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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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