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Natura l  Languag e Prooaasln g 
Ualn g Spreadin g Activatio n 

and Latera l  Inhibitio n 

Jordan Pollack & David Waltz 
Coordinate d Scienc e Laborator y 

Oniverslt y o f  Illlnol a 

Abstrac t 

The knowledg e neede d t o proces s natura l 
languag e come s nro m oan y sources .  Whil e th e 
knowledg e Itsel f  may b e broke n u p modularly ,  Int o 
knowledg e o f  syntax ,  semantics ,  etc. ,  th e actua l 
processin g shoul d b e completel y Integrated .  Thi s 
for m o f  processin g l a no t  easil y amenabl e t o th e 
typ e o f  processin g don e b y seria l  *vo n Neumann " 
computers .  Thi s wor k I n progres s i s a n 
Investigatio n o f  th e us e o f  a  spreadin g activatio n 
and latera l  Inhibitio n networ k a s a  nechanla m fo r 
Integrate d natura l  languag e processing . 

Thi s wor k wa s supporte d i n par t  b y th e Offic e o f 
Naval  Researc h unde r  contrac t  N00014-75-C-0612 . 

INTRODUCTION 

It has long been thought that the modular 
decomposlbllit y  o f  i''"T'"'g « ifnowiady n int o syntax , 
semantic s an d pragmatic s implie d tha t  langimg a 
pm '̂a!l.1 ^  n g coul d b e similarl y decomposed ;  tha t 
natura l  languag e coul d b e processe d b y firs t 
parsin g th e syntax ,  the n fleshin g ou t  th e meanin g 
of  a  syntacti c derivatio n tree ,  an d finall y (i f  w e 
coul d eve r  ge t  t o thi s point! )  attemptin g t o 
Interpre t  th e speaker' s Intentions .  Nowadays ,  i t 
has becom e apparen t  tha t  thi s processin g i s 
Integrate d I n human s [Marslen-Hllson ,  1980] ,  an d 
tha t  I t  should ,  thus ,  als o b e i n compute r  model s 
[Schan k k  Blmbaum .  1980 ;  DeJong ,  1980] .  However , 
th e natura l  inolinatlo n o f  vo n Neuman n computer s t o 
ru n one-ste p a t  a  tim e present s a  sever e roadbloc k 
t o th e kin d o f  Integratio n neede d fo r  NLP . 
What Is needed la an integration mechanism 
sensitiv e t o interpretatio n pressure s fro m severa l 
directions .  A  promisin g approac h woul d see m t o b e 
th e us e o f  a  quantitativ e spreadin g activatio n / 
latera l  Inhibitio n network .  Thi s kin d o f  network , 
simila r  i n conceptio n t o relaxatio n technique s fo r 
low-leve l  vision ,  an d t o neura l  networ k models , 
work s throug h th e Iterativ e adjustmen t  o f  real -
value d nod e weights . 
PREVIOUS AND RELATED WORE 

The term "spreading activation" Is almost as 
overworke d a s th e ter m "frame, "  bu t  mos t  system s 
whic h sprea d activatio n d o I t  i n on e o f  tw o ways : 
As mrltft r  oaaal M Interaectlo n s»nroY ,  [Quillian , 
1968 ;  ColUn s &  Quillian ,  19T2 ;  Fahlman ,  1980] ,  i n 
whic h a  paralle l  intersectio n searc h I s simulate d 
by binar y markin g o f  adjacen t  node s i n a  breadth -
firs t  manner ,  o r  a s quantitativ e welifh t  halannln^ r 
[Ortony ,  197U ;  McClellan d &  Rumelhart ,  1981] ,  i n 
whic h activatio n energie s assigne d t o al l  node s ar e 
Iterativel y adjusted ,  base d o n loca l  activatio n 
energie s an d strengt h o f  connections .  On e o f  th e 
well-know n danger s o f  spreadin g activatio n I s it s 
potentia l  fo r  overkill ;  a n intersectio n search , 
unde r  certai n circumstances ,  may generat e to o man y 
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useles s Interseetiona ,  an d quantitativ e adjustmen t 
may resul t  i n "hea t  death, "  wher e ever y nod e 
becomes activated .  ( A solutio n fo r  thi s latte r 
for m o f  activatio n involve s th e us e o f  decay , 
dampenin g factors ,  o r  th e sprea d o f  negativ e energ y 
-  latera l  inhibition. )  Nonetheless ,  bot h form s o f 
spreadin g activatio n displa y Interestin g behavior . 

For  example ,  th e previousl y mentione d wor k b y 
Collin s an d Quillia n showe d ho w spreadin g 
activatio n coul d accoun t  fo r  aspect s o f  huma n 
memory priming ,  whil e Fahlman' s wor k demonstrate d 
tha t  man y form s o f  proble m solvin g coul d b e 
simplifie d whe n a n Intersectio n searc h wa s 
computationall y "free. "  Ortony ,  o n th e othe r  hand , 
buil t  a  syste m fo r  schem a selectio n usin g dampe d 
activation ,  an d McClellan d an d Rumelhar t  effecte d a 
clos e simulatio n o f  experimenta l  result s o n huma n 
lette r  an d wor d perceptio n i n context . 

Othe r  wor k I n paralle l  approache s t o natura l 
languag e processin g ha s bee n don e b y Smal l  [1981 ] 
and Hlege r  [1977 ]  i n whic h th e traditiona l  practic e 
of  breakin g dow n knowledg e Int o synta x an d 
semantic s wa s turne d o n it s head ,  an d knowledg e o f 
al l  kind s wa s distribute d t o individua l  "wor d 
experts" ;  b y Hendle r  4  PhllUp s [1981 ]  wh o ar e 
workin g o n a n ACTOR-base d [Hewitt,1976 ]  NL P systea ; 
and b y Gigle y [1982 ]  i n whic h a 
neurollngulstically-inspire d NL P syste a capabl e o f 
simulatin g aphasl c behavio r  wa s built . 
NATURAL LANGUAGE PROCESSING USIN G A N 
ACTIVATION/INHIBITIO N NETWORK 
The authors of this paper are presently 
buUdin g a  NL P syste m I n whic h th e knowledg e 
source s ar e modular ,  bu t  th e processin g i s full y 
Integrated .  Th e integratio n mechanis m i s a n 
activation/inhibitio n networ k simila r  i n natur e t o 
th e on e use d b y McClellan d an d Rumelhar t  an d 
describe d below. 
An activation/inhibition network la a weighted 
directe d graph ,  wher e nod e weight s represen t 
activatio n levels ,  an d lin k weight s represen t 
strengt h o f  activatio n i f  positive ,  o r  strengt h o f 
inhibitio n i f  negative .  Th e proces s o f  spreadin g 
activatio n /  latera l  Inhibitio n Involve s Iterativ e 
recomputatio n o f  activatio n levels .  A t  eac h cycle , 
.ever y nod e receive s a  contributio n fro m eac h o f  It s 
neighborin g node s equivalen t  t o th e neighbor' s 
activatio n leve l  multiplie d b y th e weigh t  o f  th e 
Intervenin g link .  Thi s contributio n (scale d t o 
rang e betwee n - 1 an d 1 )  cause s a  proportiona l 
chang e i n th e activatio n leve l  o f  th e node ;  a 
contributio n o f  1  zap s th e nod e u p t o It s 
(predefined )  naxlDu m activatio n leve l  whil e a 
contributio n o f  - 1 sap s th e nod e o f  al l  it s 
strength .  Eventually ,  a  stati c conditio n i s reache d 
wher e som e node s reac h thei r  maximu m o r  oinlmu m 
strength ,  whil e th e res t  o f  the m receiv e 
contribution s o f  0 .  (Fo r  a  complet e mathematica l 
formulatio n se e Pollac k [1982b]. ) 

NETWORK CONSTRUCTION 

An activation/inhibition network such as this 



can sBOOthl y oode l  th e flo w o f  quantitativ e 
constraint s u p an d dow n a  nultlleve l  syaten .  Fo r 
natura l  languag e processing ,  tb e mai n proble m 
becomes ho w t o buil d suc h a  Bultileve l  network .  We 
fee l  tha t  a  prope r  networ k ca n b e buil t  throug h th e 
Judiciou s instantiatio n o f  networ k fragaent a whic h 
ar e represente d i n standar d knowledg e 
representatio n structures ,  suc h a s fraae a [Hinsky , 
1975] . 
The fraaes in our systea contain the knowledge 
of  syntax ,  o f  senanti c features ,  an d o f  cas e roles , 
organize d t o efficientl y generat e piece s o f  networ k 
on denand .  Thes e fi-ane s ar e richl y Interconnecte d 
wit h activatio n an d Inhibitio n links ,  an d 
constitut e th e genera l  knowledg e bas e o f  tb e 
aystea .  When sentence s ar e input ,  a  teaporar y 
networ k i s constructe d ou t  o f  fragment s store d 
withi n lexicall y accesse d frames .  Thes e fragment s 
ar e organize d int o a  networ k b y th e sam e sor t  o f 
breadth-fira t  operatio n use d i n a  char t  parse r 
[Kay ,  1973] .  Th e resultin g networ k ha s activatio n 
link s betwee n phras e marker s an d thei r 
constituents ,  an d inhibitio n link s betwee n pair s o f 
phrase s tha t  hav e comno n constituents .  (S o far ,  w e 
hav e don e th e networ k buildin g b y hand. ) 

action s ar e a s I n mor e detail ,  th e require d 
follows : 
First, there is breadtb-flrat iMtantlatlQB of 
node s representin g phras e markers ,  cas e roles ,  an d 
expectation s fo r  othe r  nodes .  Thes e expectation s 
ar e triggere d whe n lexica l  Itea a o r  grammatica l 
constituent s ar e encountered ,  an d consis t  o f  siapl e 
featur e pattern s t o matc h an d connectio n procedure s 
t o b e carrie d ou t  i f  th e matc h occurs .  Secondly , 
ther e i s nattam-baiia d nonnaetlo n whereb y i f  a 
newl y instantiate d nod e matche s a  pattetm ,  specifi c 
linkage s ar e made .  A s a n exaapl e o f  thes e thes e tw o 
processes ,  i f  a  nod e o f  typ e N P i s instantiated ,  i t 
wil l  the n caus e th e instantiatio n o f  a n expectatio n 
tha t  a  V F wil l  occur ;  i f  a  T P i s found ,  a n S  i s 
generate d an d connecte d t o bot h th e N P an d TP .  O f 
course ,  i f  mor e tha n on e candidat e fo r  a  patter n 
shows up ,  th e tw o candidate s ar e connecte d wit h a n 
inhibitio n link ,  s o on e wil l  eventuall y b e 
eUfflinatad . 

The aetlvatlo n and .  1nhih<t.in n processe s 
reinforc e .  node s tha t  ar e supporte d b y aotivatlo n 
link s an d inhibi t  thos e whic h ar e not ,  so ,  fo r 
example ,  expectation s tha t  ar e no t  quickl y 
fulfille d wil l  die .  Furtheraore ,  activatio n an d 
inhibitio n ar e als o happenin g i n th e backgroun d 
fram e syste a b y a  purel y wor d associativ e scheme , 
whic h help s prim e goo d wor d sense s (an d aid s i n 
schema selection) .  Finally ,  node s whic h becom e 
inhibite d belo w a  certai n poin t  ar e yarha^ n 
poiiaota d thu s keepin g th e activ e networ k a s smal l 
as possible . 
EXAMPLE OF OPERATION 
Some preliminary results are presented here 
whic h demonstrat e th e feasibilit y  o f  th e 
activation/inhibitio n approac h t o NLF .  A s 
mentione d above ,  sinc e th e syste a i s I n it s earl y 
stages ,  th e network s presente d wer e buil t  b y hand . 
We demonstrat e bo w th e syste m react s t o syntacti c 
ambiguity ,  ho w a  lexica l  preferenc e ca n affec t  it s 
behavior ,  an d finall y ho w semanti c constraint s ca n 
be integrated . 
Consider, then, the following sentence, which, 
i n th e absenc e o f  an y semanti c knowledge ,  i s 
syntacticall y ambiguou s du e t o th e lexica l 
ambiguit y o f  "up" : 
John ate up tbe street. 
The hand-built network for this sentence is shown 

I n figur e 1  wit h arrow s denotin g activatio n links , 
and circle s denotin g inhibitio n link s (followin g 
McClellan d &  Ruaelhart) .  Not e tha t  eac h nod e i n 
thi s networ k i s suffixe d b y tw o number s whic h 
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Bs(Jotan }  (at e (u p th e street) ) 
C3(John )  (at e up )  (th e street ) 
Gs(at e (u p th e st reet) ) 
Fa(at e up ) 

The syste m I s confuse d a t  f i rst :  B  i s mor e 
heavi l y weighte d tha n C ,  s o th e sentenc e wit h th e 
preposi t io n i s selected ,  whi l e F  i s mor e strongl y 
act ivate d tha n Q .  s o th e verb-part ic l e phras e i s 
selected .  Thi s select io n i s ,  obv iously , 
innonaiMtant .  Bu t  then ,  afte r  abou t  3 0 cyc les ,  th e 
syste m "dec ides "  ("Loo k M a ,  n o homunculusI" )  o n a 
consisten t  readin g o f  "up "  a s a  preposi t ion ,  an d 
weight s G  mor e heavi l y tha n F . 

I n th e absenc e o f  semanti c preference s (e.g .  a 
preferenc e fo r  interpret in g "street "  a a a 
l o c a t i o n ) ,  syntact i c preference s ca n pla y a  ro le . 
Cer ta i n word s ia .  hav e lexica l  tendencies ,  a s ,  fo r 
Ins tance ,  th e wor d "does " ,  whic h i s mos t  ofte n a 
verb ,  bu t  whic h i s a ls o a  plura l  noun ,  meanin g 
severa l  femal e deer . 

F igur e 3  demonstrate s th e sensi t iv i t y o f  a n 
act ivat ion/ inh ib i t io n networ k t o syntact i c 
preferences .  Th e lin k strengt h fl-o m "up "  t o 
"par t ic le "  ha s bee n increased ,  correspondin g t o a 
lexica l  preference .  Not ic e tha t  th e phrase s relate d 
t o interpret in g "up "  a s a  preposi t io n (B ,  G ,  J ,  an d 
P)  becom e inhibite d muc h mor e quickl y thi s t ime . 

However ,  whe n human s proces s thi s sentence , 
the y a ls o tak e Int o accoun t  th e knowledg e tha t 
"s t reet "  i s  a  goo d candidat e fo r  a  locat ion ,  bu t  a 
ba d candidat e fo r  th e objec t  o f  eat ing .  Th e nex t 
exampl e demonstrate s th e sensit iv i t y o f  ou r  NL P 
approac h t o thi s semanti c knowledge .  Fou r  node s 
hav e bee n adde d an d connecte d int o th e network .  Th e 
ver b phras e "a te "  i s U n k e d t o "ate- loo "  an d "a te -
o b j , "  an d th e ver b phras e "at e up "  i s U n k e d t o 

jchrfl l  I s  show n a s g ) 
ncOl  i s show n a s A ) 

(s0 5 i s afaow n a s B ) 
(s05 p IsatKuna s C ) 
(atel 2 I s show n a s 0 ) 
(vp1 2 i s show n a s E ) 
vp1 3 i s show n a s F ) 
vpI S i s show n a s G ) 
up23 i s staou n a s U ) 

part2 3 i s show n a s I ) 
preD2 3 i s stxj a a s J ) 
ttie34  i s show n a s K ) 
detS I  1 3 show n a s I ) 
street4 5 i s ahou n a s M ) 
nt S i s aiiow i  a s N ) 
n p ^  i s show n a s 0 } 
ppc 5 i r  show n a s P ) 

Act ivat io n Leve l 

;t e u p OBJ ATE OBJ ' 

ATE UP LOC ATE LOC 

FP 2  5 

VP 1  3  I  PREP 2  3  I  (I P 3 5 NP 0  1 

VP 1 2 

JOHN 0  1 1 I  ATE 1  2  I  |  UP 2  3  1  THE 3  "t j  |  STREET i « 5 j 

FlOUM t  -  S€)W«TlC»LL r  AuGMfNTt D NrTWOBK 

"ate-up- loc "  an d "a te -up-ob j . "  Thes e node s 
represen t  "cases "  [F i l lmore ,  1968 ]  o f  thei r 
respect iv e node s an d ar e a  subse t  o f  thos e tha t 
woul d b e instantiate d b y ou r  system .  Th e pattern -
matchin g connectio n componen t  woul d connec t  th e 
preposit iona l  phras e "u p th e st reet "  t o "ate- loc " 
base d o n it s spa n an d o n inherite d feature s fro m 
•up "  an d "st reet" . 

The modif ie d networ k i s show n i n figur e 4 ,  an d 
f igur e 5  graph s th e respons e o f  th e 
act ivat ion/ inhib i t io n networ k t o thi s ne w 
informat ion .  A s on e ca n see ,  afte r  1 5 cyc les ,  a l l 
node s relate d t o i n t e r p r e U n g "up "  a s a  part icl e 
ar e bein g rapidl y inhibi ted .  (T ,  S ,  C .  F ,  an d I ) . PROSPECTS 

The result s g ive n abov e ar e interestin g i n 
tha t  the y demonstrat e th e sensit ivi t y o f 
act ivat ion/ Inhibi t io n network s t o s U g b t 
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difference s I n luiowle<lge .  Currentl y w e ar e workin g 
t o complet e th e autoaatl c instantiatio n an d 
connectio n coaponent s o f  th e systea . 
The use of a parallel and decentralized 
decisio n proces s ca n b e brougb t  t o bea r  o n many 
othe r  Interestin g problem s I n NL F a s well .  Fo r 
instance ,  ther e ar e Indication s tha t  th e timin g an d 
volum e o f  spoke n languag e bot h pla y usefu l  role s i n 
disambiguatio n [Wale s an d Toner ,  1979] •  A  syste m 
base d o n activatio n an d inhibitio n coul d b e 
designe d fo r  sensitivit y t o thes e clues ,  sinc e tim e 
is ,  afte r  all ,  a  crucia l  elemen t  i n th e 
activation/inhibitio n process . 

Furthermore ,  th e processin g o f  garde n pat h 
sentences ,  whic h ar e a n interestin g bu t  no t  well -
understoo d phencoeno n i n natura l  language ,  coul d 
quit e possibl y b e handle d b y a n 
activation/inhibitio n network .  Marcu s [1979 ]  buil t 
a parse r  whic h attempte d t o accoun t  fo r  garden-pat h 
sentence s a s a  resul t  o f  memor y limitations . 
Unfortunately ,  ther e ar e garde n pat h sentence s hi s 
parse r  coul d (thoug h shouldn't )  heindl e [Milne , 
1980] ,  suc h as : 
The prime number few. 
Within the framework of activation/inhibition 
networks ,  garde n pat h sentence s woul d b e accounte d 
fo r  b y irreversibl e inhibitio n o f  expectations . 

Als o w e hav e recentl y begu n t o conside r  way s 
of  integratin g a  nove l  for m o f  knowledg e 
representation ,  'even t  shap e diagrams '  [Walt z 
1982] ,  t o mode l  certai n kind s o f  metapho r 
understandin g an d adverbia l  modification .  A s a n 
example ,  thes e method s shoul d allo w u s t o interpre t 
sentence s suc h as : 
Robbie's metal legs ate up the space between 
himsel f  an d Susie . 
as meaning a kind of PTSANS [Schank 1975]. 

Finally ,  a  practica l  syate a base d o n 
activation/inhibitio n network s coul d b e th e 
startin g poin t  fo r  ne w computin g architectures .  I n 
thi s vein ,  [Pollack,1982 ]  ha s designe d a  VLS I  cel l 
fo r  paralle l  simulatio n o f  activation/inhibitio n 
networks ,  thu s showin g tha t  a  programmabl e se t  o f 
logica l  connection s (i.e .  links )  ca n b e ru n o n a 
machin e wit h fixe d an d regula r  physica l  connection s 
(i.e .  wires) . 
CONCLUSION 

The processin g o f  natura l  languag e require s 
th e sensitiv e Integratio n o f  multipl e source s o f 
knowledge .  A  mechanis m ver y likel y t o achiev e thi s 
integratio n i s a n activation/inhibitio n network . 
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