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WHY "COMPUTING"  REQUIRES SYMBOLS 

Zenon Pylyshyn 
Universit y o f  Wester n Ontari o 

For some years now I have been advocating the view that to understand 
what  i s essentia l  abou t  cognitio n a s computin g i t  i s  mandator y tha t  w e 
preserv e a  numbe r  o f  distinctions .  I  hav e discusse d severa l  o f  thes e 
distinction s i n my boo k (Pylyshyn ,  1984) .  Fo r  th e presen t  purpos e I  wis h t o 
examin e on e o f  thes e distinctions :  tha t  betwee n a  machin e an d th e 
symbolicall y encode d "rule s an d representations "  tha t  th e machin e uses .  (I t 
doesn^ t  matte r  her e whethe r  b y "th e machine "  on e mean s th e devic e describe d 
I n th e manufacturer' s manual ,  o r  wha t  i s sometime s calle d th e "virtua l 
machine "  consistin g o f  th e ra w machin e plu s a n interprete r  fo r  som e highe r 
leve l  programmin g language .  Thi s i s jus t  a  conceptua l  distinctio n i n an y 
cas e sinc e th e virtua l  machin e i s n o les s a  rea l  physica l  machin e tha n th e 
one delivere d fro m th e manufacturer ,  onl y wit h a  differen t  initia l  state. ) 
Sinc e th e distinctio n betwee n th e machin e an d th e symbo l  structure s i s on e 
of  thos e distinction s tha t  som e peopl e hav e bee n tryin g t o d o awa y wit h 
(cf. ,  Anderso n an d Hinton ,  1981) ,  I  wil l  revie w on e o f  th e fundamenta l 
reason s wh y I  believ e tha t  th e tas k o f  providin g explanation s i n cognitiv e 
psycholog y canno t  b e carrie d ou t  successfull y withou t  it . 

The difference between a very complicated device that goes through 
distinguishabl e state s (bu t  i s no t  characterize d a s processin g symbols )  an d 
what  I  woul d cal l  a  compute r  i n th e stric t  sens e (a s wel l  a s i n th e usua l 
compute r  scienc e sense )  i s exactl y th e differenc e betwee n a  Turin g Machin e 
and an y arbitraril y  complicate d finit e stat e automaton ,  network ,  o r 
"connectionist "  machine .  Th e mai n difference ,  fro m ou r  perspective ,  i s  no t 
tha t  th e Turin g Machine' s tap e i s unbounde d (thoug h tha t  doe s hav e 
consequence s whos e relevanc e t o cognitiv e scienc e i s no t  clear) ,  bu t  tha t 
when w e d o no t  impos e a  boun d a s par t  o f  th e definitio n o f  th e machin e 
itsel f  w e forc e a  certai n kin d o f  qualitativ e organizatio n o n th e system . 
I n particula r  i t  force s u s t o distinguis h betwee n a  strictl y finit e 
mechanis m (th e Turin g machine' s finit e stat e "contro l  box" )  an d a  finit e bu t 
unbounde d strin g o f  symbols .  I f  i t  wer e no t  fo r  tha t  distinctio n i t  woul d 
not  b e possibl e t o hav e a  Universa l  Turin g machine .  Th e finit e 
characterizatio n o f  machine s tha t  suc h a  distinctio n give s u s i s crucial . 
Turin g machine s ar e individuate d b y thei r  finit e par t  — that' s wha t  allow s 
the m t o b e enumerated .  A  finit e par t  i s  similarl y require d fo r  proo f  theor y 
(th e axiom s an d rule s o f  Inferenc e hav e t o b e finitel y specified) . 

It is Important to see that what Is at stake here is the nature of the 
organizatio n capture d i n a  certai n description .  A n ordinar y Vo n Neuman n 
styl e compute r  ca n clearl y b e characterize d a s a  finit e stat e automaton .  I t 
can als o b e give n a  tru e descriptio n a t  th e circui t  level .  Bu t  it' s  onl y 
when i t  i s  describe d a s processin g symbol s (an d i n fac t  onl y whe n it' s 
viewe d a s processin g th e particula r  symbol s tha t  ar e semantlcall y 
interpreted )  tha t  w e ca n explai n it s input-outpu t  behavio r  I n suc h a  wa y a s 
t o captur e thos e regularitie s tha t  ar e invarian t  ove r  certai n implementatio n 
differences .  An d what' s eve n mor e t o th e point ,  it' s  onl y whe n w e describ e 
i t  a t  th e symbo l  leve l  tha t  w e ca n explai n wha t  it' s  doin g i n semanti c term s 
(e.g. ,  i n term s o f  doin g arithmetic ,  o r  playin g chess ,  o r  carryin g ou t 
Inferences ,  o r  whateve r  els e th e devic e ma y b e correctl y describe d a s 
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doing) .  Tha t  (a t  leas t  some )  huma n reasonin g (e.g. ,  doin g arithmetic , 

decidin g wha t  t o hav e fo r  dinner ,  plannin g a  trip ,  decidin g o n th e intende d 
referen t  o f  a n anaphori c expression ,  etc. )  i s  correctl y characterize d i n 
term s o f  suc h rule s canno t  b e i n dispute .  Th e onl y arguabl e poin t  ha s bee n 
whethe r  th e behavio r  describe d b y Eac h rule s ca n b e realize d b y a  syste m 
tha t  work s accordin g t o som e principle s tha t  d o no t  reflec t  th e structur e o f 
thes e rules . 

Consider a simple example. A semantically interpretable procedure such 
as on e fo r  addin g tw o number s canno t  b e adequatel y describe d i n term s o f 
state-transitio n diagrams ,  suc h a s thos e use d i n th e descriptio n o f  finit e 
stat e automata .  Th e reaso n i s tha t  th e genera l  rul e fo r  addin g number s 
canno t  b e finitel y state d a s a  rul e fo r  producin g a  transitio n fro m stat e S n 
t o stat e Sn+ 1 i n a  computer .  Rather ,  i t  mus t  b e state d a s a  rul e (o r  a  se t 
of  rules )  fo r  transformin g a n expressio n o f  numeral s int o a  ne w expression . 
An interprete d rule ,  suc h a s th e rul e fo r  addition ,  applie s t o state s whic h 
hav e a  particula r  semanti c interpretatio n (say ,  a s certai n numbers) . 

Of course changes in the machine"s state are the result of physical, 
not  number-theoretic ,  causes .  Consequentl y th e wa y th e machin e mus t  wor k i n 
orde r  t o b e correctl y describe d a s followin g a n interprete d (e.g. , 
mathematical )  rule ,  i s  tha t  o n ever y occasio n i n whic h th e rul e i s invoke d 
ther e mus t  b e physica l  propertie s o f  th e machine' s stat e tha t  ar e capabl e o f 
servin g a s physica l  code s fo r  tha t  semanti c interpretation .  I n othe r  words , 
fo r  eac h distinc t  rule-relevan t  semanti c propert y ther e mus t  b e a 
correspondin g distinc t  physica l  propert y associate d wit h tha t  state : 
distinc t  semanti c propertie s mus t  b e preserve d b y som e distinc t  physica l 
propertie s — an d i n fac t  the y mus t  b e th e ver y sam e physica l  propertie s 
tha t  caus e th e machin e t o behav e a s i t  doe s o n tha t  occasion .  Suc h 
articulatio n o f  th e state s int o distinc t  propertie s must ,  furthermore , 
correspon d t o th e articulatio n o f  th e semanti c rul e i n term s o f  symboli c 
expressions .  I n othe r  words ,  th e articulatio n o f  th e state s mus t  b e mad e 
explici t  i f  w e ar e t o bot h expres s th e rule s tha t  gover n th e computatio n an d 
at  th e sam e tim e sho w how ,  i n principle ,  suc h rule s migh t  b e realize d i n a 
physica l  system . 

There are all standard ideas. What they come down to is that in order 
t o finitel y expres s som e computationa l  regularity ,  suc h a s tha t  capture d b y 
a mathematica l  (o r  other )  rule ,  w e hav e t o refe r  t o a  structur e o f  symbols , 
and th e structur e o f  th e expression s mus t  b e preserve d b y th e structur e o f 
th e state s o f  th e system .  A  characterizatio n o f  th e machiner y tha t  doe s no t 
articulat e th e state s o f  th e syste m i n thi s wa y canno t  explai n ho w th e 
syste m ca n exhibi t  regularitie s expresse d i n th e for m o f  suc h rule s a s rule s 
of  inference .  Thu s i f  huma n behavio r  ca n b e correctl y describe d a s 
followin g rule s — i f  capturin g importan t  regularitie s require s suc h a 
formulatio n — the n i t  appear s tha t  thi s ha s implication s fo r  th e natur e o f 
th e syste m tha t  realize s suc h behavior . 

People who object to the conventional view of computation as symbol 
processin g frequentl y hav e i n min d th e implausibilit y  o f  th e min d workin g 
lik e a  VAX .  I  hav e muc h sympath y fo r  tha t  view ,  a s I  kee p saying :  that' s 
why it' s  s o importan t  i n cognitiv e scienc e t o fin d ou t  wha t  th e functiona l 
architectur e o f  th e min d is .  I  woul d no t  b e th e leas t  surprise d t o fin d 
tha t  i t  i s  s o ver y differen t  fro m a  Vo n Neuman n machin e tha t  i t  ma y scarcel y 
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be recognlzeabl e a s a  compute r  b y examinin g it s command set .  I t  will ,  n o 
doub t  hav e massiv e parallelism .  Man y peopl e thin k tha t  havin g a  lo t  o f 
parallelis m wil l  mak e a  fundamenta l  differenc e t o wha t  w e coun t  a s 
computing .  Bu t  th e issu e i s no t  whethe r  th e min d i s a  seria l  o r  a  highl y 
paralle l  computer .  Th e issu e i s whethe r  i t  processe s sjnnbols :  whethe r  i t 
has rule s an d representations .  A  highl y paralle l  syste m ca n proces s symbol s 
i n a t  leas t  tw o ways .  On e i s tha t  i t  ma y b e paralle l  onl y i n th e wa y i t 
implement s it s primitiv e functions ,  i.e. ,  th e functiona l  architectur e ma y b e 
neurall y Implemente d i n a  highl y paralle l  way .  But ,  o f  course ,  tha t  muc h i s 
tru e o f  th e Vo n Neuman n computer .  It s rando m acces s memor y mechanis m 
require s a  grea t  dea l  o f  simultaneou s activit y i n ever y par t  o f  th e memory . 
The othe r  wa y tha t  i t  ma y b e paralle l  i s  tha t  th e primitiv e operation s nee d 
not  for m a  tota l  orderin g i n time .  Bu t  eve n i n a n architectur e a s radicall y 
nonlinea r  a s on e base d o n population s o f  ACTORS,  ther e i s n o conflic t  wit h 
th e sens e o f  computin g tha t  I  clai m mus t  b e goin g o n i n th e mind ,  s o lon g a s 
eac h acto r  processe s semanticall y interprete d symbols ,  a s oppose d t o jus t 
sendin g activation s tha t  hav e n o semanti c interpretation s i n th e domai n o f 
our  perceptions ,  thoughts ,  an d th e like . 

The point of all this is to suggest that so long as cognition (human or 
otherwise )  involve s semanti c regularities ,  suc h a s knowledg e base d decision s 
and inferences ,  an d s o lon g a s w e vie w i t  a s computin g i n an y sense ,  w e wil l 
need t o vie w i t  a s computin g ove r  symbols .  N o connectionis t  device ,  howeve r 
complex ,  wil l  do .  No r  wil l  an y analo g computer ,  bu t  tha t  i s  a  topi c fo r 
anothe r  occasio n (fo r  example ,  se e Pylyshyn ,  1984) . 
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