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R E P R E S E N T I NG COGNITIV E M A P S I N P A R A L L E L N E T W O R KS 

Davi d Zipsc r 

Institut e fo r  Cognitiv e Scienc e 

Universit y o f  California ,  Sa n Dieg o 

Maps are an important part of systems which represent world knowledge. They are used 

t o provid e informatio n fo r  guidin g movemen t  throug h th e environmen t  o r  fo r  answerin g 

querie s abou t  th e locatio n o f  objects .  Th e numbe r  o f  fact s abou t  th e spatia l  relationship s 

betwee n objects ,  whic h map s mus t  provide ,  i s  to o grea t  t o b e store d explicitly .  Wha t  i s neede d 

i s a  representatio n tha t  store s basi c informatio n i n a  manne r  tha i  allow s th e us e o f  inferenc e t o 

deriv e th e ̂ propriat e fact s whe n required .  Fo r  example ,  i n orde r  t o answe r  suc h querie s a s 

"a m I  heade d toward s home?* ,  "Tio w d o I  ge t  fro m her e t o Carnegi e Hall?* ,  McDermot t  (1980 ) 

develope d a  spatia l  representatio n calle d fuzz y map s whic h ha s prove n ver y usefu l  i n th e sym -

bol  processing ,  seria l  compute r  environment .  I n thi s pape r  I  wil l  describ e a  differen t  wa y t o 

represen t  spatia l  knowledg e calle d view-maps .  Th e mai n motivatio n fo r  developin g view-map s 

was biologica l  plausibility .  I  wante d a  representatio n whic h wa s amenabl e t o implementatio n 

i n paralle l  network s o f  neuron-lik e unit s an d whos e propertie s corresponde d t o wha t  w e kno w 

abou t  th e neurobiolog y an d psycholog y o f  spatia l  location .  Fo r  a  variet y o f  reason s fuzz y map s 

do no t  sui t  thi s purpose . 

To get a feel for what view-maps do, consider the problem of getting from your current 

locatio n t o a n unsee n goal ,  suc h a s home .  Assum e tha t  whil e yo u canno t  se e you r  hom e fro m 

you r  curren t  location ,  yo u ca n se c som e familia r  landmarks .  N o w suppos e tha t  a t  a  previou s 

tim e yo u ha d recorde d i n memor y th e locatio n o f  you r  hom e relativ e t o thes e landmarks .  Yo u 

can us e thi s remembere d informatio n t o locat e you r  hom e an d \iew-map s provid e a  mechanis m 

t o accomplis h this .  Roughl y speaking ,  view-map s stor e a  se t  o f  individua l  views ,  (Kuiper s 1983 ) 

togethe r  wit h th e location s relativ e t o thes e views ,  o f  goal s suc h a s home ,  work ,  etc .  W h e n 

yo u wan t  t o g o t o on e o f  thes e goals ,  yo u compar e you r  curren t  vie w wit h th e se t  o f  store d 

view s i n th e view-map .  Ther e will ,  i n general ,  b e n o exac t  match ,  becaus e yo u won' t  b e a t  a 

precis e poin t  wher e yo u recorde d a  view .  However ,  ther e wil l  b e similarit y betwee n you r 

curren t  vie w an d view s store d a t  nearb y locations .  Thes e nearb y view s wil l  diffe r  fro m you r 

curren t  vie w onl y quantitativel y i n th e value s whic h indicat e landmar k location .  I t  i s  possibl e 

t o us e thes e store d value s o f  landmar k locatio n togethe r  wit h th e value s obtaine d fro m you r 

curren t  locatio n t o deriv e a  transformatio n tha t  wil l  ma p th e locatio n o f  an y objec t  fro m th e 

referenc e fram e o f  a  store d vie w t o you r  curren t  referenc e frame .  B y applyin g thi s transforma -

tio n t o th e store d location s o f  a  goal ,  yo u ca n fin d i t  i n you r  curren t  frame .  View-map s us e 

thi s genera l  principl e t o guid e a n observe r  throug h th e world . 

View-maps must first be built up by recording the location of goals at many viewpoints 

i n th e world .  The n thi s informatio n ca n b e accesse d b y comparin g th e curren t  vie w wit h th e 

store d view s t o locat e a  desire d goal .  I f  a n appropriat e store d vie w doc s no t  exis t  i n you r 

view-map ,  i t  doe s no t  mea n tha t  yo u ar e lost .  Ofte n i t  i s  stil l  possibl e t o fin d a  chai n o f  view s 

tha t  overia p b y severa l  landmarks ,  s o tha t  a  transformatio n ca n b e generate d t o ma p th e goa l 

fro m a  store d vie w t o th e curren t  view ,  eve n thougj i  thes e tw o view s d o no t  contai n th e sam e 

landmarks .  I n thi s shor t  pape r  I  canno t  discus s al l  th e feature s o f  view-map s an d th e network s 
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tha t  implemen t  them .  Rathe r  I  wil l  describ e a  simpl e networ k whic h implement s s o m e ke y 

feature s o f  view-maps ,  suc h a s vie w recognitio n an d goa l  location . 

In practice, it is often possible to locate gpals without actually computing transforma-

tion s o r  eve n readin g ou t  th e store d location s o f  th e visibl e landmarks .  T h e networ k s h o w n 

belo w wa s develope d t o demonstrat e h o w thi s ca n b e done . 

Visua l  Syste m 

objec t 
loca l  io n 

objoc i 
cluiificalio D 

Object-unit s 

View-uni t s 

Goal-unit s 

Moto r  Syste m 

T h e firs t  laye r  consist s o f  object-unit s whic h receiv e inpu t  fro m th e sensor y syste m an d b e c o m e 

activ e w h e n a  particula r  landmar k appear s a t  a  specifi c  locatio n i n th e curren t  referenc e fram e 

of  th e viewer .  T h e secon d laye r  consist s o f  view-units ,  eac h o f  whic h receiv e inpu t  fro m severa l 

object-units .  View-unit s recogniz e th e fac t  tha t  th e observe r  i s i n th e vicinit y o f  a  particula r 

place .  T h e activit y o f  th e vie w unit s ca n b e use d t o answe r  suc h question s a s 'a m I  a t  th e sit e 

wher e I  burie d tha t  stuff? "  T h e outpu t  o f  th e vie w unit s ar e connecte d t o a  laye r  o f  goal-unit s 

which ,  w h e n activated ,  ca n tel l  th e moto r  syste m h o w t o ge t  fro m th e viewpoin t  o f  a  view-uni t 

t o th e goa l  the y represent ,  i.e. ,  "Tio w d o I  ge t  h o m e fro m here? "  Ther e mus t  b e a  separat e 

gpal-uni t  fo r  eac h goa l  a t  e?.c h viewpoint .  Set s o f  goal-unit s representin g differen t  gpal s ar e 

s h o w n wit h differen t  shapes . 

Eac h clas s o f  unit s i n thi s networ k ha s a n associate d functio n whic h determine s h o w it s 

outpu t  activit y varie s wit h it s inputs .  Fo r  example ,  th e activit y functio n fo r  th e view-unit s i s 

jus t  th e thresholde d s u m o f  thei r  inpu t  activities .  T h e valu e o f  th e threshol d i s chose n s o tha t 
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severa l  landmark s mus t  b e recognize d i n approximatel y th e expecte d location s fo r  a  view-uni t 

t o becom e active . 

A more complex function is required for object-nodes because they must recognize the 

presenc e o f  a  landmar k an d th e degre e t o whic h it s curren t  locatio n matche s th e expecte d loca -

tion .  Thi s functio n shoul d hav e a  maximu m whe n th e viewe r  i s i n exactl y th e expecte d loca -

tio n an d the n fal l  of f  graduall y a s th e viewe r  move s fro m thi s location .  Th e functio n shoul d 

be zer o a t  al l  time s whe n th e expecte d objec t  i s no t  bein g viewe d a t  all .  A  matchin g functio n I 

hav e use d extensively ,  is : 

1= c^- [(current object location - expected object location^/a^ 

Object-uni t  activit y ;  i f  objec t  detected . 

= 0 ;  i f  objec t  no t  detected . 

The values of the threshold of the view-unit activation function together with the a of the 

object-functio n determin e th e siz e o f  th e regio n i n spac e i n whic h a  particula r  view-uni t  wil l 

become active .  I f  thi s regio n i s smal l  th e observe r  wil l  hav e accurat e knowledg e o f  positio n 

but  i t  wil l  b e availabl e ove r  a  smal l  area .  I f  th e regio n i s large ,  les s accurat e informatio n wil l  b e 

availabl e ove r  a  wide r  area . 

I have used computer simulations (Rabin & Zipser, 1983) in which the movement of an 

observe r  i s guide d b y network s o f  th e typ e show n abov e t o investigat e ho w view-map s dea l 

wit h problem s suc h a s recognizin g a  locatio n a s previousl y visite d an d gettin g fro m th e curren t 

locatio n t o a  goal .  Th e firs t  o f  thes e problem s require s quantitativ e matchin g o f  th e curren t 

vie w t o al l  previousl y recorde d views .  Becaus e o f  th e structur e o f  th e networ k used ,  thi s matc h 

occur s i n paralle l  s o tha t  eac h view-uni t  alway s indicates ,  b y it s outpu t  activity ,  th e degre e t o 

whic h th e curren t  vie w matche s th e vie w a t  it s viewpoint .  O f  course ,  a t  an y particula r  locatio n 

most  view-unit s ar e inactive .  Th e viewe r  determine s i f  retur n t o th e desire d locatio n ha s 

occurre d b y sensin g th e activit y o f  th e appropriat e view-unit .  Thi s i s how ,  fo r  example ,  th e 

locatio n o f  previousl y burie d stuf f  ca n b e located .  Th e compute r  simulatio n demonstrate d 

tha t  ther e wa s a  "place-field '  aroun d th e locatio n represente d b y eac h view-uni t  i n whic h th e 

activit y o f  th e uni t  increase s a s th e viewe r  approache s th e viewpoint .  Thi s make s view-unit s 

simila r  t o th e spatia l  fiel d neuron s i n th e hippocampu s (Muller ,  Kubi e &  Ranck ,  Jr. ,  1983) . 

To answer such questions as 'how do I get home from here?" requires that the location of 

a landmar k no t  currentl y visible ,  i.e. ,  home ,  b e determined .  I f  view-unit s whic h connec t  t o 

goal-unit s fo r  th e desire d unsee n locatio n hav e bee n recorde d fairl y evenl y ove r  th e environ -

ment ,  the n a t  an y locatio n th e viewe r  wil l  activat e severa l  view-unit s tha t  refe r  t o th e goal .  A n 

estimat e o f  th e locatio n o f  th e goa l  ca n b e mad e b y formin g a n averag e o f  th e locatio n store d 

i n eac h o f  thes e goal-units ,  weighte d b y th e activit y o f  it s  connecte d view-unit .  Compute r  simu -

lation s showe d tha t  th e us e o f  thi s wei^te d averag e valu e o f  th e goa l  locatio n i s a n effectiv e 

way t o determin e wher e th e goa l  i s  whe n th e viewe r  i s fa r  awa y fro m th e goal .  However ,  whe n 

th e observe r  get s ver y clos e t o th e goal ,  ther e ar e seriou s difficultie s becaus e som e o f  th e 

viewpoint s use d ar e beyon d th e goa l  an d thu s gi w th e wron g sig n t o goa l  direction .  W h e n th e 

observe r  reache s th e vicinit y o f  th e goal ,  motio n become s erratic .  However ,  soone r  o r  late r  th e 

simulate d observe r  generall y find s a  pat h int o th e goal .  Behavio r  o f  th e sor t  tha t  occurre d i n 

thes e simulation s i s no t  to o unreasonabl e since ,  whe n fa r  awa y fro m a  goal ,  a n observe r  canno t 

see i t  an d i s the n force d t o us e landmarks .  W h e n th e observe r  get s clos e enoug h t o actuall y se c 

th e goal ,  landmark s ar e n o longe r  needed . 
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A mor e forma l  analysi s o f  view-maps ,  no t  presente d here ,  ha s bee n carrie d ou t  whic h 

shows tha t  the y ca n serv e a s a  robus t  representatio n o f  th e spatia l  organizatio n o f  objects . 

Severa l  importan t  issue s hav e bee n analyze d t o varyin g degree s an d als o studie d wit h compute r 

simulatio n (Zipser ,  1983) .  A m o n g thes e are :  wha t  i s a  landmark ? H o w ar e object-units ,  goal -

unit s an d view-unit s learned ? Wha t  feature s ar e use d b y th e sensor y syste m t o localiz e land -

marks ? H o w i s i t  possibl e t o ge t  t o a  goz l  whos e locatio n i s no t  know n t o an y view-uni t 

currentl y active ? 

The object-unit to view-unit hierarchy provides a very general mechanism for representing 

th e spatia l  locatio n o f  objects .  I t  ha s bee n show n her e ho w i t  ca n b e use d t o construc t  view -

maps whic h represen t  th e spatia l  organizatio n o f  landmark s i n th e environment .  I t  ca n als o b e 

use d t o represen t  th e location s o f  feature s withi n a  singl e objec t  an d i n thi s wa y the y ma y b e 

usefu l  fo r  th e recognitio n o f  objects .  View-unit s ca n als o b e considere d a s schemat a i n whic h 

informatio n abou t  locatio n i s give n majo r  prominenc e (Brewe r  &  Treyens ,  1981) .  Viewe d a s 

schemat a o r  frames ,  view-unit s ca n b e though t  o f  a s havin g additiona l  informatio n beside s tha t 

alread y discussed .  Fo r  example ,  view-unit s migh t  connec t  t o unit s indicatin g th e suitabilit y  o f 

plac e fields ,  fo r  example ,  dangerou s o r  safe .  Th e activatio n o f  a  particula r  view-uni t  a s a n 

observe r  move s throug h th e environmen t  woul d the n immediatel y giv e acces s t o informatio n 

abou t  th e desirabilit y  o f  remainin g a t  tha t  location .  I n general ,  an y variabl e quantit y con -

necte d t o view-unit s woul d b e accessibl e whe n th e observe r  returne d t o a  locatio n i n whic h th e 

view-uni t  wa s activated .  Thi s correspond s t o th e c o m m o n e}q)erienc e o f  recallin g event s o r 

eve n thought s tha t  occurre d a t  specifi c  location s (Nigr o &  Neisser ,  1983) . 
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