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Visua l  Analogica l  M a p p i n g 

Paul  Thagard ,  Davi d Gochfeld ,  an d Susa n Hard y 
Cognitiv e Scienc e Laborator y 

Princeto n Universit y 

22 1 Nassa u St. ,  Princeton .  N J 08542 ' 

A b s t r a c t 

This paper describes some results of research 

aime d a t  understandin g th e structure s an d processe s 

require d fo r  understandin g analogica l  thinkin g tha t 

involve s image s an d diagrams .  W e wil l  describ e 

V A M P .l  an d V A M P . 2 ,  tw o program s fo r  visua l  ana -

logica l  mt^ping .  V A M P . l  use s a  knowledg e 

representatio n schem e propose d b y Janic e Glasgo w 

tha t  capture s spatia l  informatio n usin g neste d three -

dimensiona l  arrays .  V A M P . 2 overcome s som e limi -

tation s o f  V A M P . l  b y replacin g th e arra y representa -

tio n wit h a  schem e inspire d b y Minsky' s Societ y o f 

Min d an d connectionism . 

Introduction 

Par t  o f  analogica l  thinkin g involve s finding 

COTrespondence s betwee n structure s tha t  represen t 

analogou s problems .  Variou s computationa l  model s 

of  h o w mappin g betwee n analog s ca n b e conducte d 

hav e bee n propose d ( S M E :  Falkenhainer ,  Forbus , 
and Centne r  1989 ;  Centne r  1983 ;  A C M E:  Holyoa k 

and Thagar d 1989). ^  Lik e th e vas t  majorit y o f  A I 

programs ,  analog y program s suc h a s S M E an d A C M E 

represen t  analog s propositionall y rathe r  tha n visually . 

But  m a n y analogie s hav e a  stron g visua l  com -
ponen t  Conside r  th e Duncke r  tumo r  proble m tha t  ha s 

bee n widel y use d i n psychologica l  experiment s (Gic k 

and Holyoa k 1980 ,  1983) .  Subject s ar e tol d t o tr y t o 

figure  ou t  h o w t o us e a n x-ra y machin e t o destro y a 

tumo r  insid e a  patien t  withou t  damagin g th e patient' s 

'  Thi s researc h wa s supporte d b y contrac t 
MDA903-89-K-017 9 from  th e Basi c Researc h Offic e 
of  th e U.S .  Arm y Researc h Institut e fo r  th e Behaviora l 
and Socia l  Sciences .  Pau l  Thagard' s curren t  addres s 
is :  Departmen t  o f  Philosophy ,  Universit y o f  Waterloo , 
Waterloo ,  Ontario ,  Canada ,  N 2 L 3G1 .  Email : 
prthagard@logos.waterloo.edu . 

2 Mappin g i s als o implici t  i n computationa l  model s 
of  case-base d reasonin g (e.g .  Riesbec k an d Schan k 
1989) .  Se e als o Mitchel l  an d Hofstadie r  (1990) . 

flesh.  Th e solutio n i s t o us e a  numbe r  o f  x-ra y 

source s producin g ray s o f  diminishe d intensit y tha t 

converg e o n th e tumo r  an d destro y i t  Subject s ar e 

aide d i n comin g u p wit h thi s solutio n i f  the y ar e tol d 

of  a  genera l  whos e strateg y fo r  attackin g a  fortres s 

involve d dispersin g hi s arm y an d havin g the m con -

verg e o n th e fortres s fro m differen t  directions . 

Althoug h al l  th e informatio n necessar y ca n b e 

represente d propositionally ,  i t  i s  natura l  t o produc e a 

diagra m o r  menta l  pictur e tha t  show s th e arm y an d 

th e ray s convergin g o n th e tumo r  an d th e fortres s 

fro m differen t  directions .  Gic k (1985 )  an d Beveridg e 

and Parkin s (1987 )  foun d tha t  th e us e o f  diagram s 

improve d subject s proble m solvin g effectivenes s o n 

thi s problem . 

But  i t  i s  difficul t  t o mode l  th e visua l  aspec t  o f 

analogica l  reasonin g usin g th e knowledg e representa -

tio n technique s tha t  hav e bee n mos t  c o m m o n i n AI . 

Ideally ,  visua l  representation s shoul d serv e t o mak e 

mappin g betwee n analog s muc h easie r  tha n proposi -

tiona l  representations ,  whic h requir e considerabl e 

wor k t o plac e appropriat e predicate s an d argument s i n 

correspondence .  If ,  fo r  example ,  w e ha d a  visua l 

representatio n o f  th e Duncke r  problem ,  w e coul d ma p 

th e tumo r  proble m t o th e fortres s proble m b y simpl y 

superimposin g a n imag e o f  th e on e ont o th e othe r  an d 

identif y b y inspectio n th e object s tha t  correspon d t o 

eac h other ,  suc h a s th e tumo r  an d fortress .  W e canno t 

exjjec t  th e visua l  representatio n t o d o al l  th e wor k o f 

analogica l  mapping ,  sinc e man y predicate s suc h a s 

caus e wil l  no t  len d themselve s t o visua l  representa -

tion ,  bu t  visua l  representatio n shoul d hel p greatl y 

wit h aspect s o f  th e problem s tha t  ar e easil y pictured . 

Fink e (1989 )  provide s a  convenien t  summar y o f  th e 

larg e bod y o f  psychologica l  experimentatio n tha t  sup -

port s th e contentio n tha t  huma n thinkin g involve s a n 

importan t  visua l  component. ^ 

'  Fink e an d other s distinguis h betwee n visua l  infor -
matio n (ho w thing s look )  an d spatia l  informatio n (ho w 
thing s relat e t o eac h other )  bu t  I  shal l  includ e bot h o f 
thes e unde r  th e headin g "visual. " 
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Thi s pape r  describe s som e results  o f  researc h 

aime d a t  understandin g th e structure s an d processe s 

require d fo r  understandin g analogica l  thinkin g tha t 

involve s image s an d diagrams .  W e wil l  describ e 

V A M P .l  an d V A M P . 2 ,  tw o program s fo r  visua l  ana -

logica l  mailing .  V A M P . l  use s a  knowledg e 

representatio n schem e propose d b y Janic e Glasgo w 

tha t  capture s spatia l  informatio n usin g neste d three -

dimensiona l  arrays .  V A M P . 2 overcome s som e limi -

tation s o f  V A M P . l  b y replacin g th e arra y representa -

tio n wit h a  schem e inspire d b y Minsky' s Societ y o f 

Min d an d connecticmism . 

VAMP.l 

V A M P .l  (Visua l  Analogica l  Mappin g Program )  i s 

base d o n th e knowledg e representatio n schem e fo r 

computationa l  imager y tha t  Glasgo w an d he r  col -

league s hav e bee n developin g (Glasgo w 1990 ;  Glas -

go w an d Papadia s i n press ;  Papadia s an d Glasgo w 

1991) .  I n th e earlie r  computationa l  mode l  o f  Kossly n 

(1980) ,  quasi-pictoria l  image s wer e represente d b y a 

configuratio n o f  point s i n a  matrix ;  a n imag e i s 

displaye d b y selectivel y filling  i n cell s o f  th e matrix . 

An image ,  then ,  i s construe d a s a  two-dimensiona l 
array ,  wit h eac h entr y lik e a  pixe l  tha t  i s  eithe r  o n o r 

off .  Glasgow' s schem e i s mor e comple x i n tw o ke y 

respects .  First ,  i t  take s image s t o b e inherend y three -

dimensional ,  althoug h two-dimensiona l  project s ca n 
als o b e handle d a s a  specia l  case .  Greate r  dimen -
sionalit y obviousl y make s possibl e representatio n o f 
mor e comple x image s suc h a s thos e require d fo r  men -

ta l  rotation .  Second ,  th e entrie s i n th e three -

dimensiona l  array s ca n b e encode d hierarchically ,  i n 
tha t  eac h entr y i s represente d symbolicall y b y a  entr y 

tha t  ca n hav e a  subimage .  Fo r  example ,  a  hous e ca n 

be represente d b y th e arra y show n i n Figur e 1 ,  wit h 

eac h symboli c entr y suc h a s "window "  providin g a 
pointe r  t o anothe r  array .  I n sum ,  Glasgow' s represen -

tationa l  schem e take s image s t o b e three-dimensiona l 

symboli c hierarchica l  arrays .  Numerou s importan t 

visua l  operation s ca n b e define d o n Glasgow' s arrays , 
includin g constructin g symboli c array s firom  preposi -

tiona l  representations ,  comparin g image s usin g arra y 
information ,  an d movin g an d rotatin g images. * 

We hav e developed  a  C o m m on LIS P imple -

mentatio n o f  part s o f  Glasgow' s schem e an d extende d 

i t  t o p-oduc e V A M P . l ,  a  visua l  analogica l  mappin g 

program .  Give n tw o arrays ,  V A M P . l  ca n d o simpl e 

analogica l  mapping ,  puttin g th e element s o f  th e tw o 

roo f 

windo w 

roo f 

doo r 

roo f 

*  Othe r  computationa l  model s o f  visua l  thinkin g 
hav e bee n develope d b y Fun t  (1980) .  Shrage r  (1990) , 
and Chandrasekara n an d Narayana n (1990) . 

Figur e 1 :  Arra y representatio n o f  a  house . 

arrays in correspondence with each other. VAMP.l 

first  check s t o se e i f  th e array s ar e th e sam e size .  I f 

not ,  i t  scale s the m u p t o th e siz e o f  th e leas t  c o m m o n 

multipl e o f  thei r  sizes .  Fo r  example ,  t o compar e a 

4x4x 4 arra y an d a  6x6x 6 array ,  V A M P . l  convert s 

bot h array s t o 12x12x1 2 arrays .  W h e n bot h array s 

ar e equa l  i n size ,  V A M P . l  superimpose s the m an d 

give s a  lis t  o f  al l  part s whic h ar e i n correspondin g 

cells . 

As describe d i n Thagar d an d Hard y (1992) , 

V A M P .l  ha s bee n use d t o mode l  th e us e b y Joh n Dal -

to n (1808 )  o f  a n analog y betwee n th e structur e o f  th e 

atmospher e involvin g molecule s an d a  pil e o f  shot .  I t 
i s  natura l  t o construc t  a  menta l  imag e o f  a  pil e o f  can -

non ball s wit h on e bal l  nestin g o n fou r  belo w whic h 

nes t  o n nin e below ,  an d the n transfor m thi s int o a  pic -

tur e o f  th e atmospher e consistin g o f  atom s surrounde d 
by hea t  similarl y nesting .  Th e representatio n o f  th e 

pil e o f  ball s i s no t  jus t  th e variou s slice s shown ,  bu t 
th e whol e arra y whic h encapsulate s a  ver y larg e 
amount  o f  spatia l  information .  Thi s encapsulatio n 

makes creatin g a  visua l  analo g trivial :  al l  w e hav e t o 
do t o produc e a  representatio n o f  th e structur e o f  th e 

aunospher e i s t o replac e eac h entr y o f  B A L L wit h a n 

entr y o f  A T O M.  Th e hierarchica l  natur e o f  th e 

representatio n schem e i s importan t  becaus e i t  allow s 
us t o substitut e a  comple x o f  ato m an d heat ,  a s Dalto n 

recommended ,  rathe r  tha n jus t  atom . 

Glasgow' s knowledg e representatio n schem e i s 

ver y usefu l  i n suggestin g h o w visual/spatia l  informa -

tio n ca n b e store d an d used .  Bu t  i t  ha s som e clea r 
limitations .  Array s ar e to o "boxy "  t o captur e mor e 

comple x spatia l  arrangement s tha n left ,  right ,  above , 

below :  a  canno n bal l  sit s abov e fou r  other s a t  roughl y 

6 0 degre e angles ,  no t  directl y above .  Als o no t  natur -

all y represente d i n Glasgow' s schem e ar e relation s o f 

containmen t  I n th e tumo r  problem ,  fo r  example ,  th e 

patient' s flesh  contain s th e tumor :  ther e ar e no t  dis -

tinc t  object s o f  flesh  filling  al l  th e adjacen t  boxes . 

Fro m th e perspectiv e o f  processing ,  th e Glasgo w 

scheme ha s advantage s i n makin g th e appropriat e 

maps readil y identifiabl e whe n th e array s coincide . 
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but  doe s no t  sugges t  h o w partia l  map s migh t  b e 

found .  I n addition ,  usin g th e arra y structure s seem s 

potentiall y  inefficient ,  sinc e the y wil l  contai n variou s 

empt y cell s an d hav e t o b e worke d wit h i n monolithi c 

fashion .  Accordingly ,  w e hav e trie d t o retai n som e o f 

th e advantage s o f  Glasgow' s schem e whil e producin g 

mor e flexible  mappings . 

VAMP.2 

Accordin g t o Marvi n Minsky' s provocativ e "Societ y 

of  Mind "  theory ,  eac h min d i s mad e u p o f  man y smal l 

processe s h e call s agents .  Minsk y say s (1986 ,  p .  17) : 

"Eac h menta l  agen t  b y itsel f  ca n onl y d o som e simpl e 

thin g tha t  need s n o min d o r  though t  a t  all .  Ye t  whe n 

we joi n thes e agent s i n societie s -  i n certai n ver y spe -

cia l  way s -  thi s lead s t o tru e intelligence. "  W e pro -

pos e t o reconceptualiz e Glasgow' s schem e b y imagin -

in g tha t  correspondin g t o eac h bo x i n th e 3- D arra y 

ther e i s a  simpl e agen t  tha t  ca n communicat e wit h 

othe r  agent s representin g othe r  boxes .  Eac h agen t 

know s wha t  othe r  agent s ar e adjacen t  t o i t  i n variou s 

directions .  Th e agent s ca n proces s informatio n i n 

paralle l  t o provid e answer s t o simple r  questions .  Fo r 

example ,  i f  yo u wan t  t o kno w wha t  i s abov e th e doo r 

i n a  visua l  representation ,  yo u ca n quer y al l  agent s 

unti l  yo u find  on e tha t  ha s th e door ,  the n hav e tha t 

agen t  as k th e agen t  abov e i t  wha t  i t  has .  Thi s 

correspond s t o simpl y lookin g a t  th e doo r  an d the n 

lookin g u p abov e i t 

Once yo u hav e a  se t  o f  agent s eac h o f  whic h 

has knowledg e o f  th e adjacen t  agents ,  yo u n o longe r 
nee d th e arra y structur e a t  all .  Th e sam e informatio n 

c^ture d b y th e boxe s i n th e 3- D arra y ca n b e cap -

ture d mor e locall y b y wha t  th e individua l  agent s 

kno w abou t  themselve s an d th e adjacen t  agents . 
Moreover ,  m u c h mor e flexible  spatia l  structure s ca n 

be use d tha n simpl y left ,  right,  above ,  an d belo w a s i n 

th e array :  a n agen t  ca n kno w tha t  ther e i s a n agen t 

abov e i t  an d t o th e lef t  a t  a  particula r  angle .  Agent s 

ca n als o posses s anothe r  importan t  kin d o f  spatia l 

information :  wha t  agent s contai n the m o r  ar e con -

taine d b y them . 

For  visua l  analogica l  mapping ,  eac h analo g ca n 

be represente d b y a  se t  o f  agents ,  an d th e computa -

tiona l  proble m i s t o pu t  agent s from  differen t  set s i n 
communicatio n wit h eac h othe r  i n suc h a  wa y tha t  th e 

appropriat e corres{)ondence s ar e found .  Fo r  example , 

th e agen t  fo r  tumo r  i n th e D u n k ^  proble m mus t  b e 

put  i n contac t  wit h th e agen t  fo r  fortres s i n th e othe r 

problan .  Thin k o f  tw o competin g basebal l  team s 

whos e member s shou t  a t  eac h othe r  t o find  th e player s 

i n correspondin g positions ;  afte r  a n initia l  nois y 

display ,  th e shortstop s o n eac h tea m wil l  find  eac h 

other ,  an d s o on .  Thi s exampl e show s tha t  th e map -

pin g m a y no t  b e simple ,  sinc e mor e tha n on e pitche r 

on eac h tea m ma y correspon d t o mor e tha n on e 

pitche r  o n th e other . 

V A M P .2 i s a  progra m tha t  implement s thi s kin d 

of  analogica l  mapping .  I t  i s  writte n i n th e C o m m on 

LIS P Objec t  System ,  fo r  i t  i s  natura l  t o encod e 

society-of-min d idea s usin g object-oriente d program -

ming .  Eac h thin g i n a n analog y i s represente d b y a n 

agent ,  implemente d a s a  C L O S object .  Fo r  mappin g 

purposes ,  w e wan t  t o avoi d th e complexit y o f  havin g 

ever y agen t  i n on e analo g tr y t o correspon d t o ever y 

agen t  i n th e othe r  analog ,  s o visua l  similarit y use d t o 

scree n fo r  agent s o f  mutua l  relevance :  tw o agent s 

onl y begi n a  relationshi p i f  th e thing s the y represen t 

hav e simila r  appearanc e o r  containmen t  relations . 

But  onc e suc h a  relationshi p i s establishe d betwee n 

agent s S I  from  th e sourc e analo g an d T l  fro m th e tar -

get  analog ,  th e agent s adjacen t  t o S I  ca n b e pu t  i n 

correspondenc e wit h agent s adjacen t  t o T l  eve n i f 

the y hav e differen t  shape s an d spatia l  relations .  W e 

want ,  fo r  example ,  t o hav e S 2 whic h i s t o th e right  o f 

SI  establis h a  connectio n wit h T 2 whic h i s t o th e right 

of  Tl .  Matter s obviousl y becom e muc h trickie r  whe n 

th e targe t  contain s mor e tha n on e agen t  tha t  i s  simila r 

i n shap e t o S 1 s o tha t  w e canno t  tel l  right  awa y whic h 

one shoul d correspon d t o it . 

T o solv e thi s problem ,  w e hav e use d connec -

tionis t  technique s o f  paralle l  constrain t  satisfactio n 

tha t  w w k e d wel l  i n earlie r  model s o f  analogica l  map -

pin g an d retrieval ,  A C M E an d A R C S (Holyoa k an d 
Thagar d 1989 ;  Thagard ,  Holyoak .  Nelso n an d Goch -

fel d 1990) .  A C M E an d A R C S showe d tha t  analog s 

ca n b e retrieve d from  memor y an d mappe d b y satisfy -

in g a  combinatio n o f  semantic ,  structural ,  an d prag -

mati c constraints .  Thes e constraint s ar e represente d 
i n a  connectionis t  networ k o f  unit s wit h excitator y 

and inhibitor y links ,  an d a  simpl e settUn g proces s 

select s ou t  wha t  correspondence s bes t  satisf y th e con -

straints .  V A M P . 2 use s constraint s specifi c  t o visua l 

representation s tha t  ca n howeve r  b e viewe d a s specia l 

case s o f  constraint s i n th e mor e genera l  programs . 

We wan t  t o encourag e mapping s betwee n thing s o f 

simila r  appearance ,  encourag e mapping s betwee n 

thing s wit h simila r  adjacencie s an d containmen t  rela -

tions ,  an d discourag e one-man y an d many-on e map -

pings . 

For  eac h pai r  o f  agent s w h o establis h a  relation -

shi p fo r  appearanc e o r  containmen t  relations , 

V A M P .2 create s a  mappin g uni t  tha t  represent s th e 

plausibilit y  o f  thei r  bein g i n correspondence :  w e wil l 

writ e th e mappin g uni t  tha t  pair s S I  an d T l  a s S1=T1 . 

Mappin g unit s for m package s tha t  ten d t o g o together . 

I f  S 1 i s adjacen t  t o S2 ,  an d T l  i s  adjacen t  t o T 2 i n th e 
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same way ,  the n th e uni t  S 2 = T 2 wil l  b e formed .  W e 

want  th e mapping s S1=T 1 an d S2=T 2 t o g o together , 

so a  symmetri c excitator y lin k i s establishe d betwee n 

thes e tw o units .  Similarly ,  i f  S I  contain s S 2 an d T l 

contain s T2 ,  the n w e wan t  th e mapping s S U S 2 un d 

T 1 = T 2 t o encourag e eac h other ,  s o a n excitator y lin k 

i s establishe d betwee n thos e units .  A  specia l  uni t  tha t 

i s  alway s activ e i s  use d t o encourag e mapping s 

betwee n agent s representin g thing s tha t  ar e visuall y 

similar .  V A M P . 2 i s  give n a  verba l  descriptio n o f 

thing s an d use s thi s t o comput e visua l  similarity ,  o r 

visua l  similarit y i s specifie d b y th e programmer. ^  I f 

SI  an d T l  ar e visuall y similar ,  the n a n excitator y lin k 

i s establishe d betwee n S1=T 1 an d th e specia l  unit .  T o 

discourag e mapping s tha t  ar e no t  one-to-one ,  a n inhi -
bitor y lin k wil l  b e create d betwee n S1=T 1 an d an y 

unit s S*=T 1 an d S 1 = T *  representin g othe r  way s o f 

mappin g S I  an d T l .  I n V A M P . 2 ,  al l  link s ar e sym -

metric .  Onc e thes e network s ar e created ,  a  simpl e 

connectionis t  settlin g algorith m i s  use d t o adjus t  th e 

activatio n o f  unit s i n paralle l  unti l  the y al l  settl e an d 

th e winnin g an d losin g unit s ar e apparent .  Th e s^pen -

di x contain s a  precis e descriptio n o f  th e algorithm s 
use d b y V A M P . 2 . 

N o w le t  u s loo k a t  a  simpl e exampl e o f 
V A M P .2 i n operation .  Holyoa k an d K o h (1987 )  di d 
experiment s usin g th e Duncke r  tumo r  proble m wit h 

anothe r  proble m tha t  i s  mor e isomorphi c t o i t  tha n th e 

fortres s problem .  Th e filament  proble m require s 

finding  a  wa y t o us e a  lase r  t o fus e a  broke n filament 
insid e a  glas s bul b withou t  breakin g th e glass .  Ou r 

representatio n o f  th e tw o problem s i s  portraye d i n 

figure  2 .  Th e tumo r  i s  containe d i n flesh  whic h i s 

containe d i n a  hospita l  roo m alon g wit h a n x-ra y 

sourc e an d th e rays ,  whic h ar e t o th e lef t  o f  th e th e 

patien t  T o provid e a  greate r  challeng e fo r  V A M P . 2 , 
th e representatio n o f  th e othe r  proble m ha s th e lase r 
and bea m t o th e right  o f  th e th e filament  an d glass , 

whic h ar e containe d i n a  laboratory .  V A M P . 2 i s 

give n th e informatio n tha t  ther e i s som e visua l  simi -

larit y betwee n th e bea m an d ra y an d betwee n th e lase r 

and x-ra y source. *  I t  therefor e create s th e unit s 

B E A M = R AY an d L A S E R = S O U R C E,  SimUarit y i n 

containmen t  relation s lead s t o creatio n o f  unit s 

L A B = R O O M,  G L A S S = F L E S H,  an d severa l  others . 

Figur e 3  show s al l  th e unit s create d b y V A M P . 2 alon g 

wit h thei r  inhibitor y links .  Afte r  4 4 cycle s o f  updat -

ing ,  th e unit s al l  achiev e stabl e activation s an d th e 

appropriat e mappings ,  B E A M = R A Y, 

LASER=SOURCE,  F ILAMENT=TUMOR, 

SOURCE 1 RAY 1 

ROOM 1 

TUMOR 

FLESH 

FILAMENT 

GLASS 

1 BEAM 1 

LAB 

LASER 

Figur e 2 .  Diagrammati c representatio n o f  tumo r 

and filamen t  problems . 

BEAM-RAY 

FILAMENT-TUMOR 

LAB-FLESH 

LAB-ROOM 

LASER-FLESH 

.GLASS-FLESH 
t\ 

/ /V.iyGLASS-ROOM 
t 
I 

GLASS-SOURCE 
/ 

/ 
/ 

-^LASER-SOURCE 
SPECIAL 

Figur e 3 .  Networ k create d t o m a p tumo r  an d 

filamen t  representations . 

Link s t o th e specia l  uni t  base d o n visua l  similarit y ar e 
show n wit h doubl e soli d lines .  Othe r  link s t o th e spe -

cia l  uni t  base d o n adjacenc y an d containmen t  rela -
tion s ar e show n b y singl e lines ,  a s ar e link s betwee n 

othe r  unit s base d o n adjacenc y an d containmen t  rela -
tions .  Th e dotte d line s indicat e inhibitor y link s tha t 

serv e t o discourag e mapping s tha t  ar e no t  one-to-one . 

^  Ideally ,  th e progra m woul d mak e thi s sor t  o f 
judgmen t  itsel f  o n th e basi s o f  a  pictoria l  representa -
tion . 
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L A B = R O O M.  an d G L A S S = F L E SH a U setU e wit h 

positiv e activatio n whil e th e othe r  fou r  unit s ai l  settl e 

wit h negativ e activation .  T o compar e VAMP.2* s 

operatio n o n thi s proble m wit h ou r  previou s mappin g 

program ,  A C M E,  w e propositionall y represente d th e 

tw o {xoblem s a t  th e sam e leve l  o f  detai l  usin g predi -

cat e calculus .  A C M E produce s fa r  mor e unit s t o cal -

culat e th e mappin g tha n V A M P . 2 (11 5 versu s 9 )  an d 

has difficult y recoverin g from  th e mismatc h tha t  i s 

suggeste d b y havin g th e tumo r  an d filament  o n oppo -

sit e side s o f  th e ra y an d beam . 

V A M P .2 ha s als o bee n ru n successfull y o n 

severa l  othe r  examples :  th e tumor/fortres s analogy , 

th e atom/sola r  syste m analogy ,  an d Dalton' s 3- D 

analog y betwee n molecule s an d pile s o f  sho t  Th e 

atom/sola r  syste m exampl e show s tha t  V A M P . 2 ,  lik e 

A C ME bu t  unlik e S M E ,  ca n perfor m one-man y map -

ping s whe n i t  i s  appropriat e t o d o so .  Give n represen -

tation s o f  a  hydroge n ato m wit h on e electro n an d a 

sola r  syste m wit h severa l  planets ,  V A M P . 2 correctl y 

maps th e electro n t o eac h o f  th e planets .  Th e Dalto n 

analog y i s muc h trickie r  fo r  V A M P . 2 tha n fo r 

V A M P . l .  wher e arra y structur e make s finding  th e 

ccxrespondence s betwee n atom s an d ball s ver y easy . 

Nevertheless ,  despit e th e muc h greate r  numbe r  o f 

possibl e correspondence s betwee n atom s an d ball s 

tha t  V A M P . 2 mus t  dea l  with ,  i t  manage s t o sor t  ou t 

aiq)ropriat e m^p ing s usin g 10 7 units .  I n contrast , 

when A C M E i s give n a  lon g non-visua l  encodin g o f 

th e analog s usin g representation s suc h a s 
(LEFT-O F ( B A L L 2 BALL3) )  an d 

( A B O V E - L E F T (BALL l  BALL2)) , 

i t  create s 35(X )  units ,  mor e tha n ou r  SPARCstatio n 2 

coul d handle . 

V A M P .2 i s b y n o mean s th e final  wor d o n 

visua l  analogica l  mapping .  Whil e i t  ha s a  muc h mor e 
flexible  schem e fo r  knowledg e representatio n tha n 

V A M P . l ,  i t  stil l  i s  limite d i n ho w wel l  i t  ca n represen t 

suc h visuall y comple x matter s a s ho w ray s converg e 
at  a  point .  Moreover ,  i t  doe s no t  addres s th e crucia l 

questio n o f  visuall y representin g dynami c informatio n 

of  th e sor t  tha t  migh t  b e foun d i n a  movie-lik e menta l 

imag e o f  ray s shootin g ou t  an d converging .  Th e 

atom/sola r  syste m analog y ca n mos t  effectivel y b e 

conveye d b y imaginin g electron s an d planet s i n mov -

in g orbits .  Finally ,  V A M P . 2 perform s mappin g b y 

visua l  representation s alone ,  ignorin g man y cue s tha t 

migh t  b e provide d b y proposition-base d mapping .  A 

*  I f  thi s infonnatio n i s omitted ,  VAMP. 2 stil l 
create s th e unit s B E A M = R AY an d LASER=SOURCE 
becaus e o f  simila r  containmen t  relation s an d numbe r 
of  adjacencies . 

powerfu l  integrate d mappin g schem e coul d b e buil t 

by havin g V A M P . 2 wor k i n concer t  wit h a  progra m 

lik e A C M E,  wit h eac h progra m passin g partia l  result s 

bac k an d forth ,  gettin g th e mos t  ou t  o f  th e differen t 

kind s o f  representatio n available .  Ou r  ne w syste m 

C A RE alread y integrate s analogica l  mappin g wit h 

reuieva l  an d rul e base d reasoning ,  an d i t  shoul d b e 

possibl e t o fit  V A M P . 2 int o i t  gracefull y (Nelson , 

Thagard ,  an d Hardy ,  i n press) .  V A M P . 2 i s alread y 

capabl e o f  modelin g som e o f  wha t  i s involve d i n 

transferrin g a  solutio n t o a  sourc e proble m int o on e 

fo r  th e targe t  problem :  give n a  descriptio n o f  th e 

filament  proble m tha t  include s it s solutio n wit h con -

vergen t  beams ,  i t  map s par t  o f  th e solutio n bac k t o th e 

targe t  tumo r  problem . 

Many analogie s i n ordinar y lif e an d i n scienc e 

hav e a  substantia l  visua l  component .  W e hav e show n 

tha t  i t  i s  possibl e t o star t  t o mode l  visua l  aspect s o f 

analog y withou t  havin g t o simulat e th e entir e huma n 

perceptua l  system .  Whil e structure d arra y representa -

tion s hav e man y attractiv e features ,  visua l  analogica l 

mappin g o f  comple x example s require s a  mor e flexi-

bl e representatio n suc h a s tha t  inspire d b y Minsky' s 

Societ y o f  Min d theory .  Th e pric e o f  thi s  flexibility  i s 

tha t  additiona l  mechanism s o f  paralle l  constrain t 

satisfactio n ar e neede d t o accomplis h th e mapping . 

Appendix: VAMP.2 Algorithms 

A.  M a p visuall y simila r  things . 

For  eac h thin g S  i n th e sourc e image ,  an d an y thin g T 

i n th e targe t  imag e suc h tha t 

a)  T  i s th e sam e typ e o f  thin g a s S , 

b)  T  ha s bee n declare d t o b e visuall y simila r  t o S , 

or , 

c )  bot h S  an d T  contai n something , 

creat e a  mappin g uni t  "S=T "  an d ad d thi s t o M ,  th e 
lis t  o f  mappin g units .  Mak e a n excitator y lin k 

betwee n thi s uni t  an d th e visua l  specia l  unit . 

B.  M a p adjacencie s o f  previousl y mappe d things . 

Copy M int o N ,  an d the n repea t  th e followin g step s 

unti l  ther e ar e n o mappin g unit s lef t  i n N : 

1)  Le t  N l  b e th e first  uni t  i n N . 

2)  Le t  S  b e th e sourc e thin g tha t  i s mappe d i n Nl , 

and T  b e th e targe t  thin g mappe d i n N l . 

3)  Le t  A(S )  b e th e lis t  o f  thing s adjacen t  t o S ,  an d 

A(T )  b e th e thing s adjacen t  t o T . 

4)  Fo r  eac h thin g AS l  i n A(S) ,  an d an y thin g AT I 

i n A(T )  whic h i s th e sam e directio n fro m T  a s AS l  i s 

fro m S ,  creat e a  mappin g uni t  "AS1=AT1" ,  i f  i t  doe s 

not  alread y exis t 

5)  Ad d A S 1 = A T 1 t o N  an d M ,  an d creat e a n excita -

tor y lin k betwee n i t  an d uni t  N l . 
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6)  Remov e N l  fro m N .  an d repea t  th e abov e step s 

unti l  N  i s empty . 

C.  M a p content s o f  previousl y mappe d things . 

Agai n cop y M int o N  an d repea t  th e followin g step : 

1)  Le t  N l  b e th e first  uni t  i n N . 

2)  Le t  S  b e th e sourc e thin g tha t  i s mappe d i n N l , 

and le t  T  b e th e targe t  thin g tha t  i s mappe d i n N l . 

3)  Le t  C(S )  b e th e lis t  o f  thing s directl y containe d i n 

S,  an d C(T )  b e th e thing s directl y containe d i n T . 

4)  Fo r  eac h thin g CS l  i n C(S) ,  an d an y thin g CT l  i n 

C(T )  tha t  ha s th e sam e numbe r  o f  adjacencie s a s doe s 

CSl ,  creat e a  mappin g uni t  "CS1=CT1" ,  i f  i t  doe s no t 

alread y exist . 

5)  A d d C S l = C T l t o N a n d M .  Creat e a n excitator y 
lin k betwee n thi s an d N l . 

6)  Remov e N l  fro m N ,  an d repea t  th e abov e step s 

unti l  N  i s empty . 

D.  Inhibi t  multipl e mapping s b y creatin g inhibitor y 

links . 

E.  Updat e activatio n o f  unit s unti l  networ k settles . 

The algorithm s fo r  D  an d E  ar e th e sam e a s i n 
A C M E;  se e Holyoa k an d Thagar d (1989) .  p .  314 . 
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