,X 3 e  D , u i ,U 3 E A *  a n d  u e  V. T h ese  p a th  a n d  v a lu e  e q u a tio n s  a re  th e  o n ly  k in d  o f 
e q u a tio n s  w e u se  in  THFSG. T h e  w ell d e fin ed  fe a tu re  s t r u c tu r e  M  sa tisfies  th e  s e t  o f  e q u a tio n s  
E ,  if  a n d  o n ly  i f  M  sa tis f ie s  ev e ry  e q u a tio n  in  E .

A  T ree H o m o m o r p h ic  F ea tu re  S tru c tu re  G ra m m a r,  T H F S G , over th e  s e t o f  a t t r ib u t e  sy m b o ls  
A  a n d  v a lu e  s y m b o ls  V , is  a  5 - tu p le  {JC, S ,  E , V ,  C ) w h e re  JC a n d  E  a re  tw o  f in ite  a n d  d is jo in t 
s e ts  o f  sy m b o ls , c a lle d  c a te g o r ie s  a n d  te rm in a ls ,  a n d  S  E  fC is  th e  s t a r t  sy m b o l. M o reo v er V  is 
a  f in ite  s e t  o f  p r o d u c t io n  ru le s

E l
(1)

Er,

w h ere  m > l ,  A q, ..., E  JC, a n d  fo r ev ery  i,  1 < i  <  m ,  is E i a. fin ite  se t w ith  o n e  a n d  on ly  
o n e  e q u a t io n  s c h e m a  o n  th e  fo rm  t  « 1  = i  w h ere  U\ E  A * ,  a n d  a  fin ite  n u m b e r  o f  e q u a tio n  
s c h e m a ta  o n  th e  fo rm  ■[ U2 =  v  w h ere  U2  E A~^ a n d  v  e V .  A t la s t  £  is a  f in ite  s e t  o f  lex ico n
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rules

t
E

(2)

w te r e  A  €  /C, i  G (S  U {e} ), a n d  E  is a  f in ite  s e t o f e q u a tio n  s c h e m a ta  on th e  fo rm  f  ^ 3  =  n 
w h e re  a n d  v ^ V .

T h e  c o n s t i tu e n t  s t r u c tu r e  (c - s tru c tu re )  is a  p h ra s e  s tn ic tu r e  tr e e  d e c o ra te d  w ith  sym bo ls 
a n d  e q u a t io n  s c h e m a ta  s e ts  a c c o rd in g  to  th e  p ro d u c tio n  a n d  le x ico n  ru le s  th e  u su a l way. A s 
in  L F G , th e  u p  a n d  dow n  a rro w s  in  th e  e q u a tio n  s c h e m a ta  a re  m e ta v a r ia b le s . T o  in s ta n t ia te  
t h e  a r ro w s  w e s u b s t i tu te  th e m  w ith  n o d e s  in  th e  c -s tru c tu re , w hich  th e n  b eco m e  th e  n a m e  
d o m a in  in  th e  n a m e  m a p p in g  fu n c tio n . T h is  fu n c tio n  is th e n  a  m a p p in g  fro m  th e  n odes in  th e  
c - s t r u c tu r e  to  th e  n o d es  in  th e  f e a tu re  s t r u c tu re .  A  c -s tru c tu re  is fe a tu r e  c o n s is te n t  i f  an d  o n ly  
i f  th e  u n io n  o f  a ll  th e  e q u a tio n s  in  th e  c - s t ru c tu re  is sa tisfied  by a  w ell d e fin e d  fe a tu re  s tru c tu re .

2 THFSG and £

I n  t h i s  s e c tio n  we s tu d y  so m e re la tio n s  b e tw e e n  d iffe ren t re s tr ic tio n s  we m a y  im p o se  on TH FSG  
r e g a r d in g  th e  e m p ty  s tr in g  e  a n d  so m e  c lo su re  p ro p e r tie s  o n  th e  c lasses  o f  la n g u ag es  we g e t 
w h e n  im p o s in g  th e se  re s tr ic tio n s . T w o  re s tr ic tio n s  m ay  b e  im p o se d : th e  a b se n c e  o f  th e  e m p ty  
s t r in g  in  th e  g ra m m a r  a n d  th e  a b se n c e  o f  th e  e m p ty  s tr in g  in th e  la n g u a g e  g e n e ra te d . L e t us 
s t a r t  w i th  th e  d e fin itio n ;

D efin ition 1

•  £ - f r e e  f o r m :  A  T H FSG  is  in  e - fr e e  fo r m  i f  a n d  o n ly  i f  th e  e m p ty  s tr in g  e  does n o t occur  
o n  th e  r ig h t h a n d  s id e  in  a n y  le x ico n  ru le  in  the  g ra m m a r.

•  E-free T H F S G - la n g u a g e s :  T h e  class o f  e -free  T H fS G -la n g u a g e s ,
C (T H F S G )^ , is  d e fin ed  as

C (T H F S G )^  =  { L €  C (TH FSG ) \ e ^ L }

T H F S G s in  e -fre e  fo rm  o n ly  h av e  lex ico n  ru le s  as

A t
E

(3)

w h e re  i  is  a  sy m b o l in  th e  a lp h a b e t  E ,  a n d  n o t  th e  e m p ty  s tr in g . T H F S G s in  e -free  fo rm  a re  
a lm o s t  id e n t ic a l  to  th e  g ra m m a r  fo rm a lism  G F l  d efin ed  by  C o lb a n  [Col91]. T h e  o n ly  d ifference 
is  t h a t  G F l  o n ly  a llow s p a th  e q u a t io n  s c h e m a ta  o n  th e  fo rm s t= 4 -  a n d  t  n  = i  w here  a  is a  
s in g le  a t t r i b u t e  S3T nbol. T h is  r e s tr ic t io n  o n  a t t r ib u t e  s tr in g s  in  G F l  is u se d  in  a  n o rm a l form ^ 
fo r  T H F S G  [B ur97b]. F o llo w in g  th e  lin e s  in  th e  p ro o f  o f n o rm a l fo rm , i t  is ea sy  to  see t h a t  
w e  m a y  r e w r i te  a n y  g ra m m a r  w ith  lo n g e r  a t t r ib u t e  s tr in g s  in to  a n  e q u iv a le n t g ra m m a r  w ith  
a t  m o s t  o n e  s in g le  a t t r ib u t e  sy m b o l in  eac h  p a th  e q u a tio n  sch em a , w ith o u t  v io la tin g  th e  e -free  
r e s t r ic t io n .  H en ce  th e  e -free  T H FSG  d e s c r ib e  th e  sa m e  c lass  o f la n g u a g e s  a s  C o lb a n ’s G F l .

^This normal form also requires exactly two elements on the right hand side in the production rules
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W h e n  s tu d y in g  c lasses o f  la n g u a g e s , we o f te n  w a n t to  s tu d y  w h a t  h a p p e n s  w h en  we im p o se  
d iffe re n t a lg e b ra ic  o p e ra t io n s  o n  a  c lass, i.e . we w a n t to  s tu d y  i t s  c lo su re  p ro p e r tie s .  In  th is  
c o n te x t ,  t r io s  a n d  A b s t r a c t  F am ilie s  o f  L a n g u a g es  (A F L ) a re  o f  p a r t ic u la r  in te re s t .  B u t be fo re  
w e go  in to  d e ta ils  o n  tr io s  a n d  A F L ’s, le t  u s  c la r ify  w h a t  we m e a n  b y  a  class  o f  la n g u ag es . A 
c la ss  o f  la n g u a g e s  is  a  s e t o f  la n g u a g e s  Cr o v er a  c o u n ta b le  s e t o f  sy m b o ls  F , su c h  t h a t  fo r each 
la n g u a g e  L  €  Ct  th e re  ex is ts  a  f in ite  a lp h a b e t  E  C  F  su ch  th a t  L  C  E*. A  c la ss  o f  lan g u ag es 
g iv en  b y  a  g ra m m a r  fo rm a lism  C r { G ^ )  is a  c lass  o f  la n g u ag es  su ch  th a t  fo r e ac h  la n g u ag e  L '  in  
C r{G J^) th e re  e x is ts  a  g ra m m a r  G  in  G T  su ch  t h a t  L {G )  =  L ',  a n d  for each  g r a m m a r  G  in  Q T  
L { G )  is  in  Ci‘{ Q T ) .  In  th e  re s t o f  th is  p a p e r  w e a s su m e  th a t  F  is g iv en  a n d  o m it  F  as su b sc rip t.

A  tr io  is a  c lass  o f  la n g u a g e s  closed  u n d e r  e -free  h o m o m o rp h ism , in v e rse  h o m o m o rp h ism , 
a n d  in te r s e c t io n  w ith  re g u la r  la n g u ag es . A  fu l l  tr io  is a  class o f  lan g u ag es  c lo sed  u n d e r  a r ­
b i t r a r y  h o m o m o rp h is m , in v e rse  h o m o m o rp h ism , a n d  in te rse c tio n  w ith  re g u la r  la n g u ag es . B y 
in te r s e c tio n  w ith  re g u la r  la n g u a g e s , we m e a n  th e  t r a d i t io n a l  b in a ry  se t th e o re tic  o p e ra t io n . A 
s tr in g  h o m o m o r p h is m  is a  fu n c tio n  h  : A *  su ch  th a t  fo r ev ery  w  €  A *  a n d  a  G A  we
h av e

h{e)  =  e  

h { a w )  =  h { a ) h { w )
(5)

(6)

A  h o m o m o rp h is m  is e -free  if  h ( a )  ^  e  fo r a ll a ^  £. T h e  s t r in g  h o m o m o rp h ic  im ag e  o f a 
la n g u a g e  L  C  A * u n d e r  a  s tr in g  h o m o m o rp h ism  h  : A* —> E* is th e  la n g u ag e  { h { w )  [ w  6  L } .  
T h e  in v e rse  s t r in g  h o m o m o rp h ic  im ag e  o f  a  la n g u a g e  L '  C  E* is th e  la n g u ag e  {iz; | h {w )  G L'} .

A n  A b s tr a c t  F a m ily  o f  L ang u a g es  is a  tr io  w h ich  is also  clo sed  u n d e r  c o n c a te n a tio n , u n io n , 
a n d  p o s it iv e  c lo su re . A  fu l l  a b s tr a c t  fam ily  o f la n g u ag es  is a  fu ll tr io  closed  u n d e r  co n ca te ­
n a t io n ,  im io n , a n d  K leen e  c lo su re . B y  u n io n  we m e a n  th e  t r a d i t io n a l  b in a ry  s e t- th e o re tic  
o p e ra t io n .  T h e  c o n c a te n a t io n  o f  tw o  la n g u a g e s  L i  a n d  L i ,  is th e  la n g u a g e  {w \W 2 | w i €  
L i  a n d  G L f ) .  B y  p o s itiv e  c lo su re  o f  a  la n g u a g e  L  we m e a n  th e  la n g u a g e  { w i . . . W n  \ 
n  >  1 a n d  W i , . . . , W n  G L } ,  a n d  b y  K leen e  c lo su re  o f  a  la n g u a g e  L  we m e a n  th e  la n g u ag e  
{ u ; i . . - TUn I >  0 oTid W i , . . . , W n  G L } .  T h e  o n ly  d ifference b e tw een  K leen e  c lo su re  a n d  th e  
p o s it iv e  c lo su re  is th e  e m p ty  s t r in g  in  K leen e  c lo su re .

T o  sh o w  t h a t  a  c lass  o f la n g u a g e s  is a  fu ll tr io , i t  is suffic ien t to  show  c lo su re  u n d e r  N F T - 
m a p p in g . T h is  d u e  to  th e  fa c t t h a t  th e  N F T -im a g e  o f  a  class o f la n g u ag es  g ives u s  th e  le a s t full 
t r io  c o n ta in in g  th e  c lass  [G in75]. I f  we r e s t r ic t  th e  N F T -m a p p in g  to  e -free  m a p p in g s , we ge t 
th e  le a s t  t r io .  A  N o n d e te r m in is t ic  F in i te  T ra n sd u ce r  (N F T ) is a  6 - tu p le  M  =  {Q , A , E , 6, <7o, F )  
w h e re  Q  is  a  f in ite  s e t  o f  s ta te s ,  A  is ein in p u t- a lp h a b e t ,  E  is a n  o u tp u t - a lp h a b e t ,  <5 is a  fu n c tio n  
fro m  (5 X (A  LI { e} ) to  f in ite  s u b se ts  o f  Q  x  E*, go ^  Q  is th e  in i t ia l  s ta te ,  a n d  F  C  Q  is a  s e t  of 
fin a l s ta te s .  A n  N F T  is e -free  i f  is a  fu n c tio n  fro m  Q  x  (A  U { s} )  to  f in ite  s u b s e ts  o f  Q  x  E'*'. 
W e e x te n d  th e  tr a n s fo rm a tio n  fu n c tio n  5  a s  follow s: (1) F o r ev ery  q G Q , { q ,e )  €  (2)
I f  (q2, x )  G 6 { q i , w )  a n d  (q3, y )  e _ ^ q 2, a ) ,  th e n  (q s^xy )  G S { q i ,w a )  fo r e v e ry  q i , q 2,qs  e  Q,  

a  G ( A U  { e } ) , a n d  w  E  A *. L e t N ^ F F  b e  th e  s e t  o f  N F T s , a n d  A /lFT  b e  th e  s e t  o f  e -free  N F T s.
F o r  a n y  N F T  M  =  (Q , A , E , 5, go, F ) ,  th e  im a g e  u n d e r  M  o f a  s tr in g  w  E A *  a n d  a  lan g u ag e  

L  C  A* a re

M { w )  =  {a; 1 3 g  G F  : (g, x )  E 5(go, w )}  

M { L )  =

(7)
(8)

iuG L
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T h e  in v e rse  im ag es  u n d e r  M  o f  a  s t r in g  x  e  S* a n d  a  la n g u a g e  L '  C  E* a re

M ~ ^ { x )  =  {w I X €  M { w ) }

M - \ L ' )  =  U

(9)
( 1.0)

uieL'

F o r  a n y  c la ss  C o f  la n g u a g e s , th e  N F T -im a g e  a n d  e-free  N F T ~ im ag e  o f  C, M ( C )  a n d  M ( C ) ,  a re  
d e f in e d  a s

M ( C )  =  { M ( L )  I L e C a n d M e  M r T )

M { C )  =  [ M { L )  \ L e C  a n d M  £ U J T )

A n  im p o r ta n t  r e s u l t  f ro m  [G in75] is  t h a t  fo r a n y  class C o f  la n g u ag es :

M{c) - n ii) IL € c, i? £ ?e,
h i , h 2 are h o m o m o rp h ism s}

M { C )  =  { h 2{ h i ^ { L )  n  jR) \ L  e C ,  i?  £  K ,  h i  is  a  h o m o m o r p h is m

a n d  h 2 is a n  e-free. h o m o m o r p h is m }

(11)
(12)

(13)

(14)

w h e re  is th e  class o f  re g u la r  la n g u a g e s . F ro m  th is  re su lt ,  G in s b u rg  [G in75] show s th a t  M { C )  
is  th e  le a s t  fu ll t r io  c o n ta in in g  C a n d  A d(C ) is th e  le a s t tr io  c o n ta in in g  C. A n  in te re s tin g  case  
a r is e s  w h e n  C o n ly  c o n s is ts  o f  a  s in g le  lan g u ag e .

N o w  le t  u s  s t a t e  so m e  c lo su re  p ro p e r tie s  fo r e -free  T H F S G -lan g u ag es . In  [B ur97b], i t  w as 
p ro v e d  t h a t  th e  c la ss  o f  T H F S G -la n g u ag es , C (T H FSG ), is a  fu ll A b s tr a c t  P 'araily  o f L anguages. 
F ro m  th is  fa c t ,  we g e t th e  fo llow ing  re s u lt  d irec tly .

L e m m a  1  T h e  class o f  e- fr eeTH F SG -languageSy  C (T H FSG )^, is  a n  a b stra c t fa m ily  o f  languages  
a n d

C (T H F S G )^  =  { L  -  {e} I L  £  C (T H F S G )}  (15)

P r o o f :  F ro m  [G in75 , p21], we k n o w  t h a t  i f  C is a n  a b s tr a c t  fa m ily  o f  la n g u a g e s , th e n  {L  £  
C \ E ^  L }  =  { L  — {e} I L  £  C} is  a n  a b s tr a c t  fam ily  o f  la n g u a g e s . S in ce  C (TH FSG ) is a  
(fu ll)  a b s t r a c t  fa m ily  o f la n g u a g e s  [B ur97b], we k n o w  th a t  C (T H F S G )^  is a n  a b s tr a c t  fam ily  of 
la n g u a g e s  a n d  w e kn o w  t h a t

C (T H F S G )^  =  { L - { e } \ L e  C (T H F S G )} (16)

P ro m  th e  d e f in itio n  o f  e -free  T H F S G -lan g u ag es  a n d  L e m m a  1, we h av e  th a t

{ L  £  C (T H F S G ) I e  ^  L }  =  { L  -  {e} I L  £  C (T H F S G )}  (17)

A n o th e r  w ay  to  v iew  th is  is t h a t

C (T H F S G ) =  {L , L  U {e} I L  £  C (T H FSG )^} (18)

S in c e  C (T H F S G )^  is a n  a b s t r a c t  fa m ily  o f  la n g u ag es , a n d  h e n c e  a  tr io  we h av e  t h a t  i t  is closed  
u n d e r  e -free  N F T -m a p p in g

A 4 (C (T H F S G )/j =  C (T H FSG )^ (19)

I t  is  s t r a ig h tfo rw a rd  to  e s ta b l is h  th e  c lo su re  u n d e r  a r b i t r a ry  N F T -m a p p in g :
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L e m m a  2  T h e  N F T - im a g e  o /C (T H F S G )^  is  C (T H F S G ), th a t is

A ?(C (T H F S G )^) = C (T H F S G ) (20)

Proof: S in ce  C (T H F S G ) is  c lo sed  u n d e r  N F T -m a p p in g  a n d  C (T H FSG )^ is  a  su b se t o f  C (T H FSG ), 

w e  h a v e  t h a t  .M (C (T H F S G )^) C  C (T H F S G ). S in ce  C (T H FSG ) =  { L , L \ J  { e }  \ L  e  C (T H FSG V } 
a n d  i t  is  s tra ig h tfo rw a rd  to  d e fin e  a n  N F T  M  su ch  th a t  M ( w )  =  fo r each  s tr in g  w ,  we

h a v e  t h a t  C (T H F S G ) C  ^ ( C (T H F S G ) ^ ) .  ■
N o w  w e tu r n  o u r  a t te n t io n  to  e -free  T H FSG s. R eca ll th a t  th e s e  a re  T H FSG s w ith o u t th e  

e m p ty  s t r in g  o n  th e  r ig h t  h a n d  s id e  in  lex ico n  ru le s . Im m ed ia te ly , w e see  t h a t  e -free  TH FSG s 
d e fin e  o n ly  e -free  T H F S G -lan g u ag es , h en ce

C (e-/reeT H F S G ) C  C (TH FSG )^ (21)

H o w ev er, e -free  la n g u ag es  m a y  b e  g e n e ra te d  b y  TH FSG s w ith  e  in  th e  lex icon  ru le s .
W h e n  w e n ow  tu rn  o u r  a t te n t io n  to  c lo su re  p ro p e r tie s  fo r e -free  T H FSG s, le t u s  firs t e s tab lish  

t h a t  th e  c la ss  o f  la n g u ag es  th e y  define  is a n  A b s t r a c t  F am ily  o f  L an g u a g es .

L e m m a  3  T h e  class o f  la n guages d escribed  by e -free  THFSG<s,
C (e '-/reeT H F S G ), is a n  a b s tra c t fa m i ly  o f  languages.

Proof: T h e  p ro o f  t h a t  C (e-/reeT H F S G ) is c lo sed  u n d e r  u n io n , c o n c a te n a tio n , an d  p o s itiv e  
c lo su re , is  a lm o s t id e n tic a l to  th e  p ro o f  o f  c lo su re  u n d e r  u n io n , c o n c a te n a tio n , a n d  K leene s ta r  
fo r  C (T H F S G ) [B ur97b]. T h e  o n ly  d iffe rence  is th a t  we d o  n o t n eed , a n d  a re  n o t  allow ed to  
in t ro d u c e ,  th e  lex ico n  ru le  w h ich  g e n e ra te s  th e  e m p ty  s tr in g  fo r K leen e  c losu re .

T h e  p ro o f  t h a t  C (e-/reeT H F S G ) is c lo sed  u n d e r  s -free  N F T -m a p p in g  is id e n tic a l to  th e  p ro o f  
t h a t  C (T H F S G ) is  c losed  u n d e r  N F T -m a p p in g  in  [B ur97b], ex ce p t t h a t  w e m u s t r e s tr ic t  th e  N F T  
t o  b e  e -free . H en ce  th e  c la ss  C (e-/reeT H F S G ) is an  A b s tr a c t  F a m ily  o f  L an g u ag es . ■

S in c e  a n  A b s t r a c t  F a m ily  o f  L zm guages is a lso  a  tr io , a n d  th e  e -free  N F T -im a g e  o f a  class 
o f  la n g u a g e s  is th e  le a s t t r io  c o n ta in in g  th e  c lass, we hav e  th a t  C (e-/reeT H F S G ) is c losed  u n d e r  
e -fre e  N F T -m a p p in g ,  t h a t  is

A d (C (e-/reeT H F S G )) =  C (e-/reeT H F SG ) (22)

N o w , i f  we lo o k  fo r  th e  le a s t  fu ll a b s t r a c t  fam ily  o f la n g u a g e s  c o n ta in in g  C (e-/reeT H F SG ) 
w e  g e t  th e  fo llo w in g  r e s u lt .

L e m m a  4  T h e  N F T - im a g e  o /C (e -/re e T H F S G ) is  C (T H F S G ), th a t is

M { C { e - f r e e T H F S G ) )  =  C (T H FSG ) (23)

Proof: S in ce  C (e-/reeT H F S G ) C  C (T H F S G ), a n d  C (T H FSG ) is c lo sed  u n d e r  N F T -m a p p in g , we 

k n o w  t h a t  .M (C (e -/reeT H F S G )) C _C (TH FSG ).

T o  p ro v e  t h a t  C (T H F S G ) C  A d (C (e-/reeT H F S G )), we show  t h a t  fo r  each  T H FSG  G  th e re  
e x is ts  a n  e -free  T H FSG  G '  a n d  a n  N F T  M  su ch  t h a t  M { L { G ' ) )  =  L { G ) .  L e t G  =  {fC, 5 ,  E , V ,  £ ) ,  
a n d  a s s u m e  t h a t  o  ^  (/C U E ) . T h e n  le t  G ' =  {1C,S,11  U { a } , V , C )  w h ere  C  is th e  le a s t se t 
s u c h  t h a t  fo r  each

^  E  (2<)
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in L ,
a
E (25)

i s  a  rn le  in  L \  w h e re  H =  a  w h en ev e r i  =  e , a n d  if ^  t  else. C learly , G '  is a n  e -free  T H FSG . 
Now d efin e  a  s t r in g  h o m o m o rp h is m  h  su ch  th a t

'‘W = { ?  otto^se (26)

I t  i s  s tr a ig h tfo rw a rd  to  see  t h a t  h { L { G ' ) )  =  L { G ) .  S ince an y  s t r in g  h o m o m o rp h ism  m a y  b e  
re p re s e n te d  b y  a n  N F T  w e k n o w  t h a t  th e re  e x is ts  a n  N F T  M  su ch  th a t  M { L { G ' ) )  =  L { G ) ,  ■ 

T h e  re s u lts  in  th is  s e c tio n  w ith  re sp e c t to  N F T -irn a g e s  m a y  b e  su m m a rise d  in  th e  fo llow ing  
th e o re m .

Theorem  1
C (TH FSG )

X
(27)

C

A/f

C(T'HFSG)^

Proof: D ire c t ly  fro m  L e m m a s  1, 2, 3, 4, a n d  th e  fa c t  t h a t  e -free  T H FSG s o n ly  g e n e ra te  e -free  
la n g u a g e s . ■

3  E - f r e e  THFSG a n d  P S P A C E

A s  n o tic e d  e a r lie r , e -fre e  T H FSG  is a lm o s t id e n tic a l to  th e  g ra m m a r  fo rm a lism  G F l  d e fin ed  
b y  C o lb a n  [C ol91]. C o lb a n  show s t h a t  th e  m e m b e rsh ip  p ro b le m  fo r G F l  is N P -h a rd . In  th is  
s e c tio n  w e s t r e n g th e n  th is  re s u l t  b y  s ta t in g  th a t  th e  m e m b e rsh ip  p ro b le m  fo r e -free  T H FSG  is 
P S P A C E -c o m p le te . T h e  d iffe ren ce  b e tw een  G F l  a n d  e-free  T H FSG  — th e  le n g th  o f  a t t r i b u t e  
s t r in g s  in  th e  e q u a t io n s —  d o es  n o t  m a k e  a n y  d iffe rence  h e re , h en ce  th e  g iven  re s u lt is a lso  
v a lid  fo r  G F l .  In  fa c t ,  c o n s u lt in g  th e  p ro o f  o f  n o rm a l fo rm  in  [B ur97b] we see t h a t  th e re  is a  
p o ly n o m ia l (even  l in e a r )  a lg o r i th m  w h ich  tra n s fo rm s  a n y  e-free  T H FSG  in to  a  G F l  g ra m m a r . 
C o n v erse ly , G F l  is a  s p e c ia l c ase  o f  e -free  T H FSG .

W e  sh o w  th e  P S P A C E  c o m p le te n ess  as u s u a l in  tw o  s te p s , f irs t  sh o w in g  th a t  th e  p ro b le m  
is  P S P A C E -h a rd , a n d  th e n  t h a t  i t  is in  P S P A C E .

Lem ma 5  T h e  m e m b e rsh ip  p ro b lem  fo r  e -free  T H FSG  is  P S P A C E -h a rd .

T h e  p r o o f  is b y  t r a n s fo rm in g  th e  F in ite  S ta te  A u to m a ta  In te rs e c tio n  P ro b le m  (F S A I)  in to  
t h e  m e m b e rs h ip  p ro b le m  fo r  e -free  T H FSG . T h e  F S A I is g iv en  on  th e  fo llow ing  in s ta n c e s . 
G iv e n  a f in i te  s e t  o f  d e te rm in is t ic  f in ite  s t a t e  a u to m a ta  A i , . . . ,  A „ over a  co m m o n  a lp h a b e t  
S ,  l e t  L { A i )  b e  th e  la n g u a g e  a c c e p te d  b y  a u to m a to n  A i , l  <  i  <  n .  T h e  F S A I q u e s tio n  is 
th e n :  i s  th e r e  a  s t r in g  u  : u  E  L (A i)  n  . . .  n  L (A „ )?  F S A I w as sh o w n  b y  [Koz77] to  b e  
P S P A C E -c o m p le te . G iv e n  a n y  in s ta n c e  o f  th is  p ro b le m  we show  h o w  to  d efine  a n  e-free  T H FSG
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G  s u c h  t h a t  t "  G L { G )  fo r  a  g iv en  a to m ic  sy m b o l t,  i f  a n d  o n ly  i f  th e re  e x is ts  a  s tr in g  in  th e  
in te r s e c tio n  as d esc rib ed .^

S in c e  £ -free  T H FSG  is a  s p e c ia l case  o f  T H FSG  w e h av e  th e  fo llow ing  co ro lla ry  d ire c tly  fro m  
L e m m a  5:

C o r o l l a r y  1 T h e  m em b ersh ip  p ro b lem  /o rT H F S G s  is  P S P A C E -h a rd .

W ith  th e  re s u lt  fro m  L e m m a  5 w e n eed  th e  fo llow ing  le m m a  to  e s ta b lish  th a t  th e  m e m b e r­
s h ip  p ro b le m  is  P S P A C E -c o m p le te .

L e m m a  6  T h e  m em b ersh ip  p ro b lem  fo r  e -free  T H F S G s is  in  P S P A C E .

T o  p ro v e  th is ,  we sh o w  h o w  to  c o n s tru c t  a  p o ly n o m ia l sp ace  n o n d e te rm in is t ic  T u r in g  M a­
c h in e  w h ic h  d ec id es  th e  la n g u a g e  d efined  b y  a n  s -free  T H FSG . S ince th e  c o n s tru c tio n  c a n  be 
d o n e  in  p o ly n o m ia l tim e  fo r a n y  e-free  TH FSG , a n d  N P S P A C E = P S P A C E  [Sav70], th is  im p lie s  
t h a t  th e  g iv en  m e m b e rsh ip  p ro b le m  is in  P S P A C E . T h e  m a in  id e a  in  th e  p ro o f  is t h a t  w e m a y  
tra v e rs e  b o th  th e  c - s tru c tu re  a n d  fe a tu re  s t r u c tu re  to p -d o w n  s im u lta n e o u s ly  w ith  o n ly  a  lim ite d  
v iew  o f  th e  re s t  o f  th e  s tru c tu re s .  T h is  d u e  to  th e  h o m o m o rp h ism  b e tw een  th e  tw o  s tru c tu re s  
a n d  th e  r e s tr ic t io n s  on  th e  e q u a t io n  s c h e m a ta . ^

F ro m  L e m m a  5 a n d  6 we h av e  th e  fo llow ing  re su lt.

T h e o r e m  2  T h e  m em b ersh ip  p ro b lem  f o r  e -free  T H F S G s is  P S P A C E -c o m p le te .

4 Summary and remarks
In  th i s  a r t ic le  we h av e  p ro v ed  a  s e t  o f  c lo su re  p ro p e r tie s  fo r T H FSG  w ith  tw o  R e s tr ic tio n s  
r e g a rd in g  th e  e m p ty  s tr in g . W e h av e  sh o w n  t h a t  b o th  th e  c lass  o f  e -free  T H F S G -lan g u ag es a n d  
th e  c la ss  o f  la n g u a g e s  d e fin ed  b y  e-free  T H FSG s a re  a b s tr a c t  fam ilies o f  la n g u ag es , a n d  t h a t  
th e  le a s t  fu l l - a b s tr a c t  fam ily  o f  la n g u ag es  in c lu d in g  each  o f  th e se  tw o  classes is th e  c la ss  o f  
la n g u a g e s  d e fin ed  by  T H F S G . W e a lso  saw  t h a t  th e  m e m b e rsh ip  p ro b le m  fo r e -free  T H FSG s is 
P S P A C E -c o m p le te .

T h e r e  is o n e  im p o r ta n t  o p e n  q u e s tio n  h ere , a n d  t h a t  is w h e th e r  o r n o t  C (e-/reeT H F SG ) is 
e q u a l  to  C (T H F S G )^ . I f  th is  is th e  case , th e  o n ly  d ifference b e tw ee n  th e se  tw o su b c lasses  a n d  
C (T H F S G ) is th e  a b sen ce  o f  th e  e m p ty  s tr in g  in  th e  la n g u ag es  g e n e ra te d . T h is  w ould  m ak e  
i t  p o s s ib le  to  d efin e  a n  e - is o la te d  n o rm a l fo rm  fo r T H FSG  in  w h ich  th e  s t a r t  sy m b o l S  n ev e r  
o c c u rs  o n  th e  r ig h t  h a n d  s id e  o f  p ro d u c tio n  ru le s , a n d  th e  e m p ty  s tr in g  o n ly  o c cu rs  o n  th e  r ig h t  
h a n d  s id e  o f  le x ico n  ru le s  i f  th e  S  o ccu rs  to  th e  le ft. T h is  k in d  o f  n o rm a l fo rm  is  o ften  u sed . 
H ow ever, th e  q u e s tio n  is le ft fo r  fu r th e r  research .

I n  th e  b e g in n in g  o f  th is  a r t ic le  we n o tic e d  t h a t  in  la te r  L F G  th e  e m p ty  c a te g o ry  d o e s  
n o t  p la y  a  p ro m in e n t ro le , ev en  i f  th e re  is so m e d isa g re e m e n t a b o u t  th e  n eed  fo r i t  [D K M Z 95, 
p i 34] [K Z 89 , B re95). F u n c tio n a l u n c e r ta in ty  im p le m e n te d  a s  re g u la r  ex p ress io n s  in  th e  e q u a tio n  
s c h e m a ta  is u se d  to  h a n d le  lin g u is tic  p h e n o m e n a  p rev io u s ly  h a n d le d  by  e m p ty  c a teg o rie s  (e.g . 
lo n g -d is ta n c e  d e p e n d e n c ie s ) . I f  we lo o k  a t  th e  u se  o f  re g u la r  e x p ress io n s  to  im p le m e n t fu n c tio n a l

^The proof is given in [Bur98].
^The proof is given in [Bur98].
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u n æ r ta in ty  a s  in t ro d u c e d  in  [KZ89], w e o n ly  find  o n e  re g u la r  e x p re ss io n  in  eac h  s e t  o f  e q u a tio n  
s c h e m a ta , a n d  th is  is a  p a t h  e q u a tio n  sch em a .

N ow , w h a t  a b o u t  r e g u la r  ex p ress io n s  in  c o n ju n c tio n  w ith  e -f re e  T H F S G ? I n  [B ur97b] i t  is 
p ro v ed  t h a t  w e m a y  in tro d u c e  re g u la r  ex p re ss io n s  in  th e  e q u a t io n  s c h e m a ta  in  T H F S G  w ith o u t 
e x te n d in g  th e  c lass  o f  la n g u a g e s  d e sc r ib e d , a n d  t h a t  th e  e m p tin e s s  a n d  m e m b e rs h ip  p ro b lem s 
re m a in  d e c id a b le . T h e  p ro o f  o f  eq u iv a len ce  b e tw een  T H FSG  w ith  a n d  w ith o u t  th e  p o ss ib ility  
o f  re g u la r  e x p re ss io n s , in tro d u c e s  th e  e m p ty  s tr in g  o n  th e  r ig h t h a n d  s id e  in  n ew  lex icon  ru les. 
H ow ever, by  e x a m in in g  th e  p ro o f  i t  is s tra ig h tfo rw a rd  to  see t h a t  if  we r e s t r ic t  re g u la r  ex ­
p re ss io n s  to  o n ly  o c c u r  in  p a th  e q u a tio n  s c h e m a ta , a  c o rre sp o n d in g  in t ro d u c tio n  o f  th e  e m p ty  
s t r in g  in  le x ico n  ru le s  is n o  lo n g e r n eed ed . A s a  re s u lt ,  th e  class o f  la n g u ag es  w e g e t b y  a llo w in g  
re g u la r  ex p re ss io n s  in  th e  p a th  e q u a tio n  s c h e m a ta  in  e -free  T H F S G  is th e  s a m e  as  th e  c lass  o f 
la n g u a g e s  d e fin ed  by  c le a n  e -free  T H FSG .
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Teaching and learning computational linguistics in an
international setting

Koenraad de Smedt
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Summaty
C o m p u ta tio n a l L in g u is tic s  h as  lo n g  been  a  fo rerunner in  th e  u se  o f  h u m an itie s  com puting  
te ch n o lo g y . H ow ever, th e re  are  m an y  o rg an isa tio n a l p rob lem s to  b e  ad d ressed  to  m a in ta in  and 
im p ro v e  th e  q u a lity  o f  teach in g  an d  learn ing  o f  C o m p u ta tio n a l L ingu is tics . A dvanced  
C o m p u tin g  in  th e  H um an ities  (A C O * H U M ) is an  in te rna tional n e tw o rk  w h ich  in v estiga tes the  
u se  o f  n e w  tech n o lo g ies  in  H u m an itie s  teach in g  an d  learn ing . I t  p ro m o te s  in ternational co ­
o p e ra tio n  a.o . fo r teach in g  and  learn in g  C o m p u ta tio n a l L ingu istics.

Aims
In  so  fa r  as C om p u ta tio n al L in g u is tic s  b e lo n g s  to  th e  h u m an  sc ien ces o r h u m an ities , it  has long 
h a d  a  p riv ileg ed  p osition . It has  lo n g  b een  a  fo reru n n er in  th e  ap p lica tio n  o f  fo rm al m ethods and  
o f  co m p u ta tio n a l tech n iq u es fro m  A rtific ia l In te lligence. I t h as  d u rin g  th e  p a s t tw en ty  o r so 
y ea rs  e s tab lish ed  its e lf  as an  ad v an ced  fie ld  o f  research  an d  study , an d  i t  h as  tran sfo rm ed  bo th  
co m p u te r sc ien ce  and  lingu istics. H o w ev er, its  specia l p o sitio n  am o n g  h u m an ities  d isc ip lines is 
rap id ly  van ish in g . T he sc iences o f  lan g u ag e  are today  n o t a t a ll u n iq u e  in  the ir ado p tio n  o f  
ad v an ced  co m p u tin g . H isto ry , fo r ex am p le , is  rap id ly  ab so rb in g  co m p u tin g  as an  im portan t 
re sea rch  m e th o d o lo g y , fo r ex am p le  fo r th e  in te llig en t search ing  o f  a rch iv es . H isto ry  o f  a rt is 
rap id ly  ad o p tin g  ad v an ced  v isu a l p ro cess in g  tech n iq u es, th e  b u ild in g  o f  p ic to ria l databases, etc. 
E v en  lite ra tu re , w h ich  h as  lo n g  b een  a  p lace  o f  trad itio n a l sch o la rsh ip  b ased  o n  books, is 
in c reas in g ly  u s in g  co m p u te r-a id ed  re sea rch  tech n iq u es, fo r  ex am p le  in  fo rm a l sty listics , and  is 
b eg in n in g  to  tak e  h y p ertex t serio u s as b as is  fo r a  n ew  rheto ric . A n d  w ith  S o p h ie 's  w o rld  o n  C D - 
R O M , e v en  p h ilo so p h ers  are  trad in g  th e ir  p en s  fo r sh iny  d isks. B rie fly , th e  w h o le  hum an ities  are 
to d a y  faced  w ith  a  ch a llen g e  to  in n o v a te  th e ir  lea rn in g  and  teach ing .

B a c k  to  C o m p u ta tio n a l L in g u is tic s , w h a t a re  th e  ch a llen g es C o m p u ta tio n a l L in g u is tic s  is  facing? 
T h e  f ie ld  o f  n a tu ra l language p ro cess in g  h as  ex p an d ed  en o rm o u sly  in  th e  p a s t decades an d  is 
co n tin u in g  to  ex p an d  w ith  re sp ec t to  th eo ry , m e th o d s, and  app lica tions. T h is  h as  a llo w ed  m any  
d iffe re n t sch o o ls  an d  m an y  n ich es  o f  sp ec ia l research . W hile  th is  v a rie ty  is  u sefu l an d  needs to  
b e  m a in ta in ed , it  is  n o t so  easy  in  ev e ry d ay  life  to  o ffe r q u a lity  te ach in g  in  C om puta tional 
L in g u is tic s  cov erin g  an  u p  to  d ate  p a r t o f  th e  C om p u ta tio n al L in g u is tic s  spec trum . F o r  one 
th in g , th e  C o m p u ta tio n a l L in g u is tic s  s ta f f  a t m o s t u n iv e rs itie s  is ra th e r sm all. F o r  ano ther, the  
d ev e lo p m en t o f  g o o d  teach in g  m a te ria ls  is  w ay  b eh in d  th e  research  d ev e lo p m en ts. T h is  m ay  
a ffe c t th e  q u a lity  o f  teach in g  in  su ch  w ay s  th a t s tuden ts  are  n o t su ffic ien tly  fam ilia r w ith  w hat 
re sea rch  req u ire s, s tu d en ts  a re  n o t p rep a red  fo r com pu tational lin g u is tic s  p ro fessions, and  
s tu d en ts  d o  n o t learn  so m e th in g s  w h ic h  a re  co n sid ered  b asic  a t o th e r u n iv e rs itie s , w h ich  resu lts  
in  th e  h in d ran c es  fo r  th e ir  m o b ility . A ll th is  arg u es fo r in c reased  co -o p e ra tio n , a lso  o n
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in te rn a tio n a l lev e ls , to  develop  an d  o ffe r b e tte r  teach ing  an d  tra in in g  in  C om puta tional 
l in g u is t ic s .

T h e se  ch a llen g es  are  food  fo r th o u g h t fo r th e  S O C R A T E S  /  E R A S M U S  th em atic  netw ork  o n  
A d v an ced  C o m p u tin g  in  th e  H um an ities  (A C O *H U M ). W hat d o  w e en v isag e?  P art o f  th e  
e ffo rts  o f  A C O * H U M  is d irec ted  to w ard s cu rricu la  iim ovation . W e a im  a t cu rricu la  con tain ing  a  
ran g e  o f  b as ic  m o d u les  w ith  a  w id e  in te rn a tio n a l ag reem en t, w hile  a llo w in g  fo r local 
sp ec ia lisa tio n 's . H ere  w e bu ild  o n  sem in al w o rk  done by  th e  fo rm er E R A S M U S  netw o rk  on  
n a tu ra l lan g u ag e  p rocessing . A n o th er p a rt o f  o u r e ffo rts  is d irec ted  to  ag ree ing  o n  equ ivalenc ies 
o f  d eg rees, an d  p o ssib ly  the  c rea tio n  o f  a  n ew  in terna tional m aste rs  degree  in  n a tu ra l language 
p ro cess in g . W e also  a im  a t the  d ev e lo p m en t o f  n ew  teach ing  m a te ria ls  fo r C om putational 
L in g u is tic s , in c lu d in g  w eb-based  teach in g . W eb -b ased  courses o ffe r  no t on ly  th e  opportun ity  to  
le a rn  ac ro ss  n a tio n a l boundaries, b u t a lso  to  teach  across n a tio n a l b o u n d arie s. Several 
in d iv id u a ls  in  th e  C o m putational L in g u is tic s  co m m u n ity  are  ex p erim en tin g , b u t la ck  up till n ow  
a  fo ru m  fo r  th e  ex ch an g e  o f  experiences. A C O * H U M  is  actively  s tim u la tin g  the  developm en t 
a n d  te s tin g  o f  m o re  su ch  courses, in  co -o p era tio n  w ith  E L SN E T . W e in ten d  to  u se  th e  netw ork  
a s  a  fo ru m  fo r exchang ing  ex periences o n  a tran s-n a tio n al b asis . In  th is  co n tex t w e also  
s tim u la te  a lso  th e  tran sfe r o f  research  resu lts  to  teach in g  m ateria ls , so th a t to d ay 's  studen ts learn  
to  w o rk  w ith  sy stem s and  da ta  w h ich  are the  s ta te  o f  th e  art. F in a lly , w e p ro m o te  C o m putational 
L in g u is tic s  a s  a  p ro fessional p ro file , an d  w e w an t to  co -operate  w ith  p ro fessio n a l o rgan isations 
su c h  a s  E A C L  an d  w ith  research  in stitu tio n s an d  com pan ies  to  s tudy  th e  co rresp o n d en ce  betw een  
w h a t s tu d en ts  le a m  and  w hat the  real w o rld  ex p ec ts  fro m  them  as p ro fessio n a ls .

N o t o n ly  C o m p u ta tio n a l L in g u is tics, b u t a lso  m ain stream  lin g u is tic s  is a ffected  by the 
d ev e lo p m en ts . M ain stream  scho lars  o f  lan g u ag e  are  inc reasing ly  u s in g  to o ls  w h ich  are  p roduced  
b y  C o m p u ta tio n a l L in g u is tic s  research . O ne n eed s to  d is tin g u ish  h e re  b e tw een  th e  lingu ist, w ho 
is  a  u se r  o f  lin g u is tic  too ls, and  th e  co m p u ta tio n a l lingu ist, w ho  is a  d ev e lo p e r o f  lin g u is tic  too ls. 
E v en  w ith o u t u n d erstan d in g  h o w  a  p a rse r w o rk s, a  p a rse r can  b e  a  p rac tica l to o l fo r a  lingu ist 

w h o  w an ts  to  p lay  w ith  g ram m ars. T h is  arg u es fo r th e  in c lu sio n  o f  to o ls  co u rses  in  lingu istics  
cu rricu la . In  fact, a t th e  U n iv ersity  o f  B erg en , a ll firs t y ear lin g u is tic s  s tu d en ts  u se  su ch  too ls as 
th e  L F G  w o rk b en ch  an d  T arsk i's  w orld , A  co -o p era tio n  b e tw een  lin g u is ts  an d  com pu tational 
lin g u is ts  is  n eed ed  in  th e  updating  o f  lin g u is tic s  cu rricu la , and  a lso  h ere  a  co -o p era tio n  is  usefu l. 
In  fac t, A C O '*'H U M  does n o t a im  a t an  iso la tio n  o f  those  u s in g  ad v an ced  co m p u tin g  in  the  
h u m a n itie s  a n d  th o se  w ho  don 't. R ather, w e  w a n t to  b rin g  advanced  co m p u tin g  to  as la rge  a  p a rt 
o f  h u m a n itie s  s tu d en ts  as p o ssib le .

Organisation of the network
A d v a n c e d  C o m p u tin g  in  the  H u m an ities  (A C O ”‘H U M ) is  an  in te rna tional n e tw o rk  p ro jec t w h ich  
in v estig a te s  th e  u se  o f  n ew  tech n o lo g ies  in  H u m an ities  teach in g  an d  learn ing . T he p ro jec t 
s ta r te d  in  S ep tem b er 1996 and  w ill co n tin u e  fo r  3 years. I t is  a  n e tw o rk  p ro jec t, w h ich  m eans 
th a t  i t  is  b a sed  o n  th e  m u tu a l ex ch an g e  o f  in fo rm atio n  an d  o n  v o lu n ta ry  ag reem en ts. T he 
n e tw o rk  is  n o  reg u la tin g  agency , b u t o ffe rs  a  fo ru m  fo r exchange  am o n g  th e  partners. T h is 
e x ch a n g e  ta k es  th e  fo rm  o f  w o rk in g  g ro u p s  w h ich  regu la rly  m eet, w o rk sh o p s  an d  conferences. 
In  S ep tem b er, a  la rg e  con ference  w ill b e  o rg an ised  in  B ergen ; th is  w ill b e  an n o u n ced  o n  th e  w eb  
a n d  an n o u n cem en ts  w ill be  sen t to  N o d a li. T h ro u g h  v o lu n tary  co -o p era tio n  in  th e  netw ork , th e
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p ro je c t a im s a t fac ilita tin g  m o b ility  inc lud ing  v irtu a l m o b ility  an d  co m m o n  educational 
reso u rces . E v en tu a lly  w e  h o p e  to  fin d  a  co m m o n  gro im d  fo r  in te rn a tio n a l degrees in  
C o m p u ta tio n a l L in g u is tic s , in te rn a tio n a l poo ling  o f  ed u ca tio n a l m a te ria ls  and  com pu tational 
tra in in g  m ateria ls  fo r C o m p u ta tio n a l L ingu istics, an d  b e tte r  co n tac t b e tw een  educational 
in s titu tio n s  and  fu tu re  em ployers.

H ie  n e tw o rk  has an  o ffice  b ased  in  B ergen . T h ey  can  be reac h ed  a t w w w .u ib .n o /aco h u m . 
C u rren tly , th e  n e tw o rk  h as  s ix  w o rk in g  g ro u p s w h ich  are  rep resen ted  schem atica lly  in  F igure 1.
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A s  sh o w n  in  th e  fig u re , th e re  is  an  in te rp lay  o f  vertica l th e m es  an d  h o rizo n ta l them es. V ertical 
th e m es  co rresp o n d  la rg e ly  to  trad itio n a l d isc ip lin es  w ith in  th e  h u m an ities , w h ile  horizon tal 
th em es  a re  h u m an ities  w id e  a reas  o f  in terest.

T h e  w o rk in g  g ro u p  o n  C o m p u ta tio n a l L ing u is tics  an d  lan g u ag e  en g in ee rin g  is  co m p o sed  o f  B ill 
B la ck  a n d  M arie  H ay e t (M an ch este r), W alte r D ae lem an s (A n tw erp en  an d  T ilb u rg ), L aurence 
D an lo s  (P aris), K o en raad  d e  S m ed t (B ergen), G ert D u rieu x  (A n tw erp en ), Jo ak im  N iv re  
(G ö teb o rg ), H ans U sz k o re it an d  B rig itte  K reim  (S aarbriicken), P au l M e  K ev itt (A lborg), Ju lia  
L av id  a n d  F e lisa  V erd e jo  (M ad rid ), T o rb jø rn  N o rd g ård  (T ro n d h e im ) an d  A n d y  W ay 
(D u b lin ). T h ese  m em b ers  h av e  b een  ac tiv e  in  se tting  u p  d iscu ss io n s  an d  ac tio n s re la ted  to  th e  
issu es  m en tio n ed  earlie r, an d  w ill b y  th e  end o f  th e  p ro je c t p ro d u ce  a  rep o rt and  
reco m m en d atio n s.
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Preliminary conclusions
T h e  v^^ole p ro jec t h as  b een  ac tiv e  fo r one  and  a  h a lf  year, w h ich  is  re la tiv e ly  sh o rt fo r a  large 
n e tw o rk  w ith  over a  h u n d red  partners. T he conclusions can  th e re fo re  o n ly  b e  p relim inary . O ur 
p artn e rs  hav e  up  to  n o w  in d ica ted  th a t w ith in  several h u m an itie s  d isc ip lin es, c lea r trends are  
n o ticeab le  based  on  rea l s tu d en t need s. A m ong  these  tren d s w e m e n tio n  th e  fo llow ing :

1. T h ere  is increasing  d em an d  fo r co llab o ra tiv e  p ractice. T h is  is p e rce iv ed  to  b e  a  rad ical sh ift 
aw ay  fro m  th e  cu lt o f  th e  in d iv id u a l to w ard s th e  d ev e lo p m en t o f  a  n ew  p ercep tio n  o f  the  
in d iv id u a l p rac titio n er as a  m e m b er o f  a  team , o r  p a rt o f  a  n e tw o rk  o f  re la tionsh ips, bo th  
w ith in  and  across d isc ip lin es. In fo rm atio n  and  co m m u n ica tio n  tech n o lo g y  is  perce ived  as 
in stru m en ta l fo r n ew  co llab o ra tiv e  m odels. S tuden ts, a lso  in  C o m p u ta tio n a l L ingu istics, have  
to  le a m  h o w  to  co m m u n ica te  an d  w o rk  togetlier w ith  o thers.

2 . G rad u ates  in C om p u ta tio n al L in g u is tic s  are  bad ly  w an ted  o n  th e  jo b  m ark e t in  m any  reg ions 
o f  E u ro p e , a.o. in  S cand inav ia . H ow ever, studen ts need  to  b e  equ ip p ed  w ith  up to  date 
k n o w led g e  w h ich  is  n eed ed  in  th e  rea l w orld , n o t ju s t  c lassica l th e o rie s  an d  m ethods. T his 
m ean s  they  need  access to  g o o d  co u rse  m odu les and  up  to  d ate  le a rn in g  m ateria ls .

3 . T h e  u se  o f  in fo rm atio n  an d  co m m u n ica tio n  techno logy  sh o u ld  b e  ap p lied  to  teaching  and  
le a rn in g  situa tions in  o rd er to  im p ro v e  the  effic iency  and  q u a lity  o f  acad em ic  education. 
B rin g in g  th e  com pu ter in to  teach in g  in  a  reasoned  w ay  sh o u ld  lib e ra te  s tuden ts  from  tim e and  
sp ace  lim ita tio n s on  learn ing , en ab le  life -lo n g  and d istance le a rn in g  as w ell as augm enting  
trad itio n a l degree  schem es. C o n certed  actio n s are  needed  to  c rea te  tech n ica l an d  organ isational 
co n d itio n s  fo r such  d ev e lo p m en ts  on  an  in ternational basis.
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