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a n d A u x i l i a r y V e r b s 

Sheldon NichoU and David C. Wilkins 
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wilkins®cs.uiuc.ed u 

Departmen t  o f  Compute r  Scienc e 

Universit y o f  Illinoi s 

405 Nort h Mathew s Avenu e 

Urbana,I L 6180 1 

A b s t r a c t 

Thi s pape r  describe s th e mechanis m use d b y th e A L A C K languag e acquisitio n progra m fo r  identi -

fication  o f  auxiliar y verbs .  Pinker' s approac h t o thi s proble m (Pinker ,  1984 )  i s a  genera l  learnin g 

algorith m tha t  ca n lear n an y Boolea n functio n bu t  take s tim e exponentia l  i n th e numbe r  o f  fea ^ 

tur e dimensions .  I n thi s paper ,  w e describ e a n approac h tha t  improve s upo n Pinker' s metho d b y 

introductin g th e Closed-Categor y Relevanc e Property ,  an d showin g ho w i t  provide s th e basi s o f  a n 

algorith m tha t  learn s th e cleis s o f  Boolea n function s tha t  i s believe d sufRcien t  fo r  natura l  language , 

and doe s no t  requir e mor e tha n linea r  tim e a s featur e dimension s ar e added . 

1 Introduction 

Within the study of language acquisition, the problem of category identification is still a challenge to 

forma l  theorie s o f  languag e acquisition .  Eve n th e identificatio n o f  th e member s o f  a  close d categor y 

suc h a s th e Auxiliar y Verb s (hereinafte r  referre d t o a s A U X )  stand s unresolved .  Th e principa l 

approache s t o thi s proble m includ e (Anderson ,  1983) ,  (Berwick ,  1985) ,  an d (Pinker ,  1984) ;  Ou r 

approac h i s  closes t  t o tha t  o f  Pinker .  W e shar e wit h Pinke r  th e followin g five  assumptions :  (1 ) 

Languag e i s  learne d no t  fro m a  strin g o f  word s alon e bu t  fro m th e correspondin g meanin g (an d 

possibl y othe r  attributes )  a s well .  (2 )  Som e component s o f  th e meanin g ca n b e represente d wit h 

features .  (3 )  Th e feature s ar e draw n fro m set s w e wil l  cal l  featur e dimensions .  Example s o f  severa l 

featur e dimension s ar e show n belo w i n Tabl e 1 .  (4 )  Candidat e A U X e s ar e no t  annotate d wit h 

syntacti c feature s i n th e input ,  e.g .  (Berwick ,  1985) ,  no r  i s th e inpu t  prechunke d int o phrase-lik e 

groupings ,  e.g. ,  (Anderson ,  1983) .  (5 )  Steele' s cross-linguisti c generalizatio n (Steel e e t  al. ,  1981) , 

hold s fo r  A U X e s :  A U X e s encod e tens e o r  modalit y o r  both . 

Pinker' s approac h i s base d o n a  genera l  learnin g eJgorith m tha t  (i )  ca n lear n an y Boolea n functio n 

but  (ii )  take s tim e exponentia l  i n th e numbe r  o f  featur e dimensions .  I n contrast ,  ou r  approach ,  whic h 

depend s o n th e Closed-Categor y Relevanc e Property ,  define d Sectio n 2 ,  (i )  canno t  lear n a n arbitrar y 

Boolea n functio n bu t  i s conjecture d t o b e sufficien t  fo r  natura l  language ,  an d (ii )  doe s no t  requir e 

mor e tha n linea r  tim e a s featur e dimension s ar e eidded . 
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2 T h e C losed -Ca tego r y Re levanc e P r o p e r t y 

In this section, we introduce the Closed-Category Relevance Property that will be used to identify 

th e categor y A U X ;  thi s i s th e basi s o f  ou r  algorith m fo r  A U X identification .  Ou r  goa l  i s  identificatio n 

only ,  no t  ful l  control .  S o t o recogniz e tha t  are ,  fo r  example ,  i s a n auxiliar y i s sulRcient ;  t o lear n th e 

rule s tha t  contro l  whe n t o choos e ar e instea d o f  i s  o r  were ,  fo r  example ,  i s  beyon d th e scop e o f  thi s 

paper . 

The Closed-Categor y Relevanc e Propert y ca n b e viewe d abstractl y a s a  two-plac e predicat e 

R whic h take s a  wor d a s it s  firs t  argumen t  an d a  featur e dimensio n a s it s  secon d argument : 

R{word ,  dimension) .  It s purpos e i s t o relat e word s t o feature s tha t  contro l  thei r  usage .  I t  i s  mean t  t o 

captur e th e ide a tha t  animacy ,  fo r  example ,  ha s n o bearin g o n th e wor d are ,  i.e. ,  -iiZ(are ,  animacy) , 

but  tha t  tense ,  fo r  instance ,  does :  i?(are,ten«e) . 

The Closed-Categor y Relevanc e Propert y i s define d a s follows :  R{word ,  dimenaion )  i s tru e if f 

wor d ca n encod e som e bu t  no t  al l  o f  th e value s i n dimension .  R{aie ,  tense )  i s tru e becaus e ar e ca n 

encod e presen t  an d futur e tim e bu t  no t  pas t  time .  Th e definitio n i s satisfie d becaus e ar e ca n encod e 

some bu t  no t  al l  o f  th e value s o n th e tens e dimension .  R{aie ,  animacy )  i s fals e bacaus e ar e ca n 

be use d i n bot h animat e ("Th e dog s ar e running" )  an d inanimat e ("Th e computer s ar e running" ) 

contexts ,  s o i t  triviall y  encode s bot h th e vsdue s o n th e animac y dimension . 

3 The AUX Learning Algorithm 

The Closed-Category Relevance Property has been embodied in a computer model of language 

acquisitio n calle d ALACK,  whic h run s i n Common Lis p o n a  Su n 4 . 

3.1 The Input to the Algorithm 

The inpu t  t o A L A C K relevan t  t o thi s discussio n consist s of :  (1 )  a  segmente d strin g o f  words ,  eac h 

of  whic h i s segmente d int o grammatica l  morphemes ,  (2 )  a  lis t  o f  semanti c categorie s correspondin g 

t o eac h word ,  draw n fro m th e se t  {thing,event,state.null }  wher e thin g mark s a  perceptujiU y 

salien t  physica l  object ,  even t  mark s a  perceptuall y seilien t  event ,  action ,  o r  process ,  stat e mark s 

some ongoin g state ,  an d nul l  i s th e defaul t  whic h applie s t o al l  othe r  words ,  an d (3 )  a  lis t  o f  set s 

of  featur e values ,  whic h ar e empt y set s fo r  word s marke d null ,  nonempt y otherwise . 

3.2 The Algorithm and an Example 

I n thi s section ,  w e describ e th e step s o f  ou r  Closed-Categor y Relevanc e algorithm ,  an d sho w ho w 

eac h ste p processe s th e followin g inpu t  tha t  i s  base d o n actua l  inpu t  t o A L A C K : 

perso n 

number 

tens e 

animac y 

modalit y 

aspec t 

Ist-person ,  2nd-person ,  3rd-perso n 

singular ,  plura l 

past ,  present ,  futur e 

animate ,  inanimat e 

modal ,  nonmoda l 

perfective ,  imperfeciive ,  progressiv e 

Tabl e 1 :  Feature s use d a s example s throughou t  th e text .  They ,  an d th e actua l 
value s withi n them ,  ar e use d a s illustratio n i n th e text ,  an d o f  cours e d o no t 
constitut e a  clai m a s t o wha t  i s  indee d linguisticall y complet e an d correct . 
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(((the )  (men )  (are )  (wal k Ing) ) 

(nul l  thin g nul l  event ) 

(( )  (Srd-perso n plura l  animate )  ( )  (presen t  progressive)) ) 

The feature values aie drawn from the same sets of feature dimensions described in the introduc-

tion .  A L A C K embodie s th e Closed-Categor y Relevanc e Propert y i n a  manne r  logicall y equivalen t 

t o th e following . 

• Step 1. All words marked null are collected into a set E. In this case, E = {are, the}. It is 

thi s se t  tha t  i s  teste d fo r  closed-categor y relevance ;  th e treatmen t  o f  th e othe r  word s i s beyon d 

th e scop e o f  thi s paper . 

• Step 2. All the feature values are collected into a set F. In this case, F = {3rd-person, plural, 

animate ,  present ,  progressive} .  A L A C K filter s th e inpu t  t o mak e sur e tha t  F  contain s onl y 

one valu e fro m eac h featur e dimension .  Input s violatin g thi s constrain t  ar e ignored . 

• Step 3. Unless they have been buUt already, ALACK constructs all the triples E x G x H 

wher e 

G =  { x \ x C F A \ x \  =  l } 

H =  {dimif )  \ f € F } 

dim{f )  =  y  i f  /  G  y 

For  example ,  dim,{singular )  =  number ,  sinc e numbe r  =  {singular ,  plural} .  Thre e example s o f 

E x G x H ar e {are ,  {present} ,  tense) ,  (are ,  {animate} ,  animacy) ,  an d (the ,  {jpluraX} ,  number) . 

• Step 4. If a triple {e,S,d) where e E E and d £ diTn{F) has already been constructed, set 

S i s update d t o includ e th e ne w featur e valu e f  £  F :  Sne w =  Sol d U  {/} .  S o fo r  example ,  i f 

A L A CK get s th e followin g inpu t 

(((the) (ball) (is) (fall ing)) 

(nul l  thin g nul l  event ) 

(( )  (3rd-perso n singula r  inanimate )  ( )  (presen t  progressive)) ) 

then the example triple (are, {animate}, animacy) is updated to 

[are, {animate, inanimate}, animacy) 

• Step 5. All the updated triples are tested ageiinst the following rule: 

{x,y,y)^~'Ri'^,y) 

Since anim.acy — {animate, inanimate}, the example triple matches the left-hand side, which 

force s th e conclusio n -ii2(are,animacy) ;  i.e. ,  ar e i s no t  closed-categor y relevan t  fo r  animacy , 

as discusse d above .  Bu t  ar e i s stil l  relevan t  fo r  tense :  th e tripl e (are ,  {present} ,  tense )  ha s 

not  bee n changed .  Pinker' s mode l  an d our s agre e tha t  al l  dimension s no t  explicitl y  foun d t o 

be irrelevan t  ar e relevan t  b y default . 

ALACK organizes some feature dimensions into a set, or domain, which we will call the verbal 

domain .  I n th e curren t  implementatio n o f  A L A C K ,  thi s domeii n i s a s follows : 
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verba l  =  {ten$e ,  aspect } 

Formal ly ,  categor y inferenc e i s d o n e a s follows .  G i v e n m o r p h e m e x  a n d d i m e n s i o n y , 

R{x, y) A (y e verbal) => x 6 AUX 

The rul e i s justifie d b y th e previou s discussio n o n Steele' s generalizatio n (Steel e e t  al. ,  1981) . 

ALACK' s implementatio n doe s no t  ye t  includ e modality ;  aspec t  ha s bee n include d sinc e i t  work s 

wel l  fo r  English .  Fo r  example ,  sinc e i?(are ,  ten$e )  an d iena e G  verbal ,  th e rul e allow s ar e G  A U X 

t o b e concluded . 

4 Analys i s o f  A U X Learn in g A l g o r i t h m 

Correctness. Clearly the closed-category relevance property leads to an algorithm that is not 

correc t  fo r  al l  Boolea n functions .  Fo r  example ,  suppos e tha t  Englis h ha d a n auxiliar y h a w n whos e 

paradigm ,  o r  gramma r  chart ,  looke d lik e this : 

"HAWN": 
Modalit y 

modal  nonmoda l 

* 

* 

* 

past 

presen t 

futur e 

Tense 

w h e r e th e star s m e a n t o us e th e auxiliary ,  a n d th e b lank s m e a n 4 > (th e nul l  m o r p h e m e ) ,  fo r  instance . 

T h e auxiliar y h a w n i s irrelevan t  a lon g b o t h th e tens e a n d modal i t y d imens ions ,  eve n t h o u g h bo t h 

d imens ion s ar e (1 )  i m p o r t a n t  t o auxiliar y identification ,  a s discusse d be low ,  a n d (2 )  impo r t an t  t o 

th e prope r  usag e o f  h a w n .  T h o u g h C losed-Categor y Re levanc e i s no t  correc t  f r o m th e standpoin t 

o f  ful l  logica l  generality ,  i t  i s  onl y a  smal l  stipulatio n b e y o n d th e generalizatio n o f  (Steel e 1 9 8 1 ) ; 

Englis h ha s nothin g lik e hawn .  Thi s lead s t o th e Closed-Categor y Relevanc e Conjecture :  Al l 

th e auxiliarie s i n al l  th e world' s language s tha t  hav e auxiliarie s ar e relevan t  fo r  tens e o r  modalit y o r 

both .  Thi s Conjectur e goe s beyon d Steele' s generalizatio n i n tha t  th e Conjectur e woul d no t  allo w 

somethin g lik e hawn ,  whil e Steele' s generalizatio n would .  Steele' s genereilizatio n i s satisfie d b y an y 

encodin g o f  tens e o r  modality ;  th e Conjectur e demand s tha t  th e encodin g satisf y th e Relevanc e 

Propert y a s well . 

Complexit y Analysis .  W e wis h t o examin e th e tim e complexit y  o f  determinin g ->R(w,d )  fo r 

a give n u; ,  d  a s th e tota l  numbe r  o f  dimension s T  i n feature s i s increased .  Fo r  th e sak e o f  thi s 

argument ,  w e ca n stipulat e tha t  i n th e implementation ,  th e triple s (e ,  5 ,  d )  ar e accesse d b y thei r 

dimensio n vi a a  functio n h ,  wher e h{d )  =  {(e ,  S,d' )  \  d '  =  d} .  I f  / i  i s  chose n t o b e implemente d i n 

an arra y A ,  on e ma y simpl y searc h A  linearl y fo r  th e desire d dimensio n d ,  i.e. ,  th e searc h tim e i s 

0{T) .  I f  A  i s sorted ,  th e tim e drop s t o 0(log(r)) .  I f  ̂  i s a  has h function ,  tha t  tim e ca n b e lowere d 

significantly . 

5 Cross-Linguistic Analysis of Relevance 

The idea of Closed-Category Relevance has interesting implications when applied to Bickerton's 

wor k (Bickerton ,  1984) .  Suppos e w e ar e give n th e proble m o f  identifyin g th e auxiliarie s i n som e 
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of  th e Creol e language s tha t  Bickerto n ha s studied .  Fo r  instance ,  i n Hawaiia n Creole ,  thre e aux -

iliarie s t o tr y ar e bin ,  go ,  an d stei .  Fo r  Lesse r  Antille s Creole ,  th e auxiliarie s ar e ka ,  ke ,  an d 

te .  T w o o f  th e auxiliarie s i n Saramacca n ar e ta ,  an d bi-o-ta .  I t  i s  possibl e t o translat e hi s 

notatio n fo r  tense ,  modality ,  an d aspec t  (se e Tabl e 1 ,  p .  183 )  int o thi s syste m i n th e followin g 

way.  Le t  feature a =  verba l  — \ienae,moda\iiy,aayec( \  wher e tens e ~  {anieTior^nonanierior^ ^ 

modalit y — {realis ,  irreaU$} ,  an d aspec t  =  {punctual ,  nonpunctv^l} .  The n fo r  Hawaiia n Cre -

ole ,  iJ^stei ,  aspect) ,  R(go ,  modality) ,  R(hiii,tense) ,  an d fo r  Lesse r  Antille s Creole ,  R(}im,aspect) , 

Rfke,modality) ,  an d R(te,tense) .  N o w i n a  cas e lik e Saramacca n wher e auxiliarie s ar e buil t  u p 

morphologically ,  closed-categor y relevanc e ca n b e applie d successfull y t o eac h morphem e individ -

uall y o r  t o a  whol e word ,  e.g .  R(huo-ta,tense )  o r  Rfia ,  aspect) .  Closed-Categor y Relevanc e i s 

confirme d fo r  auxiliarie s i n thes e leinguages .  Althoug h th e abov e demonstratio n hardl y constitute s 

a ful l  confirmatio n o f  Closed-Categor y Relevance ,  i t  doe s sho w tha t  furthe r  test s o f  Relevanc e i n 

othe r  language s ar e worthwhile .  I t  als o lend s credenc e t o th e ide a o f  Closed-Categor y Relevanc e a s 

an acquisitio n principle . 

6 Comparison to Pinker's Learning Method 

This section will do three things: show that Pinker's Method is logically correct, analyze its com-

putationa l  complexity ,  an d compar e i t  t o Closed-Categor y Relevance . 

6.1 Correctness 

Th e se t  o f  feature s describe d i n Tabl e 1  ca n b e viewe d ei s a n instanc e o f  th e followin g format ,  wher e 

th e give n se t  o f  feature s i s simpl y a  se t  o f  dimensions ,  an d eac h dimensio n i s simpl y a  se t  o f  values . 

To mak e th e statemen t  o f  Pinker' s metho d mor e precise ,  w e introduc e her e a  se t  o f  feature-names , 

wit h th e obviou s bijectio n betwee n feature s an d feature-names :  feature s =  {dimi,dim.2,... ,  dinin} , 

dim ^  — {vali,val2,...,valf(̂ î } ,  an d feature-name s =  {di,d2,...,dn} .  Th e inpu t  t o Pinker' s proce -

dur e i s first  a  sequenc e o f  attribute-lists ,  whic h w e wil l  inde x wit h q  G  {1,2,3,...} .  Eac h attribute-lis t 

i s  a  se t  o f  pairs ,  wit h a  featur e nam e i n th e first  slo t  o f  th e pai r  an d a  valu e fro m th e correspondin g 

featur e dimensio n i n th e second : 

attribute-list, = {{d,„valq^),{d,^,val,^),. ..,{d,^,val,^)} 

The procedure is also provided with a morpheme vfii on each trial, where 

TUi, e M — {mi,7712,...,mi,.. M^iyC?)} 

The goal is to discover (learn) the Boolean expression Bj for each m^, where Bj is a possibly complex 

Boolea n expressio n buil t  u p fro m th e pair s i n th e attribute-lists ,  usin g conjunctio n an d disjunctio n 

only ,  withou t  negation ,  an d r m < *  B j . 

Pinker' s solutio n t o thi s learnin g proble m i s t o buil d a  bi g multi-dimensiona l  array ,  a  Paradigm , 

and t o fill  singl e arra y location s b y (1 )  readin g eac h inpu t  q  a s a  se t  o f  coordinate s an d (2 )  placin g 

nii ^  a t  th e locatio n specifie d b y thes e coordinates .  Th e arra y i s buil t  u p on e dimensio n a t  a  time ; 

th e dimension s t o ad d ar e selecte d a t  rando m fro m th e imag e o f  {a ;  |  (z ,  y )  G  attribute-list,} ,  fo r 

some q .  Tha t  is ,  th e arra y ca n b e buil t  u p onl y from  dimension s tha t  occu r  somewher e i n th e input . 

Pinke r  doe s no t  sa y wha t  t o d o wit h th e morphem e entrie s whe n a  ne w dimensio n i s added ;  on e 

possibilit y  woul d b e simpl y t o forge t  the m al l  an d star t  ove r  wit h a  bigge r  matrix .  W e wil l  neglec t 

thi s proble m an d assum e tha t  w e begi n wit h a  bi g enoug h matrix . 
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Give n a  sufficientl y larg e matrix ,  Pinker' s metho d i s correct ,  sinc e i t  i s  simpl y storin g th e ex -

ample s int o th e matri x a s the y com e in .  Althoug h thi s resul t  i s  ne w (Pinke r  didn' t  giv e correctnes s 

proofs) ,  i t  i s  ver y minor ,  an d serve s onl y t o provid e a  backgroun d fo r  th e nex t  result ,  whic h i s th e 

complexit y result . 

6.2 Complexity 

Sinc e Pinker' s learnin g procedur e P  choose s featur e dimension s dim i  a t  random ,  i t  i s  quit e possibl e 

tha t  P  wil l  choos e a n irrelevan t  dimension ,  sa y dirtii ,  eve n thoug h B  onl y require s th e us e o f  som e 

othe r  dimensions ,  sa y dimi ,  dim2 ,  an d dimz .  I t  i s  importan t  t o dispos e o f  irrelevan t  dimensions , 

since ,  amon g othe r  things ,  Pinker' s metho d fo r  finding  auxiliarie s doe s no t  tolerat e irrelevan t  di -

mensions .  W e wil l  first  giv e Pinker' s statemen t  o f  hi s metho d fo r  disposin g o f  irrelevan t  dimensions , 

sho w it s correctness ,  an d the n giv e it s tim e complexity . 

Her e i s Pinker' s (Pinker ,  1984 )  metho d fo r  eliminatin g irrelevan t  dimensions ,  whic h h e call s 

Procedur e 13 .  Hi s us e o f  "cells "  correspond s t o "arra y locations "  i n thi s paper ;  similarly ,  "paradigm " 

means "array" ,  an d "afRx "  mean s "morpheme" : 

If the same affix appears in all the cells defining a dimension across a given combination 

of  value s o f  th e othe r  dimensions ,  an d thi s i s tru e fo r  ever y possibl e combinatio n o f  value s 

of  th e othe r  dimensions ,  eliminat e tha t  entir e dimensio n from  th e paradigm .  (Pinker , 

1984 )  p .  186 . 

For example, suppose that features = {X,Y,Z}, X = {a,b,c}, Y — {d,e,f}, Z = {j, *,/}, and 

feature-name s =  { X , Y , Z } ,  an d suppos e furthe r  tha t  th e inpu t  consist s o f  th e followin g thre e inpu t 

attribute-list s fo r  morphem e m : 

attribute-list, = {(X,c), (Y,/), (Z,i)} 

attribute-list2 = {(X.c), (Y,/), (Z,fc)} 

attribute-lUt z =  {(X,c),(Y,/),(Z,Z) } 

Th e (complete )  arra y resultin g fro m thes e input s is : 

f 

e 
d 

^ 
^  ^  ^ 
< r ^ 

r ^ 

^ 

f 

•7=1 
* 

K ' 
a b  c 

X 

wher e th e asterisk s correspon d t o th e thre e inputs .  Pinker' s eliminatio n metho d say s tha t  th e Z 

dimensio n ca n b e eliminate d fro m th e array ,  leavin g jus t  dimension s X  an d Y .  W e no w sho w tha t 

thi s i s logicall y correct . 

Not e tha t  th e possibl e attribute-list s fo r  m a s show n i n th e arra y ca n b e represente d a s follows : 

cfj V cfk V cfl = c/(j V jfe V /) = cf{true) = cf 
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sinc e j  V  Jf e V  /  = > true .  No w sinc e th e resultin g expression ,  cf ,  contain s n o referenc e t o th e Z 

dimension ,  tha t  dimensio n ca n b e eliminated .  I t  shoul d no w b e clea r  tha t  thi s argumen t  ca n b e 

carrie d ou t  i n genera l  fo r  an y numbe r  o f  dimensions ,  values ,  an d inputs . 

Procedur e 1 3 ca n no w b e state d formally .  Le t  5  =  {/i .  /j )  •  •  • ,  /* }  b e a  se t  o f  featur e dimensions . 

Let  B{S )  b e a  Boolea n expressio n base d o n th e member s o f  S .  Give n m if f  B{S) ,  dimensio n / » €  S 

can b e eliminate d fro m S  onl y i f  [B{S )  if f  B{ S -  {/<})] •  I n ou r  example ,  5  =  {X ,  Y ,  Z }  an d /, •  -  Z . 

So 

BiS )  =  B{{X ,  Y ,  Z} )  =  cf j  V  cf k V  cf l  =  c f  =  Bi{X ,  Y} )  =  5( 5 -  {/<} ) 

Thi s i s jus t  a  forma l  wa y o f  sayin g tha t  dimensio n Z  ca n b e eliminate d lio m consideration ,  jus t  a s 

i t  wa s i n th e arra y realizatio n above . 

Result :  Procedur e 1 3 i s NP-complete .  Proof :  Th e eliminatio n o f  f t  fro m S  require s tha t  th e 

expressio n B{S )  <= > 5(5—{/,} )  b e show n t o b e a  tautology .  Th e tautolog y proble m i s NP-complete . 

Thi s resul t  wil l  b e use d shortly .  First ,  a  predicat e simila r  i n spiri t  t o ou r  Closed-Categor y 

Relevanc e predicat e ca n b e defined :  B!{word ,  dimension )  if f  {wor d O  B{S) )  A  {dimensio n G  5) . 

Pinker' s A U X identificatio n metho d ca n no w b e approximate d b y th e followin g expression .  Pinke r 

lef t  severa l  term s mathematicall y undefined . 

Prob{R'{word, tense) V R'{word, modality), Phon{word), Syn{word)) => word G AUX 

That is, a word is an auxiliary if it satisfies an undefined predicate {Prob) based on a probabilistic 

combinatio n o f  it s  arguments :  th e abilit y  o f  th e wor d t o encod e tens e o r  modalit y  {R') ,  a n undefine d 

predicat e {Phon )  base d o n certai n phonologica l  propertie s o f  th e word ,  an d a n undefine d predicat e 

{Syn )  base d o n certai n othe r  syntacti c propertie s o f  th e word .  No w i f  Pro b i s stric t  i n it s first 

argument ,  Pro b mus t  b e a t  leas t  NP-complete .  Henc e Pinker' s auxiliar y identificatio n procedur e i s 

at  leas t  NP-complet e unde r  th e assumptio n tha t  Pro b need s th e outpu t  o f  R! . 

6.3 Comparison to Closed-Category Relevance 

Figur e 1  showe d tha t  ther e exis t  logical ,  i f  no t  linguistic ,  counterexample s t o Closed-Categor y Rel -

evance .  B y contrast ,  sectio n 6. 1 showe d tha t  unde r  assumption s (1 )  -  (5 )  i n sectio n 1 ,  Pinker' s 

procedur e coul d handl e an y logicall y possibl e A U X rule ,  includin g Figur e 1 .  Sectio n 4  showed ,  how -

ever ,  tha t  Closed-Categor y Relevanc e lead s t o a n algorith m tha t  i s  fast ,  whil e sectio n 6. 2 showe d 

tha t  Pinker' s procedur e i s NP-complete . 

7 Conclusion 

The Closed-Category Relevance Property has been defined and has been shown to lead to an efficient 

algorith m fo r  th e identificatio n o f  Auxiliar y Verbs .  Relevanc e wa s show n t o hol d i n severa l  language s 

othe r  tha n English ,  demonstratin g tha t  th e sam e algorith m coul d b e applie d t o Auxiliar y Ver b 

identificatio n i n thos e languages .  Finally ,  Pinker' s metho d wa s subjecte d t o a n analysi s which , 

under  certai n reasonabl e assumptions ,  prove d i t  logicall y correc t  bu t  NP-complete . 
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