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A Paralle l  Natura l  L a n g u a g e Processin g Architectur e wit h 

Distribute d Contro l 

George Berg 

Compute r  Scienc e Departmen t 

Northwester n Universit y 

Evanston.l L 6020 1 

Abstract 

This paper describes work on the autonomous semantic network (ASN) knowledge 
representatio n an d natura l  languag e processin g architectur e an d it s implementatio n -  th e N O H A N S 

simulator .  A n A S N i s a n enhance d spreadin g activatio n semanti c network ,  bu t  on e withou t  a 

centralize d controller .  Rather ,  i n additio n t o th e semanti c networ k ar e type s o f  node s whic h hav e 

th e abilit y  t o chang e link s o r  ad d node s i n th e network .  Thes e node s ar e activate d b y th e energ y 
spreadin g throug h th e underlyin g semanti c network .  Thus ,  th e sam e spreadin g activatio n whic h 

infuse s th e knowledg e representatio n als o drive s th e contro l  mechanis m a s well .  Becaus e o f  this , 
ASN' s offe r  a  compromis e betwee n th e distribute d bu t  restrictiv e connectionis t  mode l  an d th e 

powerfu l  bu t  heretofor e essentiall y  seria l  conceptua l  natura l  languag e processin g models . 

Spreadin g activatio n i s als o th e basi s fo r  th e searc h capability ,  whic h i s loosel y base d o n th e 

connectionis t  winner-take-al l  idea .  W e construc t  a  simpl e conceptua l  analyze r  i n thi s mode l  an d 
indicat e ho w i t  works . 

1. Introduction 

The goal of this work is to be able to use the conceptual style of natural language processing in a 
massively-paralle l  form .  Conceptua l  natura l  languag e processin g merge s syntactic ,  semanti c an d 
worl d knowledg e an d facilitate s processin g b y allowin g high-leve l  inference s (o f  Schan k an d 
Abelson ,  1977 ;  Dyer ,  1983) .  On e o f  th e problem s wit h thi s approac h i s tha t  th e numbe r  o f 

alternative s tha t  need s t o b e searche d become s prohibitiv e usin g a  seria l  mode l  o f  compute r 
control .  Massively-paralle l  architecture s (c f  Hillis ,  1985 ;  Fahlman ,  1979 )  hav e ten s o f 

thousand s o f  nodes ,  eac h o f  whic h ha s a  limite d processin g capability .  Thei r  fort e i s extremel y fas t 

search .  B y castin g th e conceptua l  technique s int o a  for m wher e w e ca n utiliz e parallelism ,  w e hop e 

t o gai n insight s int o ho w t o increas e th e siz e an d complexit y o f  th e domain s whic h ca n b e handle d 
by suc h systems ,  eventuall y transcendin g th e micro-worl d limitiation s whic h hav e plague d th e 
field . 

I n recen t  year s ther e ha s bee n muc h wor k o n distribute d natura l  languag e processing .  Thes e 
effort s fal l  int o tw o mai n categorie s -  connectionis t  an d symbolic .  Th e connectionis t  system s 

(Cottrell ,  1985 ;  Walt z an d Pollack ,  1985 ;  Selma n an d Hirst ,  1985 )  ar e primaril y parser s -
the y produc e a  patter n o f  activatio n correspondin g t o a  pars e tree .  The y d o no t  ad d a  representatio n 

of  th e sentenc e t o thei r  networks .  Becaus e o f  this ,  the y ar e no t  goo d candidate s fo r  conceptua l 

analyzer s -  a n importan t  featur e o f  conceptua l  system s i s tha t  the y ca n buil d an d manipulat e a 

representatio n o f  th e inpu t  text .  Th e symboli c systems ,  suc h a s th e Wor d Exper t  Parse r  (Smal l 

and Rieger ,  1982 )  d o produc e a  representatio n o f  th e ne w information .  Unfortunately ,  the y us e a 
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high-level model of parallelism. They use powerful processing units which engage in complex 

communicatio n wit h one-another .  W e woul d lik e t o b e abl e t o us e th e simple r  processin g unit s an d 

communication s abilitie s whic h ar e suite d t o massive-parallelism . 

What  w e propos e i n thi s pape r  i s a  ne w mode l  -  th e autonomou s semanti c networ k (ASN) .  ASN' s 

offe r  parallelis m comparabl e t o th e connectionis t  model s whil e potentiall y  allowin g th e 

sophisticate d processin g o f  th e symbolic ,  conceptua l  systems . 

2. Autonomous Semantic Networks 

The idea underlying an ASN is a spreading-activation semantic network (cf Collins and Loftus, 

1975) .  Thes e system s hav e use d a  central ,  controllin g progra m t o direc t  thei r  activity .  Ou r 

approac h differ s because ,  t o tak e advantag e o f  th e parallelis m inheren t  i n suc h a n architecture ,  i t 

i s  necessar y t o distribut e th e controlle r  amon g node s connecte d t o th e network .  T o d o this ,  ne w 

kind s o f  node s wer e adde d whic h alte r  th e networ k i n respons e t o ne w information .  I n additio n t o 

th e norma l  node s an d link s o f  th e spreadin g activatio n network ,  w e ad d constructio n node s 

("c-nodes" )  whic h ca n manipulat e th e node s an d links .  Thes e c-node s ar e connecte d t o th e semanti c 

networ k an d ar e enable d b y th e sam e activatio n whic h spread s throug h th e network .  Th e activatio n 

energ y whic h provide s focu s i n th e knowledg e representatio n no w drive s th e system' s contro l 

mechanisms .  I n thi s wa y w e distribut e th e controller .  Ther e i s als o a  typ e o f  node ,  th e 

Winner-take-al l  ("wta") ,  whic h provide s a  searc h abilit y  b y comparin g th e activatio n o f  networ k 

nodes . 
Althoug h th e semanti c networ k whic h underlie s thi s mode l  i s essentiall y  connectionist ,  i t  wa s 

fel t  tha t  i t  wa s necessar y t o us e th e c-nodes ,  wit h thei r  relativel y sophisticate d abilities .  Curren t 
effort s t o ge t  connectionis t  model s t o d o high-leve l  task s stil l  requir e larg e number s o f  node s (c f 

Touretzk y an d Hinton .  1985) .  So .  t o retai n th e distribute d qualitie s o f  connectionism ,  bu t  t o b e 

abl e t o d o th e relativel y sophisticate d operation s necessar y fo r  conceptua l  natura l  languag e 

processing ,  th e mode l  add s th e c-nodes ,  eac h wit h a  limite d abilit y  t o chang e th e network .  Thi s wa y 

th e syste m i s no t  boun d b y th e computationa l  limit s o f  connectionism .  bu t  stil l  retain s it s 

amenabHit y t o massive-parallelism .  Fo r  a  detaile d treatmen t  o f  th e A S N mode l  se e Ber g (1987) . 

The behavio r  o f  node s i n th e spreadin g activatio n portio n o f  a n A S N i s lik e th e unit s i n a  loca l 

connectionis t  mode l  (c f  Feldma n an d Ballard.1982) .  The y receiv e excitator y an d Inhibitor y input s 

and.  base d o n a  simpl e activatio n an d deca y function ,  outpu t  activation .  The y ar e connecte d b y thre e 

kind s o f  links :  activation ,  hierarchical-activatio n ("h-act" )  an d inhibition .  Activatio n link s ar e 

one-wa y connection s whic h sprea d positiv e activatio n betwee n nodes .  Inhibitio n link s ar e 

one-wa y connection s whic h sprea d negativ e activation . 

The h-ac t  link s ar e wher e w e begi n t o se e th e interfac e betwee n th e semanti c networ k an d th e 

c-nodes .  A s fa r  a s th e semanti c networ k i s concerned ,  on e o f  thes e i s a  pai r  o f  activatio n links ,  on e 

i n eac h direction .  Thei r  importance ,  providin g a  backbon e fo r  search ,  wil l  b e discusse d i n th e nex t 

section .  Th e inpu t  an d outpu t  t o th e syste m wil l  b e throug h th e semanit c network .  Certai n nodes , 

calle d lexical-inpu t  node s wil l  b e activate d whe n th e syste m i s t o "read "  a  word .  Whe n a  nod e 

designate d a s a  lexical-outpu t  nod e i s activated ,  i t  print s a  wor d o n th e system' s output .  We wil l 

identif y fou r  type s o f  c-nodes :  link-h-act ,  link-act ,  de-lin k an d make .  Link-h-ac t  an d link-ac t 

node s wil l  construc t  a  nod e o f  th e appropriat e typ e betwee n th e tw o node s t o whic h the y point . 

Sinc e link s ar e directed ,  thes e kind s o f  node s us e tw o specialize d links :  fro m an d t o (figur e 1) . 

Similarly ,  a  de-lin k nod e wil l  remov e a  lin k betwee n tw o nodes .  C-node s ca n als o attac h link s 
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Figur e 2 .  A  link-ac t  nod e usin g indirectio n i n makin g a  lin k 

indirectly. When a c-node manipulates a link indirectly, it changes the link not on the node to 

whic h i t  points ,  bu t  t o th e nod e t o whic h th e secon d nod e point s (figur e 2) .  Indirec t  operation s b y 

constructio n node s wil l  b e indicate d b y tx)td-fac e link s i n th e figures .  I f  ther e i s n o nod e connecte d 

appropriatel y t o on e o f  it s  links ,  a  c-nod e wil l  wai t  unti l  ther e i s on e (howeve r  c-nodes ,  lik e 

norma l  nodes ,  ar e subjec t  t o becomin g inactiv e throug h decay) .  Indirectio n allow s u s t o us e 

intermediat e nodes ,  o r  structura l  markers ^  a s pointer s t o nodes .  Structura l  marker s serv e a n 

analogou s rol e t o slot s i n a  fram e system ;  an d th e node s connecte d t o the m b y activatio n link s ca n 

be see n a s th e slo t  filler s (se e sectio n 4) .  A  mak e nod e ca n introduc e ne w node s int o th e networ k b y 

creatin g a  ne w nod e an d placin g a n activatio n lin k fro m itsel f  t o th e ne w node . 

3. Distributed Search 

A conceptual natural language processing system needs a search capability. We provide that by 

establishin g a  paralle l  networ k whic h shadow s th e networ k o f  norma l  node s an d thei r  h-ac t  links . 

For  ever y norma l  nod e whic h ha s incomin g h-ac t  link s ther e i s a  wt a node ,  an d correspondin g t o 

ever y h-ac t  lin k i s a  searc h link .  Norma l  node s whic h hav e n o incomin g h-ac t  link s ar e 

represente d b y themselve s i n thi s network .  Th e resultin g networ k represent s th e inheritanc e 

hierarch y implici t  i n th e semanti c network .  Th e notio n o f  wt a come s fro m Feldma n an d Ballard' s 

winner-take-al l  networks .  W h e n activated ,  th e wt a nod e wil l  selec t  whicheve r  o f  th e node s 

connecte d t o i t  b y incomin g searc h link s i s activated .  I f  a  wt a nod e i s connecte d t o anothe r  b y a 

searc h link ,  th e subordinat e wt a nod e i s activated ,  an d th e winne r  o f  it s  searc h i s presente d t o th e 

superordinat e wt a node .  I f  mor e tha n on e nod e i s activated ,  th e wt a wil l  inhibi t  al l  o f  the m an d 

defe r  a  decisio n unti l  onl y a  singl e nod e i s active .  Thi s way ,  node s whic h wil l  b e reactivate d b y 

othe r  node s i n th e networ k wil l  b e selecte d i n preferenc e t o thos e wit h spuriou s o r  poorl y 

supporte d activation .  I n effect ,  a  searc h startin g a t  a  wt a nod e i n thi s networ k says ,  "fin d th e 
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(d i  3 a m b i  g  uat i  0 n -  CO ncept j  (cu r  rent-topic )  (cu r  rent-concept ) 

Figure 3. The semantic network before the text is read. 

instance (leaf node) in the networl< below you which is in focus (has the highest supported 

activation). "  Th e wt a nod e wil l  construc t  a n activatio n lin k betwee n itsel f  an d th e "winner" .  Tha t 

way c-node s ca n acces s th e winnin g nod e indirectl y throug h th e wt a node . 

C-node s ca n us e thei r  indirectio n t o fin d th e wt a nod e associate d wit h a  norma l  nod e i n th e 

semanti c network .  Thi s i s necessar y because ,  i n man y cases ,  th e wt a nod e t o b e activate d wil l  no t 

be know n a  priori ,  an d i t  i s  necessar y t o acces s i t  throug h it s correspondin g norma l  node .  Fo r 

exampl e i f  w e wan t  t o kno w whic h instanc e o f  "cow "  i s currentl y activ e (o r  "i n focus" )  w e ca n 

connec t  th e nod e fo r  "cow "  t o a  c-nod e throug h a  structura l  marker .  Th e c-nod e wil l  fin d th e wt a 

nod e associate d wit h th e norma l  nod e (her e wta-cow) .  A n exampl e o f  thi s i s  show n i n sectio n 4 . 

C-nod e link s whic h initiat e a  wt a searc h ar e identifie d a s wta-fro m an d wta-t o links . 

4. Example: A Simple Analyzer 

To give an indication of how spreading activation can direct the analysis of a sentence, we give 

an extremel y oversimplifie d trac e o f  ho w th e sentenc e " A co w at e a n apple "  i s processed .  When a 

lexical-inpu t  nod e i s activate d i t  activate s c-node s whic h chang e th e networ k t o reflec t  th e word' s 

meanin g i n th e contex t  o f  th e network .  Figur e 3  show s th e semanti c networ k befor e th e sentenc e i s 

read .  T o simplif y th e presentation ,  th e initia l  networ k ha s n o node s whic h ar e instance s o f  it s 

concept s an d th e structura l  marker s ar e initiall y  unconnected .  I n thi s an d subsequen t  figures , 

h-ac t  link s wil l  b e show n a s one-wa y node s t o emphasiz e thei r  rol e i n wt a searches ,  althoug h the y 

sprea d activatio n bot h way s i n th e semanti c network . 

Most  o f  th e node s i n thi s figur e represen t  concept s i n ou r  taxonom y o f  thing s an d events . 

However ,  w e us e severa l  structura l  markers .  A  structura l  marke r  point s wit h a n activatio n lin k 

t o th e nod e whic h fill s  th e indicate d category .  Thei r  purpos e i s simila r  t o th e binder s o f  Selma n 

and Hirs t  (1985 )  an d Cottrel l  (1985) .  Current-concep t  i s use d t o indicat e whic h concep t  i s 

bein g processed .  B y connectin g current-concep t  t o a  nod e wit h a n activatio n link ,  th e nod e 

becomes accesibl e t o c-nodes .  I n a  simila r  fashion ,  current-actor ,  current-actio n an d 

current-objec t  ar e use d t o poin t  t o thos e node s whic h represen t  thos e categorie s i n ou r 
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act. 

( curre n -cone e Pt ) 

Figur e 5 .  Readin g " C O W 

sentence. Disambiguation-concept is used to point to a node wlien we want a c-node to access 

It s wt a node .  Current-topi c point s t o a  nod e indicatin g thi e overal l  topi c o f  th e curren t  text . 

Figur e 4  show s th e result s o f  activatin g th e lexica l  nod e fo r  "A" .  Tha t  nod e spread s activatio n t o 
a link-ac t  node .  Tha t  nod e construct s a n activatio n linl < fro m current-concep t  indirectl y 

throug h make .  Th e indirec t  referenc e throug h mak e cause s i t  t o construc t  a  ne w node ,  whic h i s 
th e nod e th e link-is a wants .  Th e resul t  o f  activatin g thos e node s create s a  ne w nod e (node_0 ) 

whic h i s th e focu s o f  th e system' s attentio n b y virtu e o f  bein g connecte d t o current-concept . 
When lexical-input-CO W i s activate d (figur e 5 )  i t  spread s activatio n t o tw o link-h-ac t 

nodes .  Whe n thes e node s ar e activate d the y connec t  th e nod e connecte d t o current-concep t  t o 
instanc e an d cow .  I n ou r  sentence ,  node_ 0 i s identifie d a s a n instanc e o f  a  cow . 

When th e nod e fo r  "ATE "  i s activated ,  i t  activate s c-node s whic h assembl e th e structur e o f  th e 
sentenc e (figur e 6) .  Lexical-input-EA T (w e ignor e tense )  activate s severa l  constructio n 

nodes .  Th e thre e boxe s represen t  group s o f  c-nodes .  Th e c-node s i n sub-acto r  chang e node_ 0 
fro m havin g a  lin k fro m current-concep t  t o havin g on e fro m current-actor .  Sub-actio n 

has c-node s whic h mak e a  ne w nod e (node_1 )  an d lin k i t  t o current-actio n an d establis h a n 

activatio n lin k fro m th e ne w nod e t o th e current-acto r  (node_0) .  Sub-object' s c-node s lin k 
th e nod e attache d t o current-concep t  (whic h i s th e a s ye t  unrea d secon d nou n phras e i n th e 

sentenc e -  henc e figur e 6  show s th e c-node s waiting )  t o current-objec t  an d create s a  lin k fro m 

node_ 1 t o th e nod e attache d t o current-object .  Th e thre e link-h-ac t  node s i n figur e 6  identif y 

th e filler s o f  th e current-actor ,  current-actio n an d current-objec t  role s a s eater ,  ea t  an d 

eatee ,  respectively ,  whe n activated . 

Activatin g th e node s fo r  th e secon d nou n phras e (" a pear" )  work s th e sam e a s th e first .  I t  wil l 
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Figur e 7 .  Th e resul t  o f  th e sentence . 
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Figur e 9 .  Th e semanti c networ k afte r  th e tex t  ha s bee n read . 

create a node (node_2) and link It to instance and pear. Node_2 will be identified as the 

current-concept ,  an d thu s b e acte d o n b y th e c-node s activate d b y "ATE "  an d whic h wer e stalle d 

waitin g fo r  th e secon d nou n phras e t o b e read .  Figur e 7  show s th e semanti c networ k afte r  th e 

entir e sentenc e ha s bee n processed . 

i n additio n t o ou r  sentenc e le t  u s conside r  wha t  th e activatio n o f  on e othe r  lexical-inpu t  nod e 

does .  W h e n th e syste m read s "SHE "  (figur e 8 )  tw o c-node s ar e activated .  Th e firs t  link s femal e 

t o disambiguation-concept .  Thi s allow s th e secon d t o acces s wta-femai e throug h a n indirec t 

wta-t o link .  Wha t  thi s doe s i s activat e wta-female .  Th e wt a nod e wil l  initiat e a  search .  Her e it s 

onl y lin k i s t o w t a - c o w .  W t a - c o w i s activate d and ,  i n tur n doe s a  wt a search.  I n thi s example , 

ther e i s onl y on e candidat e -  node_0 .  Ha d ther e bee n mor e tha n on e activ e nod e alon g th e searc h 

paths ,  the y woul d hav e bee n Inhibite d unti l  onl y on e (presumabl y reactivate d b y it s neighbor s i n 

th e semanti c network )  wa s active .  A  pointe r  t o thi s "winning "  nod e i s passe d u p fro m wta-co w t o 

wta-femai e an d i s connecte d b y th e c-nod e t o th e cur rent -concept ,  identifyin g i t  a s th e 
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pronoun's referent. 

Our  presentatio n omit s man y importan t  detail s o f  th e actua l  analyzer .  I t  handle s definit e nou n 

phrases ,  adjective s an d subtl e problem s wit h usin g structura l  marker s whic h ar e beyon d th e 

scop e o f  thi s shor t  discussion .  T o giv e som e flavo r  o f  ho w th e syste m woul d analyz e a  text ,  figur e 9 

shows th e networ k afte r  i t  ha s rea d " A co w at e a n apple .  Th e appl e wa s green .  Sh e als o at e a  brow n 

pear. "  I n additio n t o th e node s fro m ou r  sentence ,  node_ 4 represent s th e "eatin g event "  o f  th e 

thir d sentence ,  node_ 5 i s th e brow n pear ,  an d node_ 3 i s a  nod e representin g th e entir e text . 

Thi s analyze r  ha s bee n implemente d o n th e N O H A N S system .  N O H A N S i s a  compile d Fran z Lis p 

progra m whic h simulate s th e spreadin g activatio n semanti c networ k an d th e mor e powerfu l 

constructio n an d wt a node s whic h th e networ k activates .  N O H A N S support s al l  o f  th e feature s o f 

th e A S N model ,  simulatin g the m a s a  generic ,  massively-paralle l  machine .  O n N O HANS,  th e 

analyze r  run s th e exampl e tex t  i n approximatel y fiv e minute s o f  real-tim e o n a  VA X 780 . 

6. Future Work 

We currently have several directions for our research on ASN's. Our short-term goal is to use 

the m t o addres s man y o f  th e issue s i n conceptua l  natura l  languag e processing .  Thes e includ e 

handlin g comple x sentenc e structure ,  wor d sens e disambiguation ,  conflic t  detection ,  inferenc e an d 

classification .  A  simpl e conflic t  woul d b e produce d b y introducin g tw o contradictor y piece s o f 

informatio n suc h a s "Spo t  i s a  dog .  H e i s als o a  pear "  o r  introducin g informatio n whic h violate s 

knowledg e alread y i n th e network .  Ou r  prototypica l  inferenc e proble m i s "Jane t  hi t  Sue .  Sh e fel t 

guilty. "  Th e inferenc e w e nee d t o mak e i s tha t  Jane t  migh t  fee l  guilt y fo r  hittin g Sue ,  thu s bein g 
th e referen t  o f  th e pronoun .  A n exampl e o f  classificatio n woul d b e t o hav e th e syste m rea d "Clyd e 

i s large ,  ha s fou r  legs ,  bi g ear s an d a  trunk "  an d hav e th e system' s interna l  representatio n 

indicat e tha t  Clyd e i s a n elephant . 

For  th e lon g term ,  thi s researc h i s aime d a t  understandin g longe r  an d mor e comple x text s -

takin g advantag e o f  th e distribute d contro l  t o b e abl e t o conside r  mor e inference s durin g 

processing .  A s massively-paralle l  machine s com e t o accomodat e this ,  an d mor e powerful ,  models , 

th e siz e an d breadt h o f  natura l  languag e processin g system s ca n increase .  Th e parallelis m wil l 

reduc e th e tim e necessar y t o analyz e texts .  But ,  ultimately ,  fo r  an y large-scal e syste m o f  thi s 

typ e t o b e effective ,  progres s mus t  b e mad e o n th e abilit y  t o mak e th e abstraction s an d comple x 

inference s necessar y fo r  learning .  Otherwis e w e becom e bogge d dow n creatin g th e representation s 

fo r  ever y ne w wor d an d concep t  ou r  system s wil l  use . 
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