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T h e Spat te r  C o d e : 

H o l o g r a p h i c R e d u c e d Represen ta t io n i n th e B i n a r y D o m a i n 

Pentti Kanerva 
R W CP Neur o SIC S Laboratory ,  Rea l  Worl d Computin g Partnershi p 

Swedis h Institut e o f  Compute r  Science ,  Bo x 1263 ,  SE-1642 9 Kista ,  Swede n 
k a n e r v a @ s i c s .  s e 

H o l o g r a p h i c R e d u c e d R e p r e s e n t a t i o n 

Distributed representation has been studied in the cognitive 
science s a s a  brainlik e alternativ e t o th e mor e conventiona l 
representation s use d i n numeri c an d symboli c computing . 
Researc h o n representatio n ha s bee n reviewe d b y Plat e 
(1994 )  i n introductio n t o hi s Holographi c Reduce d Repre -
sentatio n ( H R R ) ,  whic h i s a  wa y t o encod e compositiona l 
(recursive )  structur e wit h high-dimensional ,  rando m vector s 
of  fixed  width .  Typicall y thei r  dimensionalit y N  >  1,0(X) . 

Structure d informatio n i s usuall y encode d wit h record s 
compose d o f  fields.  However ,  H R R vector s hav e n o fields. 
Instead ,  th e informatio n o f  eac h "field "  i s distribute d ove r 
th e entir e vector—henc e "holographic. "  Th e mai n ide a i s t o 
encod e i t  s o tha t  th e similarit y o f  meanin g i s expresse d a s a 
correlatio n betwee n H R R vectors .  Thi s make s H R R s attrac -
tiv e fo r  modelin g menta l  function s i n artificia l  neura l  nets . 

Encodin g a n H R R vecto r  resemble s dat a encryption ,  an d 
decodin g i t  resemble s decipherin g wit h a  key .  Le t  u s encod e 
'nam e =  Pa t  &  se x =  mal e &  ag e =  66 '  a s a n example .  Eac h 
of  th e component s i s itsel f  represente d b y a n /V-dimensiona l 
rando m vecto r  (A -̂vector) ,  referre d t o b y th e boldfac e word s 
name,  Pat ,  sex ,  male ,  age ,  an d 66 .  H R R s ar e encode d i n 
tw o step s calle d bindin g an d chunking .  Bindin g th e variabl e 
'name '  t o th e valu e 'Pat '  yield s th e A -̂vecto r  name*Pa t  and , 
similarly ,  w e ge t  th e A -̂vector s sex*mal e an d age*6 6 fo r  th e 
othe r  two .  Th e bindin g operatio n *  depend s o n th e kin d o f 
H R R,  bu t  i t  alway s combine s tw o ̂ V-vector s int o a  singl e ̂ V -
vector .  Next ,  th e /V-vector s fo r  th e thre e boun d pair s ar e 
chunke d int o a  singl e A -̂vector ,  whic h i s writte n a s 

{name*Pa t  +  sex*mal e +  age*66 ) 

remindin g u s tha t  i t  i s a  normalize d su m vecto r  ( a mea n vec -
tor )  o f  som e kind .  W e wil l  refe r  t o i t  a s P M 6 . 

H R Rs ar e decode d i n tw o step s calle d probin g an d clean -
up.  Probin g P M 6 wit h n a m e ,  writte n a s n a m e # P M 6 ,  pro -
duce s a n N-veclo T Pat '  tha t  i s  simila r  to—i t  correlate s highl y 
with—Pat ,  i.e. , 

n a m e # P M6 =  naine#(name*Pa t  +  sex*mal e +  age*66 ) 
= Pat '  =  Pa t 

The "high "  correlatio n i s a  matte r  o f  degree :  Th e correlatio n 
of  Pat '  wit h Pa t  i s significantl y highe r  tha n wit h a n unre -
late d H R R vector ,  whic h allow s Pa t  t o b e identifie d amon g 
al l  H R R vector s tha t  a  syste m ha s encountered .  Findin g th e 
"neares t  neighbor "  o f  th e approximat e resul t  o f  probing—o f 
Pat'—i s calle d clean-u p an d i t  coul d b e don e wit h a n auto -
associativ e neura l  memory ,  fo r  example . 

Plat e describe s tw o kind s o f  H R R,  on e wit h rea l  vector s 
and th e othe r  wit h comple x vectors ;  h e refer s t o th e latte r  a s 
" H R Rs i n th e frequenc y domain. "  Th e A '  component s o f  a 

rea l  H R R vecto r  ar e distribute d normall y wit h mea n =  0  an d 
varianc e =  l/N ,  an d o f  a  comple x H R R vecto r  the y ar e dis -
tribute d uniforml y aroun d th e uni t  circl e o f  th e comple x 
plane .  Th e bindin g (* )  an d probin g (# )  operator s fo r  rea l 
H R Rs ar e circula r  convolutio n an d "correlation, "  respec -
tively ;  fo r  comple x H R R s the y ar e coordinatewis e comple x 
multiplicatio n an d division .  Chunkin g i s b y normalize d vec -
to r  sum ,  an d clean-u p i s b y som e nearest-neighbo r  method , 
as ha s alread y bee n mentioned . 

The Spatter Code 

The Spatter Code (Kanerva, 1997; see its references for the 
developmen t  o f  th e idea )  work s wit h rando m Â -bi t  words .  I t 
gre w ou t  o f  th e nee d t o encod e concept s a t  arbitraril y  man y 
level s i n fixed-width  words ,  an d th e initia l  concer n wa s h o w 
t o maintai n th e densit y o f  1  s  ove r  successiv e level s o f  com -
position .  Th e spatte r  cod e realize s H R R wit h binar y vector s 
and represent s holographi c reduce d representatio n perhap s a t 
it s  simplest . 

Binar y H R R vector s hav e A ^  rando m bit s tha t  ar e mutuall y 
independent ,  an d O s an d 1  s  ar e equall y probabl e (th e code -
word s ar e dense) .  Bitwis e Exclusive-O r  ( X O R ,  ® )  i s use d 
fo r  bot h bindin g (* )  an d probin g (#) ,  an d chunkin g i s don e 
wit h bitwis e thresholde d su m tha t  realize s th e majorit y rule . 
The resul t  o f  probin g ca n b e cleane d up ,  a t  leas t  i n principle , 
wit h a  neura l  associativ e memory . 

The mai n virtu e o f  th e binar y representatio n i s simplicity . 
M a ny o f  it s  propertie s ca n b e derive d fro m th e binomia l  dis -
tribution ,  an d binar y system s ar e th e easies t  o f  al l  t o buil d o r 
simulate .  Thi s help s mak e th e ide a o f  H R R accessible . 

The binar y representatio n ha s it s peculiarities .  Ther e i s n o 
obviou s wa y t o realiz e th e majorit y rul e whe n th e numbe r  o f 
binar y vector s tha t  ar e chunke d togethe r  i s  even ,  no r  t o giv e 
individua l  weight s t o th e vector s whe n the y ar e chunke d 
togethe r  (weightin g i s no t  discusse d i n thi s paper) .  Bindin g 
and probin g wit h th e sam e operator ,  th e X O R ,  tha t  als o i s 
commutativ e ca n produc e unwante d effects .  I t  i s  possibl e t o 
elaborat e th e binar y representatio n an d t o remed y a t  leas t 
some o f  it s  apparen t  shortcomings . 
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