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D y n a m i c C o n s t r u c t i o n o f  M e n t a l  M o d e l s i n C o n n e c t i o n i s t  N e t w o r k s 

Venka t  Ajjanagadde * 

Wilhelm-Schickard-Institu t 

Universita t  Tubinge n 

Sand 13 ,  W-740 0 Tiibingen ,  German y 

email :  nnsaj01@mailserv.zdv.uni-tuebingen.d e 

A b s t r a c t 
Th e tas k o f  "mode l  construction" ,  whic h i s th e on e 

of  constructin g a  detaile d representatio n o f  a  situa -

tio n base d o n som e clue ,  form s a n importan t  compo -

nen t  o f  a  numbe r  o f  cognitiv e activities .  Thi s pape r 

addresse s th e proble m o f  dynami c mode l  constructio n 

fix) m a  connectionis t  perspective .  I t  discusse s ho w t o 

represen t  model s a s pattern s o f  activit y withi n a  con -

nectionis t  network ,  an d ho w dynami c generatio n o f 

suc h pattern s ca n b e efficientl y achieved . 

1 Introduction 

The subject matter of this paper is what we refer 

t o a s th e tas k o f  "mode l  construction" ,  whic h form s 

an importan t  componen t  o f  a  numbe r  o f  cognitiv e 

activities .  Informally ,  th e tas k o f  "mode l  construc -

tion "  i s  th e on e o f  constructin g a  detaile d represen -

tatio n o f  a  sittiatio n base d o n som e clue .  Conside r 

th e proble m o f  languag e understandin g fo r  example . 

Suppos e w e ar e tol d tha t  "Joh n drov e t o th e super -

market "  .  "Understanding "  thi s sentenc e involve s in -

ferin g m a n y mor e thing s othe r  tha n wha t  i s  explic -

itl y  state d i n th e sentence .  Fo r  example ,  w e woul d 

hav e inferre d tha t  "Joh n wen t  t o th e supermarket " 

usin g ou r  knowledg e tha t  "drivin g t o a  place "  im -

plie s "goin g t o tha t  place" .  W e woul d hav e als o don e 

"pla n recognition "  (Charnia k &  McDermott ,  1985) , 

i.e. ,  w e woul d hav e inferre d th e mos t  likel y reaso n 

behin d John' s supermarke t  visi t  (suc h a s "t o sho p 

there" ,  "t o wor k there "  etc.) .  W e woul d als o hav e 

inferre d th e sequenc e o f  action s takin g plac e suc h a s 

"Joh n readie d th e supermarket" ,  "H e parke d hi s ca r 

i n th e supermarke t  parkin g lot" ,  "H e go t  ou t  o f  th e 

car  an d grabbe d a  shoppin g cart "  an d s o on.. .  I n 

thi s example ,  th e sentenc e explicitl y  provide d onl y a 

clu e abou t  th e situation ;  al l  tha t  i t  explicitl y  state d 

was jus t  drive-to(john,3up€rmarketl) .  Base d o n thi s 

clue ,  w e inferre d m a n y mor e fact s abou t  th e situa -

•Thi s wor k wa s supporte d b y D F G gran t  Sch r  275/7-1 . 

tio n thereb y constructin g a  detaile d representation , 

or  a  model ,  o f  th e situatio n correspondin g t o John' s 

supermarke t  visit . 

I n th e cas e o f  othe r  perceptua l  tasks ,  th e proble m 

i s similar .  I n visio n fo r  example ,  th e 2 D imag e o n 

th e retin a provide s th e clu e abou t  th e situatio n i n 

th e world ;  base d o n tha t  clue ,  th e proble m i s  tha t 

of  constructin g th e representatio n o f  objec t  configu -

ratio n i n th e 3 D worl d tha t  woul d giv e ris e t o tha t 

image . 

I n additio n t o perception ,  "mode l  construction " 

play s a  rol e i n othe r  cognitiv e task s a s well .  Fo r  exam -

ple ,  Manne s an d Kintsc h (1991 )  argu e tha t  a  numbe r 

of  mundan e plannin g problem s ar e problem s o f  "un -

derstanding "  .  But ,  then ,  "understanding "  i n tur n i s 

a perceptua l  tas k an d involve s mode l  construction . 

I t  i s  ver y natura l  t o expec t  tha t  othe r  intelligen t 

activitie s suc h a s solvin g problems/puzzles ,  playin g 

games etc .  mak e extensiv e us e o f  th e apparatu s tha t 

alread y exis t  t o accomplis h perception .  Hence ,  i t  i s 

not  a t  al l  surprisin g tha t  "mode l  construction" ,  whic h 

i s a n importan t  componen t  o f  perception ,  ha s bee n 

foun d t o pla y a  majo r  rol e i n task s suc h a s syllogisti c 

reasonin g (Johnson-Laird ,  1983 )  a s well . 

I n thi s paper ,  w e dea l  wit h thi s all-pervadin g tas k 

of  mode l  constructio n fro m a  connectionis t  perspec -

tive .  Specifically ,  w e examin e ho w t o represen t  mod -

el s i n a  connectionis t  networ k an d ho w efficient ,  dy -

nami c constructio n o f  suc h model s ca n b e achieved . 

Our  treatmen t  i s a t  a  genera l  abstrac t  leve l  wherei n 

th e detail s o f  th e individua l  cognitiv e activitie s ar e 

suppressed .  I n thei r  details ,  ther e ar e a  numbe r  o f 

difference s i n th e mode l  constructio n proces s a s i t 

take s plac e i n differen t  cognitiv e activities ;  thus ,  fo r 

example ,  lo w leve l  imag e processin g differ s i n a  num -

ber  o f  way s fro m speec h processing .  But ,  whe n w e 

disregar d th e detail s an d examin e th e proble m i n a 

rathe r  abstrac t  fashion ,  ther e appear s a  grea t  dea l 

of  similarit y i n th e mode l  constructio n proces s a s i t 

take s plac e i n differen t  cognitiv e activitie s suc h a s vi -

sion ,  languag e processing ,  proble m solvin g etc .  I t  i s 
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at  suc h a n abstrac t  leve l  tha t  w e trea t  th e proble m 

of  mode l  constructio n i n th e res t  o f  thi s paper . 

2 Models and their Dynamic 

Construction 

In the previous section, we informally described the 

tas k o f  mode l  constructio n a s th e on e o f  constructin g 

a mode l  o f  a  situatio n base d o n som e clue .  I n orde r  t o 

proceed ,  w e nee d t o formaliz e th e notion s o f  "model " 

an d "clue" . 

Our  attemp t  a t  formalizin g th e notio n o f  "model " 

i s inspire d b y th e Tarskia n semantic s o f  predicat e cal -

culus .  Th e ide a i s t o describ e th e "world "  i n term s 

of  a  se t  o f  object s an d relation s betwee n thos e ob -

jects .  Followin g tha t  scheme ,  w e defin e a  mode l  t o 

be a n explici t  representatio n o f  whic h relation s hol d 

betwee n whic h object s i n th e "world "  ̂ . 

Wit h tha t  definitio n o f  "model" ,  th e tas k o f  mode l 

constructio n ca n b e state d a s follows :  W e ar e give n 

some o f  th e relatio n instance s tha t  hol d i n a  situa -

tio n (Thes e constitut e th e "clue") ;  th e tas k i s t o infe r 

al l  th e relatio n instance s tha t  hol d i n tha t  situatio n 

(Al l  thos e relatio n instance s togethe r  constitut e th e 

"model") . 

Thu s th e tas k o f  mode l  constructio n involve s rea -

soning .  W h a t  i s th e natur e o f  tha t  reasonin g activity ? 

Th e answe r  i s tha t  i t  i s  a n integrate d combinatio n o f 

a variet y o f  reasonin g tha t  hav e traditionall y bee n 

deal t  wit h rathe r  separatel y withi n AI .  U p o n hear -

in g th e sentenc e "Joh n drov e t o th e supermarket" ,  a 

model  constructe d i n ou r  min d migh t  consis t  o f  fact s 

suc h a s "Joh n wen t  t o th e supermarket" ,  "Joh n use d 

a car" ,  "h e woul d b e shopping" ,  etc .  A m o n g these , 
inferin g tha t  goto(john,supermarketl )  i s  a n instanc e 

of  deductiv e reasonin g sinc e dTive-to(x,y )  necessaril y 

means tha t  goto(x,y )  fo r  an y x  an d y .  Inferin g tha t 

"Joh n use d a  car "  i s  a n instanc e o f  defaul t  reasonin g 
sinc e wit h a  fe w exception s i t  i s usuall y th e cas e tha t 

when on e say s " x drov e t o y" ,  th e vehicl e drive n hap -

pen s t o b e a  car .  Inferin g tha t  th e purpos e behin d 

John' s drivin g t o th e supermarke t  mus t  b e on e o f 

shopping ,  i s a n instanc e o f  abductiv e reasonin g (Char -

nia k &  McDermott ,  1985) .  I t  involve s examinin g th e 

differen t  possibl e purpose s behin d one' s drivin g t o a 
plac e (suc h a s "t o wor k there" ,  "t o sho p there" ,  "t o 

meet  someon e there "  etc. )  an d pickin g th e mos t  likel y 

^To contras t  betwee n explici t  an d implici t  representations , 
le t  u s conside r  a  simpl e example .  Suppos e tha t  th e object s 
i n th e domai n air e a  an d b .  Now ,  conside r  th e statemen t 
VxVyP(z,y) .  Thi s representatio n implicitl y  represent s th e re -
lation s betwee n th e object s i n th e domain .  A n equivalen t  ex -
plici t  representatio n woul d consis t  o f  th e followin g statements : 
P(a,o) ,  P(a,6) ,  P(6,a),andP(6,6) . 

purpos e i n th e give n context .  Mode l  constructio n in -

volve s performin g al l  thes e differen t  kind s o f  infer -

ences .  I n orde r  t o arriv e a t  a  syste m tha t  dynami -

call y construct s models ,  i t  m a y no t  b e necessar y tha t 

we mak e thes e distinction s betwee n differen t  kind s o f 

reasoning .  I t  m a y b e possibl e t o arriv e a t  suc h a  sys -

te m directl y (vi a learnin g o r  vi a designing )  withou t 

eve r  thinkin g abou t  th e difference s betwee n th e vari -

ous inference s tha t  constitut e th e overal l  mode l  con -

structio n process .  But ,  i t  s o happen s tha t  th e sj^te m 

bein g presente d her e wa s no t  arrive d a t  directly .  I t 

bega n wit h a  deductive ,  rule-based ,  backwar d reason -

in g syste m (Ajjanagadd e &  Shastri ,  1989) ;  late r  on , 

a deductiv e forwar d reasonin g syste m wa s develope d 
(Ajjanagadd e &  Shastri ,  1991 )  an d som e enhance -

ment s i n reasonin g powe r  wer e achieve d (Shastr i  & 

Ajjanagadde ,  1990) .  Then ,  a  syste m whic h combine s 

forwar d an d backwar d chainin g wa s developed .  T h e 

wor k wa s extende d t o dea l  wit h evidentia l  rule s an d 

facts ,  negation ,  an d abductiv e reasonin g i n (Ajjana -

gadde ,  1991) .  Sinc e i t  i s  difficul t  t o provid e al l  th e 

relevan t  detail s o f  ou r  syste m fo r  dynami c mode l  con -

structio n here ,  w e wil l  tak e anothe r  approac h t o de -

scribin g it .  I t  s o happen s tha t  ou r  syste m fo r  dy -
nami c mode l  constructio n ha s som e importan t  re -

semblance s t o Rumelhar t  e t  al' s  (1986 )  connection -

is t  mode l  o f  schemata .  Sinc e a  typica l  reade r  ca n 

be assume d t o b e familia r  wit h th e wor k reporte d 

i n (Rumelhar t  e t  al. ,  1986) ,  i t  appear s tha t  a  roug h 

outlin e o f  ou r  syste m ca n b e provide d b y relatin g i t 

t o th e wor k o f  Rumelhar t  e t  al .  W e wil l  poin t  ou t 

some importan t  similaritie s an d difference s betwee n 

Rumelhar t  e t  al.' s  schem a mode l  an d ou r  system .  I t 

i s hope d tha t  thi s comparativ e discussio n wil l  provid e 

th e reade r  wit h a  roug h understandin g o f  th e idea s 
underlyin g ou r  system .  Detail s abou t  ou r  syste m ca n 

be foun d i n th e publication s referre d to . 

3 Schema Model of 

Rumelhart et al. 

In  order to illustrate how schemata can be real-
ize d i n connectionis t  networks ,  Rumelhar t  e t  a l  tak e 

as a n exampl e th e proble m o f  representin g knowl -

edg e abou t  variou s kind s o f  rooms ,  suc h a s kitchen , 

bathroom ,  livin g room ,  an d bedroom .  The y selec t 

fort y microfeature s correspondin g t o suc h entitie s a s 
sofa ,  oven ,  refrigerator ,  telephone ,  toilet ,  television , 

toaster ,  bathtub ,  compute r  etc .  Correspondin g t o 

eac h microfeature ,  ther e exist s a  nod e i n thei r  net -

work .  T h e node s correspondin g t o entitie s whic h 

wil l  b e foun d i n th e sam e roo m hav e mutua l  exci -

tator y connection s betwee n them ;  node s correspond -
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in g t o entitie s whic h ar e unlikel y t o b e foun d i n th e 

same roo m hav e mutua l  inhibitor y connection s be -

twee n them .  Thus ,  fo r  example ,  ove n an d refrigera -

to r  ar e likel y t o b e foun d i n kitchen .  So ,  ther e wil l 

be mutua l  excitator y connection s betwee n th e node s 

correspondin g t o ove n an d refrigerator .  O n th e othe r 

hand ,  bathtu b an d telexnsio n ar e unlikel y t o b e foun d 

i n th e sam e room ;  s o ther e exis t  mutua l  inhibitor y 

connection s betwee n them .  Now ,  th e ide a i s tha t  i f 

we clam p som e o f  th e node s correspondin g t o item s 

presen t  i n a  room ,  th e networ k wil l  settl e int o a  stat e 

wher e th e node s correspondin g t o th e othe r  item s i n 

tha t  roo m wil l  b e activ e an d th e res t  o f  th e node s wil l 

be inactive .  Thus ,  fo r  example ,  i f  w e clam p th e node s 
correspondin g t o ove n an d refrigerator ,  then ,  i n th e 

stabl e state ,  th e node s correspondin g t o othe r  item s 

i n th e kitchen ,  suc h a s toaste r  wil l  b e activ e an d th e 

node s correspondin g t o entitie s whic h ar e unlikel y t o 

be i n th e kitchen ,  suc h a s bathtu b wil l  b e inactive . 

One importan t  similarit y betwee n th e proble m ad -

dresse d i n (Rumelhar t  e t  al. ,  1986 )  an d th e proble m 

take n u p i n thi s pape r  mus t  b e obvious .  I n (Rumel -

har t  e t  al. ,  1986) ,  th e inpu t  i s a  specificatio n o f  som e 

of  th e item s presen t  i n a  room .  Give n tha t  input , 

th e networ k ha s t o determin e wha t  othe r  item s ar e 

likel y t o b e presen t  i n tha t  room .  I n ou r  case ,  th e in -

put  i s a  specificatio n o f  som e o f  th e relatio n instance s 

presen t  i n th e "world" ;  th e networ k ha s t o determin e 

what  othe r  relatio n instance s wil l  b e presen t  i n tha t 

"world" . 

4 Connect ion is t  N e t w o r k : 

E n c o d i n g 

In (Rumelhart et al., 1986), the building blocks of 

schemas ar e microfeatures ;  a  schem a i s represente d 

by representin g whic h feature s ar e presen t  i n tha t 

schema an d whic h feature s ar e absent .  W e tak e pred -

icate s an d object s a s buildin g block s o f  menta l  mod -

el s (Microfeature s ca n b e viewe d a s specia l  case s cor -

respondin g t o 0-ar y predicates.) .  A  mode l  i s repre -

sente d b y representin g whic h relatio n instance s hol d 

betwee n whic h objects .  Particularly ,  th e argument s 

of  thes e relation s ca n b e dynamicall y boun d t o ob -

jects ,  t o represen t  th e relatio n instance s tha t  hol d i n 

a model . 

Correspondin g t o ever y microfeature ,  ther e exist s 

a uniqu e nod e i n th e networ k o f  Rumelhar t  e t  al . 

(1986) .  Similarly ,  correspondin g t o th e differen t  "ob -

jects "  o f  interest ,  ther e exis t  uniqu e node s (referre d t o 

as constan t  node s sinc e the y correspon d t o th e "con -

stants "  o f  predicat e logic. )  i n ou r  network .  Thus , 

i n th e exampl e networ k o f  Fig .  2 ,  ther e ar e uniqu e 

node s (show n a s circles )  correspondin g t o th e "ob -

jects "  mary ,  jack ,  hospiz ,  an d super-fries .  Now , 

conside r  th e othe r  buildin g bloc k o f  models ,  i.e. ,  pred -

icates .  Correspondin g t o a n n-ar y predicate ,  th e net -

wor k ha s (n+1 )  nodes .  Thus ,  i n Fig .  1 ,  correspond -

in g t o th e tertiar y predicat e P ,  ther e ar e fou r  nodes . 

The node s al ,  a2 ,  an d a 3 correspon d t o th e thre e ar -

gument s o f  th e predicat e P .  W e refe r  t o thes e node s 

as argumen t  node s (show n a s diamond s i n figures). 

Also ,  correspondin g t o ever y predicate ,  ther e exist s a 

predicat e nod e (show n a s square s i n figures). 

I n (Rumelhar t  e t  al. ,  1986) ,  th e relation s betwee n 

th e differen t  microfeature s ar e indicate d b y havin g 

(excitatory/inhibitory )  connection s betwee n th e cor -

respondin g nodes .  Similarly ,  th e relationship s be -

twee n th e differen t  predicate s i n ou r  syste m ar e rep -

resente d b y connectin g th e node s correspondin g t o 

diff'eren t  predicates .  However ,  i n thi s cas e w e nee d 

t o represen t  th e correspondence s betwee n th e argu -

ment s o f  th e predicate s a s well .  Suppos e tha t  whe n 

P(x,y,z )  (fo r  arbitrar y x ,  y ,  an d z )  i s know n t o b e 

true ,  thi s lend s som e amoun t  o f  evidenc e (say ,  C )  fo r 

Q(y ,  z ,  x )  bein g true .  Tha t  is ,  th e knowledg e w e hav e 

her e i s o f  th e for m 

P(x,y,z )  = •  Q(y,z,x )  (wit h likelihoo d C ) 

As pe r  thi s rule ,  th e first  argumen t  o f  Q  i s boun d t o 

th e sam e individua l  tha t  bind s th e secon d argumen t 

of  P .  Thi s i s denote d b y connectin g th e argumen t 

node a 2 t o th e argumen t  nod e o A (Fig .  1) .  Th e con -

nectio n betwee n th e othe r  argumen t  node s ar e simi -

lar .  Also ,  th e predicat e nod e o f  P  i s connecte d t o th e 

predicat e nod e o f  Q  vi a a  lin k whos e weigh t  i s  C .  Th e 
weight s o f  th e link s connectin g th e argumen t  node s 

i s no t  o f  significanc e i n ou r  curren t  work ;  al l  thos e 

link s ca n b e assume d t o b e havin g th e sam e weigh t 

10,  wher e w  i s som e positiv e constant . 

I t  i s  typica l  o f  practica l  example s tha t  i f  know -

in g propositio n A  t o b e tru e lend s positiv e (nega -

tive )  evidenc e t o anothe r  propositio n P ,  then ,  know -

in g B  t o b e tru e lend s positiv e (negative )  evidenc e t o 

A.  Fig .  1  depict s th e connection s representin g tha t 

P{x,y,z )  lend s evidenc e t o Q{y,z,x) .  T o represen t 

tha t  Q{y,z,x )  lend s evidenc e t o P{x,y,z) ,  w e nee d 

t o als o hav e connection s i n th e directio n opposit e t o 

tha t  show n i n Fig .  1 .  Thus ,  simila r  t o th e bidirec -

tiona l  connection s i n (Rumelhar t  e t  al. ,  1986) ,  i n ou r 

networ k also ,  ther e exis t  bidirectiona l  connection s be -

twee n th e node s correspondin g t o diff'eren t  predicates . 

However ,  i n additio n t o th e differenc e o f  representin g 

argumen t  correspondences ,  ther e i s anothe r  differenc e 

betwee n th e connection s i n ou r  networ k an d thos e i n 

(Rumelhar t  e t  al. ,  1986) .  I n th e latter ,  th e link s run -

nin g i n opposit e direction s betwee n tw o node s hav e 

th e sam e weight .  I n ou r  network ,  thi s nee d no t  b e 
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th e case .  Conside r  th e relationshi p betwee n th e pred -

icate s have-dinner-a t  an d eat-a t  i n Fig .  2 .  Knowin g 

tha t  X  ha d dinne r  a t  y  lend s a  ver y hig h evidenc e 

t o th e propositio n tha t  " i  at e a t  y "  (I n fact ,  thi s i s 

a certai n implication.) .  O n th e othe r  hand ,  thoug h 

knowin g tha t  " x at e a t  y "  lend s a  positiv e evidenc e 

t o th e propositio n " i  ha d dinne r  a t  y" ,  th e magni -

tud e o f  thi s evidenc e i s no t  a s hig h a s i n th e previou s 

case .  So ,  th e weigh t  o f  th e lin k fro m th e predicat e 

nod e o f  eat-a t  t o th e predicat e nod e o f  have-dinner -

at  i s  smalle r  tha n th e weigh t  o f  th e lin k runnin g i n 

th e opposit e direction . 

A featur e o f  ou r  networ k fo r  whic h ther e i s n o stric t 

conceptua l  paralle l  i n (Rumelhar t  e t  al. ,  1986 )  corre -

spond s t o tha t  o f  backgroun d facts .  Backgroun d fact s 

ar e specifi c  fact s presen t  i n th e agent' s memory .  Ex -

ample s o f  suc h fact s m a y b e "Jac k i s Mary' s brother" , 
"Ji m i s a  compute r  scientist "  etc .  Suc h specifi c  fact s 

alread y presen t  i n th e agent' s m e m o r y significantl y 

influenc e th e mode l  constructe d i n respons e t o a n 

input .  Fo r  example ,  conside r  th e processin g o f  th e 

followin g tw o sentences : 

John went to the supermarket. 

Mar y wen t  t o th e supermarket . 

These two sentences contain similar information. 

However ,  du e t o th e backgroun d fact s presen t  i n th e 

agent' s memory ,  th e mode l  constructe d i n respons e 
t o th e firs t  sentenc e coul d b e significantl y differen t 

fro m th e mode l  constructe d i n respons e t o th e sec -

on d sentence .  Fo r  example ,  suppos e tha t  th e agen t 

kne w tha t  "Joh n ha s ru n ou t  o f  groceries "  an d "Mar y 

i s a n employe e o f  th e supermarket" .  I n tha t  case ,  th e 

model  constructe d i n respons e t o th e firs t  sentenc e 

i s likel y t o b e th e on e o f  Joh n goin g t o th e super -

marke t  fo r  shoppin g there .  T h e mode l  constructe d 

i n respons e t o th e secon d sentenc e i s likel y t o b e th e 

one o f  Mar y goin g t o th e supermarke t  t o wor k there . 

I n th e exampl e networ k o f  Fig .  2 ,  th e encod -

ing s o f  thre e backgroun d facts ,  namely ,  F l :  hun -

gry(jack) ,  F2 :  7nanager-of(mary,super-fries )  ,  an d 

FS:  fast-food-shop(3uper-fries )  ar e show n (enclose d 

withi n hexagona l  boxes) .  Le t  u s ski p th e detail s o f 
encodin g backgroun d fact s (Detail s ca n b e foun d i n 
(Ajjanagadde ,  1991).)2 . 

Anothe r  se t  o f  interconnection s i n ou r  networ k fo r 

whic h ther e ar e n o parallel s i n (Rumelhar t  e t  al. , 
1986 )  correspon d t o th e representatio n o f  competi -

tio n betwee n alternativ e explanator y hypotheses .  Fo r 

example ,  tw o o f  th e possibl e purpose s behin d one' s 

Âctually ,  th e networ k ca n b e extende d t o encod e back -
groun d fact s abou t  classe s o f  individual s instea d o f  jus t  indi -
viduals ;  spac e limitatio n preclude s th e discussio n o f  tha t  aspec t 
here . 

goin g t o a  plac e ar e "t o wor k a t  tha t  place" ,  an d "t o 

eat  a t  tha t  place" .  T h e competitio n betwee n thes e 

tw o alternativ e possibilitie s i s  achieve d i n th e net -

wor k a s follows .  Ther e i s a n inhibitor y connectio n 

from  th e predicat e nod e o f  eat-a t  ont o th e lin k from 

th e predicat e nod e o f  got o t o th e predicat e nod e o f 

xuork-a t  (Fig .  2) .  Similarly ,  ther e i s a n inhibitor y con -

nectio n fro m th e predicat e nod e o f  work-a t  ont o th e 

lin k fro m th e predicat e nod e o f  got o t o th e predicat e 

nod e o f  eai-at .  Thes e inhibitor y connection s achiev e 

th e followin g winner-take-al l  kin d o f  effec t  (Detail s 

i n (Ajjanagadde ,  1991).) :  I f  th e activit y leve l  o f  th e 

eat-a t  predicat e nod e i s highe r  tha n tha t  o f  th e work -

at  predicat e node ,  th e flo w o f  activit y alon g th e lin k 

from  th e got o predicat e nod e t o th e work-a t  predicat e 

nod e get s cut-off .  T h e revers e woul d b e th e situatio n 

i f  th e activit y leve l  o f  th e work-a t  predicat e nod e i s 

highe r  tha n tha t  o f  th e eat-a t  predicate .  I n effect ,  thi s 

mechanis m result s i n th e selectio n o f  tha t  hypothesi s 

whic h acquire s m a x i m u m evidence . 

5 Represen ta t io n o f  M e n t a l 

M o d e l s a s Pa t te rn s o f 

Activit y 

Previous section discussed the encodings present in 

our  network .  I n thi s section ,  w e wil l  discus s h o w 
model s ar e represente d a s pattern s o f  activit y i n thi s 

network . 

As mentione d earlier ,  a  mode l  i s  take n t o b e a n ex -

plici t  representatio n o f  th e variou s relatio n instance s 

holdin g i n th e "world" .  W e wil l  firs t  discus s th e pat ^ 

ter n o f  activit y representin g on e relatio n instance . 

T h e overal l  patter n o f  activit y representin g th e mode l 
i s a  combinatio n o f  th e individua l  pattern s corre -

spondin g t o th e differen t  relatio n instance s tha t  con -

stitut e th e model . 

Instance s o f  relation s ar e represente d i n th e net -

wor k b y dynamicall y bindin g th e "objects "  t o th e ar -

gument s o f  relations .  T h e dynami c argumen t  bind -
ing s ar e represente d usin g phas e locke d oscillation s 

(Ajjanagadd e &  Shastri ,  1991) .  EJssentially ,  th e ide a 

i s t o represen t  th e bindin g o f  a n objec t  t o a n argu -

ment  b y th e synchron y o f  activatio n o f  th e nod e cor -

respondin g t o th e objec t  an d th e nod e correspond -

in g t o th e argument .  Thus ,  th e binding s i n th e fac t 
drive-to(jack,super-fries )  wil l  b e represente d a s fol -

lows :  T h e argumen t  nod e al 4 an d th e nod e corre -

spondin g t o th e objec t  jac k wil l  b e activ e i n syn -

chrony .  Similarly ,  th e argumen t  nod e al 5 an d th e 

nod e correspondin g t o th e objec t  super-frie s wil l  b e 
activ e i n synchrony .  T h e activit y leve l  o f  th e drive -
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t o predicat e nod e represent s th e evidenc e fo r  th e fac t 

drive-to(jack,super-frie3) . 

I n orde r  t o sugges t  ho w model s ca n b e represented , 

th e patter n o f  activit y correspondin g t o th e simul -

taneou s representatio n o f  thre e relatio n instance s i s 

shown i n Fig .  3 . 

6 Dynamic Construction of 

Models 

Previous section described how models are repre-
sente d a s pattern s o f  activit y i n th e network .  I n 

thi s section ,  le t  u s briefl y examin e ho w th e networ k 

construct s a  mode l  whe n th e inpu t  clu e i s specified . 

That  is ,  th e proces s w e wil l  b e examinin g i s th e fol -

lowing :  Th e inpu t  proposition(s )  (e.g. ,  say ,  drive -

to(jack,super-fries) )  wil l  b e specifie d t o th e networ k 

by clampin g th e patter n o f  activit y representin g th e 

inpu t  proposition(s )  ont o th e network .  Now ,  th e net -

wor k ha s t o generat e th e pattern s o f  activit y corre -

spondin g t o th e othe r  relatio n instance s whic h hol d i n 

th e "world" .  Th e proces s i s quit e simila r  t o th e on e 

describe d i n (Rumelhar t  e t  al. ,  1986 )  wherei n som e 

of  th e node s i n th e networ k ar e externall y clampe d 

and th e res t  o f  th e node s i n th e networ k settl e int o 

appropriat e level s o f  activity .  Le t  u s discus s som e 

majo r  difference s betwee n th e proces s i n (Rumelhar t 

et  al. ,  1986 )  an d i n ou r  network . 

One mai n differenc e i s tha t  i n ou r  networ k th e ad -

ditiona l  tas k o f  propagatin g variabl e binding s ha s t o 

be done .  Thi s aspec t  ha s bee n describe d i n detai l  i n 

(Ajjanagadd e &  Shastri ,  1991 ;  Ajjanagadde ,  1991) . 

The secon d mai n differenc e betwee n th e networ k o f 

(Rimielhar t  e t  al. ,  1986 )  an d our s i s tha t  i n additio n 

t o th e externa l  clampin g o f  inpu t  (simila r  t o th e ex -

terna l  clampin g o f  node s i n (Rumelhar t  e t  al. ,  1986)) , 

ther e i s als o wha t  ca n b e viewe d a s interna l  clampin g 

i n ou r  network .  Thi s i s du e t o th e presenc e o f  back -

groim d facts .  I n orde r  t o clarif y  this ,  not e tha t  clamp -

in g o f  a  nod e reflect s th e belie f  tha t  th e propositio n 

represente d b y tha t  nod e i s true .  Thus ,  i n (Rumel -

har t  e t  al. ,  1986) ,  clampin g o f  th e node s represent s 

tha t  th e item s represente d b y th e clampe d node s ar e 

known t o b e presen t  i n a  particula r  room .  Th e back -

groim d fact s encode d i n ou r  connectionis t  networ k 

correspon d t o th e fact s th e agen t  alread y believe s 

t o b e true .  Suc h backgroun d fact s shoul d constrai n 

model  constructio n i n a  fashio n simila r  t o th e wa y i n 

whic h externall y clampe d node s do .  However ,  not e 

tha t  no t  al l  backgroun d fact s residin g i n th e agent' s 

memory wil l  b e relevan t  i n an y give n context .  Thus , 

fo r  example ,  suppos e tha t  th e natura l  languag e sen -

tenc e bein g processe d i s "Mar y wen t  t o Super-FYies" . 

I n thi s context ,  a  backgroun d fac t  suc h a s employee -

offmary,super-fries )  wil l  b e relevant .  Tha t  piec e o f 

backgroun d knowledg e make s th e agen t  t o conclud e 

tha t  th e mos t  likel y purpos e behin d Mary' s visi t  mus t 

be th e on e o f  workin g a t  Super-Frie s (rathe r  than , 

say ,  eatin g there) .  But ,  whe n th e inpu t  propositio n 

i s goto(mary,super-fries) ,  a  backgroun d fac t  suc h a s 

employee-of(lisa,mcdonalds )  wil l  no t  b e relevant .  I n 

our  network ,  upo n th e specificatio n o f  th e input ,  en -

coding s o f  thos e backgroun d fact s whic h ar e relevan t 

i n tha t  contex t  automaticall y ge t  activated .  Onc e ac -

tivated ,  the y constrai n th e mode l  constructio n pro -

cess i n a  wa y simila r  t o externall y clampe d node s 

do.  Fo r  detail s  o f  these ,  pleas e refe r  t o (Ajjanagadde , 

1991) . 

Anothe r  differenc e betwee n th e networ k o f  Rumel -

har t  e t  al .  (1986 )  an d ou r  syste m i s tha t  th e for -

mer  use s energ y minimizatio n techniqu e fo r  reasonin g 

whil e ou r  networ k doe s distribute d evidentia l  reason -

in g b y spreadin g activation .  Th e approac h w e us e i s 

quit e simila r  t o tha t  o f  Pear l  (1986) .  Th e mai n reaso n 

fo r  ou r  choic e i s on e o f  reasonin g speed .  I t  doe s no t 

appea r  tha t  th e currentl y know n energ y minimizatio n 

technique s ca n achiev e th e kin d o f  reasonin g spee d w e 

desire .  Fo r  example ,  Derthi k (1990 )  report s tha t  wit h 
a rathe r  smal l  knowledg e base ,  energ y minimizatio n 

too k abou t  40,00 0 tim e step s t o settl e int o th e mos t 

plausibl e model .  O n th e othe r  hand ,  huma n being s 

ar e abl e t o construc t  an d manipulat e menta l  model s 

withi n fraction s o f  a  second .  Takin g int o accoun t  th e 

slownes s o f  neuron s (Feldma n &  Ballard ,  1982) ,  thi s 

means tha t  mode l  constructio n tak e plac e withi n a 

fe w ten s t o a  fe w hundre d tim e steps .  B y followin g 

th e distribute d evidentia l  reasonin g approac h (quit e 

simila r  t o (Pearl ,  1986)) ,  i t  i s  possibl e t o mee t  suc h 

tigh t  constraint s o n th e numbe r  o f  tim e steps . 

7 Conclusion 

The process of dynamic model construction underlies 

a larg e numbe r  o f  cognitiv e tasks .  Th e pape r  outline d 

how menta l  model s ca n b e represente d a s pattern s o f 

activit y i n a  massivel y paralle l  connectionis t  networ k 

and ho w ca n fast ,  dynami c constructio n o f  menta l 

model s b e efficientl y achieved . 
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Fig. 1 Encodin g P(x.y.z )  = > Q(y,z,x) . 
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Fig .  3  Patter n o f  activit y representin g th e fact s 

drive-to(j8ck,super-fries) .  goto(j«ck,super-fries )  an d 
work-at(jack.sup«r-fries) . 
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Fig. 2 A n Exampl e Network . 
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