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Abstrac t 

I n thei r  provocativ e 198 8 paper ,  Fodo r  an d Pylyshy n issue d 
a formidabl e challeng e t o connectionists ,  viz. ,  t o provid e a  non -
classica l  explanatio n o f  th e empirica l  phenomeno n o f  system -
aticit y i n cognitiv e agents .  Sinc e th e appearanc e o f  FfcP' s 
challenge ,  a  numbe r  o f  connectionis t  system s hav e emerge d 
whic h prim a faci e mee t  thi s challenge .  However ,  Fodo r  an d 
McLaughh n (1990 )  advanc e a n eirgument ,  base d upo n a  genera l 
principl e o f  nomologica l  necessity ,  t o sho w tha t  on e o f  thes e sys -
tem s (Smolensky's )  coul d no t  satisf y th e Fodor-Pylyshy n chal -
lenge .  Yet ,  i f  Fodo r  an d McLaughlin' s anzJysi s i s correct ,  i t  i s 
doubtfu l  whethe r  an y existin g connectionis t  syste m woul d fjir e 
bette r  tha n Smolensky's .  I n th e vie w o f  Fodo r  an d McLaugh -
lin ,  humcin s an d classica l  architecture s displa y systematicit y a s 
a matte r  o f  nomologica l  necessit y (necessit y b y virtu e o f  nat -
UTcJ law) ,  bu t  connectionis t  eirchitecture s d o not .  However , 
I  argu e tha t  th e Fodor-Pylyshyn-McLaughh n appea l  t o nomo -
logica l  necessit y i s  untenable .  Ther e i s a  sens e i n whic h neithe r 
classica l  no r  connectionis t  architecture s posses s nomologica l 
(o r  'nomic' )  necessity .  However ,  th e sens e i n whic h classica l 
architecture s d o posses s nomi c necessit y applie s equall y wel l 
t o a t  leas t  som e connectionis t  architectures .  Representationa l 
constituent s ca n hav e causa l  efficac y withi n bot h classica l  eui d 
coimectionis t  architectures . 

1.  Introduct io n 

I n thei r  provocativ e 198 8 paper ,  Fodo r  an d Pylyshy n 
issue d a  formidabl e challeng e t o connectionists ,  viz. ,  t o 
provid e a  non-classica l  explanatio n o f  th e empirica l  phe -
nomenon o f  systematicit y i n cognitiv e agents .  Fodo r  an d 
Pylyshy n ( F & P )  acknowledg e tha t  connectionis m migh t 
provid e a n implementationa l  foundatio n fo r  a  c/assica/ex -
planatio n o f  systematicity ,  bu t  that ,  the y observe ,  woul d 
not  provid e a n alternativ e t o th e classica l  account . 

Althoug h th e precis e definitio n o f  systematicit y i s  a 
matte r  o f  som e disput e (se e below) ,  w e may ,  fo r  th e m o -
ment ,  ignor e subtletie s an d assum e tha t  'systematicity ' 
refer s t o th e fac t  tha t  cognitiv e capacitie s ar e systemati -
call y related ,  an d com e i n 'clumps' .  A s F & P insist ,  'yo u 
don' t  find  peopl e w h o ca n thin k th e though t  tha t  Joh n 
love s th e gir l  bu t  can' t  thin k th e though t  tha t  th e gir l 
love s John' .  F & P maintai n tha t  systematicit y occur s no t 
onl y i n thought ,  bu t  i n languag e understandin g an d pro -
duction . 

Sinc e th e appearanc e o f  F&P' s challenge ,  a  numbe r  o f 
connectionis t  system s hav e emerge d whic h prim a faci e 
meet  thi s challeng e (cf .  Chalmers ,  1990 ;  E lman ,  1990 ; 

Smolensky ,  1990 ;  St .  Joh n an d McClelland ,  1990 ;  Niklas -
so n an d va n Gelder ,  1994) .  However ,  Fodo r  an d McLaugh -
li n (1990 )  advanc e a n argument ,  base d upo n a  genera l 
principl e o f  nomologica l  necessity ,  t o sho w tha t  Smolen -
sky' s method s i n particula r  coul d no t  satisf y F&P' s chal -
lenge .  I f  Fodo r  an d McLaughlin' s ( F & M c )  analysi s i s cor -
rect ,  i t  i s  doubtfu l  whethe r  an y o f  th e connectionis t  sys -
tem s jus t  cite d woul d far e bette r  tha n Smolensky's .  I n 
fact ,  McLaughli n late r  argue s (1993a )  tha t  neithe r  th e re -
sult s o f  Chalmer s no r  E lma n constitut e counterexample s 
t o th e F & P positio n (contrar y t o th e explici t  claim s o f 
Chalmers ,  1990) . 

N o w,  th e cru x o f  F & M c ' s argument ,  an d indee d o f 
F&P' s origina l  thesis ,  lie s i n thei r  appea l  t o nomologi -
cal  necessity .  I n thei r  view ,  h u m a n s an d classica l  archi -
tecture s displa y systematicit y a s a  matte r  o f  nomologica l 
necessit y (necessit y b y virtu e o f  natura l  law) ,  bu t  connec -
tionis t  architecture s d o not .  I n wha t  follows ,  I  argu e tha t 
th e Fodor-Pylyshyn-McLaughli n appea l  t o nomologica l 
necessit y i s untenable .  Ther e i s a  sens e i n whic h neithe r 
classica l  no r  connectionis t  architecture s posses s nomolog -
ica l  (o r  'nomic' )  necessity .  However ,  th e sens e i n whic h 
classica l  architecture s d o posses s nomi c necessit y applie s 
equall y wel l  t o a t  leas t  som e connectionis t  architectures . 
Moreover ,  Fodor ,  Pylyshyn ,  an d McLaughli n al l  stres s th e 
causa l  efficac y o f  constituent s (atomi c elements )  i n com -
ple x classica l  representations .  The y maintai n tha t  com -
ple x connectionis t  representation s (suc h a s Smolensky' s 
tensor-produc t  representations )  lac k atomi c constituents , 
an d so ,  the y believ e tha t  connectionist s canno t  appea l  t o 
constituen t  structur e t o explai n wh y systematicit y shoul d 
be nomicall y necessary .  B y contrast ,  I  argu e (i n sectio n 
4)  tha t  F & M c ignor e th e manne r  i n whic h atomi c con -
stituent s ca n causall y determin e mathematica l  propertie s 
of  comple x connectionis t  representations .  Yet ,  thos e ver y 
propertie s ca n engende r  systematicit y withi n th e contex t 
of  som e particula r  connectionis t  architecture .  T h e F & M c 
stanc e seem s t o aris e fro m th e fac t  tha t  the y regar d par -
ticula r  connectionis t  system s a s nomicall y arbitrary ,  whil e 
the y regar d classica l  architecture s a s nomicall y necessary . 

2. Systematicity. 

Before proceeding, it would be well to have in mind 
some mor e definit e notio n o f  systematicit y tha n describe d 
above .  However ,  a s va n Gelde r  an d Niklasso n (1994 )  hav e 
observed ,  F & P d o no t  oflFe r  a  precis e definitio n o f  system -
aticity .  Instead ,  the y provid e example s t o suppor t  thei r 
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contentio n tha t  certai n importan t  cognitiv e capacitie s ar e 
systematicall y related .  Mos t  o f  thei r  example s follo w th e 
patter n describe d above ;  th e capacit y t o thin k (o r  iiii<l(- r 
stand )  aR b i s systematicall y relate d t o th e capacit y t o 
thin k (o r  understand )  bRa ,  wher e a  an d 6  ar e referentia l 
terms ,  an d R  i s som e relation ,  e.g. ,  'loves' .  However ,  F&^ P 
als o includ e systemattctt y o f  inferenc e i n thei r  discussio n 
of  systematicity .  The y contend ,  fo r  example ,  tha t  'it' s 
a psychologica l  la w tha t  thought s tha t  P  (5 i  Q  ten d t o 
caus e thought s tha t  P  an d thought s tha t  Q ,  al l  els e be -
in g equal' .  F&P' s example s o f  systematicit y i n inferenc e 
al l  involv e rathe r  immediat e inferences ,  an d i t  i s  unclea r 
whethe r  the y woul d agree ,  fo r  example ,  tha t  thought s 
of  th e for m P  —> Q  ten d t o caus e thought s o f  th e for m 
-< Q — -<P .  I n an y case ,  va n Gelde r  an d Niklasso n hav e 
take n F k P t o tas k o n th e questio n (a )  whethe r  human s d o 
i n fac t  exhibi t  systematicit y i n inference ,  an d (b )  whethe r 
F &P hav e produce d a  workabl y clea r  conceptio n o f  sys -
tematicity .  I n ligh t  o f  problem s raise d b y va n Gelde r  an d 
Niklasson ,  an d becaus e th e issue s whic h her e concer n u s 
do no t  obviousl y involv e systematicit y i n inference ,  an d 
I  shal l  no t  addres s thi s aspec t  o f  FfcP' s discussion .  I t  i s 
noteworth y tha t  bot h Fodo r  an d McLaughli n (1990 )  an d 
McLaughli n (1993a )  focu s almos t  entirel y upo n th e aRb , 
bRa clas s o f  menta l  capacitie s whe n presentin g thei r  cas e 
regardin g nomi c necessity . 

Once w e se t  asid e concern s abou t  systematicit y i n in -
ference ,  othe r  question s arise .  Fo r  example ,  i t  i s  no t  clea r 
whethe r  F k P inten d thei r  observation s o n systematicit y 
t o appl y t o childre n i n th e earl y stage s o f  languag e learn -
ing .  A t  on e point ,  the y remar k tha t  grammaticall y compe -
ten t  (m y emphasis )  human s displa y systematicit y i n lan -
guag e use ,  bu t  i n a  footnot e citin g Pinke r  (1984 )  the y see m 
t o sugges t  tha t  childre n neve r  lac k th e combinatoria l  ar -
chitectur e whic h engender s systematicity .  Give n Fodor' s 
repeate d stres s o n th e nomi c necessit y o f  systematicity , 
i t  woul d see m incumben t  upo n him ,  a t  least ,  t o presen t 
a mor e carefu l  examinatio n o f  th e empirica l  evidenc e rel -
evan t  t o thes e claims .  Fo r  ther e i s substantia l  evidenc e 
tha t  childre n d o no t  exhibi t  stron g form s o f  systematic -
it y i n ver y earl y stage s o f  languag e learnin g (se e Ingram , 
1985) . 

Now,  i n Hadle y (1992 ,  1994a )  a  learning-base d hier -
arch y o f  degree s o f  systematicit y i s  defined ,  wher e lev -
el s ar e distinguishe d accordin g t o th e degre e o f  novelt y 
of  sentence s whic h th e learnin g agen t  ca n interpret .  In -
gra m ha s informe d m e (persona l  communication )  tha t 
childre n d o indee d pas s throug h stage s o f  systematicit y 
whic h correspon d fairl y closel y t o th e level s distinguishe d 
i n thos e publications .  Havin g note d this ,  I  propos e fo r  th e 
presen t  t o ignor e thes e complications ,  an d t o focu s upo n 
FiiP' s approac h t o systematicity ,  sinc e tha t  i s  th e basi s o f 
F&Mc' s claim s regardin g nomi c necessity . 

The questio n w e shoul d no w conside r  i s whethe r  FfeP' s 
conceptio n o f  systematicity ,  vis-a-vi s th e abilit y t o repre -
sent  an d proces s object s o f  th e for m aR b an d bRa ,  ca n 
be clearl y defined .  McLaughli n (1993a )  provide s a n anal -
ysi s o f  systematicity ,  which ,  I  believe ,  provide s a n affir -
mativ e answer .  Fo r  brevity ,  I  offe r  th e followin g glos s o n 
McLaughlin' s analysis .  I n doin g so ,  I  omi t  certai n detail s 
of  McLaughlin' s presentatio n whic h see m t o m e t o g o be -
yon d F&P' s origina l  conception . 

1.  Systematicity :  A  cognitiv e agent ,  C ,  exhibit s system -
aticit y jus t  i n cas e it s cognitiv e architectur e causall y 
ensure s tha t  C  ha s th e capacit y t o b e i n a  proposi -
tiona l  attitud e (A )  toward s propositio n (o r  sentence ) 
aRb i f  an d onl y i f  C  ha s th e capacit y t o b e i n attitud e 
(A )  toward s propositio n (sentence )  bRa . 

McLaughlin' s example s o f  propositiona l  attitude s (A ) 
ar e 'thinks' ,  'believes' ,  'prefer s that' ,  an d 'understands' . 
By contrast ,  I  propos e t o restric t  th e scop e o f  (A )  t o 
'thinks '  an d 'understands' ,  becaus e thes e ar e th e attitude s 
tha t  F ^ P emplo y i n thei r  examples .  Also ,  t o exten d (A ) 
t o includ e 'believes' ,  an d 'prefer s that '  woul d see m t o rais e 
unwante d complications .  Fo r  example ,  it' s  fa r  fro m clea r 
tha t  agent s w h o hav e th e capacit y t o believe ,  say ,  tha t 
K i m see s a  tre e als o hav e th e capacit y t o believ e tha t  a 
tre e see s Ktm .  O f  course ,  eve n whe n w e replac e 'believes ' 
wit h 'understands' ,  difficultie s m a y arise .  However ,  i t  i s 
arguabl e tha t  anyon e wh o understand s K i m see s th e tre e 
ca n mak e sufficien t  sens e o f  A  tre e see s K i m t o realiz e 
tha t  i t  describe s a  factuall y impossibl e situation .  Also , 
one ca n stil l  understan d th e individua l  word s i n th e latte r 
sentenc e an d imagin e a  cartoon  tha t  woul d illustrat e th e 
factuall y problemati c situation . 

3.  N o m i c Necessity . 

A crucia l  aspec t  o f  FfcP' s vie w o f  systematicity ,  whic h i s 
expresse d i n (I) ,  i s  th e ide a tha t  a n integrate d underlyin g 
mechanis m explain s th e fac t  tha t  certai n cognitiv e capac -
itie s 'com e i n pairs' .  I  hav e followe d McLaughli n (1993a ) 
i n buildin g int o th e definitio n o f  systematicit y a  presup -
positio n abou t  th e causa l  genesi s o f  systematicall y relate d 
capacities .  I n Fodo r  an d McLaughli n ( F & M c ,  1990) ,  thi s 
presuppositio n i s no t  a  matte r  o f  definition ,  bu t  i s  de -
scribe d a s a  separat e assumption .  However ,  take n eithe r 
way,  th e assumptio n i s crucia l  t o th e argument s presente d 
i n F<^M c (1990 )  an d McLaughli n (1993a) .  I n FfeMc ,  th e 
assumptio n i s phrase d i n term s o f  nomi c necessit y (natura l 
law) . 

Th e Fodor-McLaughli n stance ,  whic h re-emerge s i n 
McLaughli n (1993a) ,  i s  tha t  withi n human s an d classica l 
architecture s i t  i s a  matte r  o f  nomi c necessit y tha t  cog -
nitiv e capacitie s ar e systematicall y related .  B y contrast , 
the y hol d tha t  i n connectionis t  architecture s i t  i s a t  bes t 
an acciden t  o f  natur e (i.e. ,  nomicall y arbitrary )  i f  cogni -
tiv e capacitie s ar e s o related .  I  shal l  argue ,  however ,  tha t 
neithe r  F & M c no r  McLaughli n (1993a )  succee d i n estab -
lishin g a  relevan t  asymmetr y betwee n classica l  an d con -
nectionis t  architectures .  Bot h architecture s can ,  i n prin -
ciple ,  exhibi t  th e relevan t  causa l  powers ,  an d bot h archi -
tecture s depen d upo n processin g mechanism s whic h (sinc e 
the y migh t  hav e arise n throug h evolution )  m a y b e viewe d 
as nomicall y arbitrar y t o th e sam e degree . 

To begin ,  le t  u s conside r  wh y F & M c regar d systematic -
it y a s a  nomicall y necessar y consequenc e o f  classica l  ar -
chitecture .  I n (1990 )  the y say : 

Whereas ,  a s w e kee p o n saying ,  i n th e Classi -
cal  architecture ,  i f  yo u mee t  th e condition s fo r 
bein g abl e t o represen t  aRb ,  Y O U C A N N OT 
B UT M E E T T H E CONDITION S FO R BEIN G 
ABLE T O REPRESENT bRa ;  th e architectur e 
won' t  le t  yo u d o s o becaus e (i )  th e representa -
tio n o f  a ,  R  an d b  ar e constituent s o f  th e repre -
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sentatio n o f  aRb ,  an d (ii )  yo u hav e t o toke n th e 
constituent s o f  th e representation s tha t  yo u to -
ken ,  s o Classica l  constituent s can' t  b e jus t  imagi -
nary .  S o then ,  i t  i s  buil t  int o th e Classica l  pictur e 
tha t  yo u can' t  thin k aR b unles s yo u ar e abl e t o 
thin k bRa ,  bu t  th e Connectionis t  pictur e i s neu -
tra l  o n whethe r  yo u ca n thin k aR b eve n i f  yo u 
can' t  thin k bRa .  Bu t  i t  i s  a  la w o f  natur e tha t 
yo u can' t  thin k aR b i f  yo u can' t  thin k bRa .  S o 
th e Classica l  pictur e explain s systematicit y an d 
th e Connectionis t  pictur e doesn't .  S o th e Clas -
sica l  pictur e wins . 

Now, this passage contains at least two tendentious 
claims .  Thes e are :  (a )  'Bu t  i t  i s  a  la w o f  natur e tha t 
yo u can' t  thin k aR b i f  yo u can' t  thin k bRa' ,  an d (b )  'i t  i s 
buil t  tnt o th e Classica l  pictur e tha t  yo u can' t  thin k aR b 
unles s yo u ar e abl e t o thin k bRa. ' 

Regardin g (a) ,  i t  i s  no t  clea r  whethe r  F & M c tak e thi s 
'la w o f  nature '  t o b e a  fundamenta l  psychologica l  la w 
abou t  cognitiv e agents ,  o r  t o b e a  derive d la w o f  som e 
kind .  I n eithe r  case ,  (a )  i s  likel y t o b e conteste d b y anyon e 
w ho believe s (i )  tha t  languag e acquisitio n i s a  precondi -
tio n fo r  th e capacit y t o think ,  o r  (ii )  tha t  childre n exhibi t 
onl y partia l  systematicit y i n th e earl y stage s o f  languag e 
learning .  Bot h (i )  an d (ii )  rais e comple x an d interestin g 
issues ,  bu t  I  propos e t o focu s instea d upo n wha t  seem s t o 
me th e mor e centra l  issue ,  namel y (b) .  I s i t  clearl y tru e 
that ,  o n th e Classica l  picture ,  'yo u can' t  thin k aR b unles s 
yo u ar e abl e t o thin k bRa' ? Granted ,  i n a  classica l  sym -
bol  system ,  yo u canno t  toke n aR b withou t  tokenin g th e 
constituents ,  'a' ,  'R' ,  an d 'b' .  But ,  ho w i s thi s fac t  sup -
pose d t o causall y ensur e tha t  yo u ca n thin k bRa .  FfcM c 
do no t  explai n i n an y detail ,  bu t  the y occasionall y allud e 
t o structure-sensitiv e processes ,  whic h ar e a  topi c o f  em -
phasi s i n F & P ,  1988 . 

N o w,  Smolensk y (1994 )  maintain s tha t  classica l  theo -
rist s hav e n o explanatio n o f  ho w th e capacit y t o thin k 
aRb i s suppose d t o entai l  th e capacit y t o thin k bRa .  H e 
says . 

The point here is that systematicity is a ba-
si c par t  o f  th e definitio n o f  a  symbo l  system ;  th e 
Classica l  theor y get s systematicit y b y assumin g 
it ,  no t  b y derivin g i t  fro m mor e fundamenta l 
principles .  T h e necessit y o f  systematicit y i s no t 
explaine d b y th e classica l  theor y i n an y sense ,  i t 
i s  simpl y describe d b y it .  (origina l  emphasis ) 

Later, Smolensky says that systematicity 'is achieved 
by stipulatio n i n th e Classica l  theory ,  which ,  o n princi -
ple ,  refuse s t o posi t  lower-leve l  principle s fro m whic h sys -
tematicit y migh t  b e derived. '  Give n th e incompletenes s 
of  Fodor's ,  Pylyshyn' s an d McLaughlin' s remark s abou t 
how,  o n th e Classica l  theory ,  systematicit y i s suppose d 
t o arise ,  i t  i s  no t  surprisin g tha t  Smolensk y shoul d con -
clud e tha t  systematicit y 'i s  achieve d b y stipulatio n i n th e 
Classica l  theory' .  However ,  I  believ e tha t  Smolensky' s 
analysi s i s no t  accurate .  For ,  give n F&P' s repeate d ref -
erenc e t o structure-sensitiv e processes ,  an d tokenin g o f 
constituents ,  th e outlin e o f  a  theor y ca n b e discerned . 
I n McLaughli n (1993a ,  p .  170) ,  th e theor y i s succinctl y 
stated ,  bu t  onl y i n th e mos t  genera l  terms .  McLaughli n 
assert s that ,  'classica l  architecture s hav e comple x symbol s 

an d algorithmi c operation s o n th e constituen t  structure s 
of  suc h symbols .  Eve n thoug h th e symbol s d o no t  partic -
ipat e i n th e algorithmi c operation s i n virtu e o f  thei r  se -
manti c properties ,  th e algorithm s wil l  b e suc h tha t  symbo l 
transition s mak e sens e give n th e meaning s o f  th e symbols' . 

N o w,  althoug h detail s ar e no t  provide d b y FAc P o r 
McLaughli n abou t  th e natur e o f  th e relevan t  algorithmi c 
operation s (i.e. ,  th e structure-sensitiv e processes) ,  i t  i s  no t 
difficul t  t o imagin e th e kin d o f  algorithm s tha t  migh t  serv e 
th e purpose .  Th e fields  o f  natura l  languag e 'comprehen -
sion '  an d generatio n (i n AI )  ar e rif e wit h example s o f  al -
gorithm s tha t  posses s th e kin d o f  combinatoria l  propertie s 
tha t  could ,  i n principle ,  explai n th e syn<ac/t c requirement s 
of  systematicity .  T o b e sure ,  thes e algorithm s hav e onl y 
bee n applie d t o comparativel y smal l  languages ,  an d thei r 
adequac y fo r  th e totalit y o f  natura l  languag e an d menta l 
representatio n remain s uncertain .  Nevertheless ,  i t  i s  rea -
sonabl e t o suppos e tha t  Fodor ,  Pylyshyn ,  an d McLaugh -
li n m a y hav e ha d algorithm s o f  thi s genera l  typ e i n min d 
when the y refe r  t o 'algorithmi c operations '  an d 'structure -
sensitive '  processes .  Th e fac t  tha t  thes e author s wis h t o 
remai n neutra l  o n th e detail s o f  suc h algorithms ,  an d upo n 
ho w suc h algorithm s migh t  b e realize d i n th e brain ,  merel y 
reflect s goo d judgmen t  o n thei r  part .  I t  doe s not ,  I  think , 
reflec t  a  refusa l  't o posi t  lower-leve l  principle s fro m whic h 
systematicit y migh t  b e derived' ,  a s Smolensk y suggests . 
Th e genera l  natur e o f  th e lower-leve l  principle s i s no t  har d 
t o surmise .  Onl y th e detail s o f  suc h principle s remain s un -
specified . 

However ,  th e crucia l  poin t  I  wis h t o underscor e her e i s 
that ,  o n th e classica l  account ,  th e systematicit y o f  rep -
resentation s arise s onl y i n th e presenc e o f  assume d algo -
rithmi c processes .  Whateve r  'causa l  powers '  classica l  con -
stituent s m a y possess ,  an d whateve r  nomologica l  necessit y 
m ay resid e i n som e classica l  architecture ,  thes e exis t  onl y 
agains t  a  backgroun d o f  algorithms .  I t  follows ,  then ,  tha t 
when th e nomologica l  characteristic s o f  a  connectionis t 
architectur e ar e considered ,  w e mus t  permi t  th e connec -
tionis t  t o assum e tha t  correspondingl y genera l  processin g 
mechanism s ar e i n place .  (Withi n connectionism ,  set s o f 
weighte d link s betwee n nodes ,  activatio n functions ,  an d 
firing  threshold s ca n al l  ente r  int o thes e processin g mech -
anisms. )  Yet ,  F & M c ,  an d late r  McLaughli n (1993a )  see m 
unwillin g t o allo w Smolensk y th e connectionis t  mecha -
nism s whic h woul d permi t  a  networ k t o proces s hi s tensor -
produc t  representation s (activatio n vectors ,  fo r  presen t 
purposes )  i n a  manne r  tha t  woul d engende r  systemati c 
relation s betwee n thos e representations .  Fo r  example , 
F & Mc say . 

No doubt it is possible for Smolensky to wire 
a networ k s o tha t  i t  support s a  vecto r  tha t  rep -
resent s aR b i f  an d onl y i f  i t  support s a  vecto r 
tha t  represent s bRa ;  an d perhap s i t  i s  possibl e 
fo r  hi m t o d o tha t  withou t  makin g th e imaginar y 
unit s explici t  (thoug h ther e is ,  s o far ,  n o proposa l 
abou t  ho w t o ensur e thi s fo r  arbitrar y a ,  R  an d 
b) .  T h e troubl e i s that ,  althoug h th e architec -
tur e permit s this ,  i t  equall y permit s Smolensk y 
t o wir e a  networ k s o tha t  i t  support s a  vecto r 
tha t  represent s aR b i f  an d onl y i f  i t  support s a 
vecto r  tha t  represent s zSq ;  or ,  fo r  tha t  matter , 
i f  an d onl y i f  i t  support s a  vecto r  tha t  repre -
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sent s T h e Las t  o f  T h e Mohicans .  T h e architec -
tur e woul d appea r  t o b e absolutel y indifferen t  a s 
a m o ng thes e options . 

Fic'Mc seem willing, for the sake of argument, to grant 
tha t  Smolensk y coul d 'wir e a  networ k s o tha t  i t  support s 
a vecto r  tha t  represent s aR b i f  an d onl y i f  i t  support s a 
vecto r  tha t  represent s bRa \  fo r  arbitrar y a ,  R ,  an d 6 . 
Moreover ,  result s reporte d i n Chalmer s (1990) ,  Phillip s 
(1994) ,  an d Miyata ,  Smolensky ,  Legendr e (1993 )  establis h 
tha t  suc h genera l  purpose ,  holisti c wirin g i s no t  merel y a 
theoretica l  possibility ,  bu t  i s  n o w a  reality. '  Give n this , 
i t  seem s od d tha t  F & M c shoul d insis t  upo n th e arbitrari -
nes s o f  th e wirin g (weighte d links )  tha t  Smolensk y woul d 
need t o employ .  For ,  i t  i s  difficul t  t o se e ho w th e algorith -
mi c operation s presuppose d b y classica l  theorist s ar e an y 
les s arbitrar y tha n th e genera l  purpos e processin g mech -
anism s (o r  unifie d weighte d lin k structures )  tha t  Smolen -
sky ,  Chalmers ,  an d othe r  connectionist s hav e employed . 
Presumably ,  bot h th e clcissica l  an d th e connectionis t  pro -
Cfssin g mechanism s coul d (fo r  al l  Fodo r  o r  McLaughli n 
say t o th e contrary )  b e th e product s o f  natura l  selection . 
Moreover ,  onc e eithe r  o f  thes e kind s o f  mechanism s i s in -
tegrate d withi n it s respectiv e architecture ,  th e causa l  ef -
fect s produce d b y representation s vi a thos e mechanism s 
woul d b e nomicall y necessar y i n precisel y th e sam e sense . 
Th e representation s (classica l  o r  connectionist) ,  togethe r 
wit h th e processin g mechanisms ,  caus e th e entir e syste m 
t o behav e i n a  systemati c fashion .  So ,  unles s F & M c ca n 
provid e som e reason ,  beyon d natura l  selectio n (an d be -
yon d verba l  stipulation )  fo r  sayin g tha t  clcissica l  architec -
ture s mus t  hav e th e algorithmi c mechanism s tha t  the y d o 
i n fac t  have ,  i t  i s  difficul t  t o se e tha t  the y hav e uncovere d 
any relevan t  asymmetr y betwee n classica l  an d connection -
is t  architectures . 

Now,  F & M c migh t  rejoi n tha t  tw o relevan t  asymmetrie s 
can ye t  b e found .  Thes e are :  (1 )  tha t  th e actua l  physica l 
presenc e o f  classica l  constituent s i n comple x representa -
tion s make s i t  possibl e t o explai n ho w systematicit y arise s 
withi n classica l  architectures ,  wherea s n o analogou s expla -
natio n i s possibl e withi n connectionis t  architectures ;  (2 ) 
tha t  distribute d activatio n pattern s tha t  represen t  com -
ple x meaning s i n a  connectionis t  syste m ar e onl y arbi -
traril y  relate d t o th e representation s o f  thei r  constituents , 
wherea s jus t  th e opposit e i s tru e i n classica l  architectures . 
Let  u s conside r  thes e tw o possibl e rejoinder s i n turn . 

Concernin g (1) ,  i t  m a y wel l  b e tru e tha t  c/as5«ca/con -
stituen t  structur e lead s t o transparent ,  obviou s explana -
tion s o f  systematicity .  T h e fac t  tha t  cleissica l  algorith -
mi c operation s ca n (amon g othe r  things )  simpl y recom -
bin e atomi c constituent s i n differen t  ordering s yield s a n 
elegan t  explanatio n o f  systematicity .  However ,  som e con -
nectionist s (e.g. ,  va n Gelde r  an d Niklasson ,  1994 )  hav e ar -
gued tha t  suc h classica l  explanation s ar e simplisti c an d fai l 
t o accoun t  fo r  th e subtl e departure s fro m straightforwar d 
systematicit y tha t  h u m a n s exhibit .  I n an y case ,  th e mos t 
elegan t  an d obviou s explanatio n o f  a  natura l  phenomeno n 
m ay no t  b e th e mos t  accurate ,  an d connectionist s hav e 
argue d tha t  i t  i s  indee d possibl e t o explai n systematicit y 
withi n connectionis t  architecture s (cf .  Chalmers ,  1990 ; 

Smolensky ,  1994 ;  Niklasso n an d va n Gelder ,  1994) .  A t 
present ,  th e connectionis t  accoun t  m a y b e ver y abstrac t 
an d schematic ,  but ,  a s w e hav e seen ,  th e sam e i s presentl y 
tru e o f  th e classica l  explanation .  A s McLaughli n (1993a ) 
observes ,  'Ther e ar e a  numbe r  o f  promissor y note s i n clas -
sicism' s proposa l  fo r  explainin g systematicity' . 

Withi n connectionism ,  th e explanatio n appeal s t o tw o 
fundamenta l  truths :  (a )  i t  i s  possibl e t o generat e dis -
tribute d representation s i n suc h a  wa y tha t  strikin g math -
ematica l  regularitie s exis t  betwee n thos e distribute d pat -
tern s tha t  w e woul d wan t  t o describ e a s systematicall y 
relate d (e.g. ,  th e pattern s fo r  'dog s chas e cats '  an d 'cat s 
chas e dogs') ;  (b )  i t  i s  possibl e t o creat e holisti c (o r  uni -
fied)  weigh t  vector s (set s o f  weighte d links )  whic h exploi t 
thos e mathematica l  regularitie s i n a  wa y tha t  causall y en -
sure s tha t  aR b i s representabl e i f  an d onl y i f  bR a i s rep -
resentable .  Clea r  verificatio n o f  bot h (a )  an d (b )  ca n b e 
foun d i n Chalmer s (1990) ,  Phillip s (1994) ,  an d Miyata , 
Smolensky ,  Legendr e (1993) .  I n addition ,  cluste r  analyse s 
of  distribute d representation s reporte d b y E lma n (1991 ) 
an d other s dramaticall y underscor e th e trut h o f  (a). ^ 

I  wil l  no t  attemp t  t o recapitulat e argument s alread y 
provide d b y Chalmers ,  Niklasso n an d va n Gelder ,  Phillips , 
an d Smolensky .  However ,  th e trut h o f  (a )  an d (b )  i s im -
plici t  i n th e fac t  tha t  a  singl e unifie d weigh t  vecto r  i s ca -
pabl e o f  transformin g distribute d representation s o f  nove l 
sentence s (bot h activ e an d passiv e voice )  i n th e sam e fash -
io n tha t  i t  transform s representation s o f  syntacticall y  iso -
morphic ,  previousl y encountere d sentences .  Thi s poin t 
emerge s clearl y fro m Chalmers '  discussio n o f  hi s active -
passiv e transformatio n network .  McLaughli n (1993a )  dis -
pute s Chalmers '  clai m t o systematicity ,  bu t  h e doe s so ,  i n 
my view ,  b y raisin g th e hurdle .  McLaughli n doe s no t  dis -
put e th e fac t  tha t  Chalmers '  networ k i s capable ,  i n effect , 
of  re-orderin g constituents .  Rather ,  hi s complain t  center s 
upo n th e fac t  tha t  Chalmer s ha s no t  deal t  wit h certai n 
subtl e aspect s o f  th e active-passiv e transformatio n (suc h 
as th e fac t  tha t  verb s acquir e pas t  tens e ending s durin g 
passivization) .  However ,  FiiP' s example s o f  systematic -
it y d o no t  involv e suc h subtleties ;  the y focu s upo n th e 
reorderin g an d decompositio n o f  representations .  I t  i s  th e 
reorderin g proble m tha t  Chalmer s addressed .  Whethe r 

' I  a m assumin g tha t  'a' ,  'R' ,  an d 'b' ,  thoug h arbitrary ,  ar e 
not  entirel y nove l  t o th e agent . 

Î n a  199 1 paper ,  Elma n describe s cluste r  cuiadyse s o f  dis -
tribute d activatio n pattern s whic h appeju -  on  th e hidde n laye r 
of  th e recursiv e backpropagatio n network s h e employs .  Thes e 
pattern s ar e quit e complex ,  an d contcii n informatio n no t  onl y 
abou t  th e mos t  recen t  inpu t  word ,  bu t  abou t  th e syntacti c 
contex t  i n whic h tha t  wor d occurs .  Elman' s cinalyse s clearl y 
revea l  tha t  distribute d patterns ,  whic h represen t  a  wor d i n 
one syntcicti c  context ,  cluste r  ver y close ,  i n vecto r  space ,  t o 
pattern s representin g th e sam e wor d i n othe r  syntacti c con -
texts .  Moreover ,  Elma n discovere d tha t  no t  onl y d o noun s for m 
sepcirat e cluster s fro m verbs ,  bu t  subclasse s ca n b e discovere d 
withi n thes e clusters ,  correspondin g t o animat e nouns ,  transi -
tiv e verbs ,  etc .  Thi s clusterin g establishe s beyon d doub t  tha t 
significan t  mathematica l  regularitie s ca n exis t  i n distribute d 
connectionis t  representations .  I n th e cas e o f  Smolensky' s 
tensor-produc t  representations ,  whic h ar e define d b y mathe -
matica l  formulae ,  ther e ca n b e n o doub t  whatsoeve r  tha t  im -
portan t  mathematica l  regularitie s exist .  Thes e regularitie s ar e 
exploite d bot h i n th e Jictive-pjissiv e transformation s reporte d 
i n Miyata ,  Smolensky ,  Legendr e (1993 )  £in d i n th e systematic -
it y result s o f  Phillip s (1994) . 83 



connectionist n ca n explai n al l  linguisti c phenomena ,  in -
cludin g languag e acquisition ,  remain s unclear ,  bu t  tha t 
i s  no t  th e poin t  a t  issue .  I t  i s  tru e tha t  McLaughli n als o 
object s t o Chalmers '  us e o f  trainin g t o produc e a n associa -
tio n betwee n activ e an d passiv e representations .  However , 
eve n ignorin g th e empirica l  likelihoo d tha t  systematicit y 
i s partiall y  a  resul t  o f  learning ,  Chalmer s coul d ver y wel l 
repl y tha t  certai n weigh t  vectors ,  whic h ar e produce d b y 
trainin g i n artificia l  networks ,  migh t  b e innatel y wire d i n 
creature s whic h hav e evolve d naturally . 

Let  u s no w retur n t o th e secon d possibl e rejoinde r  (2) , 
introduce d above .  Th e rejoinde r  was :  'tha t  distribute d 
activatio n pattern s tha t  represen t  comple x meaning s i n 
a connectionis t  syste m ar e onl y arbitraril y  relate d t o th e 
representation s o f  thei r  constituents ,  wherea s jus t  th e op -
posit e i s tru e i n classica l  architectures ' 

N o w,  a  connectionis t  migh t  respon d t o thi s clai m i n a 
number  o f  ways .  O n e approac h woul d b e t o challeng e 
it s relevanc e For ,  a s lon g a s distribute d connection -
is t  representation s ca n b e transformed ,  vi a weighte d lin k 
structures ,  int o systematicall y relate d ne w representations , 
what  doe s i t  matte r  whethe r  activatio n pattern s fo r  com -
ple x representation s ar e arbitraril y  relate d t o representa -
tion s o f  constituents ? Systematicit y an d decomposabilit y 
must  b e present ,  bu t  th e shape s o f  th e representation s in -
volve d ar e no t  importan t  a s lon g a s transformation s ca n 
be achieve d i n a  holisti c (non-piecemeal )  fashion . 

Perhap s a  deepe r  repl y t o (2 )  woul d b e t o not e tha t 
withi n th e contex t  o f  th e processin g mechanism s tha t  coul d 
generat e distribute d representation s o f  th e typ e employe d 
by Chalmer s (1990 )  an d Pollac k (1990) ,  comple x repre -
sentation s ar e no t  arbitraril y  relate d t o representation s 
of  thei r  constituents .  For ,  b y mean s o f  Recursiv e Auto -
Associativ e Memorie s ( R A A M ) ,  on e ca n generat e comple x 
distribute d representation s tha t  ar e functionall y relate d 
i n a  systemati c fashio n t o representation s o f  thei r  con -
stituent s (cf .  va n Gelder ,  1990) .  Indeed ,  i t  i s  fo r  thi s ver y 
reaso n tha t  comple x distribute d representation s exhibi t 
thos e mathematica l  regularitie s whic h enabl e systemati c 
transformation s o f  th e activatio n pattern s t o occur ;  wit -
nes s th e transformation s describe d b y Chalmer s (1990) . 

T h e classicis t  migh t  no w objec t  that ,  althoug h dis -
tribute d representation s ca n b e generate d i n a  systemati c 
fashion ,  th e connectionis t  network s whic h generat e thos e 
representation s ar e themselve s nomicall y arbitrary .  How -
ever ,  th e sam e ca n b e sai d o f  clcissica l  algorithm s whic h 
generat e comple x phrase s fro m atomi c constituents .  T h e 
eleganc e an d simplicit y o f  th e rule s o f  formatio n fo r  well -
forme d formula e i n predicat e logic ,  say ,  ca n scarcel y b e 
take n a s evidenc e tha t  natura l  la w force s ou r  brain s t o 
emplo y thes e rules .  Th e onl y argumen t  s o fa r  advance d 
by classicists ,  t o suppor t  th e clai m tha t  ou r  brain s (nomi -
cally )  mus t  emplo y classica l  rule s o f  formation ,  i s  tha t  n o 
othe r  explanatio n o f  systematicit y i s possible .  Bu t  that , 
we hav e seen ,  i s a n argumen t  unsupporte d b y th e facts . 

4.  T h e Causa l  P o w e r  o f  Constituents . 

Bot h F & P an d FAcM c m a k e m u c h o f  th e causa l  powe r 
of  constituent s i n classica l  representations .  I n thei r  view , 
i t  i s  becaus e classica l  constituent s ar e physicall y presen t 
i n comple x constituent s tha t  the y ca n hav e causa l  efficacy . 
Sinc e constituent s o f  distribute d representation s (includ -
in g thos e o f  Smolensky ,  E lman ,  an d Chalmers )  ar e no t 

physicall y presen t  i n thos e representations ,  the y canno t 
hav e causa l  power s (o r  s o i t  i s  argued) .  Fo r  thi s rea -
son ,  FfcM c hav e conclude d tha t  an y connectionis t  syste m 
whic h doe s no t  implemen t  a  classica l  architectur e canno t 
creat e systematicit y a s a  matte r  o f  nomi c necessity . 

I n th e precedin g section ,  I  argue d tha t  F & M c fai l  t o 
establis h an y relevan t  asymmetr y betwee n classica l  an d 
connectionis t  architecture s t̂ js-a-t)t s nomi c necessity .  Bot h 
kind s o f  architecture s ca n achiev e suc h necessit y onl y 
i n th e presenc e o f  backgroun d algorithm s o r  processin g 
mechanisms .  I n th e presen t  sectio n I  pursu e th e Fodor -
Pylyshyn-McLaughli n clai m tha t  constituent s ca n hav e 
causa l  power s onl y i f  the y ar e physicall y presen t  i n com -
ple x representations .  T h e issu e seem s worth y o f  pursui t 
fo r  a  coupl e o f  reasons .  First ,  a s suggeste d above ,  i t  ap -
pear s tha t  confusio n o n thi s issu e ha s increase d confu -
sio n abou t  th e allege d lac k o f  nomi c necessit y i n connec -
tionis t  systems .  Second ,  I  believ e tha t  Smolensk y con -
cede s to o muc h whe n h e say s (1988) ,  'I t  m a y b e tha t  a 
goo d wa y t o characteriz e th e differenc e [betwee n classi -
cal  an d connectionis t  architectures ]  i s  i n term s o f  whethe r 
th e constituent s i n a  menta l  structur e ar e causall y effica -
ciou s i n menta l  processing' .  Althoug h Smolensky' s repre -
sentation s ca n b e define d i n term s o f  equation s involvin g 
th e identit y o f  atomi c constituent s i n essentia l  ways ,  an d 
thoug h h e ha s show n tha t  hi s composit e (tensor-product ) 
representation s ar e decomposabl e int o thei r  constituent s 
unde r  certai n assumptions ,  Smolensk y view s th e presenc e 
of  atomi c constituent s i n th e composit e representation s 
as merel y imaginary .  F & M c ,  o f  course ,  welcom e thi s de -
scription ,  fo r  wha t  i s merel y imaginar y canno t  hav e causa l 
efficac y (o r  s o i t  woul d seem) . 

However ,  conside r  fo r  a  m o m e n t  th e phenomeno n o f 
implici t  information .  I  hav e argue d elsewher e (Hadley , 
1995 )  tha t  informatio n whic h i s recoverabl e fro m comple x 
structures ,  eve n whe n backgroun d mechanism s mus t  b e 
cissumed ,  m a y b e regarde d a s implici t  i n a  specia l  sense . 
O ne coul d argu e furthe r  tha t  informatio n whic h i s implici t 
i n thi s sens e i s no t  merel y imaginary ,  sinc e th e comple x 
structure s i n questio n mus t  posses s specifi c  propertie s tha t 
reflec t  th e derivabl e information .  Analogously ,  Smolen -
sky' s tensor-produc t  representation s posses s specia l  prop -
ertie s tha t  revea l  th e identit y o f  thei r  (purportedly )  'imag -
inary '  atomi c constituents .  Thus ,  som e <rac e o f  th e atomi c 
constituent s i s presen t  eve n i n th e comple x representa -
tions .  I n thi s sens e thos e constituent s migh t  b e regarde d 
as implicitl y  present .  However ,  I  shal l  no t  insis t  upo n thi s 
view ,  sinc e I  thin k a  stronger ,  relate d argumen t  exists . 
For  th e crucia l  poin t  i s  tha t  certai n comple x (distributed ) 
connectionis t  representation s ca n no t  onl y b e decompose d 
int o thei r  atomi c constituents ,  vi a assume d backgroun d 
processes ,  bu t  ca n b e generate d fro m thei r  atomi c con -
stituent s i n a  systemati c fashion .  Tha t  the y ca n b e s o 
generate d i s eviden t  fro m result s reporte d i n Chalmer s 
(1990) ,  E lma n (1990) ,  Niklasso n an d va n Gelde r  (1994) , 
Pollac k (1990) ,  an d Smolensk y (1990 )  (se e previou s foot -
note) . 

N o w,  suppos e tha t  a  give n connectionis t  syste m em -
ploy s bot h atomi c representation s (fo r  'cat' ,  "sees' ,  etc. ) 
an d comple x distribute d representation s tha t  ar e gener -
ate d fro m thos e atomi c constituents .  W e hav e see n tha t 
suc h comple x representation s can ,  i f  the y ar e suitabl y gen -
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crated ,  exhibi t  strikin g mathematica l  regularities .  Also , 
as argue d i n th e precedin g section ,  thes e mathematica l 
regularitie s ca n engende r  pattern s exhibitin g systematic -
ity ,  provide d backgroun d processe s ar e i n plac e (an d w e 
kno w tha t  classicist s mus t  assum e comparabl e backgroun d 
processes) .  So ,  atomi c constituent s ca n (i n th e pres -
ence o f  backgroun d structures )  caus e comple x represen -
tation s t o exhibi t  mathematica l  regularities .  Thes e regu -
larities ,  i n turn ,  caus e systemati c relationship s t o aris e 
i n th e presenc e o f  suitabl e processin g mechanisms .  I t 
woul d seem ,  therefore ,  tha t  withi n som e connectionis t  net -
works ,  atomi c constituent s ca n caus e mathematica l  prop -
ertie s whic h entai l  systematicity .  I n suc h systems ,  atomi c 
constituent s d o hav e causa l  efficac y becaus e causalit y i s 
a transitiv e relation." '  Moreover ,  whateve r  causa l  efficac y 
classica l  constituent s posses s i n a  classica l  system ,  the y 
posses s onl y i n th e presenc e o f  assume d backgroun d pro -
cesses .  So ,  again ,  ther e appear s t o b e n o relevan t  asym -
metr y betwee n classica l  an d connectionis t  architecture s 
vts-a-vi s th e causa l  efficac y o f  constituents .  I n bot h cases , 
much depend s upo n th e natur e o f  th e backgroun d process -
in g mechanism s tha t  ar e i n place . 

I t  might ,  perhaps ,  b e objecte d tha t  connectionis t  con -
stituent s hav e a  les s direc t  causa l  efficac y tha n classica l 
constituents .  However ,  eve n i f  thi s wer e true ,  i t  i s  fa r  fro m 
obviou s tha t  thi s i s a  relevan t  difference .  Moreover ,  it' s 
not  clea r  tha t  an y appreciabl e differenc e i n th e directnes s 
of  th e causa l  relationship s actuall y exists .  For ,  a  classica l 
constituen t  i n a  comple x structur e ma y hav e efficac y onl y 
afte r  som e algorith m analyse s th e entir e structur e an d de -
termine s bot h th e identit y o f  it s  constituent s an d thei r 
relationshi p t o on e another .  I t  ma y ofte n happe n tha t 
neithe r  th e connectionis t  no r  th e classica l  constituen t  wil l 
hav e a n immediat e causa l  effec t  i n producin g som e sys -
tematicall y relate d effect . 

6. Summary. 

In the foregoing, I have argued that, contrary to the 
claim s o f  Fodor ,  Pylyshyn ,  an d McLaughlin ,  ther e i s n o 
relevan t  asymmetr y betwee n classica l  an d connectionis t 
architecture s wit h regar d t o (a )  th e nomi c necessit y o f  th e 
systematicit y o f  cognitiv e capacities ,  o r  (b )  th e potentia l 
fo r  thos e architecture s t o explai n systematicity .  W e hav e 
seen tha t  th e mer e presenc e o f  classica l  representation s 
withi n a  syste m doe s not ,  b y itself ,  entai l  systematicity ; 
appropriat e processin g mechanism s mus t  b e i n place .  Yet , 
th e situatio n appear s t o b e precisel y analogou s withi n con -
nectionism .  Provide d th e righ t  kind s o f  representation s 
ar e employed ,  an d tha t  appropriat e weigh t  vector s (pro -
cessin g mechanisms )  ar e i n place ,  connectionis t  system s 
exhibi t  systematicit y a s a  matte r  o f  nomi c necessity .  Fur -
thermore ,  a n explanatio n o f  systematicit y appear s feasibl e 
withi n bot h architectures .  I n bot h cases ,  th e explanatio n 
appeal s t o ho w th e processin g mechanism s (whethe r  al -
gorithmi c o r  weigh t  vectors )  exploi t  th e structur e presen t 
withi n th e representations . 
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