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Abstract .  Certai n genera l  characteristic s o f  huma n 
cognitio n may b e du e t o propertie s o f  th e function -
al  architectur e o f  th e cognitiv e processor .  Whil e 
propose d cognitiv e architecture s ar e almos t  alway s 
"universal "  an d ca n b e force d t o execut e arbitrari -
l y  chose n computations ,  nonetheles s I t  I s possibl e 
t o delineat e a  clas s o f  "compliant"  processe s tha t 
allo w th e architectur e o f  th e processo r  t o influ -
enc e th e cours e o f  processing .  A  speculativ e cas e 
i s mad e tha t  suc h complian t  processin g i s responsi -
bl e fo r  invariant s o f  huma n cognition ,  suc h a s tha t 
proble m solvin g occur s a s heuristi c searc h i n a 
proble m space ,  tha t  long-ter m memor y searc h take s 
plac e i n cycle s o f  retrieva l  an d re-description , 
and tha t  uncertai n informatio n i s deal t  wit h b y 
prominenc e heuristics . Complian t  processe s 

A central theme in Cognitive Science Is the 
explanatio n o f  feature s o f  huma n cognitio n i n term s 
of  propertie s o f  th e program s tha t  generat e an d 
regulat e behaviour .  Th e paradig m i s t o accoun t  fo r 
th e empirica l  phenomen a observe d i n som e domain , 
e.g .  th e tim e take n t o decid e th e trut h o r  falsit y 
of  simpl e propositions ,  b y showin g tha t  the y 
deriv e fro m propertie s o f  th e processe s responsibl e 
fo r  th e behaviour .  Fo r  al l  it s  undoubte d merits , 
ther e i s a  ga p a t  th e hear t  o f  thi s approach . 
Althoug h suc h computationa l  explanation s hav e 
genuin e scientifi c  value ,  fo r  exampl e b y offerin g a 
singl e coheren t  accoun t  fo r  a  rang e o f  apparentl y 
divers e phenomena ,  ther e i s a  nee d als o t o tr y t o 
understan d wh y thos e particula r  program s ar e foun d 
but  no t  conceivabl e others . 

The idea explored in this paper Is that the 
functiona l  architectur e o f  th e processo r  Itsel f 
influence s an d constrain s th e kin d o f  program s i t 
ca n execute ,  an d henc e lead s t o Invariant s I n th e 
resultin g behaviour .  Ther e i s littl e novelt y i n 
thi s idea :  al l  I  hop e t o d o her e i s t o dra w 
togethe r  a  ntmbe r  o f  thread s fro m variou s places . 
The ide a derive s mainl y fro m th e wor k o f  Pylyshy n 
(1980 )  an d especiall y Newel l  (1973 ,  1980) . 
Pylyshy n (1980 )  discusse s th e notio n o f  th e func -
tiona l  cognitiv e architecture ,  i.e .  th e fixe d 
structura l  propertie s o f  th e himia n cognitiv e sys -
tem.  Buildin g o n tha t  notion ,  w e exten d i t  t o th e 
propertie s o f  th e processe s tha t  th e architectur e 
supports .  Th e argumen t  i s Inspire d by ,  an d i s 
closel y simila r  to ,  tha t  o f  Moor e &  Newel l  (1974) . 
I n describin g a  syste m calle d Merli n buil t  roun d a 
singl e processin g mechanism ,  tha t  o f  assimilatio n 
by analogy ,  the y sugges t  tha t  certai n genera l  prob -
le m solvin g method s (Generat e an d Test ,  Heuristi c 
Search ,  etc. )  aris e withi n Merli n a a "natura l 
methods" .  I n othe r  words ,  Merli n exhibit s thes e 
method s no t  becaus e i t  run s a  progra m directin g i t 
t o d o so ,  bu t  becaus e the y aris e a s consequence s o f 
It s singl e processin g technique .  I n a  simila r  way , 
thi s pape r  i s proposin g tha t  certai n genera l  char -
acteristic s o f  huma n cognitio n aris e a s "natura l 
methods "  fro m th e functiona l  architectur e o f  th e 
cognitiv e processor . 

It may be helpful to consider an analogy, both 
t o understan d th e ide a bette r  an d als o t o highligh t 
It s Idlosyncracles .  Mos t  o f  u s ar e familia r  wit h 
th e ide a tha t  differen t  programmin g language s len d 
thanselve s selectivel y t o differen t  sort s o f  pro -
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grams fo r  differen t  sort s o f  tasks .  I t  i s  possibl e 
i n principl e t o us e LIS P fo r  commercia l  programmin g 
and COBOL fo r  lis t  processing ,  bu t  i n practic e 
certai n kind s o f  progra m fi t  "naturally "  int o 
certai n language s an d onl y wit h difficult y int o 
others .  Note ,  however ,  tha t  thi s "naturalness " 
i s extremel y har d t o pi n dow n i n a  forma l  defini -
tion . 
The notion of architecture-directed processing 
i s somewha t  similar .  I t  centre s o n th e ide a tha t 
fo r  a  give n architectur e certai n program s wil l  ru n 
"naturally" ,  whil e other s ca n onl y b e coaxe d o n 
wit h a  sledgehammer .  However ,  architecture-direct -
ed processin g goe s beyon d th e ide a o f  naturalness , 
sinc e i t  allow s th e architectur e t o influenc e th e 
actua l  selectio n an d sequencin g o f  th e step s t o 
be taken .  T o som e exten t  thi s i s als o tru e o f 
programmin g languages .  Wit h ordinar y sequentia l 
flo w languages ,  suc h a s FORTRAN an d PASCAL,  ther e 
i s a  kin d o f  "default "  contro l  structur e (i.e . 
execut e th e nex t  statement )  whic h th e programme r 
ca n overrid e whe n sh e want s t o (b y Iterations , 
Jumps,  subroutines ,  an d s o on) .  However ,  I n norma l 
practic e programmer s us e thi s sequentia l  contro l  i n 
orde r  deliberatel y t o specif y th e orde r  o f  execu -
tion ,  s o t o regar d i t  a s a  defaul t  i s  a  littl e 
misleading .  Wit h architecture-directe d processin g 
th e influenc e i s mor e pervasive ,  sinc e a t  leas t  fo r 
certai n productio n syste m architecture s (PSAs ) 
(Newell ,  1973 ,  1980 ;  Anderson ,  1976 ;  Waterma n & 
Hayes-Roth ,  1978 )  th e progra m doe s no t  hav e t o 
specif y a n orde r  o f  executio n a t  all .  Onc e th e 
repertoir e o f  possibl e step s ha s bee n supplied ,  th e 
selectio n an d sequencin g ca n b e lef t  t o th e 
architecture ,  whic h appropriat e PSAs ca n perfor m 
i n a  highl y flexibl e manne r  responsiv e t o th e par -
ticular s o f  th e tas k (Young .  1977 ,  1979) .  Th e 
progra m ca n still ,  o f  course ,  specif y th e contro l 
structur e wher e i t  need s to .  Thi s freedo m lead s t o 
th e ide a tha t  responsibilit y  fo r  th e flo w o f  con -
tro l  ha s bee n spli t  betwee n th e progra m an d th e 
architecture .  I t  follow s tha t  program s wil l  diffe r 
i n th e exten t  t o whic h the y insis t  upo n a  particu -
la r  contro l  regime .  Program s tha t  allo w th e archi -
tectur e t o hav e largel y it s ow n wa y w e wil l  cal l 
compliant .  No t  t o b e take n to o seriously ,  bu t  a s 
a startin g point ,  w e ca n offe r  a  tentativ e 

Definition .  A  progra m i s "compliant "  t o 
th e exten t  tha t  i t  allow s th e selectio n 
and sequencin g o f  step s t o b e determine d 
by th e architectur e i t  run s on . 

The example s give n belo w wil l  tr y t o demonstrat e 
that ,  give n a n architecture ,  complianc y lead s t o 
th e appearanc e o f  certai n invariant s i n th e genera -
te d behaviour . 

It' s  har d t o b e precise.. . 

I n on e Importan t  respec t  thi s notio n o f  "compli -
ancy "  i s ver y simila r  t o th e ide a o f  "naturalness " 
i n programmin g languages ,  an d tha t  i s i n th e diffi -
cult y o f  makin g i t  mor e precise .  Despit e ou r 
recognitio n o f  th e selectiv e suitabilitie s o f 
differen t  language s fo r  differen t  kind s o f  pro -
grams ,  i t  remain s th e cas e tha t  th e language s ar e 
almos t  alway s computationall y "universal" ,  an d 
therefor e formall y equivalen t  i n power .  I t 
follow s tha t  an y progra m can ,  i n principle ,  b e 
writte n i n an y o f  th e languages ,  an d tha t  i t  i s 



har d o r  Impossibl e C o capcur e th e Ide a o f 
"naturaloess "  i n a  formall y precis e way .  S o fa r 
as I  know ,  eve n Ch e recen c progres s I n compuca -
dona l  complexlc y ha s nochln g C o sa y abou c chl s 
Imporcan c pracclca l  problem .  Th e scor y I s simila r 
fo r  compliancy .  Propose d cognlclv e archlceccure s 
ar e almos c alway s universal ,  an d chu s I C I s possi -
bl e I n principl e Co ru n an y progra m o n an y archl -
ceccure .  I n mos c cases ,  o f  course ,  Chl s wil l 
requir e a  non-compllan C progra m whic h impose s a n 
alie n concro l  scruccure .  Ou r  Inceres C i s I n Ch e 
case s wher e Chl s kin d o f  bruC e forc e I s no c needed . 
The following examples will make clear chac 
furche r  progres s depend s uoo n bein g abl e C o speci -
f y wha c I s mean c b y complianc y I n mor e precis e 
cerms .  I  a m no c cocall y opclmlsd c cha C w e wil l 
succee d I n Chls ,  bu c I  ca n se e Cwo avenue s worc h 
exploring .  Th e flrs c i s Co cak e advancag e o f  Ch e 
fac e Cha c complianc y ha s Co d o specificall y wlc h 
flo w o f  concrol .  Ther e I s a  sens e I n whic h Ch e 
seep s o f  compllan C program s execuc e a c "bas e 
level" ,  wherea s non-compllan C program s requir e a n 
extr a leve l  o f  inCerprecadon .  I f  chl s differenc e 
can b e ca p cure d reasonabl y precisely ,  cher e i s 
some hop e o f  derivin g Ch e consequence s o f  complian -
cy i n a  mor e rigorou s way .  Th e secon d possibilit y 
depend s o n achievin g som e underscandin g o f  Ch e 
mechanism s b y whic h ne w program s ar e acquired . 
Thi s migh c provid e a  muc h stronge r  basi s fo r  plac -
in g conscraint s o n Ch e kind s o f  progra m Ch e cognl -
clv e processo r  wil l  run :  no C Cha c non-compllan c 
program s ar e "unnatural" ,  bu t  b y showin g tha t  onl y 
compllan C program s coul d eve r  b e learned . 

Example s 

Ther e follo w chre e example s C o illuscrac e ho w 
complian t  program s lea d t o Ch e appearanc e i n 
behaviou r  o f  cercai n invarianc s dictate d b y th e 
underlinin g architecture .  Tw o warning s nee d t o b e 
given .  On e i s tha t  th e difficult y o f  makin g th e 
notio n o f  complianc y eve n moderatel y rigorou s make s 
i t  impossibl e i n an y stric t  sens e t o deriv e th e 
invariant s fro m Ch e archiceccure .  Th e argtmenC s 
given ,  thoug h Intende d C o b e plausible ,  hav e t o b e 
regarde d a s hand-waving .  Th e othe r  i s tha t  thes e 
example s ar e speculative .  I  woul d no t  wis h C o 
giv e Ch e Impressio n cha t  th e argument s ar e summa-
rie s o f  a  mor e complet e stor y alread y worke d out . 
Rathe r  the y shoul d b e regarde d a s th e goal s fo r 
a programm e o f  wor k stil l  Co b e undertaken . Ex.1 :  Proble m solvin g I s carrie d ou t  b y heuristi c 
searc h i n a  proble m space .  Tha t  assertio n ca n 
reasonabl y b e take n a s th e one-sentenc e conclu -
sio n o f  Newel l  &  Simon' s (1972 )  stud y o f  huma n 
proble m solving .  I t  arise s a s a  consequenc e o f 
complian t  program s runnin g o n PSAs o f  certai n 
types .  Thi s i s th e cleares t  o f  th e thre e examples , 
and Ch e argumen t  I s essentiall y  du e t o Newel l 
(persona l  coomunicatlon) . 
Consider a PSA which is like OPS (Forgy & 
McDermotC,  1977 )  I n Ch e followin g respecc .  When-
eve r  mor e tha n on e productio n rul e i s applicable , 
th e on e t o fir e i s determine d b y Ch e followin g 
principle s ("conflic t  resolucion") .  (1 )  Recency : 
rule s whos e condlcion s ar e sensidv e Co mor e 
recen c informacio n Cak e priorit y ove r  thos e match -
in g onl y olde r  information .  (2 )  Specia l  case : 
rule s whic h ar e specia l  case s o f  othe r  rule s tak e 
priorit y ove r  them .  (Fo r  furthe r  detail s se e 
McDermot C &  Forgy ,  1978 ;  Forg y &  McDermott ,  1977) . 
Suppos e tha t  knowledg e o f  th e proble m domai n i s 

code d b y specifyin g th e possibl e move s tha t  ca n 
be take n i n circumstance s C  a s rule s like : 

Rul e 1 :  C  &  < ? sid e condltlona > -  <actlonl > 
Rul e 2 :  C  &  < ? sid e condltions > '  <action2> , 
etc . 

Not e cha c suc h rule s provid e a  highl y complian t 
representation .  The y impos e onl y loca l  conscralnc s 
on ho w Che y ar e used ,  an d Chu s hav e individually , 
as i t  were ,  n o opinio n abou c Ch e mor e globa l  flo w 
of  concrol .  Suppos e tha t  C  i s known .  The n on e 
of  th e rule s show n wil l  fire ,  Rule l  say .  I f  th e 
actio n Cake n lead s Co som e ne w informacio n an d 
ther e exis t  rule s responsiv e t o tha t  Information , 
the n b y th e recenc y principl e i t  wil l  b e on e o f 
thos e rule s tha t  fire s next .  An d s o I c concinuea , 
as lon g a s Cher e i s ne w informacio n an d rule s C o 
respon d t o it .  Onc e tha t  i s n o longe r  so ,  proces -
sin g fall s back ,  sa y t o th e rule s shown ,  an d on e o f 
Che alcernatlv e rule s a t  tha t  leve l  wil l  fire ;  i n 
thi s case ,  Rule2 .  I n othe r  words ,  a  depth-firs t 
searc h i s performed .  O n th e othe r  hand ,  i f  a t  an y 
tim e a  rul e whic h i s sensitiv e t o a  particula r 
configuratio n o f  Informatio n become s satisfied , 
the n b y specia l  cas e i t  wil l  b e Ch e on e t o fire . 
I n oche r  words ,  specifi c  knowledg e I s brough c C o 
bear  whe n approprlaCe .  Th e upsho t  o f  al l  thi s i s 
tha t  th e principl e o f  recenc y generate s depth-firs t 
search ,  whil e specia l  cas e add s heuristi c guidance . 
It is worth emphasising Che concraac between 
thi s explanatio n an d virtuall y al l  earlie r  account s 
I n th e cognitiv e modellin g literatur e (including , 
fo r  example ,  Newel l  &  Simon ,  1972) .  We hav e Jus t 
argue d Cha t  peopl e solv e problem s b y heuristi c 
search ,  no t  becaus e the y ru n a  "heuristi c searc h 
program" ,  bu t  because ,  i n th e absenc e o f  guidanc e 
t o th e contrar y — i.e .  wit h a  complian t  progra m 
— heuristi c searc h i s Ch e natura l  thin g fo r  th e 
PSA t o do . 

Ex.2 :  Indirec t  recal l  fro m lon g ter m memory .  When 
Che cue s presence d ar e insufflclen c C o elici t  som e 
targe t  informatio n fro m lon g ter m memor y directly , 
bot h theor y (Norma n &  Bobrow ,  1979 )  an d th e experi -
ment  (William s &  Hollan ,  1981 )  sugges t  tha t  recal l 
occur s I n a  serie s o f  cycle s o f  alternatin g retrie -
va l  an d re-descrlptlon . 
Again, this behaviour is a consequence of the 
conflic t  resolutio n principle s o f  a  PSA.  Suppos e 
tha t  th e targe t  Informatio n i s o n th e actio n sid e 
of  a  rule .  The n b y supposition ,  no t  al l  th e infor -
matio n o n it s conditio n sid e i s ye t  presen t  (th e 
poin t  i s  t o gathe r  I C s o tha t  th e rul e doe s fire) . 
Whateve r  informatio n i s present ,  constitutin g a 
partia l  descrlpclo n o f  Ch e ICe m bein g sought ,  wil l 
trigge r  som e rul e o r  oCher .  Thi s i n C u m wil l  ad d 
CO Ch e description .  Specia l  cas e ensure s tha t  eac h 
ite m recrieve d i s relevan c Co th e curren t  descrip -
tion ;  I f  ther e i s n o relevan t  information ,  the n 
genera l  procedura l  heuristic s wil l  fire .  A s i n 
proble m solving ,  th e recenc y principl e ensure s tha t 
newl y retrieve d informatio n i s followe d u p first . Ex.3 ;  Uncertai n informatio n i s deal t  wit h b y 
"prominence "  heuristic s (Fox ,  1980a) ,  suc h a s 
representativenes s an d availabilit y  (Tversk y & 
Kahneman,  1974) .  Th e implie d contras t  i s  wit h 
rational ,  non-heuriscl c Cechnique s suc h a s Ch e 
use o f  Bayes '  Cheore m an d Ch e maximisatio n o f 
expecte d value .  Fo r  thi s exampl e w e hav e t o mov e 
beyon d th e OPS architecture ,  t o a  PS A whic h assigns 
differen t  strength s t o differen t  items ,  an d there -
by recognise s a  degre e o f  matc h betwee n th e dat a 
and a  rule .  Example s ar e HPSA (Newell ,  1980 )  an d 
th e PSYCO architectur e use d fo r  simulatin g medica l 165 



diagnosi s (Fox ,  1979 ,  1980b) .  Th e argumen t  essen -
tiall y  follow s thos e tw o authors . 

The key issue is the representation of the 
degre e o f  certainty .  I f  i t  i s  code d expllctl y a s 
simpl y anothe r  componen t  o f  th e data , 

e.g .  (DISEASE-I S GASTRIC-ULCER C F -  0.7) . 
the n I t  wil l  b e treate d a s par t  o f  th e informatio n 
conten t  b y whateve r  rule s happe n t o proces s it , 
and n o consequence s follo w fro m th e architecture . 
If ,  o n th e othe r  hand ,  certaint y i s code d a s th e 
strengt h o f  th e item , 

(DISEASE-I S GASTRIC-ULCER)  [0.7] , 
the n th e certaint y ha s effect s a t  th e leve l  o f  th e 
architectur e (i.e .  i t  appear s a s a n aspec t  o f  th e 
for m rathe r  tha n th e conten t  o f  th e item) ,  an d 
influence s processin g a t  thi s level .  What  happen s 
of  cours e i s tha t  certaint y enter s a s a  facto r  i n 
conflic t  resolution ,  wit h stronge r  items ,  othe r 
thing s bein g equal ,  bein g processe d befor e weake r 
ones .  Th e outcom e i s tha t  processin g o f  uncertai n 
informatio n I s dominate d b y th e dat a tha t  fo r  what -
eve r  reaso n ar e mor e "prominent "  i n memor y (Fox , 
1980a) .  Item s whic h ar e highl y familiar ,  alread y 
i n workin g memory ,  o r  mor e closel y linke d t o othe r 
relevan t  item s wil l  b e th e firs t  t o com e t o min d 
and wil l  carr y mor e tha n thei r  fai r  shar e o f 
responsibilit y  fo r  guidin g behaviour . 

McDermott ,  J .  &  Forgy ,  L .  (1978 )  Productio n syste m 
conflic t  resolutio n strategies .  I n Waterma n an d 
Hayes-Rot h (1978) ,  177-179 . 

Moore, J. & Newell, A. (1974) How can Merlin 
understand ? I n L .  W.  Greg g (Ed.) ,  Knowledg e 
and Cognition ,  201-252 .  Erlbaum . 

Newell, A. (1973) You can't play 20 questions with 
Natur e an d win :  Projectiv e comment s o n th e 
paper s o f  thi s symposium .  I n W.  G.  Chas e (Ed.) , 
Visua l  Informatio n Processing .  283-308 . 
Academi c Press . 

Newell, A. (1980) HARPY, production systems and 
human cognition .  I n R .  Col e (Ed.) ,  Perceptio n 
and Productio n o f  Fluen t  Speech .  Erlbaum . 

Newell, A. & Simon, H. A. (1972) Human Problem 
Solving .  Prentice-Hall . 

Norman D. A. & Bobrow, D. G. (1979) Descriptions: 
An intermediat e stag e i n memor y retrieval . 
Cognitiv e Psychology ,  11 ,  107-123 . 

Pylyshyn, Z. (1980) Computation and cognition: 
Issue s i n th e foundatio n o f  cognitiv e science . 
Behavioura l  an d Brai n Sciences .  2 .  111-169 . 

Reference s 

Anderson ,  J .  R .  (1976 ) 
Thought .  Erlbaum . 

Language .  Memor y an d 

Forgy ,  C .  L .  &  McDermott ,  J .  (1977a )  OPS,  a 
domain-independen t  productio n syste m language . 
Proceeding s o f  th e 5t h Internationa l  Join t  Con -
ferenc e o n Artificia l  Intelligence .  933-939 . 

Forgy, C. L. S McDermott, J. (1977b) The 0PS2 
referenc e manual .  Technica l  Report ,  Departmen t 
of  Compute r  Science ,  Camegle-Mello n University . 

Fox, J. (1979) Medical diagnosis: Inference, 
recal l  an d a  theor y o f  skill .  Unpublishe d ms . 

Fox, J. (1980a) Making decisions under the influ-
enc e o f  monory .  Psychologica l  Review.  87 ,  190 -
211 . 

Tversky ,  A .  &  Kahnema n 0 .  (1974 )  Judgemen t  unde r 
uncertainty :  heuristic s an d biases .  Science . 
185 .  1124-1131 . 

Waterman, D. A. & Hayes-Roth, F. (1978) Pattern-
Directe d Inferenc e Systems .  Academi c Press . 

Williams, M. D. & Hollan, J. D. (1981) The process 
of  retrieva l  fro m ver y long-ter m memory .  Cogni -
tiv e Science ,  5 ,  87-119 . 

Young, R. M. (1977) Mixtures of strategies in 
structurall y adaptiv e productio n systems : 
Example s fro m serlatlo n an d subtraction . 
Proceeding s o f  worksho p o n pattern-directe d 
inferenc e systems .  SIGAR T Newslette r  No .  63 , 
June ,  65-71 , 

Young, R. M. (1979) Production systems for model-
lin g huma n cognition .  I n D .  Mlchl e (Ed.) , 
Exper t  System s i n th e Microelectroni c Age . 
35-45 .  Edinburg h Universit y Press . 

Fox ,  J .  (1980b )  Th e PSYCO manual .  MRC Socia l  an d 
Applie d Psycholog y Unit ,  Universit y o f 
Sheffield, ,  England . 

166 


	cogsci_1982_164-166



