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Connectionis t  model s o f  cognitio n featur e a  networ k o f  nodes , 

whose topolog y i s assume d t o b e relativel y permanent .  Computatio n 

(i.e. ,  thinking )  i s represente d b y fluctuation s o f  th e activatio n level s o f 

node s an d b y transmissio n o f  excitatio n an d inhibitio n alon g 

connections .  Mor e elaborat e formulation s equi p node s wit h smal l 

stat e register s instea d o f  activations ,  an d connection s pas s smal l 

messages instea d o f  a n excitator y o r  inhibitor y quantities .  Th e mai n 

architectura l  principle s ar e (1 )  informatio n transmissio n alon g 

connection s happen s i n parallel .  (2 )  ther e i s little ,  i f  any ,  globa l  contro l 

(i.e. ,  n o centra l  prtKCSsor) ,  an d mos t  importantly ,  (3 )  a  cognitiv e mode l 

may us e a s man y node s an d connection s a s i t  needs ,  bu t  tlicr e ar c 

sever e limitation s o n th e amoun t  o f  informatio n store d i n node s o r 

transmitte d b y connections . 

Historically, conncctionism is analogous to the production system 

movement .  Bot h school s ar e revision s o f  earlie r  movements .  Bot h 

school s ros e t o recen t  prominenc e i n psycholog y whe n extraordinaril y 

good piece s o f  researc h wer e don e withi n thei r  respectiv e paradigms . 

Newel l  an d Simon' s (1972 )  stud y o f  proble m solvin g kicke d of f  th e 

productio n syste m movement .  Studie s b y Rumelhar t  an d hi s 

colleague s o f  reading ,  typin g an d speec h kicke d of f  conncctionis m 

(McClellan d &  Rumelhart ,  1981 ;  Rumelhar t  &  McClelland ,  1982 ; 

Rumelhar t  &  Norman ,  1982 ;  Elma n &  McClelland ,  1983) .  Bot h 

productio n system s an d connectio n system s hav e attracte d th e hel p o f 

compute r  scientist s intereste d i n the m fo r  non-psychologica l  reasons . 

Connectio n architecture s lik e Fahlman' s Nirii .  o r  Hinton' s Boltzman n 

Machin e (Kahlman ,  Hinto n &  Sejnowski ,  1983 )  ar e th e analog s o f 

productio n syste m language s lik e Oi* S an d ACr .  Unlik e productio n 

systems ,  connectio n system s hav e attracte d hardwar e designer s wh o ar c 

buildin g massivel y paralle l  computer s fo r  rapi d executio n o f 

connectio n systems .  Connectio n system s ar c a s ho t  today ,  o r  eve n 

hotter ,  tha n productio n system s wer e a  decad e ago . 

If the analogy between production systems and connection 

system s ca n b e trusted ,  psycholog y wil l  soo n enjo y th e frui t  o f  a  ne w 

formalism .  I t  i s  goo d t o hav e a  wealt h o f  technica l  notation s an d 

distinctions .  Althoug h today' s cognitiv e scientis t  ma y no t  lik e 

productio n systems ,  sh e o r  h e stil l  know s wha t  th e left-han d sid e o f  a 

rul e is ,  an d ho w importan t  conflic t  resolution s strategie s arc .  Suc h 

widely-share d conceptua l  tool s enric h an d empowe r  th e field  b y 

makin g i t  easie r  t o communicat e comple x ideas .  Perhap s the y eve n 

make i t  easie r  t o generat e thos e idea s i n th e first  place . 
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However ,  th e analog y issue s a  warnin g a s wel l  a s heraldin g a 

benefit .  Althoug h th e researc h tha t  kicke d of f  th e productio n syste m 

movement  wa s outstandin g psychology ,  som e late r  work s claime d 

psychologica l  validit y solel y becaus e the y use d productio n system s t o 

expres s thei r  model s Sinc e on e ca n easil y expres s absur d cognitiv e 

model s i n productio n systems ,  psychologist s mus t  d o muc h mor e tha n 

notat e thei r  model s a s a  productio n syste m befor e the y ar e entitle d t o 

eve n sugges t  tha t  th e mode l  i s psychologicall y plausible .  1  sincerel y 

hop e tha t  thi s methodologica l  erro r  wil l  no t  plagu e conncctionism .  A 

connectionis t  mode l  i s no t  a  psychologica l  plausibl e mode l  jus t 

becaus e i t  use s th e sam e connectio n syste m that .  say .  McClellan d an d 

Rumclhar t  used .  Eve n i f  on e wire d u p th e mode l  wit h squi d neurons , 

ther e woul d b e n o reaso n t o believ e i t  ha d anythin g t o d o wit h th e 

mind .  O n e ca n writ e rubbis h i n an y representatio n language .  I t  lake s 

har d wor k t o uncove r  tli e principle s tha t  ar e fundamenta l  t o a 

particula r  model ,  an d eve n mor e har d wor k t o sho w tha t  thos e 

principle s ar c psychologicall y valid .  Thi s extr a work ,  whic h i s ove r 

and beyon d th e wor k neede d t o implemen t  th e mode l  a s a  connectio n 

or  productio n system ,  i s jus t  exactl y wha t  yield s theor y (VanF.ehn , 

Brow n &  Grecno .  1982) .  Withou t  it ,  on e ha s jus t  anothe r  progra m 

tha t  behave s wit h a n amusing,  superficia l  similarit y t o humans .  I t  ha s 

no mor e scicniid c meri t  tha n ili c  "robots "  hire d b y shoppin g malls . 

Enough methodology! Let's move on to substantive psychological 

issues . 

Conncctionism makes an important hypothesis: For some tasks, 

th e bes t  model s ar c thos e tha t  achiev e a  rule-lik e behavio r  withou t 

mie s b y usin g a  large ,  finite  stor e o f  templates .  Perhap s th e mos t 

impressiv e demonstratio n o f  thi s hypothesi s i s Rumelhar t  an d 

McClclland' s interactiv e activatio n mode l  o f  wor d recognition .  I t  ha s 

a stor e o f  th e 117 9 mos t  c o m m o n four-lette r  Englis h words ,  an d i t  ha s 

no orthographi c o r  phonologica l  rules .  Ye t  i t  account s fo r  a  hos t  o f 

rule-lik e huma n behavior . 

The experimental task goes as follows: 'ITic subject is shown a 

fou r  lette r  strin g fo r  a  shor t  time ,  the n i t  i s  replace d b y a  mas k (e.g. ,  a 

strin g o f  " # "  signs) .  Th e subjec t  i s  teste d o n a  singl e lette r  i n th e 

stimulus ,  usin g a  force d choic e betwee n tw o letters .  Th e subjec t 

guesse s whic h lette r  occurre d i n tha t  position .  Thre e mai n effect s ar c 

observe d i n suc h experiments .  Wor d advantage :  W h e n th e stimul i  ar e 

Englis h words ,  th e subjects '  guesse s ar e correc t  abou t  1 7 % mor e ofte n 

tha n the y ar c i f  th e stimul i  ar e non-word s suc h a s Qxr l  o r  acuu . 

l*seudowor d advantage :  W h e n th e stimul i  ar e pseudoword s (i.e. , 

orthographicall y regular ,  suc h a s mav e o r  spet ,  bu t  no t  Englis h 



words) ,  th e subjects *  guesse s ar e correc t  abou t  1 5 % mor e ofte n tha n 

the y ar c wit h non-words .  Wordlik e consonan t  string s advantage : 

When th e stimul i  ar e consonan t  string s (an d henc e orthographicall y 

and phonologicall y irregular )  tha t  ar e constnicte d b y replacin g a 

word' s vowe l  wit h a  consonan t  (e.g. ,  spa t  become s spct) ,  the n 

subjects '  guesse s ar c abou t  15 % mor e accurat e tha n wit h non-wor d 

stimuli .  llii s  thir d finding  tend s t o refut e an y theor y o f  wor d 

recognitio n base d o n store d orthographi c o r  phonologica l  niles . 

To account for these three findings, the interactive activation 

model  store s al l  commo n four-lette r  Englis h words .  'ITii s  i s th e ke y 

feature .  O n e ca n ge t  adequat e empirica l  accuracy ,  I  contend ,  withou t 

a connectio n syste m a s lon g a s ther e i s a  wor d stor e an d i t  i s  use d i n 

certai n ways .  ITia t  is ,  th e credi t  fo r  explainin g th e mai n effect s 

belong s t o th e hypothesi s tha t  peopl e recogniz e word s wit h template s 

instea d o f  rules .  Th e succes s o f  th e explanatio n doc s no t  depen d o n 

th e representatio n language ,  whic h i s good .  T o demonstrat e thi s point , 

a simplifie d versio n o f  th e McClclland/Rumclhar t  mode l  i s presented . 

Let  th e functio n Friends{S,L,P,l )  retur n th e se t  o f  al l  word s i n th e 

stor e tha t  shar e I  letter s wit h th e stimulu s S  an d hav e lette r  L  a t 

positio n P .  Olcourse ,  1 < i < 4 an d 1 < P < 4 .  I f  tJi e stimulu s wer e th e 

pseudowor d "mave" ,  the n 

Friends("MAVE","H",1,3) = {"have"} 

Friends("MAVE"."M",1,4 )  =  { } 

Friends("MAVE","A".2,3 )  =  {"have","SAVE","male",... } 

Given this function to access the word store, the percentage of correct 

guesse s i s predicte d usin g th e followin g formuli : 

Activation(S,L.P) = 2ailF''iends(S,L,P,i)| 

i 
Activation(S,P,R ) 
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%Correct(S.P )  = 
Activation(S,P,R )  +  Activation(S.P,W ) 

where R is the right letter choice, W is the wrong one, the dj arc task 

parameters ,  an d |X |  i s  th e cardinalit y o f  se t  X . 

Let's see how this model behaves with each of \hc stimuli kinds. 

I f  th e stimulu s S  i s a  non-word ,  Uic n bot h R  an d W wil l  hav e fe w 2- . 

3-  o r  4-lcttc r  friend s (i.e. .  Friends(S,R,P,l )  ~  Friends(S,W,P,l )  s r  { } 

fo r  al l  \^^ ,  fo r  al l  P ) .  The y wil l  bot h hav e man y 1-lette r  friends .  S o 

Activation(S,P,R )  ~  Activation(S,P,W) .  an d %Correc t  i s  roughl y 

50%.  I f  S  i s a  word ,  the n R  wil l  hav e exactl y on e 4-lette r  frien d (I.e. , 

S)  an d W won' t  hav e any .  becaus e W i s chose n b y th e experimente r 

so tha t  i t  form s a  wor d whe n substilutc d int o S .  W ha s exactl y on e 3 -

Icttc r  friend .  O n th e othe r  hand .  R  usuall y ha s man y 3-lette r  friends . 

Similarly ,  R  wil l  generall y hav e mor e 2-lcttc r  friend s tha n W .  Sinc e 

|Friends(S,R,P,l) |  >  |Friends(S.W,P,l) |  fo r  al l  l>1 ,  Activation(S,R,P ) 

> Activation(S,W,P) .  an d henc e %Correc t  i s  greate r  tha n 50% .  Th e 

cas e fo r  pseudoword s an d wordlik e consonan t  string s i s jus t  lik e th e 

cas e fo r  words ,  excep t  tha t  R  wil l  hav e n o 4-lette r  friends .  Hence ,  th e 

%Correc t  wil l  b e a  la d lowe r  tha n tli e %Correc t  fo r  words ,  bu t  i t  i s 

stil l  greate r  tha n th e 5 0 % correc t  o f  nonwords .  Ilies e prediction s ar e 

qualitativel y simila r  t o th e mai n findings.  T o ge t  quantitativ e accurac y 

woul d requir e fitting  th e a ^  parameters .  Paramete r  a ^  control s th e 

relativ e advantag e o f  word s ove r  pseudoword s an d wordlik c 

consonants .  Parameter s a ^  an d a. ^  contro l  th e advantag e o f 



pscudoword s an d wordlik c consonant s ove r  nonwords .  Interestingly ,  i f 

subject s ar e no t  instructe d t o expec t  pseudowor d stimuli ,  the n th e 

pseudowor d advantag e disappcai"S .  Unde r  tlics e conditions . 

The above model is a simplification of the one actually used by 

Rumclhar t  an d McClelland .  T o compet e wit h theirs ,  i t  woul d nee d a n 

input/outpu t  mode l  wrappe d aroun d i t  i n orde r  t o accoun t  fo r 

phenomena involvin g th e duratio n an d imag e qualit y o f  th e stimuli , 

th e kin d o f  masking ,  seria l  positio n effects ,  an d s o on .  Th e interactiv e 

activatio n mode l  ca n explai n som e o f  thes e effects ,  althoug h som e 

extra ,  non-conneciionis t  mechanism s mus t  adde d (e.g. ,  a  cloc k an d a 

gate d respons e buffer )  i n orde r  t o d o so .  Extensibilit y  o f  a  mode l  i s 

important ,  bu t  i t  i s  no t  a s importan t  a s accountin g fo r  th e mai n 

effects .  I  tak e i t  tha t  Rumclhar t  an d McClellan d hav e convincingl y 

demonstrate d tha t  th e mai n fnuling s ar e bes t  explaine d b y th e 

hypoUicsi s o f  wor d storag e rathe r  orthographi c o r  phonologica l  rul e 

storage .  Moreover ,  i t  doesn' t  matte r  whetlie r  on e expresse s th e 

hypotliesi s wit h connections ,  a s i n th e interactiv e activatio n model ,  o r 

wit h a  simpl e additiv e model ,  a s above . 

To return to die production/connection analogy, this "templates, 

not  rules "  hypothesi s i s analogou s t o Ncwcll' s  proble m spac e 

hypothesi s (Newell ,  1980) .  Neithe r  o f  th e tw o hypothese s mentio n th e 

representatio n languag e (whic h i s  good) ,  bot h ar e quit e genera l  (whic h 

i s excellent) ,  an d bot h ca n b e teste d i n specifi c  case s (whic h i s bes t  o f 

all) .  A s i t  turn s out ,  bot h ar e controversial ,  an d that' s goo d too . 

Contentio n ove r  hypothese s lik e thes e wil l  advanc e cognitiv e science , 

but  fights  abou t  connectit)n s versu s rule s ar e mer e religiou s squabbles . 

In the interest of controversy, I'll try to indicate some problems 

tlia t  th e tcmplates-not-rulc s hypothesi s migh t  hav e i n accountin g fo r 

othe r  kind s o f  recognitio n tha n wor d recognition .  1  undertak e thi s 

wit h som e reluctance .  I  prefe r  t o evaluat e specifi c hypoUiese s agains t 

specifi c  empirica l  facts .  However ,  I  ca n find  n o problem s wit h th e 

way tha t  di e teniplates-not-rulc s hypothesi s account s fo r  th e wor d 

recognitio n phenomena ,  s o I  hav e n o alternativ e bu t  t o attac k i t  wit h 

genera l  observations . 

First, a few quick shots. Any straightforward realization of the 

ter n plates-not-nilc s hypothesi s mean s dia t  th e recognize r  output s 

template s fro m it s finite  store .  A  wor d recognize r  output s words .  A 

wor d sens e disambiguato r  output s wor d senses .  Hu t  Uier e ar e plent y 

of  cognitiv e domain s wher e ther e isn' t  a  finite  se t  o f  classe s t o 

recognize .  Tak e natura l  languag e understanding .  I f  ther e wer e a 

finite  numbe r  o f  Uiing s Uia t  a n utteranc e coul d mean ,  the n the y coul d 

be th e template s i n th e store ,  an d th e interactiv e activatio n mode l 

migh t  b e a  perfectl y adequat e explanatio n o f  natura l  languag e 

understanding .  Iki t  clearl y ther e ar e no t  a  finite  numbe r  o f  meanings . 

It' s  likel y tha t  meanings ,  an d mayb e eve n utterance s a s well ,  ar e no t 

countable .  Wher e doe s on e sto p an d anothe r  begin ? Thi s suggest s 

tha t  th e tcmplates-not-rulc s hypothesi s ha s significan t  troubl e witl i 

domain s tha t  don' t  admi t  o f  finite  classifications . 

Here's another quick shot. A big advantage of template systems 

i s tha t  ne w knowledg e i s eas y t o acquire .  T o lear n a  ne w word ,  on e 

jus t  add s i t  t o th e wor d store .  That' s a  bi t  to o simple ,  o f  course , 

becaus e i t  i s  ver y rar e fo r  a  recognitio n stitnulu s t o exactl y matc h an y 

of  th e trainin g instances .  Ther e i s a  ccrtiii n amoun t  o f  abstraction , 
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difFercntiatio n an d nois e remova l  tha t  ha s t o g o o n i n gettin g fro m a 

trainin g exampl e t o a  recognitio n stimulus .  A  rule-base d syste m doc s 

most  o f  thi s wor k durin g learning .  A  syste m tha t  store s trainin g 

instance s doc s mos t  o f  th e wor k durin g recognition .  Whic h d o peopl e 

do? A  genera l  observatio n abou t  huma n behavio r  i s tha t  learnin g 

somethin g i s muc h harde r  tha n recognizin g it .  I t  migh t  tak e severa l 

second s o f  rehearsa l  t o ad d a  ne w wor d t o one' s vcKabuIary .  bu t  onc e 

tha t  wor d i s learned ,  recognitio n take s mer e milliseconds .  Thi s 

observatio n tend s t o refut e th e templates-not-rule s hypothesis . 

rU finish with a longer criticism of the hypothesis, which may 

ultimatel y b e mor e interestin g t o compute r  scientist s tha n t o 

psychologists .  W h e n KIma n an d McClellan d (1983 )  applie d th e 

interactiv e activatio n mode l  t o speec h perception ,  the y ha d a  littl e 

problem ,  whic h turn s ou t  t o b e symptomati c o f  a  nearl y fata l  fla w i n 

th e connectionis t  approach .  The y assume d tha t  th e templat e stor e 

hel d words ,  represente d a s sequence s o f  phonemes .  The y assume d 

tha t  th e inpu t  (stimulus )  wa s a  mixtur e o f  phonemes ,  wher e th e 

strengt h o f  eac h phonem e varie d wit h eac h tic k o f  th e clock . 

(Actually ,  the y use d phonologica l  feature s a s input ,  bu t  that' s 

irrelevan t  t o th e curren t  account. )  Th e mode l  ha d tw o difficulties .  (I ) 

I t  depende d to o muc h o n finding a  clea r  occurrenc e o f  th e initia l 

phoneme o f  a  wor d i n tli e inpu t  stream .  (2 )  Th e mode l  ha d difficult y 

recognizin g word s spoke n mor e slowl y o r  mor e rapidl y tha n usual . 

Bot h difficultie s ca n b e trace d t o th e sam e underlyin g problem :  th e 

word' s phoneme s mus t  b e brough t  int o registratio n wit h th e phoneme s 

i n th e inpu t  sequence .  Fo r  th e wor d recognitio n Lis k describe d above , 

registratio n i s no t  a  problem .  Ther e ar e alway s exactl y fou r  stimulu s 

letters ,  whic h ca n b e matche d i n onl y on e wa y agains t  th e store d four -

lette r  words .  I f  instea d th e stimulu s were ,  say ,  a  1 4 lette r  strin g wit h a 

fou r  lette r  wor d biuic d somewher e insid e it ,  the n ther e woul d b e 1 0 

possibl e way s t o matcl i  th e inpu t  wit h a  store d word .  Thi s woul d b e a 

10-wa y ambiguou s registratio n problem .  Th e speec h recognitio n tas k 

has thi s registratio n problem ,  an d more .  I t  ha s a  secon d sourc e o f 

ambiguit y becaus e th e phoneme s ar e no t  guarantee d t o b e certai n 

cannonica l  lengths ,  no r  mus t  the y b e adjacent .  I f  a  wor d i s spoke n 

slowly ,  noise s ma y intervene .  Thes e ar e no t  problem s fo r  jus t  th e 

Klman/McClellan d model .  The y ar e inheren t  i n tli e speec h 

recognitio n task .  Al l  speec h recognizer s mus t  dea l  wit h them . 

In fact, all recognizers of any kind must deal with the registration 

problem .  I n vision ,  fo r  instance ,  i t  i s  no t  enoug h t o stor e a n imag e o f 

an object .  Th e syste m mus t  b e abl e t o recogniz e th e objec t  unde r 

translation ,  rotation ,  scalin g an d possibl y othe r  kind s o f 

transformation .  Perhap s th e cleares t  case s o f  th e registratio n proble m 

occu r  i n non-metri c tasks ,  suc h a s stor y recognition .  Suppos e a 

stimulu s stor y ha s N  actors ,  an d a n old .  store d stor y ha s M actors . 

Ther e ar c N* ^  possibl e way s t o ma p stimulu s actor s t o th e store d 

actors .  Th e numbe r  o f  possibl e registration s decrease s i f  on e add s th e 

constrain t  tha t  tw o stimulu s actor s can' t  fill  th e sam e rol e i n th e store d 

story .  I'h c numbe r  o f  registration s decrease s eve n mor e i n task s wit h 

more constraine d topologies ,  suc h a s reading ,  speec h o r  vision .  A s 

illustrate d a  moment  ago .  ther e ar c onl y N  -  M registration s t o chec k 

i n orde r  t o find  a n M-lon g wor d i n a n N-lon g stimulu s string . 
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Not  onl y i s th e registratio n proble m universal ,  it s  intransigen t 

The typica l  recognitio n procedur e fo r  a  seria l  machin e ha s tw o neste d 

loops : 

(For each template in the store do 

(Fo r  eac h lega l  registratio n o f  th e part s o f  th e templat e 

wit h th e part s o f  th e stimulu s d o 

(.. .  s o m e matchin g o f  th e templat e t o th e stimulu s 

unde r  th e mappin g o f  th e registratio n ...)) ) 

Connection machines basically eliminate the outer loop by doing all 

instantiation s o f  it s  bod y i n parallel .  1"ha t  is ,  eac h templat e i s 

associate d wit h a  distinc t  grou p o f  nodes .  Th e stimulu s i s broadcas t 

al l  a t  onc e t o eac h group ,  whic h the n try s t o recogniz e it s templat e i n 

th e stimulus .  F̂ ac h nod e grou p ha s th e connectionis t  equivalen t  o f  th e 

inne r  loop ,  whic h doc s registration .  I f  th e registratio n proble m i s 

trivial ,  the n th e nod e grou p ca n b e small .  Fo r  instance ,  eac h grou p 

consist s o f  a  singl e nod e i n th e Kumclhart/McClcIlan d mode l  becaus e 

tlier e i s onl y on e wa y t o registe r  a  four-lcite r  stimulu s agains t  a  four -

lette r  icmplate .  O n th e othe r  hand ,  i f  th e registratio n proble m i s 

complex ,  the n nod e group s ar e large .  Fo r  instance ,  th e genera l  cas e o f 

registerin g a n N-par t  stimulu s t o a n M-par t  templat e coul d us e a  tre e 

of  node s tha t  i s M level s dee p wit h a  unifor m branchin g facto r  o f  N. * 

'ilier e ar e ©(N*^ )  node s pe r  nod e group .  Replacin g th e inne r  loo p b y 

a paralle l  schem e merel y replace s tim e complexit y b y spac e 

complexity .  Th e registratio n proble m i s inherentl y comple x a s wel l  a s 

universal . 

A common approach to coping with the registration problem is to 

reduc e M ,  th e numbe r  o f  part s i n th e templat e t o b e matched .  Instea d 

of  M parts ,  a  templat e ha s J  subtemplatc s a s it s part s wher e J « M ,  an d 

eac h subtemplat e ha s it s J  parts ,  whic h i n tur n ma y hav e parts ,  an d s o 

on.  A n old ,  fla t  templat e become s a  part-whol e hierarchy .  A s i t 

stands ,  thi s doesn' t  reduc e th e combinatoric s o f  registration .  Conside r 

a fla t  templat e wit h 6  parts .  W h e n i t  matche s a n inpu t  wit h N  objects . 

tliei r  ar c N ^  registration s t o check .  Suppos e th e ne w templat e ha s tw o 

parts .  A  an d B .  eac h o f  whic h i s a  tliree-par t  subtemplate .  ITier e ar e 

N"*  possibl e matche s fo r  A ,  an d N ^  matche s fo r  B .  I f  ther e ar c n o 

constrainL s o n A  an d B  tha t  ar e independen t  o f  th e mai n template . 

tlic n th e mai n templat e ha s t o chec k al l  N ^  binding s fo r  A  agains t  al l 

N^  binding s fo r  B .  Sinc e N"̂ N' ^  =  N®,  th e registratio n pioble m i n n o 

easier .  Simpl y dividin g fla t  template s int o subtemplatc s doesn' t  reduc e 

th e combinatoric s a t  all .  Combinatoric s onl y begi n t o decreas e whe n 

constraint s ca n b e adde d a t  th e subtemplat e level .  Sharin g 

subtemplatc s amon g template s als o helps . 
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*  Th e details :  F.ac h nod e ha s N  descendents .  Th e roo t  nod e passe s a 

message t o it s firs t  daughte r  tha t  pair s th e first  templat e par t  t o th e 

first  o f  th e N  stimulu s parts .  Th e secon d daughte r  get s a  messag e 

pairin g tJi c first  templat e par t  t o th e secon d stimulu s part ,  an d s o o n 

fo r  al l  N  daughters .  S o th e first  leve l  ( = roo t  node )  take s car e o f 

pairin g th e first  templat e par t  t o eac h o f  th e N  stimulu s parts .  Th e 

secon d leve l  ( = th e daughter s o f  th e roo t  node )  pair s of f  th e secon d 

templat e par t  i n simila r  fashion .  I n orde r  t o bin d al l  M templat e 

parts ,  th e tre e ha s M levels .  S o i t  ha s (N"^* ^  -  1)/(N-1 )  nodes . 



Her e i s a  tcmplatc-subtcmplat c hierarch y tha t  share s subtemplate s 

and ha s lot s o f  constraint s amon g subtemplates .  I  thin k yo u wil l  find 

th e notatio n familiar . 

S -^ NP VP 

NP - •  Determine r  N B A R 

NBAR - •  Adjective *  Nou n 

VP -> •  Auxiliar y VBA R 

VBAR - •  Ver b (NP )  (NP )  PP * 

PP - •  Prepositio n N P 

A tcmplatcs-not-mlcs recognizer that "optimizes" its performance by 

adoptin g a  part-whol e hierarch y wit h constraint s i s n o longe r  a 

templates-not-rulc s system .  I t  i s  a  rule-base d system . 

The conclusion is that temphites-not-rules systems are infcasible 

fo r  an y recognitio n problem s lh.i t  requir e non-trivial ,  non-metri c 

registration .  Neithe r  seria l  computer s no r  connectio n machine s ca n 

ru n the m fas t  enough .  O n th e othe r  hand ,  rule-base d system s ar e 

feasible . 

A psychologist can draw one of two conclusions from this. 

Eitlicr ,  (1 )  peopl e ar c subjec t  t o th e sam e "law s o f  informatio n 

processing "  a s machines ,  tliercfor c the y mus t  us e rule-base d 

recognizers ,  an d therefor e th e templates-not-rule s hypothesi s i s 

generall y false ,  o r  (2 )  peopl e hav e templates-not-rule s recognizers ,  bu t 

the y ru n the m (s o t o speak )  o n som e a s ye t  undiscovere d informatio n 

processin g architectur e tha t  someho w solve s registratio n problem s ver y 

quickly . 
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