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A b s t r a c t 

I present a computationally-based representation for 

indefinit e nou n phrase s an d anaphor a tha t  model s 

thei r  us e i n natura l  language .  T o thi s end ,  thre e 

goal s fo r  knowledg e representatio n fo r  natura l  lan -

guag e processing :  natura l  form ,  conceptua l  complete -

ness ,  an d structur e sharin g ar e described .  I n address -

in g thes e goals ,  a n augmentatio n t o th e representa -

tio n o f  variable s (correspondin g t o indefinit e nou n 
phreise s o r  anaphora )  s o tha t  variable s ar e no t  atomi c 

term s i s suggested .  Thi s lead s t o a n extended ,  mor e 

"natural "  representation .  I t  i s  show n h o w thi s rep -

resentatio n resolve s som e representationa l  difficultie s 

wit h sentence s wit h nonlinea r  quantifie r  scoping ,  i n 

particular ,  donke y sentences . 

1 Introduction 

The intent of the work in this paper is to present 

a computationally-base d representatio n fo r  indefinit e 

nou n phrase s an d anaphor a tha t  model s thei r  us e 

i n natura l  language .  T o thi s end ,  I  believ e th e fol -

lowin g natural-language-specifi c  goal s mus t  b e ad -

dressed .  First ,  th e mappin g fro m natura l  languag e 
sentence s int o th e representatio n languag e shoul d b e 

as direc t  a s possible ,  an d th e representatio n shoul d 

reflec t  th e structur e o f  th e natura l  languag e sentenc e 

i t  purport s t o represent .  I  cal l  thi s th e "natura l  form " 

constraint .  Thi s difficult y i s particularl y eviden t  fo r 
rule-typ e sentences ,  suc h a s smal l  dog s hit e harde r 

tha n bi g dogs ,  wher e it s  first-order  predicat e logi c rep -

resentatio n take s th e for m o f  a n implicatio n whos e 

anteceden t  constraint s specif y wha t  kin d o f  do g bit e 

harde r  tha n anothe r  type .  Thi s representation ,  a s 

a logica l  rule ,  contrast s wit h th e predicate-argumen t 

structur e o f  th e origina l  sentence ,  a s below : 

Va;, y((small(x) A dog(a;) A large(y) A dog(y)) 

bites-harder(x ,  I/) ) 

By comparison ,  th e representatio n o f  Ftd o bite s 

harde r  tha n Rove r  i s mor e consisten t  wit h th e struc -

tur e o f  th e origina l  sentence . 

bites-harder(Fido ,  Rover ) (2 ) 

(1 ) 

Thi s i s  so ,  despit e th e intuitiv e observatio n tha t  th e 

tw o sentence s hav e nearl y identica l  syntacti c struc -

ture ,  an d simila r  meaning . 

Second ,  (h e subunit s o f  th e representatio n shoul d 

be conceptuall y complet e i n th e sens e tha t  an y com -

ponen t  o f  th e representatio n o f  a  sentenc e shoul d hav e 

a meaningfu l  interpretatio n independen t  o f  th e inter -

pretatio n o f  th e entir e sentenc e representation .  Fo r 

example ,  fo r  th e representatio n o f  th e sentenc e a s i n 

(1 )  above ,  w e migh t  as k wha t  i s  th e meanin g o f  x 

or  y ? Presumably ,  som e thin g i n th e world ,  o r  a 

set  denotin g th e non-empt y universe .  Not e tha t  th e 

origina l  sentenc e mention s onl y dogs .  I  sugges t  tha t 
a bette r  translatio n migh t  be : 

bites-harder(Var such that small dog(a;), 

V y suc h tha t  larg e dog(y) ) 

where the variables, x and y, have their own internal 

structur e tha t  reflect s thei r  conceptualization .  Not e 

tha t  1  a m suggestin g somethin g stronge r  tha n jus t 

restricte d quantificatio n (simpl e typ e constraint s ca n 

certainl y b e felicitousl y represente d usin g restricte d 
quantifiers) .  Comple x internalize d constraint s (tha t 

is ,  othe r  tha n simpl e type )  an d internalize d quanti -

fier  structure s characteriz e thi s approac h t o th e rep -

resentatio n o f  variables .  Thu s th e representatio n o f 

th e sentence :  Ever y smal l  do g tha t  t s owne d b y a  bad -
tempere d perso n bite s harde r  tha n a  larg e do g shoul d 

reflec t  th e structur e o f  th e representatio n o f  (2) . 

Third ,  a  hig h degre e o f  structur e sharin g shoul d b e 
possible ,  a s multi-sentenc e connecte d discours e ofte n 
use s reduce d form s o f  previousl y use d term s i n sub -
sequen t  referenc e t o thos e terms .  Thi s correspond s 
t o th e us e o f  pronoun s an d som e form s o f  ellipsi s i n 
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(a )  V x (farmer(x )  => •  B y (donkey(t/ )  &  owns(i,j/ )  &  beats(a; ,  j/)) ) 

(b )  Vj -  (farinor(j- )  = > ((3 y (lonkey(y )  fc  owns(x,y) )  = > beats(a; ,  y)) ) 

(c )  Vj -  Vi /  ((farinor(j- )  k  doiikey(j/ )  k  owns(j-,j/) )  = > beats(x ,  j/) ) 

Figur e 1 :  Thre e F O P L Representation s o f  th e Donke y Sentenc e 

discourse .  A n exampl e o f  thi s phenomen a i s th e rep -

resentatio n o f  intersententia l  pronomina l  referenc e t o 

scope d terms ,  e.g. , 

Every apartment had a dishwasher. In some 

of  the m i t  ha d jus t  bee n installed . 

Ever y ches s se t  come s wit h a  spar e pawn .  I t 

i s  tape d t o th e to p o f  th e box . 

(examples from [Heim, 1990]). The structures that 

ar e bein g share d i n thes e sentence s ar e th e variable s 

correspondin g t o th e italicize d nou n phrases .  Logi -

cad representation s ca m onl y mode l  thi s "sharing "  b y 

combinin g multipl e sentence s o f  natura l  languag e int o 

on e sentenc e o f  logic .  Thi s metho d i s unnatura l  fo r 

at  leas t  tw o reasons .  First ,  whe n severa l  sentence s 

must  b e combine d int o on e sentenc e th e resultin g log -

ica l  sentence ,  a s a  conjunctio n o f  severa l  potentiall y 

disparat e sentences ,  i s overl y complex .  Second ,  thi s 

approac h i s counter-intuitiv e i n tha t  a  languag e use r 

ca n re-articulat e th e origina l  sentence s tha t  he/sh e 

represents .  Thi s argue s fo r  som e for m o f  separat e 

representation s o f  th e origina l  sentence s an d thei r  as -

sociate d nou n phrases .  Th e proble m wit h logi c i n 

thi s tas k i s tha t  logi c require s th e complet e specifi -

catio n o f  a  variable ,  correspondin g t o a  nou n phrase , 

an d it s constraint s i n th e scop e o f  som e quantifier . 

Thi s difficult y i s no t  restricte d t o nou n phrases ,  in -

dee d i t  i s  frequentl y th e cas e tha t  ent''" "  subclause s 

of  sentence s ar e referre d t o usin g rcduc *  form s suc h 

as "too "  e.g. , 

John went to the party. Mary did, too. 

Generation of such reduced forms (and other con-

struction s suc h a s locativ e expression s [Halle r  an d 

Ali ,  1990] )  require s a  knowledg e representatio n for -

malis m tha t  model s thi s sor t  o f  reference ,  minimall y 

by structur e sharing . 

Finally ,  an y computationa l  theor y mus t  incorpo -

rat e knowledge-structurin g mechanisms ,  suc h a s sub -

sumptio n an d inheritanc e o f  th e sor t  supporte d i n 

frame-base d an d semanti c networ k base d system s 

[Brachman ,  1979] .  A  taxonom y provide s "links "  tha t 

relat e mor e genera l  concept s t o mor e specif ,  con -

cepts .  Thi s allow s informatio n abou t  inoi e specif' -

concept s t o b e associate d wit h thei r  mos t  genera l 

concept ,  an d informatio n filters  dow n t o mor e spe -

cifi c  concept s i n th e taxonom y vi a inheritance .  Mor e 

genera l  concept s i n suc h a  taxonom y subsum e mor e 

specifi c  concept s wit h th e subsume e inheritin g infor -

matio n fro m it s subsumers .  Fo r  atomi c concepts , 

subsumptio n relation s betwee n concept s i s specifie d 

by th e link s o f  th e taxonomy .  A  clea r  exampl e o f 

subsumptio n i n natura l  languag e i s th e us e o f  de -

scription s suc h a s perso n tha t  ha s childre n subsum -

in g perso n tha t  ha s a  son .  I f  on e wer e told :  Peopl e 

tha t  hav e childre n ar e happy ,  the n i t  follow s tha t  Peo -

pl e tha t  hav e a  so n ar e happy .  Th e intuitiv e ide a i s 

tha t  mor e genera l  description s shoul d subsum e mor e 

specifi c  description s o f  th e sam e sort ,  whic h i n tur n 

inheri t  attribute s fro m thei r  mor e genera l  subsumers . 

Th e so-calle d donke y sentence s [Geach ,  1962 ]  il -

lustrat e th e utilit y  o f  thes e goals .  Thes e ar e sen -

tence s tha t  pronominall y refe r  t o quantifie d variable s 

i n close d subclauses ,  fo r  exampl e Ever y farme r  wh o 

owns a  donke y beat s i t  wher e th e nou n phreis e a  don -

key i s a  variabl e insid e th e scop e o f  a  universall y 

quantifie d variabl e {ever y farmer )  an d i s referre d t o 

pronominall y outsid e th e scop e o f  th e existentiall y 

quantifie d donkey .  Figur e 1  ha s som e attempt s t o 

represen t  th e abov e sentenc e i n F O P L . 

Representatio n (a )  say s tha t  ever y farme r  own s a 

donke y tha t  h e beats ,  whic h i s clearl y mor e tha n th e 

origina l  sentenc e intends .  Representatio n (b )  i s  a  bet -

te r  attempt ,  sinc e i t  capture s th e notio n tha t  w e ar e 

considerin g onl y farmer s w h o ow n donkeys ;  however , 

i t  contain s a  fre e variable .  Representatio n (c )  fail s  t o 

captur e th e sens e o f  th e origina l  sentenc e i n tha t  i t 

quantifie s ove r  al l  farmer s an d donkeys ,  rathe r  tha n 

jus t  farmer s tha t  ow n donkeys .  T o se e this ,  conside r 

th e cas e o f  th e farme r  tha t  own s tw o donkey s an d 

beat s onl y on e o f  them .  Clearly ,  th e donke y sentenc e 

ca n appl y t o thi s case ,  bu t  interpretatio n (c )  does 

not . 

Summarizing ,  I  hav e presente d som e characteris -

tic s o f  natura l  languag e tha t  a  knowledg e representa -

tio n an d reasonin g syste m shoul d support .  I n th e re -

mainde r  o f  thi s pape r  I  wil l  presen t  a n alternativ e rep -

resentatio n fo r  simpl e unstructure d variable s whic h 
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Figur e 2 :  Structure d Variabl e Representatio n o f  Al l  m e n ar e mortal . 

involve s accordin g variable s potentiall y  comp le x in -

terna l  structur e a n d s h o w h o w i t  addresse s th e m a i n 

goal s o f  thi s paper .  Thi s involve s providin g a  synta x 

an d semantic s fo r  structure d variables .  T h e synta x 

an d semantic s o f  th e associate d logi c i s specifie d b y a 

complet e definitio n o f  a  propositiona l  semanti c net -

wor k representatio n formal is m (a n augmenta t io n o f 

[Shapiro ,  1991] )  a n d i s full y  describe d i n [Ali ,  1993b] . 
Th e implemente d syste m i s calle d A N A L O G ( A NAt -

ura l  LOGic) .  Becaus e o f  spac e limitation s a  ful l  spec -

ificatio n o f  th e syste m canno t  b e presente d here .  I n 

particular ,  th e subsumptio n procedur e i s  describe d 

i n [Ali ,  1993a] .  However ,  I  illustrat e th e utilit y o f 

th e formalism ,  i n addressin g th e goal s o f  a  natura l 

logic ,  wit h a  natura l  languag e demonstratio n usin g 

th e donke y sentence . 

2 Structure d Variable s 

I am attempting to represent variables as a "bundk 

of  constraint s an d a  bindin g structur e (quantifier) . 

I  ter m thes e bundle s "structure d variables "  becaus e 

variables ,  i n thi s scheme ,  ar e non-atomi c terms .  Th e 

implemente d languag e o f  representatio n i s a  proposi -
tiona l  semanti c networ k representatio n syste m calle d 

A N A L OG ( A NAtura l  LOGic )  whic h i s a  descen -

dan t  o f  S N e P S [Shapiro ,  1979,Shapir o an d Rapaport , 

1987] .  A n exampl e o f  a  structure d variabl e (th e nod e 

labelle d VI )  i s  give n i n Figur e 2 .  Scopin g o f  exis -
tentia l  structure d variable s (wit h respec t  t o universa l 

structure d variables )  i s expresse d b y th e depend s arc s 

t o universa l  structure d variabl e node s (a n extmpl e i s 

th e nod e labelle d V 2 i n Figur e 3) .  Th e complet e se -

mantic s o f  structure d variable s i s n  •  "gmente d (b y 

th e additio n o f  arbitrar y individ u ,s )  manti c the -
or y base d o n [Shapiro ,  1979 ,  Sha i  i  .  . ,  1  Rapaport , 

1987 ,  Fine ,  1985a,Fine ,  1985b ]  an d d e .be d i n [Ali , 

1993a] . 

3 A d v a n t a g e s o f  th e R e p r e s e n -

tation 

I suggest that the representation of numerous types 

of  quantifyin g expressions ,  usin g structure d variables , 

i s  mor e "natural "  tha n first-order-based  logics ,  be -

caus e th e mappin g o f  natura l  languag e sentence s i s 

direct .  A n exampl e i s  give n i n Figur e 2 }  Not e 

tha t  th e shade d node ,  labelle d Ml! ,  correspond s t o 

th e believe d propositio n tha t  al l  m e n ar e mortal .  V I 

i s th e structure d variabl e correspondin g t o al l  men . 

Th e member-clas s cas e fram e i s th e representatio n 

fo r  th e propositio n tha t  a n objec t  i s  a  m e m b e r  o f 

a class .  Thi s representatio n i s mor e natura l  i n tha t 

th e top-leve l  propositio n i s on e o f  clas s membership , 

rathe r  tha n a  rule-lik e if-the n proposition .  Furthe r 

th e structur e o f  an y propositio n abou t  clas s member -
shi p (e .  g. ,  a  groun d propositio n suc h a s Bil l  i s  a 

m a n)  woul d b e represente d similarly . 

Th e representatio n o f  structure d variable s sug -

g* t̂e d her e ca n represen t  mos t  first-order  quantify -

i-i g expression s directly .  Also ,  w e ca n represen t  gen -

era l  quantifyin g expression s directl y (althoug h thei r 

semantic s nee d t o b e detailed )  a s wit h generalize d 

quantifier s [Barwis e an d Cooper ,  1981] .  I n general , 
ther e i s a  direc t  mappin g fro m natura l  languag e quan -

tifyin g expression s int o structure d variabl e represen -

tations ,  a s structure d variable s correspon d directl y t o 
nou n phrase s wit h restrictiv e relativ e claus e comple -

ments . 

I n typica l  logics ,  term s i n on e formul a ar e no t  ref -

erence d i n othe r  formulas .  I n general ,  re-usin g a  ter m 

' a nod e ma y b e labele d b y a  "name "  (e.g. ,  BILL ,  HI ,  VI ) 
as a  usefu l  (bu t  extra-theoretic )  wa y t o refe r  t o th e node .  Thi s 
namin g o f  a  cod i  - s o f  th e for m Hn ,  wher e n  i s som e integer . 
A "! "  i s ap r  .id .  •• .  t o th e nam e t o sho w tha t  th e propositio n 
repri'sente d b y th e nod e i s believe d t o b e true .  However ,  th e 
"! "  doe s no t  affec t  th e identit y  o f  th e node ,  no r  th e propositio n 
i t  represents .  Similarly ,  variabl e node s namin g i s V n an d bas e 
nodes namin g i s B n wher e n  i s som e integer . 
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F igur e 3 :  Representatio n fo r  th e D o n k e y Sentence :  Eve r y f a r m e r  tha t  o w n s a  donke y beat s it . 

involve s re-writin g th e t e r m i n th e n e w formula .  Ide -

ally ,  I  w o u l d lik e t o re-us e exactl y th e s a m e te rm s 

i n differen t  formulas ,  a n d I  w o u l d lik e thes e t e rm s 

t o b e close d formulas ,  i.e. ,  complete ,  s o tha t  the y 

m ay b e meaningfu l l y re-use d a n d share d b y multi -

pl e formulas .  T e r m s wit h thi s propert y ar e calle d 

conceptuall y complete .  W i t h structure d variable s al l 

t e r m s ar e conceptuall y comple te ,  becaus e variable s 

h a v e al l  thei r  constraint s a n d quantifie r  i n thei r  struc -

ture .  T h i s i s  als o a n issu e i n th e representatio n o f 

multisententia l  dialog ,  w h e r e intersententia l  referenc e 

t o sententiall y  scope d object s frequentl y occur s (a s 

describe d i n sectio n 1 ) . 

3.1 Donkey Sentences 

With structured variables there are no open terms 
a n d i t  i s  possibl e fo r  a  sentenc e t o reus e constituen t 

t e r m s a n y w h e r e .  T h u s th e ill-forme d representatio n 

(i n F O P L )  o f  (b )  (o f  F igur e 1 )  i s  possibl e a n d i s th e 

preferre d representation .  I t  i s  s h o w n i n Figur e 3 .  T h e 

s h a d e d n o d e ,  labelle d M l ! ,  denote s th e j.ropositio n 

E v e r y f a r m e r  w h o o'vn s a  donke y bt ,  i t  a n d V I  a n d 

V 2 ar e ever y f a r m e r  tha t  beat s a  donke y h e o w n s a n d 

a beate n donke y tha t  i s  o w n e d b y an y fa rmer ,  respec -

tively .  T h i s representatio n i s  als o m o r e natura l  be -

caus e th e top-leve l  propositio n i s  o n e o f  a n ac t  o f 

o w n i n g ,  thu s i t  i s  simila r  t o a n y othe r  sentenc e abou t 

o w n i n g suc h a s Fre d o w n s a  donkey .  Th i s i s  th e rep -

resentatio n tha t  i s  buil t  a n d generate d f r o m w h e n th e 

d o n k e y sentenc e i s processed . 

4 A  D e m o n s t r a t i o n 

ANALOG includes a generalized augmented transi-
tio n networ k (GATN )  natura l  languag e parse r  an d 
generatio n componen t  linke d u p t o th e knowledg e 

bas e (base d o n [Shapiro ,  1982]) .  A  G A T N g ramma r 

specifie s th e translation/generatio n o f  sentence s in -

volvin g comple x nou n phrase s into/fro m A N A L O G 

structure d variabl e representations . 

An apparen t  advantag e o f  th e us e o f  structure d 

variable s lie s i n th e representatio n an d generatio n 

of  comple x nou n phrase s tha t  involv e restrictiv e rel -

ativ e claus e complements .  Th e restrictio n se t  o f  a 

structure d variabl e typicall y consist s o f  a  typ e con -

strain t  alon g wit h propert y constraint s (adjectives ) 

and othe r  mor e comple x constraint s (restrictiv e rela -

tiv e claus e complements) .  Parsin g an d generatio n o f 

thes e nou n phrase s i s  simplifie d becaus e structure d 

varia l  '  ; s  collec t  al l  relevan t  restriction s o n a  vari -

l e int o on e unit ,  a  structure d variable .  Th e parse r 

parse s th e user' s sentenc e an d build s a n A N A L O G 

representatio n fo r  th e use r  input .  Th e resultin g rep -

resentatio n i s  the n passe d t o th e generatio n compo -

nen t  whic h generate s th e outpu t  respons e (perhaps , 

wit h th e canne d phras e I  understein d that) .  Ifcon -
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:  Ever y ma n tha t  own s som e donke y beat s i < 
I  iinderstan d tha t  ever y ma n tha t  oan s som e donke y beat s som e donkey . 
:  Fre d i s a  bo y 
I  understan d tha t  Fre d i s a  boy. 
:  Ever y bo y i s a  ma n 
I  understan d tha t  ever y bo y i s a  man . 
:  Do c I S a  donke y 
I  understan d tha t  Do c i s a  donkey . 
:  Dumb o i s a  donke y 
I  understan d tha t  Dumbo i s a  donkey . 
:  Fre d own s Do c 
I  understan d tha t  Fre d own s Doc . 
:  Fre d own s Dumb o 
I  understan d tha t  Fre d own s Dumbo. 
:  Doe s Fre d bea t  Do c 
I  don' t  know . 
:  Doe s an y ma n bea t  som e donke y 
Yes ,  ever y ma n tha t  own s som e donke y beat s som e donkey . 
:  Ever y ma n tha t  own s an y donke y beat s i t 
I  understan d tha t  ever y ma n tha t  own s an y donke y beat s ever y donkey . 
:  Doe s Fre d bea t  Do c 
Yes ,  Fre d beat s Doc . 
:  Doe s an y ma n bea t  som e donke y 
Yes ,  ever y mai n tha t  own s som e donke y beat s som e donkey . 
:  Doe s an y ma n bea t  an y donke y 
Yes ,  Fre d beat s Do c emd ever y mei n tha t  own s cin y donke y beat s ever y 
donke y an d ever y ma n tha t  own s som e donke y beat s som e donkey . 
:  Wh o beat s a  donke y 
Fre d beat s Do c ein d ever y ma n tha t  own s cin y donke y beat s ever y donke y 
and ever y ma n tha t  own s som e donke y beat s som e donkey . 

(1 ) 

(2 ) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Figur e 4 :  Dialo g abou t  th e Donke y Sentence . 

straint s o n variable s correspondin g t o th e comple x 

nou n phrcise s wer e represente d usin g F O P L the n i t 

woul d b e difficul t  t o generat e natura l  languag e nou n 

phrase s correspondin g t o thes e variables .  Thi s i s be -

caus e th e constraint s o n variable s would ,  likely ,  b e 
wel l  separate d fro m th e variable s i n th e antecedent s 

of  rule s involvin g thes e variables .  Thi s i s no t  th e cas e 

i n a  structure d variabl e representation . 

Since this representational formalism is grounded 

i n a n inherentl y nonlinea r  notatio n (semanti c net -
works) ,  th e representatio n o f  tree-lik e quantifie r  scop -

ing s i s straightforward .  I n addition ,  th e structur e o f 

a n a l o g ' s semanti c networ k representatio n allow s 

structure-sharin g (and ,  indeed ,  m a y requir e it )  t o a 

hig h degree .  A  goa l  wa s th e representatio n o f  coref -

erenc e i n multisententia l  dialo g b y structur e sharing . 
A goo d exampl e o f  bot h o f  thes e point s i s th e donke y 

sentence ,  wher e a  scope d constituen t  o f  a  nou n phras e 

(th e donke y i n Ever y farme r  wh o own s a  donke y beat s 

it )  i n use d i n th e mai n claus e o f  th e sentence . 

Figure 4 illustrates a (slightly edited) dialog involv-

in g question s abou t  th e donke y sentence .  Use r  inpu t 

i s emphasize d an d som e syste m outpu t  ( C P U tim -

ings ,  etc )  ha s bee n removed .  Nou n phrase s ar e uni -
forml y represente d usin g structure d variables .  Pars -

in g an d generatio n o f  thes e nou n phrase s i s simpli -

fied  becaus e structure d variable s collec t  al l  restric -

tion s o n a  variabl e int o on e unit ,  a  structure d vari -

able .  Th e parse r  parse s th e user' s sentenc e an d 

build s a n A N A L O G representatio n fo r  th e use r  in -

put .  Th e resultin g representatio n i s the n passe d t o 

th e generatio n componen t  whic h generate s th e out -
put  respons e (perhaps ,  wit h th e canne d phras e I 

understan d that) .  I f  constraint s o n variable s cor -

respondin g t o th e comple x nou n phrase s wer e rep -
resente d usin g F O P L the n i t  woul d b e difficul t  t o 

generat e natura l  languag e nou n phrase s correspond -

in g t o thes e variables .  Thi s i s becaus e th e constraint s 
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o n variable s would ,  likely ,  b e wel l  separate d fro m th e 

variable s i n th e antecedent s o f  rule s involvin g thos e 

variables .  Thi s i s no t  th e cas e i n a  structure d variabl e 

representation . 

I n Figur e 4  th e syste m reiterate s it s understand -

in g o f  th e donke y sentenc e wit h sentenc e (1) .  Not e 

tha t  th e som e donke y referre d t o i n th e subclaus e 

an d mai n claus e ar e th e identica l  existentia l  struc -

ture d variable ,  th e syste m cannot ,  a s yet ,  generat e 

pronouns .  T h e system' s respons e wit h sentenc e (2 ) 

indicate d tha t  th e representatio n o f  th e donke y sen -

tenc e i s no t  tha t  o f  Figur e 1(c) ,  sinc e i t  woul d hav e 

answere d ye s ha d tha t  bee n th e case .  T h e system' s 

respons e wit h sentenc e (3 )  indicate s tha t  th e repre -

sentatio n o f  th e donke y sentenc e i s no t  tha t  o f  Fig -

ur e 1(a) ,  sinc e th e syste m jus t  reiterate s th e rul e 

rathe r  tha n statin g tha t  Fre d beat s som e donkey .  T h e 

syste m i s initiall y  unabl e t o determin e whethe r  Fre d 

beat s Do c o r  D u m b o .  Thi s i s becaus e th e initia l  rul e 

(ever y me m tha t  own s som e donke y beat s it )  i s 

satisfie d i n a  mode l  wher e onl y on e o f  th e donkey s i s 

bein g beaten .  Afte r  th e syste m i s tol d tha t  al l  suc h 

donkey s ar e beate n (sentenc e (4)) ,  i t  doe s determin e 

tha t  Fre d beat s Doc .  Not e that ,  a s i n natura l  lan -

guage ,  th e answer s t o m a n y question s ar e ofte n rule s 

themselve s (e .  g. ,  Who beat s a  donke y ha s a s on e 

answe r  Ever y ma n tha t  own s som e donkey) .  Thi s 

i s possibl e becaus e th e natura l  for m an d complete -

nes s constraint s requir e tha t  th e representation s fo r 

rule s hav e th e sam e structur e a s groun d propositions . 

Thus ,  b y subsumptio n th e answe r  t o a  questio n i s 

an y propositio n subsume d b y th e questio n (sinc e th e 

questio n an d answe r  wil l  hav e th e sam e structure) . 

Thi s i s illustrate d i n response s (6-8) . 

5 S u m m a r y 

I presented a computationally-based representation 

fo r  indefinit e nou n phras e an d anaphor a tha t  mod -

el s thei r  us e i n natura l  languag e I  hav e describe d 

par t  o f  a  K R R syste m tha t  incorporate s thi s repre -

sentatio n fo r  variable s whic h correspon d i c indefinit e 

nou n phrase s o r  anaphora .  A N A L O G i s a  prepo -

sitiona l  semantic-network-base d knowledg e represe n 

tatio n an d reasonin g syste m tha t  support s m a n y as -

pect s o f  natura l  languag e use ,  i n particular ,  th e rep -

resentatio n an d generatio n o f  comple x nou n phrzise s 

an d sentence s (natura l  form) ,  th e representatio n o f 

variou s type s o f  quantifie d variabl e scopin g (concep -

tua l  completeness) ,  descriptio n subsumption ,  an d a 

hig h degre e o f  structur e sharing .  I  hav e presente d 

an exampl e o f  natura l  languag e dialo g involvin g th e 

donke y sentenc e tha t  illustrate s som e o f  th e utilit y  o f 

thi s formalis m fo r  natura l  languag e processing . 
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