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Abstract

T h e  paper describes the Sw edish language com p on en ts  used in the S p o 
ken Language T ran sla tor (S L T ) system . S L T  is a m u lt i-co m p o n e n t sys
tem  for  translation  o f  spoken  English in to  spoken  Sw edish . T h e  language 
processing  parts o f  the system  are the English  C ore  L an guage E ngine 
(C L E ) and its Sw edish cou n terpart, the S -C L E . T h e  S -C L E  is a general 
pu rpose natural language processin g  system s for  Sw edish  w hich  in  the 
S L T  p ro je c t  was tuned tow ards the register o f  the air travel in fo rm a 
tion  (A T IS ) d om ain . T h e  pecu liarities and the coverage o f  the resu lting  
Sw edish gram m ar are the m a in  top ics  o f  the pap er, even  th ou gh  the 
overall S L T  system  also is briefly  described .

1 Introduction

T h e  Swedish C ore  L anguage E ngine (or  S -C L E  for sh ort) (G a m b a ck  and R ayn er, 
1992) is a general pu rpose natural language processin g  system  for  Sw edish  dev e lop ed  
by the Sw edish Institu te o f  C om p u ter  Science fro m  its E nglish  cou n terp art, the SR I 
C ore Language E ngine (C L E ) (A lsh aw i, 1992). T h e  key id ea  beh in d  the system  is 
ind icated  by the w ord “ core” : the S -C L E  was in ten ded  to  b e  used as a bu ild in g  
b lock  in a broad  range o f  ap p lica tion s  and has already been  tested  as part o f  a 
database query system  (G a m b a ck  and L ju n g, 1993) and as a tex t-to -sp eech  fron t- 
end (G a m b a ck  and E in eborg , 1995). T h e  tw o cop ies o f  the C L E  have a lso been  
used together to  form  a m ach ine translation  system  for a car-h ire d om ain  (A lsh aw i 
et al., 1991).

In the Spoken  Language T ran sla tor, d escribed  in the n ext section , the English  
C L E  perform ed  as a back-end  to  a  speech  recogn ition  system , the S -C L E  as a  fron t- 
end to  a speech  synthesis system , and the tw o C L E s togeth er fo rm ed  a  (te x t )  trans
la tion  system  in the air travel in form a tion  d om ain . In the course o f  the p r o je c t , the 
previous Sw edish system  was com p lete ly  redesigned and the g en era l-p u rp ose  g ra m 
m ar expan ded , bu t a lso tuned to  cover the pecu liarities o f  the register (su b lan gu age) 
o f  a particu lar d om ain .
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T h e  present paper starts o u t by d escrib ing  the overall S L T  system  architecture in 
S ection  2 and  briefly  in trod u ces the different com p on en ts  o f  the system . Section  3 is 
the m a in  fo cu s  o f  the pap er, describ in g  the different m od u les o f  the present Swedish 
language processin g  com p on en t in detail by  g iv in g  exam ples o f  the rules used for 
the treatm en t o f  som e specific p h enom ena .

S ection  4 details the coverage issues and how  the Sw edish  coverage was im proved  
du rin g  the first year o f  the p ro je c t. T h e  final section  o f  the paper look s in to  the 
fu tu re, describes the on g o in g  w ork on  m ak in g  the system  com p lete ly  b id irection a l, 
and  su m s up the p rev iou s discussion .

2 The SLT system

T h e  Sp oken  L anguage T ran sla tor (S L T ) is a system  p ro to ty p e  w hich  can translate 
queries fro m  sp oken  English  to  sp oken  Sw edish  in the d om ain  o f  air travel p lan 
n ing (A T IS ). T h e  system  was d evelop ed  as a jo in t  effort by  the Sw edish Institute 
o f  C om p u ter  Science, S R I Internation al (M en lo  Park, US and C a m b rid ge , U K ), 
and T e lia  R esearch  A B  (H an in ge, Sw eden ). M ost o f  the first-year p ro to ty p e  was 
con stru cted  fro m  p reviously  ex istin g  pieces o f  softw are, w hich  were ad ap ted  for use 
in the speech  translation  task w ith  as few  changes as possib le. T h e  overall archi
tecture o f  the current version o f  S L T  system  is d escribed  shortly  in this section , for 
a co m p le te  descrip tion  see (R a yn er et al., 1993) or (A gniis et at., 1994).

F igure 1: T op -lev e l arch itecture o f  the Sp oken  L anguage T ran sla tor

T h e  m a in  com p on en ts  o f  the S L T  system  are con n ected  togeth er in  a p ip elin ed  
sequence as show n  in F igure 1. T h e  in pu t signal is processed  by S R I M en lo  P a rk ’s 
D E C IP H E R (T M ) (M u rve it e t  at., 1991), a speaker-independent con tinu ou s speech  
recog n ition  system  based  on  H idden  M arkov  M od e l tech nology . It p rod u ces  a set 
o f  speech  h ypotheses w hich  is passed to  the E nglish -language p rocessor, the SR I 
C a m b rid g e  C ore  L an guage E ngine (A lsh aw i, 1992).
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T h e  C L E  gra m m a r associates each speech  h ypoth esis  w ith  a set o f  p ossib le  
qu asi-log ica l form s, Q L F s (A lsh aw i and van E ijck , 1989), ty p ica lly  p rod u c in g  5 
to  50 Q L F s per h ypothesis. In order to  allow  fast processin g  o f  a large n um ber 
o f  h ypotheses, a sca led -d ow n  version o f  the g ra m m a r in d u ced  w ith  the m a ch in e
learning technique “ E x p la n a tion -B a sed  Learn ing”  (S am u elsson  and  R ayn er, 1991) 
is first invoked an d  parsed w ith  an L R -parser (S am u elsson , 1994). O n ly  i f  th is 
restricted -coverage gram m ar fails is the gen era l-p urpose  gra m m a r tried  on  the (by  
the speech  recogn izer) m ost preferred h ypothesis.

A  preference com p on en t is then  used to  g ive each Q L F  a n um erica l score  re
flectin g  its lin gu istic  p lau sib ility  (A lsh aw i and C arter, 1994). W h e n  the preference 
com p on en t has m a d e  its choice, the h igh est-scoring  log ica l fo rm  is passed to  the 
transfer com p on en t, w hich  uses a set o f  s im p le  n on -d eterm in istic  recursive p a ttern 
m a tch in g  rules to  rew rite it in to  a  set o f  p ossib le  corresp on d in g  Sw edish  represen
ta tion s (A lsh aw i e t  al., 1991; G am b äck  and  B retan , 1994).

T h e  preference com p on en t is now  invoked  again , to  select the m ost p lausib le  
transferred log ica l form . T h e  result is fed  to  a secon d  cop y  o f  the C L E , w hich  uses 
a Sw edish -language gra m m a r and  lex icon  d evelop ed  at SIC S  (G a m b ä ck  and  R ayn er, 
1992) to  convert the form  in to  a Sw edish string  and an associa ted  sy n tax  tree. F i
nally, the string  and tree are passed to  the T e lia  P rop h on  speech  synthesizer, w hich  
utilizes p o ly p h on e  synthesis to  p rod u ce  the sp oken  Sw edish  u tteran ce (B ä ck ström  
e i al., 1989).

T h e  S L T  sy stem ’s current p erform an ce  figures m easured on  prev iou s ly  unseen 
d a ta  (th e  1001-utterance D ecem ber 1993 A T IS  corp u s) are: 78 .8%  o f  all u tterances 
are such that the top -scor in g  speech  h yp oth esis  is an a ccep ta b le  one. I f  the speech  
h ypothesis is correct, then an accep ta b le  tran slation  is p rod u ced  in 68 .3%  o f  the 
cases and the overall perform an ce  o f  the system  is 5 3 .8% . L im itin g  the test corpu s 
to sentences o f  10 w ords or less (688 u tteran ces), these figures m ov e  up to  83 .9%  
for speech  recogn ition  and 74 .2 %  for  language p rocessin g , w ith  a 6 2 .2 %  overall 
perform ance.

For a b ou t 10%  o f  the correctly  recogn ized  u tterances, an u n a ccep ta b le  transla
tion  is p rod u ced . N early all o f  these are in correct due to  their con ta in in g  errors in 
gram m ar or naturalness o f  expression , w ith  errors due to  d ivergence in m ea n in g  b e 
tween the source and target sentences accou n tin g  for  less than  1%  o f  all translations. 
S L T  p erform an ce  is discussed at length  in  (R a yn er  e t  a l ,  1994).

3 Swedish Language Processing

A s n oted  above, the S -C L E  is a general pu rpose natural language processin g  system  
for Sw edish. T h e  m ain  o b je c t  o f  the system  is to  m ap  certain  n atu ral language 
expressions in to  ap p rop ria te  p red icates in qu asi-log ica l fo rm . T h e  system  is based  
com p lete ly  on  u n ifica tion  and has a fa irly  large b id irection a l ph rase-structu re ty p e  
gram m ar (i.e ., the gram m ar can  be used b o th  for  analysis and g en era tion ) covering  
m ost o f  the co m m o n  Sw edish construction s. T h ere  is a g o o d  treatm en t o f  in flection a l 
m orp h o log y , covering  all m ain  in flection al classes o f  noun s, verbs and ad jectives.

T h e  S -C L E  has been  d evelop ed  from  the orig ina l English  C L E  by rep lacing  
E n glish -specific m od u les (g ra m m a r, m orp h o log y , lex icon  and lex icon  acqu is ition ) 
w ith corresp on d in g  Sw edish -langu age versions, ex p lo it in g  the large overlap  betw een  
the structures o f  the tw o languages. M ost o f  the Sw edish g ra m m a r is thus com p le te ly  
equ ivalent to  the English on e; this section  w ill concentra te  on  the parts th at differ
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for  in teresting  reasons. (S o , even th ou gh  the gram m ars indeed  differ in several ways 
n ot described  here, m ost o f  the differences are for rather uninteresting reasons m ore 
reflecting  different tastes on  the side o f  the gram m arian s than real g ram m atica l 
differences and w ill thus b e  left o u t from  the d iscussion  here.)

A  prev iou s version  o f  the Sw edish  gra m m a r and how  it was developed  was de
scr ib ed  in  (G a m b a ck  an d  R ayn er, 1992). T h ere  w e also w ent in to  som e detail on  the 
(a t  least for  a tran slation  task) m ost v ita l differences betw een  English  and Sw edish, 
b o th  a t the m o rp h o lo g y  and  sy n tax  levels. T h e  present paper w ill thus refrain from  
reca p itu la tin g  th at discussion  and on ly  g ive an overv iew  o f  the m ost im p ortan t 
p h en om en a  and their present treatm en t in the system .

F irst, how ever, we sh ou ld  n ote  th at the sim p le  m e th o d o lo g y  ou tlin ed  for devel
op in g  a system  for a new language has also been  show n to  be  successfu l for other 
languages. A  fu ll-sca le  version o f  the C L E  for  French has recently  been  developed  
by  IS S C O , G eneva. It has a coverage at rou gh ly  the sam e level as the Swedish 
on e (R a y n er  and  B ou illon , 1995) and is also used as a part o f  a  spoken  language 
tran slation  system  (E n g lish -to -F ren ch ), w hich  w as dem onstrated  at the C e B IT  fair 
in H annover, M arch  1995.

S m all-sca le  versions o f  the C L E  are also under d evelop m en t by the University 
o f  C a m b rid g e : for  G erm an  (P ark in son , 1992), m a in ly  for  testing  the gram m ar for 
m a lism  on  a  language w ith  a different w ord  order; fo r  P olish  (S tys , 1995), testing 
the m o rp h o lo g y  com p on en t on  the in tricacies having to  d o  w ith  case, gender and 
n u m ber varia tion  on  nouns, as well as the n ou n  phrase part o f  the gra m m a r on  som e 
o f  the p rob lem s associa ted  w ith  a “ free”  w ord order; and for K orean.

T h e  rest o f  th is section  w ill in  turn  g o  th rough  the different processin g  steps 
used w hen fo rm in g  a Q L F  in the S -C L E  and describe the rule sets used in each o f  
th em : first the m o rp h o lo g ica l processin g  w here the rulebase is d iv id ed  in to  m or- 
p h o p h o n o lo g ica l “ sp ellin g”  rules and m orp h osy n ta ctic  “ p ro d u c tio n ” rules. T h en  
the g ra m m a tica l processin g  w hich  in turn is d iv id ed  in to  tw o steps, sy n tactic  pars
ing  and sem an tic  analysis. T h e  rules o f  the g ra m m a r prop er are thus d iv id ed  in to 
tw o different rule sets, on e w ith  the sy n tax  and another w ith  the (co m p o s it io n a l) 
sem an tics. T h e  m ain  processin g  chain is eis show n in F igure 2.

NL sentence

_ i ________________________________________________

u . . .  . . • C  sp elling  rules )
m orp h o log ica l analysis ^

(  p rod u ction  rules )

sy n tactic  parsing

I
sem an tic  analysis

syn tax  rules )

sem an tic  rules )

~ r
Q L F

F igure 2: T h e  analysis steps o f  the S -C L E
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3.1 Morphology

G iven  that Sw edish  is an in flectional language, the treatm en t o f  the in flection a l 
m orp h o log y  by sim p le  a fB x-stripp ing  used in the orig ina l E nglish  C L E  was far fro m  
sufficient. A  “ la zy ” version o f  the tw o-level m o rp h o lo g y  (K osk en n iem i, 1983) was 
thus im p lem en ted  (C arter, 1995). T h is  version  is “ la zy ” in th at it d oes n o t a ccou n t 
for general changes o f  the stem s o f  w ords.

A  ty p ica l sp elling  rule is the fo llow in g  w hich  show s th at w hen  the affix  e r  is 
added  to  a stem  en d in g  w ith  an o  or an e fo llow ed  by  an 1 o r  an r ,  the stem  
vow el m ay  b e  d rop p ed  unless it is stressed (i.e ., fo rm ler  =  fo rm e l -|- er, m a n öv rer  
=  m an över -|- er, e tc .) :

s p e l l ( p lu r _ L R e r _ e L R ,
" I I " ,  = > , " | 2 l l + e r " ,
[ 2 / " o e " , l / " l r " ] ,
[ s t r e s s l a s t = n ] ) .

In all the rule form alism s o f  the C L E , the first argum ent (here, p lu r _ L R e r _ e L R ) 
is sim p ly  a  rule n am e m a in ly  used for d eb u ggin g . T h e  m ain  parts o f  the rule 
appear on  the different sides o f  the arrow  (= > ): these are the surface  and lex ica l 
form s, respectively . T h e  vertica l bars ( I ) in d ica te  w hich  letters m ay  b e  changed  
in the rule. I f  the arrow  is b id irection a l (< = > ), the rule m u st  a p p ly ; here it m ay  
op tion a lly  apply. T h e  final tw o lists p u t restriction s on  the “ variab les” 1 and 2 in 
the rule, and on  p ossib le  feature settings on  the stem .

In the current version o f  the Sw edish m o rp h o lo g y  (w h ich  is still under devel
op m e n t), 58 such sp ellin g  rules ap pear and are com p lem en ted  by an oth er set o f  4 
in terw ord rules used in the d erivation a l m orp h o log y , w hich  in  Sw edish  is a lso  qu ite 
com p lex ; how ever, since the current version  o f  the system  ca n n ot h an d le  derivationa l 
m orp h o log y  in general, we w ill n ot g o  in to  to o  m uch  deta il here, b u t con cen tra te  
on  the —  for the task at hand —  m ost im p orta n t p art o f  it, n am ely  the p ro d u c tio n  
o f  noun  com p ou n d s , w hich  are ex trem ely  co m m o n  in  the A T IS  d om a in .

W h ile  noun  co m p o u n d s  in English  are fo rm ed  sim p ly  as  g rou p s o f  w ord s, the 
Sw edish co m p ou n d s  are fo rm ed  by  actu a lly  c o m p o u n d in g  the w ords togeth er. In 
general, th is can b e  done in a  w ide variety o f  fash ions, bu t in present-day  Sw edish  
m ain ly  in tw o ways on ly : either by  ju s t  “g lu in g ” the w ords togeth er, or by  inserting  
an - s -  betw een the w ords in the c o m p o u n d , as described  in  fo r  ex a m p le  (K ie fer, 
1970). C om p o u n d s  can in general be  o f  a lm ost all w ord-classes, b u t the m ost 
co m m o n  ones are noun  com p ou n d s , in w hich  the last w ord  o f  the c o m p o u n d  is a 
noun ; the oth er w ords in the co m p o u n d  can be  o f  o th er classes (e .g ., a d jectiv es  or 
ad verbs), but are n orm ally  nouns, as well.

A s a ru le -o f-th u m b , noun  co m p o u n d s  are fo rm ed  first w ith ou t inserting  an in fix  
s ,  bu t i f  the co m p o u n d  consists o f  m ore  than tw o w ords, an s  w ill b e  inserted  for 
every secon d  w ord ad ded  to  the c o m p o u n d , so  for  ex am p le  the fo llo w in g  sequence 
w ould  g ive the w ords for “ fa ther” , “gra n d -fa th er” (fa th er ’s fa th er), “great gra n d 
father” , etc.:

f a r ,  f a r fa r ,  fa r fa r s fa r ,  f a r fa r s  fa r fa r ,  . . .

W h eth er a particu lar noun  w ill fo rm  c o m p o u n d s  by  inserting  an s  or  n o t depends 
on  the w ord in question  and is thus lex ica lized .
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T o  im p lem en t the n ou n  co m p o u n d  fo rm a tion , a feature n n _ i n l i x  on  an N (nouns 
are lex ica lized  as N s) in d icates w hether or n ot it can b e  p o s t-m od ified  w ith  a co m 
p lex  N co m p o u n d . T h e  feature can currently  take the values s (fo r  an in fix  ’ - s - ’ ) 
or  n  (fo r  n o  in fix , in p ractice  ’ —  ’ , i.e ., ju s t  a h yp h en ) and is lex ica lized  on  the 
N, thus in d ica tin g  the fa ct th at som e lex icon  Ns take an s-in fix  w hen form in g  a 
c o m p o u n d , and som e d o  n ot.

T h e  fo llo w in g  m orp h o log ica l p ro d u ctio n  rule fo r  n ou n -n ou n  co m p ou n d s  (there 
are s im ilar rules for  oth er typ es o f  noun  co m p o u n d s ) show  togeth er w ith  the tw o 
rules fo r  in fixes ( ’ - s -  ’ or  ’ —  ’ ) h ow  the n n _ in f  i x  feature prop agates as 00+01=01 , 
01+ 10=0 0 , i.e ., an N th at takes n o  in fix  has n n _ i n l i x ( 0 , 0 ) as its lex icon  value and 
m eets the ’ —  ’ -in fix  w hich  has n n _ i n l i x ( 0 , 1 ) to  p rod u ce  an N w ith  n n ._ i n l i x ( 0 , 1 ) ,  
w hich  in  turn  can  p rod u ce  an N th at takes the n u ll-in fix  i f  it  m eets the ’ - s - ’ -in fix  
( n n _ i n f i x ( l , 0 ) ) ,  etc.

n b a r : [ n n _ i n l i x = ( l , 0 ) , s im p le = n , . . . ]
— >

n b 2cr : [ n n _ i n l i x = ( I ,H )  , . . . ]
+

’ IN F IX ’ : C im _ in f ix = (M ,0 ) ]
+

n b a x : [ s i m p l e = y , . . . ]

l e x ( ’ - s - ’ , [ ’ IN F IX ’ ; [ n n _ i n l i x = ( l , 0 ) ] ] ) . 
l e x ( ’ - - ’ , [ ’ IN F IX ’ : [ i m _ i n l i x = ( 0 , 1 ) ] ] ) .

T h e  settin g  o f  the feature s im p le  force  co m p le x  co m p o u n d s  to  fo rm  in  a  left
b ran ch in g  fash ion ; the r igh t-m ost daughter m a y  n o t itse lf b e  a  co m p o u n d  (m u st 
have s im p le = y ) .

P ro d u c tio n  rules like the on e ab ove  currently  n um ber 27 in the system , on ly  
4 o f  w hich  are used for form in g  com p ou n d s . T h ese  p rod u ction  rules are actually  
used by  the sy n ta ctic  m orp h o log ica l processin g  and  are m ore  or less paralleled  by 
33 sem an tic  m orp h o log ica l d erivation  rules.

3.2 SyntcLX

O n  the sy n ta ctic  side, the English  and Sw edish  gram m ars differ on  m any accounts. 
F irstly, several ex tra  rules appear in the Sw edish  system , m a in ly  to  capture different 
k in ds o f  m ovem en ts , in  p a rticu lar the fa c t th at Sw edish  allow s for top ica liza tion  o f  
ju s t  a b o u t any ty p e  o f  constituen t. Space considerations prevent a  fu ll accou n t o f  
these rules from  be in g  in cluded  in th is pap er; they  w ill be  rep orted  on  elsewhere 
(G a m b a ck , 1995). Here, we w ill thus on ly  con centra te  on  som e p ro to ty p ica l cases.

S econ d ly , a  n um ber o f  new  features had  to  be  ad ded  or the value ranges or rele
vant rules for  o ld  features had to  be  exten ded . M ost n o ta b ly  since the m ore  com p lex  
agreem ent stru ctu re o f  Sw edish  m eans th at the features in d icating  agreem ent and 
defin iteness m u st be  p rop ag ated  to  m any m ore  constituents.

A n  ex am p le  is the three-valued  defin iteness feature, w hich ranges over values 
for “ in defin ite” , “ defin ite”  and “ possessive” , the last on e being  used on  gen itive  
N Ps. T h ese  are treated  as form in g  co m p le x  determ iners, so that ‘ en m a n s  f r u '  
(a  m a n ’s w ife ), ‘ m a n n e n s  f r u '  (th e  m a n ’s w ife ), and ‘ K a l le s  f r u ’ (K a lle ’s w ife) are 
all in terpreted  as h av ing  the stru ctu re [N P [D E T  N] ] as exam plified  in F igure 3.
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NP [def=poB S ,gen »n ]

D E T  [d e f= p o ss ]  N [d o f= p oss ,g en = n ]

NP [def*n , gen=y] f r u

DET [def=n] N [def=n,gen*y]

F igure 3: T h e  tree structure for  the noun  phrase ‘ en m a n s  f r u ’

T h is  is ob ta in ed  by using the fo llow in g  tw o rules (here qu ite  sim plified  w ith  m ost 
features rem oved ):

s y n ( d e t _ n p _ G e n i t iv e ,
[ d e t : [ d e f = p o s s ]  , 

n p : [ d e l = _ ,  g en = y ]
] ) .

s y n (n p _ d e t_ n b e a ’ ,
[ n p ;[d e l = D ,  gen=G ] , 

d e t : [ d e f = D ] , 
n b a r : [ d e l= D ,  g e n = G ],

] ) .

T h e  first rule specifica lly  fo rm s determ iners fro m  gen itive  N P s (w ith  the feature 
settin g  g en = y ) regardless o f  the N P ’s definiteness (d e l= _ ) ,  g iv in g  the new ly  fo rm ed  
determ iner a possessive definiteness. T h e  secon d  rule fo rm s N P s fro m  determ iners 
and nouns as lon g  as the definiteness values on  the daughters unify . T h is  rule m ay  
be used on  a w ide range o f  determ iner and n oun  types , in clu d in g  genitives.

3.3 Semantics

M ost o f  the differences betw een English and Sw edish sy n tax  is on ly  m irrored  at the 
(Q L F , i.e ., c o m p o s itio n a l) sem an tic  level w ith ou t any in teresting  ad d ition s . T h e  
m ost n otab le  ex cep tion  is the verb-phrases. A lrea d y  at the sy n tax -level, m ost w ord- 
order differences stem  from  the stron g ly  verb -secon d  nature o f  Sw edish : fo rm a tio n  o f  
b o th  Y N - and W H -qu estion s  is by  s im ple  inversion  o f  the su b je ct  and  verb , w ith ou t 
the in trod u ction  o f  an auxiliary. T h is  is illustrated  in the fo llow in g  exam ples:
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H a n  sa g  M a ria . 
S ag h an  M a r ia ?  
V em  sd g  h a n ?

H e  sa w  M a ry .

D id  h e s e e  M a r y ?  
W h o  did h e s e e ?

T h is  d ifference o f  verb sy n tax  can actu ally  b e  fa ctored  away. H ow ever, we will 
n ot dw ell in to o  m uch  deta il on  the rather specia l u n ifica tion -ba sed  treatm ent o f  
verb -phrases used in the system  —  for  th at, the reader is referred to  (G a m b a ck , 
1993a; G a m b a ck , 1993b) —  b u t w ill n ote  th at the m a in  trick  used is te x ica liz a iio n : 
in fo rm a tion  regarding for  exam p le  verb su b ca tegor iza tion  schem es (i.e ., the n um ber 
and  ty p e  o f  verbal com p lem en ts , such as o b je c ts , particles, e tc .)  is rem oved  from  the 
gra m m a r and p u t in  the lex icon  instead . S yn tactica lly , th is enables us to  treat bo th  
E n glish  and Sw edish  verb -phrases o f  different k inds w ith  a rule like the fo llow in g :

syn(vp_v_coinp_Normal,

[vp: [tense_aspect=TA],

v:[aux=_, tense_aspect=TA, 
subcat=Complements]

I Complements

] ) .

w here the value o f  the subcat feature o f  the verb has to  unify  w ith  the rest o f  the 
verb -phrase. T h e  value o f  subcat is sp ecified  fo r  a  p a rticu lar verb in its lex ica l entry 
and  can  o f  course b e  em p ty  (fo r  in transitives, e tc .) . O ur current Sw edish  gram m ar 
treats 48 different m a in  verb com p lem en t pa ttern s plus copu las and auxiliaries. 
W ith o u t  c la im in g  th is to  be  the absolu te  num ber o f  Sw edish  verb typ es in any sense, 
it is easily  u nderstan dab le  th at w ith ou t the strategy  ou tlin ed  ab ove , we w ould  have 
been  forced  to  state  sp ecific  instances o f  the verb -phrase fo rm a tion  rule for a vast 
n u m ber o f  cases.

In the C L E , each sy n ta ctic  rule is paralleled  by  (a t least) on e sem an tic  rule. 
For all E nglish  verbs and  for  Sw edish  m ain  verbs, the verb-phrase rule ab ove  has 
a  s im p le  cou n terp art, b u t even  for  Sw edish  au xiliaries the treatm ent causes no 
p rob lem s, even th ou gh  an ex tra  case o f  the sem an tic  rule had to  b e  ad ded  in order 
to  pass tense and aspect in fo rm a tion  p roperly , g iven  that for  m ain  verbs, the tense 
in fo rm a tio n  o f  the verb-phrase is the sam e as the on e o f  the daughter verb and 
is s im p ly  unified up togeth er w ith  the oth er sem an tic  in fo rm a tion , w hile in the 
au x ilia ry  case, the sem an tic  in terpretation  o f  the m oth er verb -phrase still is the one 
o f  the daughter verb -phrase, bu t the tense is to  be  taken from  the auxiliary.

T h u s  we get the fo llow in g  tw o (in deed  very s im p lified !) sem an tic  rules:

sem(vp_v_coinp_Honnal, mainv,

[(V,vp; [ten3e_eaid_aspect=TA] ,

(V,v:[aux=n, tense_aspect=TA, 
subcat=Compleinents])

I Complements

] ) .

sem(vp_v_comp_Normal, aux,
[(V,vp:[tense_and_aspect=TA],

(Aux,v:[aux=y, tense_aspect=TA, 
subcat=(V,vp:[])]),

(V,vp:[])

] ) .
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N ote  that each constituen t in the sem an tic  rules is a  pair w ith  the first p art h o ld 
ing the sem an tic  log ica l-fo rm  fragm en t and the secon d  part h o ld in g  the (b a s ica lly ) 
sy n tactic  in form ation .

3.4 Negation

A  sp ecific  case w here the English  and Sw edish gra m m a r differs s ign ifican tly  is in 
the treatm ent o f  negation . N egation  in Sw edish  is expressed w ith  the p a rtic le  ‘ i n i e ’ 
(n o t ) ,  w hich is p laced  after the m ain  verb in  a m ain  clause, b u t b efore  it in a 
su bord in ate  clause, thus:

H a n  sn a rk a d e  in te .
. .  .a tt h an  in te  sn a rk a d e .

H e  did  n o t  s n o r e .
. .  .th a t h e d id  n o t  s n o r e .

Sim ilar consideration s a lso ap p ly  to  a n u m ber o f  o th er  co m m o n  ad verb ia ls  (so - 
called  “m ob ile  ad verbs” ), in clu d in g  ‘ o f t a ’ (o fte n ), ‘ a l l t id ’ (a lw a ys) and ' t r o l i g e n ’ 
(p ro b a b ly ).

Even thou gh  negation  tends to  be  used to  a very sm all degree in the A T IS  
d om ain , a  serious natu ra l-lan gu age processin g  system  m ust o f  course treat it, h ow 
ever, it d oes cause som e p rob lem s b o th  for E nglish -Sw edish  transfer an d  fo r  the 
Q L F -form a lism  as such. T h e  design  ch oice  in the E nglish  C L E  w as to  treat n ega
tion  sem an tica lly  as an op era tor  on  the sentence stru ctu re w hich  at the sy n ta ctic  
level p re-m odifies a verb-phrase form in g  a  new  verb -phrase, the rule thus be ing  
sch em atica lly :

VP ->  n o t  VP

In Sw edish such a  treatm ent does n ot suffice; n egation  is still v iew ed as an 
op erator  at the sem an tic  level, bu t instead o f  m o d ify in g  verb-phrases, it is taken as 
m od ify in g  the verb itse lf in the syn tax . S ince w hether the m od ifica tion  is pre- or 
p ost- depends on  the ty p e  o f  clause, this has been  treated  by  ad d in g  a s u b o r d in a t e  
feature to  S, V P  and V .

T h ree rules for verbs are needed, the first treating  m ain  clause n ega tion , the 
second  treating  su bord in ate  clause n egation  and the th ird  treatin g  a  sp ecia l case o f  
m ain  clause n egation  w ith  a p ron ou n  as o b je c t :

1. m a n n en  [g illa d e  tn te ]  M a r ia / m ig  th e  m a n  did  n o t  lik e M a r y / m e

V : [s u b o r d in a t e = n ,  . . . ]
— >

v : [ . . . ]
+

n e g : [ ]

2. att m a n n en  [ in te  g illa d e ]  M a r ia / m ig  th a t th e m a n  d id  n o t  lik e  M a r y / m e

v:[subordinate=y, ...] 
—> 

neg: []
+

v:[vlorm=(\(att)), ...]
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3. m a n n e n  [g il la d e  m ig  in te ] th e m a n  did  n o t  lik e  m e

v:[subordinate=n, subcat=Rest, . 
—>

v:[subcat=[Pro|Rest], . . .]
+

Pro
+

neg: []

A t the sem an tic  level, treatin g  n egation  as an op era tor  causes som e prob lem s. 
M ain ly  since all m o b ile  ad verbs ou gh t to  b e  treated  in the sam e way, b u t in trod u cin g  
Q L F -o p e ra to rs  for  all o f  th em  w ou ld  h ard ly  b e  feasible. T h u s n ega tion  is actually  
the o n ly  m o b ile  ad verb  treated  by  the present version  o f  the Sw edish gram m ar. 
T h is  p rob lem  and the fa c t that w hile m od ifica tion  o f  English verb phrcises occu rs 
externa l to  the V P , Sw edish  m od ifiers are internal can be  taken as an argum ent 
against h av ing  a V P  n od e  at all in Sw edish , or as basis for in trod u cin g  a V  n ode . 
T h e  a b ov e  treatm en t goes  a b it a lon g  the way o f  the secon d  alternative.

4 Swedish grammar coverage

W ith o u t  g o in g  in to  m ore  deta ils o f  the Sw edish  g ra m m a r, we shou ld  n ote  that its 
coverage  on  the A T IS  task was increased su bstantia lly  du ring the p ro je c t.

F igure 4: Transfer and generation  coverage incre2ise
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Tests on  a representative 281 sentence corp u s show ed an increase in coverage 
o f  the transfer and  generation  com p on en ts  com b in ed  fro m  a  m ere 9 .6 %  in  m id - 
D ecem ber 1992 to  96%  in  m id -S ep tem b er  1993, as can be  seen in F igure 4.

A s cou ld  be ex p ected  the m ain  coverage increases were ob ta in ed  early  on  in  the 
p ro je c t. A fter  aw hile, the coverage stab ilized  arou nd  80 % ; to  fu rther increase the 
coverage, som e m a jo r  changes had  to  b e  undertaken, changes w hich  at first actu a lly  
lead to  a slight coverage d rop  (as show n by  th e figure for  m id -J u n e ).

N ote that the figures in  the graph  refer to  sentences th at o b ta in ed  a tran slation , 
a n y  translation . For a d iscussion  o f  the tran slation  quality , see (A g n a s  e i  a i ,  1994).

5 Future Work and Conclusions

In the paper, the Sw edish language processin g  com p on en t o f  the S L T  E n g lish -to - 
Swedish spoken  language tran slation  system  has been  described . T h e  m ain  em p hasis 
has been  on  the gra m m a r and  its coverage, bu t the oth er m od u les  o f  the language 
processing  part have a lso been  d escribed . T h e  overa ll S L T  system  p ro to ty p e  and its 
coverage after the first year o f  the p ro je c t  has on ly  been  briefly  d iscussed, w hile  the 
paper has focu sed  on  the different m od u les  o f  the Sw edish  processin g  com p o n e n t . 
T h ese have been  described  m ain ly  on  a p ro -exa m p le  ty p e  level, sh ow in g  the various 
rule form alism s at work.

A t the date o f  w ritin g, w ork has ju s t  begun  on  a secon d  phase o f  the S L T  p ro je c t . 
W e intend to  reverse the system , so  th at translation  o f  sp oken  Sw edish  in to  spoken  
English will b e  possib le . Even th ou gh  the m ain  part o f  the w ork needed for  th at 
will b e  on  p rod u cin g  a  Sw edish  speech  recogn ition  system , the language processin g  
com p on en ts  w ill be  ex ten ded  qu ite  a  lo t at the sam e tim e. P artly  becau se  the 
Sw edish part o f  the system  has n ot been  extensively  tried  fo r  lan gu a ge  processin g  
as op p osed  to  ju s t  generation  fo r  aw hile, p a rtly  because the new  version  o f  S L T  also 
w ill in clude ex ten ded  processin g  in a new  sp oken  language d a tab ase  query teisk, 
as well as a llow ing  for  som e translations in  a com p u ter  m ed ia ted  p erson -to -p erson  
d ia logue  setup.

In parallel, w ork w ill be  undertaken on  system a tica lly  testing  how  the gra m m a r 
coverage o f  the Sw edish  system  can be  tuned tow ards a new  d om a in  (B erg lu n d  and 
G am b ack , 1995) and w hether the system  is robu st en ough  to  be  used as th e basis 
for bu ild in g  a tree-bank o f  Sw edish analyses (S a n tam arta  e i  a i ,  1995). B oth  these 
tests w ill use the representative Sw edish “S to ck h o lm -U m e a  corp u s” (S U C ) (E jerh ed  
et a i ,  1992).
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