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R e m i n d :  Integratin g Languag e Understandin g 

an d Episodi c M e m o r y Retrieva l  i n a  Connectionis t  Network * 

Tren t  E .  Lang e 
Artificia l  Intelligenc e Lab .  Deparonen t  o f  Compute r  Scienc e 

Universit y o f  California ,  Lo s Angele s 

Charle s M .  Wharto n 
Departmen t  o f  Psycholog y 

Universit y o f  California ,  Lo s Angele s 

A b s t r a c t 

Most  A I  simulation s hav e modele d memor y retrieva l 
separatel y fro m languag e understanding ,  eve n thoug h 
bot h activitie s see m t o us e man y o f  th e sam e processes . 
Thi s pape r  describe s R E M I N D,  a  structure d ̂ xeading-ac -
tivatio n mode l  o f  integrate d tex t  comprehensio n an d 
episodi c reminding .  I n R E M I N D ,  activatio n i s sprea d 
throug h a  semanti c networ k tha t  perform s dynami c in -
ferencin g an d disambiguatio n t o infe r  a  concepbia l  rep -
resentatio n o f  a n inpu t  cue .  Becaus e store d q)isode s ar e 
associate d wit h th e concept s use d t o understan d them . 
th e spreading-activatio n proces s als o activate s an y 
memory q)isode s tha t  shar e feature s ( X knowledg e struc -
ture s wit h th e cue .  Afte r  a  conceptua l  representation  i s 
forme d o f  th e cue ,  th e episod e i n th e networ k wit h th e 
highes t  activatio n i s recalle d fro m memory .  Sinc e th e 
inference s mad e fro m a  cu e ofte n includ e actors '  plan s 
and goal s onl y implie d i n it s  text .  R E M I N D i s abl e t o 
get  abstrac t  reminding s tha t  woul d no t  b e possibl e 
withou t  a n integrate d understandin g an d reuieval  model . 

Introduction 

Th e mos t  parsimoniou s accoun t  o f  comprehensio n an d 
remindin g i s tha t  the y "amoun t  t o differen t  view s o f  th e 
same mechanism "  (Schank .  1982) .  Consider : 

Ther e wer e sighting s o f  Grea t  White s of f  Newport ,  bu t 
Jef f  wasn' t  concerned .  Th e surfe r  wa s eate n b y th e 
fish.  The y foun d hi s boar d wit h a  bi g chun k cu t  out . 

W h en readin g thi s passage ,  w e m a y thin k o f  othe r 
storie s o f  peopl e bein g eate n b y sharks ,  or ,  mor e ab -
stractly ,  o f  other s w h o knowingl y venture d int o morta l 
dange r  an d die d (e.g. ,  skier s burie d unde r  avalanches) . 
W h y? I n orde r  t o comprehen d stories ,  a  reade r  mus t  An d 
memory structure s tha t  provid e inference s suc h a s th e 
goal s an d plan s o f  stor y character s an d th e charactoisti c 
feature s o f  event s an d locations .  Thus ,  whil e under -
standin g a  text ,  w e m a y b e reminded  o f  analogou s pas t 
episode s becaus e the y wer e understoo d wit h (an d re -
m e m b o ed with )  th e sam e knowledg e structures . 

I n spit e o f  th e interweavin g o f  comprehensio n an d 
memory,  A I  simulation s o f  memor y hav e usuall y mod -

Thi s researc h wa s supporte d b y N S F gran t  DIR -
9024231 .  Arm y Researc h Institut e contrac t  M D A 903 -
89-K-0179 .  an d b y a  gran t  fro m th e Kec k Foundation . 

ele d reminding  separatel y fro m languag e understanding . 
Whil e thi s make s account s o f  th e phenomen a mor e 
manageable ,  i t  i s undeniabl e tha t  leal-worl d retrieval  re-
sult s fro m comprehensio n processes .  Further ,  ho w a n 
elaborate d interpretatio n i s constructe d fro m a  tex t  wil l 
influenc e wha t  i s  retrieved  from  memory .  Conside r 

Joh n pu t  th e po t  insid e th e dishwashe r  becaus e th e 
polic e wer e coming .  (Hidin g Pot) . 

Firs t  appear s Joh n i s  cleanin g a  cookin g pot .  bu t 
late r  i t  seem s h e wa s hidin g marijuan a fro m th e polic e 
t o avoi d bein g arrested .  Hidin g Po t  migh t  remin d a 
perso n o f  superficially-simila r  storie s involvin g polic e 
and marijuana .  O r  i t  migh t  lea d t o mor e abstrac t  remind -
ing s o f  hidin g somethin g t o avoi d punishment ,  suc h a s 
Bill y pu t  th e Playbo y unde r  hi s be d s o hi s mothe r 
wouldn' t  se e i t  an d span k him.  (Dirt y Magazine) . 

T o retriev e episode s onl y related  b y simila r  plan s an d 
goals ,  a  mode l  mus t  b e abl e t o infe r  the m i n th e flrst 
place .  A s Hidin g Po t  shows ,  suc h interiwetation s of -
te n requir e bot h th e abilit y  t o mak e multipl e inference s 
and resolv e ambiguities .  Onl y wit h suc h languag e un -
derstandin g capabilitie s ca n a  retrieval  mode l  g o directl y 
fro m inpu t  text s t o reminding s o f  episode s tha t  ar e 
analogou s i n term s o f  inferre d plans ,  goals ,  an d abstrac t 
relationships.  Thus ,  a  mode l  tha t  integrate s th e proces s 
by whic h a  retrieval  cu e i s understoo d wit h th e proces s 
by whic h i t  i s  use d t o recal l  informatio n ca n mak e a n 
importan t  contributio n t o th e understandin g o f  episodi c 
reminding.  I n thi s pape r  w e describ e R E M I N D (Retrieva l 
fro m Episodi c M e m o r y throug h INferencin g an d Dis -
ambiguation) ,  a  structure d connectionis t  mode l  tha t  in -
tegrate s languag e understandin g an d memor y retrieval. 

Previous Memory Retrieval Models 

M e m o ry retrieva l  ha s geniall y bee n explore d i n isola -
tio n fro m th e proces s o f  languag e understanding .  I n 
case-base d reasonin g ( C B R )  model s (cf .  H a m m o n d. 
1989 ;  Riesbec k &  Schank ,  1989) ,  memor y acces s i s 
performe d b y recognitio n o f  meaningfu l  inde x pattern s 
tha t  allo w retrieval  o f  episode s (o r  cases )  mos t  likel y t o 
ai d thei r  curren t  task .  C B R model s ar e therefor e geni -
all y model s o f  exper t  reasonin g withi n a  give n domain , 
rathe r  tha n model s o f  genera l  huma n reminding . 
Wherea s exper t  memor y retrieva l  m a y b e satisfactoril y 
modele d b y onl y retrieving  case s matchin g expecte d in -
dice s withi n th e domai n o f  interest ,  genera l  remindin g 
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seems t o b e substantiall y  "messier" ,  bein g affecte d no t 
onl y b y th e sor t  o f  usefu l  abstrac t  indice s use d i n C B R 
models ,  bu t  als o b y superficia l  semanti c similaritie s 
tha t  ofte n lea d t o quit e inexper t  remindings .  Further , 
th e proble m o f  selectin g an d recognizin g appropriat e in -
dice s become s substantiall y  mor e difficul t  whe n readin g 
ambiguou s text s outsid e o f  limite d exper t  domains . 

General ,  non-exper t  remindin g ha s bee n modele d i n 
system s suc h a s M A C / F A C (Genme r  &  Forbus ,  1991 ) 
and A R C S (Thagai d e t  al. .  1990) .  Thes e system s mode l 
retrieva l  withou t  usin g specifi c  indexin g methods .  In -
stea d the y retriev e episode s whos e representation s shar e 
superficia l  similaritie s wit h cues ,  wit h varyin g degree s 
of  piefnenc e toward s episode s tha t  ar e als o analogicall y 
similar .  However ,  unlik e C B R models ,  thes e system s 
do no t  specif y ho w the y construc t  th e representatio n o f 
cues from a  sourc e inpu t  o r  text ,  an d s o canno t  explai n 
ho w inference s an d comprehensio n affec t  reminding . 

Previous Language Understanding Models 

I n REMIND,  th e understandin g mechanis m construct s a n 
interpretatio n fro m it s inpu t  tha t  no t  onl y serve s a s th e 
model' s representatio n o f  th e meanin g o f  th e text ,  bu t 
als o serve s a s a n elaborate d cu e fo r  episodi c memor y re -
trieval .  Symbolic ,  rule-base d system s hav e ha d som e 
succes s performin g th e inferencin g necessar y fo r  this . 
but  hav e substantia l  difficultie s wit h ambiguou s texts . 

Distribute d connectionis t  model s ca n b e traine d t o 
perfor m disambiguatio n an d understan d script-base d sto -
rie s (c.f .  Miikkulaine n &  Dyer .  1991 ;  St .  John ,  i n 
press) .  However ,  i t  i s  unclea r  whethe r  the y ca n b e 
scale d u p t o handl e languag e tha t  require s th e inferenc e 
of  causa l  relationship s betwee n event s fo r  completel y 
nove l  stories .  Thi s require s chain s o f  dynami c ir̂ er -
ence s ove r  simpl e know n rules ,  wit h eac h inf^enc e re -
sultin g i n a  potentiall y  nove l  intermediat e state .  Othe r 
disu-ibute d connectionis t  model s ar e abl e t o partiall y 
handl e thi s proble m b y explicitl y  encodin g vari£d)le s an d 
rule s i n th e netwoi k (c.f .  Touretzk y &  Hinton ,  1988) . 
Unfortunately ,  thes e model s ar e seria l  a t  th e knowledg e 
level ,  i.e .  the y ca n onl y selec t  an d fir e on e rul e a t  a 
time ,  a  saiou s drawbac k fo r  languag e understanding ,  i n 
whic h multipl e alternativ e interpretation s mus t  ofte n b e 
explore d i n paralle l  (Lang e &  Dyer .  1989) . 

Marker-passin g model s (c.f .  Riesbec k &  Martin , 
1986 ;  Norvig ,  1989 )  solv e man y o f  thes e problem s b y 
spreadin g symboli c marker s acros s semanti c network s 
i n whic h concept s ar e represente d b y individua l  nodes . 
Becaus e o f  this ,  the y ca n ijerfor m dynami c inferencin g 
and pursu e multipl e candidat e interpretation s o f  inpu t  i n 
paralle l  a s mark^ s propagat e acros s differen t  part s o f  th e 
network .  A  drawbac k o f  marker-passin g model s i s tha t 
the y mus t  us e a  separat e seria l  pat h evaluato r  t o selec t 
th e bes t  interpretatio n pat h amon g th e ofte n larg e num -
ber  o f  alternativ e path s generated .  Thi s i s a  particularl y 
seriou s proble m fo r  ambiguou s tex t  i n whic h man y al -
ternativ e path s mus t  b e evaluate d (Lange ,  1992) . 

Structure d connectionis t  network s (c.f .  Walt z &  Pol -
lack ,  1985 )  ar e well-suite d t o disambiguatio n becaus e i t 

i s  achieve d automaticall y a s relate d concept s provid e 
grade d activatio n evidenc e an d feedbac k t o on e anotiie r  i n 
a for m o f  constrain t  relaxation .  Lik e marker-passin g 
models ,  the y hav e th e potentia l  t o pursu e multipl e can -
didat e interpretation s i n parallel ,  sinc e eac h interpreta -
tion  i s represente d b y activatio n i n differen t  loca l  area s 
of  tile  netwoik .  A  numbe r  o f  researcher s hav e recentl y 
shown ho w structure d connectionis t  model s ca n perfor m 
dynami c inferencin g (c.f .  Ajjanagadd e &  Shastri ,  1989 ; 
Bamden,  1990) .  However ,  mos t  o f  thes e ne w model s n o 
longe r  perfor m disambiguation .  A n exceptio n i s R O B I N 
(Lang e &  Dyer ,  1989 ;  Lange ,  1992) ,  a  suucture d 
spreading-activatio n mode l  tha t  propagate s signatur e ac -
tivation  pattern s t o perfor m dynami c inferencin g an d 
generat e multipl e possibl e interpretation s o f  a n inpu t  i n 
parallel .  A t  th e sam e time,  ROBI N use s di e network' s 
evidentia l  constrain t  satisfactio n t o perfcn m lexica l  dis -
ambiguatio n an d selec t  th e contextuall y mos t  plausibl e 
int̂ retation .  Thi s make s ROBI N a  promisin g star t  fo r 
an integrate d und^standin g an d memor y retrieva l  model . 

Language Understanding in REMIND 

R E M I ND i s a  structiu-e d spreading-activatio n mode l  tha t 
integrate s aspect s o f  di e languag e understandin g an d 
memory retrieva l  problems .  R E M I N D i s a n extensio n 
of  ROBIN ,  whos e capabilitie s allo w i t  t o perfor m th e 
high-leve l  inferencin g an d disambiguatio n necessar y t o 
buil d interpretation s o f  syntactically-parse d inpu t  fo r 
shor t  text s suc h a s Hidin g Po t  an d Dirt y M a g a -
zine .  Thes e interpretation s ar e adde d t o di e networi c t o 
represen t  di e model' s long-ter m m e m o y qiisodes . 

I n R E M I N D,  memor y retrieva l  i s a  natura l  side-effec t 
of  th e spreading-activatio n understandin g process .  Th e 
knowledg e sbucture s use d t o understan d a n inpu t  cu e ac -
tivate  simila r  episode s dia t  wer e understoo d an d store d 
i n di e networ k earlier .  Fo r  example .  Dirt y Magazin e 
becomes activ e whe n Hidin g Po t  i s bein g understood . 
An episod e i s retrieve d fro m memor y whe n ther e ar e 
enoug h similaritie s betwee n i t  an d a  cue' s interpretatio n 
t o mak e i t  di e mos t  highly-activ e episode .  Becaus e in -
ferencin g an d retrieva l  occu r  widii n a  singl e spreading -
activatio n network ,  bod i  processe s strongl y interac t  an d 
affec t  eac h other ,  a s appear s t o b e th e cas e i n huma n 
memory.  I n th e followin g section ,  w e giv e a n overvie w 
of  th e languag e understandin g potio n o f  th e model . 

K n o w l e d g e Give n T o R E M I N D 

As wid i  ROBIN ,  R E M I N D use s structure d network s o f 
simpl e connectionis t  unit s t o encod e semanti c network s 
of  frames  an d rule s representin g wori d knowledge ,  suc h 
as th e scripts ,  plans ,  an d goal s (Schank ,  1982 )  neces -
sar y fo r  understandin g storie s i n a  limite d domain .  It s 
knowledg e bas e i s hand-built ,  a s i n mos t  structure d 
models .  However ,  i t  i s  give n n o informatio n abou t 
specifi c  episode s tha t  di e networ k i s use d t o understand . 

The knowledg e give n t o R E M I N D i s use d t o construc t 
di e actua l  structur e o f  di e networ k befor e an y processin g 
begins .  A s wit h othe r  structure d connectionis t  models , 
node s i n th e networ k reivesen t  eac h frame  o r  role.  Rela -
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Figur e 1 .  Simplifie d REMIN D networ k segmen t  i n processin g fo r  Hidin g Pot .  (a )  Afte r  initia l  clampin g o f  signature s 
and evidentia l  activation ,  (b )  Afte r  networ k ha s settled .  Figure s sho w paralle l  path s ove r  whic h evidentia l  activatio n 
(botto m plane )  an d signatur e activatio n (to p plane )  spread .  Signatur e unit s (outline d rectangles )  an d bindin g unit s 
(soli d blac k circles )  ar e i n th e to p plane .  Thicknes s o f  concep t  node s (ovals )  represent s thei r  evidentia l  activation . 
Shown ar e tw o bindin g unit s pe r  role ;  actua l  networ k ha s enoug h t o hol d meaning s o f  network' s mos t  ambiguou s word . 

tion s betwee n concept s ar e represente d b y weighte d con -
nection s betwee n th e nodes .  Activatio n o n concep t 
node s i s evidential ,  correspondin g t o th e amoun t  o f  evi -
denc e availabl e fo r  the m i n th e curren t  contex t  H o w -
ever ,  a s describe d earlier ,  simpl y representin g th e 
amount  o f  evidenc e availabl e fo r  concept s i s insufficien t 
fo r  languag e understanding .  Solvin g th e variabl e bind -
in g proble m require s a  mean s fo r  identifyin g th e concep t 
dynamicall y boun d t o a  role .  Furthermore ,  th e net -
work' s structur e mus t  allo w thes e binding s t o propagat e 
acros s th e networ k t o dynamicall y instantiat e inferenc e 
path s an d for m a n elaborate d representatio n o f  th e inpu t 

Dynamic Inferencing With Signatures 

Variabl e binding s ar e handle d i n R E M I N D b y networ k 
structur e holdin g signature s — activatio n pattern s tha t 
uniquel y identif y di e concep t  boun d t o a  rol e (Lang e & 
Dyer ,  1989) .  Ever y concep t  ha s a  se t  o i  signatur e unit s 
tha t  outpu t  it s signature ,  a  constan t  activatio n patter n 
differen t  fro m al l  othe r  signatures .  A  dynami c bindin g 
exist s w h e n a  role' s bindin g unit s hol d a n activatio n 
patter n matchin g th e boun d concept' s signature . 

Figur e l a show s a  simplifie d portio n o f  R E M I N D af -
te r  Hidin g Po t  ha s bee n input .  Th e node s i n th e lowe r 
laye r  o f  th e networ k for m a  norma l  semanti c networ k 
whos e weighte d connection s represen t  worl d knowledge . 
Th e knowledg e represente d her e i s that :  (a )  transferrin g 
an objec t  insid e o f  anothe r  (Transfer-Inside )  result s i n 
i t  bein g insid e i t  (Inside-Of) ,  an d (b )  tha t  tw o possibl e 
concq} t  refmement s (o r  reasons )  fo r  i t  bein g insid e ar e 
(1 )  becaus e i t  i s  insid e o f  a  dishwashe r  (Inside-Of -
D i s h w a s h e r ) ,  whic h wil l  lea d t o furthe r  inference s 
abou t  i t  bein g cleaned ,  o r  (2 )  becaus e i t  i s  insid e o f  a n 
opaqu e objec t  (Inside-Of-Opaque) .  whic h wil l  lea d t o 
inference s abou t  i t  bein g hidden . 

Signatur e activation s fo r  variabl e bindin g an d infer -
encin g ar e hel d b y th e blac k bindin g unit s i n th e to p 
plan e o f  Figur e la .  I n thi s simplifie d example ,  signa -
ture s ar e arbitrar y scala r  activatio n values .  Her e Mari -
juan a i s signifie d b y 6.8 .  Cook lng -Po t  b y 9.2 .  an d 
C a k e b y S.4 .  A s shown ,  unit-weighte d connection s 

betwee n bindin g unit s allo w signature s t o b e propagate d 
t o othe r  role s define d b y genera l  knowledg e rules .  Fo r 
example ,  ther e ar e connection s fro m th e bindin g unit s 
of  Transfer-lnside' s Objec t  t o th e respectiv e bindin g 
unit s o f  Inslde-Of' s Objec t  sinc e th e objec t  transferre d 
insid e i s alway s th e objec t  tha t  end s u p inside . 

T o represen t  Joh n pu t  th e po t  insid e th e dishwasher , 
Transfer-Insid e i s clampe d t o a  hig h leve l  (dar k ova l 
i n Figur e la) .  Sinc e Transfer-lnside' s Objec t  i s  eithe r 
Mar i juan a o r  a  Cook ing -Po t ,  it s  Object' s bindin g 
unit s i s  clampe d t o thei r  signatures '  acuvations ,  6. 8 an d 

9.2 ,  respectively ^  Similarly ,  on e o f  th e bindin g unit s 
of  it s  Acto r  rol e i s clampe d t o John' s signatur e an d o f 
it s  Locatio n rol e clampe d t o Disfiwasher' s signature . 

Once th e activation s o f  th e initia l  signatur e binding s 
and conceptua l  node s ar e clamped ,  boU i  type s o f  activa -
tio n sprea d throug h th e network .  Figur e l b show s th e 
resul t  afte r  th e networ k ha s setUe d fro m di e input s o f 
Figur e l a an d di e res t  o f  Hidin g Pot .  Th e signatur e 
activation s representin g di e binding s hav e propagate d 
alon g path s o f  correspondin g bindin g units ,  s o dia t  di e 
networ k ha s inferre d dia t  di e Cooking-Po t  o r  Mari -
juan a i s Inside-O f  di e D ishwasher .  Thi s i s show n 
by th e fac t  tha t  thei r  signature s ar e o n th e appro[Miat e 
bindin g units .  A s ca n b e seen ,  di e propagatio n o f  sig -
nature s ha s als o instantiate d tw o differen t  candidat e in -
terpretatio n padis .  O n e pad i  goe s diroug h Inside-Of -
D i s h w a s h e r  an d continue s throug h odie r  cleanin g 
frame s suc h a s $Dishwasher-Cleanin g an d Clean . 
Anothe r  pad i  goe s throug h Inside-Of-Opaqu e an d 
continue s throug h frame s represendn g di e objec t  bein g 
blocke d fro m sigh t  (Block-See) ,  th e goa l  o f  avoidin g 
detectio n (Avoid-Detection) .  an d s o on .  Figur e 2 
show s a  partia l  overvie w o f  th e res t  o f  th e network . 

^  Othe r  binding s ca n b e presente d b y simpl y clampin g 
th e bindin g unit s t o th e activation s o f  differen t  signa -
tures .  Remin d doc s no t  cunentl y addres s th e proble m o f 
decidin g upo n th e origina l  syntacti c bindings ,  e.g .  tha t 
th e "pot "  i s  boun d t o Transfer-lnside' s Objec t  role . 
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Figur e 2 .  Overvie w o f  par t  o f  th e networ k afte r  activatio n ha s settle d i n processin g Hidin g Pot .  Gra y boxe s repre -
sent  leve l  o f  evidentia l  activatio n o n th e frame s (darke r  =  highe r  activation) .  Circle s abov e frame s indicat e a  long-ter m 
instanc e o f  tha t  fram e i n a n episode .  Episode s understoo d an d store d here :  1 :  Dirt y Magazine .  2 :  Fre d pu t  hi s ca r 
insid e th e ca r  was h befor e hi s dat e wit h Wilm a (Ca r  Wash) .  3 :  Jan e sho t  Mar k wit h a  Colt-45 .  H e died .  4 :  Bett y 
wante d t o smok e a  cigarette ,  s o sh e pu t  i t  o n to p o f  th e stov e an d li t  it .  5 :  Th e pleasur e boa t  followe d th e whale s t o 
watc h them .  6 :  Barne y pu t  th e flowe r  i n th e pot ,  an d the n watere d it .  7 :  Mik e wa s hungry .  H e at e som e fish.  8 :  Suzi e 
love d George ,  bu t  h e died .  The n Bil l  propose d t o her .  Sh e becam e sad . 

Thi s vie w include s th e othe r  frames  instantiate d b y th e 
propagatio n o f  signature s fro m Figur e l a an d th e 
clampe d inpu t  fo r  th e remainde r  o f  Hidin g Po t  start -
in g from  Transfer-Sel f  [th e polic e wer e coming) . 

At  th e sam e tim e a s signature s propagat e t o perfor m 
inferencing ,  activatio n spread s an d accumulate s alon g 
th e botto m laye r  o f  conceptua l  node s t o disambiguat e 
betwee n thos e inferences .  Initiall y  th e Inside-Of-Dish -
washe r  pat h receive s th e mos t  evidentia l  activatio n be -
caus e o f  feedbac k betwee n i t  an d it s stron g stereotypica l 
connection s t o Cooking-Po t  an d Dishwasher .  H o w -
ever ,  activatio n feedbac k betwee n Inside-Of-Opaqu e 
and inference s fro m th e polic e comin g (Transfer -
Self...Block-See )  an d th e Police-Captur e frame s 
cause s Inside-Of-Opaqu e t o en d u p wit h m w e activa -
tio n tha n InskJe-Of-Dishwashe r  an d Marijuan a t o en d 
up wit h mor e activatio n tha n Cooking-Pot . 

The network' s final  interpretatio n o f  Hidin g Po t 
include s th e mos t  highly-activate d pat h o f  frame s i n 
Figur e 2  an d thei r  signatur e bindings .  Thi s interpreta -
tio n include s th e inference s tha t  (a )  Marijuan a wa s in -
sid e o f  a n opaqu e dishwashe r  ( I  nskle-Of-Opaque )  an d 

has bee n blocke d fro m sigh t  (Block-See) ,  (b )  J o h n 
possesse s illega l  marijuan a (Possess-lllegal-Obj) ,  an d 
(c )  Joh n i s i n dange r  o f  bein g arreste d b y th e polic e 
(Police-Arrest) .  Not e tha t  alternativ e interpretatio n 
path s retai n activatio n fo r  futur e possibl e reinterpreta -
tion ,  sinc e R E M I N D use s a  for m o f  inhibitio n tha t  nor -
malize s activation s rathe r  tha n drivin g loser s t o zero . 
See Lang e &  Dye r  (1989 )  an d Lang e (1992 )  fo r  furthe r 
detail s o n h o w th e networ k perform s suc h inferencin g 
and disambiguatio n fo r  Hidin g Po t  an d othe r  inputs . 

Memory Retrieval 

I n REMIND,  memor y retrieva l  occur s automaticall y  a s a 
side-effec t  o f  th e spreading-activatio n understandin g pro -
cess .  Rq)resentation s o f  previously-understoo d episode s 
ar e connecte d direcd y t o th e semanti c networ k tfiat  un -
derstoo d the m i n th e first  place .  Thi s direc t  for m o f 
"indexing "  cause s episode s tha t  shar e m a n y conceptua l 
similaritie s wit h th e cu e t o becom e activ e a s R E M I N D 
interpret s  it .  Th e mos t  activ e (an d henc e mos t  similar ) 
episod e get s chose n a s th e retrieve d episode . 
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Figur e 3 .  Par t  o f  Ep isode .  1 .  Gra y unit s ar e pre-exist -
in g concepts .  Whit e unit s ar e ne w episod e units . 

Network Encoding of Episodes 

Wherea s th e genera l  worl d knowledg e use d t o initiall y 
buil d R E M I N D ' s network s i s hand-coded .  R E M I N D i s 
not  give n an y informatio n abou t  th e particula r  episode s 
i t  processe s an d store s i n long-ter m memory .  Th e rep-
resentation s use d fo r  thes e targe t  episode s ar e create d en -
tirel y b y REMIND ' s spreading-activatio n understandin g 
ivt)cess .  Inpu t  fo r  eac h episode' s tex t  i s presente d t o th e 
network ,  whic h infer s a n interpretatio n b y th e sprea d o f 
signatur e an d evidentia l  activation .  Next ,  unit s an d con -
nection s ar e adde d t o st« ^  th e episode' s entir e resultin g 
interpretatio n i n th e network .  Thus ,  eac h episode' s rep-
resentatio n include s al l  aspect s o f  it s  interpretation . 
fro m it s disambiguate d surfac e feature s (suc h a s th e ac -
vx s an d object s i n th e svory )  t o th e plan s an d goal s tha t 
th e netw(Ni c inferre d tha t  th e actor s wer e using . 

As a n example ,  conside r  h o w Dirt y Magaz in e 
(Bill y  pu t  th e Playbo y unde r  hi s be d s o hi s mothe r 
wouldn' t  se e i t  an d span k him )  i s processe d an d store d 
i n th e networ k a s a  m e m wy episode .  First ,  inpu t  fo r  it s 
phrase s i s clampe d an d a n interpretatio n inferred ,  a s de -
scribe d fo r  Hidin g Pot .  A s i n Hidin g Pot ,  th e net -
wori c infer s tha t  somebod y i s hidin g somethin g (Avoid -
Detection )  an d tha t  i t  i s  blocke d fro m sigh t  (Block -
S e e ) .  Here ,  however ,  th e inferre d signature s sho w tha t 
i t  i s  Bill y  hidin g a  P l a y b o y - M a g a z i n e rathe r  tha n 
Joh n hidin g Marijuana .  Severa l  othe r  knowledg e struc -
ture s involve d i n Hidin g Po t  (e.g .  Proximity-Of , 
P o s s e s s - O b j .  P u n i s h m e n t )  ar e als o activate d b y 
Dirt y Magazine .  However ,  th^ e ar e a  numbe r  o f  dif -
ferences ,  e.g .  frame s o f  th e Guardlan-Dlsclplin e struc -
tur e ar e par t  o f  Dirt y Magazine' s interpretation ,  bu t 
th e Police-Captur e frame s ar e not .  Th e res t  o f  th e 
frames  activate d a s par t  o f  Dirt y Magazine' s interpre -
tatio n ar e show n b y node s tha t  hav e a  circle d " 1 "  abov e 
the m i n Figur e 2 .  Othe r  circle d number s represen t  ele -
ment s o f  odm -  store d episodes '  intrapretations . 

T o encod e a n episod e afte r  interpretin g it ,  unit s ar e 
adde d t o th e networ k (b y hand )  fo r  eac h o f  it s  interpreta -
tion' s elements .  Figur e 3  show s a  simplifie d par t  o f 
th e network' s evidentia l  laye r  afte r  Dirt y Magazin e 
(Episode .  1)' s interpretatio n ha s bee n adde d t o th e net -
w(m1c.  A s ca n b e seen ,  node s hav e bee n adde d t o repre -

sen t  th e particula r  instance s o f  Bill y  an d Playboy-Mag -
azin e appearin g i n Episode.1 .  Thes e nodes .  Biily. 1 
and Playboy-Magazine .  1 .  ar e connecte d wit h bidirec -
tiona l  connection s t o thei r  respecdv e frames .  The y ar e 
als o connecte d t o a  nod e representin g th e entir e episod e 
(Episode .  1) .  I n addition ,  th e fac t  tha t  th e netwoii c in -
ferre d tha t  Bill y  ha d th e goa l  o f  hidin g th e Playbo y an d 
tha t  h e cause d i t  t o b e blocke d fro m sigh t  i s encode d b y 
node s adde d fo r  Avold-Detection. 1 an d Block-See .  1 . 
Finally ,  eac h instanc e i n th e episod e i s connecte d t o 
unit s representing  thei r  role s (e.g .  th e Planne r  an d Ob -
jec t  uni t  fo r  Avoid-Detection.1) ,  whic h ar e i n tu m 
connecte d t o th e concept s boun d t o the m (e.g .  Avoid -
Detection. 1 ' s Planne r  i s connecte d t o Billy .  1 ,  an d it s 
Objec t  i s connecte d t o Playboy-Magazine.1) .  Al l  o f 
th e abov e connection s hav e uni t  weight ,  wit h th e excep -
tio n o f  th e connection s fro m th e episod e unit s (e.g . 
Ep isode .  1 )  t o thei r  elements ,  whic h hav e a  smal l 
weigh t  (O.OS) .  Th e res t  o f  th e interpretatio n o f  eac h 
episod e (e.g .  th e remainin g part s o f  Episode .  1  i n Fig -
ur e 2 )  i s encode d similarl y wiU i  unit s an d connection s 
tha t  represen t  al l  o f  it s  instantiate d frame s an d elements . 

The Retrieval Process 

Wit h episode s understoo d an d store d withi n th e netwoik , 
retrieva l  i s performe d simpl y b y presentin g a n inpu t  cu e 
t o th e networ k t o b e understood .  Becaus e th e instanc e 
unit s representin g episode s ar e connecte d directl y  t o th e 
norma l  evidentia l  units ,  the y becom e activate d b y th e 
sprea d o f  signatur e an d evidentia l  activation .  Th e mor e 
similaritie s a n episod e share s wit h th e inferre d interpre -
tatio n o f  a  cue ,  th e mor e o f  it s instance s becom e activ e 
and th e mor e activatio n it s q)isod e uni t  receives . 

Figur e 4  show s activation s o f  th e eigh t  episode s 
from  Figur e 2  durin g understandin g o f  Hidin g Pot . 
Ep i sode . 6 {Barne y pu t  th e flowe r  i n th e pot ,  an d the n 
watere d it )  initiall y  b e c o m e s highl y activ e becaus e i t 
share s a  n u m b e r  o f  surfac e feature s wit h Hidin g Po t 
— e.g .  bot h involv e a  Transfer-Inside ,  bot h hav e hu -
m a n s,  an d Planting-Po t  i s activate d fro m th e wor d pot . 
Similarly .  Ep i sode . 2 an d othe r  episode s havin g vary -
in g degree s o f  share d feature s b e c o m e active .  However . 
as time  goe s on ,  th e hidin g an d punishmen t  frame s ar e 
inferre d an d b e c o m e active .  Becaus e o f  this ,  Episode. 1 
(Dirt y Magaz ine) ' s activatio n climb s an d eventuall y 
wins ,  becaus e i t  share s th e mos t  surfac e an d abstrac t  fea -
ture s o f  an y episod e wit h Hid in g Pot' s interpretatio n 
(se e Figur e 2 ) .  Dirt y M a g a z i n e i s  therefor e retrieved 
as th e episod e mos t  simila r  t o H id in g Pot . 

A n exampl e o f  h o w strongl y th e inferencin g an d dis -
ambiguatio n o f  th e m o d e l  affect s retrieval  i s  s h o w n i n 
Figur e S .  whic h s h o w s activation s afte r  presentatio n o f 
inpu t  fo r  Joh n pu t  th e po t  insid e th e dishwashe r  becaus e 
c o m p a n y w a s comin g (Dinne r  Party) .  No t e tha t  al -
Uioug h thi s cu e differ s from  H id in g Po t  b y onl y a 
singl e wor d (compan y instea d o f  police) ,  th e interpreta -
tion  R E M I N D reache s i s  completel y dififeren t  (i.e .  tha t 
h e w a s tryin g t o clea n a  cookin g po t  t o prepar e fo r  a 
dinne r  party) .  Thi s cause s a  differen t  episod e t o b e re-
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Figur e 4 .  Episod e uni t  activation s fo r  Hidin g Pot . 

Figur e 5 .  Episod e activation s fo r  Dinne r  Party . 

called, Epjsode.2. which shares the goals of cleaning 
somethin g i n preparatio n fo r  a n entertainmen t  event . 

As appear s t o b e th e cas e i n h u m a n reminding , 
R E M I ND ofte n retrieve s superficiall y  simila r  episode s t o 
a cu e eve n whe n a  bett » analog y exists .  Fo r  example , 
when R E M I N D ha s a n episod e i n memor y explicitl y 
abou t  smokin g marijuan a (suc h a s Cheec h pu t  th e gras s 
insid e th e bon g becaus e Chon g wa s coming) ,  i t  re -
trieve s i t  fo r  Hidin g Po t  eve n thoug h Dinne r  Part y 
i s a  bette r  analogy .  I n case s lik e this ,  R E M I N D ofte n 
retrieve s a  superficiall y  simila r  episod e eve n thoug h i t 
has a  differen t  goa l  structur e tha n th e cue' s interpreta -
tio n an d a  bette r  analog y exist s i n memory . 

Discussion 

Theoretically ,  R E M I N D lie s somewher e betwee n case -
base d reasonin g model s an d genera l  analogica l  retrieva l 
model s suc h a s A R C S an d M A C / F A C .  Lik e A R C S an d 
M A C / F A C,  R E M I N D i s mean t  t o b e a  psychologically -
plausibl e mode l  o f  genera l  huma n reminding ,  an d there -
for e take s int o accoun t  th e prevalenc e o f  superficia l  fea -
tur e similaritie s i n remindings .  However ,  w e believ e 
tha t  man y o f  th e type s o f  high-leve l  plannin g an d the -
mati c knowledg e structure s use d a s indice s i n case-base d 
reasonin g system s als o hav e a n importan t  effec t  o n re -
minding .  R E M I N D i s thu s partiall y  a n attemp t  t o bridg e 
th e ga p betwee n case-base d an d analogica l  retrieva l  mod -
els .  A s i t  turn s out ,  thi s ga p i s naturall y bridge d whe n 
th e sam e ^reading-activatio n mechanis m i s use d t o 
bot h understan d cue s an d retriev e episode s fro m m e m-
ory .  Usin g th e sam e mechanis m fo r  bot h processe s 
cause s retrieva l  t o b e affecte d b y al l  level s tha t  a  tex t 
was understoo d with .  Thi s i s th e cas e i n R E M I N D ,  i n 
whic h th e understandin g mechanis m i s give n th e super -
ficia l  feature s an d action s o f  a  tex t  an d attempt s t o ex -
plai n the m b y inferrin g th e plan s an d goal s bein g use d 
— causin g memor y episode s t o b e activate d b y both . 
Thi s seem s t o giv e a  mor e psychologically-plausibl e 
for m o f  remindin g tha n previou s models ,  becaus e th e 

q)isode s i t  retrieve s hav e varyin g degree s o f  superficia l 
and abstrac t  similaritie s t o th e cue .  a s seem s t o b e th e 
cas e i n huma n remindin g (Whano n e t  al. ,  1992) .  H o w -
ever ,  significan t  improvement s i n th e networic' s lan -
guag e understandin g abilitie s (se e discussio n i n Lange , 
1992 )  wil l  hav e t o b e m a d e befor e i t  ca n retriev e 
episode s o f  th e complexit y tha t  som e C B R model s can . 

A fina l  aspec t  t o not e abou t  R E M I N D i s h o w it s lan -
guag e understandin g an d retrieval  processe s c o m e ful l 
circle .  Th e episod e retrieve d depend s cruciall y o n th e in -
terpretatio n o f  th e cu e fro m th e spreading-activatio n net -
work' s inferences .  Onc e a n episod e i s retrieved ,  i t  i n 
tur n prime s th e activatio n o f  th e evidentia l  spreading-ac -
tivatio n network ,  perhap s leadin g t o a  differen t  disam -
biguatio n an d therefor e interprctati(M i  o f  th e nex t  cue . 
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