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Toward s a  M e m o r y Architectur e tha t  Support s Remindin g 

Janet L. Kolodner 

Richar d E .  Culiingfor d 

School of Information and Computer Science 

Georgi a Institut e o f  Technolog y 

Atlanta ,  G A 3033 2 

Abstract 

The phenomen a o f  remindin g ha s bee n receivin g quit e a  bi t  o f  attentio n i n th e pas t  fe w years . 

Researcher s hav e bee n lookin g a t  ho w previou s experienc e ca n hel p i n understandin g an d proble m solv -

ing .  A s muc h o f  thi s wor k ha s shown ,  remindin g i s a  complicate d process .  I n thi s paper ,  w e presen t 

requirement s o n a  cognitiv e architectur e tha t  ca n promot e an d suppor t  thes e observations .  Th e architec -

tura l  requirement s ar e thos e neede d b y a  machin e tha t  ca n us e experienc e t o reason .  T o motivat e thes e 

requirements ,  w e presen t  observation s o f  remindin g tha t  ar e base d o n analyse s o f  bot h actua l  reminding s 

and hypothetica l  cases . 

Why Worry About Reminding? 

The phenomeno n o f  remindin g ha s bee n receivin g quit e a  bi t  o f  attentio n i n th e pas t  fe w year s (e.g. , 

Kolodner ,  1983 ;  Lebowitz ,  1983 ;  Reiser ,  1983 ;  Schank ,  1982) .  Researcher s hav e bee n lookin g a t  ho w 

previou s experienc e ca n hel p i n understandin g (Riesbeck ,  1981 ;  Schank ,  1982 )  an d proble m solvin g 

(Bain ,  1985 ;  Carbonell ,  1983 ;  H a m m o n d,  1984 ;  Holyoak ,  1985 ;  Kolodne r  e t  al. ,  1985 ;  Ross ,  1982) .  A s 

much o f  thi s wor k ha s shown ,  remindin g i s a  complicate d process .  Ou r  ow n researc h o n proble m solvin g 

(Kolodner ,  1983b ,  1985 ;  Kolodne r  &  Kolodner ,  1985 ;  Kolodne r  e t  al. ,  1984 )  ha s le d u s t o analyz e man y 

instance s o f  reminding ,  an d thos e instance s alon g wit h th e one s alread y reporte d i n th e literatur e (in , 

e.g. ,  Reiser ,  1983 ;  Schank ,  1982) ,  lea d u s t o believ e tha t  ther e i s mor e regularit y t o remindin g tha n i s 

eviden t  o n th e surface . 

The question s w e as k i n thi s pape r  ar e th e following :  Wha t  ar e th e fundamenta l  memor y processe s 

and structure s tha t  suppor t  reminding ? Wha t  kin d o f  architectur e d o thes e processe s an d structure s 

require ? I n thi s paper ,  w e revie w an d ad d t o th e se t  o f  thing s know n abou t  reminding .  Wit h eac h obser -

vatio n abou t  remindin g tha t  w e present ,  w e als o presen t  th e architectura l  feature s necessar y t o suppor t  it . 

Thi s researc h i s motivate d b y ou r  researc h int o th e rol e o f  experienc e i n proble m solvin g an d 

understanding .  W e hav e buil t  memor y program s tha t  ca n b e reminde d (e.g. ,  C Y R US (Kolodner ,  1983a , 

1984) )  an d proble m solver s tha t  ca n us e th e result s o f  remindin g t o solv e problem s analogicall y (e.g. , 

M E D I A T OR (Kolodner ,  e t  al. ,  1985) ,  P E R S U A D ER (Sycara ,  1985) ,  Consume r  Adviso r  (Turner , 

1986)) .  Eac h o f  thes e proble m solver s i s abl e t o solv e problem s i n fewe r  step s tha n woul d b e require d i f 

the y wer e solvin g th e problem s fro m scratch .  Eac h get s bette r  ove r  tim e a s a  resul t  o f  experience .  Each , 
however ,  i s  ver y slow ,  primaril y becaus e o f  th e overhea d o f  maintainin g an d accessin g th e memor y fo r 

experience .  W e hav e therefor e bee n force d t o as k ourselve s th e questions :  Wher e doe s thi s slownes s 

originat e fro m an d i s ther e awa y t o ge t  aroun d it ? A t  first  blush ,  th e answe r  t o thi s seem s obvious :  Th e 

memory mode l  w e ar e usin g ha s slownes s inheren t  i n it s searc h procedure s becaus e the y ar e paralle l  pro -

cedure s implemente d o n a  seria l  machin e (Kolodner ,  1983a ,  1983b ,  1984) .  Certainly ,  i f  w e ha d a  paralle l 

machine ,  w e coul d spee d u p th e memor y search .  Bu t  thi s i s no t  th e whol e answer ,  an d parallelis m i s no t 

th e onl y propert y w e wan t  ou t  o f  a  cognitiv e architectur e tha t  ca n suppor t  reminding .  I t  shoul d als o sup -

por t  memory' s othe r  functions .  W e hav e therefor e spen t  som e tim e analyzin g severa l  case s o f  remindin g 

t o find  ou t  wha t  kin d o f  memor y architectur e woul d bes t  suppor t  i t  an d t o find  ou t  ho w th e proces s ca n 

be speede d up . 

An Example 

We begi n b y puttin g remindin g int o contex t  wit h respec t  t o othe r  reasonin g processes .  Th e dialo g 

belo w i s fro m a  conversatio n w e recorde d recentl y whil e attemptin g t o explor e th e proces s o f  advic e giv -

ing .  I t  illustrate s a n interestin g remindin g tha t  w e us e fo r  illustrativ e purpose s throughou t  thi s paper . 
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Advisee :  I  nee d t o bu y a  bookshel f  t o us e i n m y stud y a t  home .  Th e stud y i s carpeted .  Sinc e 
I' m i n schoo l  now ,  I  can' t  affor d anythin g expensive .  I' m plannin g t o us e th e bookshel f  fo r 

textbook s an d paperbacks .  Ca n yo u sugges t  wha t  kin d o f  bookshel f  I  nee d t o get ? 

Advisor: I don't know what bookshelves run for these days. Have you ever considered buidtng 

you r  own ? M y roommat e di d tha t  las t  year .  H e wa s runnin g ou t  o f  spac e fo r  hi s book s 

and wen t  ou t  an d bough t  som e lumbe r  on e weeken d an d buil t  som e bookshelve s .. . 

This reminding is striking. Although the advisee was asking for advice about "Tjujdng", the remind-

in g wa s o f  a  "building "  episode .  Ther e ar e tw o possibl e explanation s fo r  this .  Th e proble m solve r  insid e 

th e perso n coul d hav e bee n workin g o n solvin g th e origina l  proble m ~  buyin g bookshelves .  I n thi s case , 

i t  woul d hav e attempte d t o elaborat e it s buyin g pla n takin g th e advisee' s need s int o account .  Whe n i t 

came u p agains t  a  dea d en d (i n thi s case ,  th e fac t  tha t  th e advise e i s a  studen t  an d therefor e ma y no t 

hav e enoug h mone y t o bu y a  durabl e se t  o f  shelves) ,  i t  considere d th e goa l  th e advise e wa s tryin g t o 

achiev e (acquisitio n o f  bookshelves) ,  bega n t o generat e a  pla n mor e amenabl e t o th e situatio n (i n thi s 

case ,  building) ,  an d i n considerin g th e "building "  option ,  wa s reminde d o f  th e buildin g episod e above . 

We cal l  tha t  episod e th e "Pete' s bookshelves "  episode . 

Our  othe r  explanatio n i s th e following :  Perhj^ s th e proble m solve r  wa s no t  doin g muc h wor k a t  all . 

Rather ,  memor y ( a separat e processor )  cam e u p wit h th e previou s case ,  hande d i t  t o th e proble m solver , 

and th e proble m solve r  use d i t  t o deriv e a n answer .  I n othe r  words ,  th e remindin g o f  th e "building " 

episod e cam e throug h memory' s consideratio n o f  th e "buying "  reques t  itsel f  o r  som e par t  o f  th e buyin g 

request . 

Whil e th e first  explanatio n make s th e proble m solve r  bea r  th e brun t  o f  th e advisor' s reasoning ,  th e 

secon d divide s th e wor k betwee n severa l  differen t  processes :  th e memory ,  a  case-base d reasoner ,  an d 

th e proble m solver .  H o w ca n multipl e reasonin g processe s interac t  t o mak e reminding s happe n an d t o 

use the m appropriately ? Par t  o f  th e answe r  t o thi s questio n lie s i n memory' s representations .  Th e 

memory mus t  kno w tha t  "buying "  i s a  pla n tha t  i s usuall y instrumenta l  t o achievin g a n acquisitio n goal . 

I t  mus t  als o relat e th e acquisitio n goa l  t o th e kind s o f  plan s tha t  ca n achiev e it ,  e.g. ,  "buying "  an d "build -

ing" .  TTi e proble m solve r  an d memor y mus t  shar e thes e representations .  Th e genera l  problem s t o b e 

considere d her e ar e wha t  kind s o f  knowledg e structure s th e memor y ha s an d wha t  kind s o f  link s ther e 

ar e betwee n th e knowledg e structures .  Anothe r  par t  o f  th e answe r  ha s t o d o wit h understandin g processes . 

Her e w e refe r  t o th e hypothesi s tha t  understander s ar e alway s doin g goa l  tracking .  I n othe r  words ,  the y 

ar e alway s tryin g t o determin e wh y a n acto r  woul d d o th e action s reporte d i n a  tex t  o r  conversation . 

Thus ,  inferrin g a n acquisitio n goa l  i s  automati c whe n hearin g abou t  a  "buy "  plan .  Anothe r  par t  o f  th e 

answer  revolve s aroun d memory' s organization .  Ther e i s probabl y agreemen t  tha t  th e knowledg e structur e 

"build "  i s i n som e wa y reference d b y th e knowledg e structur e associate d wit h "acquisition" .  Bu t  wha t  ar e 

th e connection s betwee n th e buildin g episod e reporte d i n th e remindin g an d th e knowledg e structur e 

"build" ? H o w ar e th e knowledg e structure s an d th e individua l  experience s reporte d i n reminding s con -

nected ? Th e fourt h par t  o f  th e answe r  lie s i n definin g th e processin g a  memor y i s abl e an d allowe d t o d o 

on thi s representation .  Whic h link s ca n b e passivel y traversed ? Whic h requir e strategi c processing ? 

What  kind s o f  processin g mus t  b e eas y fo r  th e memor y t o do ? Finally ,  w e mus t  conside r  th e interaction s 

betwee n th e memor y an d th e reasoner .  Th e reasone r  migh t  b e a  languag e understande r  o r  a  proble m 

solver .  Eithe r  way ,  i t  need s memory' s knowledg e t o d o it s work .  B y th e sam e token ,  memory ,  whic h 

get s reminde d o f  previou s case s i n th e cours e o f  reasonin g mus t  alway s b e awar e o f  th e reasonin g don e 

by th e reasoner .  Ther e mus t  thu s b e mean s o f  communicatio n betwee n th e memor y an d reasonin g 

processes . 

Reminding 

We continu e b y goin g ove r  previou s hypothese s abou t  reminding .  Schan k (1982 )  postulate s tha t 

th e interestin g kind s o f  reminding s aris e fro m processin g considerations :  A s a  ne w even t  o r  tex t  i s  bein g 

understoo d o r  analyzed ,  th e knowledg e structure s tha t  ca n provid e th e mos t  specifi c  explanation s o f  th e 

ne w episod e ar e accessed .  Sometime s thos e knowledg e structure s ar e generalize d structures ,  whil e some -

time s the y ar e particula r  previou s episodes .  Th e particula r  previou s episode s tha t  ar e remembere d i n th e 
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cours e o f  understandin g o r  analysi s ar e wha t  w e cal l  remindings ,  an d the y aris e becaus e o f  th e nee d t o 

make inferences . 

Schan k (1982 )  an d other s (Kolodner ,  1983a ,  1984 ;  Reiser ,  1983 )  describ e a  memor y organizatio n 

tha t  support s suc h reminding .  A s ne w item s ar e bein g processe d b y memory' s structure s (calle d M O P s ) , 

Uie y ar e a t  th e sam e tim e bein g indexe d i n thos e structure s b y a  subse t  o f  thei r  feature s no t  predicte d b y 

th e generalize d knowledg e structures .  Tha t  subse t  include s feature s tha t  ar e predictiv e o f  othe r  domain -

relate d feature s (Kolodner ,  1983a) .  Thi s provide s fo r  severa l  late r  functions .  First ,  i t  allow s a  prob e tha t 

describe s a n ite m t o b e use d t o retriev e tha t  ite m fro m memory .  Second ,  i t  store s th e ite m suc h tha t  i f  a 

late r  even t  tha t  i s distinc t  i n way s simila r  t o th e firs t  on e i s encountered ,  th e first  ite m wil l  b e foun d an d 

availabl e t o inferenc e mechanisms .  Suc h a  schem e allow s a n inference r  t o recogniz e a  situatio n tha t  i s 

pron e t o failur e an d als o provide s prediction s o f  way s t o ge t  ou t  o f  failur e situation s (Hammond ,  1984 ; 

Kolodne r  e t  al. ,  1985 ;  Riesbeck ,  1981 ;  Schank ,  1982) .  I t  i s thu s usefu l  fo r  bot h understandin g an d prob -

le m solving . 

C Y R U S'  "Diplomati c Meetings "  M O P 

(1)  (MOP1) 

conten t  frame : 

differences : 

(4 )  Begi n 
I 

M 0 P2 
content frame; 

th e acto r  i s Cyru s Vanc e 
participant s ar e foreig n diplomat s 
topic s ar e internationa l  contract s 
participant s talke d t o eac h othe r 
goa l  wa s t o resolv e dispute d contrac t 

articipant s 

(2 ) 
Dayan Gromyk o 

EV2 

SALT 

EV2 

7 
.  (3 ) 

Jerusale m 

EV3 

(S )  C a m p Oavi d Accord s 
I 

M O P3 

participant s includ e Begi n 
topi c concern s Israe l  an d Arab s 
specializatio n o f  M O P1 

conten t  frame : 

differences : 

topi c i s th e C D A 
participant s ar e Israel i 
specializatio n o f  M O P! 

'topi c differences : 

(6 ) 
Jerusale m 

EV3 

C a mp Oavi d Accord s )? ' 
Begi n 

M O P4 IVI0P 4 

participant s 

Dayan 

EV4 

F i g u r e 1 

Figur e 1  show s on e o f  th e M O Ps use d i n C Y R US (Kolodner ,  1983a ,  1984) .  C Y R US kep t  trac k o f 

th e da y t o da y event s i n th e lif e o f  Cyru s Vanc e whe n h e wa s U.S .  Secretar y o f  State .  Thus ,  it s  memor y 

structure s correspon d t o th e type s o f  situation s a  secretar y o f  stat e i s involve d in .  Thi s particula r  M O P 

organize s generalize d knowledg e abou t  an d individua l  instance s o f  "diplomati c meetings. "  Sinc e partici -

pant s i n suc h meeting s ca n predic t  th e topi c unde r  discussion ,  an d topi c i n suc h situation s ca n predic t 

some othe r  things ,  eac h i s use d fo r  indexin g i n th e "diplomati c meeting "  context .  Thi s particula r  M O P 

hold s meeting s wit h Begin ,  Dayan ,  an d Gromyko ,  an d sinc e ther e wer e severa l  wit h Begi n an d al l  ha d 
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somethin g i n c o m m o n (thei r  topic s wer e simila r  (se e M 0 P 2 i n th e figure)),  a  sub-MO P o f  "diplomati c 

meetings "  representin g thos e wit h Begi n wa s created .  Fo r  a  simila r  reason ,  ther e i s a  sub-MO P (M0P3 ) 

representin g meeting s abou t  th e C a m p Davi d Accords .  Base d o n thes e generalizations ,  i f  a n under -

stande r  o r  proble m solve r  wit h thi s M O P i n it s memor y wer e t o encounte r  a  diplomati c meetin g abou t 

th e C a m p Davi d Accords ,  i t  woul d b e abl e t o predic t  som e o f  th e participant s base d o n th e knowledg e 

availabl e i n M O PS tha t  participant s ar e Israeli .  I f  i t  wer e t o encounte r  a  diplomati c meetin g abou t  SALT , 

i t  woul d b e abl e t o mak e prediction s base d o n th e specific s o f  tha t  meeting . 

Befor e goin g int o th e intracacie s o f  reminding ,  w e conside r  th e traversa l  proces s tha t  work s o n 

thes e structure s an d th e basi c architectura l  requirement s thi s proces s put s o n th e memory .  A s describe d 

by Kolodne r  (1983a ,  1984 )  an d implemente d i n th e C Y R US system ,  memor y traversa l  i s  a  paralle l  pro -

cess .  A  prob e i s receive d b y th e memory .  Th e first  thin g tha t  i s don e i s t o determin e whic h memor y 

structure s ar e t o b e traversed .  Th e prob e i s the n transforme d t o fit  th e representatio n o f  eac h o f  thos e 

memory structures .  Thes e tw o step s mak e u p a  proces s calle d contex t  instantiation .  I f  memor y wer e 

give n a  prob e suc h a s "Vanc e talke d t o Gromyko, "  fo r  example ,  i t  migh t  choos e "diplomati c meetings "  a s 

one o f  th e memor y structure s t o b e traverse d an d woul d transfor m th e origina l  prob e int o "Vanc e 

attende d a  diplomati c meetin g a t  whic h Gromyk o wa s als o a  participant. " 

The nex t  ste p i s traversa l  o f  th e chose n memor y structure .  Th e prob e i s compare d t o th e generalize d 

knowledg e associate d wit h th e chose n memor y structure .  Thos e o f  it s  feature s tha t  ar e no t  expecte d b y 

th e memor y structur e bu t  tha t  ar e salien t  t o th e knowledg e structure' s domai n ar e extracte d fro m th e 

memory probe .  Indexe s associate d wit h thos e feature s Jir e traversed .  I f  a n even t  i s reached ,  i t  i s 

recalled .  I f  anothe r  knowledg e structur e i s reached ,  eithe r  i t  i s  recalle d o r  th e proces s i s repeate d t o find 

mor e specifi c  events .  Fo r  th e Vanc e tal k wit h Gromyko ,  feature s tha t  ar e no t  expecte d b y "diplomati c 

meetings "  bu t  tha t  ar e salien t  t o diplomati c activitie s ar e th e fact s tha t  Gromyk o i s a  Russian ,  tha t  h e wa s 

an ambassador ,  an d tha t  h e i s Gromyko .  Link s associate d wit h eac h o f  thes e feature s woul d b e traverse d 

and i f  a n even t  wer e found ,  i t  woul d b e returned .  Additio n o f  a  ne w ite m t o memor y work s i n th e sam e 

way.  Instea d o f  merel y traversin g links ,  however ,  a  ne w Un k i s create d fo r  eac h o f  th e feature s tha t  doe s 

not  alread y hav e a  lin k associate d wit h it .  Fo r  thos e feature s tha t  d o hav e link s associate d wit h them , 

any collision s wit h othe r  item s alread y i n memor y leave s ope n th e potentia l  fo r  generalization ,  whil e col -

lision s wit h othe r  generalize d memor y structure s allo w consistenc y check s an d updatin g o f  generaliza -

tions . 

Becaus e memor y link s ca n onl y b e traverse d i f  thei r  label s ar e availabl e a s memor y cues ,  interestin g 

problem s aris e whe n a  memor y prob e i s to o genera l  (i.e. ,  i t  describe s man y events )  an d whe n th e 

memory prob e specifie s feature s tha t  ar e no t  associate d wit h memor y links .  I n thes e cases ,  memor y doe s 

guide d elaboratio n o f  th e memor y prob e i n a n attemp t  t o generat e additiona l  cues .  Elaboration s o f  th e 

diplomati c meetin g referre d t o abov e migh t  includ e it s possibl e plac e (Washington ,  N e w York ,  o r  th e U N 

Building) ,  it s  possibl e topi c (on e tha t  concern s th e U S an d USSR,  possibl y S A L T ) ,  othe r  participants ,  o r 

a particula r  situationa l  settin g (e.g. ,  a  summi t  conference) ,  amon g a  hos t  o f  othe r  possibilities .  Afte r  ela -

boration ,  memor y ca n b e probe d wit h th e generate d cues . 

Elaboratio n ca n b e eithe r  strategi c o r  automatic .  A n automati c elaboratio n i s on e tha t  i s mad e o n 

th e basi s o f  a  clos e association .  Gromyko ,  fo r  example ,  live d an d worke d i n N e w York ,  s o a n elabora -

tio n o f  N e w Yor k a s a  possibl e meetin g plac e ca n b e fairl y automatic .  Russi a ha s a  se t  o f  importan t  polit -

ica l  topic s associate d wit h it ,  o f  whic h S A L T wa s th e mos t  importan t  a t  th e tim e Vanc e wa s Secretar y o f 

State .  Tha t  too ,  then ,  woul d b e a n automati c elaboration .  Strategi c elaboratio n i s necessar y whe n 

hypothetica l  feature s ar e mor e remote .  Generatin g a  hypothetica l  topi c fo r  a  meetin g base d o n wha t  wa s 

goin g o n i n th e worl d a t  th e tim e o f  th e targette d meetin g woul d b e a  strategi c elaboration .  Strategi c ela -

boration s ca n b e arbitraril y  comple x an d ma y requir e a  fai r  amoun t  o f  proble m solving . 

What  doe s thi s requir e i n term s o f  a n architecture ? Firs t  an d foremost ,  i t  require s paralle l  traversa l 

of  memor y links .  Thi s seem s necessar y becaus e o f  th e larg e numbe r  o f  cue s tha t  ar e normall y availabl e 

fo r  an y memor y probe .  I f  memor y link s emanatin g fro m knowledg e structure s wer e t o b e traverse d seri -

ally ,  ther e woul d b e seriou s timin g problems .  Traversa l  i s  a n eas y process ,  an d thi s seem s lik e a  proces s 

fit  fo r  parallelism .  Th e memor y architectur e describe d i n C Y R US work s suc h tha t  traversa l  i s  don e con -

currentl y fo r  eac h availabl e cue .  Second ,  an d equall y important ,  i t  require s associativ e mechanism s tha t 

acknowledg e "locks "  o n eac h o f  memory' s links .  Rathe r  tha n allowin g indescriminat e traversa l  o f  memor y 
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link s a s i n a  traditiona l  spreadin g activatio n scheme ,  th e MOPs schem e allow s traversa l  onl y whe n a 
link' s labe l  i s  specified .  Thi s associativ e mechanis m woul d fill  th e rol e o f  a  quic k patter n matcher . 

Third ,  i t  require s a n architectur e tha t  ca n suppor t  bot h generalize d structure s an d individua l  even t 

description s a t  it s  nodes ,  an d whos e node s ca n hol d almos t  a n arbitrar y a m o u n t  o f  generalize d 

knowledge .  Thi s knowledg e include s descriptiv e knowledg e use d fo r  recognitio n an d predictio n a s wel l  a s 

knowledg e abou t  salienc e an d interestingnes s o f  features . 

Observaticxis about Reminding 

Th e schem e presente d abov e allow s fo r  remindin g eac h tim e ther e ar e similaritie s betwee n events . 

We continu e b y presentin g severa l  additiona l  observation s abou t  remindin g tha t  ad d t o th e lis t  o f  archi -

tectura l  requirements . 

1. Remindings usually come from concrete scenes rather than abstract events. 

O ur  analyse s o f  reminding s tel l  u s tha t  reminding s ten d t o b e o f  concret e situations .  Reminding s 

tha t  see m t o b e o f  abstrac t  event s (e.g. ,  a  tri p remindin g someon e o f  anothe r  trip )  ca n usuall y b e 

analyze d a s comin g fro m a  concret e scen e o f  th e abstrac t  episod e (e.g. ,  th e remindin g c a m e afte r  discus -

sio n o f  a  particula r  taxica b rid e tha t  happene d durin g on e o f  th e trips) .  T o m a k e thi s clearer ,  w e m u s t 

conside r  wha t  a n abstrac t  episod e i s an d wha t  a  concret e scen e is .  A n abstrac t  episod e i s  m a d e u p o f  a 

variet y o f  smalle r  event s o r  scenes .  I t  m a y b e describe d i n term s o f  a n overal l  goal .  Example s includ e 

trip s an d restauran t  visits .  A  concret e scene ,  o n th e othe r  hand ,  i s  usuall y relativel y shor t  i n duratio n 

and strongl y associate d wit h a  physica l  setting .  I t  i s a  componen t  o f  a  large r  episodi c contex t  an d usuall y 

achieve s a  subgoa l  o f  tha t  episode .  T h e subgoa l  m a y b e a  contributo r  t o th e mai n goa l  (i.e. ,  a  precondi -

tion) ,  th e mai n goa l  itself ,  o r  a  "clean-up "  goa l  (i.e. ,  a  post-condition) .  Example s includ e checkin g i n a t 

a hote l  an d th e payin g scen e i n a  restaurant . 

T o restat e th e premis e i n term s o f  knowledg e structures ,  a  remindin g tha t  seem s t o b e base d o n a n 

abstrac t  knowledg e structur e (representin g a n abstrac t  event )  ca n usuall y b e interprete d a s a  remindin g 

base d o n a  scen e o f  tha t  knowledg e structur e w h e n analyze d i n greate r  detail .  Whil e w e observ e peopl e 

bein g reminde d o f  whol e episode s o n th e basi s o f  simila r  episodes ,  furthe r  analysi s usuall y lead s u s t o 
conclud e tha t  th e remindin g derive d fro m scen e descriptions . 

Consider ,  fo r  example ,  on e o f  Schank' s (1982 )  restauran t  examples .  I n thi s particula r  example ,  h e 

goes fo r  a  visi t  t o a  c o m p a n y an d eat s i n th e c o m p a n y restaurant ,  wher e diner s d o thei r  orderin g b y filling 

ou t  a  form .  A t  a  late r  time ,  h e goe s t o anothe r  company ,  goe s t o ea t  i n thei r  restaurant ,  an d m u s t  writ e 

down hi s orde r  again .  A t  thi s point ,  h e wa s reminde d o f  th e previou s restauran t  experience .  Ther e ar e 

tw o differen t  analyse s o f  thi s event .  I n th e first,  on e restauran t  experienc e remind s h i m o f  anothe r  res -

tauran t  experience .  I n th e secon d analysis ,  a  particula r  scen e deviatio n i n on e restauran t  experienc e rem -

ind s h i m o f  th e sam e deviatio n i n anothe r  restauran t  experience ,  an d thi s scen e remindin g allow s h i m t o 

remember  th e res t  o f  th e previou s episode .  I t  i s  thi s secon d explanatio n tha t  w e clai m i s th e mor e 

correc t  one ,  an d Reiser' s (1983 )  experiment s bea r  thi s out. * 

Schank' s M O P s provid e a  structur e tha t  support s thi s kin d o f  reminding .  M O P s ca n hav e tw o pur -

poses :  the y ca n packag e scene s an d the y ca n organiz e memor ie s o f  events .  Abstrac t  knowledg e struc -

tures ,  calle d M O P s (e.g. ,  eatin g a t  a  restaurant ,  goin g t o th e doctor ,  buildin g bookshelves) ,  ar e th e one s 

tha t  organiz e scenes .  Scene s (e.g. ,  ordering ,  sittin g i n th e waitin g room ,  selectin g materials ,  installin g 

th e complete d object) ,  whic h ar e mor e specifi c an d ten d t o b e include d i n severa l  differen t  type s o f  mor e 

abstrac t  situations ,  organiz e memor ie s o f  events . 

Thi s give s u s on e wa y o f  explainin g th e "Pete' s bookshelves "  reminding .  Bot h "building "  an d "buy -

ing "  o f  a  larg e objec t  requir e goin g t o a  store ,  selectio n o f  th e object ,  installatio n o f  th e object ,  etc .  Eac h 

of  thes e scene s i s share d acros s bot h plans .  "Installation "  episodes ,  fo r  example ,  whethe r  the y c o m e fro m 

a "buying "  o r  a  "building "  experience ,  ar e store d i n th e sam e place .  I f  th e adviso r  ha d bee n reminde d o f 

•I n fact ,  Reise r  make s a  stronge r  poin t  i n hi s experimentation .  Accordin g t o hi s experiments ,  scene s them -
selve s ar e no t  enoug h fo r  reminding .  Th e situatio n i n whic h th e scen e i s embedde d (i.e. ,  th e M O P)  i s als o 
important .  Ther e i s a n implicatio n i n thi s fo r  scen e instantiation ;  scen e instantiatio n i s eas y onl y whe n th e 
abstrac t  situatio n i s avulable . 
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"Pet e installin g hi s bookshelves "  o r  o f  som e othe r  "Pete' s bookshelves "  scen e share d b y "buying *  an d 
"building" ,  the n h e woul d hav e bee n abl e t o recal l  additiona l  detail s o f  tha t  episode ,  includin g detail s o f 

doin g th e building .  Figur e 2  show s th e m e m o r y structur e tha t  woul d allo w this . 

BUIL D BUY 

material s 

assemblin g 
Pete' s 
bookshelve a 

installin g 
Pete' s 
bookshelve s 

Figur e 2 

N o w tha t  w e hav e th e m e m o r y structur e i n plac e tha t  ca n explai n thi s reminding ,  w e mus t  conside r 

th e processin g necessar y t o m a k e th e remindin g happe n a t  th e righ t  time .  W e hav e tw o competin g expla -

nation s fo r  this :  O n e w e wil l  cal l  th e elaborativ e hypotheaia ,  an d th e othe r  w e wil l  cal l  th e automati c traver -

sal  hypothesis . 

Accordin g t o th e elaborativ e hypothesis ,  s o m e elaborativ e proces s b  responsibl e fo r  selectin g a  scen e 

fro m th e abstrac t  situatio n ( M O P ) . *  Tha t  scen e i s  the n instantiate d an d traverse d usin g th e curren t  scen e 

description .  I n thi s case ,  th e elaborativ e hypothesi s migh t  b e appUe d severa l  way s t o resul t  i n th e "Pete' s 

bookshelves "  reminding .  T h e adviso r  migh t  conside r  th e sequenc e o f  buyin g a  bookshelf ,  goin g throug h 

eac h o f  th e majo r  scenes ,  instantiatin g a  hypothetica l  scen e fo r  thi s episod e an d reasonin g abou t  it .  Fo r 

eac h scene ,  h e woul d tak e hi s scen e descriptio n an d us e i t  t o travers e th e indexin g networ k associate d 

wit h th e scene .  I f  somethin g simila r  t o th e hypothetica l  scen e wer e i n m e m o r y ,  i t  woul d b e recalle d a t 

th e scen e level .  I n thi s case ,  ther e i s a  chanc e fo r  remindin g o f  "Pete' s bookshelves "  i n an y scen e tha t 

"building "  an d "buying "  hav e i n c o m m o n . 

Alternatively ,  th e adviso r  migh t  b e attemptin g t o construc t  a n imag e o f  a  bookshel f  wit h textbook s 

i n i t  i n a  study .  Thi s i n turn ,  migh t  m a k e h i m as k th e question :  H o w di d i t  ge t  there ? Thi s woul d lea d 

t o instantiatio n o f  th e "installation "  scen e wit h th e objec t  bein g installe d th e on e describe d b y th e advisee . 

A t  thi s poin t  "Pete' s bookshelves "  woul d b e remembered . 

WhaUi  doe s thi s requir e o f  a  m e m o r y ? I t  require s tha t  scen e instantiatio n b e fast .  Thi s woul d allo w 

an episod e descriptio n a t  a n abstrac t  leve l  t o b e describe d a s specifi c  scene s quickly .  I t  als o require s tha t 

th e knowledg e necessar y fo r  elaboratio n b e easil y available . 

T h e alternativ e hypothesis ,  automati c traversal ,  introduce s a  n e w kin d o f  paralle l  traversa l  o f 

m e m o ry int o th e model .  Whil e previously ,  th e onl y kin d o f  traversa l  tha t  wa s permitte d wa s traversa l  o f 

link s whos e label s wer e specifie d i n retrieva l  cues ,  th e n e w kin d o f  traversa l  allow s automati c traversa l 

fro m abstrac t  situation s ( M O P s )  t o well-know n scenes .  U n d e r  thi s hypothesis ,  w h e n a n abstrac t 

m e m o ry structur e ( M O P )  i s  accessed ,  m e m o r y automaticall y instantiate s eac h o f  th e well-know n scene s 

usin g th e give n specification s an d traverse s th e structure s o f  eac h i n parallel.* *  Thi s hypothesi s place s 

•Particula r  strategie s fo r  elaboratio n ar e discusse d an d presente d i n (Kolodner ,  1983a ,  1984) .  Discussion s o f 
elaboratio n i n genera ]  ca n b e foun d i n (Schank ,  1982 )  an d (William s &  HoUan ,  1981) . 
*»Whil e Schan k explain s al l  th e reminding s i n hi s boo k base d o n th e elaborativ e hypothesis ,  w e hav e bee n 
abl e t o find  explanation s fo r  eac h baae d o n th e automati c traversa l  hypothesi s also .  Th e advantag e o f  th e au -
tomati c traversa l  hypothesi s i n thes e case s i s tha t  a n explanatio n o f  a  proble m solvin g failur e doe s no t  hav e 
t o b e constructe d befor e remindin g happens .  Rather ,  th e explanatio n ca n b e derive d fro m th e remindin g o r 
can b e constructe d o n th e basi s o f  tw o episodes .  Whil e Schan k claim s tha t  explanatio n i s guidin g reminding , 
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anothe r  requiremen t  o n th e architecture :  I t  require s tha t  scen e instantiatio n shoul d b e automati c i n th e 

architectur e a s wel l  a s fast.** * 

2. Remindinga often seem very visual, but are only rarely of objects themselves. 

The y ar e usuall y o f  object s i n th e contex t  o f  som e situatio n (i.e. ,  a  scene) . 

People often report remindings that are very visual (e.g., the legs on a particular table I saw while 

hous e huntin g reminde d m e o f  th e leg s o n m y mother' s dinin g r o o m table) .  Ther e ar e tw o way s t o 

interpre t  suc h remindings :  a  vie w o f  a n objec t  m a y remin d a  perso n o f  a  vie w o f  anothe r  objec t  o r  a 

vie w o f  a n objec t  i n a  situatio n m a y remin d a  perso n o f  a n objec t  i n a n analogou s situation .  O u r  analyse s 

of  severa l  suc h visua l  reminding s lea d u s t o believ e tha t  thi s secon d explanatio n i s predominant .  Usuall y 

th e reminding s peopl e hav e o f  object s ar e no t  reminding s o f  jus t  th e objec t  itself ,  bu t  o f  th e objec t  i n a 

settin g o r  scene .  I n th e tabl e exampl e jus t  given ,  standin g i n th e positio n wher e th e leg s o f  th e tabl e 

coul d b e viewe d i n a  certai n wa y reminde d th e perso n involve d o f  a  situatio n w h e n sh e wa s standin g i n 

her  mother' s dinin g r o o m an d lookin g a t  th e tabl e leg s in t  h e sam e way . 

Consider ,  agsun ,  th e "Pete' s bookshelves "  example .  O n e w a y w e hav e trie d t o explai n tha t  remind -

in g i s b y sayin g tha t  th e bookshel f  descriptio n give n b y th e advise e i n th e initia l  proble m descriptio n rem -

inde d th e advisor  o f  a  bookshel f  h e ha d see n tha t  fit  tha t  description .  Bu t  i n tha t  case ,  woul d th e remind -

in g c o m e fro m a  descriptio n o f  th e bookshelve s themselves ,  o r  fro m placin g th e give n descriptio n o f 

bookshelve s i n severa l  situationa l  context s (e.g. ,  "buyin g materials "  "construction" ,  "installation" ,  "design -

ing" )  an d bein g reminde d throug h on e o f  thos e contexts . 

We ar e m o r e comfortabl e wit h th e secon d descriptio n sinc e visua l  remindin g i s the n anothe r  exam -

pl e o f  remindin g base d o n concret e scene s derive d throug h elaboration .  Ther e ar e severa l  hypothese s w e 

can m a k e base d o n thi s interpretation :  (1 )  Organizatio n o f  memor ie s i s rarel y aroun d object s themselves , 

bu t  rathe r  aroun d situation s th e object s migh t  b e e m b e d d e d in .  (2 )  Visua l  memor ie s migh t  no t  b e 

organize d ver y m u c h differentl y tha n othe r  memor ies . 

S. There may be many explanations of how a particular reminding happens. 

Reminding s ca n b e situation-specifi c  (scen e based )  o r  thematic . 

We again consider the reminding in the dialog above. Since it was not a reminding that one of us 

had ,  w e canno t  k n o w exactl y wher e i t  cam e from .  W e can ,  however ,  tr y t o explai n i t  reasonably ,  an d w e 

find  tha t  ther e ar e severa l  reasonabl e explanations .  Th e explanation s w e hav e give n u p t o n o w wer e 

base d o n situation-specifi c  knowledg e structure s (scenes )  an d in-contex t  remindings .  W e ca n als o 

explai n th e remindin g i n term s o f  themati c similaritie s betwee n th e advisee' s proble m an d "Pete' s 

bookshelves. "  Conside r  th e followin g sceneri o fo r  reminding : 

The advisor knew that Pete had hmited resources when he made his bookshelves, and addition-

all y tha t  h e wa s a  studen t  o r  tha t  hi s book s wer e abnormall y tal l  o r  heav y (lik e textbooks) . 

Our discussion so far has been about the usefulness of concrete situations represented by scenes for 

reminding .  T h e sceneri o abov e m a k e s n o reference s t o concret e situations .  Instead ,  i t  refer s t o a  se t  o f 

goal s an d condition s o n thos e goal s c o m m o n t o th e tw o cases .  W e propos e tha t  th e remindin g come s 

throug h a  c o m m o n constellatio n o f  goal s (acquisitio n o f  a n object ,  preserv e a  limite d resource )  couple s 

tha t  i s  no t  necessaril y  alway s th e case .  Rather ,  remindin g ca n hel p wit h explanation .  Thi s is ,  o f  course ,  on e 
of  th e role s experienc e shoul d pla y i n reasoning . 
** *  I t  may see m tha t  w e ar e inventin g thi s piec e o f  processin g i n a n a d ho c way .  Havin g invente d it ,  howev -
er ,  w e ca n explai n it s usefulness .  Especiall y i n planning ,  i t  i s  usefu l  t o b e abl e t o recal l  relevan t  plannin g 
failure s a s soo n a s possible .  Thi s i s on e wa y t o enabl e that .  Some ma y argu e tha t  doin g i t  thi s wa y ma y 
resul t  i n a  proliferatio n o f  reminding s tha t  w e don' t  se e i n people .  Thi s i s no t  necessaril y  th e case ,  however , 
sinc e instantiation s o f  scene s wil l  b e fairl y  plain ,  an d th e onl y reminding s w e woul d therefor e expec t  woul d 
be base d o n feature s o f  a  scen e i f  al l  ra n accordin g t o th e specification s s o far . 
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wit h a  se t  o f  common feature s nove l  t o tha t  goa l  set . 

We explai n thi s sceneri o an d other s relyin g o n pla n an d goa l  similaritie s b y referrin g t o themati c o r 

cross-contextua l  knowledg e structure s i n memory .  Th e themati c structur e tha t  w e cal l  "Acquir e Object ; 

Limite d Resources "  (AO;LR )  i s importan t  here .  Suc h a  knowledg e structur e represent s knowledg e 

abou t  th e interactio n o f  goals ,  th e interaction s o f  plan s an d goals ,  an d condition s o n goa l  achievement . 

Schan k (1982 )  call s thes e structure s TOPs .  Thi s particula r  T O P represent s knowledg e abou t  a  particula r 

kin d o f  goal-goa l  interactio n i n whic h th e norma l  pla n fo r  achievemen t  o f  a n acquisitio n goa l  violate s a 

resourc e preservatio n goal. *  I n thes e cases ,  ther e i s a  goa l  o f  acquirin g a n objec t  (usuall y don e b y "buy") , 

and ther e i s als o a  goa l  o f  conservin g a  hmite d resourc e tha t  woul d normall y b e use d fo r  acquisitio n 

(mone y o r  time) .  Th e kind s o f  situation s represente d b y TOP s cal l  fo r  plannin g suc h tha t  al l  condition s 

ar e take n car e of ,  an d ther e ar e ofte n know n way s o f  dealin g wit h suc h situations.* *  I n thi s case ,  buyin g 

secon d hand ,  buyin g a t  discoun t  stores ,  an d buildin g ar e way s t o conserv e money ,  whil e usin g a n agen t 

or  orderin g fro m a  catalo g ma y b e way s t o conserv e time . 

TOPs organiz e plan s tha t  tak e multipl e goal s an d condition s int o account ,  bu t  how ? Ther e ar e tw o 

ways .  On e relie s o n applicatio n o f  strategi c plannin g knowledge .  Th e othe r  i s mor e lik e th e organizatio n 

of  event s i n M O P s:  Event s ar e organize d b y predictiv e differentiatin g feature s an d foun d b y automati c 

traversa l  o f  link s whos e value s ar e specifie d i n a  memor y probe . 

H a m m o nd (1984 )  give s a  goo d explanatio n o f  th e strategi c organization .  H e claim s tha t  TOPs 

relat e goa l  constellation s t o plan s throug h comple x question s aske d o f  th e input .  Th e answer s t o th e 

question s direc t  plannin g i n appropriat e directions .  I n AO;LR ,  th e question s tha t  migh t  b e aske d ar e 

"wha t  i s th e resource, "  "ho w importan t  ar e th e look s o f  th e object, "  "i s  th e objec t  simpl e o r  comple x i n 

structure, "  "doe s th e objec t  hav e a  lo t  o f  interactin g components, "  "ar e cast-of f  object s o f  thi s typ e avail -

able, "  "ca n cast-of f  object s o f  thi s typ e b e mad e t o functio n appropriately, "  etc .  Thes e question s ar e th e 

most  importan t  precondition s o f  th e abstrac t  plan s tha t  ar e availabl e fo r  acquirin g object s wit h limite d 

resource s (e.g. ,  bu y secon d hand ,  bu y fro m a  catalog ,  build) .  Askin g suc h question s o f  th e advisee' s 

proble m descriptio n coul d resul t  i n eithe r  th e "build "  o r  th e "bu y secon d hand "  pla n bein g chosen . 

"Build "  an d "bu y secon d hand "  functio n her e a s abstrac t  plans ,  bu t  ar e example s o f  wha t  w e previousl y 

calle d abstrac t  situations .  The y ar e represente d b y M O P s,  an d eac h ha s a  se t  o f  mor e refine d pla n step s 

associate d wit h it ,  represente d b y M O Ps an d eventuall y scene s a t  th e mos t  concret e levels .  Afte r  choic e 

of  a n abstrac t  plan ,  th e proble m descriptio n woul d allo w "Pete' s bookshelves "  t o b e remembere d throug h 

one o f  thos e structure s b y traversin g thei r  scene s a s describe d above . 

Accordin g t o thi s formulatio n o f  themati c structures ,  a t  leas t  som e knowledg e structure s (themati c 

ones )  mus t  hav e strategi c knowledg e associate d wit h the m tha t  i s mad e availabl e t o reasonin g processe s a s 

soo n a s th e themati c structur e i s accessed .  Thi s als o give s a n explanatio n o f  ho w situation-specifi c 

knowledg e structure s (MOPs )  ca n b e triggered ,  an d provide s a n explanatio n o f  remindin g o f  "Pete' s 

bookshelves "  i n th e cours e o f  considerin g severa l  plannin g alternatives . 

The secon d wa y TOP s organiz e plan s i s throug h indexin g muc h Uk e tha t  don e i n M O P s.  Thi s 

organizatio n provide s a n explanatio n fo r  th e remindin g sceneri o above .  Her e w e assum e tha t  indexin g i n 

TOPs i s accordin g t o feature s o f  a  situatio n tha t  mak e plannin g predictions .  Thus ,  nove l  goal s i n tande m 

wit h thos e o f  th e T O P woul d b e use d fo r  indexing ,  a s woul d othe r  feature s (e.g. ,  occupation ,  hobbies ) 

tha t  predic t  plan s an d pla n step s appropriat e t o a  particula r  individual .  "Pete' s bookshelves "  i n th e scen -

eri o abov e woul d thu s b e indexe d i n A O ; L R b y it s nove l  condition s (e.g. ,  advise e i s a  student) .  Th e 

remindin g ca n b e explaine d a s comin g fro m th e T O P calle d "Acquir e Object ;  Limite d Resources " 

(AO;LR )  b y traversin g a n inde x associate d wit h th e othe r  condition .  "Pete' s bookshelves, "  als o indexe d 

by tha t  condition ,  woul d b e remembered .  I f  nove l  condition s o r  constraint s o f  a  ne w proble m an d a n ol d 

one coincide ,  w e expec t  reminding. *  Figure s 3  an d 4  sho w som e o f  th e memor y structure s w e hav e bee n 

discussing . 

*I t  i s  a  specialize d cas e o f  a  themati c situatio n i n whic h plan s fo r  a n achievemen t  goa l  violat e a  preservatio n 
goal .  Hammond (1984 )  call s thi s PVP. 
**Hammond (1984 )  give s a  goo d explanatio n o f  th e us e o f  thes e structure s i n planning . 
•We d o no t  conside r  her e ho w TOPs ar e recognize d o r  triggered . 

474 



K O L O D N E R,  CULL INGFORD 

Acquir e Object ;  Limite d Resource s 

Strategi c knowledge : 

What  I s th e resource ? 

If  time ,  "catalo g buy " 

H ow Importan t  ar e th e look s o f  th e object ? 

If  no t  ver y important ,  an d tim e i s available ,  the n "build "  o r  "bu y secon d hand " 

I s th e objec t  simpl e o r  comple x i n structure ? 

If  complex ,  rul e ou t  "build "  unles s acto r  ha s expertis e 

If  simple ,  tr y "build " 

Ar e cast-off s available ? 

If  not ,  rul e ou t  "bu y secon d hand " 

Can cast-off s functio n appropriately ? 

If  not ,  rul e ou t  "bu y secon d hand " 

acto r  i s 
a studen t 

Pete' s 
bookshelve s 

acto r  I s 
a carpente r 

I  beautifu l 
bookshelve s m y 
frien d Stev e mad e 

tim e w e 
couldn' t  ge t  th e 
pian o int o th e 

hous e 

Figur e 3 

T h e B U I L D pla n 

Preconditions ; 

Acto r  mus t  b e capabl e o f  buildin g 

Acto r  mus t  hav e buildin g instrument s availabl e 

Sequenc e o f  events : 

Selec t  styl e (apian ) 

Selec t  type s o f  material s ( a plan ) 

Buy a t  stor e ( a scene ) 

Assembl e ( a plan ) 

Instal l  ( a scene ) 

Figur e 4 

W h at  kind s o f  processin g ar e necessar y t o m a k e al l  o f  thi s happen ? T h e s a m e one s require d previ -

ously :  paralle l  traversa l  o f  M O P / T O P indices ,  fas t  elaboratio n an d scen e instantiation ,  an d th e capabilit y 

of  associatin g almos t  arbitrar y a m o u n t s o f  generalize d knowledg e wit h m e m o r y structures . 
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4.  Reminding a ca n b e immediat e o r  requir e a  lo t  o f  effort . 

Reminding s ca n happe n immediatel y whe n hearin g o f  o r  readin g abou t  something ,  o r  migh t  happe n 

afte r  a  lo t  o f  understandin g o r  proble m solvin g effor t  ha s bee n expended .  Reminding s ofte n requir e a 

fai r  amoun t  o f  inference .  Sometime s a n explanatio n 

fo r  a n anomolou s even t  mus t  b e derived ,  an d remindin g i s o n th e basi s o f  th e explanation .  Sometime s 

remindin g doesn' t  happe n unti l  afte r  somethin g goe s wrong ,  whe n th e reasone r  i s attemptin g t o figure 

out  wha t  wen t  wrong .  Sometime s i t  come s i n th e proces s o f  comin g u p wit h a  pla n i n th e first  place .  I n 

thi s case ,  remindin g ca n b e o f  pas t  successe s o r  failure s (Kolodner ,  1985) .  Rememberin g failure s allow s 

a proble m solve r  t o avoi d pas t  mistakes .  Rememberin g successe s ma y provid e shortcut s i n proble m solv -

ing .  Sometime s remindin g happen s i n th e cours e o f  determinin g whethe r  a  pla n t o b e propose d i s a  goo d 

one .  Suppose ,  fo r  example ,  tha t  Pet e wa s know n a s a  poo r  handima n (contrar y t o th e precondition s fo r 

usin g th e "build "  plan) ,  an d no t  muc h i s know n abou t  th e skill s  o f  th e advisee .  I n thi s case ,  remindin g 

of  Pete' s bookshelve s woul d confir m tha t  th e "building "  pla n ca n b e don e wit h onl y mino r  prerequisites . 

The poin t  t o b e mad e her e i s tha t  i f  remindin g ca n happe n almos t  an y tim e a n agen t  i s reasoning , 

the n memor y traversa l  an d reasonin g mus t  b e happenin g a t  th e sam e time .  Thi s require s a n architectur e 

i n whic h memor y i s alway s cognizan t  o f  an y reasonin g tha t  i s bein g done .  I f  memor y i s alway s attemptin g t o 

integrat e wha t  i t  see s th e reasone r  doin g int o it s structures ,  the n i t  ca n b e reminde d a t  an y tim e base d o n 

whateve r  knowledg e i s currentl y available .  A t  th e sam e time ,  memor y mus t  hav e a  wa y o f  interruptin g 

reasonin g processe s an d tellin g the m tha t  i t  ha s bee n reminde d o f  a  goo d case . 

Summary: A Cognitive Architecture 

We hav e presente d a  numbe r  o f  observation s abou t  an d explanation s o f  reminding ,  an d hav e 

presente d a  se t  o f  requirement s o n a  cognitiv e architecture .  W e summariz e b y listin g th e se t  o f  con -

straint s o n a  cognitiv e architectur e tha t  promote s an d support s reminding : 

1. It must allow for highly parallel traversal of memory links. 

2.  I t  mus t  hav e associativ e mechanism s tha t  acknowledg e "locks "  o n eac h o f  memory' s links . 

3.  Memory' s node s mus t  b e abl e t o hol d eithe r  generalize d structure s o r  individua l  even t  descriptions . 

4.  A t  leas t  som e memor y node s mus t  b e abl e t o hol d th e arbitrar y amount s o f  generalize d knowledg e 

associate d wit h generalize d structures .  Thi s include s knowledg e necessar y fo r  automati c elaboratio n 

and fo r  strategi c processing . 

5.  Instantiatio n o f  concret e scene s fro m memor y structure s representin g abstrac t  situation s mus t  b e 

fast .  Unde r  on e hypothesi s abou t  memor y traversal ,  instantiatio n mus t  als o b e automatic . 

6.  M e m o r y processin g mus t  b e concurren t  wit h othe r  reasonin g processe s an d memor y mus t  b e cog -

nizan t  o f  othe r  processin g bein g done . 

There is currently interest among both psychologists and AI researchers in reminding and the use 

of  reminding s i n reasoning .  A t  th e sam e time ,  ther e i s considerabl e interes t  amon g researcher s i n bot h 

area s i n massivel y paralle l  architectures .  I t  seem s tha t  th e tim e i s righ t  fo r  researcher s studyin g hig h 

leve l  memor y processin g an d thos e studyin g cognitiv e architecture s an d buildin g massivel y paralle l 

machine s t o star t  talkin g t o eac h other .  A  cognitiv e architectur e tha t  support s remindin g require s a t  leas t 

some o f  th e thing s bein g buil t  int o massivel y paralle l  hardware ,  i n particular ,  th e massiv e parallelism .  I t 

als o require s severa l  thing s tha t  th e architectur e peopl e hav e no t  considered :  fas t  instantiation ,  hig h 

storag e memor y nodes ,  an d suppor t  fo r  strategi c processin g withi n th e architecture .  Wit h hardwar e o f  thi s 

type ,  mor e massiv e episodi c memorie s coul d b e buil t  an d mor e sophisticate d wor k o n case-base d reason -

in g coul d b e done .  A t  th e sam e time ,  i n attemptin g implementation s o f  episodi c memorie s o n massivel y 

paralle l  architectures ,  w e ma y b e abl e t o mak e ou r  memor y model s mor e sophisticated .  W e hop e thi s 

pape r  wil l  b e th e beginnin g o f  a n attemp t  t o combin e th e need s an d aim s o f  th e tw o groups ,  s o tha t  addi -

tiona l  researc h wil l  b e don e b y bot h group s t o mak e sur e architectur e an d processin g need s match . 
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