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Abstrac t 

We describe a model of natural language un-
derstandin g base d o n th e notio n o f  propagatin g 
constraint s i n a  semanti c memory .  Thi s mode l 
contain s a  massively-paralle l  memory-networ k i n 
whic h constrain t  graph s tha t  represen t  syntacti c 
and othe r  constraint s tha t  ar e associate d wit h th e 
nodes tha t  triggere d activation s ar e propagated . 
The propagate d constrain t  graph s o f  complemen t 
nodes tha t  coUid e wit h th e constrain t  graph s pos -
tulate d b y th e hea d node s ar e unifie d t o perfor m 
constrain t  applications .  Thi s mechanis m han -
dle s linguisti c phenomen a suc h a s case ,  agreement , 
bindin g an d contro l  i n a  principle d manne r  i n ef -
fec t  equivalen t  t o th e manne r  tha t  the y ar e han -
dle d i n moder n linguisti c theories . 

Motivation 

The s o calle d 'direc t  memor y access '  (o r  memory -
based )  paradig m o f  natura l  languag e recognitio n seem s 
t o hav e establishe d itsel f  a s a n importan t  approac h 
t o natura l  language .  Originate d b y Quillia n ([Quil -
lian ,  1969]) ,  thi s mode l  o f  natura l  languag e processin g 
view s natura l  languag e understandin g a s th e activit y 
of  identifyin g th e inpu t  utteranc e wit h existin g mem-
or y structures .  Whil e thes e memor y structure s hav e 
take n variou s form s dependin g upo n underlyin g the -
oretica l  approache s (suc h a s M O Ps o f  [Riesbec k an d 
Martin ,  1985 ]  an d Case s i n [Martin ,  1989]) ,  th e under -
lyin g contro l  structur e ha s remaine d shared ,  namely , 
spreadin g activatio n an d marke r  passing .  Th e advan -
tag e o f  thi s contro l  structur e i s  tha t  sinc e spreadin g 
activatio n take s plac e directl y i n th e memor y network , 
direc t  memory-base d inferentia l  processin g ca n b e em -
ploye d a t  an y poin t  o f  recognition .  A  larg e numbe r  o f 
system s hav e take n advantag e o f  thi s contro l  structur e 
i n orde r  t o perfor m recognitio n an d inferenc e directl y 
on a  semanti c memory .  On e wel l  know n weaknes s o f 
thi s approac h i s it s  inabilit y t o handl e comple x syn -
tacti c constraints .  Sinc e th e memor y networ k repre -
sent s th e hierarchica l  organizatio n o f  conceptua l  rela -
tion s an d packagin g o f  themati c an d experientia l  mem-

or y units ,  adequat e representatio n o f  syntacti c con -
straint s ha s bee n ver y difficult ,  i f  no t  impossible .  I t 
i s  becaus e syntacti c constraint s ar e ofte n configura -
tiona l  an d ar e assigne d base d upo n particula r  struc -
tura l  pattern s o f  th e constituen t  buildu p a t  th e tim e 
of  utterance .  Fo r  example ,  a  syntacti c cas e o f  a  par -
ticula r  nou n phras e i s  dynamicall y determine d a t  th e 
tim e o f  th e utteranc e base d upo n th e particula r  syn -
tacti c configuratio n an d i s  essentiall y  impossibl e t o 
captur e a  •priori  i n th e semanti c networ k (otherwis e 
we wil l  hav e t o specif y infinitel y man y sententia l  pat -
tern s a s wel l  a s man y redundan t  subcategorie s o f  con -
cept s base d upo n cas e variet y simpl y t o captur e th e 
cas e agreemen t  phenomenon) .  Similarl y a  recognitio n 
of  Su e sai d tha t  Mar y ra n unde r  th e memory-base d 
paradig m woul d requir e instantiatio n o f  tw o sequence s 
of  concept s i n memor y [*PERSO N *MTRANS-wor d tha t 
*action ]  an d [*perso n *RUN ]  (i.e. ,  a  typica l  senten -
tia l  recognitio n methodolog y currentl y employe d un -
der  thi s paradig m usin g pattern s o f  concepts) .  Th e 
first  sequenc e i s probabl y attache d t o a  roo t  nod e suc h 
as *MTRANS-EVENT an d th e secon d sequenc e i s at -
tache d t o *RUN-ACTIO N whic h i s a  subclas s o f  *AC -
TION.  Th e las t  elemen t  o f  th e first  sequenc e *ACTlO N 
wil l  b e activate d b y th e recognitio n o f  an y subclas s 
of  *ACTIO N includin g *RUN-ACTION ,  *SLEEP-ACTION , 
etc. .  However ,  ther e i s n o wa y t o ensur e tha t  i f  th e 
*MTRANS-word i s said ,  th e se t  o f  entitie s tha t  cause d 
th e activatio n o f  *ACTIO N contai n (b e heade d by )  a 
finite  ver b (unles s w e creat e a  possibl y infinit e num -
ber  o f  concept s fo r  differen t  combination s o f  syntac -
ti c feature s suc h a s *finite-form-running-action -
taking-nominative-subject) .  Thus ,  i t  i s  essentiall y 
impossibl e t o captur e th e grammaticalit y o f  Joh n sai d 
Mary run s an d th e ungrammaticalit y o f  Joh n sai d 
Mary ru n (o r  Joh n sai d Mar y t o run )  withi n th e con -
straint s capturabl e insid e th e semanti c memor y net -
work .  Anothe r  wel l  know n syntacti c phenomeno n tha t 
i s essentiall y  uncapturabl e withi n th e semanti c net -
wor k methodolog y i s th e s o calle d obligator y contro l 
phenomeno n i n whic h a  subjec t  (o r  object )  o f  th e ex -
terna l  claus e control s th e unexpresse d subjec t  o f  th e in -
terna l  clause .  Fo r  example ,  i n Joh n persuade d Mar y t o 
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giv e Sand y susht ,  th e subjec t  o f  giv e i s unexpresse d bu t 
i s 'controlled '  t o b e th e objec t  o f  th e externa l  clause , 
i.e. ,  Mary .  Thi s i s calle d objec t  controlun d i n orde r  t o 
handl e this ,  a  configurationa l  formulatio n o f  th e syn -
tacti c constraint s wil l  b e needed ,  whic h i s  non-trivia l 
i n a  straightforwar d semanti c network. ^ 

Othe r  problemati c constraint s includ e long-distanc e 
dependenc y i n whic h th e dependenc y relatio n betwee n 
th e tw o nou n phras e position s i s postulate d fo r  a n un -
bounde d lengt h an d dept h o f  th e syntacti c tre e config -
uration .  S o m e bindin g o f  anaphors ,  suc h a s th e bindin g 
of  reflexiv e pronoun s i n English ,  als o require s configu -
rationa l  constrain t  processing .  Thus ,  m a n y syntacti c 
phenomen a requir e constrain t  processin g base d upo n 
syntacti c constituent s an d configuration s tha t  ar e dy -
namicall y create d durin g th e recognitio n an d a  pn -
o n formulatio n o f  suc h constraint s withi n th e semanti c 
m e m o ry networ k i s ver y difficult ,  i f  no t  impossible . 

Constraint Propagation in Memory 

The central notion of the proposed model is the prop-
agatio n o f  constraint s i n th e semanti c memor y net -
work .  Thi s i s i n contras t  t o pas t  model s o f  semanti c 
memory-base d natura l  languag e recognitio n i n whic h 
activation s an d pointer s t o source s o f  activation s (i.e. , 
markers )  ar e propagate d i n th e m e m o r y network .  In -
stea d o f  propagatin g marking s o n m e m o r y nodes ,  w e 
explicitl y  propagat e constraints .  A s a  representationa l 
scheme fo r  capturin g constraint s t o b e propagated ,  w e 
find  directe d graph s t o b e appropriate .  I t  i s  becaus e 
thei r  expressivit y ha s bee n wel l  supporte d b y linguist s 
([Bresna n an d Kaplan ,  1982] ,  [Pollar d an d Sag ,  1987] , 
etc. )  an d th e operation s o n the m (i.e. ,  grap h uni -
fication)  hav e bee n extensivel y researched^ .  I n fac t 
th e problemati c linguisti c phenomen a fo r  th e memory -
base d paradig m suc h a s agreement ,  obligator y control , 
an d long-distanc e dependenc y h.a.y e a, U bee n capture d i n 
th e unification-base d g ramma r  theorie s i n whic h grap h 
representatio n an d grap h unificatio n ar e assume d t o b e 
th e too l  fo r  capturin g th e constraint s require d fo r  han -
dlin g thes e phenomena .  Thus ,  w e propos e a  mode l  o f 
natura l  languag e recognitio n base d upo n propagatio n 
of  constraint s i n a  semanti c memor y networ k i n whic h 
constraint s ar e capture d usin g directe d graphs .  W e 
wil l  cal l  th e propose d semanti c networ k wit h capacit y 
t o propagat e graph s Graph-base d Constrain t  Propaga -

^  I n fact ,  th e D M A system s tha t  handl e thes e phenomen a 
rel y o n eithe r  prestore d functiona l  constrain t  application s 
specificall y prepare d fo r  particula r  sententia l  construction s 
(suc h a s [Tomabech i  an d Levin ,  1989] )  o r  o n prestore d 
(hard-wired )  relation s betwee n conceptua l  entitie s fo r  par -
ticula r  sententia l  construction s (suc h a s [Kitano ,  1990]) .  I n 
eithe r  case ,  formulatio n o f  prestore d relationa l  constraint s 
ar e a t  bes t  a d ho c an d n o generzdit y i s  guaranteed . 

^Suc h a s [Pereira ,  1985] ,  [Karttunen ,  1986] ,  [Kasper , 
1987] ,  [Wroblewski ,  1987] ,  an d [Tomabechi ,  1991] . 

tto n Networ k o r  G C P N i n thi s paper .  Th e graphs ^ 
propagate d i n th e G C P N m a y poin t  t o an y locatio n 

i n th e networ k an d m a y contai n comple x path s includ -
in g convergen t  arc s an d cycles .  Th e existentia l  natur e 
of  th e graph s i s  differen t  fro m tha t  o f  th e constrain t 
propagatio n networ k itself ^  i n th e sens e tha t  th e se -
manti c memor y networ k constitute s (followin g th e tra -
ditio n sinc e [Quillian ,  1966] )  th e hierarchica l  organiza -
tio n o f  concept s tha t  represent s a  semanti c m e m o r y 
and th e constrain t  graph s represen t  mostl y syntacti c 
constraint s suc h a s hea d feature s an d configurationa l 
constraint s whic h d o no t  belon g t o th e semanti c m e m-
ory . 

Th e expressivit y o f  th e graph-base d constrain t  prop -
agatio n schem e i s  significantl y greate r  tha n tha t  o f 
traditiona l  memory-base d scheme s an d thei r  exten -
sions .  A s w e mentione d above ,  syntacti c expressivit y o f 
thi s schem e i s essentiall y  equivalen t  t o th e expressivit y 
of  unification-base d theorie s (suc h a s H P S G,  [Pollar d 
and Sag ,  1987 ]  an d L F G [Bresna n an d Kaplan ,  1982] ) 
whil e th e semanti c an d pragmati c expressivit y o f  th e 
memory-base d paradig m i s maintained . 

Belo w i s a  sampl e lexico n fro m ou r  experimenta l  sys -
te m calle d M O N A - L I S A ([Tomabechi ,  ms] )  whic h use s 
th e G C P N a s th e centra l  representationa l  network .  W e 
hav e adopte d H P S G ([Pollar d an d Sag ,  1987] )  a s th e 
basi s o f  providin g th e linguisti c constraint s t o th e sys -
te m a s graphs .  T h e first  sampl e entr y i s th e specifica -
tio n fo r  th e concep t  * J O H N wit h th e constraint s spec -
ifie d her e usin g pat h equation s simila r  t o th e PATR-I I 
notatio n ([Shieber ,  e t  al ,  1983]) . 

(def-fram e *JOH N 
(inherits-fro m *MALE-PERSON) 
(typ e :lex-comp ) 
(spellin g John ) 
(synse m 

(def-pat h 
(< 0 lo c ca t  hea d maj > = = n ) 
(< 0 lo c ca t  marking > = = uiuncirked ) 
(< 0 lo c cen t  par a index > = = [[pe r  3rd ] 

[nu m sng ] 
[gen d masc]] ) 

(< 0 lo c cen t  rest r  reln > = = *JOHN ) 
(< 0 lo c contex t  backgr > = = [[rei n naming ] 

[nam e JOHN]] ) 
(< 0 lo c contex t  backg r  bearer > 

== < 0 lo c con t  par a index> ) 
(< 0 mem> = = < 0 lo c con t  par a inde x iden>))) ) 

W h en thi s lexica l  definitio n i s  rea d int o th e system , 
th e pat h equation s ar e converte d int o graph s a s show n 
below . 

(*JQH N 
(INHERITS-FRO M *MALE-PERSON) 
(TYPE 

Împlementationally ,  the y ar e pointer s t o graph s instea d 
of  graph s themselves . 

*Of  course ,  th e G C P N itsel f  i s a  graph ;  however ,  here , 
'graphs '  mean s th e constrain t  graph s an d no t  th e memory -
network . 
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(VALUE 
(COMMON :L£X-COMP)) ) 

(SPELLIN G 
(VALUE 

(COMMON JOHN)) ) 
(SYNSEM 

(VALUE 
(COMMON 

X01[[ 0 X02[[ME M X03[] ] 
[LOG X04[[CONTEX T 

X05[[BACKGR 
X06[[BEARE R 

X07[[IDE N X03 ] 
[GEND X0 8 MASC] 
[NUM X0 9 SNG] 
[PER XI O 3RD] ] 
[NAME XI 1 JOHN] 
[RELN X1 2 NAMING]] ] 

[CONT X13[[REST R 
X14[[REL N X1 5 •JOHN] ] 

[PARA X16[[INDE X X07]] ] 
[CAT X17[[MARKIN G X1 8 UNMARKED] 

[HEAD 
X19[[MA J X2 0 N]]]]]))) ) 

In the current formulation of GCPN, the constraint 
graph s ar e store d i n synse m value s o f  th e node s an d 
th e to p leve l  numbe r  0  ar c represent s constraint s t o 
th e nod e itself .  I f  a  nod e ha s it s complemen t  node s 
th e constraint s ar e specifie d b y number s highe r  tha n 0 
(i n th e orde r  o f  obliqueness) .  Fo r  example ,  th e lexica l 
specificatio n fo r  th e nod e *GIV E look s a s follows : 
(def-frame *GIVE 

(inherits-fro m *GIVE-ACTION ) 
(typ e :lex-head ) 
(spellin g give ) 
(synse m 
(def-pat h 
(< 0 lo c ca t  head > = = [[ma j  v ] 

[vfor m bse ] 
[au x - ] 
[in v - ] 
[pr d -]] ) 

(< 0 lo c ca t  marking > = = unmarked ) 
(< 0 lo c ca t  subca t  1 > = = <1> ) 
(< 0 lo c ca t  subca t  2 > = = <2> ) 
(< 0 lo c ca t  subca t  3 > = = <3> ) 
(< 0 lo c con t  reln > = = *give-action ) 
(<1 lo c ca t  hea d maj > = = n ) 
(<1 lo c ca t  hea d case > = = nom) 
(< 0 lo c con t  agent > = = < 1 lo c con t  par a index> ) 
(<1 lo c con t  rest r  reln > = = *person ) 
(< 2 lo c ca t  hea d maj > = = n ) 
(< 2 lo c ca t  hea d case > = = ace ) 
(< 0 lo c con t  goal > = = < 2 lo c con t  par a index> ) 
(< 2 lo c con t  rest r  reln > = = *person ) 
(< 3 lo c ca t  hea d maj > = = n ) 
(< 3 lo c ca t  hea d case > = = ace ) 
(< 0 lo c con t  theme > = = < 3 lo c con t  par a index> ) 
(<3 lo c con t  rest r  reln > = = *matter))) ) 

storin g simpl e case-fram e typ e lexica l  specification s i n 
th e lexica l  nodes ,  w e provid e ful l  graph-base d lexica l 
constraint s i n th e lexica l  leve l  node s i n th e constrain t 
propagatio n network .  Le t  u s provid e a  sampl e lexica l 
node definitio n fo r  th e objec t  contro l  ver b persuaded : 

(def-fram e *PERSUADED 
(inherits-fro m *PERSUADE-ACTION) 
(typ e :lex-head ) 
(spellin g persuaded ) 
(synse m 
(def-pat h 
(< 0 lo c ea t  head > = = [[ma j  v ] 

[vfor m inf ] 
[au x + ] 
[in v - ] 
[pr d -]] ) 

lo c ea t  marking > = = unmarked ) 
lo e ea t  subca t  1 > = = <1> ) 
lo e ea t  subca t  2 > = = <2> ) 
lo c ea t  subca t  3 > = = <3> ) 
lo e ca t  hea d maj > = = n ) 
lo c ea t  hea d ease > = = nom) 
lo e con t  rest r  reln > = = *person ) 
lo c con t  agent > = = < 1 lo e con t  par a index> ) 
lo e con t  persuadee > = = < 2 lo c con t  par a index> ) 
lo c con t  persuadee > 

== < 0 lo e con t  circumstanc e agent> ) 
lo c ca t  hea d maj > = = n ) 
lo e ca t  hea d case > = = ace ) 
lo e con t  rest r  reln > = = *person ) 
lo c ca t  hea d maj > = = v ) 
lo c ea t  hea d vform > = = inf ) 
lo e ea t  hea d aux > = = + ) 
lo c ca t  subca t  1  lo c ca t  head > = = 

« 0 
« 0 
« 0 
« 0 
«1 
«1 
«1 
«0 
«0 
«0 
«2 
« 2 
« 2 
«3 
«3 
«3 
«3 

«3 
«3 
«0 
« 0 
«3 
«3 

[[ma j  n ] 
[eas e nom]] ) 

lo e ea t  subca t  2  lo e ca t  head > = = saturated ) 
lo e ea t  subca t  3  lo c ca t  head > = = saturated ) 
lo c con t  cireumstaiiee > = = < 3 lo c eont> ) 
lo e con t  reln > = = *PERSUADE-ACTION) 
lo e con t  rest r  reln > = = < 3 lo c eon t  reln> ) 
lo e eon t  rest r  reln > = = faction))) ) 

The equation s ar e converte d int o directe d graph s 
when rea d int o th e system .  Thi s way ,  instea d o f  simpl y 

Thus th e tw o equations : 

({  0  lo c con t  persuade e )  = = {  2  lo c con t  par a 
inde x ) ) 

((  0  lo c con t  persuade e )  = = (  0  lo c con t  circum -
stanc e agen t  ) ) 

can easily specify the control constraints lexically in 
th e network . 

The Graph Propagation Recognition 

Currently ,  ou r  graph-base d constrain t  propagatio n in -
heritanc e networ k ha s 5  type s o f  nodes :  conceptual -
clas s nodes ,  lexical-hea d nodes ,  lexical-complemen t 
nodes ,  memory-instanc e nodes ,  an d phonological -
activit y nodes .  Th e conceptual-clas s node s ar e node s 
i n th e hig h level s o f  abstractio n an d ar e use d fo r  dis -
cours e an d episodi c recognition .  Lexical-hea d node s 
ar e node s tha t  ar e phonologicall y invoke d wit h lexica l 
activation s an d the y packag e th e complemen t  nodes . 
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Lexical-complemen t  node s ar e th e node s tha t  ar e lexi -
call y invoke d an d d o no t  hav e thei r  ow n complements . 
Memory-instanc e node s ar e actua l  instance s o f  lexical -
head s an d lexical-complement s tha t  ar e specifi c  t o th e 
curren t  utterance .  Phonological-activit y node s ar e th e 
node s tha t  represen t  phonemi c unit s an d ar e connecte d 
t o th e phonemi c recognitio n modules .  Th e activit y o f 
phonological-activit y node s i s no t  discusse d i n thi s pa -
per  an d th e inpu t  i s assume d t o b e alread y hypoth -
esize d a s word s (Pleas e refe r  t o [Tomabechi ,  ms ]  fo r 
activitie s o f  thos e nodes) . 

Belo w i s th e centra l  par t  o f  ou r  sententia l  recognitio n 
algorith m fo r  wor d leve l  input . 

function sentential-recognize (input-stream) 
create-proces s (recognize-lexica l  (input-stream)) ; 
invoke-global-incidents ; 
fo r  al l  NODE i n DecayingLaye r  d o 

print-node(NODE) ; 

function recognize-lexical (input-stream) 
rese t  activitie s i n Activatio n Laye r 

and Decayin g Laye r 
fo r  word-hypothesi s i n input-streeu n d o 

create-proces s (activate-lex-nod e 
(word-hypothesis)) ; 

invoke-global-incidents ; 

function activate-lex-node (word-hypothesis) 
creat e instanc e o f  word-hypothesi s 
and mak e a  cop y o f  constrain t  grap h 
wit h additio n o f  cu i  'mem '  ar c pointin g 
t o th e create d instance ; 
i f  th e nod e typ e i s lexical-complemen t 

the n propagat e copie d (an d modified ) 
constrain t  grap h upwaurd ; 

function invoke-global-incidents () 
fo r  head-instanc e i n ActivationLaye r  d o 

create-proces s (grab-subcat s (head-instance) )  ; 

function grab-subcats (head-instance) 
fo r  arc s specifie d i n subca t  grap h 

(i.e .  < 0 lo c ca t  subcat> )  d o 
i f  conceptua l  restrictio n nod e exist s 

(i.e ,  <lo c con t  res t  reln > ha s value ) 
and i f  tha t  nod e ha s receive d 

th e constrain t  grap h propagatio n 
the n unif y th e subca t  grap h 

wit h th e propagate d graph ; 
i f  unif y succeed s 

and obliquenes s orde r  i s met 
the n stor e resul t  destructivel y 

i n head-instamce ; 
propagat e synse m grap h upwaird ; 

Originally, the GCPN is configured hierarchically 
i n term s o f  conceptua l  inheritance .  Grap h propaga -
tio n occur s onl y upwar d i n th e inheritanc e hierarch y 
and neve r  horizontally .  Conceptua l  relation s (othe r 
tha n inheritance )  betwee n lexica l  node s ar e specifie d 
throug h constrain t  graph s (a s see n i n th e sampl e en -
tr y i n th e previou s section) .  Al l  node s originall y be -

lon g t o StaticLaye r  an d whe n the y ar e lexicall y invoke d 
the y mov e int o a n activate d stat e (th e node s mov e 
t o ActivationLayer) .  Onl y th e saturate d lexical-hea d 
node s mov e t o th e DecayingLayer .  S o a t  th e en d o f 
th e recognition ,  th e constrain t  0  grap h (i.e .  th e con -
strain t  t o itself )  o f  th e node s i n th e DecayingLaye r 
contain s informatio n tha t  ca n b e use d fo r  furthe r  pro -
cessin g (suc h a s generation) .  Actually ,  th e printou t  o f 
th e constrain t  0  grap h o f  th e Decayin g nod e shoul d 
loo k exactl y lik e tha t  o f  th e outpu t  o f  a  unification -
base d parser̂ .  Le t  u s briefl y loo k a t  th e constrain t 
propagatio n activit y wit h th e recognitio n o f  Joh n per -
suade d Mar y t o giv e Sand y sushi .  Firs t  whe n th e wor d 
Joh n activate s th e lexical-complemen t  nod e *  John ,  a n 
instanc e *John00 1 i s created. ^  Whe n th e instanc e i s 
created ,  th e synse m grap h o f  *JoH N i s copie d whil e 
puttin g th e create d instanc e a s th e destinatio n o f  th e ( 
0 m e m )  pat h o f  th e newl y create d synse m graph .  Thi s 
synse m grap h i s propagate d upwar d i n th e abstrac -
tio n hierarch y (throug h *MALE-PERSON,  *PERSON,  ...) . 
When th e activatio n reache s th e to p o f  th e abstrac -
tio n hierarchy ,  the n global-incident s i s triggered .  Al l 
currentl y activate d head-instance s concurrentl y chec k 
thei r  subca t  grap h path s an d i f  thei r  destinatio n node s 
hav e currentl y receive d a  grap h propagation ,  the n th e 
head-instance' s constrain t  grap h an d th e propagate d 
graph s ar e unified .  Sinc e a t  thi s moment  n o head -
instanc e i s activate d nothin g happens .  Whe n th e nex t 
wor d persuade d i s hypothesized ,  a  head-instanc e *PER -
suadeOOI  i s create d an d a  constraint-grap h containin g 
*PERSUADe001 i n th e (  0  m e m )  grap h pat h i s propa -
gate d upwar d i n th e abstractio n hierarchy .  Whe n th e 
activatio n reache s th e top ,  global-incident s i s invoke d 
and persuadeOO I  whic h i s a  head-instanc e trie s t o 
gra b it s subca t  fillers  b y checkin g th e conten t  o f  {  lo c 
con t  res t  rei n )  pat h fo r  eac h o f  th e subcategorizatio n 
elements .  Sinc e *PERSON ha s alread y receive d a  grap h 
propagatio n a t  th e recognitio n o f  Joh n th e propagate d 
constrain t  grap h o f  *John00 1 i s unifie d agains t  th e 
(  0  lo c ca t  subca t  1  )  grap h o f  th e constrain t  grap h 
containe d i n *PERSUADE001.  Thi s succeed s an d th e 
resul t  grap h i s store d i n *persuade001 .  Whe n th e 
res t  o f  th e sentenc e i s input ,  *GIV E get s partiall y  satu -
rate d wit h *Sand y an d *SUSH1 an d whil e th e subjec t 
i s  stil l  unfille d i s grabbe d b y th e subjec t  contro l  ver b 
head t o whic h i s i n tur n grabbe d b y objec t  contro l  ver b 
head persuad e (*PERSUade001) .  Wit h th e grap h con -

*  Excep t  fo r  on e significan t  differenc e whic h i s tha t  th e 
constrain t  0  grap h actuall y contciin s pointer s t o th e rea l 
instance s i n memor y (suc h a s MaryOOl )  instea d o f  a  simpl e 
strin g (suc h a s "Mary" )  foun d i n unification-base d parsers . 

Î f  a n instanc e o f  *JOH N alread y exist s the n bot h ar e 
considere d a s candidate s wit h currentl y existin g instanc e 
wit h les s cos t  assigned .  Cos t  (an d revers e cost )  informa -
tio n i s use d fo r  phonemi c confusions ,  lexica l  ambiguity ,  an d 
multipl e instanc e candidate s an d recurren t  ne t  subsymboli c 
conceptua l  prediction s i n th e MONA-LIS A syste m whic h i s 
not  discusse d i n thi s paper . 
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vergenc e specifie d i n th e constrain t  graph s represent -
in g contro l  relation s bot h "ToOO l  an d *PE;u,suadi:00 1 
get  thei r  subjec t  an d objec t  position s filled  respectivel y 
wit h th e appropriat e instanc e M a r y O O I .  A t  th e en d o f 
th e recognitio n onl y *PERSUADe001 move s t o th e De -
cayingLaye r  (onl y full y  saturate d head-instance )  an d 
th e synse m grap h o f  *persuade00 1 contain s th e full y 
buil t  resul t  o f  th e recognition . 

Discussion: 

We have seen in the previous sections that our model 
i s capabl e o f  takin g advantag e o f  constraint s tha t  ar e 
postulate d i n moder n linguisti c theorie s b y full y  sup -
portin g arbitrar y graph s t o b e use d a s constraint s i n 
th e network .  I n fac t  ou r  curren t  implementatio n use s 
H P SG whic h i s represente d b y pat h equation s (whic h 
ar e automaticall y converte d t o directe d subsumption -
orderin g graphs^ )  tha t  ar e n o differen t  fro m th e gram -
mar  tha t  w e ar e usin g fo r  th e unification-base d parsers . 
Thi s i s i n contras t  t o th e pas t  attempt s i n augment -
in g th e memory-base d paradig m wit h synta x (suc h a s 
[Tomabech i  an d Levin ,  1989] )  wher e du e t o th e archi -
tectura l  limitatio n o f  th e memory-base d system ,  ful l 
configurationa l  constrain t  processin g coul d no t  b e sup -
ported .  Give n tha t  ou r  mode l  i s basicall y memory -
base d (i.e. ,  spreadin g activatio n o n memory )  advan -
tage s o f  th e memory-base d recognitio n (suc h a s di -
rec t  memor y acces s inference s o n episodi c m e m o r y dis -
cusse d extensivel y i n th e existin g literature )  ar e main -
taine d o n to p o f  th e capacit y t o handl e syntacti c con -
straints .  Moreover ,  clearl y memory-base d ( D M A )  net -
wor k woul d significantl y overgenerat e withou t  stron g 
syntacti c constraint s a s demonstrate d i n ou r  exampl e 
of  objec t  coniro/phenomena .  Withou t  th e con/ro/con -
straint ,  th e subjec t  o f  a n embedde d claus e coul d b e 
any instanc e tha t  meet s semanti c requirement s (fo r 
exampl e *John00 1 an d * M a r y 0 0 1 ) .  Seemingl y sim -
ple r  phenomen a suc h a s agreemen t  o f  cas e ar e equall y 
problemati c fo r  th e memory-base d system s sinc e th e 
cas e o f  a  nou n phras e (entity )  i s  no t  determine d unti l 
th e actua l  tim e o f  utteranc e an d ofte n cas e require -
ment s ar e postulate d fro m externa l  clauses .  I n othe r 
words ,  withou t  stric t  syntacti c processing ,  ther e wil l 
be a  massiv e overgeneratio n o f  acceptabl e candidate s 
wit h semantic s an d phrasa l  lexico n alon e wit h a  realis -
ti c  grammar .  Thi s mean s tha t  naiv e acceptanc e o f  th e 
D MA styl e marker-passin g schem e a s a n extremel y fas t 
way o f  natura l  languag e recognitio n need s t o b e reex -
amined .  Applicatio n o f  fragment s o f  knowledg e coul d 
be ver y fas t  i n a  simpl e marke r  intersectio n search ,  bu t 
wit h a  realisti c  linguisti c coverag e tha t  i n retur n mean s 

^Subsumptio n orderin g i s a n assume d conditio n fo r  th e 
graph-base d representatio n i n unification-base d gramma r 
formalisms .  Simpl y put ,  th e informatio n conten t  repre -
sente d b y th e directe d grap h nod e whic h i s close r  t o th e 
roo t  o f  th e grap h subsume s th e informatio n conten t  o f  th e 
node s furthe r  fro m th e roo t  i n th e sam e graph . 

massiv e overgeneratio n whic h canno t  b e solve d b y in -
creas e i n numbe r  o f  processin g unit s an d parallelism . 

Anothe r  importan t  advantag e o f  ou r  mode l  i s tha t 
th e singularit y o f  th e contro l  structur e an d th e unifor -
mit y o f  th e processin g ar e maintained .  Pas t  attempt s 
t o enhanc e spreadin g activatio n marke r  passin g recog -
nitio n t o handl e syntacti c constraint s eithe r  inevitabl y 
involve d introductio n o f  arbitrar y functiona l  applica -
tion s t o handl e synta x (suc h a s [Tomabech i  an d Levin , 
1989] )  o r  require d a  separat e contro l  structur e (i.e. , 
syntacti c parsers )  t o handl e synta x (suc h a s [Norvig , 
1989 ]  an d [Hendler ,  1989]) .  I n th e graph-base d con -
strain t  propagatio n network ,  th e contro l  structur e i s 
th e propagatio n o f  constrain t  graph s whic h i s uniform . 
Th e constituen t  build-u p fo r  subsumption-orderin g 
graph s an d th e constrain t  application s ar e als o uni -
forml y performe d b y graph-unificatio n requirin g n o 
prestore d an d arbitrar y functiona l  constrain t  checkin g 
mechanism .  O n e rathe r  practica l  advantag e du e t o th e 
suppor t  o f  grap h unificatio n a s th e constrain t  applica -
tio n mechanis m i s tha t  th e resul t  o f  configurationa l 
buildu p o f  th e subsumption-orderin g grap h (a s postu -
late d i n unification-base d linguisti c theories )  i s incre -
mentall y create d durin g th e recognition .  Thes e result s 
of  constituen t  buildu p ar e store d i n th e pat h 0  grap h i n 
our  implementation .  (Pat h 0  represent s th e constrain t 
t o th e nod e itself ,  wherea s path s 1,2 ,  an d 3  represen t 
th e constraint s fo r  it s  complements) .  Thus ,  a t  th e en d 
of  th e sententia l  recognition ,  th e constrain t  0  grap h o f 
th e head-instanc e whic h survive d throug h constrain t 
propagatio n an d move d int o th e DecayingLaye r  repre -
sent s th e feature-structur e representatio n o f  th e resul t 
of  th e recognition .  Thi s resul t  grap h ca n b e extracte d 
out  an d b e passe d t o othe r  natura l  languag e an d infer -
entia l  module s i f  necessary . 

Conclusion 

Th e paradig m o f  natura l  languag e recognitio n base d 
upo n th e direc t  recognitio n i n a  semanti c m e m o r y ha s 
bee n appealin g fro m differen t  vie w points .  Thes e in -
clude d th e appea l  fro m th e cognitiv e view-point s a s 
wel l  a s th e phenomenologica l  one s (especiall y th e as -
sumed massive-parallelism) .  Th e paradigm' s practica l 
appea l  a s a  parsin g architectur e hci s bee n stron g a s 
wel l  du e t o it s strengt h i n handlin g contextuall y sensi -
tiv e inputs .  However ,  on e significan t  weaknes s o f  thi s 
paradig m ha s bee n it s lac k o f  capacit y t o handl e syn -
tacti c constraint s i n a  manne r  tha t  i s consisten t  wit h 
th e res t  o f  th e m e m o r y structure .  Linguisti c an d psy -
chologica l  communitie s hav e lon g accepte d th e signif -
icanc e o f  syntacti c constraint s a s playin g a n impor -
tan t  rol e i n m a n y type s o f  linguisti c phenomena .  O n 
th e othe r  hand ,  wit h fe w exceptions ,  syntacti c con -
straint s hav e bee n eithe r  ignore d o r  handle d i n a n a d 
hoc manner .  Ou r  mode l  attempt s t o mode l  interac -
tion s amon g variou s syntacti c constraint s (a s repre -
sente d b y graphs )  a s wel l  a s betwee n syntax ,  semantic s 
and pragmatic s i n a  principle d manne r  throug h a  uni -
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for m representatio n an d a  singula r  contro l  structur e 
of  constrain t  propagation .  I t  shoul d b e emphasize d 
tha t  th e syntacti c processin g i s full y  integrate d int o 
semanti c processin g sinc e bot h semanti c an d syntacti c 
constraint s ar e represente d throug h directe d graphs . 
The processin g itsel f  i s  semantic-drive n sinc e th e grap h 
propagatio n i n th e semanti c networ k i s th e underlyin g 

contro l  structure. *  I n ou r  model ,  phenomen a suc h a s 
case ,  agreement ,  control ,  binding ,  an d long-distanc e de -
pendenc y ca n b e handle d i n a  generalize d manne r  mos t 
straightforwardl y a s formulate d b y th e moder n linguis -
ti c  theorie s base d upo n featur e structure s an d unifica -
tion .  Th e differenc e betwee n thi s mode l  an d pas t  'syn -
tacti c daemon '  model s i s substantia l  bot h i n term s o f 
th e expressivit y an d generalit y o f  constrain t  applica -
tions .  Generalize d linguisti c phenomen a suc h a s thos e 
mentione d abov e ar e represente d an d processe d i n a 
principle d manne r  compare d t o a n a d ho c an d spe -
cialize d manne r  associate d wit h th e prestore d daemo n 
models^ .  Wit h th e expressivit y o f  ou r  mode l  i n cap -
turin g th e syntacti c constraint s a s postulate d i n th e 
moder n linguisti c theorie s an d uniformit y o f  process -
in g the m tha t  i s integrate d t o a  spreadin g activatio n 
memory-base d natura l  languag e recognitio n i n a  prin -
ciple d manner ,  ou r  mode l  seem s viabl e a s on e paradig m 
of  natura l  languag e recognition . 
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