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A D i s t r i b u t e d C o n n e c t i o n i s t  R e p r e s e n t a t i o n 

fo r  C o n c e p t  S t r u c t u r e s 

D a v i d S .  Touretzk y a n d Sha i  G e v a 

Compute r  Scienc e Departmen t 

Carnegi e Mello n Universit y 

Pittsburgh ,  Pennsylvani a 1521 3 

Abstract. We describe a representation for frame-like concept structures in 

a neura l  networ k calle d D U C S.  Slo t  name s an d slo t  fillers  ax e diffus e pattern s 

of  activatio n sprea d ove r  a  collectio n o f  units .  Ou r  choic e o f  a  distribute d 

representatio n give s ris e t o certai n usefu l  propertie s no t  shaie d b y conventiona l 

fram e systems .  On e o f  thes e i s th e abilit y  t o encod e fine  semanti c distinction s a s 

subtl e vairiation s o n th e canonica l  patter n fo r  a  slot .  D U C S typicall y maintain s 

severa l  concept s simultaneousl y i n it s  concep t  memory ;  i t  ca n retriev e a  concep t 

give n on e o r  mor e slot s a s cues .  W e sho w ho w Hinton' s notio n o f  a  "reduce d 

description "  ca m b e use d t o mak e on e concep t  fill  a  slo t  i n another . 

1.  Introductio n 

In a typical Lisp implementation of frames, a frame is a collection of named slots with fillers 

(Minsky ,  1975 ;  Winsto n &  Horn ,  1984) .  Name s ar e atomi c symbols ,  an d fillers  ar e eithe r 

atom s o r  pointer s t o othe r  frames .  Thi s pape r  consider s wha t  a  connectionis t  versio n o f 

frame s migh t  loo k like .  W e describ e a  representatio n fo r  frame-lik e structure s i n a  neura l 

networ k calle d D U C S.  Name s an d fillers  ar e diffus e pattern s o f  activatio n ove r  a  collectio n 

of  units .  Ou r  choic e o f  a  distribute d representatio n (Hinto n e t  ai ,  1986 )  fo r  frame s give s 

ris e t o certai n usefu l  propertie s tha t  ar e no t  share d b y conventiona l  fram e systems . 

One thin g a  connectionis t  fram e syste m shoul d b e abl e t o d o i s retriev e a  slo t  give n a n 

approximatio n o f  it s  nzime .  Fo r  example ,  suppos e th e fram e describin g Fre d th e cockato o 

had th e followin g slots : 

BODY-COLOR 

BEAK 

CREST 

HABITAT 

DIE T 

PALE-PIN K 

GRAY-HOOKED -  THIN G 

O R AN G E -  FEATHERED -  THIN G 

JUNGLE 

SEEDS-AND-FRUIT 

What  doe s Fred' s nos e loo k like ? Strictl y speaking ,  bird s don' t  hav e noses ;  the y hav e 

beaks .  I f  th e activit y pattern s fo r  NOSE an d BEA K ax e similar ,  whic h the y wil l  b e i f  w e us e 
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a microfeature-base d representatio n fo r  symbols ,  the n a  connectionis t  fram e syste m coul d 

simultaneousl y retriev e th e descriptio n GRAY-HOOKED-THING an d correc t  th e slo t  nam e 

t o rea d B E A K instea d o f  NOSE.  Ordinar y fram e system s coul d no t  d o thi s unles s som e rul e 

of  for m "loo k fo r  a  bea k i f  yo u can' t  find a  nose "  ha d bee n explicitl y  establishe d prio r  t o 

th e query . 

A secon d advantag e o f  usin g a  distribute d representatio n fo r  frame s i s tha t  whe n slot s 

axe encode d a s activit y patterns ,  instea d o f  bein g limite d t o a  small ,  fixed  se t  o f  slo t  names , 

th e neime s for m a  continuou s space .  Subtl e nuance s o f  meanin g o f  th e fram e a s a  whol e 

cam b e encode d a s variation s o n th e activit y pattern s o f  it s  slots .  Thi s i s usefu l  i n th e 

cas e rol e representatio n o f  sentences .  Fo r  example ,  i n "Joh n sol d th e statu e t o Mary, " 

Mar y play s th e rol e o f  recipient .  I n "Joh n maile d th e packag e t o Boston, "  Boston' s rol e 

woul d b e destination .  Bu t  i n "Joh n thre w th e bal l  t o Mary "  th e rol e o f  Mar y i s bot h 

destinatio n (th e bal l  i s  throw n i n he r  directio n an d i s expecte d t o mak e contac t  wit h her ) 

and recipien t  (John' s intentio n i s tha t  th e bal l  com e int o he r  possessio n an d b e unde r 

her  control. )  I n a  syste m base d o n distribute d representations ,  th e patter n representin g 

Mary' s rol e coul d b e a  combinatio n o f  destinatio n an d recipient ,  sharin g microfeature s o f 

both .  Fine r  shading s o f  rol e name s ar e als o possible .  W e propos e tha t  i n a  connectionis t 

versio n o f  ca^ e grammar ,  eac h combinatio n o f  a  verb ,  som e cas e roles ,  an d th e fillers  o f 

thos e role s woul d generat e slightl y differen t  rol e nam e pattern s base d o n subtl e nucince s o f 

th e meanin g o f  th e sentenc e a s a  whole . 

Thi s ide a wa s anticipate d i n McClellaji d an d Kawamoto' s P D F mode l  o f  cdis e rol e 

assignmen t  (McClellan d &  Kawamoto ,  1986) .  Thei r  mode l  provide s fou r  cas e slot s calle d 

agent ,  patient ,  instrument ,  an d modifier ;  a  representatio n o f  th e ver b i s conjunctivel y 

encode d wit h eac h slo t  filler.  Althoug h th e name s o f  th e fou r  slot s ar e fixed,  th e fillers 

underg o variation s fro m thei r  canonical ,  surfac e form s accordin g t o th e contex t  i n whic h 

the y appeair .  Fo r  example ,  whil e ther e i s onl y on e patter n fo r  representin g th e ver b "move " 

i n th e inpu t  layer ,  i n th e ccis e rol e laye r  th e representatio n o f  "move "  wil l  b e differen t  whe n 

i t  ha s a n animat e agen t  tha t  implicitl y  move s itsel f  ("th e ca t  moved" )  versu s a n agen t  tha t 

moves othe r  thing s ("th e bo y move d th e cat" )  versu s a n inanimat e subjec t  ("th e roc k 

moved" )  whic h i s interprete d a s a  patien t  wit h th e agen t  lef t  unspecified . 

I n th e followin g section s w e describ e th e architectur e o f  D U C S.  Th e nam e stand s fo r 

Dynamiccill y  Updatabl e Concep t  Structures .  W e wil l  us e th e wor d concep t  rathe r  tha n 

fram e i n th e remainde r  o f  th e pape r  i n orde r  t o distinguis h D U C S'  structure s fro m th e 

ones use d i n Lisp-base d reasoners .  W e wil l  discus s tw o problem s peculia r  t o connectionis t 

systems .  O n e i s th e proble m o f  gettin g a  concep t  t o fill  a  slo t  i n anothe r  concept .  Th e 

othe r  i s th e proble m o f  gettin g concept s no t  recentl y accesse d t o automaticall y fad e fro m 

workin g m e m o r y a s ne w one s ar e created ,  s o tha t  th e memor y capacit y i s no t  exceeded . 
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Figixr e 1 :  Th e D U C S Architecture . 

2. The DUCS Architecture 

Both slot names and slot fillers in DUCS employ distributed representations, meaning 

the y exis t  a s diffus e pattern s o f  activit y ove r  a  collectio n o f  units .  Eac h slo t  nam e patter n 

determine s a  mappin g o f  th e associate d slo t  filler  patter n int o a n arra y calle d th e concep t 

buffer .  Th e pattern s tha t  variou s slot s generat e i n th e buffe r  ar e superimpose d t o deriv e 

a patter n fo r  th e entir e concept .  Se e Figur e 1 . 

D U CS i s a  two-leve l  architecture .  A t  th e slo t  level ,  i t  retrieve s individua l  slot s b y 

name,  an d ca n add ,  change ,  o r  delet e slot s b y modifyin g th e activit y patter n i n th e concep t 

buffer .  Throug h th e us e o f  multipl e slo t  mappin g assemblies ,  eac h consistin g o f  a  slo t  nam e 

group ,  a  slo t  filler  group ,  an d a  selecto r  group ,  severa l  slot s ca n b e create d o r  modifie d 

simultaneously .  Thu s i t  i s  possibl e t o creat e a  comple x concep t  i n a  singl e operatio n a s 

lon g a s th e numbe r  o f  slot s doe s no t  excee d th e availabl e mappin g hsirdware .  Slot s ca n 

als o b e loade d int o th e buffe r  sequentially . 

At  th e concep t  level ,  D U C S manipulate s entir e concept s a t  a  tim e rathe r  tha n individua l 

slots .  Concept s ar e adde d t o o r  delete d fro m a n auto-associativ e concep t  memor y vi a th e 

concep t  buffer .  D U C S retrieve s a  concep t  from  concep t  memor y usin g on e o r  mor e slot s a s 

cues ,  i n th e followin g way .  Firs t  th e cue s ar e loade d int o slo t  mappin g assemblies ,  wher e 

the y generat e a  partia l  activit y patter n i n th e concep t  buffer .  The n th e concep t  buffe r 
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Figur e 2 :  Mappin g th e slo t  filler  bi t  v ,  int o on e o f  2 ^  concep t  memor y bit s base d o n a n 

i2-bi t  subse t  o f  th e slo t  name .  Mutuall y inhibitor y connection s amon g th e 2 ^  selecto r 

unit s hav e bee n omitte d fo r  clarity . 

supplies input to the concept memory, <Jlowing it to complete the pattern and cause the 

remainin g slot s o f  th e concep t  t o materializ e i n th e buffer . 

2.1 .  T h e Slo t  Leve l 

Slo t  name s an d slo t  fillers  ar e N  an d F  bi t  binar y featur e vectors ,  respectively ,  appende d t o 

thei r  logica l  complements .  Tha t  is ,  a  slo t  nam e a  i s a  2iV-bi t  vecto r  suc h tha t  a ,  =  a(,+j\̂ ) , 

1 < i  <  N .  Similarly ,  a  slo t  filler  v  i s a  2F-bi t  vecto r  wher e v. -  =  V(i+F) y 1  <  »  <  î -  Th e 

concep t  buffe r  an d eac h selecto r  grou p ar e 4 F x  2 ^  arrays ,  wher e - R i s a  peiramete r  betwee n 

O a n d N. 

Storin g th e filler  patter n v  i n th e slo t  name d a  generate s a  4 F x  2 ^  patter n ove r  th e 

selecto r  arra y s.̂y .  Eac h bi t  v ,  i s  copie d int o on e o f  th e 2 ^  location s i n colum n i  o f  th e 

array ,  an d independently ,  int o on e o f  th e 2 ^  location s i n colum n i  +  2F .  Th e locatio n j 
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Distributed Conceptual Structures 

Figur e 3 :  T h e stat e o f  th e networ k par t  w a y throug h a  retrieva l  o f  th e A G E N T slot . 

within the column is determined by an i?-bit subset of the slot name; a different subset is 

randoml y associate d wit h eac h co lumn .  Afte r  th e selecto r  grou p ha s stabilized ,  th e activ e 

unit s 5,, y  ar e allowe d t o excit e th e correspondin g unit s 6,, y  m th e concep t  buffer ,  thereb y 

superimposin g th e patter n fo r  thi s slo t  ont o th e previou s content s o f  th e buffer . 

Figur e 2  show s th e wirin g fo r  m a p p i n g th e valu e o f  a  singl e slo t  filler  bi t  V i  int o s o m e 

8i j  i n co lun m t .  Selecto r  unit s withi n a  co lum n fo r m mutually-inhibitor y winner-take-al l 

networks ,  s o tha t  i n a  stabl e stat e a t  m o s t  on e selecto r  pe r  c o l u m n wil l  b e active .  T h e 

chose n uni t  wil l  b e th e on e wit h th e m o s t  activation ,  t.c ,  th e on e wit h th e m o s t  o f  it s 

R inpu t  line s f ro m th e slo t  n a m e grou p active .  I n th e figtire,  i 2 =  2 ,  s o th e positio n j  i s 

determine d b y tw o slo t  n a m e bits .  N o t e tha t  V j  wil l  zds o b e copie d int o s o m e positio n k  i n 

co lun m t  -f -  2 F ,  wher e k  i s determine d b y a  differen t  pai r  o f  bit s r a n d o m l y chose n f ro m th e 

slo t  n a m e .  Also ,  t;,+/p ,  w h i c h i s u, ,  wil l  b e copie d int o co lumn s i  +  F  an d i  +  3 F m .  position s 

determine d b y tw o othe r  pair s o f  slo t  nsim e bits .  T h u s th e patter n develope d i n th e selecto r 

grou p consist s o f  tw o copie s o f  eac h filler  bi t  V i  an d t w o copie s o f  it s  c o m p l e m e n t ,  wit h eac h 

cop y deposite d i n on e o f  th e 2 ^  position s i n tha t  c o l u m n determine d b y th e slo t  n a m e . 

T h e unit s i n th e slo t  n a m e ,  slo t  filler,  an d selecto r  group s ar e continuous-value d non -

linea r  unit s wi t h output s restricte d t o th e uni t  interval ;  al l  connection s ar e symmetr ic .  Thi s 

i s c o m m o n l y k n o w n a s a  Hopfiel d a n d Taii k m o d e l  (Hopfiel d & c T a n k ,  1985) .  Retrieval s 

ar e accomplishe d b y c lampin g th e concep t  buffe r  a n d slo t  n a m e spac e a n d settin g a  lo w 

gai n valu e fo r  selecto r  a n d slo t  filler  units .  T h e gai n the n rise s fairl y  quickly ,  a n d par t 

w ay throug h th e slo t  n a m e grou p i s u n d a m p e d .  A t  hig h gai n th e networ k settle s int o a 

stabl e stat e representin g th e slo t  filler  a n d (possibl y corrected )  slo t  n a m e extracte d f ro m 

th e concep t  buffer .  Figur e 3  show s th e stat e o f  th e networ k a t  a  m e d i u m gai n setting . 

Here ,  slo t  n a m e s an d fillers  ar e A S C I I  string s (usin g a  five  bi t  characte r  code )  rathe r  tha n 
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Figur e 4 :  Erro r  correctio n circuitr y t o exploi t  th e redundan t  storag e o f  slo t  fillers. 

vectors of microfeatures, in order to maie the model's operation more transparent. The 

botto m grou p o f  unit s represent s th e slo t  nam e "AGNT" .  Th e vecto r  abov e tha t  show s 

fou r  copie s o f  th e slo t  filler  "JOHN" ,  tw o o f  whic h ar e logicall y inverted .  Th e arra y a t  th e 

to p o f  th e figure  depict s th e activit y i n th e concep t  buffe r  (L-shape d symbols )  an d selecto r 

grou p (soli d circles. )  Thre e slot s hav e bee n store d i n th e buffer ;  therefor e eac h colum n o f 

th e arra y hat s betwee n zer o an d thre e L-shapes ,  indicatin g activ e concep t  buffe r  unit s  bij . 

Th e siz e o f  th e circle s indicate s th e outpu t  leve l  o f  th e correspondin g selecto r  unit s  a,j . 

Most  column s hav e onl y on e larg e circle ,  bu t  som e hav e two ,  indicatin g a  pai r  o f  selector s 

i n competition .  A t  hig h gai n al l  imit s wil l  b e eithe r  full y  o n o r  full y  off ,  an d ther e wil l  b e 

at  mos t  on e activ e selecto r  pe r  column . 

Selecto r  \mit s functio n a s skeleto n filters,  so-calle d becaus e onl y a  skeleto n subse t  o f 

th e unit s ar e enable d a t  an y on e time .  Hinto n (1981 )  use d skeleto n filters  i n a  connection -

is t  implementatio n o f  a  semanti c network .  Sejnowsk i  (1981 )  present s argument s fo r  th e 

existenc e o f  skeleto n filters  i n th e brain . 

Th e redundaji t  storag e o f  fillers  help s correc t  error s tha t  m a y occu r  whe n severa l  slot s 

axe superimpose d i n th e concep t  buffer .  T w o slot s ca n potentiall y  interfer e a t  coltim n t 

when th e i2-bi t  subse t  o f  th e slo t  naim e grou p examine d b y tha t  colum n yield s th e sam e j 

valu e fo r  bot h slots .  I f  th e first  slo t  ha s a  1  i n bi t  V i  an d th e secon d slo t  ha s a  0  (whic h 

implie s th e revers e situatio n i n bi t  v,>jr) ,  8, ^  wil l  b e se t  t o 1 .  Bu t  eac h filler  bi t  i s  store d 

severa l  time s usin g a  differen t  fi-subset  eac h time ,  an d th e tw o slot s ar e unlikel y t o overla p 

i n ever y copy .  Figur e 4  show s th e erro r  correctio n circuitr y use d durin g slo t  retrieva l  t o 

deriv e bit s u ,  an d Vi+ p fro m Sij y 5,+ir,jfc ,  s.+jf̂ i  an d «i+3i?, m vi a a  majorit y votin g scheme , 

wher e j ,  k ,  / ,  an d m ar e determine d b y differen t  i2-subsets .  Th e erro r  correctio n impose s 

a constrain t  o n th e filler  patter n tha t  i t  hav e F  bit s on ,  <in d tha t  Uj  =  i't+f » ̂  '̂ i  ̂  F , 

Th e erro r  correctio n schem e i s als o importan t  fo r  associativ e retrieval .  Suppos e th e 
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networ k trie s t o retriev e a  slo t  wit h a  fe w bit s o f  th e slo t  nam e i n error .  Mos t  o f  th e A F 

differen t  i2-subset s o f  th e slo t  nam e wil l  pic k bit s tha t  ax e correct ,  s o mos t  filler  bit s wil l  b e 

mapped t o th e correc t  position s i n thei r  respectiv e columns .  Thos e column s tha t  referenc e 

incorrec t  slo t  nam e bit s wil l  no t  b e mappe d properly .  Th e erro r  correctio n circuitr y put s 

pressur e o n th e slo t  filler  grou p t o settl e int o a  patter n tha t  meet s th e abov e mentione d 

constraints ,  an d thi s i n tur n put s pressur e o n th e selecto r  units .  I f  enoug h pressur e i s 

applied ,  th e selecto r  unit s ca n forc e th e slo t  nam e unit s t o change .  Thi s i s ho w th e 

networ k ca n chang e NOSE t o BEA K durin g retrieva l  fro m a  bir d concept ,  assumin g tha t 

th e tw o symbol s hav e simila r  activit y pattern s zm d a  VcJi d filler  exist s i n th e B E A K slot . 

The paramete r  R  determine s th e numbe r  o f  slot s th e concep t  buffe r  ca n hold .  Sinc e 

each filler  bi t  map s int o on e o f  2 ^  position s i n it s column ,  increasin g R  increase s th e 

sparsenes s o f  th e concep t  buffe r  an d reduce s th e chanc e tha t  slot s wil l  interfere .  Anothe r 

way t o increas e th e capacit y o f  th e concep t  buffe r  woul d b e t o t o wide n th e arra y fro m A F 

to ,  say ,  6 F units ,  t o provid e improve d erro r  correction . 

2.2. The Concept Level 

D U CS ca n memoriz e o r  retriev e entir e concept s i n a  singl e operation .  Th e activit y patter n 

fo r  a  concep t  i s a  bi t  vecto r  o f  lengt h 4 F x  2^ .  Th e concep t  memory ,  show n i n Figtir e 1 ,  i s 

a (4 F X  2^ )  b y [4. F x  2^ )  matri x formin g a  Willshaw-styl e auto-associativ e ne t  (Willshaw , 

1981) .  Fo r  ever y pai r  o f  activ e concep t  buffe r  unit s bî j  an d 6,.j ,  ther e i s a  concep t  memor y 

unit .  T o stor e a  patter n i n concep t  memor y i t  suffice s t o tur n o n eac h concep t  memor y 

uni t  whos e associate d pai r  o f  concep t  buffe r  unit s i s active . 

To retriev e a  concept ,  som e subse t  o f  th e pattern ,  generate d b y whateve r  cue s wer e 

supplied ,  i s  fe d int o th e auto-associativ e net .  Th e retrieva l  i s  base d o n th e assxmiptio n tha t 

th e retrieva l  cue s ar e correct .  I t  yield s a  superpositio n o f  al l  pattern s fo r  concept s store d 

i n th e concep t  memor y tha t  matc h th e give n cues .  Fo r  example ,  i f  tw o concept s wit h Joh n 

as agen t  ha d bee n stored ,  bot h woul d b e retrieve d fro m th e singl e cu e A G E N T = J O H N.  A 

more detaile d cu e woul d b e rcquure d t o restric t  th e retrieva l  t o a  singl e concept .  O n th e 

othe r  hand ,  i f  n o bit s i n additio n t o th e origina l  cu e ar e retrieved ,  the n th e cu e i s a  ful l 

specificatio n o f  th e desire d concept ,  o r  els e n o suc h concep t  i s store d i n th e memory .  Th e 

networ k Cci n detec t  whethe r  a  retrieva l  wa s successfu l  b y checkin g whethe r  al l  pair s o f  bit s 

i n th e concep t  buffe r  hav e thei r  associate d concep t  memor y uni t  active .  I f  thi s i s th e case , 

the n th e cu e supplie d wa s a  vali d on e an d onl y a  singl e concep t  wa s retrieved . 

3. Naming and Reduced Descriptions 

In Lisp it's easy to make one structure point to another. One way to achieve a similar 

effec t  i n connectionis t  model s i s t o us e a  techniqu e calle d reduce d description s (Hinton , 
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1987. )  Fo r  example ,  t o represen t  "Bil l  know s tha t  Joh n kisse d Mary "  w e first  creat e an d 

stor e th e concep t  "Joh n kisse d Mary. "  The n w e deriv e a  smal l  patter n fo r  thi s concept ,  th e 

reduce d description ,  t o fill  th e patien t  rol e i n th e concep t  "Bil l  know s tha t  x, "  a s shown : 

A G E N T: 

V E R B: 

PATIENT: 

JOHN 

KIS S 

M A RY 

' 

A G E N T: 

VERB: 

PATIENT: 

BIL L 

K N OW 

JhnKssMr y 

I n orde r  fo r  thi s techniqu e t o work ,  th e networ k mus t  b e abl e t o retriev e th e ful l  patter n 

fo r  a  concep t  give n it s reduce d description .  I n D U C S w e obtai n th e reduce d descriptio n 

simpl y b y takin g a n F-bi t  slic e ou t  o f  th e concep t  buflfer .  Th e exac t  choic e o f  sUc e i s 

unimportant ;  currentl y w e us e 60, 0 throug h bp^ .  T o "follo w th e pointer "  i n th e patien t  slo t 

t o ge t  t o th e ful l  descriptio n o f  wha t  Bil l  knows ,  th e F-bi t  filler  patter n i s clcimpe d int o bit s 

60, 0 throug h bpf l  o f  th e concep t  buffer ,  an d thi s serve s a s th e cu e fo r  th e associativ e networ k 

t o retriev e th e res t  o f  th e concep t  pattern .  Touretzk y (1986 )  describe s anothe r  versio n o f 

pointe r  followin g i n a  connectionis t  networ k whic h doe s no t  us e reduce d descriptions . 

4.  Forgettin g 

The concept memory has a limited capacity. If a reasoner continually generates and stores 

ne w concepts ,  th e m e m o r y coul d fill  up ,  makin g furthe r  processin g impossible .  W e vie w 

D U CS a s a  shor t  ter m workin g m e m o r y fo r  concep t  structures .  I n orde r  t o preven t  it s 

m e m o ry capacit y fro m bein g exceeded ,  w e implemente d a  forgettin g mechanis m b y whic h 

concept s no t  recentl y 2u:cesse d ca n fad e an d b e displace d b y newl y store d ones . 

Eac h uni t  i n th e concep t  memor y ha s tw o parajneters :  a n intema J intege r  activatio n 

valu e i n th e interva l  [0,c] ,  an d a  binzur y outpu t  valu e tha t  i s 1  wheneve r  th e activatio n 

valu e i s positive .  T o memoriz e a  concep t  pattern ,  th e first  ste p i s t o decremen t  th e activit y 

level s o f  aJ l  concep t  m e m o r y unit s b y one .  An y uni t  whos e activit y ha s decaye d t o zer o 

turn s off .  Then ,  fo r  eac h pai r  o f  activ e unit s 6, j  an d 6,,̂ ,  i n th e concep t  buffer ,  th e 

correspondin g concep t  m e m o r y uni t  i s  give n a n initia l  activit y leve l  o f  c .  Wit h thi s protocol , 

concep t  m e m o r y wil l  hol d a t  mos t  c  distinc t  concept s a t  a  time ,  provide d tha t  concept s 

ar e reinforce d i n concep t  memor y onl y afte r  non-ambiguou s retrieval . 

For  auto-associativ e retrieval ,  concep t  memor y unit s ar e treate d a s binar y stat e units , 

wit h an y non-zer o activatio n valu e indicatin g a  1  state .  Wheneve r  a  concep t  i s retrieve d 

int o th e concep t  buffer ,  i t  i s  immediatel y re-store d int o concep t  memory .  Thi s refreshe s 

th e concep t  memor y unit s b y settin g thei r  activatio n level s bac k t o c .  Concept s whic h 

hav e no t  bee n fetche d fro m concep t  m e m o r y fo r  a  whil e eventuall y deca y du e t o lac k o f 

refresh .  Non-activ e m e m o r y unit s ar e neve r  reinforced ,  eve n i f  thei r  associate d pai r  o f 

concep t  buffe r  unit s i s active ,  t o preven t  undesire d mergin g o f  multipl e concept s retrieve d 

simultaneousl y du e t o ambiguou s cues . 
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5.  Discussio n 

There are many architectures for building associative memories (Hinton & Anderson, 1981; 

B a u m e t  a/. ,  1987) .  On e o f  th e uniqu e feature s o f  D U C S i s it s tw o leve l  structure :  concept s 

ca n b e recalle d fro m concep t  memor y int o th e concep t  bufTe r  usin g slot s a s cues ,  an d slot s 

ca n b e reccdle d fro m th e concep t  buffe r  usin g thei r  name s a s cues .  Th e fac t  tha t  slot s ar e 

represente d Ji s activit y pattern s rathe r  tha n a s weight s make s thi s possible . 

Hinton' s reduce d descriptio n ide a ha s grea t  potentia l  whic h w e hav e onl y begu n t o 

explore .  H e suggest s tha t  th e reduce d descriptio n patter n shoul d b e meaningfu l  (».«. , 

interpretable )  i n it s ow n right .  Ou r  curren t  versio n contain s to o fe w bit s t o mee t  thi s 

criterion .  A n enhance d versio n migh t  contai n informatio n abou t  th e typ e o f  th e concep t 

and a  sunmiar y descriptio n o f  it s slots .  Thi s woul d mak e i t  possibl e t o mak e gros s inference s 

abou t  concept s {e.g. ,  tha t  Bil l  know s a  fac t  abou t  som e mal e perso n kissin g som e femal e 

person )  withou t  havin g t o expan d eac h reduce d descriptio n beforehand .  A n idea l  reduce d 

descriptio n mechanism ,  rathe r  tha n jus t  takin g a  fixed  slic e ou t  o f  a  concept ,  woul d detec t 

and focu s o n relevan t  feature s t o evolv e th e mos t  meaningfu l  se t  o f  reduce d description s 

possibl e i n a  give n domain .  W e don' t  ye t  kno w ho w thi s migh t  b e accomplished . 
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