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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 ”
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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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