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FLEXIBL E NATURAL LANGUAGE PROCESSING AN D ROSCHIAN C A T E G O RY T H E O RY 

Sandra L. Peters, Stuart C. Shapiro, and William J. Rapaport 

Department of Computer Science 
Stat e Universit y  o f  Ne w Yor k a t  Buffal o 

1. INTRODUCTION. 

Artificial intelligence systems typically hand-craft large amounts of knowledge in complex, static, high-level 

knowledg e structures .  Thes e system s generall y wor k wel l  i n ver y limite d domains ,  bu t  ar e simpl y to o rigi d t o 

suppor t  natura l  languag e understandin g i n general .  Thi s i s du e i n par t  t o th e fac t  tha t  artificia l  intelligence ,  natura l 

languag e processin g (AI/NLP )  system s hav e no t  take n seriousl y th e principle s o f  categorizatio n first  se t  fort h i n 

th e semina l  wor k o f  Rosc h [1976 ,  1978 ,  1981] ,  an d late r  extende d b y researcher s includin g Barsalo u [1987] ,  Mur -

ph y &  Medi n [1985] ,  Lakofi f  [1987] ,  an d Neisse r  [1987] .  Thus ,  A I /NL P system s hav e ver y shallo w representa -

tion s o f  generi c concept s an d categories ,  employin g eithe r  static ,  simple ,  featura l  model s o f  concept s base d o n 

necessar y an d sufiBcien t  criteri a i n unifor m taxonomie s wher e n o leve l  i s  distinguishe d [e.g. ,  K L O N E ,  Brachma n 

1983] ,  o r  passiv e dat a structure s wit h slot s an d explici t  defaul t  values ,  suc h a s frames ,  schemata ,  an d script s [e.g. , 

K R L,  Bobro w &  Winogra d 1977ab ;  N E T L ,  Fahbna n 1979] .  W e hav e previousl y show n tha t  system s tha t  us e th e 

forme r  representation s ar e unabl e t o mode l  huma n categor y system s [Peter s &  Shapir o 1987ab] .  I n thi s paper ,  w e 

discus s th e inadequac y o f  system s base d o n th e latte r  type s o f  representations ,  arguin g tha t  frames ,  schemata ,  an d 

script s lac k th e flexibility,  generality ,  an d adaptabilit y  necessar y fo r  representin g generi c concept s i n memory .  W e 

presen t  alternativ e "active "  representations ,  i n whic h frame s o r  schemat a d o no t  resid e i n semanti c memory ,  bu t 

rathe r  ar e constructe d a s neede d fro m a  les s organize d semanti c memory .  Thei r  constructio n can ,  therefore ,  b e 

influence d b y th e curren t  tas k an d contex t 

I n addition ,  ou r  processin g an d representation s ar e base d o n a  Roschia n mode l  o f  categories ,  i.e. ,  o n (1 )  a 

recognitio n o f  th e uniqu e natur e o f  basi c leve l  categorie s withi n natura l  categor y systems ,  an d (2)  prototyp e 

theory .  W e wil l  discus s som e o f  th e curren t  researc h tha t  support s ou r  representation s an d processing ,  an d sho w 

tha t  ou r  system' s performanc e i s enhance d b y takin g thes e principle s o f  categorizatio n seriously .  Ou r  implementa -

tio n use s th e S N e P S knowledg e representatio n an d reasonin g system ,  includin g a  generalize d A T N parser -

generato r  [Shapir o 1979 ,  1982 ;  Shapir o &  Rapapor t  1987] .  W e presen t  a  detaile d exampl e tha t  show s th e us e o f 

our  representation s an d processin g strategie s i n th e tas k o f  discours e comprehension .  I n particular ,  ou r  exampl e 

wil l  concer n implici t  focusin g i n natura l  languag e comprehension ,  i.e. ,  th e implici t  activatio n o f  themati c associ -

ate s an d salien t  attribute s o f  concept s durin g discours e comprehension . 

I.l. Roschian Model: Basic Level Primacy. Psychology, hnguistics, and anthropology have produced a variety 

of  measure s o f  perception ,  behavior ,  an d communicatio n showin g a  convergenc e o f  cognitiv e task s a t  th e basi c 

level .  No t  al l  level s o f  a  taxonom y ar e equall y use d an d useful :  fo r  taxonomie s o f  c o m m o n object s an d organ -

isms ,  th e basi c level ,  th e leve l  o f  tabl e an d bird ,  i s  th e mos t  informativ e an d usefu l  [Rosc h e t  al .  1976 ;  Berli n 

1978 ;  Tversk y &  H e m e n w a y 1984] .  Ou r  knowledg e i s organize d a t  thi s leve l  (i.e. ,  mos t  attribute s o f  categor y 

members ar e store d a t  th e basi c level )  an d visua l  imager y i s  particularl y stron g fo r  basi c leve l  concepts .  Th e 

informativenes s o f  th e basi c leve l  originate s fro m th e amoun t  o f  knowledg e store d a t  thi s leve l  an d th e ric h per -

ceptua l  componen t  o f  basi c leve l  categories .  Basi c leve l  concept s trigge r  man y refle x inferences ;  i.e. ,  the y rou -

tinel y activat e man y satellit e concepts .  Wher e informativenes s i s th e greatest ,  s o to o i s inferentia l  power . 

We hav e previousl y presente d a  representatio n fo r  natura l  categor y system s tha t  use s distinc t  representation s 

fo r  basi c an d non-basi c leve l  concepts ,  an d discusse d empirica l  evidenc e supportin g basi c leve l  primac y an d th e 

need fo r  A I /NL P system s t o recogniz e th e uniquenes s an d importanc e o f  th e basi c leve l  [Peter s &  Shapir o 

1987ab] .  Th e wor k describe d i n thi s pape r  build s on ,  an d presuppose s tha t  earlie r  work . 

L2, Roschian Model: Prototype Theory. Although categories have been viewed traditionally as concepts esta-
blishe d b y necessar y an d sufiQcien t  criteria ,  an d man y A I  system s continu e t o mode l  natura l  concept s i n thi s wa y 

[e.g. ,  Brachma n 1983] ,  recen t  categorizatio n researc h doe s no t  suppor t  thi s vie w [Rosc h 1976 ,  1978 ;  Mcrvi s & 

Rosc h 1981 ;  Murph y &  Medi n 1985 ;  Barsalo u 1987 ;  Lakof f  1987 ;  Neisse r  1987] .  Rosc h ha s suggeste d tha t 
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another way to achieve the separateness and clarity of categories is by conceiving of each category in terms of its 

clea r  cases ,  i.e. ,  prototypes .  Categorie s posses s grade d structure :  th e member s o f  a  categor y var y i n ho w typica l 

the y ar e o f  thei r  categor y [Rosch ,  e t  al .  1976 ;  Barsalo u 1985 ;  Lakof f  1987] . 

13. Extending the Roschian Model. Although Rosch [1978] cautioned that the existence of prototype effects 

merel y indicate s tha t  prototype s mus t  hav e som e plac e i n theorie s o f  representatio n o f  categories ,  man y hav e 

misinterprete d he r  work ,  construin g prototype s a s a  complet e theor y o f  representatio n fo r  categorie s an d generi c 

concepts .  I n particular ,  man y A I  researcher s [e.g. ,  Minsk y 1975 ;  Bobro w &  Winogra d 1977b ;  Fahlma n 1979 ; 

Schan k 1977 ]  hav e considere d prototype s t o constitut e a  representatio n fo r  generi c concepts ,  an d hav e employe d 

passiv e dat a structure s wit h slot s an d explici t  defaul t  value s t o directl y represent  thes e concept s i n memory .  Thus , 

the y hav e use d frames ,  scripts ,  an d schemat a a s a  basi s fo r  model s o f  cognitiv e processing ,  i.e. ,  usin g die m t o 

represen t  generi c objects ,  situations ,  events ,  sequence s o f  events ,  actions ,  an d sequence s o f  actions .  M a n y cogni -

tiv e scientist s hav e recentl y pointe d ou t  tha t  passiv e representations  suc h a s frame s ar e to o rigid ,  lackin g th e flexi-

bility ,  generality ,  an d richness  require d i n cognitiv e processin g [e.g. ,  Barsalo u 1987 ;  Kintsc h 1987 ;  Lakof f  1987 ; 

Neisse r  1987] .  Bot h Schan k [1985 ]  an d Minsk y [1986 ]  hav e als o recentl y propose d th e nee d fo r  mor e flexible, 

dynami c representations .  Empirica l  evidenc e supportin g th e nee d fo r  activ e representation s o f  generi c concept s 

and categorie s wil l  b e discusse d i n th e followin g sections . 

2. EMPIRICAL EVIDENCE. 

2.1. The Instability of Graded Structure of Categories. Barsalou has demonstrated that the graded structure 

of  a  categor y i s unstable ,  varyin g greatl y acros s contexts .  H e conclude s tha t  "differen t  concept s temporaril y 

represen t  th e sam e categor y i n workin g memor y o n differen t  occasions"[1987 ,  p .  101] .  A  category' s grade d struc -

tur e shift s a s a  functio n o f  (1 )  th e linguisti c contex t  an d (2 )  th e poin t  o f  vie w fro m whic h i t  i s perceive d [Barsalo u 

1987] .  Fo r  example ,  whe n anima l  i s processe d i n th e contex t  o f  farm ,  cows ,  horses ,  goats ,  an d pig s ar e mor e typ -

ica l  tha n bears ,  lions ,  elephants ,  an d giraffes .  Thi s situatio n i s reverse d whe n anima l  i s processe d i n th e contex t 

of  zoo . 

2.2. The Instability of Generic Concepts. Barsalou [1987] proposes that there are no invariant concepts in 

long-ter m memory ;  rather ,  long-ter m memor y contain s larg e amount s o f  highl y interrelate d knowledg e tha t  i s use d 

t o construc t  concept s i n workin g memory .  Generi c concept s ar e no t  retrieve d intac t  fro m long-ter m memor y whe n 

needed :  the y ar e constructe d fro m long-ter m memor y fo r  a  particula r  tas k i n a  particula r  context .  I n Barsalou' s 

view ,  generi c concept s hav e bot h context-independen t  an d context-dependen t  informatio n associate d them .  Bar -

salo u [1982 ]  ha s presente d evidenc e tha t  show s tha t  context-independen t  propertie s ar e automaticall y activate d b y 

presente d concepts ,  whil e context-dependen t  propertie s ar e activate d onl y i n particula r  situation s o r  contexts . 

Thus ,  th e representation s fo r  a  generi c concep t  i n workin g memor y ma y var y widel y acros s contexts . 

23. The Inflexibility of Scripts and Schemas. Many researchers have pointed out that computationally fixed 

menta l  structure s suc h a s script s ar e to o inflexibl e t o serv e th e purpose s fo r  whic h the y wer e originall y designe d 

[e.g. ,  Schan k 1985 ,  va n Dij k &  Kintsc h 1983] .  Barsalo u [1987 ]  ha s foun d tha t  th e variable s activ e fo r  a  schem a 

var y acros s context s i n whic h a  schem a i s used .  Similarly ,  th e differen t  track s tha t  peopl e construc t  fo r  script s 

appea r  t o var y widel y acros s contexts .  Thi s ma y b e becaus e thes e structure s exis t  onl y a s temporar y construct s i n 

workin g memor y rathe r  tha n a s invarian t  structure s i n long-ter m memory .  Researc h b y Kintsc h an d Manne s 

[1987 ]  furthe r  support s th e ide a tha t  script s d o no t  exis t  a s invarian t  structure s i n long-ter m memory .  The y clai m 

tha t  knowledg e i s no t  pre-organize d i n term s o f  script s an d schemata ,  bu t  tha t  suc h structure s ar e generate d fro m 

an unorganize d associativ e ne t  i n respons e t o a  specifi c  tas k deman d i n a  specifi c  contex t  Onl y i n thi s way ,  the y 

believe ,  ca n th e flexibility  an d contex t  sensitivit y tha t  characteriz e huma n scrip t  us e b e achieved . 

2.4. Summary. An active, flexible representation of generic concepts seems necessary to support the empirical 

evidenc e tha t  (1 )  grade d categories ,  generi c concepts ,  an d script s ar e no t  invarian t  structiu-es ;  i.e. ,  the y var y wit h 

context .  Ou r  representation s an d processin g ar e base d o n a n activ e mode l  o f  generi c concepts . 
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3. THE STRUCTURE OF BASIC LEVEL CONCEPTS. 

3.1. Parts and Basic Level Categories: Physical Object Categories. Tversky and Hemenway [1984] have 
demonstrate d tha t  th e basi c leve l  dififer s qualitativel y fro m othe r  level s i n taxonomie s o f  object s an d livin g things : 

par t  term s predominat e i n subjects '  listing s o f  attribute s characterizin g object s a t  thi s level .  Part s ar e rarel y use d 

t o characteriz e superordinat e leve l  categories ,  an d member s o f  differen t  subordinat e categorie s shar e part s an d 

diffe r  o n othe r  attributes .  Thus ,  i t  appear s tha t  ou r  knowledg e a t  thi s leve l  i s  organize d aroun d part-whol e divi -

sions .  Berli n ha s als o suggeste d tha t  th e perceptio n o f  overal l  part-whol e configuratio n i s th e fundamenta l  deter -

minan t  o f  th e basi c leve l  [1978] . 

3.2. Perceptual Grounding of Basic Level Concepts. Basic level concepts consist of more than mere attribute 

list s o f  part s tha t  w e ca n tal k about ,  however :  the y ar e perceptuall y grounde d concepts .  Thus ,  i t  seem s clea r  tha t  a 

geometri c (3D )  mode l  o f  a  basi c leve l  object' s shap e i s als o encode d i n long-ter m visua l  m e m o r y s o tha t  i t  m a y b e 

recognize d o n subsequen t  occasion s [Mar r  1982] .  Physica l  object s hav e thei r  o w n intrinsi c axe s use d i n th e 3 D 

model  t o determin e th e interna l  layou t  o f  parts :  e.g. ,  a n up/dow n axis ,  a  front/back  axis ,  th e center/periphery ,  th e 

interior/exterior .  Thi s geometri c mode l  enriche s thes e concepts .  Lakof f  characterize s thi s typ e o f  geometri c infor -

matio n a s imag e schemati c structure .  I n discourse ,  w e frequentl y find  reference s t o thi s imag e schemati c structure ; 

e.g. ,  t o th e fron t  o f  a  hous e (front/bac k imag e schema) ,  th e interio r  o r  exterio r  o f  a  ca r  (interior/exterio r  schema) , 

and th e to p o r  botto m o f  m a n y object s (up/dow n schema) . 

Additiona l  percepts ,  e.g. ,  sounds ,  colors ,  odors ,  als o characteriz e object s a t  th e basi c level .  Thus ,  i f  a  do g i s 

mentioned ,  it s bar k i s implicitl y  evoked ,  jus t  a s part-whol e structure s suc h a s legs ,  ears ,  a  nose ,  an d a  tai l  ar e 

evoked . 

We depen d o n bot h perceptua l  an d functiona l  qualitie s t o differentiat e basi c leve l  object s int o classes .  Per -

ceptua l  propertie s tha t  hav e hig h diagnosticit y m a y b e salient ,  sinc e the y ar e usefu l  fo r  distinguishin g instance s o f 

a concep t  fro m instance s o f  othe r  concepts .  Functiona l  propertie s relevan t  t o h o w peopl e typicall y interac t  wit h 

instance s o f  a  concep t  ar e likel y t o b e highl y salien t  a s well . 

3J. The Representation of Basic Level Concepts in SNePS. We use default generalizations [Peters & 

Shapiro,  1987a ]  t o represen t  fact s abou t  th e typica l  exemplar s o r  member s o f  a  category .  Thus ,  a  basi c leve l  con -

cep t  i n ou r  semanti c networ k is ,  i n part ,  a  collectio n o f  defaul t  generalization s abou t  typica l  exemplars :  generaliza -

tion s abou t  thei r  (1 )  part-whol e structur e an d imag e schemati c structur e tha t  i s  derive d fro m a  geometri c mode l  i n 

visua l  memory ,  (2 )  othe r  perceptua l  structure ,  an d (3 )  functiona l  attributes .  Thes e attribute s an d structure s ar e al l 

usefu l  i n categorization ,  i.e. ,  i n identifyin g categor y members .  Thi s knowledg e form s th e context-independen t 

structur e o f  basi c leve l  concept s tha t  underlie s th e us e o f  thes e concept s i n languag e i n an y contex t 

I n addition ,  however ,  basi c leve l  concept s ar e connecte d t o themati c associate s (concept s relate d b y event s 

rathe r  tha n b y taxonomi c similarity )  an d t o othe r  non-centrall y  relate d concept s (e.g. ,  t o attribute s no t  use d o r  use -

fu l  i n categorization) .  Thus ,  the y ar e understoo d wit h respec t  t o ou r  knowledg e an d theorie s abou t  al l  othe r  con -

necte d concepts .  Th e themati c associate s an d othe r  non-centrall y relate d concept s for m th e context-dependen t 

structur e associate d wit h a  concept ,  i.e. ,  structur e tha t  i s  relevan t  i n particula r  situations .  Fo r  example ,  bottl e i s a 

themati c associat e o f  baby ,  an d mortgag e i s non-centrall y relate d t o house .  Thus ,  eac h concep t  i n ou r  syste m con -

sist s o f  larg e amount s o f  interrelate d knowledge ;  however ,  w e us e n o high-leve l  knowledg e organizatio n structure s 
suc h a s frame s o r  schemas .  Instead ,  w e us e thi s relativel y unorganized ,  interrelate d knowledg e t o construc t  "con -

cepts "  appropriat e t o th e curren t  tas k an d contex t  i n workin g m e m o r y durin g discours e processing ,  i.e. ,  t o con -

struc t  th e appropriat e fram e o r  schema . 

We understan d basi c leve l  concept s suc h a s do g an d skun k no t  onl y i n term s o f  appearance s an d affordances , 

but  als o wit h respec t  t o ou r  deepe r  theorie s abou t  animals .  Thus ,  ou r  understandin g o f  basi c an d an d subordinat e 

leve l  concept s als o depend s upo n ou r  understandin g o f  superordinat e leve l  concepts .  I n experimenta l  studies ,  sub -

ject s frequentl y lis t  fe w o r  n o attribute s fo r  thes e concept s [Tversk y &  H e m e n w a y 1984] .  Thus ,  ou r  knowledg e 

abou t  superordinat e concept s i s a  deepe r  an d les s easil y verbalize d knowledge ,  involvin g underlyin g principle s an d 

theorie s abou t  th e world .  Th e representatio n o f  superordinat e leve l  concept s i s a  curren t  are a o f  research  fo r  us . 

We believ e tha t  i t  i s  a n extremel y importan t  area . 
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4. DISCOURSE PROCESSING: IMPLICIT FOCUSING. 

The processing performed by our system will be illustrated by considering the issues and problems in 

comprehendin g reference s t o implicitl y  evoke d entitie s i n discourse .  Th e proble m o f  implici t  focusin g i s a n 

importan t  on e fo r  natura l  languag e understandin g systems ,  sinc e reference s t o entitie s no t  previousl y explicitl y 

mentione d occu r  frequentl y i n discourse .  A s state d previously ,  basi c leve l  concept s evok e a  ric h se t  o f  entitie s 

whic h m a y b e referre d t o late r  i n th e discourse .  Superordinat e leve l  concepts ,  i n contrast ,  evok e fe w discours e 

entities . 

4.1, Focusing Mechanisms. We have extended the grammar of SNePS/CASSIE [Shapiro 1982, Shapiro & 

Rapapor t  1987 ]  t o handl e implicitl y  focuse d definit e anaphors .  Resolutio n o f  reference s t o explicitl y  focuse d enti -

tie s make s us e o f  a  primar y focu s space ;  i.e. ,  referent s o r  co-specifier s ar e sough t  amon g th e activ e element s o f 

thi s focu s space .  Implicitl y  focuse d entities ,  however ,  requir e a  secon d focusin g mechanism ,  whic h make s us e o f 

an additiona l  dat a structur e calle d a  potentia l  focu s lis t  an d th e S N e P S path-base d inferenc e packag e [Shapir o 

1978] . 

4.2. Potential Focus List. When a new individual identified by its basic level name (e.g. a dog) ot a generic 

basi c leve l  concep t  (e.g. ,  th e typ e dogs )  i s encountere d i n input ,  th e context-independen t  satellit e entitie s implicitl y 

evoke d b y th e centra l  concep t  ar e place d i n a  potentia l  focu s lis t  wit h th e evokin g concept .  I.e. ,  w e believ e tha t 

thes e reflex ,  o r  subconscious ,  inference s ar e mad e a t  th e tim e o f  reading/hearin g th e centra l  basi c leve l  concep t 

The kind s o f  inference s tha t  ar e mad e ar e thos e discusse d above :  inference s abou t  part-whol e an d othe r  image -

schemati c structure ,  an d inference s abou t  percepma l  structure .  (Inference s abou t  functiona l  attribute s ar e no t 

currentl y activated ,  sinc e th e curren t  discours e understandin g tas k i s concerne d onl y wit h definit e anaphora .  Func -

tiona l  attribute s ar e clearl y a  centra l  componen t  o f  basi c leve l  concep t  structure ,  however. )  Inference s concernin g 

context-dependen t  entities ,  i.e. ,  themati c associate s an d othe r  non-ceno-all y relate d associates ,  ar e als o mad e a t  thi s 

time . 

W h en a  subordinat e leve l  concept ,  e.g. ,  a  Volkswagen ,  i s encountered ,  th e refle x inferenc e tha t  Volkswagen s 

ar e car s i s made ,  an d th e subconsciou s inference s abou t  car s ar e agai n drawn .  Evidenc e suggestin g tha t  subordi -

nat e leve l  concept s automaticall y activat e thei r  superior ,  basi c leve l  concept s ha s bee n provide d b y man y research -

er s includin g Rosc h [1978 ]  an d Barsalo u [1982] .  Thus ,  man y o f  th e subconsciou s inference s mad e whe n tw o 

dififeren t  subordinate s o f  th e sam e basi c leve l  categor y ar e encountere d ar e th e same .  Thi s i s supporte d b y th e ina -

bilit y  o f  subject s t o cit e differen t  propertie s o f  th e sor t  discusse d here ,  e.g. ,  par t  attributes ,  t o distinguis h thes e 

subordinat e categorie s [Tversk y &  H e m e n w a y 1984 ;  Rosc h 1976] .  E.g. ,  collies ,  poodles ,  an d spaniel s shar e part s 

and diffe r  o n othe r  type s o f  attributes .  N a m e d individuals ,  suc h a s Luc y (membe r  o f  basi c leve l  category ,  girt )  o r 

Rove r  (membe r  o f  basi c leve l  category ,  dog )  ar e handle d i n th e sam e way ;  i.e. ,  th e basi c leve l  concept s fo r  thes e 

individual s ar e activate d an d th e subconsciou s inference s abou t  girl s o r  dog s ar e made . 

4J. Path-Based Inference. The SNePS path-based inference package provides the subconscious reasoning that 

i s require d fo r  implici t  focusing .  I f  a  relatio n doe s no t  exis t  explicitl y  betwee n tw o node s i n th e network ,  on e ma y 

specif y a  pat h o f  arc s whic h i s semanticall y equivalen t  t o th e relatio n bein g sought .  Th e definitio n o f  appropriat e 

path s i n th e semanti c networ k enable s th e automati c retrieva l  o f  th e relevan t  satellit e concept s o f  th e basi c leve l 

concepts :  par t  structures ,  othe r  imag e schemati c structures ,  an d othe r  percepts . 

Thus ,  entitie s suc h a s part s ca n b e retrieve d b y definin g a  pat h o f  arc s fro m a  nod e representin g a  basi c leve l 

category ,  e.g. ,  dog ,  t o it s  parts :  nose ,  tail ,  head ,  ears ,  legs ,  etc .  I n additio n t o th e part s path ,  w e ca n defin e path s 

of  arc s t o retriev e percept s (sounds ,  colors ,  smells )  an d th e othe r  imag e schemati c structures .  Th e A T N gramma r 

the n make s us e o f  thes e define d path s t o activate ,  i.e. ,  implicitl y  focus ,  th e context-independen t  satellit e concept s 

of  a  basi c leve l  concep t  (tha t  ha s bee n eithe r  encountere d i n inpu t  o r  activate d b y a  subordinat e leve l  concept) : 

returnin g al l  th e node s (concepts )  tha t  ar e foun d a t  th e en d o f  th e define d path s o f  arc s emanatin g fro m th e basi c 

leve l  concep t  an d placin g the m i n th e potentia l  focu s list . 
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Since basic level categories are represented, in part, in SNePS using default generalizations or rules [Peters 

& Shapiro ,  1987a] ,  f w ever y defaul t  rul e i n th e networ k tha t  say s tha t  member s o f  th e basi c leve l  categor y typi -

call y o r  presumabl y hav e par t  P ,  P  i s pu t  int o th e potentia l  focu s list .  Figur e 1  show s th e defaul t  rul e tha t  ca n b e 

paraphrase d a s 'Fo r  al l  x  i f  x  i s a  do g the n typicall y x  ha s a  tail "  o r  mor e simpl y a s "Typically ,  dog s hav e tails" . 

I t  als o show s a  define d pat h calle d part s whic h i s use d t o activat e th e sub-par t  entitie s o f  basi c leve l  concepts . 

Thes e activate d entitie s "fad e out "  o f  th e secondar y focu s lis t  whe n th e evokin g concep t  fade s ou t  o f  th e primar y 

focu s space . 

I n a  lik e manner ,  di e context-dependen t  informatio n m a y b e implicitl y  activated .  Thes e concept s ar e no t 

automaticall y activate d wheneve r  a  basi c leve l  o r  subordinat e leve l  concep t  i s encountere d i n input ,  however . 

Rather ,  thei r  activatio n i s triggere d i n respons e t o a  specifi c  context .  Currently ,  ou r  implementatio n i s limite d t o 

th e activatio n o f  context-dependen t  informatio n i n respons e t o discours e comprehensio n o f  events ,  suc h a s 

buying/sellin g a  car/house ,  rentin g a  car/house ,  drivin g a  car .  walking/washin g th e dog . 

4.4. Timing of Activation. Empirical evidence that reflex inferences about context-independent satellite entities 

and context-dependen t  themati c associate s ar e mad e a t  th e time  o f  comprehensio n o f  concept s i s provide d b y 

numerou s studies ,  includin g wor k b y Barsalo u &  Ros s [1986] ,  an d Walke r  &  Yekovic h [1986] .  I n addition . 

Walke r  an d Yekovic h hav e demonstrate d tha t  i t  i s  no t  th e cas e tha t  al l  o f  th e informatio n associate d wit h a  con -

cep t  i s activate d durin g comprehensio n o f  th e concep t  Rather ,  onl y th e centrall y relate d concept s becom e par t  o f 

di e discours e mode l  i n workin g memory ,  and ,  thus ,  ar e availabl e a s antecedents ;  peripherall y relate d concept s ar e 

not  available ,  i.e. ,  ar e no t  impliciU y activated .  I n ou r  terminology ,  centrall y relate d concept s ar e th e context -

independen t  entitie s an d additiona l  entitie s evoke d b y th e curren t  context ;  peripherall y relate d concept s ar e th e 

associate s o f  a  generi c concep t  i n long-ter m memor y tha t  d o no t  becom e activate d i n th e curren t  contex t 

4.5. General Focusing Mechanism for Definite Anaphora Comprehension. When a definite anaphor is 

encountered ,  bot h th e primar y focu s spac e containin g explicid y mentione d entities ,  an d th e potentia l  focu s lis t 

containin g impliciti y  evoke d entitie s m a y b e searche d fo r  a  co-specifier ,  an d th e discours e mode l  update d 

appropriately .  I.e. ,  i f  th e co-specifie r  i s  foun d i n th e potentia l  focu s list ,  i t  i s  n o w move d t o th e primar y focu s 

spac e wit h th e appropriat e leve l  o f  activatedness ;  i f  th e co-specifie r  i s  foun d i n th e primar y focu s space ,  it s leve l  o f 

activaiednes s i s simpl y updated .  I f  a  co-specifie r  i s  no t  foun d i n eithe r  th e primar y focu s spac e o r  th e potentia l 

focu s list ,  the n knowledge-base d processing ,  i.e. ,  inferencin g usin g th e tota l  knowledg e base ,  i s necessary . 

clas s member 

whol e par t arg i  re l  arg 2 

T h e followin g define s a  pat h t o fin d al l  th e part s o f  basi c leve l  concept s 

(def-path parts (compose arg2- argi part- whole avb- ant class)) 

Figure 1 
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(9 )  :H e bough t  a  canary . 
I  understan d tha t  Joh n bough t  a  canar y 
exec :  9.6 5 se c 

(10 )  :Th c canar y i s name d Tweety . 
I  understan d tha t  Tweet y i s th e canar y 
exec :  6.4 0 se c 

(11 )  :Th e ca t  stalk s Tweety . 
I  understan d tha t  th e ca t  i s stalkin g Tweet y 
exec :  8.5 3 se c 

(12 )  :Hi s tai l  i s  swishing . 
I  understan d tha t  th e tai l  o f  th e ca t  i s swishin g 
exec :  8.8 1 se c 

(13 )  :Hi s chir p alerte d John . 
I  understan d tha t  th e chir p o f  Tweet y alerte d Joh n 
exec :  11.6 1 se c 

(14 )  :Luc y walke d th e dog . 
I  understan d tha t  Luc y walke d th e do g 
exec :  11.5 6 se c 

(15 )  :Th e leas h becam e tangled . 
I  understan d tha t  th e leas h o f  th e do g becam e tangle d 
exec :  10.8 6 se c 

(1 )  :Luc y bough t  a  Victoria n house . 
I  understan d tha t  Luc y bough t  a  Victoria n hous e 
exec :  11.6 3 se c 

(2 )  :Th e mortgag e i s high . 
1 understan d tha t  th e mortgag e o f  th e Victoria n hous e i s hig h 
exec :  8.9 0 se c 

(3 )  :Joh n visite d her . 
I  understan d tha t  Joh n visite d Luc y 
exec :  9.3 8 se c 

(4 )  :Th e butle r  opene d th e door . 
I  understan d tha t  a  butle r  opene d th e doo r  o f  th e Victoria n hous e 
exec :  17:4 5 se c 

(5 )  :Th e hous e i s huge . 
I  understan d tha t  th e Victoria n hous e i s hug e 
exec :  7.3 0 se c 

(6 )  :Luc y bough t  a  dog . 
1 understan d tha t  Luc y bough t  a  do g 
exec :  9.3 5 se c 

(7 )  :He r  barkin g wake s Lucy . 
1 understan d tha t  th e barkin g o f  th e do g i s wakin g Luc y 
exec :  11.4 5 se c 

(8 )  :Joh n own s a  cat . 
I  understan d tha t  Joh n own s a  ca t 
exec :  9.3 8 se c 

Figure 2 

5. DEMONSTRATION. 
Figur e 2 ,  a  shor t  dialogu e fro m a  sampl e ru n o f  S N e P S / C A S S I E ,  illustrate s s o m e o f  ou r  curren t  capabilities . 

Use r  inpu t  i s o n line s wit h th e :-prompt ;  th e system' s outpu t  an d timin g informatio n ar e o n th e line s tha t  follow . 

T h e followin g c o m m e n t s highligh t  s o m e o f  th e importan t  feature s o f  thi s dialogue . 

I n sentenc e 1 ,  comprehensio n o f  th e basi c leve l  concep t  hous e implicitl y  evoke s m a n y entities ,  includin g 

part s suc h a s th e roof ,  w indows ,  an d doors .  Thi s form s par t  o f  th e context-independen t  structur e o f  th e concep t 

house .  I n addition ,  th e ver b bough t  i n conjunctio n wit h house ,  activate s suc h context-dependen t  entitie s a s th e 

mortgag e an d cos t  o f  th e house .  Thus ,  th e concep t  hous e constructe d i n workin g m e m o r y ha s bee n tailore d t o th e 

curren t  context . 

Sentenc e 2  contain s a  referenc e t o a n implicitl y  focuse d item ,  th e mortgag e whic h w a s activate d i n 

respons e t o th e contex t  o f  buyin g a  house .  Sentenc e 4  contain s a  referenc e t o th e butler ,  a n entit y tha t  w a s no t 

activate d b y eithe r  th e concep t  hous e o r  th e curren t  context .  Thus ,  comprehensio n o f  th e butle r  require s inferenc -

in g usin g th e knowledg e base .  A  compariso n o f  th e timin g informatio n fo r  sentence s 2  an d 4  illustrate s tha t  th e 

comprehensio n tim e fo r  a  non-activate d entit y (th e butler )  i s  longe r  tha n tha t  fo r  a n activate d entit y (th e mort -

gage) . 

Sentenc e 6  contain s th e basi c leve l  concep t  dog ,  whic h implicitl y  activate s m a n y context-independen t  enti -

ties ,  suc h a s part s an d othe r  percepts .  I t  als o contain s th e even t  o f  buyin g a  dog ,  s o th e cos t  i s also  activated .  I n 

sentenc e 7 ,  resolutio n o f  th e definit e anapho r  he r  barkin g canno t  b e base d o n th e norma l  mechan is m o f  finding  th e 

most  highl y focuse d anteceden t  tha t  matche s th e semanti c feature s o f  th e possessiv e pronou n her .  I t  w a s no t 

Lucy' s barking !  Rather ,  i t  require s a  searc h o f  th e potentia l  focu s lis t  fo r  th e concep t  o f  barking ,  returnin g it s 

evokin g concep t  dog . 

Sentence s 1 2 an d 1 3 als o illustrat e th e nee d fo r  usin g a  focusin g mechan is m base d o n m o r e tha n activated -

ness ,  recenc y an d matchin g semanti c features .  I.e. ,  tai l  w a s evoke d a s a  par t  o f  th e basi c leve l  concep t  ca t  (i n sen -

tenc e 7 ) ,  bu t  no t  a s a  par t  o f  th e subordinat e leve l  concep t  canary ;  wherea s chir p w a s evoke d a s associate d wit h 

bird/canar y (i n sentenc e 8 ) ,  bu t  no t  wit h cat .  O u r  processin g o f  hi s tai l  an d hi s chir p simpl y involve s searchin g 

th e potentia l  focu s lis t  fo r  thes e previousl y activate d entities ,  no t  a  searc h o f  th e knowledg e base .  Sinc e th e poten -

tia l  focu s lis t  als o contain s th e evokin g concepts ,  integratio n o f  th e activate d associate s (e.g. ,  chirp )  wit h th e previ -

ousl y mentione d evokin g concep t  (e.g. ,  bird/canary/Tweety )  i s quit e simple .  Finally ,  i n sentenc e 14 ,  walkin g th e 

d o g implicitl y  activate s m a n y context-independen t  entities ,  a s wel l  a s context-dependen t  associate s suc h a s a  leash . 
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6. CONCLUSIONS. 
W e h a v e presente d representations  fo r  natura l  languag e processin g tha t  ar e base d o n (1 )  a  recognitio n o f  th e 

un iqu e natur e o f  basi c leve l  categorie s withi n natura l  categor y sys tems ,  a n d (2 )  th e n e e d fo r  " a c t i v e " ,  flexible 

rep-esentation s fo r  generi c concept s a n d categories .  T h u s ,  w e h a v e base d ou r  sys te m o n principle s o f  categoriza -

tio n derive d f r o m curren t  categorizatio n research .  W e believ e tha t  m o s t  A I / N L P sys tem s fai l  t o tak e thes e princi -

ple s seriously ,  a n d are ,  therefore ,  unabl e t o suppor t  natura l  languag e processin g i n anyth in g othe r  tha n ex t reme l y 

limite d d o m a i n s . 
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