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1.  INTRODUCTION. 

Designin g a  compute r  progra m t o reaso n abou t  th e knowledg e state s o f  cognitiv e agent s i s a 

difficul t  matter .  T o as k tha t  thi s reasonin g b e don e i n a  human-lik e wa y i s eve n mor e difficult . 

Thi s pape r  describe s a  psychologicall y plausibl e representatio n an d algorith m fo r  representin g an d 

processin g informatio n abou t  othe r  cognitiv e agents '  knowledg e states . 

1.1. The Fregean Approach to Reasoning about Knowledge 

We ar e concerne d wit h keepin g trac k o f  coreferen t  term s i n a  memor y whic h contain s asser -

tion s abou t  th e knowledg e state s o f  cognitiv e agents .  Th e situatio n ca n b e illustrate d b y 

McCarthy' s (1979 )  "telephon e numbe r  problem "  i n whic h ther e ar e tw o phon e numbers ,  Mike' s 

phon e numbe r  an d Mary' s phon e number ,  whic h ar e coreferent .  I t  follow s tha t  i f  a  person ,  sa y 

Exl ,  dial s Mike' s phon e number ,  h e als o dial s Mary' s phon e number .  However ,  i f  h e know s Mike' s 

phon e number ,  i t  doe s no t  follo w tha t  h e know s Mary' s phon e number .  Th e Fregea n approac h 

(e.g. ,  McCarthy ,  1979 )  towar d solvin g thi s proble m i s t o clai m tha t  th e phras e "Mike' s phon e 

number "  mean s it s referent ,  i n norma l  contexts ,  bu t  mean s somethin g els e (calle d th e "sense" )  i n 

context s involvin g knowledge . 

Crear y (1979 )  an d Bamde n (1983 )  hav e show n tha t  us e o f  th e Fregea n approac h require s 

more tha n jus t  sens e an d reference ;  i t  require s a  hierarch y o f  concepts .  Fo r  example ,  i n sentence s 

(l)-(3 )  below ,  th e phras e "Mike' s phon e number "  mus t  b e represente d as :  1 )  th e numbe r  itself ;  2 ) 

th e concep t  o f  th e number ;  and ,  3 )  th e concep t  o f  th e concep t  o f  th e number .  Fo r  eac h embed -

din g i n a  knowledg e context ,  w e mus t  g o on e leve l  deepe r  i n th e concep t  hierarchy . 

(1) Ed dials Mike's phone number. 

(2 )  Pa t  know s Mike' s phon e number . 

(3 )  Ton y know s tha t  Pa t  know s Mike' s phon e number . 

2. COGNITIVE SIMULATION APPROACH 

We no w describ e anothe r  approac h t o thi s problem .  An y concep t  tha t  a  huma n i s capabl e 
of  contemplatin g a t  th e leve l  o f  introspectio n shoul d b e representabl e a s a  node ,  o r  som e 
equivalen t  kin d o f  cognitiv e unit ,  i n a  simulation' s memory .  W e wil l  interchangeabl y cal l  thes e 

The aatbo n acknowledg e Nige l  Wir d fo r  caxefo l  criticism s c f  a. a eadie r  drif t  o f  thi s paper .  Th e first  aatho r 
wu Bopporte d b y th e A.P .  Sloaj i  Foandation . 
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node s "cognitiv e units "  o r  "menta l  OBJECTs, "  t o signif y tha t  the y correlat e with ,  o r  represent , 

manipulabl e object s o f  though t  i n a  huraa a mind .  Ther e shoul d b e n o menta l  O B J E C Ts whic h 

represen t  concepts ,  ideas ,  o r  distinction s tha t  human s d o no t  use .  Thes e premise s ar e a  versio n o f 

th e so-calle d Uniquenes s Principl e describe d i n Maid a an d Shapir o (1982) .  Accordin g t o thi s prin -

ciple ,  then ,  th e phras e "Mike' s phon e number "  shoul d no t  b e mappe d int o thre e distinc t  menta l 

O B J E C TS o r  cognitiv e unit s i n sentence s (IH^ )  unles s ther e i s introspectiv e evidenc e tha t 

humans mak e thi s sam e kin d o f  distinction .  Th e remainde r  o f  thi s p^pe r  describe s ho w t o mak e 

thi s simpl e representatio n work . 

We mus t  augmen t  thi s representatio n wit h processin g tha t  manage s knowledg e states .  Thi s 

involve s tw o components .  On e i s a  schem e t o maintai n canonica l  name s fo r  equivalenc e classe s o f 

coreferen t  OBJECTs .  Th e othe r  i s a  schem e t o maintai n knowledg e context s fo r  th e menta l 

OBJECTs.  Eac h knowledg e contex t  wil l  associat e a  menta l  O B J E C T wit h a  canonica l  name . 

Assertion s wil l  b e store d wit h th e canonica l  nam e selecte d b y th e curren t  knowledg e context . 

3. THE KNOWLEDGE CONTEXT ALGORITHM. 

The Knowledg e Contex t  Algorith m processe s assertion s o f  knowin g wit h respec t  t o th e sub -
stitutio n o f  coreferen t  terms .  Th e algorith m h2aidle s neste d knowin g suc h a s th e assertion :  "Ton y 

knows tha t  Pa t  know s Mike' s telephon e number. "  Th e algorith m draw s al l  vali d inference s whic h 

follo w strictl y fro m th e substitutio n o f  coreferen t  term s whil e drawin g n o invali d inference s (c f 

Maida ,  1984) . 

3.1. Assigning Knowledge Contexts to Mental OBJECTs. 

Expressio n (4 )  belo w make s referenc e t o thre e concept s whic h wil l  b e represente d a s distinc t 

menta l  OBJECTs .  The y ar e Tony ,  Pat ,  an d Mike's-phone-number . 

(4) (know-that Tony (know-value-of Pat Mike's-phone-number)) 

We must assign a knowledge context to each of these OBJECTs. An OBJECT in an assertion 

acquire s it s knowledg e contex t  fro m tw o sources .  The y are :  1 )  th e OBJECT' S knowledg e contex t 

withi n th e assertio n (i.e. ,  whethe r  i t  i s  th e secon d argumen t  o f  a  "know-that "  o r  "know-value -

of") ,  an d 2 )  wh o happen s t o believ e th e assertion .  Assumin g th e assertio n reside s i n th e to p leve l 

of  th e system' s memory ,  th e knowledg e context s fo r  eac h o f  th e object s i n th e assertio n appea r  i n 

Tabl e 1 . 

Table 1 

Knowledge Contexts Assigned to the 

O B J E C Ts appearin g i n Expressio n (4 ) 

O B J E CT Knowledg e Contex t 

Tony System 

Pat  System-Ton y 

Mike's-phone-numbe r  System-Tony-Pa t 

A hyphenate d contex t  suc h a s "System-Tony "  shoul d b e interprete d a s 

th e system' s knowledg e o f  Tony' s knowledge . 
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Momiog Sta r 

Evening Star 

Venns 

3.2 .  Contex t  Relativ e E^iulvalecc e Clas^e * 

Multipl e cognitiv e unit s ca n tur n ou t  t o b e coreferent .  Set s o f  C B J E C T s know n t o b e core -

feren t  creat e equivalenc e classes .  Thi s schem e a s i t  stand s howeve r  ca n lea d t o a  seriou s cross -

referencin g proble m becaus e multipl e fact s abou t  a  singl e real-worl d objec t  ca n b e sprinkle d 

among an y o f  th e O B J E C Ts i n th e equivalenc e class . 

We us e a  techniqu e first  employe d b y McAlleste r  (1980 )  whic h involve s assignin g canonical -

names (c-names )  t o equivalenc e classes .  W e shal l  augmen t  McAllester' s schem e wit h a  manage r 

fo r  knowledg e contexts .  Henceforth ,  a  menta l  O B J E C T i n a n equivalenc e clas s wil l  hav e a  canon -

ica l  nam e wit h respec t  t o it a knowledg e context .  Figur e 1  depict s a  situatio n i n whic h th e syste m 

knows th e coreferenc e o f  th e thre e unit s i n th e se t  {th e Mornin g Star ,  th e Evenin g Star ,  Venus} , 

wherea s i t  know s tha t  Pa t  know s th e coreferenc e o f  onl y tw o o f  these ,  namel y th e unit s i n th e se t 

{th e Mornin g Star ,  th e Evenin g Star} .  Not e tha t  th e uni t  representin g th e Mornin g Sta r  ha s a 

canonica l  nam e whic h depend s o n th e currentl y activ e knowledg e context ,  i.e. ,  i n thi s case , 

whethe r  i t  u  th e system' s knowledg e o r  th e system' s knowledg e o f  Pat' s knowledge . 

^  syste m relativ e c-nam e 

system-Pat relative c-name 

Figur e 1 

A OBJECT can be in Multiple Context-Relative E^quivalence Classes 

eac h havin g thei r  ow n Canonica l  Name . 

3.3 .  ProeeMin g wit h th e Knowledg e Contex t  Algorith m 

Conside r  th e unit s representin g "Mike' s phon e number "  i n (5a )  an d (5b) . 

(5a )  Pa t  dial s Mike' s phon e number . 

(5b )  Pa t  know s Mike' s phon e number . 

For  a  give n O B J E C T,  informatio n abou t  i t  i s  store d wit h a  canonica l  nam e tha t  depend s o n th e 

OBJECT' S curren t  knowledg e context .  I n sentenc e (5a )  th e knowledg e contex t  fo r  th e O B J E C T 

representin g Mike' s phon e numbe r  i s syste m an d it s canonica l  nam e i n tha t  contex t  wil l  neces -

saril y  b e th e sam e a s th e canonica l  nam e fo r  th e dat a bas e O B J E C T representin g Mary' s phon e 

number .  Sinc e extensiona l  informatio n pertainin g t o eithe r  Mike' s o r  Mary' s phon e cumbe r  wil l  b e 

store d wit h thi s canonica l  name ,  inference s whic h follo w fro m substitutio n o f  coreferen t  term s ar e 

made implicitl y  b y th e storag e scheme .  However ,  i n sentenc e (5b )  th e relevan t  knowledg e contex t 

i s  system-Pa t  an d th e canonica l  nam e fo r  th e O B J E C T representin g Mike' s phon e numbe r  i n 

thi s contex t  wil l  onl y b e th e sam e a s th e on e fo r  th e O B J E C T representin g Mary' s phon e numbe r 

i f  th e syste m ha s a n assertio n residin g i n it s dat a bas e assertin g tha t  Pa t  know s th e phon e 

number s ar e coreferent .  I f  th e assertio n reside s i n memory ,  th e inferenc e goe s through ,  otherwis e 

not ;  thes e ar e exactl y th e performanc e characteristic s tha t  w e want . 

3.4 .  Relate d Psychologica l  Evidenc e 

Anderso n (1978 )  studie d th e questio n o f  wha t  happen s whe n tw o structure s i n huma n 

memory,  previousl y believe d t o correspon d t o distinc t  real-worl d entities ,  ar e learne d t o b e core -

ferent .  WTje n th e subjec t  learn s o f  th e coreferenc e o f  distinc t  cognitiv e units ,  h e o r  sh e graduall y 
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migrate s th e factua l  informatio n fro m on e uni t  t o th e other ,  abandonin g on e unit .  Th e vini t  pre -

viousl y use d th e mos t  dominates .  Th e subject' s choice ,  base d upo n amoun t  o f  previou s use ,  i s  a n 

arbitrar y choic e fro m a  semanti c o r  conceptua l  standpoint . 

4.  C O N C L U S I ON 

We presente d a  metho d o f  representin g infr/rmatio n abou t  th e knowledg e state s o f  othe r 

cognitiv e agent s whic h i s psychologicall y mor e plausibl e tha n th e Fregea n method .  Purel y Fre -

gean method s fo r  representin g knowledg e abou t  knowledg e mak e mor e distinction s tha n a  huma n 

thinkin g abou t  th e sam e proble m woul d make .  Th e presen t  metho d make s exactl y th e righ t 

number  o f  dbtinctions . 
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