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H a r m o n i c G r a m m a r  -  A  fo rma l  multi-leve l  connectionis t  theor y o f 

linguisti c wel l- formedness :  A n applicatio n 

Geraldine Legendre''^ Yoshiro Miyata'-'"*, Paul Smolensky'-^'" 

^Institute of Cognitive Science, ^Department of Linguistics, ^Department of Computer Science, 

&.  ̂ Optoelectroni c Computin g System s Center ,  Universit y o f  Colorado  a t  Boulde r 

Abstrac t 

We describe harmonic grammar, a connectionist-based approach to formal theories of linguistic well-formedness. 

The genera l  approac h ca n b e applie d t o variou s kind s o f  linguisti c well-formedness ,  e.g. ,  phonologica l  an d 

syntactic .  Here ,  w e addres s a  syntacti c problem :  unaccusativity .  Harmoni c gramma r  i s a  two-lcvc l  theory , 

involvin g a  distributed ,  lowe r  leve l  connectionis t  networ k whos e relevan t  aggregat e computationa l  behavio r  i s 

describe d b y a  local ,  highe r  leve l  network .  Th e centra l  hypothesi s i s tha t  th e connectionis t  well-formednes s 

measur e calle d "harmony" ^  ca n b e use d t o mode l  linguisti c well-formedness ;  wha t  i s crucia l  abou t  th e relatio n 

betwee n th e lowe r  an d highe r  leve l  network s i s tha t  ther e i s a  harmony-preservin g mappin g betwee n them :  the y ar e 

isoharmoni c (a t  leas t  approximately) .  A  companio n pape r  (Legendre ,  Miyata ,  &  Smolensky ,  1990 ;  hencefort h 

"LMS2" )  describe s th e theoretica l  basi s fo r  th e tw o leve l  approach ,  startin g fro m genera l  connectionis t  principles . 

I n thi s paper ,  w e discus s th e proble m o f  unaccusativity ,  giv e a  hig h leve l  characterizatio n o f  harmoni c syntax ,  an d 

presen t  a  highe r  leve l  networ k t o accoun t  fo r  unaccusativit y dat a i n French .  W e interpre t  thi s networ k a s a  fragmen t 

of  th e gramma r  an d lexico n o f  Frenc h expresse d i n "sof t  rules. "  O f  th e 76 0 sentenc e type s represente d i n ou r  data , 

th e networ k correctl y predict s th e acceptabilit y  i n al l  bu t  tw o cases .  Thi s coverag e o f  real ,  problemati c syntacti c 

dat a greatl y exceed s tha t  o f  an y othe r  forma l  accoun t  o f  unaccusativit y o f  whic h w e ar e aware . 

The Linguistic Problem: Unaccusativity 

Since the goal of this work is to develop a genuine refinement of current symbolic linguistic accounts, we 

begi n b y devotin g a  fe w page s t o a  discussio n o f  a  linguisti c proble m an d curren t  symboli c approache s t o it .  Verb s 

hav e traditionall y bee n characterize d a s eithe r  transitiv e o r  intransitive .  Followin g a  Relationa l  Grammar  proposa l 

put  forwar d b y Perlmutte r  (1978 )  an d adopte d sinc e b y othe r  gramma r  frameworks ,  e.g. ,  Burzi o (1986 )  i n 
Government-Bindin g theory ,  forma l  syntactician s toda y generall y agre e tha t  i t  i s  necessar y t o furthe r  divid e 

intransitiv e verb s int o tw o types ,  unergative s an d unaccusalives ,  eac h associate d wit h a  differen t  syntacti c 

configuration .  I n Government-Bindin g theory ,  fo r  example ,  th e thre e classe s o f  verb s diffe r  wit h respec t  t o thei r 

d(eep)-structure ,  a s illustrate d i n (1) . 

(1 )  a .  Transitiv e Verb :  [ 5 N P [yp V N P ]  ] 

b.  Unergativ e Intransitiv e Verb :  [ s N P [v p ̂  ]  ] 

c.  Unaccusativ e Intransitiv e Verb :  [ 5 [y p V  N P ]  ] 

Whil e transitiv e verb s tak e tw o N P arguments ,  a  subjec t  an d a  direc t  object ,  unergativ e an d unaccusativ e lak e onl y 

one :  a  dee p subjec t  (VP-externa l  argument )  i n th e cas e o f  unergatives ,  a  dee p direc t  objec t  (VP-interna l  argument ) 

i n th e cas e o f  unaccusativ e verbs . 

The unaccusative/unergativ e distinctio n i s motivate d b y th e cross-linguisti c fac t  tha t  i n certai n syntacti c 

context s i n whic h a  ver b ma y b e embedded ,  on e clas s o f  intransitiv e verb s ar e acceptabl e whil e th e remainin g ar e 

not .  Thes e syntacti c environment s ar e calle d diagnosti c context s fo r  unaccusativity ;  we'l l  cal l  the m "diagnosti c 

contexts "  o r  simpl y "contexts. "  A n exampl e fro m French ,  Objec t  Raising ,  i s  illustrate d i n (2) . 

(2 )  a .  L a verit e es t  facil e a  fair e rf/rt  au x enfants .  c .  L a glac e es t  facil e a  faire/o«(/re . 

Th e trut h i s eas y t o mak e childre n tell .  Ic e i s eas y t o mak e melt . 

b.  'Le s enfantsson t  facile s a  fair e J/> « l a v̂ rit̂ .  d .  *Le s  ̂ tudiant s son t  facile s a  fairc/rava///er . 

Th e childre n ar e eas y t o mak e tel l  th e truth .  Th e student s ar e eas y t o mak e work . 

Each diagnosti c contex t  ca n b e viewe d a s a  sentenc e fram e wit h tw o slots ,  typographicall y identifie d i n (2) :  a n 

argumen t  slo t  fo r  a n NP ,  whic h i s a n argumen t  o f  th e ver b filling  th e predicat e slot .  Frenc h (bu t  no t  English ) 

Objec t  Raisin g exemplifie s th e followin g characteristi c propert y o f  diagnosti c contexts :  whe n a  transitiv e ver b i s 

inserte d i n th e predicat e slot ,  th e acceptabilit y  o f  th e sentenc e depend s o n whethe r  th e argumen t  slo t  i s  filled  b y th e 

deep subjec t  o r  th e dee p direc t  objec t  o f  th e verb .  I n (2a) ,  a n acceptabl e sentenc e result s whe n th e dee p direc t 

objec t  o f  dir e "tell "  — l a verit y "truth "  — appear s i n th e argumen t  slot ,  bu t  i n (2b )  a n unacceptabl e sentenc e 
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[marke d b y "*" ]  result s w h e n th e dee p subjec t  appear s instea d — le s enfant s "children" .  Parallelin g thi s contras t 

betwee n subjec t  an d direc t  objec t  i s  a  contras t  i n th e behavio r  o f  tw o classe s o f  intransitiv e verbs .  Th e sol e 

argumen t  aifondr e "melt "  i s  acceptabl e i n th e argumen t  slo t  (2c) ,  whil e i n (2d )  th e argumen t  o i  Iravaille r  "work "  i s 

not .  Sinc e th e argumen t  oifondr e i s acceptable ,  lik e th e dee p direc t  objec t  o f  dire ,  i t  i s  classifie d a s unaccusativc ; 

sinc e th e argumen t  o i  travaille r  i s unacceptable ,  lik e th e dee p subjec t  oidire ,  i t  i s classifie d a s unergative . 

I n English ,  i t  turn s out ,  diagnosti c context s fo r  unaccusativit y ar e fe w i n number, ^  bu t  thi s i s b y n o mean s th e 

cas e cross-linguistically .  Th e subjec t  o f  muc h curren t  researc h i n synta x an d semantics ,  unaccusativit y context s ar e 

cross-linguisticall y a  ric h sourc e o f  interestin g patterns .  O f  centra l  concer n i s th e proble m o f  iinacciisativil y 

mismatches ,  whic h ar e o f  tw o genera l  types .  First ,  acros s languages ,  synonymou s verb s m a y b e unaccusativ c i n 

some language s an d unergativ e i n others .  Wha t  i s relevan t  t o thi s paper ,  however ,  ar e th e language-interna l 

mismatches :  th e existenc e o f  m a n y intransitiv e verb s tha t  behav e unaccusativel y i n som e context s an d unergativcl y 

i n others . 

A goo d languag e i n whic h t o stud y language-interna l  unaccusativit y mismatche s i s French .  Legendr c (1989 , 

forthcoming )  ha s identifie d 1 0 diagnosti c context s i n French ,  an d argue d tha t  a  necessar y an d sufficien t  conditio n 

fo r  identifyin g a  ver b a s unaccusativ c i s tha t  i t  behav e unaccusativel y i n a t  leas t  on e o f  thes e contexts .  Thes e 

context s displa y a  highl y comple x patter n o f  mismatches .  I t  i s  a  subse t  o f  thes e dat a fo r  whic h w e provid e a  ne w 

typ e o f  forma l  accoun t  i n thi s paper .  Fo r  thi s initia l  study ,  w e selecte d fou r  o f  thes e 1 0 diagnosti c contexts ;  thes e 

context s identif y th e larges t  number s o f  unaccusativ c verbs .  Thes e fou r  context s ar e indicate d i n Tabl e 1 ;  th e firs t  i s 

Objec t  Raising ,  illustrate d i n (2) . 

Contex t 

Objec t  Raisin g ( O R ) 

Croir e "believe "  ( C R ) 

Participia l  Absolut e (PA ) 

Reduce d Relative s (RR ) 

Tabl e 1 . 

Examp l e 

L a glac e es t  facil e a  faire/onrfre . 

Je croyai s Mar i e d ĵ a sortie . 

Part i  avan t  I'aube ,  Pierr e es t  arriv e 

a destinatio n l e jou r  m e m e. 

L a neig e fondu e a  form e d e l a 

boue . 

Translatio n 

Ic e i s eas y t o mak e melt . 

I  believe d Mar i e t o hav e alread y 

gon e out . 

G o ne befor e dawn ,  Pierr e arrive d 

t o destinatio n o n th e sam e day . 

The melte d sno w forme d mud . 

I n curren t  linguisti c theory ,  th e contrast s betwee n unaccusativ c an d unergativ e intransitiv e verb s i n diagnosti c 

context s ar e accounte d fo r  b y som e linguist s throug h syntacti c mean s an d b y other s throug h semanti c means . 

Syntacti c account s appea l  t o (1 )  structura l  difference s betwee n unergative s an d unaccusatives ,  lik e thos e posite d i n 

(lb,c) ,  (2 )  structura l  similaritie s betwee n th e unergativ e argumen t  an d th e subjec t  o f  transitive s (lb,a) ,  (3 )  structura l 

similaritie s betwee n th e unaccusativ c argumen t  an d th e direc t  objec t  o f  transitive s (lc,a) ,  (4 )  structura l  restriction s 

on allowe d argument s i n diagnosti c contexts ,  an d (5 )  lexica l  marking s indicatin g whic h intransitive s ar e 
unaccusativ c an d whic h ar e unergative .  Earlie r  studie s le d t o th e clai m tha t  th e clas s o f  unaccusativ c verb s acros s 

language s i s no t  unifor m semantically ,  bu t  unifor m syntactically ,  a s expresse d i n (Ic )  (Rosen ,  1984) ;  however , 

language-interna l  mismatche s canno t  b e accounte d fo r  o n syntacti c ground s alon e (Legendrc ,  1989 ,  forthcoming) . 

Semanti c account s appea l  t o (1 )  semanti c difference s a m o n g argument s alon g variou s featur e dimensions ;  (2 ) 

semanti c an d aspectual" *  difference s a m o n g predicate s alon g variou s featur e dimensions ;  an d (3 )  restriction s i n 

diagnosti c context s o n allowe d semanti c feature s o f  argument s an d predicates .  Semanti c feature s o f  argument s tha t 

ar e cross-linguisticall y relevan t  fo r  unaccusativit y includ e volitionalit y an d animacy ,  whil e relevan t 

semantic/aspectua l  feature s o f  predicate s includ e telicit y an d progressivity,' '  an d th e classificatio n o f  verb s a s 

involvin g activity ,  accomplishment ,  achievement ,  o r  stat e (Va n Valin ,  t o appear) . 

Focussin g o n mismatches ,  severa l  recen t  studie s (e.g. ,  Zaenen ,  1989 ;  Va n Valin ,  t o appear )  hav e argue d tha t 

unaccusativit y phenomen a ca n b e accounte d fo r  o n purel y semanti c ground s b y assumin g tha t  eac h diagnosti c 

contex t  involve s a  simpl e semanti c restrictio n suc h a s a  constrain t  o n th e valu e o f  som e semanti c feature .  However , 

thi s doe s no t  appea r  t o b e th e cas e fo r  th e Frenc h dat a addresse d here :  a t  least ,  th e simpl e semanti c restriction s tha t 

hav e bee n propose d fo r  othe r  language s clearl y d o no t  wor k (Legendrc ,  forthcoming) .  O n th e othe r  hand ,  whil e 

the y ar e no t  sufficien t  b y themselve s t o provid e simpl e semanti c rule s t o accoun t  fo r  th e data ,  th e argumen t  feature s 
volitionalit y ( V O )  an d animac y ( A N ) ,  an d th e predicat e feature s telicit y (TE )  an d progressivit y  (PR) ,  sho w stron g 

tendencie s t o influenc e acceptabilit y  i n diagnosti c context s (Legendrc ,  forthcoming) . 
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Accountin g fo r  th e Frenc h dat a appear s t o requir e combinin g syntacti c an d semanti c restriction s i n a  comple x 

way .  Thi s i s jus t  wha t  i s offere d b y th e connectionis t  accoun t  describe d here .  Replacin g th e all-or-non e categorie s 

and rule s use d i n traditiona l  symboli c account s wit h formalization s o f  th e semanti c an d syntacti c tendencie s i n th e 

dat a — sof t  rule s — allow s ou r  accoun t  t o achiev e a  degre e o f  coverag e o f  unaccusativii y  data ,  includin g a  comple x 

patter n o f  mismatches ,  that ,  t o ou r  knowledge ,  i s unparallele d i n th e existin g literature .  A t  th e sam e time ,  th e ne w 

approac h naturall y addresse s tw o aspect s o f  thi s proble m whic h ar e quit e difficul t  t o naturall y captur e i n a  symboli c 

approach . 

(3 )  a .  T h e grade d characte r  o f  th e unaccusative/unergativ e categories .  S o m e intransitiv e Frenc h verb s 

behav e unaccusativel y i n si x o f  th e te n contexts ,  other s four ,  an d stil l  other s onl y one. '  Clearl y th e 

conditio n o f  Legendr e (1989 )  — a n intransitiv e ver b i s unaccusativ e i f  an d onl y i f  i t  behave s 

unaccusativel y i n a t  leas t  on e diagnosti c contex t  — i s failin g t o captur e th e fac t  tha t  "som e verb s 

ar e mor e unaccusativ e tha n others, "  a n aspec t  o f  th e phenomeno n tha t  i s formall y expresse d an d 

exploite d i n ou r  connectionis t  account . 

b.  T h e grade d characte r  o f  th e acceptabilit y  judgement s i n diagnosti c contexts .  Ou r  accoun t 

formall y predict s no t  onl y th e polarit y o f  acceptabilit y  judgements ,  bu t  als o thei r  strength .  Whil e 

we admi t  tha t  th e accurac y o f  ou r  accoun t  i n predictin g judgemen t  strength s ca n stan d 

improvement ,  i t  i s  nonetheles s a  virtu e o f  ou r  connectionis t  approac h tha t  i t  make s precise , 

falsifiabl e prediction s o f  gradation s o f  acceptability . 

Harmonic grammar 

The goal of harmonic grammar is to provide a framework, derived from basic connectionist principles, in 

whic h regularitie s i n linguisti c well-formednes s ar e expresse d a s tendencies ,  preference s o r  sof t  rules ,  rathe r  tha n a s 

har d rules .  Thi s framewor k i s t o b e a  forma l  on e i n th e sens e tha t  sof t  rule s ar e t o b e specifie d wit h sufficien t 

precisio n t o permi t  precise ,  falsifiabl e prediction s o f  th e acceptabilit y  o r  well-formednes s o f  sentences . 

I n it s mos t  intuitiv e form ,  a  centra l  ide a o f  harmoni c gramma r  i s t o replac e har d rule s o r  constraint s o n well -

formednes s o f  th e for m (4a )  wit h th e correspondin g sof t  rul e o r  constrain t  i n (4b) . 

(4 )  a .  Conditio n X  mus t  neve r  b e violate d i n well-forme d structures . 

b.  I f  Conditio n X  i s violated ,  the n th e well-formednes s o f  th e structur e i s diminishe d b y C^ -

For  th e unaccusativii y  problem ,  example s o f  relevan t  grammatica l  an d lexica l  rule s ar e show n i n (5 )  an d (6) , 

respectively . 

(5 )  a .  I n th e Objec t  Raisin g context ,  th e argumen t  ca n neve r  b e a  dee p subjec t  i n a  well-forme d sentence . 

b.  I n th e Objec t  Raisin g context ,  i f  th e argumen t  i s a  dee p subject ,  the n th e well-formednes s o f  th e 

sentenc e i s diminishe d b y Con^ubj -

(6 )  a .  Th e argumen t  o f  fondr e mus t  no t  b e a  dee p subject . 

b.  I f  th e argumen t  o t  fondr e i s a  dee p subject ,  the n th e well-formednes s o f  th e sentenc e i s diminishe d 

by Cfondr e Subj -
Obviously ,  i n harmoni c grammar ,  well-formednes s i s quantitative ;  i n fact ,  well-formednes s correspond s t o th e 

connectionis t  quantit y calle d harmony ,  an d centra l  a m o n g th e connectionis t  principle s fro m whic h th e formalis m o f 

harmoni c gramma r  i s derive d ar e thos e relatin g t o harmony .  Th e ful l  descriptio n o f  th e harmoni c gramma r 

formalism ,  an d it s derivatio n fro m basi c connectionis t  principles ,  require s combinin g th e descriptio n presente d her e 

wit h tha t  foun d i n L M S 2 . 

Th e presenc e o f  th e numerica l  constant s C x i n th e sof t  rule s o f  harmoni c gramma r  woul d mak e th e formalis m 

hopelessl y unwield y wer e i t  no t  fo r  th e fact ,  discusse d below ,  tha t  thes e number s ca n b e compute d automaticall y b y 

presentin g th e linguisti c dat a t o a n appropriatel y designe d connectionis t  networ k usin g a n appropriat e learnin g rule . 

(Thi s particula r  learnin g procedur e is ,  however ,  no t  viabl e a s a  mode l  o f  languag e acquisition ;  a m o n g othe r  things , 

i t  relie s o n bot h positiv e an d negativ e evidence. ) 

Th e methodolog y o f  harmoni c gramma r  ca n b e describe d i n genera l  term s a s follows : 

(7 )  a .  Fo r  a  give n proble m concernin g th e well-formednes s o f  certai n linguisti c structures ,  choos e a 

rule-base d approac h (o r  approaches )  t o th e proble m — correspondin g t o (4a )  — an d a  targe t  se t  o f 

dat a tha t  exemplif y th e problem . 

b.  Base d o n th e selecte d rules ,  identif y a  se t  o f  relevan t  feature s fo r  describin g th e structure s 

appearin g i n th e data . 

c.  Base d o n th e selecte d rules ,  identif y whic h feature s ca n plausibl y ente r  togethe r  int o well -
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formednes s constraints . 

d.  E m b o d y thes e constraint s a s connection s i n a  network .  Thi s networ k take s a s inpu t  a  featura l 

descriptio n o f  a  structure ,  an d produce s a s outpu t  a  grade d well-formednes s o r  acceptabilit y 

measure . 

e.  Trai n th e networ k o n th e targe t  data .  Th e resultin g connectio n weight s ca n b e interprete d a s th e 

constant s C x i n th e sof t  rule s o f  (4b) . 

f .  Analyz e th e network ,  extractin g fro m i t  account s o f  th e genera l  pattern s i n th e targe t  dat a tha t 

provid e n e w linguisti c insight s int o th e origina l  problem . 

I n th e precedin g section ,  w e addresse d (7a,b )  fo r  th e specifi c  applicatio n o f  unaccusativit y i n French .  Fo r 

(7a) ,  w e identifie d rule-base d account s base d o n structura l  consideration s an d o n semantic/aspectua l  considerations , 

and identifie d fou r  diagnosti c context s fo r  unaccusativity .  Fo r  thi s first  researc h effort ,  w e trea t  eac h diagnosti c 

contex t  a s a  unit ,  withou t  makin g us e o f  it s  interna l  structure ,  whic h i s usuall y quit e comple x (b y connectionis t 

standards) .  Th e actua l  targe t  dat a i s displaye d i n Tabl e 2 .  Th e first  fou r  column s correspon d t o th e fou r  contexts , 

and eac h ro w correspond s t o argument/predicat e pair s wit h a  give n se t  o f  feature s tha t  giv e ris e t o a  certai n patter n 

of  acceptabilit y  acros s th e contexts .  Eac h entr y i n th e tabl e indicate s th e acceptabilit y  o f  a  give n row' s 

argument/predicat e pai r  i n a  give n column' s syntacti c context .  Th e symbol s "+" ,  "+?" ,  "?" ,  "-?" ,  an d "- "  indicat e 

"acceptable, "  "marginall y acceptable, "  "o f  indeterminat e acceptability, "  "marginall y unacceptable, "  an d 

"unacceptable, "  respectively .  Th e judgement s ar e thos e o f  severa l  mutuall y consisten t  informant s (on e o f  w h o m i s 

Legendre) .  Not e tha t  thes e dat a ar e wha t  Chomsk y (1965 )  woul d conside r  linguisti c performance ,  rathe r  tha n 

competenc e — acceptabilit y  rathe r  tha n grammaiicalit y  — sinc e the y ar e ra w intuitiv e acceptabilit y  judgement s 

fro m informant s rathe r  tha n output s fro m a n underlyin g gramma r  hypothesize d b y th e linguis t  an d presume d t o 
operat e fre e o f  obscurin g performanc e factors . 

Table 2 

1 O R C R P A R R 

? 
* 
+ 
+ 
•¥ 
+ 

/> 
/> 
•7 • 
•7 • 
•7 + 7 
-7 + 7 
-7 + 
-7 + 

+7 
+ 
+ 
+ 
+ 
• 
-
• 
-
-
-
+ 
• 
-

_ 

+ 
•t 
+ 
+ 
• 
+ 
+ 
. 
. 
-
-
+7 
+ 
+7 
+ 

Feaiur e Predicat e 
•  -  -  +  se'vi r  (4 ) 
•  -  +  -  ouvri r  su r 
•  • - -  durer(4 ) 
•  +  -  - ? baisse r 
•  •  -  +  souffri r  (2 ) 
••  -  -  +  marche r 
••  +  -- ? diambule r 
*•  +  •  ?  exag r̂e r 
••  +  • •  itre(lO ) 
••  +  - + agir(29 ) 
•  +  +  -  alle r 
4-  +  +  - ? couri r 
••  •  •  +  saute r  (2 ) 

reste r 
••  +  -  -  tombe r 
•  +  -  -  dffĉ de r 
•  +  +  -  piri r 
*•  +  -  -  s'efface r  (2 ) 
f  +  •  • ? s e re'fugie r 
f  +  +  -  surgi r 
•  -  -  ?  subsisie r 
•  -  -  +  empire r 
t  *  • *  sourir e (3 ) 
f  +  +  +  s'esquive r  (3 ) 
•  +  •- ? pele r 
f  +  +  •  veni r 
? +  +  +  plli r 

+ -  +  grandi r 
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-
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• 
-
• 
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+7 
+7 
+ 
• 
•f 
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• 
+ 
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Feaiur e Predicat e 
•  - -  + 
•  -  +  + 
•  +  -  + 
•  +  +  -
•  +  -  + 
f  +  - -
•  +  •  + 
•  +  •  + 
•  +  +  -
•  +  +  + 
^  *• * 
^  ** • 
•  +  +  + 
— • 
•  +  +  ? 
.  +  -+ ? 
+ +  +  -
h •  +  + 
+ +  -  + 
r  -  -  + 
-  •  •  4 
•  -  +  • 
-  •  +  + 
-  +  + -
+ +  - -
+ +- ? 
+ - f  -  + 

se relire r 
s'ouvri t 
gele r 
parveni r 
se retire r 
rtemuer 
recule r 
vieilli r 
naitr e 
gû ri r 
monte r  (2 ) 
enire r  (3 ) 
parti r 
dure r 
capitule r 
rougi r  (2 ) 
Ireljuche r 
s'eloigne r 
s'eloigne r 
surgi r 
soni r 
veni r 
s'efface r 
lombe r 
disparaiir e 
se dissimule r 
sombre r 

•  +  • ? ?  s e bloiti r 
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f? 
f ? 
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f 
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f 
f 
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+ 
+ 
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• 
+ 
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+ 
+ 
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• 
-
. 
. 
+7 
+7 
+7 
+ 
•? 
•7 
+7 
• 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
• 
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Feaiur e Predical e 
*•  +  +?• ? s e recroqueville r 
f + +  ? 
••  +  •  + 
— + 
•  +  -  + 
••  +  • • 
*  •  +  + 
— + 
•  -  •  • 
— + 
— + 
•  -  +  + 
— + 
•  +  •  + 
— • 
•  -  +  -
•  -.+ ? 
•  -  -  + 
•  -  +  -
•-  +  ? 
.-  +  + ? 
•  -  +  • 
'  +  -  + 
•  +  +  + 
^  *  •  * 
f  +  +  + 

soni r 
s'exile r 
souffle r  (7 ) 
tousser(4 ) 
se Uir e (3 ) 
reagir(2 ) 
se modifie r 
se dissipe r 
pele r 
vieilli r 
pali r 
se dispcrse r 
change r 
pousse r 
ĉlaie r 

jailli t  (2 ) 
tombe r  (23 ) 
entre r  (2 ) 
sauic r 
arrive r 
s'eieindre(I2 ) 
grossi r 
s'e'vanoui r  (2 ) 
se re'uni r  (3 ) 
se noye r  (4 ) 

F o r  ( 7 b ) ,  w e identifie d th e structura l  a r g u m e n t  feature s d e e p subject/direc t  ob jec t ,  ( w h i c h w e abb rev i a t e 

" r ' / " 2 " ) ,  th e a r g u m e n t  s e m a n t i c feature s volitiona l  ( "VO" )  an d a n i m a t e ( " A N " ) ,  a n d th e predicat e aspectua l  feature s 

teli c ("TE" )  a n d progress iv e ( "PR") .  I n addition ,  e a c h individua l  intransitiv e ve r b i s individuate d fo r  th e p u r p o s e o f 

enablin g it s lexica l  entr y t o indicat e it s particula r  preferenc e fo r  it s a r g u m e n t  b e i n g a  1  o r  a  2  (a s i n th e syntacti c 

account) .  I n T a b l e 2 ,  a t  th e righ t  o f  eac h r o w i s th e identit y o f  th e predicat e p r e c e d e d b y th e va lue s o f  th e fou r 

semantic/aspectua l  feature s (i n th e orde r  V O ,  A N ,  T E ,  P R ) .  I f  ther e ar e m o r e tha n o n e argument /predicat e pair s i n 

th e category ,  th e identit y o f  o n e o f  s u c h predicate s i s  s h o w n fo l lowe d b y th e n u m b e r  o f  pair s i n th e categor y i n 
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parentheses .  Th e row s ar e sorted ,  essentiall y  goin g fro m mos t  unergativ e t o mos t  unaccusativ e behavior .  Tabl e 2 

contain s 19 0 row s (argument/predicat e pairs )  involvin g 14 3 differen t  predicate s (intransitiv e verbs) .  Thi s 

constitute s acceptabilit y  judgement s fo r  76 0 differen t  sentenc e types . 

I n th e res t  o f  thi s paper ,  w e wil l  discus s selecte d aspect s o f  step s (7c,d,f) ,  an d describ e ste p (7e) .  Mos t  o f 

L M S2 addresse s th e crucia l  step s (7c,d )  further ,  whil e furthe r  developmen t  o f  (7f )  i s th e goa l  o f  curren t  research . 

The connectionist network 

Having set up the linguistic basis for the connectionist account, steps (7a,b), we now describe the 

connectionis t  network ,  illustrate d i n Figur e 1 .  W e begi n wit h a  partia l  descriptio n o f  step s (7c,d) ,  whic h omit s a 

number  o f  consideration s take n u p i n L M S 2 whic h depen d upo n genera l  connectionis t  principle s concernin g th e 

distribute d representatio n o f  structures ,  th e harmon y function ,  an d it s rol e i n connectionis t  processing .  L M S 2 show s 

h o w th e networ k w e n o w discus s i s actuall y mathematicall y derive d a s a n approximat e highe r  leve l  descriptio n o f  a 

lowe r  leve l  mode l  base d o n thes e connectionis t  principles ,  togethe r  wit h th e constraint s impose d b y th e element s o f 

linguisti c analysi s selecte d i n step s (7a-c) .  Thi s mathematica l  derivatio n i s responsibl e fo r  th e man y aspect s o f  thi s 

networ k whic h woul d otherwis e see m t o b e totall y a d ho c stipulations . 

Input sentences 

Eac h o f  th e 76 0 inpu t  sentence s o f  Tabl e 2  i s first  code d usin g a  se t  o f  variable s whic h ar e divide d int o th e 

followin g fou r  groups : 

(8 )  a .  Context :  th e fou r  diagnosti c context s (OR ,  C R ,  P A ,  an d R R )  ar e represente d b y fou r  variables ,  on e 

fo r  eac h context .  Fo r  a  give n sentence ,  th e variabl e correspondin g t o th e appropriat e contex t  i s 

give n th e valu e 1 ,  an d th e other s 0 . 

^-  f̂eature "  ̂ ^ o variable s fo r  th e tw o argumen t  features ,  V O an d A N ,  eac h havin g a  valu e betwee n 1 

(+ )  an d 0  (-) . 

c.  Pfeature -  ̂ ^ o Variable s fo r  th e tw o predicat e feature s T E an d PR ,  eac h havin g a  valu e betwee n 1  (+ ) 

an d 0  (-) . 

d.  Pindividua h l'* 3 variable s eac h representin g on e o f  th e 14 3 predicates .  Fo r  a  give n sentence ,  th e 

variabl e correspondin g t o th e appropriat e predicat e i s give n th e valu e 1 ,  an d th e other s 0 . 

I n th e connectionis t  network ,  ther e i s a  separat e inpu t  uni t  fo r  eac h o f  thes e 15 1 variable s (14 3 identifyin g 

individua l  predicate s +  8  others) .  Thes e unit s ar e indicate d i n Figur e 1  b y squares .  I n addition ,  ther e i s a  singl e 

outpu t  uni t  whos e activit y valu e indicate s th e network' s predictio n o f  th e acceptabilit y  o f  th e inpu t  sentence . 

The architecture 

Th e structur e o f  th e networ k i s designe d t o ensur e that :  (1 )  th e numbe r  o f  fre e parameter s (connectio n 
weights )  i n th e networ k i s smal l  compare d t o th e numbe r  o f  dat a point s (760 )  use d t o determin e them ;  an d (2 )  eac h 

paramete r  ha s a  clea r  linguisti c interpretation .  Th e followin g linguisti c consideration s constrai n th e architectur e o f 

th e network : 

(9 )  a .  Th e networ k shoul d b e abl e t o represen t  th e crucia l  syntacti c distinctio n dee p subjec t  ("1" )  vs . 

direc t  objec t  ("2") ,  whic h w e wil l  cal l  th e "structura l  feature. "  Sinc e th e structura l  featur e i s no t 

explicitl y  presen t  i n th e inpu t  sentence ,  th e networ k i s give n tw o hidde n unit s t o use ,  on e 

representin g featur e valu e 1  an d th e othe r  valu e 2 . 

b.  Fo r  a  give n contex t  lik e O R ,  th e gramma r  ca n includ e well-formednes s constraint s o n th e 

structura l  featur e (e.g. ,  " O R prefer s 2, "  a s i n (6a) )  an d o n th e feature s o f  th e predicat e (e.g. ,  " O R 

prefer s + P R " )  bu t  no t  th e identit y o f  th e individua l  predicat e (no t  " O R prefer s th e predicate/o/;rf/ e 

and prohibit s th e predicat e eternuer") . 

c.  Fo r  a  give n context ,  th e gramma r  ca n includ e well-formednes s constraint s o n Af„,ufj ,  th e argumen t 

feature s (e.g. ,  " O R prefer s - V O " ) . 

d.  A  give n contex t  ca n directl y bia s well-formedness. * 

-̂  -̂ featur e 3" ^  Pfeanir e ̂a n hav e well-formednes s constraint s i n conjunctio n wit h eac h othe r  (e.g. ,  "+T E 

prefer s + V 0 " )  bu t  individuall y neithe r  on e o f  the m ca n directl y constrai n well-formednes s (e.g. , 

not  " + A N i s absolutel y preferre d t o - A N " ) . 

f-  Afg,n,r j  an d Pfeaiur t  Ca n hav e preference s fo r  th e structura l  featur e (e.g. ,  " + V 0 prefer s 1, "  "+T E 

prefer s 2") . 
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h. 

Eac h individua l  predicat e P|„dividui i  ca n hav e it s o w n preferenc e fo r  th e structura l  featur e ( a lexica l 

markin g correspondin g t o unaccusative/unergative ,  e.g .  (6b)) . 

Eac h individua l  predicat e canno t  hav e a n absolut e bia s o n grammaticality . 

Hidde n Unit s individua l 
Predicat e 'jnit s 

Outpu t  Uni t 

Contex t  Unit s 
alte r 

Argument 
Featur e 

It s 

arrive r 

vieilii r 

Predicat e 
Featur e Unit s 

Conjunctio n Unit s 

Figure 1. The network architecture. 

Together with the connectionist considerations discussed in LMS2, these linguistic considerations lead to the 

architectur e s h o w n i n figur e 1 .  T h e Conjunctio n Unit s represen t  th e constraint s tha t  ar e expresse d i n term s o f 

conjunction s betwee n pair s o f  inpu t  variables .  Eac h Conjunctio n Uni t  i s  activate d i n proportio n t o th e produc t  o f  a 

particula r  pai r  o f  inpu t  unit s (e.g. ,  "OR ' s preferenc e fo r  V O "  i s implemente d throug h a  conjunctiv e uni t  w h o s e 

activatio n i s th e produc t  o f  tha t  o f  th e O R uni t  an d tha t  o f  th e V O unit) .  Pindividua i  ' s  no t  involve d i n thes e 

conjunction s becaus e o f  th e constrain t  (9b )  above . 

T h e Conjunctio n Unit s ar e directl y connecte d t o th e outpu t  unit ,  followin g (9b,c,e) ,  a s ar e th e Contex t  Unit s 

(9d) .  T h e Contex t  Unit s ar e als o connecte d t o th e hidde n unit s (9b) ,  a s ar e th e Predicat e Featur e Units , 

Argumen t  Featur e Units ,  (9f )  an d Individua l  Predicat e Unit s  (9g) .  T h e tw o hidde n unit s ar e linea r  unit s (thei r 

activation s ar e th e sam e a s th e ne t  inputs) .  Sinc e th e tw o hidde n unit s ar e presume d t o represen t  tw o mutuall y 

exclusiv e structures ,  the y compet e agains t  eac h other ,  an d onl y th e winne r  o f  th e tw o (wit h highe r  activation )  i s 

allowe d t o sen d it s activatio n t o th e outpu t  unit .  Eac h connectio n weigh t  t o hidde n uni t  1  i s constraine d t o b e th e 

negativ e o f  th e correspondin g weigh t  t o hidde n uni t  2. ' 

Thus ,  th e ne t  inpu t  t o th e outpu t  uni t  © „ « i s compute d a s th e s u m o f  th e contributio n o f  th e conjunctions ,  th e 

contributio n o f  Contex t  Units ,  an d th e contributio n fro m th e winnin g hidde n unit .  A s s h o w n i n L M S 2 ,  b y 

construction ,  thi s ne t  inpu t  i s equivalen t  t o th e globa l  harmon y valu e o f  th e lowe r  leve l  networ k w h e n i t  represent s 

th e inpu t  sentence ,  whic h i s th e network' s estimat e o f  th e well-formednes s o f  th e inpu t  sentence .  T h e actua l 

activatio n valu e o f  th e outpu t  unit ,  wh ic h represent s th e acceptabilit y  estimate ,  i s  assume d t o b e a  monotonicall y 

increasin g functio n o f  thi s ne t  inpu t  o r  globa l  harmony .  I n th e simulation ,  a  logisti c sigmoi d functio n l/(l+e"-' )  i s 

used ,  a s i s n o w c o m m o n i n connectionis t  networks. * 

T h e tota l  n u m b e r  o f  independen t  connectio n strength s i n th e networ k i s 175 ;  14 3 e m b o d y th e lexica l 

preference s o f  individua l  verb s fo r  th e structura l  feature ,  whil e th e remainin g 3 2 ar e genera l  grammatica l 

preferences . 

Training 

T h e networ k w a s traine d usin g th e informants '  acceptabilit y  judgement s fo r  th e 7 6 0 sentence s show n i n Tabl e 

2 a s th e targe t  activatio n value s fo r  it s outpu t  unit .  T h e standar d bac k propagatio n algorith m (Rumelhart ,  Hinton , 

Williams ,  1986 )  w a s use d t o adjus t  th e connectio n weight s whic h performe d a  gradien t  descen t  (wit h m o m e n t u m ) 

on th e square d erro r  betwee n th e outpu t  an d th e targe t  average d acros s al l  th e sentences .  Fo r  th e weight s t o th e 

hidde n units ,  th e winnin g hidde n uni t  w a s firs t  allowe d t o chang e it s in-comin g weights ,  an d th e weight s t o th e othe r 
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hidde n uni t  wer e the n constraine d t o b e th e negativ e o f  th e winner' s weights .  Th e direc t  connection s t o th e outpu t 

uni t  wer e adjuste d i n th e norma l  way . 

Results 

As the performance measure, we counted two kinds of errors the network made after training. The network 

made a  majo r  erro r  w h e n it s outpu t  an d th e targe t  wer e i n th e opposit e side s o f  0. 5 (e.g. ,  th e outpu t  wa s 0. 7 whe n 

th e targe t  w a s 0.3) .  I t  mad e a  mino r  erro r  w h e n th e outpu t  differe d fro m th e targe t  b y mor e tha n 0.1 .  Sinc e th e 

metri c o f  th e targe t  value s wa s somewha t  arbitrary ,  w e hav e initiall y  bee n mor e concerne d wit h th e numbe r  o f 

majo r  error s th e networ k mad e tha n th e numbe r  o f  mino r  errors .  Th e networ k tende d t o b e quit e clos e t o a  solutio n 

i n les s tha n 100 0 iteration s throug h th e trainin g sentence s an d th e numbe r  o f  majo r  an d mino r  error s change d littl e 

afterwards ,  bu t  th e trainin g wa s continue d unti l  500 0 iterations . 

Th e network' s performanc e varie d slightl y dependin g o n a  fe w learnin g parameters .  Th e bes t  networ k mad e 

as fe w a s 2  majo r  error s an d 6 4 mino r  error s ou t  o f  th e 76 0 sentences .  Th e wors t  cas e w a s 9  majo r  an d 12 0 mino r 

errors .  Despit e thes e variations ,  th e followin g observation s showe d consistencie s i n th e solutions .  First ,  th e error s 

wer e ver y consisten t  acros s solutions .  I n fact ,  ther e wa s a  hierarch y o f  (major )  error s suc h tha t  i f  networ k A  mad e 

les s error s tha n networ k B ,  th e error s mad e b y A  wer e alway s a  subse t  o f  error s mad e b y B .  Second ,  i t  i s  possibl e t o 

predic t  wha t  acceptabilit y  pattern s acros s context s ar e possibl e fo r  a  n e w predicate/argumen t  pai r  wit h give n 

feature s b y varyin g th e connectio n weigh t  fo r  th e predicate .  (Fo r  example ,  i t  migh t  b e predicte d tha t  onl y fou r 

pattern s o f  acceptabilit y  ar e possibl e fo r  an y predicate/argumen t  pai r  wit h th e feature s - V O ,  + A N ,  + T E ,  an d + P R 

out  o f  2 *  possibl e patterns. )  Th e network s wer e fairl y  consisten t  i n thei r  predicte d pattern s o f  acceptability .  Third , 

th e networ k alway s seeme d t o solv e thi s tas k b y tryin g t o strik e a  delicat e balanc e a m o n g it s weights .  Fo r  example , 

i t  w a s typica l  tha t  i n orde r  t o tur n o n th e outpu t  uni t  b y generatin g +1. 5 a t  th e net-input ,  th e networ k use d 8  positiv e 

contribution s addin g u p t o 32. 5 an d 7  negativ e contribution s addin g u p t o -31.0 .  A s a  result ,  a  decisio n coul d b e 

flippe d b y onl y a  sligh t  chang e t o an y o f  th e contributin g weights . 

Conclusion 

We have presented a connectionist network that can be interpreted as a partial grammar and lexicon of French 

containin g 17 5 sof t  rule s (14 3 i n th e lexicon ,  3 2 i n th e grammar )  referin g t o bot h structura l  an d semanti c features . 

Thi s networ k make s precis e prediction s o f  th e acceptabilit y  o f  a  particula r  rang e o f  sentences ,  an d i s abl e t o accoun t 

fo r  th e comple x patter n o f  unaccusativ e mismatche s exhibite d i n 76 0 sentenc e types ,  makin g onl y tw o majo r  errors . 

Th e numerica l  strength s o f  th e sof t  rule s ar e compute d fro m th e dat a b y a  connectionis t  learnin g algorithm .  W e ar e 

currentl y i n th e proces s o f  analyzin g th e networ k t o understan d it s mean s o f  accountin g fo r  th e regularitie s i n th e 

phenomenon ,  i n th e hope s o f  gainin g n e w linguisti c insights .  I f  thi s analysi s prove s successful ,  w e believ e w e wil l 

hav e demonstrate d tha t  a  n e w kin d o f  linguisti c formalis m ca n provid e th e curren t  bes t  accoun t  o f  a  challengin g 

proble m combinin g synta x an d semantics . 

Thi s n e w formalism ,  harmoni c grammar ,  ha s a  numbe r  o f  advantages .  O n th e on e hand ,  th e formalis m ha s 

severa l  o f  th e attractiv e feature s o f  forma l  symboli c linguistics ;  i t  allow s u s to : 

(10 )  a .  d o forma l  analysis :  hypothesiz e a  se t  o f  grammatica l  principle s tha t  ar e sufficien t  t o mak e definite , 

falsifiabl e prediction s 

b.  d o explanator y analysis :  wor k withi n a  constraine d se t  o f  possibilities ,  an d g o beyon d mer e 

descriptio n o f  th e dat a 

c.  stud y constraint s o n linguisti c well-formednes s 

d.  incorporat e analytica l  insight s fro m existin g forma l  linguistic s 

On th e othe r  hand ,  i t  ha s certai n characteristic s tha t  ar e ofte n fel t  t o b e lackin g i n forma l  symboli c linguistics ;  i t 

allow s u s to : 

(11 )  a .  us e dat a o n linguisti c performanc e rathe r  tha n competenc e 

b.  dea l  wit h th e ful l  complexit y o f  dat a i n a  specifi c  are a o f  languag e 

c.  wor k withi n a  formalis m tha t  i s mathematicall y derive d fro m connectionism ,  a  cognitivel y (an d 

statistically )  base d computationa l  framework ;  w e ar e i n a  goo d positio n fro m whic h t o pursu e 

integratio n wit h othe r  cognitiv e languag e model s (e.g. ,  acquisition ,  real-tim e processing ,  an d 

neurolinguisti c models ) 
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Footnotes 

1. Other connectionist approaches to linguistics appealing to the notion of harmony include John Goldsmith's "harmonic phonology" 

(Goldsmith ,  t o appear )  an d Georg e Lakof f  s  "cognitiv e phonology "  (Lakoff ,  1988) . 

2.  On e Englis h diagnosti c contex t  i s  th e resultativ e constniaio n (Levi n an d Rappapott ,  1989) ;  unde r  th e resultativ e readin g "Th e doo r 

was shu t  a s a  resul t  o f  rolling, "  th e sentenc e Th e doo r  rolle d shu t  i s  acceptable ,  whil e unde r  th e correspondin g readin g "Joh n wa s exhauste d a s a 

resul t  o f  working, "  'Joh n worke d exhauste d i s unacceptable .  Thi s parallel s th e contras t  wit h transitiv e verb s betwee n yo/i/ i  wipe d th e tabl e clea n 

("Th e tabl e wa s clea n a s a  resul t  o f  wiping" )  an d *Joh n wipe d th e tabl e exhauste d ("Joh n wa s exhauste d a s a  resul t  o f  wiping") .  Th e argumen t  o f 

intransitiv e shu t  behave s lik e th e direc t  objec t  o f  wip e whil e th e argumen t  o f  wor k behave s lik e th e subjec t  o f  wipe :  shu t  i s  unaccusativ e whil e 

work i s unergative . 

3.  Aspec t  characterize s th e interna l  tempora l  structur e o f  a n event . 

4.  W e tak e a  ver b V  t o b e teli c i f  "H e Ve d fo r  hours "  i s  unacceptable ;  w e tak e a  ver b V  t o b e progressiv e i f  "H e i s Ving "  i s acceptable . 

5.  I t  i s  strikin g tha t  th e verb s whic h ar e commonl y assume d t o b e prototypica l  unaccusative s becaus e o f  thei r  semanti c propertie s actuall y 

behav e unaccusativel y i n th e fewes t  number s o f  diagnosti c contexts .  Whil e existe r  "exist "  an d etr e "be "  ar e stron g example s o f  patient-takin g 

verbs ,  existe r  behave s unaccusativel y i n onl y on e contex t  an d itr e i n onl y two . 

6.  Thes e biase s ar e t o ill-formedness ;  a  sentenc e wil l  b e unacceptabl e unles s th e preferre d condition s o f  th e diagnosti c contex t  ar e met , 

whic h overcome s th e bias .  Difference s i n th e strength s o f  thes e bia s betwee n context s i s on e o f  th e factor s use d t o accoun t  fo r  mismatches . 

7.  Becaus e th e ne t  input s t o th e tw o hidde n unit s ar e alway s th e negativ e o f  eac h other ,  i n ou r  implementatio n w e us e a n equivalen t  bu t 

simple r  networ k i n whic h ther e i s onl y on e hidde n unit ,  whic h send s th e absolut e valu e o f  it s  activatio n t o th e outpu t  unit . 

8.  Th e acceptabilit y  judgement s - ,  -? ,  ? ,  +? ,  +  ar e take n (rathe r  arbitrarily )  t o correspon d t o th e numerica l  value s 0.1 ,  0.3 ,  0.5 ,  0.7 ,  0.9 . 

The sam e value s ar e use d t o cod e th e argumen t  an d predicat e features ,  excep t  tha t  -  i s  code d a s 0  an d - f  i s  code d a s 1 . 
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