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H E A D - D R I V EN M A S S I V E L Y - P A R A L L E L C O N S T R A I NT P R O P A G A T I O N: 

Head-feature s an d subcategorizatio n a s interactin g constraint s i n associativ e m e m o r y 

HIDETO TOMABECHI and LORI LEVIN 

Cente r  fo r  Machin e Translatio n 

Carnegi e Mello n Universit y 

A B S T R A CT 

We will describe a model of natural language understanding based on Head-driven Massively-parallel Constraint 

Propagatio n (HMCP) .  Thi s mode l  contain s a  massivel y paralle l  memor y networ k i n whic h syntacti c head-feature s 

ar e propagate d alon g wit h othe r  informatio n concernin g th e node s tha t  triggere d th e propagation .  Th e propagate d 

head feature s eventuall y collid e wit h subcategorizatio n list s whic h contai n constraint s o n subcategorize d arguments . 

Thes e mechanism s handl e linguisti c phenomen a suc h a s case ,  agreement ,  complemen t  order ,  an d contro l  whic h ar e 

fundamenta l  t o linguisti c analysi s bu t  hav e no t  bee n capture d i n previou s marker-passin g models . 

INTRODUCTION 

This paper describes a theory of Head-driven Massively-parallel Constraint Propagation (HMCP). The 
mai n motivatio n fo r  ou r  proposa l  i s  th e inadequac y o f  traditiona l  marker-passin g model s fo r  handlin g 
syntacti c phenomen a suc h a s wor d order ,  agreement ,  cas e marking ,  conir o ,  an d unbounde d dependen -
cies .  Th e H M C P paradig m diverge s fro m traditiona l  massively-paralle l  marker-passin g scheme s (an d 
connectionis t  model s fo r  tha t  matter) ,  i n tha t  th e mode l  expliciti y  allow s fo r  syntacti c an d semanti c 

constraint s t o b e propagate d i n structured-markers. * 

In the HMCP paradigm, maikers that are propagated contain: 1) syntactic head-features which constrain 
th e combinatio n o f  constituents ,  2 )  th e identit y o f  th e activatio n source ,  an d 3 )  cos t  informatio n whic h i s 
relevant  t o ambiguit y resolution  an d othe r  inferences .  I n thi s paper ,  w e concentrat e o n th e necessit y o f 
propagatin g syntacti c hea d featur e informatio n t o properl y captur e som e importan t  linguisti c phenomena . 

Under the HMCP model, conceptual nodes representing argument-taking predicates carry subcategoriza-
tio n feature s wiiic h specif y syntacti c propertie s (suc h a s case )  o f  constituent s whic h ca n fill  thei r  argumen t 
positions .  Syntacti c informatio n suc h a s case ,  number ,  an d perso n i s propagate d u p fro m nou n phrase s i n 
a packag e o f  'hea d features *  whic h eventuall y collide s wit h th e constraint s i n subcategorizatio n frames . 

FAILURE OF MARKER-PASSING MODELS TO CAPTURE SYNTACTIC PHENOMENA 

In typical mariccr-passing (and connectionist) based natural language processing models, syiitactic knowl-
edg e i s handle d i n eithe r  o f  tw o ways :  1 )  a  linea r  orderin g o f  concept s wit h sequentia l  predictio n 
miuker s (Riesbeck&Martin[1985] ,  Tomabechi[1987] )  whic h w e cal l  a  concep t  sequenc e schem e i n thi s 

papei ^  2 )  node s configure d i n a  context-fre e manne r  (Waltz&Pollack[1985] ,  Bookman[1987] ,  Simiida ,  e t 
a/[1988]) ,  whic h w e cal l  a  categoria l  tre e schem e (i.e. ,  th e localis t  typ e connectionis t  scheme) .  Also , 
some o f  thes e scheme s require  extema l  module s t o handl e syntax ,  usin g th e maricer-passin g schem e 
solel y fo r  contexma l  inference s (Chamiak [  1983/1986] ,  Granger ,  era/[1984] ,  Hendler[1986] ,  Norvig[1987] , 
Tomabechi&Tomita [  1988]) . 

In Riesbeck[1986], the concept sequence [actor PTRANS-word dest] is a template for inputs such as John 
flew-to  Paris .  Thi s schem e ha s th e advantag e o f  bein g abl e t o captur e th e tempora l  orderin g o f  concept s 
i n a n utteranc e regardless  o f  thei r  level s o f  abstraction .  Thus ,  th e ide a o f  concep t  sequenc e allow s fo r 
a mode l  o i  phrasa l  lexico n (Becker[1975] )  whic h i s extende d t o contai n entitie s fro m differen t  level s 

'Th e H M CP algorith m i s describe d i n Tomabechi&Tomita[ins] . 
T̂her e ar e als o scheme s t o us e traine d network s fo r  sequentia l  activation s (e.g. ,  Servan-Schreiber ,  e t  a/[1988]) .  Discussion s 

of  concep t  sequenc e scheme s shoul d appl y t o suc h scheme s a s well . 
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of abstraction in the same phrasal lexicon^. For example, in the above sentence, the abstract concept 
acto r  whic h ma y b e linke d t o specifi c  scripta l  knowledg e i s coexistin g wit h a  mor e surfac e specifi c  entity , 
PTRANS-word.  O n th e othe r  hand ,  thi s extende d notio n o f  phrasa l  lexico n i s al l  th e synta x thes e model s 
have .  Precisel y becaus e thes e model s abandone d th e notio n o f  syntacti c categor y (an d othe r  syntacti c 
features) ,  an y generalization s tha t  ar e capture d a s interaction s betwee n differen t  syntacti c categorie s ar e 
eithe r  los t  o r  redundantly  specifie d b y eac h concep t  sequence .  Th e cateogria l  tre e schem e i s i n essenc e 
simila r  t o th e concep t  sequenc e schem e i n term s o f  th e expressivit y o f  th e context-fre e rules ,  excep t  tha t 
th e notio n o f  grammatica l  categorie s i s introduce d an d semanti c feature s ar e represented  throug h separat e 
links . 

In general, there are three problems with current traditional maiker-passing models: (1) they do not 
adequatel y represent  syntacti c informatio n suc h a s syntacti c category ,  case ,  number ,  an d ver b form .  (2 ) 
They d o no t  hav e a  notio n equivalen t  t o th e hea d o f  a  phras e (Jackenoff[1977] )  whic h i s subcategorizic d 
fo r  Ui e syntacti c feature s o f  it s  complements .  (3 )  biteraction s ar e strictl y  local .  Becaus e eac h sequenc e 
i s independent ,  ther e i s n o wa y fo r  a n elemen t  o f  a  concep t  sequenc e t o se e insid e anothe r  elemen t  o f 
th e sam e sequence .  Fo r  example ,  th e concep t  sequenc e [  *PERSON *MTRANS-wor d tha t  *ACnoN ]  use d i n 
recognizing  Su e sai d tha t  Mar y ra n wil l  b e activate d b y an y instanc e o f  *MTRANS-wor d an d an y instanc e 
of  *ACTI0N .  Ther e i s n o wa y t o ensur e tha t  i f  th e *MTRANS-wor d i s say ,  th e se t  o f  entitie s tha t  cause d th e 
activatio n o f  *ACTI0 N mus t  contai n a  finite  verb .  (Unles s w e creat e man y ne w concept s suc h a s *fiNlTE -

FORM-RUNNING-ACTION-TAKING-NOMINATIVE-SUBJECT,  i n whic h cas e w e wil l  los e generalizations. )  Th e 
same hold s wit h th e categoria l  tre e schem e becaus e th e content s o f  embedde d node s ar e (b y th e definitio n 
of  context-fre e tree )  invisibl e t o th e externa l  nodes . 

The rest of this section lists some syntactic phenomena which have not been addressed in traditional 
marke r  passin g models . 

SUBCATEGORIZING FOR HEAD FEATURES OF COMPLEMENTS 

(1) 
a.  I  believ e Joh n studie s a t  C M U. 
b.* I  believ e Joh n stud y a t  C M U. 

c.* I  believ e Joh n studyin g a t  C M U. 

The contrast between (l)a, (l)b, and (l)c, is that believe is subcategorized for an embedded clause whose 
head ver b take s finite  for m bu t  bas e for m o r  presen t  participl e form .  Correc t  treatmen t  o f  grammaticalit y 
i n thes e example s require s th e non-loca l  operatio n o f  passin g u p hea d feature s fro m stud y t o believe . 
As w e hav e alread y described ,  traditiona l  concep t  sequenc e scheme s d o no t  adequatel y handl e non-loca l 
interaction s an d d o no t  hav e a  metho d fo r  passin g u p hea d feature s o f  embedde d verb s s o tha t  the y ca n 

be constraine d b y a  highe r  verb." * 

AGREEMENT OF ANAPHORS AND CONTROL 

The followin g sentence s fro m Pollard[ms ]  involv e additiona l  non-loca l  interaction s i n contro l  an d agree -
ment . 

(2) 

a.  H e tried/seeme d t o was h himself/*herself . 

b.  H e promise d he r  t o was h himself/*herself . 

c.  Sh e persuade d hi m t o was h himself/*herself . 

d.  Sh e believe d hi m t o b e washin g himself/*herself . 

e.  Sh e appeale d t o hi m t o was h himself/*herself . 

'Se e Hovy[1988 ]  fo r  th e us e o f  suc h a  schem e i n generatin g a  natura l  language . 
^Some recen t  connectionis t  researc h (suc h a s Elman[1988 ]  an d Servan-Schreiber ,  e t  <z/[1988] )  ha s show n som e promisin g 

result s i n trainin g simpl e recurren t  network s t o develo p expectation s t o captur e grammatica l  category ,  an d t o develo p som e 
expectation s abou t  concept s an d word s i n embedde d sentences .  However ,  the y hav e ye t  t o captur e th e complexit y o f  grammatica l 
constraint s i n natura l  language . 
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Correct assignment of meaning (and grammaticalily judgements) is not possible in traditional marker 
passin g scheme s because :  (1 )  Ther e i s n o wa y t o specif y generalization s abou t  behavio r  o f  group s o f 
syntacti c (catcgorial )  node s suc h as ,  Governin g Categor y i n G B ,  Chomsky[1981] .  I n traditiona l  marke r 
passin g schemes ,  th e pronominal s an d anaphor s i n th e embedde d clause s woul d probabl y b e boun d t o an y 
contextuall y salien t  entit y a s lon g thei r  semanti c conten t  agree s (i.e. ,  *!viALE-PiZRSON ,  etc.) .  (2 )  Ther e i s 

no wa y fo r  th e mai n ver b t o determin e anythin g abou t  th e subjec t  o f  it s  complemen t  (fo r  example ,  tha t  i t 
i s  controlle d b y th e mai n claus e subject )  becaus e th e concep t  sequenc e containin g th e mai n ver b canno t 
sec insid e th e concep t  sequenc e correspondin g t o tli c  controlle d clause . 

WORD ORDER CONSTRAINTS BASED ON OBLIQUENESS 

I n English ,  th e orde r  o f  a  verb' s argument s i s partl y determine d b y thei r  relativ e obliqueness ;  les s obliqu e 
complement s preced e mor e obliqu e phrasa l  complements .  (Pollard&Sag[1987] )  I n th e example s i n (3 ) 
th e constrain t  i s  tha t  "adver b phras e i s th e mos t  obliqu e siste r  o f  th e post-verba l  complements ,  an d henc e 
must  follo w ihc m all "  (Pollard&Sag) .  Concep t  sequence s ca n specif y th e wel l  forme d ordering s (3) a 
and (3) b b y writin g surface-specifi c  concep t  sequence s fo r  th e possibl e combinations ,  bu t  becaus e the y 
do no t  represen t  grammatica l  function s o r  a  hierarch y o f  obliquenes s o f  arguments ,  the y wil l  mis s th e 
generalizatio n abou t  complemen t  order . 

(3) 

a.  H e looke d u p th e numbe r  quickly . 

b.  H e looke d th e numbe r  u p quickly . 

c.*H c looke d th e numbe r  quickl y up . 

d.*H c looke d quickl y u p th e number . 

e.*H e looke d quickl y th e numbe r  up . 

f.*H c looke d u p quickl y th e number . 

WORD ORDER CONSTRAINTS BASED ON THE POSITION OF THE HEAD 

Sinc e traditiona l  marker-passin g scheme s d o no t  hav e a  notio n o f  syntacti c head ,  the y canno t  captur e 
generalization s abou t  th e orderin g o f  complement s wit h respec t  t o th e head ,  (e.g. ,  tha t  th e hea d i s alway s 
final  o r  tha t  th e hea d i s alway s initial) .  Japanes e allow s fre e orderin g o f  th e complement s o f  a  verb ,  bu t 
th e ver b ha s t o com e afte r  al l  o f  it s  complements .  However ,  withou t  a  notio n o f  head ,  th e onl y wa y t o 
specif y head-fina l  wor d orde r  i n Japanes e i s t o writ e surface-specifi c  concep t  sequence s fo r  al l  possibl e 
order s o f  complement s al l  o f  whic h hav e th e hea d a t  th e end ,  bu t  thi s fail s  t o captur e generalization s 
abou t  fre e complemen t  orde r  i n Japanese . 

The problems we have identified in this section arc inherently problematical in parsing natural language 
inpu t  an d ar e fata l  i n generatin g grammatica l  sentences . 

HEAD-DRIVEN MASSIVELY-PARALLEL CONSTRAINT PROPAGATION (HMCP) PARADIGM 

CONSTRAINT PROPAGATION 

The underlyin g philosoph y o f  ou r  mode l  i s tha t  word s (o r  som e smalle r  linguisti c unit )  i n th e inpu t 
strin g trigge r  th e propagatio n o f  structure d marker s throug h a  network .  Th e marker s carr y informatio n 
abou t  th e sourc e o f  th e activation ,  includin g man y syntacti c features .  Concept s tha t  represen t  head s o f 
phrase s contai n bundle s o f  syntacu c feature s whic h constrai n thei r  complements .  W h e n activation s o f 
complement s collid e wit h activaUon s o f  heads ,  th e syntacti c feature s o f  th e complemen t  an d hea d ar e 
unified .  Usin g propagate d constraint s an d feature s i n thi s way ,  i t  i s  possibl e fo r  a  hea d t o constrai n 
syntacti c propertie s o f  it s  complement s suc h a s syntacti c category ,  case ,  agreemen t  feature s an d whethe r 
the y ca n b e expletive .  I t  i s  als o possibl e t o specif y principle s o f  wor d orde r  base d o n obliquenes s an d 
th e hea d initial/fina l  distinction .  Becaus e mos t  o f  th e feature s tha t  ar e propagate d an d constraine d ar e 
labele d a s head-feature s i n linguisti c theor y (suc h a s G P S G (Gazdar ,  e t  a/[1985]) ,  an d H P S G ) ,  ou r  mode l 
i s name d Head-drive n Massively-paralle l  Constrain t  Propagatio n ( H M C P )  model . 
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THE NOTIO N O F HEA D 

The lexica l  hea d o f  a  phras e i s a  wor d whic h determine s man y o f  ih e syntacti c propertie s o f  th e phras e 
as a  whol e (Jackendoff[1977] ,  Pollard&Sag[1987]) .  Thu s th e lexica l  hea d o f  a  ver b phras e o r  sentenc e 
i s a  verb ,  th e lexica l  hea d o f  a  prepositiona l  phras e i s a  preposition ,  an d s o on .  Th e feature s o f  th e head , 
determin e wha t  syntacti c environment s th e phras e ca n occu r  in .  Fo r  example ,  a  claus e heade d b y a  finite 
ver b ca n occu r  a s a  complemen t  o f  th e ver b believe ,  bu t  ver b phrase s heade d b y presen t  participle s canno t 
occu r  i n thi s environment .  I n th e H M CP model ,  w e ar e currentl y adoptin g head-feature s simila r  t o thos e 
postulate d i n th e H P S G framework .  Thes e includ e majo r  category ,  cas e features ,  ver b form s (tensed , 
finite,  base ,  an d participl e forms) ,  nou n form s (expletiv e an d normal) ,  an d man y others .  W e als o includ e 
agreemen t  feature s whic h ar e no t  treate d a s syntacti c hea d feature s i n som e syntacti c theories . 

These head-features are propagated upward from the lexical head (i.e., the node that is a head and that 
was activate d b y th e input )  an d ar e carrie d a s constraint s o n futur e marke r  collision s an d furthe r  spreadin g 
activation . 

THE NOTION OF SUBCATEGORIZATION 

Lexica l  item s ar e organize d int o subcategorie s dependin g o n th e numbe r  an d kin d o f  othe r  node s tha t 
the y combin e wit h i n odc r  t o recogniz e (o r  generate )  a  sentence .  Subcategorizauo n i s  differen t  fro m 
th e notio n o f  concep t  sequenc e i n tha t  i t  i s  independen t  o f  th e surfac e orde r  o f  constituents .  I n ou r 
system ,  a s i n HPSG,  th e subcategorizatio n lis t  reflect s th e obliquenes s orde r  o f  th e grammatica l  function s 
tha t  ar e subcatcgorizc d for .  I t  i s  als o a  lis t  o f  constraint s tha t  nee d t o b e satisfie d b y node s tha t  fill 
argumen t  position s i n orde r  t o mak e recognitio n (an d generation )  complete .  Thes e constraint s ar e mos t 
likel y t o b e syntacti c hcad-fcaturc s tha t  ar e propagate d b y lexica l  activations ;  however ,  ther e ma y als o b e 
semanti c constraint s o n th e fillers  o f  argumen t  positions .  Concep t  sequences ,  o n th e othe r  hand ,  represen t 
onl y linea r  orde r  o f  concept s an d fai l  t o captur e syntacti c constraint s (i.e. ,  head-features )  tha t  nee d t o b e 
satisfie d i n orde r  t o complet e th e subcategorization .  Thus ,  th e notio n o f  subcategorizatio n an d concep t 
sequenc e shoul d no t  b e confused . 

LAYERED NETWORK 

FOUR U\YERS OF NETWORK 

Under  th e H M CP model ,  th e networ k ha s differen t  layer s (no t  t o b e confuse d wit h th e hidde n layer s i n 
neural-ne t  frameworks )  tha t  ar e independen t  o f  th e semantic-ne t  base d abstracfio n hierarchy .  Currentl y 
th e layer s ar e 1 )  th e Stati c Laye r  (SL )  2 )  th e Potential-activatio n Laye r  (PL) ,  3 )  th e AcUve-Laye r  (AL ) 
and 4 )  th e Decaying-Laye r  (DL) .  Th e S L an d A L ar e perhap s analogou s t o short-ter m memor y (STM ) 
and long-ter m memor y (LTM )  i n th e traditiona l  psycholog y literature .  Th e layer s represen t  group s o f 
node s whic h ar e differentiate d b y th e leve l  (an d time )  o f  activation . 

The SL is the layer which nodes belong to by default before the first utterance in the discourse. It is an 
associativ e networ k o f  memor y wit h node s correspondin g t o memor y structure s tha t  represen t  entifie s a t 
differen t  level s o f  abstractio n fro m phonemi c node s t o discours e leve l  nodes . 

The PL contains nodes that are potential candidates for filling slots in subcategorizauon lists. 

The AL contains nodes that are activated by words in the current sentence using a standard upward 
activatio n schem e (e.g. ,  D M A )  an d tha t  mee t  th e subcategorizatio n constrain t  check .  A t  th e en d o f  th e 
sentence ,  th e A L wil l  b e th e node s tha t  correspon d t o th e element s o f  al l  th e accepte d subcategorizatio n 
lists .  Syntacti c constraint s suc h a s complemen t  orde r  constraint s an d parameter-base d discours e constraint s 
(suc h a s CENTER an d PlvO T constraint s (Tomabechi[ms]) )  appl y a t  thi s layer .  Discours e function s suc h 
as Forward-lookin g Cente r  (Cf )  (Grosz ,  e t  al[l9S6] )  an d potentia l  foc i  (Sidner[1983] )  ar e als o define d a t 

AL. 
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The DL is simply the AL of the preceding utterance. The levels of activation of nodes in DL decay with 
tim e an d th e node s wil l  eventua l  y  retur n t o SL .  Th e leas t  obliqu e elemen t  o f  th e immediatel y precedin g 
utteranc e i n thi s laye r  correspond s t o Backward-lookin g Cente r  (Cb )  (Grosz ,  e t  al )  an d discours e focu s 
(Sidner[1983]) . 

HMCP CONSTRAINT PROPAGATION 

The followin g ilire e thing s ar e propagate d fro m lexicall y activate d nodes :  1 )  head-feature s attache d t o 
th e node ,  2 )  identit y o f  th e instanc e nod e tha t  i s associate d wit h th e curren t  lexica l  activatio n (i.e. ,  whic h 
specifi c  instanc e shoul d b e associate d o r  create d wit h th e curren t  lexica l  activation )  an d 3 )  th e specifi c  cos t 
(weight )  associate d wit h th e give n lexica l  activation .  Th e las t  tw o ar c discusse d i n detai l  i n Tomabechi , 
ct  a/[1989 ]  an d Kitano ,  e t  a/[1989 ]  an d therefore ,  wil l  no t  b e discusse d i n thi s paper . 

EXAMINATION OF THE MODEL WITH A CONTROL CONSTRUCTION 

We wil l  describ e th e H M CP parsin g mode l  b y walkin g throug h th e pars e o f  Joh n trie d t o giv e Mar y 
th e book .  Th e equ i  ver b tr y specifie s tha t  th e entit y associate d wit h it s subjec t  b e share d wit h tha t  o f 
th e unexpresse d subjec t  o f  it s V P complement .  I n othe r  words ,  tr y  specifie s tha t  i t  subcategorize s fo r  a 
complemen t  whic h i s itsel f  unsaturate d an d ther e i s a  dependenc y betwee n th e embeddin g subjec t  an d th e 
embedded subject .  Thi s phenomeno n i s know n a s control . 

Before parsing the sentence, all nodes that potentially satisfy an element of a subcategorization list are 
put  int o th e Potential-activatio n Laye r  (PL) .  I n thi s example ,  node s correspondin g t o tr y an d giv e contai n 
subcategorizatio n list s a s th e valu e o f  th e subca t  feature .  I n th e nod e correspondin g t o try ,  NP[NOM]  i n 
th e subcategorizatio n lis t  i s  coindexe d wit h *PERSON i n th e trie r  role ,  s o *PERSON i s adde d t o th e PL . 
*ACTiON,  *OBJECT ,  an d al l  othe r  concept s coindexe d wit h subcategorize d position s ar e concurrentl y adde d 
t o th e P L (massiv e parallelism) .  Al l  othe r  node s i n th e networ k ar e i n th e Stati c Laye r  (SL) . 

We will be using a network of semanUc memory similar to the ones described in the DMA and associative 
memory literatur e followin g th e traditio n o f  semanti c network s sinc e Quillian[1968,1969 ]  usin g structure d 
memory node s (suc h a s Mops ,  Schank[1982]) .  Fo r  example ,  th e lexica l  concept s representin g th e verb s 
giv e an d trie d ar e encode d i n th e networ k a s below : 

(lex-node *GIVE 

(is- a (*ACTION) ) 

(phonolog y </g /  / i /  /v/> ) 

(syn-head-featur e ((MA J V )  (VFOR M BSE )  (AU X MINUS)) ) 
(give r  (*PERSO N 1) ) 

(receive r  (*PERSO N 2) ) 

(give n {^OBJEC T 3 )  ) 

(subca t  <(NP[NOM ]  1 ) ,  (NP[ACC ]  2 ) ,  (NP[ACC ]  3)>) ) 

(lex-node *TRy 

(is- a (^ACTION) ) 

(phonolog y </ t /  / r /  /a /  / i /  / d / » 

(syn-head-featur e ((MA J V )  (VFOR M FIN )  (AU X MINUS)) ) 

(trie r  (*PERSO N 1) ) 

(circumstanc e (*ACTIO N 2) ) 

(subca t  <(NP[NOM ]  1 ) ,  ((((MA J V ) 

(VFORM INF) ) 

subcat<(N P 1)> ) 

2 ) » ) 

The list (NP[NOM] 1) in the subcat feature is a short-hand for (((MAJ N) (CASE NOM)) 1). 
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The first word John activates the node *J0IIN and the activation is propagated upward in the abstraction 
hierarch y alon g wit h th e hea d features .  Whe n th e activatio n reache s a  nod e i n th e PL ,  i n thi s cas e 
•person ,  th e hea d feature s carrie d i n th e activatio n ar e checke d agains t  th e constraint s o n th e positio n 

tha t  i t  fills  i n a  subcategorizatio n list .  I n thi s example ,  th e activatio n triggere d b y Joh n carrie s th e hea d 
featur e NP[NOM] ,  whic h i s checke d agains t  an d satisfie s th e NP[NOM]  constrain t  o n th e trie r  role .  Whe n 
th e constraint s o n a  nod e i n th e P L ar e met ,  i t  move s t o th e AL .  I n thi s case ,  *PERSON move s t o th e AL . 
I f  th e constraint s ar e no t  met ,  th e nod e move s bac k t o SL . 

The constraints on *PERSON are checked concurrently for every other verb and every other role that can be 

filled  wit h *PERSON.  I n eac h parallell y  spawned ^  (forked )  environmen t  fo r  eac h concurrentl y recognize d 
subcategorization ,  *PERSON i s eithe r  move d t o A L o r  SL .  Thu s th e processin g i s massivel y paralle l  i n 
nature . 

The next word, tried, activates the node *TRY, which is subcategorized for NP[NOM] coindexed with 
•PERSON.  I n th e environmen t  (fo r  th e evaluatio n tha t  wa s spawned )  wher e *PERSON wa s tryin g t o ge t 
int o th e trie r  rol e o f  *TRY ,  NP[NOM]  i s remove d fro m th e subcategorizatio n lis t  an d th e pars e continue s 
lookin g fo r  th e othe r  subcategorize d argumen t  o f  fry .  I n paralle l  environment s wher e *PERSON wa s tryin g 
t o fill  role s fo r  othe r  verbs ,  nothin g happens . 

Recognition of to give Mary the book continues in a similar manner. Mary fills the receiver role and 
th e boo k fills  th e give n rol e an d (NP[ACC ]  2 )  an d (NP[ACC ]  3 )  ar e remove d fro m th e subcategorizatio n 
list .  Whe n item s ar e remove d fro m a  subcategorizatio n list ,  th e ne w subcategorizatio n lis t  an d th e hea d 
feature s ar e propagate d upward .  I n thi s case ,  *GIV E propagate s a  subcategorizatio n lis t  o f  on e element , 
NP[NOM],  an d th e hea d feature s o f  give ,  ((MA J V )  (VFOR M bse )  (AU X minus)) .  Th e concep t  *ACTlO N i n 
th e P L receive s thi s activation ,  whic h satisfie s th e constraint s o n th e circumstanc e rol e o f  *TRY .  *TR Y 
specifie s tha t  th e NP[NOM]  whic h fills  th e trie r  rol e i s coindexe d wit h th e NP[NOM]  insid e th e V P whic h 
fills  th e circumstanc e role .  Thi s no w indicate s tha t  Joh n fills  th e give r  rol e i n *GIVE .  Thi s way ,  th e 
phenomeno n know n a s contro l  i s  handle d i n th e H M CP model . 

CONCLUSION 

It has been accepted in the linguistic and psychological communities that syntactic constraints play an 
importan t  rol e i n m a n y type s o f  linguisti c phenomena .  Ye t  i t  i s  ou r  clai m tha t  i n th e curren t  marker-passin g 
and connectionis t  base d natura l  languag e schemes ,  ver y littl e ha s bee n accounte d fo r  i n term s o f  syntacti c 
constraint s an d th e interaction s o f  syntax ,  semantic s an d pragmatics .  Method s tha t  hav e bee n employe d 
fo r  capturin g syntacti c phenomen a hav e bee n mostl y a d hoc .  Fo r  example ,  i n th e traditiona l  marke r 
passin g schemes ,  th e notio n o f  concep t  sequenc e ha s bee n accepte d a s a  centra l  metho d o f  capturin g 
Englis h word-order .  However ,  i t  ha s bee n observe d tha t  Englis h wor d orde r  i s  bes t  describe d i n term s 
of  th e obliquenes s orde r  o f  grammatica l  functions .  I n categoria l  tre e schemes ,  th e node s wer e simpl y 
organize d i n a  context-fre e manne r  an d constraint s base d upo n th e interna l  feature s o f  th e embedde d 
nodes ,  whic h ar e vita l  i n handlin g phenomen a suc h a s control ,  hav e no t  bee n capture d (similari y wit h th e 
concep t  sequenc e schemes) . 

The HMCP model attempts to model interactions among various syntactic features as well as between 
syntax ,  semantic s an d pragmatic s i n a  principle d manner .  W e hav e see n tha t  H M C P handle s case ,  agree -
ment ,  an d contro l  base d upo n subcategorizatio n an d head-featur e propagation .  T h e metho d o f  handlin g 
subcategorizatio n i n H M C P (no t  presente d her e fo r  reason s o f  space )  allow s fo r  capturin g generalization s 
base d o n categorie s an d syntactic-feature s o f  complements .  Therefore ,  ou r  analysi s doe s no t  suffe r  fro m 
th e adhocnes s associate d wit h th e traditiona l  marker-passin g schemes .  T h e layere d networ k base d o n 
activatio n statu s allow s fo r  complemen t  orde r  constraint s base d o n obliqueness ,  head-initial/head-fina l 
distinctions ,  an d discourse-paramete r  base d constraint s t o b e applie d a t  th e A L onl y an d thus ,  th e numbe r 
of  paralle l  constrain t  application s ar e controlle d t o b e m i n i m u m . 

Our  algorith m require s a  pur e parallelis m (suc h a s supporte d b y Multihs p (Halstead ,  e l  a/[19861) )  i n tha t  i n orde r  t o 
evaluat e tw o thing s i n paralle l  (i.e. ,  consideratio n o f  tw o concurrentl y recognize d subcategorization s b y tw o differen t  verb s 
requirin g NP[NOM]  filling  *person) ,  a  ne w tas k i s spawne d t o evaluat e on e o f  them .  Th e environmen t  o f  th e spawne d tas k mus t 
be exactl y th e sam e environmen t  a s wa s i n effec t  whe n th e spaw n occurred .  Thi s mean s w e hav e massively-paralle l  world s 
(environments )  representin g eac h subcategorizatio n check . 
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The H M C P mode l  i s massively-paralle l  i n natur e an d evaluation s ar e spawne d (provide d wit h indepen -
dent  environments )  fo r  eac h subcategorizatio n tha t  i s  active .  H M C P i s base d upo n a  massively-paralle l 
structure-passin g (MSP )  algorith m whic h presuppose s a  neural-networ k tha t  i s  capabl e o f  passin g aroun d 
some amoun t  o f  information .  (On e suc h ncural-nc t  architecture ,  Frequenc y Modulatio n Neura l  Networ k 
( F M N N)  an d it s phenomenologica l  plausibilit y  ar c describe d i n Tomabcchi&Kitano(1989J) .  Currentl y th e 
M SP algorith m i s supporte d o n MULTILIS P whic h i s a  tru e paralle l  Lis p develope d a t  M I T (Halstead ,  e t 
a/[1986] )  whic h run s o n M a c h (Rashid ,  e t  a/[1987] )  a t  C M U. 

A C K N O W L E D G E M E N TS 

The author s woul d lik e t o than k Jaim e Carbonell ,  Masar u Tomita ,  Hiroak i  Kitano ,  Hitosh i  lid a an d Car l 
Pollar d fo r  thei r  assistanc e i n variou s aspect s o f  wor k reporte d i n thi s paper .  Thank s ar e als o du e t o th e 
members o f  th e Cente r  fo r  Machin e Translatio n fo r  fruitfu l  discussions . 

References 

[1 ]  Becker ,  J.D .  (1975 )  'Th e phrasa l  lexicon' .  I n Theoretica l  Issue s i n Natura l  Languag e Processing . 

[2 ]  Bookman ,  L.A .  (1987 )  ' A Microfcatur e Base d Schem e fo r  Modellin g Semantics' .  I n Proceeding s o f  th e IJCAI -

87. 

[3 ]  Chamiak ,  E .  (1983 )  'Passin g Markers :  A  theor y o f  Contextua l  Influenc e i n Languag e Comprehension' .  Cog -

nitiv e Scienc e 1 . 

[4 ]  Chamiak ,  E .  (1986 )  ' A nea t  theor y o f  marke r  passing' .  I n Proceeding s o f  th e AAAI-86 . 

[5 ]  Chomsky ,  N .  (1981 )  Lecture s o n Governmen t  an d Binding ,  Foris . 

[6 ]  Elman ,  J .  (1988 )  Findin g structur e i n time .  C R L TR-8801 .  Cente r  fo r  Researc h i n Language ,  Universit y o f 

California ,  Sa n Diego . 

[7 ]  Gazdar ,  G. ,  PuIIum ,  G. ,  an d Sag ,  I .  (1985 )  Generalize d Phras e Structur e Grammar .  Harvar d Universit y Press . 

[8 ]  Granger ,  R .  an d Eiscit ,  K .  (1984 )  'Th e paralle l  organizatio n o f  lexical ,  syntactic ,  an d pragmati c inferenc e 

processes '  I n Proceeding s o f  th e Firs t  Annua l  Worksho p o n Theoretica l  Issue s i n Conceptua l  Informatio n 

Processing . 

[9 ]  Grosz ,  E ,  Joshi ,  K ,  an d Wcinstcin ,  S .  (1986 )  Toward s a  computationa l  theor y o f  discours e interpretation . 

Preliminar y draf t 

[10 ]  Halstead ,  R. ,  Loaiza ,  J. ,  an d Ma ,  M .  (1986 )  Th e Multilis p Manual .  Massachusett s Institut e o f  Technolog y 

[11 ]  Hendler ,  J .  (1986 )  Integratin g Marker-Passin g an d Proble m Solving :  A  Spreadin g Activatio n Approac h t o 

Improve d Choic e i n Planning .  Departmen t  o f  Compute r  Science ,  Universit y o f  Maryland . 

[12 ]  Hovy ,  E .  (1988 )  Generatin g Natura l  Languag e Unde r  Pragmati c Constraints .  Lawrenc e Erlbau m Associates . 

[13 ]  Jackendoff ,  R .  (1977 )  X-ba r  Syntax :  A  stud y o f  Phras e Structure .  MI T Press . 

[14 ]  Kitano ,  H. ,  Tomabechi ,  H  an d Levin .  L. ,  (1989 )  'Ambiguit y Resolutio n i n 0DmTrans' .  I n Proceeding s o f 

th e fourt h Conferenc e o f  th e Europea n Chapte r  o f  th e Associatio n fo r  Computationa l  Linguistics . 

[15 ]  Norvig ,  P .  (1987 )  'Inferenc e i n Tex t  Understanding' .  I n Proceeding s o f  th e AAAI-87 . 

[16 ]  Pollard ,  C .  an d Sag ,  I .  (1987 )  A n Information-base d Synta x an d Semantics ,  Volum e I .  CSLI . 

[17 ]  Quillian ,  M.R .  (1968 )  'Semanti c Memory' .  I n Semanti c Informatio n Processing ,  ed .  Minsky ,  M .  MI T Press . 

[18 ]  Quillian ,  M.R .  (1969 )  Th e teachabl e languag e comprehender .  B B N Scientifi c  Repor t  10 . 

[19 ]  Rashid ,  R. ,  A .  Tevanian ,  M .  Younge ,  D .  Youge ,  R .  Baron ,  D .  Black ,  W.  Bolosk y an d J .  Che w (1987 )  'Machine -

Independen t  Virtua l  Memor y Managemen t  fo r  Page d Uniprocesso r  an d Multiprocesso r  Architectures' .  C M U-

CS-87-140 .  Carnegi e Mello n University . 

378 



T0MABi:C1I l  A N D LEVI N 

[20] Riesbcck, C. (1986) 'From Conceptual Analyzer to Direct Memory Access Parsing: An Overview'. In Ad-

vance s i n Cognitiv e Scienc e 1 ,  cd .  Sharkey ,  N .  Elli s  Horwoo d Ltd . 

[21] Riesbcck, C. and Martin, C. (1985) Direct Memory Access Parsing. Yale University Report 354. 

[22] Schank, R. (1982) Dynamic Memory: A theory of learning in computers and people. Cambridge University 

Press . 

[23 ]  Servan-Schreiber ,  D. ,  Cleeremans ,  A. ,  an d McClelland ,  J .  (1988 )  'Encodin g sequentia l  structur e i n simpl e 

recurren t  networks' .  CMU-CS-88-183 ,  Carnegi e Mello n University . 

[24] Sidner, C. (1983) Focusing in the comprehension of definite anaphora. In M. Brady and R. Berwick, ed., 

Computationa l  Model s o f  Discourse ,  MI T Press . 

[25] Sumida, R., Dyer, M. and Flowers, M., (1988) 'Integrating Marker passing and Connectionism for Handling 

Conceptua l  an d Structura l  Ambiguities' .  I n Proceeding s o f  th e Tent h Annua l  Conferenc e o f  th e Cognitiv e 

Scienc e Society . 

[26] Tomabechi, H. (1987) 'Direct Memory Access Translation'. In Proceedings of the IJCAI-87. 

[27] Tomabechi, H. and Tomita, M. (1988) 'The Integration of Unification-based Syntax/Semantics and Memory-

based Pragmatic s fo r  Real-Tim e Understandin g o f  Nois y Continuou s Speec h Input' .  I n Proceeding s o f  th e 

AAAI-88 . 

[28] Tomabechi, H. and Tomita, M. Manuscript. 'Massively Parallel Constraint Propagation: Parsing with 

Unification-base d Grammar' .  Cente r  fo r  Machin e Translation ,  Carnegi e Mello n University . 

[29] Tomabechi, H., and Kitano, H. (1989) 'Beyond PDP: the Frequency Modulation Neural Network Architecture'. 

I n Proceeding s o f  th e IJCAI-89 . 

[30 ]  Tomabechi ,  H. ,  Kitano ,  H. ,  Mitamura ,  T. ,  Levin ,  L. ,  Tomita ,  M .  (1989 )  Direc t  Memor y Acces s Speech-to -

Speech Translation :  A  Theor y o f  Simultaneou s Interpretation .  CMU-CMT-89-111 ,  Carnegi e Mello n University . 

[31 ]  Waltz ,  D .  L .  an d Pollack ,  J .  B. ,  (1985 )  'Massivel y Paralle l  Parsing :  A  Strongl y Interactiv e Mode l  o f  Natura l 

Languag e Interpretation. '  Cognitiv e Scienc e 9(1) . 

379 


	cogsci_1989_372-379



