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Abstract: Lakoff's new theory of cognitive phonology appears to be free of the rule ordering 

constraint s tha t  mak e generativ e rule s computationall y awkward .  I t  use s a  multileve l  repre -

sentatio n fo r  utterances ,  t o whic h multipl e rule s ma y appl y i n parallel .  Thi s pape r  present s th e 

first  implementatio n o f  Lakoff' s  proposal ,  base d o n a  nove l  "man y maps "  architecture .  Th e 

architectur e ma y als o explai n certai n constraint s o n phonologica l  rule s tha t  ar e no t  adequatel y 

accounte d fo r  b y mor e abstrac t  models . 

Linguists established long ago the value of describing phonological processes in tenms of fonmal symbolic 

rules ,  bu t  the y hav e steadfastl y refraine d fro m speculatin g abou t  th e namr e o f  representation s i n speakers ' 

heads .  Rumelhar t  an d McClellan d (1986 )  argu e agains t  th e neuropsychologica l  realit y o f  rules .  Pinke r 

and Princ e (1988 )  offe r  persuasiv e counterarguments .  Th e curren t  reactio n agains t  rule-base d account s o f 

low-leve l  cognitiv e phenomena ,  phonolog y i n particular ,  i s  n o doub t  strengthene d b y th e computationa l 

awkwardnes s o f  classica l  generativ e phonologica l  rules .  Constraint s o n thei r  orde r  o f  applicatio n forc e 

th e rule s t o ac t  sequentiall y  and ,  i n som e cases ,  cyclically .  I n contrast ,  Rumelhar t  an d McClelland' s P D P 

model  o f  th e phonolog y o f  Englis h pas t  tens e formatio n map s inpu t  pattern s t o outpu t  pattern s directly , 

i n on e paralle l  step .  I t  is ,  despit e it s weaknesses ,  computationall y sleek . 

I n 198 8 Georg e Lakof f  publishe d a  ne w theor y o f  "cognitiv e phonology "  i n whic h paralle l  mle s appl y 

everywher e simultaneousl y (Lakoff ,  1988a ,  1988b) .  Cognitiv e phonolog y i s therefor e fre e o f  th e cycle s 

and rul e orderin g constraint s tha t  ma r  earlier ,  generativ e theories .  Lakof f  describe d hi s theor y a s founde d 

on connectionis t  principles ,  bu t  di d no t  specif y ho w i t  shoul d b e implemented .  Th e solutio n i s non -

obvious ,  becaus e cognitiv e phonolog y relie s o n a  multi-leve l  mappin g representatio n i n whic h insertions , 

deletions ,  an d mutation s al l  tak e plac e a t  once . 

Thi s pape r  present s th e first  workin g implementatio n o f  Lakoff' s  theory .  I t  use s a  nove l  "man y maps " 

architectur e t o manipulat e sequence s o f  phoneme s a t  multipl e levels ,  an d t o suppor t  abstraction s suc h 

as th e "vowe l  tier "  require d b y som e rules .  I  wil l  begi n b y reviewin g Lakoff' s  analysi s o f  a  Mohaw k 

proble m pose d i n (Hall e &  Clements ,  1983) ,  an d the n sho w ho w th e "man y maps "  mode l  implement s 

Lakoff' s  solution .  Finall y I  addres s th e questio n o f  wh y on e woul d wan t  t o hav e rule s i n a  connectionis t 

model .  I  wil l  argu e tha t  th e simplicit y an d highl y constraine d natur e o f  phonolog y ma y b e a  consequenc e 

of  himians '  usin g a  sequenc e manipulatio n architectur e simila r  t o th e on e describe d here . 

Six Rules for Mohawk Speakers 

Halle and Clements give six generative rules for deriving the Mohawk word /yDkrege?/. ("I will 

pus h it" )  fro m it s underiyin g for m /y e +  A k +  h re k +  ?/ .  (I t  ma y ai d understandin g t o loo k a t 

Lakoff' s  solutio n first;  se e Figur e 1. )  W e wil l  conside r  fou r  o f  thes e rule s here : 
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V 

Epenihesis :  0  -- > e / C _ ? # 

Stress :  V  -- > [+st ress ]  /  _  C o V  C o # 

Vowel  omission :  V  - - > 0 / _ +  V 

Intervocali c voicing :  C  - - > [+voice ]  /  V 

The epenthesi s rul e insert s / e /  betwee n a  consonan t  (/k /  i n thi s example )  an d a  word-fina l  glotta l  sto p 

111 .  Th e stres s rul e assign s stres s t o th e penultimat e vowe l  i n a  word .  Notic e tha t  i n th e exampl e / a / 

i s  penultimat e i n underlyin g for m bu t  antepenultimat e a t  th e surface ,  du e t o epenthesis .  Thus ,  th e stres s 

assignmen t  rul e mus t  b e applie d prio r  t o epenthesi s i n orde r  t o stres s th e correc t  vowel .  Th e intervocali c 

voicin g rul e voice s a  consonan t  i f  i t  appear s betwee n tw o vowels ;  i t  change s / e k e /  t o /ege/ .  Bu t 

th e secon d / e /  wa s inserte d b y epenthesis ;  therefor e intervocali c voicin g mus t  no t  b e applie d unti l  afte r 

epenthesis .  Th e vowe l  omissio n rul e delete s th e leftmos t  / e /  i n th e underlyin g form ,  sinc e i t  precede s 

anothe r  vowel .  Evidenc e fro m othe r  Mohaw k word s show s tha t  vowe l  omissio n applie s befor e stres s 

assigrunent .  (I f  i t  didn't ,  th e rule s coul d perhap s assig n stres s t o a  vowe l  an d the n delet e it ,  leavin g n o 

vowel  stressed. ) 

I n th e classica l  accoim t  thes e fou r  rule s ar e totall y ordered :  vowe l  omissio n precede s stres s assignment , 

whic h precede s epenthesis ,  whic h precede s intervocali c voicing .  Eac h o f  thes e rewrit e rule s modifie s th e 

"current "  derivation ,  producin g a  ne w one .  Whe n al l  th e rule s hav e applied ,  what' s lef t  i s  th e surfac e 

for m o f  th e word . 

M : y e - i - A k +  h r e k +  ' # 

P:  y 

F:  y 

/ 

D k r  e  g  e  '  # 

Figur e 1 :  Lakoff' s  cognitiv e phonolog y derivatio n o f  th e Mohaw k wor d " I  wil l  pus h it. " 

Lakoff's analysis replaces the sequential rewrite rules with mapping constraints that all apply in parallel. 

Ther e ar e thre e level s o f  representation :  M (morphemic) ,  P  (phonemic) ,  an d F  (phonetic) .  Sequence s 

at  M leve l  ar e b y defaul t  simpl y copie d t o P  level .  Bu t  M- P constraint s ca n alte r  th e mapping ,  causin g 

change s i n th e P-leve l  representation.  Intra-leve l  constraint s ma y als o affec t  th e representatio n a t  P  level . 

The combine d effec t  o f  M- P an d P-leve l  constraint s ca n b e see n i n th e middl e lin e o f  Figur e 1 :  th e first 

/ e /  ha s bee n delete d an d th e penultimat e vowe l  ha s bee n stressed .  A  secon d mappin g take s P-leve l 

representation s t o F-leve l  representation s vi a a  combinatio n o f  P- F an d F  constraints .  A t  F  leve l  w e se e 

tha t  th e epentheti c / e /  ha s bee n insene d and ,  consequently ,  th e /k /  ha s bee n voiced . 

Lakoff' s  solutio n elegantl y answer s a  numbe r  o f  phonologica l  question s which ,  unfortunately ,  w e canno t 

affor d t o rais e here .  Eleganc e aside ,  though ,  it s implementatio n i n connecuonis t  hardwar e i s problem -
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atic .  Th e majo r  problem s tha t  aris e are :  ho w t o efficientl y implemen t  insertion ,  deletion ,  an d mutatio n 

operation s whe n severa l  occu r  i n parallel ;  ho w association s betwee n correspondin g segment s a t  differen t 

level s ca n b e maintained ,  sinc e level s ma y hav e varyin g number s o f  elements ;  an d ho w rule s ca n ap -

pl y everywher e a t  onc e i n th e inpu t  buffer .  Th e "man y maps "  architectur e provide s solution s t o thes e 

problems . 

How to Build a Map 

As a prelude to discussing the full "many maps" implementation I will describe the workings of a single 

map.  Figur e 2  show s th e P-leve l  ma p i n th e contex t  o f  th e Mohaw k example .  Th e inpu t  t o thi s ma p 

comes fro m tw o buffers :  M-leve l  an d P-deri v ( P derivation) .  Th e outpu t  i s th e P-leve l  representatio n 

of  th e utterance .  Th e M-leve l  buffer ,  whic h i s read-only ,  contain s th e underlyin g for m o f  th e utterance . 

Segment s ar e shifte d int o th e buffe r  fro m th e right,  an d discarde d whe n the y reac h th e lef t  edge .  M-leve l 

segment s ar e b y defaul t  mappe d t o identica l  segment s a t  P-level .  However ,  eac h M-leve l  segmen t  ha s a 

slo t  i n P-deri v fo r  describin g change s tha t  ca n b e mad e t o i t  i f  som e rul e requests .  Thre e type s o f  change s 

ar e supported :  mutation ,  deletion ,  an d insenion .  Deletio n o f  a n M-leve l  segmen t  mean s blockin g it s 

appearanc e a t  P-level .  Mutatio n map s th e segmen t  t o a  segmen t  wit h slightl y differen t  feature s a t  P-level . 

Insertio n cause s a  ne w segmen t  t o appea r  a t  P-leve l  t o th e right  o f  th e M-leve l  segment .  (Insertio n t o 

th e lef t  coul d als o b e supported ,  bu t  wa s omitte d t o simplif y th e simulation. )  I n th e figure,  th e M-leve l 

/ e /  i s  marke d i n P-deri v fo r  deletion ,  an d th e /A /  i s t o b e mutate d b y addin g stress .  Thu s th e M-leve l 

sequenc e / y e A k /  appear s a s / yXk /  a t  P-level . 

The upper-diagona l  matri x i n th e figure  represent s a n arra y o f  connectionis t  mappin g units .  Whe n on e o f 

thes e unit s i s activ e (show n b y a  segmen t  appearin g insid e it) ,  th e segmen t  i n tha t  inpu t  colum n i s copie d 

t o th e correspondin g outpu t  row .  A t  th e sam e time ,  an y mutation s t o th e segmen t  tha t  wer e requeste d i n 

P-deri v ar e made . 

The unit s i n th e mappin g matri x ar e subjec t  t o latera l  inhibition .  A t  mos t  on e uni t  ca n b e o n i n eac h 

ro w an d eac h column .  Th e inhibitio n i s asymmetric ,  s o tha t  whe n choosin g whic h ro w a n inpu t  segmen t 

shoul d ma p to ,  th e mode l  prefer s t o fill  highe r  row s first.  I n addition ,  whe n choosin g whic h segmen t 

shoul d appea r  i n a  row ,  th e mode l  prefer s t o selec t  th e rightmost  segmen t  available .  Thi s ensure s tha t  th e 

orderin g o f  M-leve l  segment s i s preserve d a t  P-level ,  an d tha t  th e P-leve l  representatio n alway s appear s 

right-justified  i n th e buffe r  wit h n o gap s wher e M-leve l  segment s ar e deleted ,  an d n o collision s wher e 

ne w segment s ar e inserted . 

Conside r  first  th e fat e o f  th e M-leve l  /k/ .  Th e activ e squar e i n th e first  ro w o f  th e matri x show s tha t  thi s 

segment  i s mappe d t o th e rightmost  positio n i n th e P-leve l  buffer .  Sinc e thi s uni t  i s  full y  active ,  n o othe r 

uni t  ca n com e o n i n tha t  ro w o r  i n tha t  column .  Th e /A /  i s  mappe d t o th e secon d row ;  simultaneousl y i t  i s 

stressed ,  a s specifie d i n th e mutatio n par t  o f  P-deriv .  Th e / e /  i s  marke d fo r  deletio n i n P-deriv .  Deletio n 

i s accomplishe d b y inhibitin g al l  th e unit s i n tha t  colum n o f  th e matrix ,  thereb y preventin g th e segmen t 

fro m mappin g t o an y ro w o f  P  level .  Thu s th e /y/ ,  whic h i s th e fourt h M-leve l  segmen t  countin g fro m 

th e right,  appear s a s th e thir d segmen t  a t  P-level .  Th e M- P mappin g i s compute d i n paralle l  (i n fact , 

i n constan t  time) ,  independen t  o f  th e numbe r  o f  segment s i n th e buffe r  o r  th e numbe r  o f  insertion s an d 

deletion s t o b e performed . 

Not e tha t  M-leve l  segment s ar e positione d ove r  ever y othe r  mappin g column .  Th e intervenin g column s 

ar e reserve d fo r  insertions .  I f  a n insertio n i s specifie d i n P-deriv ,  th e segmen t  t o b e inserte d wil l  b e 

mapped t o th e nex t  availabl e row ,  jus t  a s a n M-leve l  segmen t  woul d be . 
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Figur e 2 :  T h e m a p tha t  derive s P-leve l  representations . 

How Rules Work 

One of the strengths of cognitive phonology is that rules may locate their environments at one level and 

thei r  action s a t  another .  Thu s th e applicatio n o f  a n M - P rul e doe s no t  affec t  th e environment s o f  othe r 

M- P rules .  I t  does ,  however ,  affec t  th e environment s o f  P  an d P- F rules . 

M - P rule s ar e implemente d b y connectionis t  unit s tha t  tak e thei r  input s fro m th e M-leve l  buffe r  an d hav e 

outpu t  connection s t o P-deriv .  Afte r  a  ne w segmen t  i s shifte d int o M-level ,  M- P rule s ma y caus e som e 

P-deri v unit s t o chang e state ,  thereb y recordin g a  chang e th e rule s wis h t o mak e i n th e mapping .  P-deri v 

unit s maintai n thei r  state s indefinitel y unles s disturbe d b y rul e units ,  thereb y servin g a s a  memor y o f 

accumulate d changes .  Eac h tim e P-deri v i s modifie d b y som e M- P rule ,  th e mappin g matri x re-derive s 

th e P-leve l  representatio n fro m th e M-leve l  an d P-deri v buffers .  Whe n th e M-leve l  buffe r  i s  shifte d 

lef t  t o accomodat e th e nex t  incomin g segment ,  th e content s o f  P-deri v ar e als o shifte d lef t  t o maintai n 

registratio n wit h th e M level . 

Pur e P-leve l  rule s ar e trickie r  t o implemen t  tha n M- P rules ,  becaus e the y tak e thei r  input s fro m th e ouqyu t 

of  th e mapper .  Fo r  example ,  suppos e a  purel y P-leve l  rul e wante d t o devoic e th e ly l  i n Figur e 2 .  Thi s 

segment  appear s a t  positio n thre e a t  P  level ,  bu t  i t  i s  i n positio n fou r  a t  M leve l  du e t o th e deletio n o f  a 

precedin g segment .  I n orde r  fo r  P-leve l  rule s t o recor d thei r  change s i n th e correc t  P-deri v segment ,  the y 

must  inver t  th e M- P mappin g t o alig n thei r  change s wit h th e M-leve l  segments .  Th e circuitr y fo r  thi s 

i s straightforward .  Th e stat e o f  th e mappin g matri x use d t o produc e th e curren t  P-leve l  representatio n 

provide s th e necessar y informatio n t o inver t  th e map . 
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Since P rules apply to their own outputs, they can feed each other, and there is even a possibility of long 

rul e chains .  Her e i s a  simpl e example .  I n thi s implementatio n o f  Lakoff' s  Mohaw k solution ,  epenihesi s 

and intervocali c voicin g ar e bot h implemente d a s F-leve l  rules .  Eve n thoug h th e rule s ar e unordered , 

th e forme r  feed s th e latter ,  s o the y wil l  hav e t o fir e sequentially .  Th e existenc e o f  rul e chain s appear s 

t o preven t  th e sor t  o f  paralle l  processin g tha t  cognitiv e phonolog y strive s for .  However ,  chunkin g ca n 

be use d t o automaticall y collaps e a  chai n o f  intra-leve l  rule s int o on e comple x rule ,  an d thu s regai n th e 

parallelism .  Thi s ha s bee n demonstrate d fo r  abstrac t  phonologica l  rule s i n (Touretzky ,  1989) . 

Rule s canno t  b e tie d t o fixed  buffe r  position s becaus e o f  feedin g relationships .  Suppos e th e intervocali c 

voicin g rul e wer e aligne d wit h th e righ t  edg e o f  th e buffer ,  i.e. ,  i t  looke d a t  th e rightmos t  thre e segments . 

W h en i t  sa w / e k e /  i t  woul d produc e /ege/ .  Bu t  i f  th e buffe r  initiall y  hold s / ek? / ,  epenthesi s wil l 

produc e / e k e ? / ,  an d s o th e first  appearanc e o f  th e / e k e /  fragmen t  wil l  no t  b e aligne d wit h th e righ t 

edg e o f  th e buffer .  I t  wil l  b e "downstream "  o f  it s  standar d position . 

To mak e rule s position-independent ,  w e hypothesiz e tha t  al l  rule s ar e independentl y motivate d an d henc e 

can b e learne d i n standar d (right-aligned )  positio n b y a  primar y rul e module .  Secondar y rul e module s 

ar e introduce d a t  successiv e position s downstream .  Thei r  inpu t  an d outpu t  connection s ar e force d b y 

lin k equalit y constraint s t o mimi c th e behavio r  o f  th e primar y module .  Al l  th e rul e module s operat e i n 

parallel ,  an d thei r  request s fo r  change s ar e combine d an d recorde d i n P-deriv .  I n thi s wa y w e achiev e 

position-independenc e withou t  havin g t o suppl y example s o f  ever y rul e firing  i n ever y position . 

The "Many Maps" Architecture 

At a minimum, cognitive phonology requires two maps: one for P-level representations and one for F-

level .  Th e F-leve l  ma p i s simila r  t o th e P-leve l  discusse d above ,  excep t  i t  take s inpu t  fro m thre e buffers : 

M-level ,  P-deriv ,  an d F-deriv .  F-leve l  representation s ar e derive d directl y fro m M-leve l  b y mergin g 

th e P-deri v an d F-deri v change s a t  th e inpu t  t o th e F  mappin g matrix .  I n th e cas e o f  conflict ,  F-deri v 

change s ar e give n priority .  Se e Figur e 3 .  Thi s approac h allow s th e model' s multipl e map s t o operat e 

independentl y instea d o f  increasin g th e latenc y wit h eac h ne w leve l  o f  representation .  (Thi s ide a i s du e 

t o Gillett e Elvgren. ) 

T wo type s o f  rule s influenc e th e content s o f  F  level .  P- F rule s hav e thei r  environment s a t  P  an d thei r 

action s a t  F ;  thei r  action s ar e recorde d i n F-deri v b y first  invertin g th e mappin g specifie d b y th e P  matri x t o 

alig n the m properl y wit h M-leve l  segments .  (Th e M-leve l  segment s an d P-deri v an d F-deri v change s ar e 

al l  kep t  i n stric t  registration. )  Sinc e F-leve l  rule s hav e thei r  environmen t  a t  F ,  thei r  action s ar e recorde d 

i n F-deri v b y invertin g th e mappin g specifie d b y th e F  matrix .  Figur e 4  show s th e relationship s betwee n 

th e variou s rul e types . 

I n Mohawk ,  th e stres s rul e i s mos t  easil y implemente d b y placin g it s environmen t  a t  ye t  anothe r  level : 

a P-leve l  vowe l  tie r  containin g onl y vowel s an d wor d boundar y markers .  Thi s allow s th e stres s rul e t o 

loo k fo r  th e patte m W # i n th e vowe l  tie r  an d stres s th e penultimat e vowel .  (Thi s solutio n wa s suggeste d 

by Deirdr e Wheeler .  Othe r  evidenc e fo r  a n independen t  vowe l  tie r  i s  cite d i n (Goldsmith ,  1989). )  Th e 

map tha t  extract s th e P  vowe l  tie r  take s input s fro m th e sam e M-leve l  an d P-deri v buffer s a s th e regula r 

P-leve l  map ,  bu t  onl y vowel s appea r  i n it s output ;  consonant s ar e lef t  unmapped .  Th e P  vowe l  tie r  ma p 

operate s completel y i n paralle l  wit h th e regula r  P-leve l  map . 

We hav e successfull y applie d th e "man y maps "  architectur e t o additiona l  example s Lakof f  chos e fro m 

Slovak ,  Gidabal ,  an d Lardil .  Othe r  language s wil l  requir e othe r  specialize d maps .  W e expect ,  though , 
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^M L«v«l V 

P-D«rl v 

F-Darl v 

PMap PVowvl 
TI«rM« p 

A T / i r  A T 

FMap 

^ L « v « r ^ (̂ ^̂ •jtr \ 

Figur e 3 :  Input s an d output s o f  th e P-level ,  F-level ,  an d P-vowel-iie r  m a p s .  Al l  m a p s operat e indepen -

dently ,  an d i n parallel . 

that these can all be built from similar hardware. Peiiiaps language learners are bom with a collection of 

suc h m a p s a t  thei r  disposal ,  whic h ar e the n traine d t o extrac t  whateve r  feature s ar e salien t  i n th e linguisti c 

environment . 

Discussion 

Phonology continues to be a rich and promising domain for connectionist investigations of language. It is 

simple r  an d les s plague d b y th e specia l  case s an d exception s tha t  complicat e synta x an d morphology ,  s o 

ther e i s a  bette r  chanc e o f  finding  a  complet e solution .  Anothe r  advantag e o f  phonolog y i s it s quasi-linea r 

structure ,  whic h facilitate s experimentatio n wit h paralle l  distribute d processin g techniques .  T h e P D P 

approac h isn' t  currentl y a s wel l  suite d t o manipulatin g hierarchica l  structure s suc h a s syntacti c trees. ' 

T h e presen t  mode l  i s  no t  withou t  limitations .  I t  deal s onl y wit h segmenta l  phonology ;  n o attemp t  i s 

m a de t o includ e morphology .  (I n contrast ,  th e Rumelhar t  an d McClellan d ver b learnin g mode l  combine s 

morphologica l  an d phonologica l  processin g i n a  singl e laye r  o f  weights. )  Also ,  currentl y th e mode l  doe s 

not  represen t  syllabl e structure .  Cenai n type s o f  phonologica l  rule s therefor e canno t  b e expressed .  Thi s 

i s a n are a wher e furthe r  wor k i s i n order . 

T h e mapp in g architectur e doe s no t  permi t  m o r e tha n on e segmen t  t o b e inserte d betwee n segment s 

adjacen t  a t  th e previou s level .  Morpholog y sometime s require s multi-segmen t  insertions ,  bu t  i t  appear s 

tha t  phonolog y doe s not .  I f  thi s observatio n hold s true ,  i t  i s  a  significan t  constrain t  o n phonologica l 

machinery .  T h e mode l  provide s a n achitectura l  explanatio n fo r  it ,  unlik e m o r e abstrac t  phonologica l 

model s whic h ignor e implementatio n issues .  Finally ,  th e mapp in g matri x doe s no t  suppor t  metathesi s 

(switchin g o f  segments )  a s a  primitiv e operation .  Considerin g th e controversia l  an d stil l  unresolve d statu s 

of  metathesi s i n linguisti c theory ,  w e ar e i n n o rus h t o ad d it . 

'However ,  Touretzk y (1986) ,  Hinto n (1988) ,  an d PoUac k (1988 )  offe r  som e hop e fo r  handlin g hierarchica l  structures . 
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• P rule s 

Stres s P rule s P Vowe l 
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P- F rule s 

F rule s 
F Leve l F-Deri v 

Figur e 4 :  Th e differen t  type s o f  cognitiv e phonolog y rule s tha t  relat e representation s a t  variou s levels . 

The "many maps" model might be improved by switching to an autosegmentaJ representation with separate 

phonemic ,  skeletal ,  an d tona l  tiers ,  a s i n (Goldsmith ,  1989) .  I n fact ,  th e origina l  inspiratio n fo r  th e 

mappin g matri x cam e fro m wonderin g ho w inter-tie r  associatio n line s i n autosegmenta J phonolog y coul d 

be represente d i n a  connectionis t  network .  A  mappin g matri x representatio n seem s panicularl y appropriat e 

fo r  inter-tie r  rules ,  suc h a s th e tone-shif t  rule s Goldsmit h describe s i n variou s Bant u languages . 

On the Reality of Rules 

Why should himian phonology be so regular and tightly consu-ained? It is amazing that this level of 

languag e ca n b e describe d b y classica l  generativ e rule s whic h affec t  onl y a  singl e segmen t  each .  Thi s 

mode o f  descriptio n i s effective ,  bu t  i t  remain s computationall y inelegant .  O n th e othe r  hand ,  a s Pinke r 

and Princ e poin t  out ,  a  connectionis t  architectur e tha t  directl y map s inpu t  sequence s t o outpu t  sequence s 

can perfom i  outlandis h transformation s neve r  see n i n huma n language ,  suc h a s reversin g al l  th e phoneme s 

of  a  word . 

Ther e appea r  t o b e mor e modes t  sort s o f  transform s tha t  ar e absen t  fro m th e huma n repertoire .  Fo r 

example ,  n o languag e methathesize s non-adjacen t  segments .  Consonant s ar e neve r  change d t o vowels . 

and vic e versa .  An d harmon y an d assimilatio n phenomen a alway s sprea d feature s fro m on e edg e o f  a 

cluste r  t o th e other ,  neve r  fro m th e interio r  outward .  T o b e successful ,  a  connectionis t  theor y o f  phonolog y 

shoul d motivat e thes e constraint s b y providin g computationa l  explanation s fo r  them . 

We ca n begi n t o accoun t  fo r  constraint s o n phonolog y b y adoptin g a  universal ,  genetically-specifie d 

sequenc e manipulatio n machin e that ,  lik e th e "man y maps "  model ,  operate s i n paralle l  bu t  ca n perfor m 

onl y a  limite d se t  o f  transformations .  Th e functio n o f  linguisti c rule s i s t o operat e thi s machin e — t o 

"pres s th e right  button s a t  th e right  times. "  A  speaker' s linguisti c knowledg e doe s no t  directl y modif y 

soun d sequence s a s i n th e Rumelhar t  an d McClellan d model ;  i t  modifie s sequence s onl y indirectly ,  b y 

controllin g thi s built-i n machinery . 
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An input representation plus a discrete set of symbol manipulation primitives defines a rule system. If such 

a syste m underlie s huma n phonology ,  the n eve n i f  speaker s d o no t  hav e symboli c rul e representation s i n 

thei r  heads ,  the y trul y d o us e rules ,  a s oppose d t o merel y sayin g thei r  behavio r  ca n b e describe d b y rules . 

Classica l  phonolog y concern s itsel f  wit h th e regularitie s o f  thi s rul e system .  Connectionis t  phonolog y 

attempt s t o groun d th e syste m i n th e desig n o f  th e sequenc e manipulatio n machine ,  fo r  i t  i s  fro m ther e 

tha t  th e rul e syste m emerges . 
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