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Abstrac t 

Over  th e las t  1 0 years ,  th e assimilatio n proces s referre d t o a s vowe l  harmon y ha s serve d a s a  tes t  cas e fo r  a 

number  o f  proposal s i n phonologica l  theory .  Curren t  autosegmenta l  approache s successfull y captur e th e intuitio n 

tha t  vowe l  harmon y i s a  dynami c proces s involvin g th e interactio n o f  a  sequenc e o f  vowels ;  still ,  n o theoretica l 

analysi s ha s offere d a  non-stipulativ e accoun t  o f  th e inconsisten t  behavio r  o f  th e so-calle d "transparent" ,  o r  dishar -

monic ,  segments . 

The curren t  pape r  propose s a  connectionis t  processin g accoun t  o f  th e vowe l  harmon y phenomenon ,  usin g dat a 

fro m Hungarian .  Th e strengt h o f  thi s accoun t  i s tha t  i t  demonstrate s tha t  th e sam e genera l  principl e o f  assimilatio n 

whic h underiie s th e behavio r  o f  th e "harmonic "  form s account s a s wel l  fo r  th e apparentl y exceptiona l  "transparent " 

cases ,  withou t  stipulation . 

I. Introduction 

Th e curren t  pape r  propose s a  connectionis t  processin g accoun t  o f  certai n aspect s o f  vowe l  harmon y i n Hun -

garian .  Th e pape r  ha s tw o interrelate d goals .  First ,  i t  offer s a n explanator y accoun t  o f  th e behavio r  o f  th e so-calle d 

transparen t  vowel s i n tha t  language .  Second ,  thi s accoun t  relie s cruciall y o n a  connectionis t  theor y o f  sequentia l 

processes :  thu s t o th e exten t  i t  succeed s i t  demonstrate s th e utilit y  o f  connectionis t  model s a s a n explanator y too l  i n 

th e stud y o f  linguisti c phenomena . 

Th e pape r  i s organize d i n th e followin g manner :  I  first  revie w som e fact s abou t  th e vowe l  harmon y proces s i n 

Hungaria n whic h presen t  difficultie s t o analysis .  Second ,  I  introduc e th e mode l  o f  sequentia l  processe s develope d b y 

Jorda n (1986) .  Th e cor e o f  th e pape r  the n involve s a  serie s o f  parametri c studies ,  whos e ai m i s t o detemiin e th e 
condition s o n assimilatio n i n a  networ k o f  thi s type .  Havin g establishe d wha t  factor s constrai n assimilatio n i n th e 

sequentia l  network ,  I  retur n t o th e Hungaria n data ,  an d sho w tha t  th e interactio n o f  thes e sam e factor s predict s th e 

correc t  patter n o f  behavio r  fo r  bot h harmoni c an d transparen t  vowel s i n tha t  language . 

II. The data 

Th e Hungaria n vowe l  syste m i s a s show n below .  Thi s i s a  seve n vowe l  system ,  an d eac h vowe l  ha s a  lon g 

counterpar t  whic h i s phonemic .  Notic e tha t  ther e i s a  roun d -  nonroun d distinctio n amon g th e non-lo w vowels ,  an d 

tha t  whil e /e: /  i s a  mi d vowel ,  /e /  i s analyze d a s bein g low . 

front : 

unrounded :  rounded : 

i  i :  ij :  ii : 

e:  oo c 

e 

bac k 

u u : 
o o : 

a 

Hungaria n exhibit s front-bac k harmony :  i n genera l  root s contai n onl y fron t  o r  onl y bac k vowels ,  an d suffi x 

vowel s alternat e t o agre e i n backnes s wit h thos e o f  th e root .  Th e followin g dat a exemplif y th e harmon y 

phenomenon .  Thes e ar e example s o f  consisten t  front -  an d back-vowe l  roots ,  followe d b y th e dativ e suffix .  Not e 

tha t  afte r  a  fron t  root ,  th e suffi x take s th e for m ne k whil e afte r  a  bac k roo t  th e sam e suffi x i s realize d a s na k (dat a 

fro m Vag o 1979) . 

(1) Front roots: 

ike r  'twin '  iker-ne k 'twin-DAT ' 

tiko r  'mirror '  tikor-ne k 'mirror-DAT * 
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(2 )  BackrooJs : 

varo s 'city * 

kap u 'gate ' 

varos-na k 

kapu-na k 
'city-DAT ' 

'gate-DAT ' 

Ther e ar e a  numbe r  o f  exception s t o th e paile m o f  consisten t  harmon y withi n roots .  Th e mos t  importan t 

excq}tio n involve s th e clas s o f  non-lo w fron t  unrounde d vowel s {fit ,  /i:/ ,  /e:/ ,  an d o n som e account s /e/) .  A s th e fol -

lowin g example s demonstrate ,  thes e ca n als o appea r  i n th e sam e roo t  a s a  bac k vowel .  I n thes e case s th e bac k 

vowel  o f  th e root ,  regardles s o f  it s  position ,  determine s th e backnes s qualit y o f  th e suffi x vowel . 

(3 ) 

(4 ) 

bik a *buU *  bika-na k ' buU-DA T 

izo m 'tendon '  izom-na k 'tendon-DAT ' 

kosc i  'carriage '  kosci-na k 'carriage-DAT ' 

tax i  taxi-na k 'taxi-DAT ' 

Note ,  however ,  tha t  i n certai n environment s th e fron t  vowel s d o determin e th e backnes s valu e o f  th e suffix . 

Thi s i s th e cas e i f  th e roo t  contain s onl y firont  vowels ,  a s i n (1) ,  o r  i f  th e roo t  end s i n a  sequenc e o f  suc h vowels ,  a s 

i n th e (borrowed )  form s show n belo w (dat a fro m Kontr a an d Ringe n 1987) . 

(5 ) 

aspiri n aspirin-ne k 

*  aspirin-na k 

bronkiti s 
*  bronkitis-na k 

The problem ,  then ,  i s tha t  a n identica l  vowe l  m a y behav e harmonicall y i n on e environment ,  whil e violatin g 

harmon y i n another .  Thi s complicatio n ha s ofte n bee n deal t  wit h i n th e literatur e b y positin g a  numbe r  o f  differen t 

source s fo r  th e segmen t  i n question ,  an d allowin g th e harmonic-nonharmoni c distinctio n t o follo w fro m thi s (Cle -

ment s 1986 ,  va n de r  Huls t  1985 ,  Ringe n 1989 ,  amon g others) .  O n e drawbac k t o suc h a n approac h i s tha t  ther e i s n o 

reaso n t o establis h thes e difference s i n derivationa l  sourc e excep t  t o distinguis h betwee n harmoni c an d non -

harmoni c behavio r  ther e i s n o othe r  behavio r  i n th e phonolog y o f  th e languag e tha t  motivate s it .  A  preferabl e 

accoun t  woul d b e on e i n whic h thes e difference s i n behavio r  follo w fro m genera l  condition s o n th e model .  I n wha t 

follow s I  wil l  us e a  connectionis t  mode l  o f  assimilatio n t o sugges t  on e suc h account . 

m. Sequential processing in the connectionist framework 

The accoun t  tha t  i s  bein g develope d her e relie s o n th e theor y o f  sequentia l  processe s develope d b y Michae l 
Jordan .  Jorda n (1986 )  describe s a n interestin g serie s o f  model s o f  coarticulatio n effects ,  usin g a  recurren t  connec -

tionis t  networ k whic h learn s t o produc e a n ordere d sequenc e o f  outpu t  pattern s i n respons e t o a  give n input .  Th e 

networ k i s illustrate d i n Diagra m I . 

(6) Diagram I 

o 

o 

o 

o 

o 

r 
o 

t 

o 

o 

o 
X 

o 

o o 

o o  o 
PLAN 

Q < 3 < 3 9 < ? 
STATi ; 

(Jorda n 1986 ) 
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Thes e model s involv e a t  leas t  thre e layer s o f  processin g units :  input ,  interna l  (o r  hidden) ,  an d outpu t  Activa -

tio n passe s fro m th e inpu t  t o th e outpu t  alon g weighte d connections .  Inpu t  t o th e mode l  consist s o f  tw o parts .  Th e 

first,  labele d th e plan ,  i s  a n arbitrar y vecto r  tha t  trigger s th e productio n o f  a  give n sequence .  I n addition ,  th e stat e o f 

th e syste m (tha t  is ,  th e curren t  output )  i s  fe d bac k ove r  fixed  connection s an d constitute s par t  o f  th e inpu t  a t  th e nex t 

cycle .  Thi s serve s a s a  tempora l  contex t  an d aid s th e syste m i n learnin g wha t  par t  o f  th e sequenc e i s th e nex t  t o b e 

produced .  Learnin g i s accomplishe d throug h th e bac k propagatio n o f  erro r  algorithm .  Afte r  eac h inpu t  i s presented , 

th e outpu t  tha t  result s i s compare d t o th e desire d output ,  an d th e discrepanc y betwee n th e tw o i s computed .  Thi s 

discrepanc y i s th e erro r  o n tha t  pattern .  Th e weight s o n th e connection s ar e modifie d slightl y t o minimiz e thi s error . 

Thi s proces s i s repeate d unti l  som e criterio n o f  acceptabilit y  i s  reached . 

I n th e simulation s t o b e discusse d here ,  a s i n Jordan' s coarticulatio n model ,  outpu t  a t  an y give n tim e consist s 

of  a  singl e phonem e represente d b y a  vecto r  correspondin g t o a  distinctiv e featur e description .  A  wor d o r  othe r 

longe r  sequenc e i s represente d ove r  tim e a s a  strin g o f  phoneme s o n successiv e outpu t  cycles .  O n e interestin g pro -

pert y o f  thi s networ k i s tha t  particula r  feature s o f  a  phonem e ca n b e lef t  unspecifie d fo r  an y value .  Thi s i s accom -

plishe d b y havin g n o erro r  signa l  propagate d bac k fro m tha t  unit .  Instea d o f  learnin g t o matc h a  particula r  teacher , 

th e uni t  pick s u p it s specificatio n fro m som e othe r  patter n i n th e sequence . 

I n wha t  follow s I  wil l  us e th e ter m assimilatio n t o refe r  t o th e tendenc y o f  a n unspecifie d outpu t  uni t 

(hereafte r  a  don' t  car e unit )  t o tak e o n a  valu e influence d b y on e o f  it s  neighbor s i n time .  Jorda n show s tha t  output s 

ten d t o follo w a s smoot h a  trajector y a s possible :  thu s a  don' t  car e uni t  migh t  b e expecte d t o assimilat e mos t 

strongl y t o it s immediat e tempora l  predecessor .  I n certai n cases ,  however ,  th e don' t  car e uni t  ignore s it s immediat e 

predecessor ,  an d take s o n a  valu e clos e t o tha t  o f  a n earlie r  patter n i n th e sequence .  Th e question ,  then ,  i s t o deter -

min e wha t  factor s influenc e th e choic e o f  assimilator y trigger .  Not e tha t  thi s exactl y th e proble m i n th e Hungaria n 

data ,  a s well . 

2 
IV .  Condition s o n assimilatio n i n th e sequentia l  networ k 

The following set of simulations were designed to test the hypothesis that the similarity between vowels (in a 
sens e whic h wil l  b e mad e precis e below )  i s a  crucia l  facto r  i n determinin g th e choic e o f  assimilator y trigger . 

Stimul i  wer e outpu t  sequence s a s i n th e exampl e below . 

(7) 
1 0 1 0 0 0 1 0 
2 10 1 1  10 1 
3 * 1 0 0 0 1 0 

Each output was a seven-bit distributed pattern, and for each plan the network learned to produce a three-

patter n sequenc e whos e member s wil l  b e referre d t o a s 1 ,  2 ,  an d 3 .  I n eac h sequenc e th e first  tw o pattern s ( 1 an d 2 ) 

ar e specifie d fo r  al l  seve n units ,  whil e th e thir d (3 )  ha s on e don' t  car e unit ,  i n initia l  positio n i n th e string .  (Th e 

don' t  car e uni t  i s  indicate d b y th e asterisk. )  1  an d 2  hav e opposin g value s o n thi s first  unit . 

Set s o f  pauem s wer e devise d i n whic h th e final  tw o line s ( 2 &  3 )  wer e hel d constan t  wit h certai n numbe r  o f 

unit s i n c o m m o n .  Thi s measur e o f  'unit s i n c o m m o n '  i s  referre d t o a s th e 'hammin g distance '  betwee n 2  an d 3 ,  an d 

i s a  measur e o f  vecto r  similarity .  Th e first  lin e i n th e sequenc e (lin e 1 )  wa s varie d i n similarit y t o th e othe r  tw o b y 

manipulatin g th e hammin g distanc e betwee n the m Thi s wa s don e i n th e followin g way .  Th e patter n give n i n (7 ) 

was th e first  3-lin e sequenc e i n on e suc h set .  Her e 2  &  3  hav e opposin g value s o n th e las t  si x bits ,  whil e 1  an d 3  ar e 

identical .  I n th e secon d sequenc e o f  thi s se t  (exampl e 8 )  2  an d 3  remai n unchange d whil e 1  i s varie d t o diffe r  fro m 

3 o n on e unit .  I n th e thir d sequence ,  (give n i n 9 )  1  an d 3  diffe r  o n tw o units . 

(8) 
1 O O O O O IO 

2 10 1 110 1 
3 *10001 0 
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(9 ) 
1 0 0 1 0 0 1 0 
2 101110 1 
3 * 1 0 0 0 1 0 

This process was repeated, steadily decreasing the similarity between 1 and 3 until the set consisted of seven 

3-lin e sequences .  Not e tha t  b y similarit y I  a m speakin g o f  hammin g distance ,  a  measur e o f  overal l  vecto r  similar -

ity ,  an d no t  simpl y th e presenc e o f  simila r  value s o n an y singl e uni L 

a. Training 

These sequences served as leaching output to the network described above. This network was trained on each 

sequenc e fo r  200 0 iterations ,  wher e a n iteratio n i s on e presentatio n o f  on e pattern .  I n learnin g t o produc e th e 

sequences ,  th e networ k als o assign s a  valu e t o th e don' t  car e uni t  Thi s uni t  i s  expecte d t o simpl y maintai n th e valu e 

of  th e previou s pattern ;  th e goa l  o f  thes e simulation s i s t o determin e unde r  wha t  condition s th e don' t  car e uni t 

revert s t o th e valu e o f  th e first  patter n instead .  Afte r  200 0 iterations ,  th e trainin g wa s stoppe d an d th e actua l  outpu t 

was examine d t o determin e th e valu e tah t  th e don' t  car e uni t  ha d take n on . 

b. Results 

Results from the first set of simulations show that the don't care unit in 3 consistently assimilates to the 

correspondin g uni t  i n 1  whe n thes e tw o pattern s ar e mos t  similar .  Thu s althoug h th e defaul t  cas e i n th e Jorda n net -

wor k i s fo r  a  don' t  car e uni t  t o maintai n th e valu e o f  th e immediatel y previou s output ,  thi s uni t  doe s no t  exclusivel y 
influenc e th e result .  I f  th e patter n tw o tim e step s bac k i s strongl y simila r  t o th e target ,  th e don' t  car e uni t  wil l  tak e a 

valu e neare r  th e correspondin g uni t  i n tha t  patter n instead . 

Thes e result s ar e give n i n Grap h I ,  whic h shoul d b e rea d a s follows .  Distanc e alon g th e x-axi s measur e th e 

similarit y betwee n pattern s 1  an d 3  -  tha t  is ,  betwee n th e first  an d thir d lin e o f  eac h sequence .  T h e y-axi s give s th e 

activatio n leve l  take n o n b y th e don' t  car e uni t  afte r  200 0 iteration s o f  learning .  T h e boldfac e ba r  give s th e averag e 

activatio n ove r  a  numbe r  o f  trials ,  whil e th e lin e throug h eac h ba r  mark s th e limit s o f  th e variability .  A s th e grap h 

shows ,  a s pattern s 1  an d 3  becom e mor e alike ,  ther e i s a  correspondin g increas e i n th e influenc e o f  1  a s assimilator y 
trigger . 

Thes e result s ar e typica l  o f  a  patter n whic h emerge d ove r  a  numbe r  o f  patter n sets .  T h e secon d grap h give s 

th e result s fro m a  secon d se t  o f  sequences ,  i n whic h th e secon d patter n wa s hel d constan t  a t  a  hammin g distanc e o f  5 

unit s from  th e target ,  whil e th e first  patter n wa s varie d a s before .  Th e onl y differenc e betwee n th e simulation s 

reporte d abov e an d thi s se t  i s  tha t  2 ,  th e secon d patter n i n th e sequence ,  i s her e slightl y mor e simila r  t o 3 ,  th e targe t 

I n thi s set ,  th e sam e patter n o f  result s emerges . 

Notic e als o tha t  th e secon d grap h begin s wit h a n additiona l  column ,  wher e al l  value s ar e clustere d nea r  0 , 
indicatin g lo w assimilatio n t o 1  an d hig h assimilatio n t o 2 .  Thi s i s th e outpu t  fro m wha t  wil l  b e referre d t o a t  th e 

identit y condition ,  wher e 1  an d 2  ar e no t  onl y equa l  i n hammin g distanc e fro m 3 ,  bu t  ar e identical .  Thi s resul t 

shows tha t  whe n th e tw o potentia l  trigge r  pattern s ar e identica l  o r  nearl y so ,  th e targe t  patter n assimilate s t o th e 

secon d o f  th e tw o i n al l  cases .  Thi s i n no t  surprising ,  give n th e model .  A  basi c propert y o f  thes e network s i s that , 

simila r  input s produc e simila r  outputs .  Sinc e her e tempora l  contex t  i s  treate d a s par t  o f  th e input ,  pattern s learne d 

i n ver y simila r  tempora l  context s ar e expecte d t o exhibi t  ver y simila r  behavior . 

Thes e simulation s wer e repeate d unde r  a  numbe r  o f  conditions ,  wit h th e h a m m i n g distanc e betwee n 2  an d 3 

progressivel y decreased .  Th e sam e patter n o f  result s continue d t o appear ,  aldioug h i n a n increasingl y attenuate d 

form .  Consistently ,  th e influenc e o f  th e first  patter n o f  th e sequenc e i s stronges t  w h e n i t  i s  mos t  simila r  t o th e target . 

V. Analysis of Hungarian vowel harmony 

Thi s patter n o f  result s show s tha t  i n a  processo r  o f  thi s sor t  th e similarit y structur e o f  outpu t  string s acros s 

tim e influence s assimilator y behavior .  Returnin g t o th e Hungaria n data ,  le t  u s conside r  h o w th e fact s o f  th e tran -

sparen t  vowel s o f  tha t  languag e agre e wit h th e behavio r  o f  th e sequentia l  network . 
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Her e I  modele d ih e behavio r  o f  a  serie s o f  Hungaria n word s i n th e sam e assimilatio n task .  I n thi s cas e th e 

outpu t  sequence s wer e no t  arbitrar y bi t  string s chose n onl y fo r  thei r  similarit y structure ,  bu t  vector s correspondin g 

t o distinctiv e featur e representation s o f  phonemes .  Th e feature s use d t o represen t  th e vowel s wer e back ,  high ,  low , 
and round . 

(10 )  Vowe l  Code : 

i 
e: 
e 
i j 

010 0 
000 0 
001 0 
010 1 

5 
u 
0 
a 

000 1 
110 1 
100 1 
101 0 

Words bein g modele d wer e represented  onl y b y thei r  vowels .  Eac h sequenc e consiste d o f  vector s represent -

in g tw o o r  mor e roo t  vowel s speciGe d fo r  al l  features ,  an d a  thir d whic h represente d th e vowe l  o f  th e dativ e suffix . 

Thi s wa s give n a s a  lo w unrounde d vowe l  unspecifie d fo r  [back] .  A s before ,  lac k o f  specificatio n equate d t o a  don' t 

car e conditio n o n th e relevan t  unit . 

(11 )  iker-ne k 

I 
e 

e 

010 0 
001 0 
*01 0 

Each paue m wa s learne d separately ,  a s before ,  fo r  200 0 iterations .  A t  thi s poin t  th e underspecifie d vowe l  ha d take n 

on a  valu e fo r  [back ]  influence d eithe r  b y it s immediat e predecessor ,  o r  b y a n earlie r  member  o f  th e sequence . 

T o summariz e th e result s o f  th e earlie r  simulations ,  a  don' t  car e uni t  wil l  generall y maintai n th e valu e o n th e 

correspondin g uni t  i n th e previou s output .  However ,  i f  th e immediat e predecesso r  i s ver y dissimila r  t o th e target ,  i t 

i s  les s likel y t o trigge r  assimilation .  I f  th e antepenultimat e member  o f  th e sequenc e show s a  stron g similarit y t o th e 

targe t  i t  instea d wil l  b e chose n a s th e trigger ,  an d th e penultimat e member  wil l  b e ignored .  Furthermore ,  th e similar -

it y betwee n th e tw o potentia l  trigger s play s a  role .  I f  thes e tw o ar e identical ,  o r  markedl y similar ,  th e targe t  wil l 

assimilat e t o th e secon d o f  th e tw o i n al l  cases .  Th e curren t  simulation s loo k a t  ho w thes e result s explai n th e rea l 

languag e data . 

I n th e dat a presente d below ,  th e expecte d (o r  teacher )  outpu t  i s give n first,  followe d b y th e actua l  outpu t  o f 

th e networ k afte r  200 0 iteration s o f  training .  Th e unspecifie d uni t  i n th e teache r  i s represente d wit h a n asteris k (*) , 

and th e correspondin g outpu t  i s  give n i n boldface . 

For  th e harmoni c roots ,  bot h potentia l  trigger s hav e th e sam e valu e fo r  [back] .  Thi s valu e i s straightforwardl y 

maintaine d ont o th e don' t  car e uni t  a s a  resul t  o f  th e smoothnes s constraint . 

(12 )  iker-ne k 

(13 )  kap u -  na k 

i 
e 
e 

a 
u 
a 

0 1 0 0 
0 0 1 0 
*01 0 

101 0 
1 10 1 
*01 0 

0.05 3 0.82 4 
0.03 6 0.14 9 
0.03 0 0.09 3 

0.95 1 0.09 9 
0.96 2 0.81 7 
0.94 7 0.12 0 

0.17 3 

0.85 3 

0.91 0 

0.91 1 

0.17 1 

0.88 6 

0.05 9 
0.03 2 

0.02 3 

0.08 6 

0.83 3 

0.11 1 

I n th e mixe d roots ,  th e example s al l  contai n a  hig h fron t  vowe l  i n on e syllabl e an d a  bac k vowe l  elsewhere . 

I n thes e examples ,  th e vector s representin g bot h th e suffi x vowe l  an d th e bac k roo t  vowe l  diffe r  significantl y fro m 

th e roo t  vowe l  i .  Thu s i t  i s  expecte d tha t  eve n whe n i  immediatel y precede s th e underspecifie d vowel ,  i t  wil l  exer t 

littl e assimilator y influence .  I n addition ,  th e first  patter n i n th e strin g i s  stron g simila r  t o th e target ,  an d s o i s 

expecte d t o hav e a  stron g influence .  Thi s i s i n fac t  th e case ,  bot h i n th e simulatio n an d i n th e rea l  languag e data . 
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(14 )  tax i  -  na k 

(15 )  bik a -  na k 

However ,  th e s 

a 
i 
a 

i 
a 
a 

litiiatio n c 

101 0 
010 0 
*01 0 

010 0 
101 0 
*01 0 

hange s whe n t h 

0.81 1 0.10 6 

0.23 1 0.78 1 

0.70 0 0.20 0 

0.13 4 0.87 7 

0.84 5 0.11 0 

0.87 0 0.07 1 

l e roo t  contain s a  sequ c 

0.87 8 

0.24 0 

0.78 5 

0.13 0 

0.88 3 

0.93 0 

jnc e o f  non- I 

0.03 2 

0.03 5 

0.02 9 

0.05 0 

0.02 5 

0.02 9 

o w fron t 
th e targe t  i s  precede d b y a  sequenc e o f  identica l  vectors .  Her e th e identit y o f  tempora l  contex t  i s th e stronges t  fac -

tor ,  an d th e don' t  car e uni t  i s  expecte d t o assum e th e valu e o f  it s  immediat e predecessor .  Again ,  thi s behavio r  paral -

lel s th e Hungaria n facts . 

(16 )  aspiri n -  ne k 

VI .  Conclusio n 

a 
i 
i 
e 

101 0 
010 0 
010 0 
*01 0 

0.75 8 0.25 2 
0.13 8 0.79 4 

0.17 5 0.67 1 

0.17 4 0.63 3 

0.75 0 

0.19 8 

0.33 0 
0.37 2 

0.06 0 

0.01 4 

0.02 6 

0.03 2 

T o summarize ,  althoug h th e expecte d patter n i n Hungaria n i s tha t  al l  vowel s o f  a  wor d wil l  agre e i n backness , 

certai n fron t  vowel s i n som e environment s respec t  thi s pattern ,  an d i n othe r  environment s d o not .  Thi s mor e com -
ple x behavio r  i s a  functio n o f  bot h segmenta l  identit y an d tempora l  context .  Her e I  hav e suggeste d a  processin g 

treaunen t  o f  th e Hungaria n fact s whic h predict s harmoni c behavio r  fo r  thes e vowel s o n th e basi s o f  th e overal l  simi -

larit y relationship s a m o n g th e vowel s o f  th e word . 

A numbe r  o f  factor s argu e i n favo r  o f  suc h a n analysis .  First ,  i f  offer s a  simple r  an d mor e explanator y 

accoun t  o f  Hungaria n data .  Th e vowel s whic h exhibi t  transparen t  behavior ,  an d th e environment s i n whic h thi s 

behavio r  wil l  change ,  mus t  b e stipulate d arbitraril y  unde r  traditiona l  accounts ,  whil e bot h follo w automaticall y fro m 

th e accoun t  propose d here .  Second ,  thi s accoun t  make s stron g claim s abou t  th e existenc e o f  possibl e harmon y pat -

terns .  A s wa s demonstrate d above ,  i t  i s a  genera l  propert y o f  th e sequentia l  networ k tha t  th e assimilatio n proces s i s 

sensitiv e t o similarit y i n th e tempora l  context .  Thi s predict s substantiv e constraint s o n wha t  pattern s o f  harmon y 

may o r  m a y no t  exis t  Whethe r  thes e prediction s ca n b e maintaine d a s a  genera l  principl e require s furthe r  research , 

but  availabl e dat a sugges t  the m t o b e correct . 

Finally ,  althoug h thi s account s suggest s tha t  modification s o f  th e autosegmenta l  treatmen t  o f  harmon y ar e 
necessary ,  i t  i s  heavil y influence d b y th e autosegmenta l  notio n o f  assimilatio n a s th e sprea d o f  a  valu e fo r  a  particu -

la r  phoneti c feature .  A s th e simulation s demonstrate ,  a  properl y constraine d treatmen t  o f  tempora l  sprea d correctl y 
predict s thos e harmoni c pattern s whic h exis t  i n Hungarian ,  whil e failin g t o produc e non-atteste d patterns .  Thi s 

resul t  argue s strongl y i n favo r  o f  th e us e o f  processin g model s a s source s o f  constrain t  an d explanatio n whic h ca n 

potentiall y  enric h linguisti c theory . 

Notes 

I am grateful to Jeff Elman, Rob Kluender, Steve Poteet, Robert Port, George Lakoff, Sanford Schane, Gary 

Cottrell ,  A n n T h y m e ,  Errape l  Mejias-Bikand i  an d Kathlee n Care y fo r  usefu l  comment s an d discussion . 

2 
Result s reporte d her e ar e fro m a  recurren t  networ k wit h tw o inpu t  (plan )  units ,  seve n outpu t  an d consequentl y 

seve n stat e units ,  an d si x hidde n units .  Th e learnin g rat e i n simulation s wa s 0.1 ;  m u (th e multiplie r  o n th e recurren t 
connection s fro m eac h stat e uni t  t o itsel O wa s 0.6 ,  an d m o m e n t u m wa s se t  t o 0 . 

369 



Bibliograph y 

Archangcli, Diane. 1984. Underspecification in Yawelmani Phonology and Morphology. MIT PhD disserta-
tion . 

Aichangeli, Diane and Douglas PuUyblank. 1986. The Content and Stnictuie of Phonological Representations. 

ms. 

Qements, George N. 1976. Vowel harmony in non-linear generative phonology. lULC. 

Goldsmith, John. 1976. Autosegmental Phonology. PhD dissertation, MIT. Published 1979, New York: Gar-

lan d Pmess . 

Goldsmith, John. 1985. Vowel harmony in Khalkha Mongolian, Yaka, Finnish, and Hungarian. Phonology 

Yearboo k 2 .  251-275 . 

Goldsmith, John. 1989. Autosegmental and Metrical Phonology. Basil Blackwell. 

Hulst, H. van der. 1985. Vowel harmony in Hungarian: A comparison of segmental and autosegmental ana-

lyses .  I n vande r  Huls t  an d Smit h 1985 . 

Hulst, H. van der and Norval Smith (eds) 1985. Advances in nonlinear phonology. Dordrecht: Foris. 

Jensen, J.T. 1978. A reply to "Theoretical implications of Hungarian vowel harmony". Linguistic Inquiry 9, 

89-97 . 

Jordan, Michael. 1986. Serial Order: a Parallel Distributed Processing Approach. Institute for Cognitive Sci-

enc e Repor t  #8604 .  U C Sa n Diego . 

Kontra, M. and Catherine Ringen. 1987. Stress and harmony in Hungarian loanwords, in Redei 1987. 

McClelland, James L.. Daved E. Rumelhart, and the PDP Research Group. 1986. Parallel Distributed Process-

ing :  Exploration s i n th e Microstnictur e o f  Cognition .  Volum e 2 :  Psychologica l  an d Biologica l  Models .  Cambridge , 

Mass. :  M I T Press/Bradfor d Books . 

PuUyblank, Douglas. 1988. Underspecification, the feature hierarchy, and Tiv vowels. Phonology S.2. 

Redei, K. (ed) 1987. Studien sur Phonologic und Morphonologie der uralischen Sprachen. Studia Uralica, 

Wein :  Verbun d de r  wissenschaftJiche n Gesellschafte n Osierreichs .  81-96 . 

Ringen, Catherine. 1988. Transparency in Hungarian Vowel Harmony. Phonology Yearbook 5.2. 

Rumelhart, David E., James L. McClelland, and the PDP Research Group. 1986. Parallel Distributed Process-

ing :  Exploration s i n th e Microstnictur e o f  Cognition .  Volum e 1 :  Foundations .  Cambridge ,  Mass. :  M I T 

Press/Bradfor d Bodes . 

Vago, Robert M. 1976. Theoretical implications of Hungarian vowel harmony. Linguistic Inquiry 7,243-263. 

370 



Grap h I 

HIGH ASSIMILATIO N 

Z 
o 
H 
<; 

!3 

O 

o 

Q 

LOW ASSIMILATIO N 

LOW SIMrLARIT Y HIGH SIMILARIT Y 

SIMILARIT Y O F P A T T E R NS 1  &  3 

(Hammin g distance ) 

Graph I I 

HIGH ASSIMILATIO N 

LOW ASSIMILATIO N 

LOW SIMILARIT Y HIGH SIMILARIT Y 

S IMILARIT Y O F P A T T E R NS 1  &  3 

(Hammin g distance ) 

371 


	cogsci_1990_364-371



