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Cognitiv e Computatio n o n Connectionis t  Causa l  Representation s 

Koiiiai i  Pozarli k 
Institut e o l  Liigiiiccrin g Cybernetic s 

Technica l  Universit y o f  Wrocla w 
Janiszewskieg o Str .  11-1 7 

PL 50-37 2 Wroclaw ,  Polan d 
r p o z @ p w r . w r o c . p i 

Int roduct io n 

Connectionis t  network s d o no t  us e symboli c structure s 
explicitly .  Thus ,  the y cal l  fo r  a  ne w definitio n o f  th e goa l  o f 
computatio n an d a n appropriat e representatio n t o carr y i t 
out .  Thi s abstrac t  report s o n a n unstructura l  approach ,  i n 
whic h causall y constructe d representation s ar e use d i n 
cognitiv e computatio n tha t  i s define d below . 

Cognitive Computation 

We believ e tha t  ou r  stud y o f  cognitiv e computatio n shoul d 
star t  wit h a  black-bo x approach . 

Figur e 1 :  A  black-bo x mode l  o f  computation . 

In the model, u„ is an input vector, y„ is an output vector, 
and x „  i s  th e stat e vector .  Input s an d output s represen t 
element s a t  a  conceptua l  leve l  (e.g. ,  word s i n natura l 
language) .  I f  th e mode l  ha s al l  necessar y computationa l 
power ,  ho w ca n w e defin e th e goa l  o f  computatio n ? 

Most  task s o f  cognitiv e modelin g ca n b e define d a s th e 
sequence-mappin g proble m (SMP) ,  show n i n Figur e 2 . 
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Figur e 2 :  Cognitiv e computat io n a s S M P . 

In the problem, ui U2... «i is an input sequence, y\y2 •••yi 
i s a n outpu t  sequence ,  a n d /  >  k .  T h e m o d e l  m u s t  produc e a 
sequenc e >̂A:+ i  V ;  tha t  i s a n answe r  fo r  th e inpu t  sequence . 
I t  i s  a s s u m e d tha t  y t  ...y ^  i s  th e s a m e a s  u \  .. .  Uk ,  a n d 
X]X2.. .  X l  i s  associate d wit h th e computat ion . 

I t  ha s bee n s h o w n (Pozarlik ,  1995a ,  1995b )  tha t 
connectionis t  m o d e l s ca n solv e S M P o w i n g t o paralle l 
processing .  M o r e precisely ,  the y ca n produc e an y finit e 
outpu t  sequenc e fo r  an y finite  inpu t  sequenc e withou t  a 
necessit y o f  usin g an y intermediat e state . 

C a u s a l  Representa t io n 

I n th e sequenc e X ]  xi.. .  xi ,  eac h stat e mus t  encod e a  causa l 
relatio n betwee n pas t  an d fiiture  state s (i t  i s a  necessar y 
condition) .  I t  doe s no t  impl y structure d representations . 
Thus ,  th e state s ca n b e describe d b y set s o f  microfeature s 
(unstructure d representation )  a s follows : 

x„  -  a(u„ )  ̂  P(k„ )  o  [x„. i  < j  y(x„.i) ] (1 ) 

wher e a(.) ,  P(.) ,  an d y(. )  ar e functions :  a(u„ )  define s 
microfeature s specifi c  fo r  m„ ;  (3(m„ )  define s ho w informatio n 
propagate s t o x „  fro m previou s states ;  y(x„.] )  define s ho w x„. i 
activel y determine s x„ .  Microfeature s hav e n o semanti c 
meanings .  State s ar e interprete d a s distribute d pattern s o f 
activit y i n connectionis t  network s an d slat e transition s fro m 
x„. ]  t o x „  ar e modele d b y a  patter n associatio n mechanis m 
or  fuzz y se t  relation .  Output s ar e define d b y specifi c 
microfeatures .  Causa l  constructio n o f  representation s i s a n 
alternativ e fo r  constituen t  constructio n (Butler ,  1991) . 

Conclusions 

The define d computatio n i s calle d cognitive ,  becaus e i t  i s 
natura l  fo r  cognitiv e processe s (e.g. .  languag e processing) . 
I t  i s  carrie d ou t  wit h causall y constructe d representations . 
not  structur e encodin g representations .  I t  exploit s a  patter n 
associatio n mechanis m an d inherit s it s  properties .  A n 
implementatio n o f  th e computatio n ma y b e foun d i n som e 
connectionis t  model s (e.g. ,  St .  Joh n &  McClelland ,  1990) . 
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