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The Biological Constraint Cognitive Science 1984 

Computational Constraints from Biology 

Jerry Feldman 
Departmen t  o f  Compute r  Scienc e 

Universit y o f  Rocheste r 

Even the crudest consideration of neural computation imposes severe 
constraint s o n th e plausibl e organization s fo r  cognitiv e processes .  Th e mos t 
obviou s constrain t  i s  th e remarkabl y smal l  numbe r  o f  sequentia l  tim e step s 
involve d i n intelligen t  activity ,  bu t  ther e ar e additiona l  constraint s impose d 
by th e moderat e numbe r  (~1011 )  o f  units ,  thei r  limite d ( < sqr t  N ) 
connectivity ,  an d th e relativ e lac k o f  plasticit y i n adulthood .  Th e 
exploratio n o f  th e computationa l  consequence s o f  thes e constraint s ha s alread y 
been fruitfu l  an d coul d becom e a  significan t  aspec t  o f  Cognitiv e Science . 

One consequence of taking these computational constraints seriously is a 
profoun d reservatio n o n th e ultimat e viabilit y  o f  man y o f  th e informatio n 
processin g model s currentl y dominatin g th e field .  An y paradig m tha t  depend s o n 
centra l  control ,  dat a structure s o r  symbo l  manipulatio n present s th e proble m 
of  havin g n o obviou s reductio n t o th e underlyin g computationa l  system . 
Researcher s motivate d b y biologica l  constraint s hav e tende d t o wor k o n 
positiv e result s rathe r  tha n argu e paradigm s an d hav e bee n exploitin g insight s 
gaine d throug h traditiona l  approaches .  Bu t  i t  doe s see m likel y tha t  man y 
problem s tha t  appea r  intractabl e i n conventiona l  informatio n processin g 
paradigm s wil l  b e accessibl e i n a  mor e natura l  formalis m an d tha t  cognitiv e 
scientist s fro m al l  domain s shoul d examin e whethe r  carefu l  consideratio n o f 
th e biologica l  constrain t  migh t  b e timely . 
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