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Abstract
I n  -fliis p ap er, a  p u re ly  log ical approach  to  p a rt-o f-sp eec h  tag g in g  an d  sh a llo w  p a rs in g  is 
exp lo red . I t h as  a lo t in  co m m o n  w ith  red u c tio n is t p a rs in g  s tra teg ies  such  as th o se  em p lo y ed  in  
C o n stra in t G ram m ar (K arlsso n  e t al. 1994) an d  F in ite -S ta te  In te rsec tio n  G ram m ar (K o sk en n iem i 
1990), b u t  ru les  are  fo rm u la ted  en tire ly  in  log ic , an d  a  m o d e l g en era tio n  th eo rem  p ro v e r is  u sed  
fo r p a rt-o f-sp eech  ta g g in g  and  parsing .

1 Introduction
In  th is  paper, a  p u re ly  log ica l app roach  to  p a rt-o f-sp eech  tag g in g  and sha llo w  p a rs in g  is 
exp lo red . It has a  lo t in  co m m o n  w ith  red u c tio n is t p a rs in g  s tra teg ies such  as th o se  em p lo y ed  in  
C o n stra in t G ram m ar (K arlsso n  e t al. 1994) and  F in ite -S ta te  In te rsec tio n  G ram m ar (K o sk en n iem i 
1990), b u t ru les  are  fo rm u la ted  en tire ly  in  firs t-o rd er lo g ic , and  a  m ode l generation  th eo rem  
p ro v e r is  u sed  fo r p a rt-o f-sp eech  tagg ing  and  pars in g . F o r  th e  p u rp o se  o f  d em o n stra tin g  th e  
^ p r o a c h ,  a  sm all N^^WW-based system  h as b een  im p lem en ted .

2 Logic
R ecen t y ears  have  seen  sev era l log ic  p ro g ram m in g  lan g u ag es  th a t ex ten d  p u re  P ro lo g  to  h an d le  
d is ju n c tio n  an d  v ario u s  fo rm s o f  negation . T h e  p a rticu la r  k in d  o f  ex ten sio n  u sed  in  th is  p ap e r 
h av e  c lau ses  o f  th e  fo llo w in g  form :

{^) -4 /  .'•••.■ •'* Bfi, ~Dffj

T h a t is , th e  co n seq u en t o f  a  c lause  m ay  co n sis t o f  a  d is ju n c tio n  o f  a tom ic  fo rm ulas, a n d  the  
an teced en t m ay  c o n ta in  n eg a ted  fo rm ulas. N eg a tio n  h e re  is n o t c lassica l n eg a tio n  th o u g h , b u t 
n o n -m o n o to n ic , ‘d e fa u lt’ n eg a tio n  (like n o t  o r  \+  in  P ro lo g ). F o r reaso n s w e need  n o t to u ch  u p o n  
h e re , c lau ses  m u s t b e  ra n g e-restr ic ted , w h ich  m ean s th a t all va riab les  occurring  in  a  c lau se  m irst 
o ccu r in  a t le a s t o n e  o f  th e  p o s itiv e  bo d y  a tom s B

E x p lic it n eg a tiv e  in fo rm a tio n  can  be  g iv en  as fo llo w s;

P) --Bj,.,., Bfj, —D],..., ~Dffj

H iis  lo g ic  h as  th e  ex p ress iv e  p o w er o f  fu ll firs t-o rd er lo g ic , a n d  th e  n o n -m o n o to n ic  o p era to r on ly  
ad d s  to  th a t. A  co llec tio n  o f  su ch  clauses is ca lled  a  d is ju n c tiv e  n o rm a l lo g ic  p ro g ra m .

I t  is  w e ll-k n o v /n  th a t ev e ry  m o d e l o f  a  lo g ic  p ro g ram  c a n  b e  rep resen ted  b y  a  se t o f  g ro u n d  
a to m ic  fo rm u las. F u rth erm o re , a  m odel M  is  a  m in im a l m o d e l  o f  a  th eo ry  T  i f  th e re  ex is ts  no 
o th e r m o d e l o f  T  w h ic h  is in c lu d ed  (in  th e  se t-th eo re tic  sen se) in  M , W hereas a  th eo ry  in  th e
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lan g u ag e  o f  p u re  P ro log  a lw ays h a s  ex ac tly  one  un ique  m in im al m o d e l, a  d is jim ctiv e  theory  in  
g en era l d o es  n o t (cf. e.g. F ern an d ez  &, M in k er 1992).

T h e  m in im a l m o d e l sta te  o f  a  th eo ry  T  is  th e  se t o f  po sitiv e  g ro u n d  d is jim ctio n s a ll o f  w hose 
m in im a l m o d e ls  sa tisfy  T. T h u s it p ro v id es  a  very  com pact rep resen ta tio n  o f  a  se t o f  m inim al 
m o d e ls .

3 Input
'L tty ie ld (s )  d en o te  the d escrip tio n  o f  an  in p u t s tring  o f  w ords s. F o r exa m p le , y ie ld C h e  can can  
a  ca n  ”)  co n sis ts  o f  the  fo llo w in g  clauses:

(3) word(1-2,he). word(2-3,can). word(3-4,can). word(4-5,a). word(5-6,can).
N o te  th a t th e  fo rm s o f  the  w o rd s, as w e ll as  th e ir  re la tiv e  p ositions, are  en co d ed  in  th e se  clauses,

4 Grammar
A  g ram m ar can  b e  conceived  o f  as a  se t o f  constra in ts, an d  co n stra in ts  can  b e  expressed  by  
c lau ses. In  th e  app roach  ad v o ca ted  here , lex ica l en tries  a re  en co d ed  as  c lau ses, often  w ith  
d is jim ctio n s in  th e ir consequen ts, as in  (4).

(4) cat(S,v(nonsg3,inf)); cat(S,n(sg)); cat(S,aux(fin))word(S,can).
T h is  c lau se  can  be  p arap h rased  as “ev ery  in stan ce  o f  the w o rd  ‘can ’ is a  n o u n  o r a  verb  o r an  
au x ilia ry ” .

O th e r  co n stra in ts  express neg a tiv e  in fo rm atio n , and  tend  to look  a t th e  lo c a l co n tex t o f  the w ord  
o ccu rren ces to  b e  d isam biguated . H e re ’s an  exam ple:

(5) cat(P0-P1,det), cat(P1-P2,v(___)).
T h is  sen ten ce  can  b e  parap h rased  as “d e term iners and verbs, in  th a t o rder, do  n o t occu r 
to g e th e r” .

C o n stra in ts  can  a lso  be  w ritten  th a t ‘ta g ’ occu rrences o f  w o rd s w ith  sy n tac tic  functions, and  
w h ich  p erfo rm  d isam b ig u a tio n  o n  th a t lev e l too . A lso , b y  m ean s o f  a  recu rs iv e  defin ition  o f  
“zero  o r  m o re  w o rd s” , w o rd s w h ich  a re  n o t s tric tly  ad jacen t m ay  b e  re la ted , e.g , a s  fo llow s:

(6) fun(P0-P1 ,subj), zero_or„more_words(P1-P2), fun(P2-P3,subj).
T h is  c lau se  exp resses th e  co n stra in t th a t a  sen ten ce  m ay  n o t co n ta in  m o re  th a n  o n e  subject.

5 Part“Of-Speech Tagging and Parsing
L e t r  b e  a  g ram m ar, co rrec t b u t n o t n ecessa rily  com plete , in  th e  fo rm  o f  a  se t o f  constrain ts. L e t 
y ie ld (s )  b e  a  se t o f  co n stra in ts  d e riv in g  fro m  th e  inpu t s trin g  o f  w o rd s  s. T h en  th e  n o tio n  o f  
g ra m m a tica lity  c an  b e  d efin ed  as fo llow s;

Def. 1: A n input string o f  words s  is gramm atical if  the sentencehood o f  5 is a  logical 
consequence o f  T  E yield (s), else the gram m aticality o f  j  is unknown.

N o tic e  th a t i f  th e  sen ten ceh o o d  o f  s  can n o t b e  dem onstra ted , w e  rea lly  d o n ’t  k n o w  w hether s  is 
g ram m atica l. Y et, th is  k in d  o f  s tra teg y  is  o ften  su p p lem en ted  w ith  th e  c lo se d  w o r ld  assum ption .
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a n d  w ith  a n  in d irec t d e fin itio n  o f  un g ram m atica lity  b ased  o n  a  n eg a tio n  b y  fa ilu re  in feren ce  step , 
i n  -which th e  n eg a tiv e  is  trad e d  fo r the  unknow n:

D e £  2 : A n  in p u t s trin g  o f  w o rd s s  is  u n g ram m atica l i f  it can n o t b e  sh o w n  to  b e  
g ja n im a tica l in  th e  sen se  o f  D e f  1.

P a rs in g  b y  m ean s o f  trad itio n a l genera tive  g ram m ars can  b e  p e rfo rm ed  w ith in  su ch  a  fi-am ew ork 
(c f . Jo h n so n  1994). In  con trast, th e  red u c tio n is t a p p ro a ch  can  b e  seen  as b ased  on a  n o tio n  o f  
2m g ra m m a tic a lity  d e fin ed  as fo llow s:

D e £  3 : A n  in p u t s trin g  o f  w o rd s s  is u n g ram m atica l i f  T E  y ie ld (s)  has no m odel, i.e. i f  
fa l s e  is  a  lo g ica l co n seq u en ce  o f  T  E y ie ld (s ) ,  e lse  th e  g ram m atica lity  o f  s  is unknow n.

T h is  d e fin itio n  can  be  su p p lem en ted  w ith  th e  fo llo w in g  in d irec t d e fin itio n  o f  gram m atica l:

D e f .4 :  A n  in p u t s trin g  o f  w ords s  is g ram m atica l i f  it can n o t be  sho w n  to  b e  
u n g ram m atica l in  th e  sense  o f  D ef. 3.

In  th e  trad itio n a l ap p ro ach , rep resen ted  b y  the  d efin itio n s  1 an d  2, ev ery th ing  n o t ex p lic itly  
a llo w ed  (o r  ‘licen sed ’) is fo rb idden , w hereas a  red u c tio n is t g ram m ar, based  on th e  d efin itio n s 3 
a n d  4 , a llo w s ev ery th in g  w h ich  i t  does n o t ex p lic itly  d isa llow .

T h e  d iffe rence  can  be seen  very  c learly  in  th e  ex trem e case  w h ere  w e  have  no  g ra m m a r  a t  all. 
T h en , in  th e  trad itio n a l app roach , s ince  no  in p u t s trin g  o f  w ords can  be parsed , every  su ch  string  
is  d eem ed  u n g ram m atica l, w h ereas  in th e  red u c tio n is t ap p ro ach , no  in p u t s tring  o f  w o rd s  is 
d eem ed  u n g ram m atica l.

6 Output
I f  fa l s e  can n o t be  d em o n stra ted , th e n  the  g ram m ar h as  a t le a st one  m in im al m o d e l w h ich  show s 
th a t  th e  sen ten ce  is  a llo w ed  by  th e  g ram m ar and  w h ich  encodes th e  lin g u is tic  p ro p erties  o f  the  
in p u t s tr in g  o f  w o rd s. T h a t is, a  w ell-fo rm ed  lin g u is tic  rep resen ta tio n  is an y  stru c tu re  th a t 
sa tisfies  th e  co nstra in ts .

T h e re  a re  tw o  eq u iv a len t w ay s in  w h ich  lin g u is tic  s tru c tu res  can  be  represen ted : as a  s e t o f  
m in im a l m o d e ls , w h ere  each  m ode l rep resen ts  a  s tru c tu re  th a t ‘su rv iv es’ the  constra in ts , o r  as  a  
m in im a l m o d e l s ta te  (i.e . as  a  se t o f  d isjunc tions o f  g ro u n d  a to m ic  sen tences).

7 Examples

7-1 Part-of-Speech Tagging
T h e  ab o v e  id eas  can  b e  a p p lied  to  part-o f-sp eech  tag g in g . A  y ie ld  rep resen tin g  th e  sen ten ce  “h e  
c a n  can  a  can ”  as fo llow s:

(7) word(1-2,he). word(2-3,can). word(3-4,can). word(4-5,a). word(5-6,can).
a n d  th e  re le v an t lex ico n  en tries  as fo llow s:

(B) cat(S,pron(sg3))word(S.he).
cat(S.det)w ord(S,a).
cat(S,v(nonsg3,inf)); cat(S,n(sg)); cat(S,aux(fin))word(S.can).

h a s  n o  le ss  th a n  tw en ty -sev en  m in im al m odels. W e th e n  a d d  th e  fo llo w in g  constra in ts  (w h ich  all 
se e m  reaso n ab ly  tru e ) to  th e  theory :
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(9) ;-cat(P0-P1,det).cat(P1-P2,vL,J).
-cat(P0-P1,det), cat(P1-P2,aux(_)).
-cat(P0-P1,pron(J), cat(P1-P2,n(sg)).
-cat(P0-P1 ,pron(sg3)), cat(P1-P2,v(nonsg3,J).
-cat(P0-P1 ,aux(J). cat(P1-P2.n(sg)).
- cat(P0-P1,aux(fin)), cat(P1-P2,aux(fin)).

C o m p u tin g  th e  se t o f  m in im al m o d e ls , w e  fin d  th a t on ly  one  m in im a l m o d e l rem ains.

(10) (word(1-2,he). word(2-3,can). word(3-4,can). word(4-5,a). word(5-6,can). 
cat(1-2,pron(sg3)). cat(2-3,aux(fin)), cat(3-4,v(nonsg3,inf)). cat(4-5,det). 
cat(5-6,n(sg)).}

T h is  m o d e l encodes the  p a rt-o f-sp eech  o f  th e  w o rd s in  the in p u t string . T h u s  th e  constra in ts  serve 
w ell to  d iscard  certa in  m in im al m o d e ls  and , b y  d o ing  th is, d isam b ig u a te  th e  in p u t s tring  o f  w ords 
on  th e  level o f  part-o f-speech .

7.2 Shallow Parsing
N o w , le t u s  co nsider an  ex am p le  fro m  syn tax . G iven  the rep resen ta tio n  o f  th e  S w ed ish  sentence 
“ lisa  ä lsk a r p e lle” (E ng lish  =  “ lisa  lo v es p e lle ”) in  (11), the  lex ical en trie s  in  (12), th e  ru les for 
a ss ig n in g  syn tactica l fun ctio n s to  p a rt-o f-sp eech  in  (13), and  th e  n eg a tiv e  in fo rm atio n  in  (14), 
there  are  tw o  m in im al m odels, d isp lay ed  in  (15) and  (16), respectively .

(11) word(1-2,pelle). word(2-3,älskar). word(3-4,lisa).

(12) cat(S,pn) :-word(S,pelle). 
cat(S,pn)word(S,lisa). 
cat(S,pron(nom))word(S.hon). 
cat(S ,v)w ord(S ,älskar).

fun(S,subj); fun(S.obj):- cat(S,pn). 
fun(S,subj)cat(S,pron(nom)). 
fun(S,pred):- cat(S.v).

(13)

(14) :- fun(P0-P1 ,subj), zero_or_more_words(P1-P2), fiJn(P2-P3,subj).
:-fun(P0-P1,obj), zero_or_more_words(P1-P2), fun(P2-P3,obj).

(15) { word(1-2,lisa). word(2-3,älskar). word(3-4,pelle). cat(1-2,pn). 
cat(2-3,v). cat(3-4,pn). fun(1-2,subj). fun(2-3,pred). fun(3-4,obj).}

(16) { word(1-2,lisa). word(2-3,älskar). word(3-4,pelle). cat(1-2,pn). 
cat(2-3,v). cat(3-4,pn). fun(1-2,obj). fun(2-3,pred). fun(3-4,subj).}

In  S w ed ish , th is  am bigu ity  is  ac tua l, s in ce  th e se  tw o  analyses a re  b o th  p o ssib le . H ow ever, 
an a ly se s  a ss ig n in g  the  sam e sy n tac tic  fu n c tio n  to  bo th  nam es are  ru led  o u t b y  th e  descrip tion , as 
th e y  sh o u ld  be.

T h ese  tw o  analyses can  b e  ‘p ack e d ’ in to  o n e  m in im al m odel state , as  fo llo w s:

(17) { word(1-2,lisa). word(2-3,älskar). word(3-4,pelle). cat(1-2,pn). 
cat(2-3,v). cat(3-4,pn). fun(1-2,obj);fun(1-2,subj). fun(1-2,obj);fun(3-4,obj). 
fu n (l-2 ,su b j);fu n (3 -4 ,su b j) . fim (2 -3 ,p red ). fu n (3 -4 ,o b j) ;f im (3 -4 ,su b j) .}
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T h u s , a  m in iin a l m o d e l s ta te  can  a lw ays p ro v id e  a  d ense , ‘un d ersp ec ified ’ rep resen ta tio n  o f  
an a ly se s  rep resen ted  as a  se t o f  m in im al m odels.

F in a lty , n o te  th a t th e  sen ten ce  “h o n  ä lsk a r p e lle”  w o u ld  on ly  rece iv e  one  analysis , s in ce  th e  
n o m in afiv e  fo rm  o f  th e  p erso n a l p ro n o u n  “ h o n ” (E n g lish  =  “ she” ) d isam b ig u a tes  A e  sen ten ce  on 
th e  le v e l o f  syn tax .

73  More Complex Constraints
T h e  co n stra in ts  w e  h av e  seen  so far h av e  b een  fa irly  sim p le , so  le t’s consider a  m o re  co m p lex  
o n e . In  (K arlsso n  e t al. 1994, p . 59) th e  fo llo w in g  ex am p le  o f  a  co n stra in t is g iven:

(IB ) {“<fbr>“ =! CS (NOT -1 VFIN)(1 TO)(2 INF)(*3 VFIN))
T h e  id e a  b eh in d  th is  co n stra in t is  tha t “ the  su b ju n c tio n  read in g  (C S ) o f  th e  w o rd -fo rm  “ < fo r> “ is 
co rrec t i f  th e  p reced in g  w o rd  is n o t a  fin ite  verb , i f  th e  b ase  fo rm  o f  th e  n ex t w o rd  is “to ” , i f  the  
w o rd  a f te r  th is  is  an  in fin itiv e , an d  i f  th e re  is a  fin ite  v e rb  in  o r r ig h tw ard s o f  p o sitio n s 3 ,”

H ere’s  o n e  w ay  to  w rite  th is  in  logic:

(19) cat(P1-P2.es)
word(P1-P2,for),
~cat(P0-P1,v(fin)),
cat(P2-P3,to),
cat(P3-P4,v(inf)),
zero_or_more_words(P4-P5),
cat(P5-P6,v(fin)).

N o te  th a t th is  is  a p o s itiv e  constrain t, N o te  a lso  th e  u se  o f  a  n eg ativ e  cond ition , m ad e  p o ss ib le  by  
file in c lu s io n  o f  n eg a tio n  in  the  language, an d  th e  u se  o f  the  ze ro -o r-m o re-w o rd s p red ica te , 
in tro d u ced  ab o v e .

L e ts  te s t  th is  ru le  o n  a  rea l-w o rld  exam ple . In  th e  B ro w n  co rp u s  (F rancis  &  K u cera  1982), th e re  
is  o n e  (b u t o n ly  o n e!) ex am p le  th a t sa tisfies  th e  co n d itio n s  o f  th is  ru le .

W ith o u t sa y in g  so, sh e  w as r e a lly  g ra te fu l;  f o r  to  a tte n d  the  
d y in g  w a s  so m e th in g  sh e  h a d  n ever  e x p e r ie n c e d ...

CJiven a  re p re sen ta tio n  o f  th e  re lev an t p a rt o f  th is  te x t as  in  (20), th e  lex icon  en tries in  (2 1 ), and  
fire co n stra in ts  in  (19 ) an d  (22 ), w e  are  ab le  to  co m p u te  th e  m in im a l m o d e l s ta te  in  (23).

(20)  word(1-2,for). word(2-3,to). word(3-4,attend). word(4-5,the). word(5-6,dying).
word(6-7,was). word(7-8,something). ...

(21)  cat(S.cs): cat(S.prep)word(S.for). 
cat(S,to); cat(S.prep)word(S.to). 
cat(S,v(ing)); cat(S.n)word(S,dying). 
cat(S,det(def))word(S.the). 
cat(S,v(fin)):- word(S.was). 
cat(S,v(inO)word(S,attend). 
cat(S.pron): -word(S,something).

(22) :-cat(P0-P1,prep), cat(P1-P2,v(inf)).
:-cat(P0-P1,det(J), cat(P1-P2,v(J).
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(23) {word(1-2,for). word(2-3,to). word(3-4,attend). word(4-5,the).
word(5-6,dying). word(6-7,was). word(7-8,something). cat(1-2,cs). 
cat(2-3,to). cat(3-4,v(inf)). cat(4-5,det(def)), cat(5-6,n). cat(6-7,v(fin)). }

O n e fin a l th in g  w o rth  n o ting  ab o u t th is  ex am p le  is th a t th e re  is a  lo t o f  in te rac tio n  betw een 
co n stra in ts , b u t th a t th e  o rder in  w h ich  th e y  in te rac t does n o t m a tte r a t a ll.

8 Implementation
O n  to p  o f  th e  m ode l genera tion  th eo rem  p ro v e r D isL o g  (S eipel &  T h o n e  1994), w h ich  is capable 
o f  g en era tin g  th e  se t o f  m in im al m o d e ls  o r  th e  m in im al m ode l s tate  w h ic h  sa tisfies  a  d isjunctive 
n o rm al lo g ic  p rog ram , I h av e  b u ilt a  s im p le  b u t u se r-fn en d ly  W o rld  W ide  W eb app lication  
w h ich  ta ilo rs  th e  D isL o g  p ro v e r to  th e  ta sk  o f  tagg ing  and  p ars in g  w ith  g ram m ars encoded in  
log ic . T h e  en try  page  is a t h ttp ://w w w .lin g .g u .se /~ la g er/IC C G /iccg ,h tm L

9 Summary and Conclusion
In  th e  lo g ic  g ra m m a r  trad itio n , p h ra se  s tm c tu re  gram m ars as w e ll as un ification -based  
ex ten sio n s  o f  p h rase  s tm ctu re  g ram m ars a re  v iew ed  in  th e  lig h t o f  th e  tw o  eq u a tio n s “gram m ar =  
th e o ry ” an d  “p arsing  = th eo rem  p ro v in g ” . T h is  v iew  is sim ple, n a tu ra l a n d  in  m an y  o ther w ays 
a ttrac tiv e : F o rm al log ic has an  o ld  trad itio n  an d  is w ell-understood ; lo g ic  is  c lo se  to  natural 
lan g u ag e , it  com es w ith  a  c lear n o tio n  o f  tm th , and  is d eclara tive  in  th e  s tro n g es t p ossib le  sense. 
A lso , p ro p erties  like co nsistency  and  m o n o to n ic ity  have been  ex ten siv e ly  stu d ied  in  log ical 
fi-am ew orks. Indeed , i f  th e re  is a  lin g u a  fr a n c a  o f  k now ledge  rep resen ta tio n , it o u g h t to  be form al 
log ic.

R ed u c tio n is t g ram m ars -  g ram m ars th a t u se  m o stly  negative  and  u su a lly  lo ca l constra in ts  to  cu t 
aw ay  am b ig u ities  in troduced  by  a  lex ica l/m o rp h o lo g ica l an a ly sis  p h ase  -  constitu te  an  
in te re s tin g  a lternative  to  trad itio n a l p h rase  s tm c tu re  g ram m ars, an d  h a v e  b een  d eveloped  fo r 
sev era l languages.

In  th is  p ap e r  I hav e  tried  to  tak e  a  lo g ic  g ram m ar v iew  o n  red u c tio n is t g ram m ars. I hope to  have 
sh o w n  th a t th is  v iew  is  co n cep tu a lly  s im p le  and  transparen t, an d  w e ll w o rth  to  explore. It 
rem a in s  to  develop  the  basic  ideas fu rth er, to  scale  up, to  assess its  p rac tica l m erits and  
d isad v an tag es, and  to  co m p are  it  w ith  o th e r app roaches w h en  tried  o n  rea l co rpora .

B y  try in g  to  ‘reco n s tm c t’ red u c tio n is t g ram m ars in  logic, w e  m ay  b eg in  to  see w h y  an d  h o w  th ey  
w o rk , i f  an d  w h en  they  d eserv e  to  b e  ca lled  ‘d ec la ra tiv e ’, w h a t w e co u ld /sh o u ld  m ean  w hen  w e 
sp eak  o f  th em  as ‘in co n sisten t’, ‘red u n d an t’ o r  ‘ro b u st’, etc. W e m ay  a lso  b e  ab le  to  im prove o u r 
u n d ers tan d in g  o f  h o w  red u c tio n is t p a rs in g  re la tes  to  o ther k in d s  o f  m e th o d s  su ch  as parsing  w ith  
p h ra se  s tm c tu re  g ram m ars, an d  tag g in g  w ith  sta tis tica l m ethods. F o r  ex am p le , since ph rase  
s tm c tu re  g ram m ars can  b e  ex p ressed  in  log ic , it  w o u ld  b e  in te restin g  to  e lab o ra te  o n  the  re la tio n  
o f  red u c tio n is t g ram m ars to  p h rase  s tm c tu re  g ram m ars, an d  also , to  try  to  co m b in e  th e  tw o.

T h e  u se  o f  a  m in im a l m o d e l s ta te  fo r  rep resen tin g  am b ig u ity  in  a  p rin c ip led  an d  v ery  com pact 
w ay  ap p ea rs  to  b e  re la ted  to  w o rk  b y  D y m etm an  (1997), w h ere  an  am b ig u o u s  rep resen ta tion  o f  
th e  g ram m atica l p roperties  o f  an  in p u t s trin g  o f  w ords is seen  as a  sp ec ia lisa tio n  o f  the  g ram m ar
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fcffflia l p a rticu la r  in p u t s trin g .’ T h is  indeed  is ex ac tly  h o w  a  m in im a l m ode l s ta te  is  re la ted  to  the  
k in d  o f  g ram m ars  ex p lo red  in  the  p resen t paper.

A s  fe r  a s  sca lin g  up  is  concerned , th e  log ica l ap p ro ach  is h o p e fu lly  su ffic ien tly  s im ila r  to  
C o n stra in t G ram m ar an d  F in ite -s ta te  In te rsec tio n  g ram m ar to  a llo w  large p o rtio n s o f  su ch  
g ram m ars to  be  co n v erted  in to  logic. M oreover, s in ce  ev ery th in g  is  expressed  in  log ic, th e re  m ay  
b e  o ff- th e -sh e lf  m e th o d s  -  su ch  as th e se  d ev e lo p ed  w ith in  th e  fie ld  o f  In d u ctiv e  L og ic  
Programming (M u g g le to n  1992) -  fo r  au to m atica lly  acq u irin g  co n stra in ts  b y  learn ing  fro m  a 
co rpus.

A s  reg a rd s  e ffic ien cy , it rem ain s to  be  sho w n  th a t a  lo g ic -b ased  red u c tio n is t g ram m ar co u ld  ever 
b eco m e  p rac tic a l as a  m e th o d  fo r tag g in g  o r p a rs in g . T h ere  is a  w e ll-k n o w n  tra d e -o ff  b e tw een  
ex p ressiv e  p o w e r an d  co m p u ta tio n a l co m p lex ity  th a t a lw ay s  th rea ten s  to  m ak e  p articu la r u ses  o f  
su ch  p o w erfu l fo rm a lism s in tractab le. On th e  o th er h an d , th e re  are , as  far I k now , no re su lts  th a t 
d io w  th a t th e  sp ec ific  k in d  o f  theories th a t I h av e  in  m in d  h ere  ac tu a lly  exerc ise  th e  w o rs t case 
co m p lex ity  o f  th e  g en era l case . B e th a t as it m ay , s in ce  in  any  case , log ic  m ay  still h av e  a  ro le  to  
p la y  as an  an a ly tica l to o l fo r investigating  how  d iffe ren t k in d s  o f  k n o w led g e  ab o u t lan g u ag e  can  
b e  b ro u g h t to  b ea r on  th e  p rob lem  o f  p art-o f-sp eech  ta g g in g  and  sh a llo w  parsing .
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