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We present a model for human cognitive processing 
whic h assume s tha t  a  majo r  componen t  o f  th e rule s fo r 
calculatin g behavio r  ar e residen t  outsid e th e individu -
al ,  i n th e inherited ,  collectiv e phenomen a tha t  anthro -
pologist s ca l  I  'culture. '  Ou r  mode l  contain s 
rule s o f  behavio r  encode d i n propositiona i  structure s 
suc h a  frame s o r  scripts ,  plu s a  metho d fo r  calculatin g 
behavio r  b y analogy .  Th e propositiona I  rule s ar e 
transforme d int o situationa l  stat e description s tha t 
ar e relate d b y transformatio n operator s whic h ar e als o 
vali d fo r  transformin g situation s analogically .  Thi s 
kin d o f  operato r  ha s bee n named ,  '  Appos I  t  iona l  Trans -
formatio n Operator, '  o r  AT O (Klei n 1977) .  Th e ter m 
refer s t o a  theor y whic h posit s tha t  th e divisio n o f 
labo r  betwee n propositiona l  an d appositiona l  mode s o f 
reasonin g i s culturall y determine d (Tentoute n t  feplan 
1973 ;  Parede s &  Hepbur n 1976 ,  1977) .  Th e ATO' s de -
scribe d b y Klei n (1977 )  ar e derive d fro m th e 2-valued , 
stron g equivalenc e operato r  o f  mathematica l  logic ,  an d 
fro m a  3-value d variant .  ATO's ,  mechanicall y derive d 
fro m prepositiona l  fram e descriptions ,  ca n b e use d t o 
calculat e behavio r  b y analogy ,  an d i n a  wa y tha t  evade s 
many combinatoria l  problem s associate d wit h computa -
tio n usin g propositiona l  forms .  Task s o f  goa l  relate d 
plannin g ca n b e handle d i n particularl y efficien t  ways . 
The model represents a radical interpretation and 
extensio n o f  idea s o f  Claud e Lfcvi-Straus s (1962 ,  1964 -
71) .  We sugges t  tha t  man y o f  th e ATO' s i n a  give n 
societ y ar e encode d i n th e materia l  an d symboli c arti -
fact s o f  it s  culture .  I t  i s  no t  necessar y t o assum e 
tha t  huma n processor s comput e behavio r  i n significantl y 
bette r  way s tha n contemporar y compute r  models .  Rather , 
I t  i s  th e collective ,  inherite d cultura l  environmen t 
tha t  supplie s th e informatio n an d constraint s tha t  mak e 
calculatio n o f  behavio r  a  relativel y simpl e task .  We 
sugges t  tha t  surrealisti c  imager y presen t  i n myt h 
structure s encode s ATO' s tha t  contro l  socia l  behavior . 
Surrealisti c drea m imager y encode s bot h collectiv e an d 
individua l  ATO's .  Th e archetype s o f  Jung ,  supposedl y 
residen t  i n a  collectiv e unconscious ,  ca n b e interpret -
ed i n thi s mode l  a s ATO' s i n th e for m o f  surrealistic , 
iconi c imagery .  Thi s imager y emerge s independentl y 
and i n paralle l  amon g member s o f  simila r  socia l  group s 
as a  consequenc e o f  thei r  socia l  interactions .  AT O 
imager y I s bot h culturall y inherite d an d spontaneousl y 
emergent :  i t  aid s i n learnin g th e rule s o f  socia l 
structure ,  an d emerge s a s epiphenomen a i n th e mind s o f 
individual s a s a  consequenc e o f  th e structur e an d 
rep«tltio n i n thei r  everyda y interactions .  Th e imager y 
may shif t  wit h socia l  chang e an d th e replacemen t  o f 
generations .  Thi s r e i  nterpreta t  io n o f  Jun g limit s 
simila r  archetype s t o simila r  sociocultura l  groups , 
and make s unnecessar y an y geneti c o r  metaphysica l 
basi s fo r  th e concep t  o f  'collectiv e unconscious. ' 
To explore the ATO thesis, we have constructed a 
compute r  simulatio n mode l  o f  a n artificia l  society , 
cultur e an d universe -  a  worl d derive d fro m Edwi n 
Abbott' s  19th-centur y fantasy .  FLATLAND:  A  Romanc e o f 
Many Dimension s (I38i«) .  Th e mode l  i s  embedde d i n a 
new versio n o f  th e Meta-symbo l  i c Simulatio n Syste m 

(Klei n e t  al .  1976 .  1977 .  1979 ;  Appelbau m 1976 )  no w 
Interprete d I n PASCAL fo r  th e Tera k an d Appl e micro -
computers ,  an d named ,  '  till !  , '  (pronounce d 'BAR  BAR, ' 
fo r  short) .  U s hav e buil t  a  frame-drive n mode l  tha t 
generate s a n opera ,  complet e wit h textual ,  visua l  an d 
musica l  output ,  al l  derive d from  th e sam e semanti c 
source .  Th e rule s ar e somewha t  simila r  i n form  t o 
thos e o f  Prop p (1928 )  an d ar e relate d t o th e typ e i n 
Klei n e t  al .  (1976 ,  1977) ,  plu s a n Improvement :  w e 
hav e no w implemente d Propp' s concep t  o f  multi-mov e 
tale s (i.e .  th e satisfactio n o f  goal s throug h th e cal -
culatio n o f  event s i n parallel) .  Ou r  outpu t  i s a n 
oper a entitled .  REVOLT I N FLATUND:  A n Oper a i n -ft w 
Dimensions ,  produce d i n th e for m o f  a  videotap e fKTe •  n 
et  al .  1981) .  A t  eac h tim e incremen t  durin g th e gen -
eratio n o f  th e opera ,  th e complet e stat e o f  th e uni -
vers e i s recorde d i n a  tw o o r  thre e dimensional , 
binar y featur e array .  Thi s encodin g i s a  consequenc e 
of  th e implementatio n o f  th e dat a structure s i n llft l 
(BAR BAR) .  We ma y calculat e a n AT O t o relat e an y tw o 
suc h states .  I f  w e sav e th e entir e serie s o f  ATO' s 
tha t  relat e th e sequentia l  state s o f  th e opera ,  w e 
hav e th e basi s fo r  generatin g a  surrealisti c version . 
To accomplis h thi s w e interpre t  th e ATO's ,  no t  a s 
operators ,  bu t  a s stat e description s o f  th e univers e 
(the y ar e i n exactl y th e sam e format  a s th e stat e de -

scription s the y relate) .  The y may the n b e used ,  i n 
origina l  sequence ,  t o generat e text ,  visua l  imager y 
and music .  I t  i s  ou r  thesi s tha t  thi s multi-mediu m 
encodin g i s a  significan t  componen t  o f  th e materia l 
and symboli c artifact s o f  a  culture .  We sugges t  tha t 
what  anthropologist s cal l  'culture '  serve s a s a  repos -
itor y fo r  th e analogica l  operator s (ATO's )  tha t  mak e 
computatio n o f  behavio r  (rule s o f  socia l  structure )  a 
feasibl e tas k fo r  huma n automata .  I t  i s  als o possibl e 
t o comput e ATO' s tha t  relat e ATO's .  These ,  also ,  ma y 
be interprete d a s stat e description s an d use d t o 
generat e a  kin d o f  surrealisti c imager y i n th e for m o f 
text ,  visua l  image s an d music .  A t  th e highes t  levels , 
suc h ATO' s ca n relat e pattern s behin d th e pattern s 
tha t  relat e pattern s o f  behavior ;  thes e ultimatel y 
relat e al l  th e domain s o f  behavio r  possibl e i n a 
society .  Suc h ATO' s may b e encode d a s myt h systems , 
deitie s o r  a s othe r  form s o f  iconi c imagery .  Suc h a 
model  provide s a  ne w leve l  o f  mechanis m fo r  idea s o f 
Ltvi-Straus s (Klei n e t  al .  I98O) . 

W» are currently working on a videotape performance 
of  a  surrealisti c versio n o f  ou r  opera ,  REVOLT I N 
FLATLAND.  t o accompan y th e original .  Th e calculatio n 
of  plot s b y proposItiona l  reasonin g i s quit e tim e con -
suming .  Th e ATO' s derive d fro m a  simulatio n generatio n 
can als o b e use d t o generat e a  ne w oper a b y analogy . 
Al l  tha t  i s require d i s t o specif y a  ne w se t  o f  init-
ia l  condition s an d th e quantificatio n o f  classe s ref -
erence d b y th e ATO's .  Th e derivatio n o f  a  ne w oper a 
tha t  i s a n analogu e o f  th e ol d ca n tak e plac e wit h 
calculation s n o mor e comple x tha n operation s betwee n 
featur e arrays ,  carrie d ou t  i n chaine d sequence . 

The forma l  propertie s o f  ATO' s permi t  calculatio n 
of  successo r  an d atecedan t  states .  Accordingly ,  i t  i s 
possibl e t o pla n b y analogy .  Thi s kin d o f  plannin g i s 
not  limite d t o goa l  state s tha t  ar e realisticall y 
attainabl e i n th e modelle d universe .  Becaus e ATO' s 
ar e analogic ,  on e ca n calculat e th e hypothetica l  re -
quirement s t o realiz e a n unobtainabl e goal ,  vi a analog y 
wit h goa l  attainmen t  sequence s tha t  ar e possible .  Th e 
textual ,  visua l  an d musica l  realizatio n o f  ou r  opera s 
may als o tak e a  surrealisti c  o r  fantas y for m i f  th e 
startin g condition s an d hypothetica l  goa l  state s tha t 
ar e specifie d ar e mad e ver y devian t  fro m wha t  i s im -
plie d b y th e rule s o f  primar y simulatio n model .  Ws 
ar e als o workin g o n th e generatio n o f  analogica l  vari -
ant s o f  th e oper a i n whic h initial ,  intermediat e an d 
termina l  state s ar e specifie d tha t  coul d no t  b e 307 



A love s n o one ,  ha s n o 
$,  I s marrie d t o B .  B 
love s A ,  ha s n o $ ,  I s 
marrie d t o A .  C  love s 
A,  ha s $ ,  I s unmarried . 

La Lb Lc $ Ha K> He 

A love s n o one ,  ha s $ ,  i s 
marrie d t o C.  B  love s n o 
one ,  ha s n o $ ,  an d I s un -
married .  C  love s A ,  ha s $ 

— ^^  an d I s marrie d t o A  . 
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A .  0  0  0  . 

8 1  . 0 0 1 
C 1  0  .  1  0 

1 0 
.  0 
0 . 

A 
B 
C 

• 
0 
1 

0 
• 
0 

0 
0 
• 

1 
0 
1 

• 
0 
1 

0 
• 
0 

1 
0 
• 

*z w 
• 
0 
1 

1 
• 
1 

1 
1 
• 

0 
i 
1 

• 
0 
0 

0 
• 
1 

0 
1 
• 

te^iM^ 

A B 

*(*XY)(*ZW ) 

. 
0 
1 

1 
• 
1 

1 
1 
• 

0 
1 
) 

• 
1 
0 

1 
. 
1 

0 
1 
• 

"surrealistic "  interpretatio n 

A love s B  (  C,  ha s n o $ ,  i s 
marrie d t o B .  B  love s C ,  ha s 
$,  an d i s marrie d t o A  6  C. 
C love s A  &  B ,  ha s $ ,  an d i s 
marrie d t o B . 

If we then postulate a situation 

La lb U $ Ma »t) He 

P. 

A love s B  fr  C ,  ha s n o $ ,  an d 
i s unmarried .  B  love s A ,  ha s 
no $  an d i s unmarried . 
C love s A ,  ha s $  an d i s 
unmarried . 

we ca n comput e it s successo r  stat e b y analog y wit h th e 
combine d result s o f  X=^ Y &  Z=^ W b y solvin g 
(( X : :  Y )  : :  ( Z : :  W) )  : :  ( P : :  ?) ,  wher e 7  : 
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A love s B  «•  C ,  ha s $ ,  an d 
i s marrie d t o C.  B  love s 
no one ,  ha s n o $ ,  an d i s 
unmarried ,  C  love s A ,  ha s 
$ an d i s marrie d t o A . 

*(P(*(*XY)(*ZW) ) 

Plannin g an d Devian t  Behavio r 

If a sequence of events, A, B, C, D, occur, then 

*AC *B 0 =  pattern s behin d pattern s behin d event s 
/ \ /  \ 

*AB *B C *C D =  AT O pattern s behin d event s 

/ W \ / \ 
A B  C  D  I  even t  sequenc e 
If we wish to obtain a state E instead of 0, without 
changin g an y o f  th e ATO's ,  w e derive ,  b y analogy ,  a 
sequenc e leadin g t o E  b y replacin g A ,  B ,  C ,  respec -
t ively ,  wi t h * A ( * O E ) ,  * B ( * O E ) ,  *C ( *OE) .  I f  w e wis h t o 
make a  pla n tha t  specifie s mor e tha n on e goa l  stat e I n 
th e even t  sequence ,  w e mus t  alte r  som e ATO's . 

We sugges t  tha t  th e meanin g o f  'culturall y define d 
behavior '  i s  tha t  member s o f  a  societ y pla n I n a  wa y 
tha t  minimize s th e leve l  an d numbe r  o f  ATO' s affected . 
I t  follow s tha t  devian t  behavio r  ma y b e Interprete d a s 

behavio r  tha t  violate s acceptabl e level s an d number s 
o f  ATO's .  AT O pattern s ar e par t  o f  th e knowledg e 
acquire d b y children .  We posi t  tha t  AT O pattern s ar e 
encode d i n mult ipl e medium s o f  expression ,  bot h 
materia l  an d symbolic ,  an d tha t  the y ar e th e sourc e o f 
metaphor .  I t  I s  thi s encodin g tha t  give s for m t o a 
cul ture ,  an d i t  I s  thi s distribute d presenc e i n th e 
environmen t  tha t  make s calculatio n o f  socia l  behavio r 
computationall y feasibl e fo r  th e huma n mind . 
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derive d fro m th e propositiona l  rules ,  bu t  whic h coul d 
be obtaine d b y hypothetica l  analogy . 

Arc's - Apposltlonal Transforation Operators 

ATCs relate situational descriptions 
I n th e for m o f  featur e arrays .  A  2-value d version , 
essentially ,  i s  th e stron g equivalenc e operato r  o f 
mathematica l  logic .  I f  th e Interpretatio n o f  I  an d 0 
ar e reversed ,  th e operato r  I s equivalen t  t o non-carry , 
binar y addition .  Th e AT O i s actuall y a n arra y o f  bi t 
operator s define d a s follows : 

*  a  b 
0 0 
0 1 
1 0 
1 1 

1 
0 
0 
1 

wher e '- '  mean s 'doe s no t  apply, ' 
makin g thi s specificatio n 2 -
valued ,  wit h som e augmentation . 

The operato r  ha s th e followin g properties : 

*ab = "ATO' a b 

*a b =  •*b a 
*a(<&b) = b 
*b(*ab) -  a 

e.g . 110 
oi l 
I. I 

•^  ^  n i  1 
< \  0  1  1 

•n /  10 0 

^ b °- ° 
010 
000 -  "ATO " 
0. 1 

•i t 
0 
"1 
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. 6 

0 
1 
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. 0 
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1 
o' 
1 
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. 0 

• 
. 0 
t 
1 
0 

. 0 
• 

. 0 
u 
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A 3-value d varian t  i s  usefu l 
fo r  stat e transition s wher e 
event s emerg e tha t  wer e no t 
presen t  i n th e initia l  state . 
One ca n represen t  thi s wit h 
th e 2-value d ATO,  bu t  th e 3 -
value d varian t  i s als o useful . 
Again ,  a  reversa l  o f  th e inter -
pretatio n o f  I  fr  0  yield n a n 
Implementatio n a s non-carr y add i  t  ion . 

Examples of ATO's In Analogical Inference 

Consider, first, some simple verbal analogies. A 
featur e arra y referencin g 'male, '  'female, '  'young, ' 
'adult, '  'love, '  'hate, '  'light, '  'dark, '  i s 
sufficien t  t o formulat e th e followin g analogy : 

X =  Bo y love s 1  igh t  . .  I -  Gir l  hate s dar k 
Y :  Woman hate s light "  ? 

M F Y A L H Lt Dk ^f,^^^ „ - ^,g^ p . fe^^ie, 

Y :  young ,  A  =  adult , 
L :  love ,  H  :  hate , 
Lt  :  light ,  Dk =  dar k 

X :  1010101 0 . .  Z  :  0110010 1 
*XY :  0000001 1 

Y =  0101011 0 ? 

7 :  *Z(*XY) = 1001100 1 :  fte n love s dar k 
anothe r  example : 

X =  Man hate s dar k . .  Z  :  Bo y hate s ligh t 

Y :  Ubman love s 1igh t  ? 

X :  1001010 1 . .  z  I  1010011 0 „̂ „  „„,.««„ « 
: :  «X Y :  0011000 0 

Y =  0101101 0 ? 
7 = *Z(*XY): OIIOIOOl : Girl loves dark' 

The same method can be applied to visual analogies. 
For  example ,  i f  th e followin g se t  o f  visua l  feature s 
i s use d t o creat e a  pictoria l  analogy ,  th e answe r  ca n 
be calculate d usin g ATO's : 

m 
f \ \ 0 D u 0 0 

X r 

Y : 

X =  lOIOIOl O . .  Z  =  0I010I0 I 

Y :  0II00I1 0 ' "  7 

7 : *Z(*XY) : 10011001 =: 

'X Y =  0011001 1 

^ 

A visua l  Interpretatio n o f  *X Y migh t  yi e H Q 

I f  w e giv e natura l  languag e Interpretation s t o 
thes e visua l  features ,  suc h as , 

iii i  n  0  •  ' ^  ^  ''" '  • " 
mal e femal e youn g adul t  love s hate s ligh t  dar k 

(OO)  :  Bo y love s ligh t r- \  A -  ^̂ xw n hate s dar k 

"iŝ n z  Gir l  hate s ligh t 

ATO :  *X Y : 

mi 
= Ha n love s dar k 

sexles s being ,  bot h ol d 
and young ;  indifferen t  t o 
1Igh t  an d dark . 

Complex analogie s may als o b e computed ,  e.g. . 

I f  (( X : :  Y )  : :  (z-: :  W) )  : :  ( P : :  7 )  the n 

7 :  *P(*(XY)(*ZW)) .  Conside r  a  comple x example : 

X Y 

A love s B ,  ha s n o $ , 
I s marrie d t o B .  B  love s 
A,  ha s n o $ ,  i s  marrie d 
t o A .  C  love s n o one , 
has $  an d I s unmarried . 

A love s B ,  ha s n o $ , 
and i s no t  married .  B 
love s A ,  ha s n o $ ,  an d 
i s no t  married .  C  love s 
no one ,  ha s $  an d i s 
unmarried . 

V*iere La : 'loves A,' etc., $ - 'has money,' 
and (t e :  'marrie d t o A, '  etc. ,  th e X  Y  state s may 
be represente d a s follows : 

La Li ? L c $  Ma Ma Mc L a L b L c $  Ma *  f̂ c 
A 
B 
C 

. 
1 
0 

1 

• 
0 

0 
0 

. 

0 
0 
1 

• 
0 
0 

0 

. 
0 

0 
0 

• 

A 
B 
C 

. 
1 
0 

1 

. 
0 

0 
0 

• 

0 
0 
1 

. 
1 
0 

1 

• 
0 

0 
0 
• 

.  1 
1 . 
1 1 

*XY 
1 1  . 
1 1  0 
.  1  1 

0 

i 

1 
1 
• 

I f  w e depic t  'loves '  a s a  nos e pointin g a t  th e belove d 
(i n between ,  i f  tw o loves) ,  an d i f  a  noseles s stat e 

means 'love s n o one, '  an d i f  holdin g hand s depict s 
'marrie d to, '  an d i f  a  '  $ '  indicates ,  'ha s money,'- . 

n 
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