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A THEORY OF INTELLIGENC E 
by: P. J. vanHeerden 

POLAROID RESEARCH LABORATORIES 
750 MAI N STREET,  CAMBRIDGE.  MASSACHUSETTS 

The basis of this theory of intelligence, in man or animal, 
i s  a  model .  Th e mode l  i s a  computer ,  "th e brain' ,  wit h inpu t 
channel s an d outpu t  channels .  Shannon ,  i n hi s theor y o f  inform -
ation^ )  ha s show n tha t  al l  informatio n channel s ca n b e presente d 
i n th e for m o f  binar y tim e series ,  sequence s o f  one s an d zero s 
only ,  a s fo r  instanc e 10110 1 Thi s i s s o becaus e an y recor d 
of  event s o r  thing s i n th e rea l  world-b e i t  photographs ,  televi -
sio n tapes ,  audi o tapes ,  writte n o r  printe d material ,  o r  an y othe r 
imaginabl e recor d contain s onl y a  finit e amoun t  o f  information . 
Therefore ,  th e mode l  o f  intelligenc e ca n b e a  finit e "̂ tat e digita l 
computer ,  havin g onl y binar y tim e serie s a s input s an d outputs . 

A furthe r  choic e wil l  b e mad e i n th e model -  I t  wil l  b e 
assumed tha t  th e program ,  tha t  i s th e se t  o f  instruction s give n 
t o th e compute r  t o mak e i t  int o a  mode l  o f  intelligence ,  i s in -
dependen t  o f  th e siz e o f  th e computer .  Thi s mean s tha t  th e mode l 
fo r  intelligenc e i n man ,  mouse ,  octopu s o r  an t  i s th e sam e i n 
principle ,  althoug h th e amoun t  o f  informatio n processin g neede d 
t o mode l  huma n intelligenc e i s clearl y muc h large r  tha n i n th e 
model  o f  a n ant . 

I t  i s  almos t  silentl y implie d tha t  th e progra m fo r  th e com -
puter ,  t o mak e i t  int o a  mode l  o f  intelligence ,  i s completel y in -
dependen t  o f  th e "actua l  meaning "  o f  th e informatio n bein g pro -
cessed .  I n a  binar y computer ,  th e machin e ca n onl y se e th e differ -
enc e betwee n th e symbo l  1  an d th e symbo l  0 ,  an d nothin g more . 

I f  a  man i s hungr y h e wil l  tr y t o satisf y hi s hunge r  b y 
eating .  Tha t  i s intellî ^ent .  Th e genera l  principl e o f  intelligenc e 
wil l  b e considere d th e generalizatio n o f  tha t  statement:  "T o b e 
intelligen t  i s t o tr y t o satisf y one'" ? persona l  drives" .  However , 
one coul d no t  understan d man ,  o r  socia l  cmimals ,  withou t  assumin g 
th e existenc e o f  severa l  independen t  socia l  drives-a s fo r  instanc e 
th e parenta l  instincts-whic h may ver y wel l  overrul e th e driv e o f 
hunge r  i n specifi c  situations .  I f  on e i s hungry ,  i t  may stil l  b e 
more satisfyin g t o fee d one' s chil d tha n t o ea t  on e self .  Man' s 
spectru m o f  socia l  drive s ha s bee n ver y wel l  represente d fo r  in -
stanc e i n th e wor k o f  th e socia l  psychologis t  Willia m MacDougall^ ) 

The drive s wil l  b e represente d i n th e mode l  a s a  numbe r  o f 
inpu t  tim e serie s t o th e computer .  T o satisf y one' s drive s on e ha s 
t o act ,  operat e o n th e outsid e world ,  i n som e way .  on e may fo r 
instanc e as k wher e t o fin d a  restaurant ,  on e may wal k t o it ,  on e ma y 
pic k u p a  menu .  i t  wil l  b e assume d tha t  intelligenc e result s 
i n commands t o th e muscles ,  a s t o th e tongu e i n speaking ,  th e 
leg s i n walking ,  th e han d i n holdin g th e menu .  These  commands 
wil l  b e represente d i n th e mode l  a s th e outpu t  binar y tim e 
serie s o f  th e computer .  There  are ,  beside s th e drives ,  a 
secon d typ e o f  inpu t  tim e serie s neede d fo r  intelligen t  action . 
Thes e ar e th e channel s whic h carr y th e informatio n fro m th e 
senses ,  a s th e eye s an d ears ,  withou t  whic h intelligen t  actio n 
woul d hardl y b e possible . 

we no w hav e al l  th e component s o f  th e mode l  o f  intelligence : 
a digita l  computer ,  wit h tw o type s o f  binar y inpu t  tim e series , 
and on e typ e o f  binar y outpu t  series .  Le t  u s arrang e the m i n a 
aiagram : 

Model  o f  Intelligenc e 

Past Presen t 

Human Drive s Hi(1),h^(2),H^(3)... .  Hi{n) , 
(a s hunger ,  receive d h,(1).H,(2).ri,(3 )  H-(n) , 
..o._̂ th e .oa y . .  t. e „ ^  , „  .  „ ^  , „  .  „ ,  ,3 ,  .  .  .  .  H^n ,  . 

Human Senses S^ (1),5^(2),Si(3) S^lnl 
(informatio n flo w 82(1) , 
fro m eyes ,  ear s etc . 
t o th e brain ) 
commands to muscles Ci(1),Ci(2),C^(3),.... C^ln), 
(th e informatio n flo w Cjll )  Cjin) , 
i n th e nerve s fro m th e 
brai n t o hand ,  tongu e 
or  foot ) 

H^fn+l),. . 
H2(n+1),. . 
H3in+1),. , 

Si'n+l) , 

Ci  (n+1 ) 
c->(n+l ) 

H,  S ,  C  ar e al l  binar y function s a t  specifi c interval s o f  tim e t ; 
fo r  instanc e Hi(L-\)=l ,  Hj(t=2)=0 ,  llĵ (t-=3)=0 ,  etc .  Th e interval s 
't- 1 may u e 1  second ,  0. 1 secon d o r  th e like . 
[It is well known that the observing brain also acts on glands m 
th e bod y t o prepar e i t  fn r  action :  th e sigh t  o f  foo d stimulate s th e 
digestiv e juices ,  th e sigi. t  o f  fearsom e thing s put s adrenali n int o 
th e blood ,  etc .  Althoug h t.ii s  i s  no t  muscula r  action ,  th e function , 
logicall y speakin g i s a o simila r  t o muscula r  actio n tha t  i t  wil l  b e 
incorporate d i n th e mode l  a s channel s Cy ,  Cĵ + i  etc. ] 

Al l  w e hav e t o d o no w t o finis h th e mode l  o f  intelligenc e 
i s t o ad d a  compute r  progra m tha t  constructs ,  fro m th e serie s 
^l '  H2...,Si ,  S2---an d C^ ,  02-... ,  th e outpu t  serie s Cĵ ,  C 2 -  -  - -
The ai m o f  th e prograr .  i s  t o mak e th e futur e digit s o f  H, ,  H , 
equa l  t o zero .  H= 0 wil l  b e assume d a  satisfie d drive .  H= l  a n 
activ e drive .  I t  mus t  b e clea r  tha t  on e canno t  expec t  a  strictl y 
causa l  relatio n betwee n ou r  futur e desire s H  an d ou r  presen t  mus -
cula r  activity .  When on e i s ou t  i n th e middl e o f  a  desert ,  i t 
wil l  b e har d t o com e u p wit h a n immediat e actio n t o satisf y one' s 
hunge r  o r  thirst .  On e ca n onl y as k fo r  th e bes t  on e ca n do ,  tha t 
I S a s man y O' s a s possibl e i n th e futur e o f  th e H's ,  o n th e basi s 
of  one' s limite d capabilities . 

Our  progra m need s a  theor y o f  prediction .  I t  i s  clea r  tha t 
suc h a  theor y shoul d exist .  Peopl e d o lear n t o satisf y thei r  need s 
by thei r  actions .  We cal l  tha t  skill ,  experience ,  insight ,  intell -
igence ,  "kno w how "  o r  wisdom .  On e i s no t  continuousl y succesfu l  b y 
jus t  shee r  luck .  We als o believe ,  o n th e basi s o f  moder n science , 
tha t  th e learnin g proces s take s plac e b y informatio n processin g i n 
th e brain ,  analogou s t o wha t  digita l  computer s do .  Doe s a  theor y 
of  predictio n exist ? I  wil l  propos e one3 )  t o you .  i t  i s  my vie w 
tha t  suc h a  theory ,  throug h th e wor k o n informatio n theory ,  b y 
Shanno n an d others ,  ha s becom e almos t  selfevident .  Th e knowledge , 
tha t  on e ca n wor k wit h binar y tim e serie s only ,  an d arriv e a t  a 
completel y genera l  theory ,  ha s certainl y eliminate d al l  mathematica l 
difficulties .  Th e onl y proble m i s scientific :  t o propos e a  theor y 
tha t  conforms  t o th e intuitiv e expectation s w e have ,  a s intelligen t 
beings ,  abou t  th e future , 

TO begin ,  assum e a  binar y tim e serie s f(t) ,  an d f(l)=l ,  f(2)=0 , 
f(3)=l ,  f(4)=0 ,  f(5)=l ,  f(6)=0 .  What  i s f(7) ,  f(8) ,  etc. ? Le t  me 
writ e dow n th e pattern :  101010... .  On e ha s th e intuitiv e expecta -
tio n tha t  I t  wil l  continu e wit h 1010 ,  Ca n w e no w fin d th e reaso n 
fo r  thi s intuitiv e expectatio n an d formulat e i t  a s a  genera l  theor y 
fo r  al l  possibl e situation s o f  binar y tim e series ? 

Suppos e on e give s a  specifi c  tim e serie s t o a  grou p o f  scien -
tists ,  expert s i n analysin g information : 
101101001010101000111 0 
Let  th e tim e serie s b e a  lon g one ,  sa y a  millio n digits ,  an d on e 
ask s the m t o predic t  th e futur e o f  th e series .  Naturall y the y wil l 
want  t o kno w wha t  th e tim e serie s represent ,  s o the y hav e som e clues : 
i s  i t  th e binar y encodin g o f  som e spoken ,  o r  writte n language ,  th e 
son g o f  a  bird ,  a  televisio n program ? Bu t  the y ar e tol d tha t  a  ne w 
bor n bab y doe s no t  hav e th e privileg e o f  knowin g wha t  th e worl d i s 
al l  about .  i t  receive s signal s fro m it s eye s an d ear s an d stomac h 
and doe s no t  kno w wha t  the y mean .  Bu t  i n fiv e o r  te n year s i t  grow s 
up int o a n intelligen t  bein g whic h know s a  lot .  wh y shoul d a  grou p 
of  accomplishe d scientist s b e entitle d t o more ? S o th e expert s 
star t  analysin g th e tim e serie s b y al l  th e mean s the y hav e avail -
abl e an d en d u p confessin g tha t  th e serie s loo k ver y rando m t o 
them ,  an d therefor e ther e i s littl e t o predict .  On e the n give s 
the m th e clu e tha t  i t  may represen t  th e firs t  millio n digit s o f 
/ ^  ,  writte n i n binar y digits .  The y tr y i t  an d i t  fit s  perfectly . 

They wil l  the n hav e a  stron g intuitiv e expectatio n tha t  als o th e 
futur e digit s o f  th e serie s wil l  b e represente d b y /r z Ar e the y 
certai n tha t  thi s expectatio n wil l  tur n ou t  correct ? No ,  nothin g 
i s certai n i n th e rea l  world .  I t  i s  simpl y th e bes t  predictio n 
the y hav e a s rationa l  being s o n th e basi s o f  th e availabl e inform -
ation . 

Thi s exampl e show s th e wa y t o th e genera l  formulatio n o f  a 
theor y o f  rationa l  prediction .  There  woul d hav e bee n n o reaso n 
t o associat e th e tim e serie s wit h Jf ^  ,  becaus e / I  woul d hav e bee n 
jus t  on e hypothesi s ou t  o f  a  billio n other s on e coul d com e u p with . 
But  onc e a  hypothesi s ha s bee n trie d an d show n t o confor m t o th e 
presentl y give n series ,  w e hav e a  stron g intuitiv e confidenc e tha t 
thi s make s a  valuabl e prediction,  s o th e theor y says :  sinc e al l 
hypothese s ar e aprior i  equivalent ,  choos e a  hand y packag e o f  hypoth -
ese s whic h i s readil y formulated ,  easil y store d an d efficientl y 
tested .  There  exist s on e suc h hand y package .  I t  is :  "compar e th e 
presen t  tim e serie s wit h al l  it s  ow n pasts. "  Fo r  a  millio n digi t 
series ,  w e hav e a  millio n independen t  hypothese s withou t  an y effort . 
Ther e i s n o othe r  se t  o f  hypothese s i  hav e bee n abl e t o thin k o f 
tha t  matche s thi s on e i n efficiency .  I  therefor e hypothesiz e tha t 
thi s I S th e syste m use d b y al l  livin g creature s endowe d wit h in -
telligence ,  grea t  o r  small . 

There  ar e a  fe w thing s t o b e specifie d befor e th e theor y i s 
complete :  Th e firs t  on e i s tha t  on e mus t  allo w a  percentag e o f 
erro r  i n th e compariso n o f  th e presen t  tim e serie s wit h th e hy -
potheses .  Otherwis e on e may fin d tha t  no t  a  singl e hypothesi s i s 
confirmed .  Th e secon d on e i s tha t  on e ca n deman d a  matc h o f  th e tim e serie s wit h th e hypothesis ,  no t  ove r  th e whol e serie s bu t onl y ove r  a n unspecifie d perio d bac k int o th e past .  Then ,  i f  on e has severa l  hypothese s matchin g th e tim e series ,  on e ove r  1 0 digit s on e ove r  10 0 digit s say ,  o f  th e mos t  recen t  past ,  on e se -lect s a s th e bes t  predictio n tha t  on e hypothesi s whic h ha s matche d th e tim e serie s ove r  tli e longes t  mos t  recen t  past . Ther e i s on e mor e supplemen t  t o th e theor y whic h seem s de -sirable .  I n ou r  model ,  ther e i s no t  jus t  on e tim e series ,  bu t  a larg e numbe r  o f  series .  We hav e presente d th e past ,  o f  Drives , Sense s an d commands t o muscle s informatio n a s a  tw o dimensiona l tablea u o f  one s an d zeros .  T o predict ,  w e compar e th e presen t tablea u no t  ]us t  wit h th e tableau s w e obtai n b y goin g 1,2, 3 o r more digit s t o th e left .  Instead ,  w e als o allo w movement s u p an d down.  We investigat e th e matc h o f  th e presen t  tablea u wit h al l 
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othe r  tableau s w e obtai n b y goin g an y riLunbe r  o f  atep s t o th e 
lef t  combine d wit h an y numbe r  o f  step s u p o r  down . 

The theor y say s tha t  th e brai n i s programme d t o tes t  n 
hypotheses ,  wher e th e infornidtio n store d b y previou s event s i n 
th e lif e o f  th e intelligen t  individua l  i s  n  bits .  I t  the n se -
lect s th e on e hypothesi s whic h conform s bes t  t o th e presen t  si",, . 
tuation .  Fo r  humans ,  thi s may requir e th e testin g o f  10 ^  t o 1 0 
hypotheses .  An d don' t  forget ,  thi s tas k i s performe d no t  ^us t 
once ,  bu t  agai n an d again ,  ever y tim e interva l  - t  o f  0. 1 second s 
may be .  Clearl y tha t  i s  a n enormou s computationa l  task !  Ther e 
must  therefor e b e shor t  cuts . 

TO finis h however ,  w e mus t  conside r  tw o situations .  Th e 
firs t  on e i s th e cas e tha t  th e predictio n lead s t o a n increase d 
satisfactio n o f  th e drives ,  a n increase d numbe r  o f  zeros .  Tha t 
I S th e eas y one .  Th e brai n simpl y produce s th e correspondin g 
commands t o th e muscle s fro m it s memory .  Thi s i s a s i n th e plea -
san t  situatio n wher e on e drive s hom e afte r  wor k i n ligh t  traffic . 
One know s wha t  t o do .  Th e secon d possibilit y  i s  tha t  th e predic -
tio n i s on e o f  increase d anxiety .  "On e enjoy s one' s dinne r  a t 
home an d notice s throug h th e windo w one'* = creditor s converg e o n 
th e fron t  door "  Or :  "on e enter s one' « hom e an d find s a  bo a con -
stricto r  i n th e livin g room "  wha t  i s no w th e mode l  fo r  th e 
automati c instructio n t o th e muscles ? Thes e question s ar e no t 
answere d a s readily ,  an d clearl y requir e mor e discussion . 

April 24, 1081 
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