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Abstract 

VITA L i s a n experimen t  i n parsin g natura l  languag e throug h th e interactio n o f  man y loca l 

processe s withou t  a n explici t  globa l  control .  Th e globa l  interpretatio n i s achieve d throug h 

th e convergenc e o f  a  networ k o f  processe s o n a  mutuall y consisten t  stat e throug h cycle s 

of  spreadin g activatio n an d a n implici t  for m o f  mutua l  inhibition .  Thi s ca n b e viewe d a s 

a constrain t  satisfactio n techniqu e consisten t  wit h curren t  researc h bot h i n linguistic s an d 

connectionism. ^ 

Keyw^ords: Natural language processing, Connectionism 

Natural language as constraint satisfaction 

In linguistics, computational linguistics and natural language processing the idea is becoming 

increasingl y prevalen t  tha t  languag e i s bette r  describe d a s th e interactio n o f  man y wea k con -

straint s tha n a s th e interpretatio n o f  a  rigi d rul e syste m (Berwick ,  1987) .  Governmen t  Bindin g 

Theory ,  Lexica l  Fimctiona l  Grammar  an d Generahze d Phras e Structur e Grammar  aJ l  see m t o 

favo r  a  cooperativ e contro l  structur e governe d b y a  multitud e o f  ver y specific ,  loca l  constraint s 

distribute d throughou t  th e lexicon .  Similarly ,  th e Wor d Exper t  Parse r  (Smal l  &  Rieger ,  1982 ) 

has attracte d m u c h interes t  i n natura l  languag e processin g circle s a s a n attemp t  t o defin e a  ree d 

formalis m base d o n th e sort s o f  comple x lexica l  interaction s tha t  ar e imphci t  i n th e Yal e styl e 

conceptua l  analyzer s (B imbau m k .  Selfridge ,  1981) .  Th e appea l  o f  thi s approac h i s it s promis e 

of  a  mor e flexible  mechanism ,  wit h th e abilit y  t o handl e "mor e o r  less "  grammatica l  utterances , 

and t o provid e reasonabl e performanc e i n th e presenc e o f  flaws  an d shortcoming s her e an d ther e 

i n th e system .  I t  als o provide s a  processin g mode l  mor e consisten t  wit h wha t  w e kno w o f  cog -

nitiv e processing ,  especiall y i f  th e loca l  constraint s ca n b e treate d a s fairl y autonomou s paralle l 

processes .  A  proble m wit h th e approac h i s obvious :  give n a  multitud e o f  interactin g agents , 

eac h wit h it s o w n loca l  view ,  ho w d o yo u contro l  th e flow  o f  processin g t o arriv e a t  a  globe d 

interpretatio n a t  all ? 

Connectionist models 

Coimectionist network relaxation models provide an attractive approach to this sort of con-

strain t  satisfactio n proble m (Smolensk! ,  1986) .  Communicatio n betwee n processe s i s Hmite d 

T̂hi s researc h wa s supporte d b y a n NS F Presidentia l  Youn g Investigator s Awar d NSFIST-8351863 ,  D A R PA 
contrac t  N00014-87-K-0238 ,  an d th e Offic e o f  Nava l  Researc h unde r  a  Universit y Researc h Initiativ e grant ,  contrac t 
N00014-86-K-0764 . 
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to the passing of numerical activation and inhibition, with the processing state at any point 

i n tim e define d b y th e distributio n o f  activation .  I f  al l  goe s wel l  th e networ k wil l  converg e o n 

a configuratio n tha t  represent s a  maximall y consisten t  globa l  interpretation .  Thi s i s a  trul y 

distribute d contro l  structur e wit h a  ver y hig h degre e o f  parallelism .  I t  als o require s tha t  th e 

syste m b e develope d accordin g t o simpl e an d consisten t  principles ,  whic h m a y b e a  benefi t  i n 

itself . 

Gar y Cottre U an d Steve n Smal l  hav e use d thi s approac h t o mode l  wor d sens e disambigua -

tio n (Cottre U &  Small ,  1983) .  Jorda n Pollac k an d Davi d Walt z hav e propose d i t  a s a  wa y o f 

integratin g multipl e knowledg e source s i n natiira l  languag e processin g (Walt z &  PoUack ,  1985) . 

The system s mos t  simila r  t o m y ow n ar e th e parser s buil t  b y Mar k Fant y (Fanty ,  1985 )  an d Bar t 

Selma n (Selma n k  Hirst ,  1985) .  Thes e bot h pars e accordin g t o a  phras e structur e gramma r  us -

in g spreadin g activatio n ove r  a  networ k i n whic h th e node s represen t  th e rule s i n th e grammar . 

The networ k converge s wit h a  pars e tre e o f  th e inpu t  sentenc e activated . 

V I T A L 

Distinguishin g characteristic s 

Whil e Mar k Fant y use d a  dynami c programmin g approac h an d Bar t  Selma n a  Boltzman n ma -

chin e approac h i n thei r  parsers ,  I'v e applie d a n interactiv e relaxatio n algorith m simila r  t o tha t 

use d i n McClellan d an d Rumelhart' s  wor d recognitio n progra m (1981) .  I  fee l  tha t  thi s techniqu e 

maps mor e naturall y ont o th e problem ,  althoug h th e networ k behavio r  i s no t  a s wel l  tmderstoo d 

as i t  i s  wit h eithe r  o f  th e othe r  tw o approaches .  Whil e Selma n an d Fant y use d prebiiil t  dat a 

structure s capabl e o f  representin g al l  possibl e parse s o f  al l  sentence s o f  u p t o a  fixe d length ,  m y 

network s ar e buil t  dynamicall y durin g parsing .  I  regar d thi s a s a  questio n o f  implementatio n 

wit h th e usuc d sort s o f  space/tim e trad e ofFs . 

My relaxatio n algorith m i s imusua l  i n tha t  instea d o f  exphci t  inhibitor y Hnk s i t  utihze s 

deca y ove r  tim e togethe r  wit h a  "competition "  fo r  availabl e activatio n simila r  t o tha t  propose d 

by Jame s Reggi a (1987) .  Thi s produce d a  munbe r  o f  nic e result s whic h wi U b e detaile d below . 

The background grammar 

The phrase structure grammar is encoded as a collection of "template" network nodes, each of 

whic h represent s a  singl e rule .  Th e essentia l  informatio n i n thes e templat e node s is : 

• The ride itself; e.g. NP => DET N ^ 

• Pointers to other rules (I'll call them context rules) that have the represented rule's left-

hand-sid e a s a  constituen t  o f  thei r  right-hand-sides .  T w o contex t  rtile s fo r  th e abov e rul e 

woul d be : 

1. S => NP VP 

2.  PrepPh r  = > Pre p N P 

• Weights reflecting the statistical Ukelihood that the represented rule is in fact a constituent 

of  eac h o f  thos e contex t  rules ,  assumin g tha t  th e represente d rul e i s i n th e pars e tree .  Thes e 

ar e simpl y counter s tha t  ar e incremente d ever y tim e th e tw o rule s participat e togethe r  i n 

a successfu l  parse . 

^N ( N bar )  i s  a n intermediat e stag e i n formin g a  nou n phras e tha t  ma y b e complete d b y tackin g o n a  determiner . 
It  may b e a  singl e nou n o r  a  comple x phras e lik e "woma n tha t  w e sa w o n th e wa y t o th e park" . 
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Tabl e 1 :  A  sampl e gramma r  fragmen t 

syntacti c uni t 

book 

D ET 

N 

N 

th e 

contex t  rule s 

N = > boo k 

V =j > boo k 

NP = » D E T N 

N ^  N 

NP = ^  D E T N 

N = > AD J N 

D ET = > th e 

coun < 

18 

3 

208 

172 

208 

35 

72 

As neede d durin g parsing ,  copie s o f  thes e "templates "  ar e instantiate d a s node s i n th e network . 

A distinctio n i s mad e betwee n "branching "  rule s tha t  hav e mor e tha n on e constituen t  o n 

thei r  righ t  han d sides ,  an d "non-branching "  rule s whic h hav e onl y a  singl e constituent .  Ther e 

i s a  qualitativ e differenc e betwee n thes e tw o classe s o f  rules :  a  branchin g rul e specifie s a  wa y 

i n whic h it s constituent s ma y b e combined ,  whil e a  non-branchin g rul e merel y provide s anothe r 

name b y whic h t o refe r  t o it s  constituent . 

A portio n o f  th e gramma r  neede d fo r  th e parsin g o f  noi m phrase s migh t  b e recorde d a s show n 

i n th e abov e table .  I n thi s example ,  th e parse r  ha s currentl y see n a  tota l  o f  24 3 instance s wher e 

an N  nod e wa s incorporate d int o a  pars e tree .  I n 20 8 o f  thos e case s i t  wa s simpl y joine d wit h a 

determine r  t o for m a  nov m phras e (NP )  a s i n "th e house" .  I n th e remainin g 3 5 case s wher e a n 

N nod e occurre d i t  wa s combine d wit h a n adjectiv e t o for m a  ne w N  suc h a s "re d house" .  Th e 

rule s show n her e ar e oversimpUfie d fo r  th e sak e o f  a n eas y example . 

A general description of the algorithm 

Network building 

Network building begins with the instantiation of the words of the input sentence as the terminal 

nodes .  Thes e ar e give n a n activatio n o f  20 0 whic h remain s constan t  throughou t  th e parse .  Whe n 

a nod e come s int o existenc e i t  firs t  activate s al l  it s  non-branchin g contex t  rules .  Thes e air e 

activate d immediatel y becaus e the y merel y represen t  alternativ e way s t o refe r  t o th e origina l 

node an d no t  a  furthe r  hypothesi s regardin g ho w othe r  consitituent s migh t  b e combined .  A s 

node s i n th e networ k reac h a  threshol d activatio n leve l  (currentl y se t  a t  110 )  the y activat e 

new node s correspondin g t o thei r  branchin g contex t  rules .  Th e ne w node s ar e initiahze d wit h 

an activatio n leve l  proportiona l  t o th e activatio n level s o f  thei r  constituent s an d th e coimter s 

associate d wit h it s contex t  ride .  I'l l  giv e a n exampl e o f  thi s below .  Whe n a  nod e reache s a n 

activatio n leve l  o f  zer o i t  i s  remove d fro m th e network . 

The proces s o f  networ k buildin g i s illustrate d i n figure  1 ,  whic h show s thre e step s i n parsin g 

th e noi m phras e "th e book "  usin g th e gramma r  o f  tabl e 1 . 

(a) The input nodes are instantiated along with their non-branching context-nodes (and their 

non-branchin g contex t  nodes '  non-branchin g context-nodes ,  etc.) . 

(b) As existing nodes pass the threshold activation level they activate new nodes representing 

thei r  context-nodes .  Thes e ne w node s loo k o n list s o f  existin g node s t o fin d thei r  othe r 

constituents .  Interna l  bookeepin g prevent s th e creatio n o f  dupUcat e nodes . 
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MBfi R 

BOOK 

T164 :  TH E BOOK 

HBfi R MP 

THE BOOK 

T16?: THE BOOK 

HBHR 

BOOK 

T169 :  TH E BOOK 

Figtir e 1 :  parsin g "th e book " 

(c) During the network relaxation superfluous nodes reach zero activation levels and are re-

m o v ed f ro m th e network . 

To give an example of how activation levels are initiaHzed, when the "book" node activated 

it s contex t  rule s " N "  an d " V "  i t  ha d a n activatio n leve l  o f  200 ;  th e frequenc y count s i t  h a d 

wer e 20 8 fo r  " N "  an d 3 5 fo r  " V "  (totalin g 243) ;  therefor e i t  create d a n " N "  hypothesi s wit h a n 

activatio n o f  20 0 x  || |  o r  171 ,  an d a  " V "  hypothesi s wit h a n activatio n o f  20 0 X  ^  o r  29 .  A s 

node s aquir e n e w constituent s the y immediatel y ge t  m o r e activatio n f ro m t h e m accordin g t o th e 

same formula .  T h e effec t  o f  thi s procedur e wit h reaHsti c g r a m m a r s i s tha t  syntacti c ujiit s  lik e N 

tha t  participat e i n m a n y differen t  construction s w i U activat e m a n y relativel y w e a k hypothesis , 

whil e th e functio n word s [e.g .  article s an d prepostitions )  wil l  activat e onl y a  smal l  m m i b e r  o f 

ver y stron g hypotheses . 

Network relaxation 

W i t h eac h cycl e eac h nod e send s s o m e portio n o f  it s tota l  activatio n t o it s connecte d node s a n d 

the n th e n e w activatio n level s ar e subjec t  t o decay .  T h e termina l  node s representin g th e inpu t 

sen d activatio n bu t  d o no t  receiv e i t  an d ar e no t  subjec t  t o decay .  Ther e ar e distinc t  procedure s 

fo r  sendin g activatio n t o th e node s tha t  wan t  th e sendin g nod e a s a  constituen t  (bot tom-u p 

activation )  an d th e node s tha t  i t  want s a s constituent s ( top-dow n activation) : 

• Bottom-up activation: The total amount of activation to be divided among the nodes com-

petin g fo r  th e sendin g nod e a s a  constituen t  i s calculate d a s a  percentag e o f  it s  activation . 

T h e n it' s  apportione d accordin g t o th e squar e o f  thei r  curren t  activatio n levels ,  s o tha t 

node s tha t  alread y hav e hig h activatio n level s attrac t  larg e a m o u n t s o f  activatio n f ro m 

thei r  constituents ,  whil e thos e wit h lo w activatio n attrac t  little .  Sa y th e syste m pa rame -

te r  controlin g bot tom-u p activatio n i s P  (I' m cvirrentl y settin g P  a t  0.4) .  I f  a  nod e wit h a n 

activatio n leve l  o f  A  i s sendin g bot tom-u p activatio n t o n  othe r  node s an d th e activatio n 

of  th e î ^  o f  thos e n  node s i s  ai .  T h e n th e activatio n give n t o th e i* ^  nod e wil l  be : 

Ax P  X at 

•  Top-dow n activation :  A n a m o u n t  o f  activation ,  agai n equa l  t o a  percentag e (currentl y 4 0 % ) 

of  th e sendin g node' s activation ,  i s  divide d equall y a m o n g th e sendin g node' s constituents . 
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These procedures reflect the fact that each node in the final parse should have all its available 

constituen t  nodes ,  bu t  shoul d onl y b e a  constituen t  o f  a  singl e node ,  henc e th e winne r  tak e al l 

situatio n fo r  b o t t o m - u p activation . 

Afte r  eac h cycl e o f  b o t t o m - u p a n d t o p - d o w n activatio n th e node s ar e subjec t  t o a  deca y rat e 

controle d b y anothe r  syste m paramete r  (currentl y se t  a t  0.8) .  A  penalt y fo r  node s tha t  d o no t 

hav e al l  o f  thei r  consituent s i s factore d in .  I f  th e paramete r  i s P ,  a  node' s activatio n befor e deca y 

i s A ,  th e n u m b e r  o f  constituent s i t  require s i s C ,  a n d th e n u m b e r  o f  constituent s i t  actuall y ha s 

i s C o the n afte r  deca y it s activatio n is : 

Ax {1 -  P) x 
Cr 

A n e x a m p l e 

Figures two through six show the network at various stages while parsing the sentence "Mary 

gav e th e w o m a n weeirin g a  yello w dres s th e book. "  Th e pars e i s complicate d b y th e fac t  tha t 

th e wor d "yellow "  i s no t  i n th e lexicon .  V I T A L use s top-dow n expectation s t o complet e th e 

pattern .  Th e dotte d line s i n th e networ k graph s indicat e th e "guesses "  i t  made .  I n thi s exampl e 

th e pars e tre e wa s derive d i n 2 4 cycle s an d th e networ k converge d i n 3 4 cycles . 

NP 

Hfll E 

o 

DET 

MBfl R NBRR 

PRES DET DET 

mm 

nflR Y GRVE TH E IJOdR M UEfiRIH G fl  YELLON DRESS TH E BOOK 

T194: MflRV GR'JE THE UOfinn l-lEflRING fl YELLOW DRESS THE BOOK 

Figur e 2 :  Instantiatio n o f  th e inpu t  node s 

^Zl . 

. .  S 
.  . .  . 1 • !  I  .  1 

Figur e 3 :  T h e networ k afte r  1  cycl e 
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I  1 
V I  J  i  1 

e-  X'.4î U 

1 

Figur e 4 :  .. .  afte r  5  cycle s 

I t 

vv -'^ ^  • ' 

.4.  .,/. /  , •  , „  . ,  , 

!  I  i  1,  i  i 

4 ^ 
X 

.  X \ 

X 

k : i  i 

'. i 

115? :  nnR V Gfly E tn £ uonfl u UEnf-'IH O R  VELLU U DRtS S IH f  eOOK 

Figur e 5 :  . .  .1 5 cycle s Figur e 6 :  Th e networ k afte r  2 5 cycle s 

Discussio n 

A nic e featur e o f  thi s algorith m i s a  smoot h integratio n o f  bottom-u p an d top-dow n process -

ing .  I n th e earl y cycle s th e activatio n i s stronges t  i n th e node s a t  th e botto m o f  th e network . 

Afte r  severa l  cycle s th e activatio n i s distribute d mor e evenly ,  em d i n th e lat e cycle s th e heavi -

est  concentratio n o f  activatio n i s i n a  fe w node s nea r  th e to p o f  th e network .  Th e mor e usua l 

techniqu e o f  usin g explici t  inhibitor y link s require s th e us e o f  a  squashin g functio n t o kee p th e 

activatio n level s withi n prese t  bounds .  B y usin g dynamicall y changin g weight s an d decay ,  th e 

node s converg e o n value s reflectin g th e amoun t  o f  activatio n availabl e t o the m acros s th e net -

work .  Islan d drivin g effect s aris e naturally ,  sinc e node s representin g hypothese s wit h a  comple x 

and imcimbiguou s interna l  structur e attrac t  larg e amount s o f  activatio n relativ e t o simple r  o r 

confuse d hypotheses .  Th e us e o f  inhibitor y link s als o entail s a  muc h mor e highl y intercormecte d 

networ k (Reggia ,  1987) . 

Hinto n an d Sejnowsk i  hav e describe d a  majo r  concer n regardin g relaxatio n algorithms : 

We would like these networks to settle into states in which a few units are fully active 

and th e res t  ar e inactive .  Suc h state s constitut e clea n "digital "  interpretations .  T o 

preven t  th e networ k fro m hedgin g it s bet s b y settlin g int o a  stat e wher e m a n y unit s 

ar e slightl y active ,  i t  i s  usuall y necessar y t o us e a  strongl y nonlinea r  decisio n rtde , 

and thi s als o speed s u p convergence .  (Hinto n an d Sejnowski ,  1986 ) 
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With my algorithm I fotmd that I could get the desired "cleEin interpretations" with real-valued 

unit s b y allowin g a  ver y activ e flow  o f  energ y throug h th e system .  Tha t  i s  t o sa y th e networ k 

woul d settl e wit h al l  node s eithe r  highl y activate d o r  completel y of f  i f  I  se t  th e syste m parameter s 

so tha t  th e node s sen d larg e amount s o f  activatio n an d ar e subjec t  t o a  hig h rat e o f  decay .  ̂  

A goo d tes t  o f  thi s behavio r  i s  highl y ambiguou s inpu t  wher e yo u migh t  expec t  th e activatio n 

t o ge t  distribute d amon g th e equaU y vaU d interpretation s rathe r  tha n settlin g decisivel y o n on e 

of  them .  I  teste d thi s wit h th e nou n phras e "th e gree n gree n dres s wearin g w o m a n "  whic h 

has thre e equeill y  vali d syntacti c interpretations .  V I T A L generate s al l  thre e interpretation s i n 

it s networ k bu t  settle s cleanl y o n a  singl e one .  Thi s i s a  particularl y importan t  qualit y i n 

natura l  languag e processing ,  sinc e a  typica l  sentenc e i n a  busines s lette r  ca n hav e a  fe w hundre d 

syntacti c interpretations .  I t  woul d b e nic e t o b e abl e t o bia s th e networ k i n favo r  on e o r 

anothe r  interpretation ,  bu t  i n orde r  t o d o thi s effectivel y I'l l  hav e t o introduc e som e additiona l 

sophisticatio n i n th e networ k nodes . 

I  thin k tha t  thi s networ k relaxatio n algorith m i s a n intmtivel y pleasin g styl e o f  parsing .  A s 

describe d above ,  a  simpl e distribute d contro l  structur e allow s bottom-u p an d top-dow n effect s 

t o b e integrate d smoothl y an d effectively ,  an d th e procedur e fo r  initializin g th e activatio n level s 

of  ne w node s base d o n th e loca l  statistica l  memor y o f  th e existin g node s cause s functio n word s 

t o dominat e processin g i n a  natura l  way .  Thi s memor y base d approac h als o leave s roo m fo r 

learnin g ove r  time ,  althoug h thi s i s  no t  a  learnin g progra m i n th e usua l  connectionis t  sense . 

The nex t  natura l  ste p wit h thi s parse r  woul d b e t o incorporat e a  semanti c componen t  tha t  doe s 

limite d inferenc e usin g th e sam e constrain t  satisfactio n approac h wit h loca l  associativ e memories . 

Ther e ar e formidabl e problem s i n tryin g t o exten d thi s approac h t o semanti c processing ,  however , 

mainl y becaus e w e can' t  represen t  semanti c structure s a s cleanl y a s th e syntacti c structure s o f 

a context-fre e grammar . 
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