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Abstrac t 

A connectionist model capable of encoding positive as well 
as negate d knowledg e an d usin g suc h knowledg e durin g rapi d 
reasonin g i s described .  Th e mode l  explain s ho w a n agen t 
ca n hol d inconsisten t  belief s i n it s long-ter m memor y with -
out  bein g "aware "  tha t  it s belief s ar e inconsistent ,  bu t  detec t 
a contradictio n wheneve r  inconsisten t  belief s tha t  ar e withi n a 
certai n inferentia l  distanc e o f  eac h othe r  becom e co-activ e dur -
in g a n episod e o f  reasoning .  Thu s th e mode l  i s no t  logicall y 
omniscient ,  bu t  detect s contradiction s wheneve r  i t  trie s t o us e 
inconsisten t  knowledge .  Th e mode l  als o explain s ho w limite d 
attentiona l  focu s o r  actio n unde r  tim e pressur e ca n lea d a n agen t 
t o produc e a n erroneou s response .  A  biologicall y significan t 
featur e o f  th e mode l  i s tha t  i t  use s onl y loca l  inhibitio n t o en -
cod e negate d knowledge .  Th e mode l  encode s an d propagate s 
dynami c binding s usin g tempora l  synchrony . 

Introduction 

T h e abilit y  t o perfor m inference s i n orde r  t o establis h refer -
entia l  an d causa l  coherenc e an d generat e expectation s play s a 
crucia l  rol e i n understandin g languag e (e.g. ,  M c K o o n &  Rat -
cliff ,  1981) .  Give n tha t  w e ca n understan d languag e a t  th e rat e 
of  severa l  hundre d word s pe r  minute ,  i t  i s  als o apparen t  tha t 
we ca n perfor m th e requisit e inference s rapidl y — a s thoug h 
the y wer e a  refle x respons e o f  ou r  cognitiv e apparatus .  I n vie w 
of  this ,  w e hav e describe d suc h reasonin g a s reflexiv e (Shastri , 
1991). '  Certai n type s o f  negate d knowledg e als o play s a  rol e 
i n suc h reasoning .  I f  w e wer e tol d "Joh n ha s bee n t o Canada " 
an d "Joh n ha s no t  bee n t o Europe" ,  w e coul d readil y answe r 
th e question s (i )  "Ha s Joh n bee n t o Nort h America?" ,  (ii ) 
"Ha s Joh n bee n t o France? "  an d (iii )  "Ha s Joh n bee n t o Aus -
tralia? "  wit h "yes" ,  "no" ,  an d "don' t  know" ,  respectively .  W e 
ca n als o reaso n reflexivel y wit h rule s involvin g certai n type s 
of  negate d conditions .  S o give n "Joh n i s a  bachelor" ,  w e 
ca n readil y answe r  "no "  t o "I s Joh n marrie d t o Susan? "  Ob -
serv e tha t  answerin g thi s questio n involve s th e us e o f  negate d 
knowledg e tha t  m a y b e approximate d a s " A bachelo r  i s no t 
marrie d t o anyone "  (i.e. ,  bachelor(x )  ̂  -^married(x,y}) ? 

D ue t o th e complexit y i t  add s t o th e inferenc e process , 
knowledg e representatio n system s ofte n d o no t  dea l  explic -
itl y  wit h negation .  S o m e model s dea l  partiall y  wit h negatio n 

' a forma l  characterizatio n o f  reflexiv e reasonin g appear s i n 
(Shastri ,  1993) . 

^We ar e usin g th e notatio n o f  first-order  logi c fo r  convenience . 
Thi s doe s no t  mea n tha t  w e vie w deductio n t o b e th e sol e basi s 
of  reflexiv e reasoning .  Al l  variable s ar e assume d t o b e universall y 
quantified . 

by adoptin g th e close d worl d assumptio n i n AI .  Th e intuitio n 
behin d thi s assumptio n i s a s follows :  I f  a n agen t  know s al l 
th e relevan t  fact s abou t  som e domain ,  the n i t  m a y assum e tha t 
any fac t  i t  doe s no t  k n o w i s false !  I n vie w o f  thi s assumption , 
th e agen t  ca n trea t  "don' t  k n o w "  answer s a s "no "  answers . 
Th e us e o f  th e close d worl d assumption ,  however ,  ha s lim -
ite d applicabilit y  an d canno t  b e a  substitut e fo r  th e abilit y 
t o explicitl y  dea l  wit h negate d informatio n an d distinguis h 
betwee n th e epistemi c state s "don' t  k n o w "  an d "no" . 

Th e encodin g o f  negate d knowledg e raise s th e possibilit y 
of  inconsistencie s i n a n agent' s long-ter m m e m o r y (LTM) . 
We ofte n hol d inconsisten t  belief s i n ou r  L T M withou t  bein g 
explicitl y  awar e o f  suc h inconsistencies .  Bu t  a t  th e sam e time , 
we ofte n recogniz e contradiction s i n ou r  belief s whe n w e tr y 
t o brin g inconsisten t  knowledg e t o bea r  o n a  particula r  task . 
I n vie w o f  this ,  a  cognitivel y plausibl e mode l  o f  memor y 
an d reasonin g shoul d allo w inconsisten t  fact s an d rule s t o 
co-exis t  i n it s L T M ,  bu t  i t  shoul d b e capabl e o f  detectin g 
contradiction s wheneve r  inconsisten t  belief s tha t  ar e withi n 
a certai n inferentia l  distanc e o f  eac h othe r  becom e co-activ e 
durin g a n episod e o f  reasoning . 

Finally ,  an y agen t  wit h limite d resource s mus t  sometime s 
act  wit h onl y limite d attentiona l  focu s an d ofte n unde r  tim e 
pressure .  Thi s mean s tha t  a n agen t  m a y sometime s over -
loo k relevan t  informatio n an d ac t  i n a n erroneou s manner . 
Extende d evaluatio n o r  a n appropriat e cue ,  however ,  migh t 
m a ke th e necessar y informatio n availabl e an d lea d t o a  cor -
rec t  response .  Severa l  interestin g aspect s o f  suc h a  situatio n 
ar e capture d i n th e followin g scenari o (whic h w e wil l  refe r  t o 
as th e Pos t  Offic e Example) : 

Joh n run s int o Mar y o n th e street .  "Wher e ar e yo u go -
ing? "  ask s John .  'T o th e pos t  office, "  replie s Mary .  "Bu t 
isn' t  toda y Presidents '  D a y ? "  remark s John .  "Oops !  I 
forgo t  tha t  toda y wa s a  federa l  holiday, "  say s Mar y afte r 
a momentar y paus e an d head s back . 

Clearly ,  M a r y ha d sufficien t  knowledg e t o infe r  tha t  "today " 
was a  posta l  holiday .  Bu t  th e fac t  tha t  sh e wa s goin g t o th e 
pos t  offic e indicate s tha t  sh e ha d assume d tha t  th e pos t  offic e 
was open .  S o i n a  sense ,  Mar y hel d inconsisten t  beliefs . 
John' s questio n serve d a s a  trigge r  an d brough t  th e relevan t 
informatio n t o th e surfac e an d m a d e Mar y realiz e he r  mistake . 
A cognitivel y plausibl e mode l  shoul d b e capabl e o f  modelin g 
suc h situations . 

Thi s pape r  describe s a  connectionis t  mode l  tha t  ca n encod e 
positiv e a s wel l  a s negate d rule s an d facts ,  rapidl y perfor m a 
clas s o f  inferences ,  an d exhibi t  th e desirabl e propertie s dis -
cusse d above .  Thi s wor k extend s ou r  wor k o n SHRim ,  a 
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Figur e 1 ;  Th e structur e o f  a  predicat e cluster . 

connectionis t  mode l  o f  reflexiv e reasonin g (Ajjanagadd e & 
Shastri ,  1991 ;  Shastr i  &  Ajjanagadde ,  1993 ;  Man i  &  Shastr i 
1993 )  an d i s partl y influence d b y (Cottrell ,  1985) .  A  de -
taile d descriptio n o f  th e extende d mode l  appear s i n (Shastr i 
& Grannes ,  1995) . 

System Overview 

Thi s sectio n present s a  brie f  summar y o f  th e system .  D u e t o 
limite d spac e w e wil l  no t  describ e th e encodin g o f  multipl e 
instantiations ,  typ e hierarchy ,  an d context-sensitiv e rules . 

General Representation 

Figur e 1  illustrate s th e representatio n o f  a  predicat e an d en -
tities .  A  nod e suc h a s Joh n correspond s t o &  foca l  nod e o f 
th e representatio n o f  th e entit y "John" .  Informatio n abou t  th e 
variou s feature s o f  Joh n an d th e role s h e fills  i n variou s event s 
i s encode d b y linkin g th e foca l  nod e t o appropriat e node s 
distribute d throughou t  th e networ k (se e Shastr i  &  Feldman , 
1986 ;  Feldman ,  1989) . 

Encoding of Predicates: Predicate Clusters as 
Convergenc e Z o n e s 

Conside r  th e encodin g o f  th e binar y predicat e lov e wit h tw o 
roles :  love r  an d lovee .  Thi s predicat e i s encode d b y a  cluste r 
of  node s consistin g o f  tw o rol e node s depicte d a s circula r 
node s an d labele d love r  an d lovee ;  a n enable r  nod e depicte d 
as a  pentago n pointin g upward s an d labele d e:love ;  an d tw o 
collecto r  node s depicte d a s pentagon s pointin g downward s 
and labele d +ciov e an d -c:lov e respectively .  I n general , 
th e cluste r  fo r  a n n-ar y predicat e contain s n  rol e nodes ,  on e 
enable r  node ,  an d tw o collecto r  nodes .  Th e circula r  node s 
ar e p-bt u node s whil e th e pentago n shape d node s ar e r-an d 
nodes .  Th e computationa l  behavio r  o f  thes e node s wil l  b e 
describe d shortly . 

The cluste r  o f  node s describe d abov e ac t  a s a n ancho r  fo r 
th e complet e encodin g o f  a  predicate .  Al l  rule s an d fact s tha t 
involv e a  predicat e converg e o n it s cluster ,  an d al l  rule s an d 
fact s involvin g a  predicat e ca n b e accesse d b y fannin g ou t 
fro m th e predicate' s cluster .  Thi s representatio n o f  a  predi -
cat e i s closel y relate d t o th e notio n o f  "convergenc e zones " 
(Damasio .  1989) . 

Let  u s examin e th e semanti c impor t  o f  th e enable r  an d 
collecto r  nodes .  Assum e tha t  th e role s o f  a  predicat e P  ar e 
dynamicall y boun d t o som e filler s thereb y representin g a  dy -
nami c instanc e o f  P  (w e wil l  se e how ,  shortly) .  Th e con -
comitan t  activatio n o f  th e enable r  e: P mean s tha t  th e syste m 
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Figur e 2 :  Th e rhythmi c patter n o f  activatio n representin g th e 
dynami c binding s love(Mary,Tom) . 

i s  tryin g t o explai n whethe r  th e currentl y activ e dynami c in -
stanc e o f  P  i s supporte d b y th e knowledg e i n th e memory . 
Th e reques t  fo r  suc h a n explanatio n migh t  b e generate d in -
ternall y b y th e reasonin g system ,  o r  b e conmiunicate d t o i t 
by som e othe r  subsyste m (e.g. ,  th e plannin g module) .  Th e 
semanti c impor t  o f  th e tw o collector s +c: P an d -c: P i s th e 
complemen t  o f  tha t  o f  th e enable r  node .  Th e syste m activate s 
th e positiv e collecto r  +c: P whe n th e currentl y activ e dynami c 
instanc e o f  P  i s supporte d b y th e knowledg e encode d i n th e 
system .  I n contrast ,  th e syste m activate s th e negativ e collec -
tor-c. P whe n th e negatio n o f  th e activ e instanc e i s supporte d 
by th e system' s knowledge .  Neithe r  collecto r  become s activ e 
i f  th e syste m doe s no t  hav e sufficien t  informatio n abou t  th e 
currentl y activ e dynami c instance .  Th e collector s ca n als o 
be use d b y a n externa l  process .  Fo r  example ,  th e languag e 
understandin g proces s migh t  activat e clov e an d establis h th e 
binding s (lover=John ,  lovee=Mary )  upo n hearin g th e utter -
anc e "Joh n love s Mary" .  Sinc e th e tw o collector s encod e 
mutuall y contradictor y informatio n the y hav e mutuall y in -
hibitor y links .  Observ e tha t  thi s inhibitio n i s loca l  t o th e tw o 
collector s withi n a  predicat e cluster . 

Detecting a Contradiction 

The levels of activation of the positive and negative collectors 
of  a  predicat e measur e th e effectiv e degre e o f  suppor t  offere d 
by th e syste m t o th e currentl y activ e predicat e instance .  Thes e 
level s o f  activatio n ar e th e resul t  o f  th e activatio n inciden t  o n 
th e collector s fro m th e res t  o f  th e networ k an d th e mutua l  in -
hibitio n betwee n th e tw o collectors .  Th e tw o activatio n level s 
encod e a  grade d belie f  rangin g continuousl y fro m "no "  o n th e 
one extrem e — wher e onl y th e negativ e predicat e i s active ,  t o 
"yes "  o n th e othe r  — wher e onl y th e positiv e collecto r  i s ac -
tive ,  wit h "don' t  k n o w "  i n betwee n — wher e neithe r  collecto r 
i s ver y active .  I f  bot h th e collector s receiv e comparabl e an d 
stron g activatio n the n bot h collector s ca n b e i n a  hig h stat e 
of  activity ,  i n spit e o f  th e mutua l  inhibitio n betwee n them . 
W h en thi s happens ,  a  contradictio n i s detected .  I n th e curren t 
implementatio n thi s i s don e b y a n additiona l  nod e withi n eac h 
predicat e cluste r  (no t  show n i n Figur e 1 )  tha t  ha s a  threshol d 
of  1. 5 an d receive s excitator y input s fro m bot h th e collectors . 
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Significanc e o f  Collecto r  t o Enable r  Connection s 

The weighte d link s betwee n th e collector s an d th e enable r  o f 
a predicat e conver t  a  dynami c assertio n int o a  quer y abou t  th e 
assertion .  Thu s th e syste m ca n constantl y evaluat e (o r  see k 
an explanatio n for )  incomin g knowledg e i n th e contex t  o f 
existin g knowledge .  Th e weight s o n link s fro m collector s t o 
enabler s ca n b e viewe d a s a  measur e o f  th e system' s propensit y 
fo r  seekin g suc h evaluations .  A  syste m wit h a  hig h weigh t 
on thes e link s ca n b e viewe d a s a  highl y critica l  an d skeptica l 
system ,  whil e on e wit h ver y lo w weight s ca n b e viewe d a s a 
credulou s syste m — on e whic h accept s incomin g informatio n 
withou t  activel y seekin g a n explanatio n o r  determinin g ho w 
wel l  i t  cohere s wit h prio r  knowledge . 

The system' s abilit y  t o evaluat e incomin g informatio n en -
able s i t  t o detec t  inconsistencie s betwee n incomin g informa -
tio n an d prio r  knowledge .  Thi s evaluatio n proces s i s fas t  an d 
automati c  bu t  th e scop e o f  inconsistenc y detectio n i s bounde d 
by th e constrain t  o n th e max imu m dept h o f  reflexiv e reasonin g 
(Shastr i  &  Ajjanagadde ,  1993) .  Observ e tha t  her e w e ar e re -
ferrin g t o a  reflexiv e proces s o f  evaluatio n an d no t  a  deliberat e 
searc h fo r  inconsistencies . 

The link s fro m th e collector s o f  a  predicat e t o it s enable r 
als o serv e t o creat e positiv e feedbac k loop s o f  spreadin g ac -
tivatio n an d thereb y creat e stabl e coalition s o f  activ e node s 
unde r  appropriat e circumstances .  Assum e tha t  th e syste m i s 
seekin g a n explanatio n abou t  th e currentl y activ e instanc e o f 
P,  an d therefore ,  th e enable r  o f  P  i s active .  I f  th e memor y 
support s thi s instanc e o f  P  i t  wil l  activat e th e positiv e collecto r 
of  P .  Thi s wil l  creat e a  feedbac k loo p — o r  a  stabl e coalitio n 
— consistin g o f  e:P ,  th e enabler s o f  othe r  predicate s partic -
ipatin g i n th e explanatio n o f  P ,  th e appropriat e collector s o f 
thes e predicates ,  +c:P ,  an d e:P . 

Computational Behavior of Idealized Nodes 

I f  a  p-bt u nod e A  i s connecte d t o anothe r  p-bt u nod e B  the n th e 
activit y o f  B  synchronize s wit h th e activit y oiA .  I n particular , 
a periodi c firin g o f  A  lead s t o a  periodi c an d in-phas e firin g 
of  5 . 

A r-an d nod e become s activ e o n receivin g a  puls e (o r  a 
burs t  o f  activity )  exceedin g a  minimu m duration ,  ?r .  Thu s a 
r-an d nod e behave s lik e a  tempora l  an d node .  O n becomin g 
active ,  i t  produce s a n outpu t  puls e simila r  t o th e inpu t  pulse . 

A threshold ,  n  (defaul t  valu e 1) ,  associate d wit h a  nod e 
indicate s tha t  th e nod e wil l  fir e upo n receivin g n  o r  mor e 
input s simultaneousl y (se e Shastr i  &  Ajjanagadde ,  1993) . 

Encoding Dynamic Bindings: 

Dynami c binding s ar e represente d b y th e synchronou s firin g 
of  appropriat e rol e an d fille r  nodes .  Wit h referenc e t o Fig -
ur e 1 ,  th e rhythmi c patter n o f  activit y show n i n Figur e 2  rep -
resent s th e dynami c binding s (lover=Mary,lovee=Tom )  (i.e. , 
th e dynami c fac t  love(Mary,Tom)) .  Observ e tha t  Mar y an d 
love r  ar e firin g i n synchron y an d To m an d love e ar e firin g i n 
synchrony .  Th e absolut e phas e o f  firin g o f  node s i s no t  sig -
nificant .  Als o sinc e e:lov e i s firing ,  th e syste m i s essentiall y 
"asking "  whethe r  i t  believe s tha t  Mar y love s Tom . 

As discusse d a t  lengt h i n (Shastr i  &  Ajjanagadde ,  1993) , 
ther e exist s substantia l  neurophysiologica l  evidenc e t o sug -
gest  tha t  th e propagatio n o f  synchronou s activit y  i s neurall y 
plausible .  A  detaile d revie w o f  synchronou s cortica l  activ -
it y appear s i n (Singer ,  1993) .  Th e ide a tha t  synchronou s 

love r  love e 
o o 

Figur e 3 :  Th e encodin g o f  facts :  love(John,Mary )  an d 
-ilove(Tom,Susan) . 

activit y ca n bin d feature s durin g visua l  processin g ha d bee n 
suggeste d b y vo n de r  Malsbur g (1986 )  (als o se e Bienenstoc k 
& Geman ,  1995) ,  bu t  SHRirr i  i s  perhap s th e firs t  mode l  t o 
demonstrat e ho w synchronou s activatio n ca n b e harnesse d t o 
solv e comple x problem s i n th e representatio n an d processin g 
of  conceptua l  knowledge . 

Encoding Long-Term Facts: Memory as a 

Tempora l  Patter n Matche r 

A long-term fact behaves like a temporal pattern matcher 
tha t  become s activ e wheneve r  th e stati c binding s i t  encode s 
matc h th e dynami c binding s represente d i n th e system' s stat e 
of  activation .  Figur e 3  illustrate s th e encodin g o f  th e long -
ter m fact s love(John,Mary )  an d -'love(Tom,Susan) .  Observ e 
tha t  eac h long-ter m fac t  i s  encode d usin g a  distinc t  r-an d nod e 
whic h receive s a  lin k firo m th e enable r  nod e o f  th e associate d 
predicat e an d send s a  lin k t o th e positiv e o r  negativ e collecto r 
of  th e predicat e dependin g o n whethe r  th e fac t  encode s a 
positiv e o r  a  negativ e fact .  Th e lin k from  th e enable r  t o 
th e fac t  nod e i s modifie d b y inhibitor y link s from  rol e node s 
of  th e associate d predicate .  I f  a  rol e i s boun d t o a n entity , 
th e modifie r  inpu t  from  thi s rol e nod e i s i n tur n modifie d 
by a n inhibitor y lin k from  th e appropriat e entity .  Give n th e 
quer y love(John,Mary) l  th e fac t  nod e F 2 wil l  becom e activ e 
and activat e th e collecto r  +c:lov e indicatin g a  "yes "  answer . 
Similarly ,  give n th e quer y love(Tom,Susan)l ,  th e fac t  nod e F l 
wil l  becom e activ e an d activate s th e -c: P collecto r  indicatin g 
a "no "  answer .  Finally ,  give n th e quer y love(John,Susan)? , 
neithe r  +c:lov e no r  -c.lov e woul d becom e active ,  indicatin g 
tha t  th e syste m ca n neithe r  affir m no r  den y whethe r  Joh n love s 
Susan . 
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Figur e 4 :  Encodin g o f  th e rule :  bachelor(x )  ̂ -^married(x,y } 

Encod in g o f  Rule s 

A rul e i s encode d b y (i )  linkin g th e role s o f  th e anteceden t 
and consequen t  predicate s s o a s t o reflec t  th e correspondenc e 
betwee n thes e role s specifie d b y th e rule ,  (ii )  connectin g th e 
enable r  o f  th e consequen t  predicat e t o th e enable r  o f  th e an -
teceden t  predicate ,  an d (iii )  connectin g th e appropriat e collec -
tor s o f  th e anteceden t  predicate s t o th e appropriat e collecto r 
of  th e consequen t  predicate .  Th e collecto r  lin k originate s 
fro m th e positiv e (negative )  collecto r  o f  a n anteceden t  pred -
icat e i f  th e predicat e appear s i n it s positiv e (negated )  for m 
i n th e antecedent .  Similarly ,  th e lin k terminate s a t  th e pos -
itiv e (negative )  collecto r  o f  th e consequen t  predicat e i f  th e 
predicat e appear s i n a  positiv e (negated )  for m i n th e conse -
quent .  Figur e 4  show s th e encodin g o f  th e rul e bacheloiix ) 
^  ->nuirried(x,y) .  Observ e tha t  th e syste m doe s no t  encod e 
th e contrapositiv e o f  a  rul e b y fiat.  I n ou r  model ,  a  rul e an d it s 
contrapositiv e ar e tw o distinc t  rules .  Thu s th e contrapositiv e 
for m o f  a  rul e may ,  o r  ma y not ,  b e presen t  i n th e L T M . 

The encodin g o f  rule s make s us e o f  weighte d link s betwee n 
predicates .  Thes e weight s distinguis h categorica l  rule s fro m 
sof t  (default )  rule s an d als o lea d t o a  gradua l  weakenin g o f 
activatio n alon g a  chai n o f  inference .  Eventuall y th e chai n o f 
inferenc e terminate s whe n activatio n fall s  belo w a  threshold . 

The solutio n t o th e proble m o f  negatio n an d inconsistenc y 
propose d abov e i s simple r  tha n th e on e suggeste d i n (Cottrell , 
1993) .  Th e latte r  suggest s duplicatin g th e entir e predicat e 
ban k fo r  eac h predicate .  I n thi s scheme ,  eac h predicat e P 
woul d hav e tw o separat e bank s o f  role ,  enable r  an d collecto r 
nodes :  on e fo r  positiv e knowledg e abou t  P  {+P) ,  an d anothe r 
fo r  negativ e knowledg e abou t  P  {-P) .  Suc h a  schem e woul d 
hav e require d a  mechanis m fo r  comparin g binding s acros s th e 
+ P an d - P bank s i n orde r  t o detec t  a  contradiction . 

Three Examples 

I n thi s sectio n w e presen t  thre e examples .  Thes e hav e bee n 
greatl y simplifie d i n orde r  t o focu s o n th e ke y propertie s o f 
th e model . 

First ,  assum e tha t  th e syste m ha s th e followin g rul e an d fac t 
i n it s  L T M :  bacheloiix )  = > ̂ married{x,y )  an d bachelor(John) . 
N ow th e syste m i s tol d "Joh n i s marrie d t o Susan "  b y ac -
tivatin g +c:marrie d an d establishin g th e dynami c binding s 

(husband=John,wife=Susan) .  Activatio n propagate s fro m 
+c:marrie d t o e:married ,  an d becaus e o f  th e rule ,  fro m 
e.manie d t o e.bachelor .  Th e husban d rol e o f  marrie d als o 
synchronize s wit h th e rol e o f  bachelo r  (refe r  t o Figur e 4) . 
At  thi s time ,  th e fac t  bacheloiiJohn )  matche s th e dynami c 
bindin g a t  bachelo r  an d activate s +c:bachelo r  (th e fac t  i s  no t 
show n i n Figur e 4) .  Th e activatio n fro m +c:bachelo r  propa -
gate s dow n t o -c :  married .  Thu s bot h th e collector s o f  marrie d 
become activ e an d signa l  a  contradictio n betwee n th e agent' s 
existin g belief s an d th e ne w information .  Th e syste m ha s 
th e optio n o f  rejectin g th e incomin g informatio n a s spuriou s 
or  updatin g it s existin g belief s abou t  John .  H o w th e syste m 
exercise s it s option s i s beyon d th e scop e o f  thi s work . 

Inconsistencie s i n existin g knowledg e ar e als o detecte d i n 
an analogou s manne r  whe n inconsisten t  knowledg e i s acti -
vated .  Thi s ca n happe n durin g th e processin g o f  a  quer y o r 
durin g th e assimilatio n o f  ne w information .  Fo r  example ,  as -
sume tha t  th e followin g (inconsistent )  knowledg e reside s i n 
th e L T M : 

1. P(x,y) ^ R(x,y) 

2.  Q(x,y )  = > ̂ R(x.y ) 

3.  P(a.b ) 

4.  Q(a.b ) 

N o w assum e tha t  th e executio n o f  som e cognitiv e tas k result s 
i n th e quer y R(a,b) ? t o th e memor y an d reasonin g system . 
As a  resul t  o f  rule s (1 )  an d (2) ,  thi s quer y lead s t o th e querie s 
P(a.b) ? an d Q(a.b)? .  Th e fact s (3 )  an d (4 )  matc h th e tw o 
queries ,  respectively ,  an d activat e +c: P an d +c:Q .  Thes e col -
lector s i n tur n activat e +c: R an d -c: R respectively .  Th e acti -
vatio n o f  th e positiv e an d negativ e collector s of/ ? lead s t o th e 
detectio n o f  a  contradiction .  Thu s th e propose d encodin g al -
low s inconsisten t  knowledg e t o resid e i n th e agent' s memory , 
but  detect s a n inconsistenc y wheneve r  th e agen t  trie s t o brin g 
some inconsisten t  knowledg e t o bea r  o n a  particula r  task . 

Next ,  w e describ e a  simulatio n o f  th e Pos t  Offic e Exampl e 
introduce d earlie r  t o illustrat e h o w a n agen t  m a y overloo k rel -
evan t  informatio n an d ac t  i n a n erroneou s manner .  Extende d 
evaluatio n — o r  a n appropriat e cue ,  however ,  ca n mak e th e 
relevan t  informatio n accessibl e an d lea d t o th e correc t  re -
sponse .  W e mode l  th e agent' s knowledg e a s follow s (refe r  t o 
Figur e 5) : 

(i )  presidents-day(day )  = > federal-holiday(day ) 
(ii )  3rd-Mon-Feb(day )  = > presidents-day(day) , 
(iii )  3rd-Mon-Feb(20-Feb-95 ) 
(iv )  ̂ 3nl-Mon-Feb(21-Feb-95 ) 
(v )  weekday(day )  A  post-qffice(x )  ̂  open(x,day)  (wit h a 

med iu m weight ) 
(vi )  weekend(day )  A  post-office(x )  = > -'open(x,day ) 
(vii )  federal-holiday(day )  A  post-office(x )  => •  ->open(x,day ) 
l\m)post-office(PO ) 
Th e significanc e o f  item s (i) ,  (v) ,  (vi) ,  an d (vii )  i s  fairi y 

obvious .  Ite m (ii )  specifie s tha t  thir d Monday s i n Februar y 
ar e Presidents '  Days .  Ideall y 3rd-Mon-Fe b woul d b e realize d 
as a  menta l  process .  W e ar e indirectl y simulatin g suc h a 
procediu- e b y assumin g tha t  suc h a  menta l  proces s i s accesse d 
vi a th e predicat e 3rd-Mon-Fe b i n orde r  t o determin e whethe r 
th e da y boun d t o it s rol e i s a  thir d Monda y i n February .  I n thi s 
example ,  thi s menta l  "calendar "  consist s o f  tw o fact s state d i n 
item s (iii )  an d (iv) .  Ite m (viii )  state s tha t  P O i s a  particula r  pos t 
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withdra w th e query .  S o Mar y wil l  se t  of f  t o th e pos t  office. ' 

Figur e 5 :  Th e networ k representatio n o f  th e Pos t  Offic e Ex -
ample .  Link s betwee n roles ,  detaile d encodin g o f  facts ,  th e 
relatio n weeken d an d th e encodin g o f  rul e (vi )  i s no t  shown . 
Rule s (v )  an d (vii )  ar e multipl e anteceden t  rules .  Threshold s 
othe r  tha n 1  ar e show n insid e nodes . 

office .  Item s (i) ,  (ii) ,  (vi) ,  an d (vii )  ar e categorica l  rule s abou t 
th e domai n an d hav e a  hig h weight ,  bu t  ite m (v )  correspond s 
t o defaul t  an d defeasibl e informatio n an d hence ,  ha s a  med iu m 
weight .  I n th e curren t  implementation ,  defaul t  rule s hav e a 
weigh t  o f  0.7 0 whil e categorica l  rule s hav e a  weigh t  o f  1 . 
We assum e tha t  'Today "  i s a  concep t  whic h i s boun d eac h 
day t o th e appropriat e dat e an d t o "weekday "  o r  "weekend " 
dependin g o n th e day .  Thes e binding s ar e assume d t o b e 
availabl e a s fact s i n th e agent' s memory . 

Imagin e i t  i s  20-Feb-95 ,  whic h i s Presidents '  Day ,  an d 
Mar y i s plannin g a  tri p t o th e pos t  offic e (PO) .  He r  "go-to -
post-office "  schem a ha s th e preconditio n tha t  th e pos t  offic e 
must  b e ope n s o i t  pose s th e quer y open(PO,Today) ? Assum e 
tha t  afte r  posin g th e quer y th e schem a monitor s th e activit y 
of  +c:ope n an d -c.ope n an d accept s a n answe r  base d o n th e 
criterion :  Accep t  a  "yes "  ("no" )  answe r  i f  th e positiv e (neg -
ative )  collecto r  stay s ahea d an d exceed s a  threshold ,  Oaeeept -
fo r  som e min imu m lengt h o f  time .  At .  Onc e th e schem a ac -
cept s a n answer ,  i t  terminate s th e quer y an d proceed s wit h it s 
execution . 

Sinc e 'Today "  i s boun d t o 20-Feb-95 ,  th e fac t  weekday(20 -
Feb-95 )  i s presen t  i n Mary' s memory .  W h e n th e schem a 
ask s th e quer y open(PO,Today)? ,  th e defaul t  rul e abou t  pos t 
office s remainin g ope n o n weekday s become s activ e first  an d 
activate s th e positiv e collecto r  +c:ope n (refe r  t o Figure s 5  an d 
6) .  I f  w e assum e 9accep t  t o b e 0.5 ,  th e activatio n o f  +c:ope n 
exceed s 6accep t  afte r  1 2 cycle s an d stay s abov e threshol d fo r 
abou t  2 0 cycles .  Durin g thi s time ,  th e negativ e collecto r  doe s 
not  receiv e an y activatio n an d stay s a t  0 .  I f  w e assum e tha t  A f 
i s 1 0 cycles ,  th e schem a wil l  accep t  +c:ope n a s a n answe r  an d 
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Figur e 6 :  T h e activatio n trac e fo r  th e quer y o p e n ( P O ,  Today )  ? ; 
w h e r e toda y i s 20-Feb-95 .  T h e vertica l  axi s denote s activatio n 
leve l  an d ha s a  scal e facto r  o f  1000 .  T h e horizonta l  axi s 
denote s n u m b e r  o f  simulatio n steps . 

H a d th e quer y remaine d active ,  th e inferenc e proces s woul d 
hav e eventuall y inferre d tha t  th e pos t  offic e i s no t  ope n to -
day .  T h e resul t  o f  th e inferentia l  process ,  i f  th e quer y 
open (PO,Today ) ? ha d no t  bee n terminate d b y th e schema , 
i s s h o w n i n Figur e 7 .  T h e dar k line s s h o w th e activatio n o f 
th e collector s o f  o p e n whi l e th e dotte d line s s h o w th e activa -
tio n o f  th e collector s o f  s o m e othe r  relevan t  predicates .  Firs t 
i t  i s  inferre d tha t  toda y i s a  weekday .  N e x t  i t  i s  inferre d tha t 
toda y i s th e thir d M o n d a y i n February .  A s a  result ,  th e in -
ferenc e tha t  toda y i s  Presidents '  D a y ,  an d hence ,  a  federa l 
holiday ,  follows .  Thi s i n tur n lead s t o th e inferenc e tha t  th e 
pos t  offic e i s no t  o p e n today . 
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Figur e 7 :  T h e activatio n trac e fo r  th e quer y o p e n ( P O ,  Today) ? 
— toda y bein g 20-Feb-9 5 — allowe d t o ru n it s ful l  course . 

Subsequently ,  Joh n ask s M a r y :  "Isn' t  toda y Presidents ' 
D a y ? " .  Thi s cause s th e languag e proces s t o activat e 
e:Presidents-da y an d bin d th e rol e o f  Presidents '  D a y t o 20 -
Feb-95 .  Thi s lead s t o th e activatio n o f  e:3rd-Mon-Fe b an d 
the n +c :3 rd -Mon-Fe b (vi a th e iac\.3rd-Mon-Feb(20-Feb-95)) . 
T h e activatio n f r o m + c : 3 r d - M o n - F e b w o r k s  it s w a y bac k an d 
activate s -c.open .  Sinc e thi s activatio n i s d u e t o categorica l 
rule s (rule s  ii ,  i ,  an d vii) ,  i t  i s  stronge r  tha n tha t  arrivin g a t 
+c :ope n from  th e defaul t  rul e (ite m v ) .  T h e mutua l  inhibitio n 
be twee n th e highl y activate d -c .ope n an d th e moderatel y acti -
vate d +c :ope n result s i n th e suppressio n o f  +c:open ,  mak in g 
M a r y realiz e tha t  th e pos t  offic e i s no t  o p e n (se e Figur e 8) . 

'Th e value s o f  dacc^p t  an d A t  cite d abov e ar e th e one s use d i n 
th e simulation . 
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Figur e 8 :  T h e activatio n trac e fo r  th e quer y "Isn' t  toda y Presi -
dents '  D a y ? "  pose d t o M a r y o n 20-Feb-9 5 lon g afte r  he r  "go -
to-post-office "  s c h e m a ha s pose d th e quer y open (PO,Today ) ? 
an d accepte d a  ye s answer . 

Conc lus io n 

Thi s pape r  describe s a n extensio n o f  th e structure d connec -
tionis t  mode l  SHRi m tha t  ca n dea l  wit h positiv e a s wel l  a s 
negate d form s o f  fact s an d rules .  Th e mode l  explain s ho w a n 
agent  ca n hol d inconsisten t  belief s withou t  bein g "aware "  tha t 
it s  belief s ar e inconsistent ,  bu t  detec t  a  contradictio n whe n 
tw o conuadictor y belief s tha t  ar e withi n a  smal l  inferentia l 
distanc e o f  eac h othe r  becom e co-activ e durin g a n episod e 
of  reasoning .  Th e mode l  als o show s ho w limite d attentiona l 
focu s o r  actio n unde r  tim e pressur e ma y lea d t o a n erroneou s 
response . 

The significanc e o f  thi s wor k extend s beyon d reasoning . 
I n essence ,  SHRUTI  demonstrate s ho w connectionis t  network s 
can represen t  relationa l  structure s an d perfor m certai n type s o f 
computation s ove r  suc h structure s i n a n efficien t  manner .  Thi s 
involve s th e representatio n o f  stati c  a s wel l  a s dynami c bind -
ings ,  interaction s betwee n thes e tw o type s o f  bindings ,  an d 
th e systemati c bu t  contex t  sensitiv e propagatio n o f  dynami c 
binding s fro m on e relationa l  structur e t o another .  Henc e th e 
significanc e o f  th e representationa l  an d inferentia l  mecha -
nism s develope d i n SHRu n extend s t o an y cognitiv e tas k tha t 
involv e computation s ove r  relationa l  structure s suc h a s frame s 
and schemas .  Fo r  example ,  Henderso n (1994 )  ha s show n tha t 
th e SHRUTI  architectur e i s als o appropriat e fo r  supportin g real -
tim e parsin g o f  English . 

I n futur e wor k w e pla n a  detaile d investigatio n o f  th e in -
teraction s betwee n defaul t  an d categorica l  rules .  I n doin g s o 
we wil l  dra w upo n earlie r  wor k o n connectionis t  treatmen t 
of  exceptions ,  multipl e inheritance ,  an d defaul t  informatio n 
(Cottrell ,  1985 ;  Shastri .  1988) . 
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