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Representat iona l  Distortio n a s a  T h e o r y o f  Similarit y 

Nic k Chate r  an d Ulrik e H a h n 
Dept .  o f  Experimenta l  Psycholog y 

Universit y  o f  Oxford ,  Englan d 
{nick,ulrike}®psy.ox.ac.u k 

A centra l  drawbac k o f  extan t  psychologica l  theorie s o f  sim -
ilarit y i s tha t  the y ar e typicall y define d ove r  ver y limite d 
classe s o f  representation s suc h a s point s i n a  multidimensiona l 
spac e o r  feature-sets .  Ou r  n e w account ,  representationa l  dis -
tortion ,  ca n dea l  wit h arbitrar y representations .  Here ,  simi -

larit y betwee n tw o representation s i s define d b y th e amoun t 
of  distortio n require d t o transfor m on e representatio n int o an -
other . 

Thi s theor y i s base d o n th e informatio n distanc e (L i  &  Vi -
tanyi ,  1993 )  betwee n representations .  Intuitively ,  th e infor -
matio n distanc e betwee n tw o representation s measure s h o w 
many instruction s mus t  b e followe d t o transfor m on e int o th e 
other .  Th e informatio n distance ,  e.g .  betwee n th e sequence s 
1 2 3 4 5 an d 2 3 4 5 6 i s small ,  becaus e th e simpl e instruc -
tio n "ad d 1  t o eac h digit "  transform s on e int o th e other .  Th e 
informatio n distanc e betwee n 8  5  7  4  9  an d 8  7  9  0  5  i s larger , 
becaus e ther e i s n o simpl e instructio n here .  Thi s approac h 
i s general ,  becaus e th e lengt h o f  th e shortes t  se t  o f  instruc -
tion s require d t o transfor m on e representio n t o anothe r  i s  well -
define d fo r  al l  representations ,  whethe r  thes e ar e featur e vec -
tors ,  a  sUTictura l  descriptio n o f  perceptua l  input ,  a  parse d sen -
tence ,  a  schem a o f  genera l  knowledge ,  a  pictoria l  representio n 
or  a  sequenc e o f  moto r  conamands . 

Representationa l  distortio n ca n b e quantifie d b y applyin g 
idea s fro m a  branc h o f  compute r  scienc e an d mathematic s 
know n a s Kolmogoro v complexit y  (L i  &  Vitanyi ,  1993). '  Th e 
fundamenta l  ide a o f  Kolmogoro v complexit y theor y i s tha t  th e 
complexit y o f  an y mathematica l  object,i ,  ca n b e measure d 
by th e lengt h o f  th e shortes t  compute r  progra m tha t  i s abl e t o 
generat e tha t  object .  Thi s lengt h i s th e Kolmogoro v complex -
ity ,  K { x )  o f  I ,  a  notio n whic h ha s fruitfull y  bee n ̂ plie d i n 
statistics ,  inductiv e inferenc e an d machin e learning .  T o quan -
tif y representationa l  distortio n w e us e Ui e conditiona l  Kol -
mogoro v complexity ,  K{x\y) ,  o f  on e object,! ,  give n anothe r 
object ,  y .  Thi s i s  th e lengt h o f  th e shortes t  progra m whic h pro -
duce s X  a s outpu t  fro m y  a s input—th e shorte r  th e program , 
th e simple r  th e relatio n betwee n th e tw o objects ,  an d therefor e 
th e les s representationa l  distortio n i s required . 

Thi s give s a  simpl e accoun t  o f  similarity ,  wit h a  numbe r 
of  interestin g propertie s (Hah n an d Chater ,  1996) .  General -
ity :  i t  applie s t o representation s o f  al l  kinds—spatial ,  feature -

'Thi s wa s previousl y applie d i n a  psychologica l  contex t  a s a 
framewor k fo r  perceptua l  organizatio n (Chater ,  i n press) . 

base d or ,  crucially ,  structure d representations .  Flexibility : 
Similarit y  i s define d ove r  representation s o f  objects ,  an d th e 
goal s an d knowledg e o f  th e subjec t  m a y affec t  th e rqiresen -
tation s whic h ar e formed ,  hence ,  allowin g fo r  th e grea t  flex-
ibilit y  o /  huma n similarit y judgements .  Self-similarity :  i t 
i s maximal ,  a s n o progra m a t  al l  i s require d t o transfor m a n 
objec t  int o itself .  Asymmetry :  Representationa l  distortio n 
allow s fo r  asymmetr y i n similarit y judgements :  K(x\y )  i s 
not  i n genera l  equa l  t o K{y\x) .  Thi s asymmetr y i s partic -
ularl y apparen t  whe n th e representation s bein g transforme d 
diffe r  substantiall y  i n complexity ,  a s i s observe d experimen -
tall y (Tversky ,  1977) .  SymmeUica l  judgement s ar e a^ture d 
by th e averag e o f  th e distance s i n eithe r  direction :  D ( x ,  y )  = 
\l2(K{x\y )  +  K{y\x)) .  Backgroun d knowledge :  thi s m a y 
radicall y affec t  th e progra m lengt h require d t o transfor m tw o 
objects .  1 5 3 7 2 3 9 0 6 an d 3 0 7 4 4 7 8 1 ,  e.g. ,  ar e ver y 
simpl y relate d (and ,  hence ,  thei r  similarit y high )  -i/i t  i s rec -
ognize d that ,  a s bas e 1 0 numbers ,  th e secon d i s doubl e th e 
first.  Shepard' s Universa l  L a w o f  Generalization :  th e ac -
coun t  provide s a  derivatio n o f  th e Universa l  L a w o f  General -
izatio n (Chate r  an d Hahn ,  1996) . 
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