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W h e r e D o Relation s C o m e F r o m ? 

Elian a Colunga-Lea l  (ecolunga@cs.indiana.edu ) 
Michae l  Gasse r  (gasser@cs.indiana.edu ) 

Compute r  Scienc e Department ,  Cognitiv e Scienc e Progra m 
Indian a University ,  Lindle y Hal l  215 ,  Blooiiiington ,  I N 4740 5 U S A 

Natura l  language ,  an d muc h o f  h u m a n knowledge , 
seems t o revolv e aroun d relations .  Bu t  whil e relation s 
ar e par t  aji d parce l  o f  symboli c account s o f  languag e 
an d thought ,  i t  i s no t  s o clea r  wher e the y stan d whe n 
we mov e dow n int o perception .  H o w woul d a  visua l  sys -
tem ,  alon g wit h a  cognitive/linguisti c system ,  lear n t o 
m ap inpu t  i n whic h ther e ar e n o explici t  relation s ont o 
expression s suc h a s th e boo k i s o n th e bed ? 

I n connectionis t  networks ,  th e proble m o f  represent -
in g relation s i s a n instanc e o f  th e bindin g problem :  ho w 
i s th e syste m t o kee p trac k o f  whic h feature s g o wit h 
which ? O n e popula r  solutio n t o thi s proble m i s synchro -
nizatio n (Shastr i  an d Ajjanagadde ,  1993) ,  tha t  is ,  th e 
alignmen t  o f  unit s alon g a  dimensio n separat e fro m thei r 
activation ,  a  "relativ e phas e angle "  ( R P A ) .  Thi s align -
ment  effectivel y represent s th e notio n o f  "sam e thing. " 

Ther e ar e tw o way s i n whic h i t  i s  possibl e t o kno w a 
relation .  First ,  on e ca n kno w tha t  object s o f  a  certai n 
sor t  ten d t o b e associate d wit h object s o f  anothe r  sort ; 
tha t  is ,  on e ca n mak e inference s abou t  kind s o f  object s 
on th e basi s o f  othe r  objects .  Thi s sor t  o f  knowledg e 
coul d b e implemente d i n th e for m o f  connection s be -
twee n unit s tha t  ar e outfitte d wit h R P A s a s wel l  a s ac -
tivation .  Bu t  mor e comple x inference s ar e als o possible , 
inference s abou t  v/ha t  kind s o f  object s pla y particula r 
rol e i n relation s o r  abou t  ho w particula r  relation s ten d 
t o b e associate d wit h othe r  relations .  A n exampl e o f  th e 
forme r  i s th e inferenc e tha t  i f  a n objec t  A  i s o n a n ob -
jec t  B ,  the n B  tend s t o hav e a  fla t  uppe r  surface .  A n 
exampl e o f  th e latte r  i s  th e inferenc e tha t  i f  a n objec t  A 
i s o n a n objec t  B ,  the n A  tend s t o b e smalle r  tha n B . 
However ,  ther e i s n o wa y t o incorporat e th e O N relatio n 
int o a  singl e conventiona l  networ k unit ,  an d thu s n o wa y 
fo r  a  connectio n t o represen t  th e sor t  o f  inference s w e 
ar e intereste d in . 

W h at  i s neede d fo r  thi s secon d sor t  o f  relationa l  knowl -
edge ,  w e argue ,  i s  explici t  micro-relations ,  whic h ar e 
activate d t o th e exten t  tha t  tw o differen t  object s wit h 
particula r  sort s o f  feature s ar e ax:tivated .  W e presen t  a 
simpl e connectionis t  mode l  o f  th e learnin g o f  spatia l  con -
cept s an d spatia l  languag e i n whic h micro-relation s ar e 
pre-wire d cluster s o f  units .  T h e network ,  a  generalize d 
Hopfiel d networ k augmente d wit h R P A s ,  i s  traine d t o 
auto-associat e inpu t  patterns ,  eithe r  visua l  pattern s o r 
word s o r  both . 

I n th e visua l  syste m w e assum e th e conventiona l  divi -
sio n betwee n th e "what "  an d "where "  component s bu t 

exten d thi s divisio n int o th e lexico n a s well .  Th e wha t 
sid e i s responsibl e fo r  identifyin g objec t  categories ,  ul -
timatel y nouns ,  i n visua l  input ,  whil e th e wher e sid e 
i s responsibl e fo r  identifyin g spatia l  relations ,  ultimatel y 
spatia l  words ,  i n visua l  input .  I n a n initia l  phas e o f  train -
ing ,  th e networ k i s expose d t o visua l  input s only ,  an d i t 
learn s th e relationa l  regularitie s i n th e input s i n it s laye r 
of  spatia l  micro-relations .  Durin g a  secon d phase ,  spatia l 
phrase s ar e presente d alon g wit h th e visua l  inputs ,  an d 
th e networ k learn s t o associat e preposition s wit h spa -
tia l  micro-relations .  Not e tha t  th e relationshi p betwee n 
spatia l  expression s suc h a s a  boo k o n th e be d an d thei r 
meaning s i s a n exampl e o f  a  relation-to-relatio n inferenc e 
and seem s t o requir e explici t  micro-relation s t o b e repre -
sente d an d learned .  T h e figure  show s th e representatio n 
of  th e phras e boo k o n be d acros s a  subse t  o f  th e unit s 
i n th e networ k (onl y a  fe w o f  th e relevan t  connection s 
appear) . 
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I n th e model ,  spatia l  relationa l  word s ca n onl y b e 
learne d i f  th e appropriat e relationa l  regularitie s ar e 
learne d i n th e spatia l  micro-relatio n layer .  Severa l  pre -
diction s follo w fro m thi s propert y o f  th e model .  Th e 
model  als o ha s implication s fo r  th e mutua l  influenc e o f 
languag e an d visual-spatia l  cognition . 
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