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 F ra c ta l  g e o m e t ry  h a s  e m e r g e d  as o n e  o f  t h e  m o s t  e x c i t i n g  f r o n t ie r s  in  th e

fu s io n  b e tw e e n  m a t h e m a t i c s  a n d  i n f o r m a t io n  te c h n o lo g y .  F rac ta ls  c a n  be  se e n  

in  m a n y  o f  t h e  sw ir l in g  p a t t e r n s  p ro d u c e d  by c o m p u t e r  g raph ics ,  a n d  th e y  h a v e  

b e c o m e  a n  im p o r t a n t  n e w  to o l  fo r  m o d e l in g  in  bio logy, geology, a n d  o t h e r  n a t ­

ural s c ie n c e s .  W h i l e  f r a c ta l  g e o m e t r y  c a n  in d e e d  tak e  ur i n t o  t h e  far  reaches .  

. o f  h ig h - r e c h  sc ien ce ,  its p a t t e r n s  are  surpris ing ly  c o m m o n  in t r a d i t io n a l  A fr ic a n  

d es ig n s ,  a n d  so m e  o f  its b as ic  c o n c e p t s  a re  f u n d a m e n t a l  to  A f r i c a n  k n o w le d g e  

sys tem s .  T h i s  b o o k  will  p ro v id e  a n  easy i n t r o d u c t i o n  to  f r a c ta l  g e o m e t ry  for 

p e o p le  w i t h o u t  an y  m a t h e m a t i c s  b a c k g r o u n d ,  a n d  it  w ill  sh o w  h o w  th e s e  sa m e  

c a t e g o r i e s  o f  g e o m e t r i c  p a t t e r n ,  c a l c u l a t i o n ,  a n d  t h e o r y  a r e  e x p r e s s e d  in 

A f r i c a n  cu l tu re s .

M a t h e m a t i c s  a n d  c u l tu re

For m a n y  years  a n th ro p o lo g i s t s  h a v e  o b se rv ed  th a t  th e  p a t t e r n s  p ro d u c e d  in  d i f ­

ferent cultures  c an  be characterized  by specific design therr.es. In  Europe a n d  A m e r ­

ica, for e x a m p le ,  we o f te n  see c it ie s  la id  o u t  in  a grid p a t t e r n  of s t r a ig h t  s t re e ts  

an d  r ig h t -a n g le  co rn e r s .  A n o t h e r  grid ,  t h e  C a r te s ia n  c o o r d in a te  sys tem , has  

long b een  a fo u n d a t io n  for th e  m a th e m a t ic s  used in these  societies. In  m any  works



Introductton

o f  C h i n e s e  a r t  w e find h e x a g o n s  used  w i th  e x t r a o r d in a r y  g e o m e t r i c  p r e c i s io n —  

a c h o ic e  t h a t  m ig h t  s e e m  a rb i t ra ry  w ere  it n o t  for t h e  im p o r t a n c e  o f  t h e  n u m ­

b e r  six in  th e  h exagram s o f  th e i r  fo r tune te ll ing  system ( t h e  I Ching), in  th e  an a to m y  

c h a r t s  for a c u p u n c tu re  (liu-qi o r  “six sp ir i ts” ), a n d  e v e n  in  C h in e s e  a r c h i t e c t u r e .1 

S h a p e  a n d  n u m b e r  a re  n o t  o n ly  th e  u n iv e r sa l  ru les  o f  m e a s u r e m e n t  a n d  logic; 

th e y  a re  a lso  c u l tu ra l  to o ls  t h a t  c a n  be  used for ex p re s s in g  p a r t i c u l a r  socia l ideas 

an d  l i n k in g  d if f e re n t  a reas  o f  life. T h e y  a re ,  as  C la u d e  L e v i-S t ra u s s  w o u ld  p u t  it, 

“g o o d  to  t h i n k  w i t h . ”

D es ig n  th e m e s  a re  like  th r e a d s  r u n n i n g  th r o u g h  th e  soc ia l  fab r ic ;  th e y  are 

less a c o m m a n d in g  fo rce  t h a n  s o m e th i n g  w e c o m m a n d ,  w e a v in g  th e se  s t r a n d s  

i n t o  m a n y  d i f f e r e n t  p a t t e r n s  o f  m e a n in g .  T h e  a n c i e n t  C h i n e s e  em p i re s ,  for 

ex a m p le ,  u sed  a b a s e - i o  c o u n t i n g  sys tem , a n d  th e y  e v e n  b e g a n  t h e  first u n iv e r ­

sal m e t r i c  sys tem .^  S o  t h e  f r e q u e n t  use o f  t h e  n u m b e r  6 0  in  C h i n e s e  k n o w le d g e  

sy s tem s c a n  be  l in k e d  to  t h e  c o m b i n a t i o n  o f  th i s  off ic ia l base  10 n o t a t i o n  w ith  

th e i r  sacred  n u m b e r  six. In  som e A m e r i c a n  cit ies we find th a t  t h e  s tree ts  a re  n u m ­

b e re d  like  C a r t e s i a n  c o o rd in a te s ,  b u t  in  o th e r s  th e y  a r e  n a m e d  a f te r  h is to r ic a l  

figures, a n d  s t i l l  o th e r s  c o m b i n e  th e  tw o. T h e s e  c i ty  d i f fe re n c es  typ ica l ly  c o r r e ­

sp o n d  to  d i f fe ren t  so c ia t  m e a n in g s — a n  em p h a s is  o n  h is to ry  versus  efficiency, for 

ex a m p le .

S u p p o s e  t h a t  v is i to rs  f ro m  a n o t h e r  w orld  w e re  to  v iew  t h e  grid  o f  a n  

A m e r i c a n  city. For a  c ity  w i th  n u m b e r e d  streets ,  th e  v is i to rs  (assum ing  th ey  co u ld  

re a d  o u r  n u m b e r s )  c o u ld  safely c o n c lu d e  t h a t  A m e r i c a n s  m a d e  use  o f  a c o o rd i -  

■ n a t e  s t ru c tu re .  B u t  d o  th e s e  A m e r i c a n s  a c tu a l ly  u n d e r s t a n d  c o o r d i n a t e  m a t h e ­

matics?  C a n  th ey  use a c o o rd in a te  grid to  g ra p h  eq u a tio n s?  j u s t  h o w  sop h is t ic a ted  

is t h e i r  m a t h e m a t i c a l  u n d e r s ta n d in g ?  I n  t h e  fo l lo w in g  c h a p te r ,  w e w ill  find o u r ­

selves in a  similar posi tion , for A frican  s e t t l e m e n t  a rch i tec tu re  is filled w ith  re m ark ­

ab le  e x a m p le s  o f  f r a c ta l  s t ru c tu re .  D id  p r e c o lo n ia l  A f r i c a n s  a c tu a l ly  u n d e r s ta n d  

a n d  ap p ly  f rac ta l  g eo m e try ?

A s  I w ill  e x p la in  in  th i s  c h a p te r ,  f r a c ta l s  a re  c h a r a c t e r i z e d  by t h e  r e p e t i ­

t i o n  o f  s im i la r  p a t t e r n s  a t  e v e r - d im in i s h in g  scales .  T r a d i t io n a l  A f r i c a n  s e t t l e ­

m e n t s  ty p ic a l ly  s h o w  th i s  “s e l f - s im i la r ” c h a r a c t e r i s t i c :  c i r c le s  o f  c i r c le s  o f  

c i r c u l a r  d w e l l in g s ,  r e c t a n g u la r  w alls  e n c lo s in g  e v e r - s m a l le r  r e c t a n g le s ,  a n d  

s t re e ts  in w h ic h  b ro ad  a v e n u e s  b r a n c h  d o w n  to  t in y  fo o tp a th s  w i th  s t r ik in g  g e o ­

m e t r i c  r e p e t i t i o n .  T h e  f rac ta l  s t r u c tu r e  w ill  be  eas i ly  id e n t i f ie d  w h e n  w e c o m ­

p a re  a e r i a l  v iew s  o f  th e s e  A f r i c a n  v il lages  a n d  c i t ie s  w i t h  c o r r e s p o n d in g  f rac ta l  

g ra p h ic s  s im u la t i o n s .  . .

W h a t  a re  w e t o  m a k e  o f  t h i s  c o m p a r is o n ?  L e t ’s p u t  o u rse lv e s  b a c k  in  th e  

sh o e s  o f  t h e  v is i to rs  f rom  a n o t h e r  p la n e t .  H a v in g  b e a m e d  d o w n  to  a n  A m e r i c a n  

s e t t l e m e n t  n a m e d  “C orvall is ,  O re g o n ,"  they  d iscover  t h a t  th e  s t ree ts  a re  n o t  n u m -
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b e red ,  b u t  r a t h e r  t i t l ed  w i th  w h a t  a p p ea r  to  be  a rb i t ra ry  nam es :  W a s h in g to n ,  Jef­

ferson, A dam s,  and  so on .  A t  first they  m ig h t  co n c lu d e  th a t  th e re  is n o th in g  m a th e ­

m a t i c a l  a b o u t  it . By u n d e r s t a n d in g  a b i t  m o r e  a b o u t  t h e  c u l tu r a l  m e a n in g ,  

how ever*  a m a t h e m a t ic a l  p a t t e rn  does  em erg e :  th e s e  are n a m e s  in h is to r ic a l  su c ­

cess ion .  I t  m i g h t  be  o n ly  o rd e r in g  in te r m s  o f  p o s i t i o n  in  a ser ies ( a n  “o rd in a l” 

n u m b e r ) ,  b u t  th e r e  is so m e  k in d  o f  c o o r d i n a t e  sy s tem  a t  w o rk  a f te r  all. A fr ic a n  

designs h a v e  to be  approached  in th e  sam e way. W e  c a n n o t  just assume th a t  A fr ican  

f rac ta ls  sh o w  a n  u n d e r s ta n d in g  o f  f rac ta l  g eo m etry ,  n o r  c a n  w e  d ismiss t h a t  p o s­

sibility. W e  n e e d  to  l is ten  to  w h a t  t h e  des ig ne rs  a n d  users o f  th e se  s truc tu res  h a v e  

to  say a b o u t  it. W h a t  app ea rs  to  b e  a n  u n c o n s c io u s  o r  a c c i d e n ta l  p a t t e r n  m ig h t  

ac tu a l ly  h a v e  a n  i n t e n t i o n a l  m a t h e m a t i c a l  c o m p o n e n t .

O v e r a l l ,  t h e  p re s e n c e  o f  m a t h e m a t i c s  in  c u l tu r e  c a n  be  t h o u g h t  o f  in 

te rm s  o f  a  s p e c t ru m  fro m  u n in t e n t i o n a l  to  se l f -co nsc iou s .  A t  o n e  e x t r e m e  is th e  

e m e r g e n c e  o f  c o m p le te ly  u n c o n s c io u s  s t ru c tu re s .  T e rm i te  m o u n d s ,  for exam p le ,  

are  e x c e l l e n t  frac ta ls  ( t h e y  h a v e  c h a m b e r s  w i t h i n  c h a m b e r s  w i th in  c h a m b e rs )  

b u t  n o  o n e  w o u ld  c la im  th a t  te rm i te s  u n d e r s ta n d  m a th e m a t ic s .  In  th e  sam e  way, 

p a t t e r n s  a p p e a r  in  t h e  group  d y n am ics  o f  large h u m a n  p o p u la t io n s ,  b u t  th e se  are 

g ene ra l ly  n o t  p a t t e r n s  o f  w h ic h  an y  in d iv id u a l  is aw are .  U n c o n s c io u s  s t ru c tu re s  

d o  n o t  c o u n t  as m a th e m a t ic a l  k n o w le d g e ,  e v e n  th o u g h  w e c a n  use m a th e m a t ic s  

to  d e sc r ib e  th em .

M o v in g  a lo n g  th is  sp e c t ru m  to w ard  t h e  m o re  i n t e n t i o n a l ,  w e n e x t  find 

e x a m p le s  o f  d e c o ra t iv e  des igns  w h ic h ,  a l t h o u g h  co n sc io u s ly  c re a ted ,  h a v e  n o  

e x p l i c i t  k n o w le d g e  a t t a c h e d  to  th e m .  I t  is po ss ib le ,  for e x a m p le ,  t h a t  a n  a r t i s t  

w h o  d oes  n o t  k n o w  w h a t  th e  w o rd  “h e x a g o n ” m e a n s  c o u ld  s t i l l  d raw  o n e  w i th  

g re a t  p re c is io n .  T h i s  w ould  be  a c o n sc io u s  de s ig n ,  b u t  t h e  k n o w le d g e  is s t r ic t ly  

im plic i t . '1 In  th e  n e x t  s tep  a lo n g  o u r  sp e c t ru m ,  p e o p le  m a k e  rhese  c o m p o n e n t s  

e x p l i c i t— th e y  h a v e  n a m e s  for th e  p a t t e r n s  th e y  o b se rv e  in sh ap es  a n d  n u m b ers .  

T a k in g  th e  i n t e n t i o n  sp e c t ru m  o n e  m o r e  s te p ,  w e h a v e  ru les for h o w  th e se  p a t ­

te rn s  c a n  b e  c o m b in e d .  H e re  we c a n  f in d  “a p p l i e d  m a t h e m a t i c s . ” O f  course  

th e r e  is a  w orld  o fd i f fe r e n c e  b e tw e e n  th e  app lie d  m a t h  of a m o d e rn  e n g in e e r  and 

th e  ap p lied  m a t h  o f  a sh o p k e e p e r— w h e th e r  o r  n o t  s o m e th in g  is in te n t io n a l  tells 

us n o t h i n g  a b o u t  its com plex ity .

F in a l ly  w e m o v e  to  “ p u re  m a t h e m a t i c s , "  as  fo u n d  in  t h e  a b s t r a c t  th e o r ie s  

o f  m o d e r n  a c a d e m ic  m a t h e m a t i c i a n s .  P u re  m a t h  c a n  a ls o  be  very  s im p le — for 

ex a m p le ,  t h e  d i s t in c t io n  b e tw e e n  o rd in a l  n u m b e r s  (first,  se c o n d ,  th i rd )  a n d  ca r ­

d in a l  n u m b e r s  (o n e ,  tw o ,  th r e e )  is a n  e x a m p l e  o f  p u re  m a t h .  B u t  it  w o u ld  n o t  

b e  e n o u g h  fo r  p e o p le  in  a so c ie ty  s im p ly  to  use e x a m p le s  o f  b o t h  types; th ey  

w o u ld  h a v e  to  h a v e  w ords  for th e s e  tw o  c a te g o r ie s  a n d  e x p l i c i t ly  re f le c t  o n  a 

c o m p a r i s o n  o f  th e i r  p ro p e r t ie s  befo re  w e w o u ld  say t h a t  th e y  h a v e  a th e o r y  o f
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t h e  d i s t i n c t i o n  b e tw e e n  o r d in a l  a n d  c a r d i n a l  n u m b e r s .  W h i l e  a p p l i e d  m a t h e ­

m a t ic s  m a k e s  u se  o f  ru les ,  p u r e  m a t h  te l ls  us w h y  th e y  w o rk — a n d  h o w  to  f in d  

.new  o n e s .  ' ' '

 T h i s  b o o k  b e g in s  by m o v in g  a lo n g  t h e  s p e c t r u m  ju s t  d e sc r ib ed .  W e  w ill  s t a r t  by

sh o w in g  t h a t  A f r i c a n  frac ta ls  a re  n o t  s im ply  d u e  to  u n c o n sc io u s  ac tiv ity .  W e  will 

t h e n  loo k  a t  e x a m p le s  w h e re  th e y  are  c o n s c io u s  b u t  im p l ic i t  d e s ig ns ,  fo l low ed  

by e x a m p le s  in  w h ic h  A fr ic a n s  h a v e  d e v is e d  e x p l i c i t  ru les  for g e n e r a t in g  th e s e  

p a t t e r n s ,  a n d  finally  to  e x a m p le s  o f  a b s t r a c t  th e o r y  in th e s e  in d ig e n o u s  k n o w l ­

edge systems. T h e  reason  for tak ing  su ch  a  c a u t iou s  rou te  c a n  be  expressed in  term s 

o f  w h a t  p h i l o s o p h e r  Karl P o p p e r  c a l led  “falsif iabili ty ."  P o p p e r  p o in t e d  o u t  t h a t  

e v e ry o n e  h a s  t h e  u rg e  to  co n f i rm  th e i r  f a v o r i te  th e o r ie s ;  a n d  so w e h a v e  to  t a k e  

p r e c a u t io n s  n o t  to  l im i t  o u r  a t t e n t i o n  to  success— a th e o r y  is o n ly  g o o d  if  you 

try  t o  te s t  it  for fa ilure .  If  w e on ly  use  e x a m p le s  w h e re  A f r i c a n  k n o w le d g e  sys­

te m s  successfu l ly  m a t c h e d  f rac ta l  g eo m e try ,  w e w o u ld  n o t  k n o w  its l im i ta t io n s .  

T h e r e  are in d eed  gaps w h e re  t h e  family o f  th e o r ie s  a n d  p rac t ic e s  c e n te r e d  a ro u n d  

fractal geometry  in h ig h - te c h  m a th e m a t ic s  has  n o  c o u n te rp a r t  in trad i t io na l  Africa. 

A l t h o u g h  su ch  gaps  are  s ign if ican t ,  th e y  d o  n o t  in v a l id a t e  t h e  c o m p a r is o n ,  b u t  

r a t h e r  p ro v id e  th e  necessary  q u a l i f ic a t io n s  to  a c c u ra te ly  c h a ra c te r i z e  t h e  in d ig e ­

n o u s  f rac ta l  g e o m e t ry  o f  A frica .

O v e rv ie w  o f  th e  tex t

F o l lo w in g  th e  i n t r o d u c t io n  to  f r ac ta l  g e o m e t ry  in  t h e  n e x t  s e c t io n ,  in  c h a p te r  

2 w e will  e x p lo r e  f rac ta ls  in  A f r i c a n  s e t t l e m e n t s .  I t  w ill  b e c o m e  c le a r  t h a t  th e  

e x p la n a t io n  o f  u n c o n s c io u s  g ro u p  a c t iv i ty  d o e s  n o t  fit th i s  case . W h e n  w e  ta lk  

to  t h e  in d ig e n o u s  a r c h i t e c t s ,  th e y  a re  q u i t e  e x p l i c i t  a b o u t  t h o s e  s a m e  f r a c ta l  

fea tu re s  we o bse rv e ,  a n c lu s e  seve ra l  o f  t h e  b a s ic  c o n c e p t s  o f  f r ac ta l  g e o m e t ry  in 

d is c u s s in g  t h e i r  m a te r i a l  d e s ig n s  a n d  a s s o c ia te d  k n o w le d g e  sy s te m s .  T e r m i te s  

m a y  m a k e  f ra c ta l  a r c h i t e c t u r e s ,  b u t  t h e y  d o  n o t  p a i n t  a b s t r a c t  m o d e l s  o f  t h e  

s t ru c tu r e  o n  its- w alls  o r c re a t e  sy m bo ls  for its g e o m e t r i c  p ro p e r t ie s .  W h i l e  th e s e  

i n t r o d u c to r y  e x a m p le s  w o n ’t s e t t l e  a ll t h e  q u e s t io n s ,  w e w ill  a t  leas t  h a v e  e s t a b ­

l i sh e d  t h a t  th e s e  a r c h i t e c tu r a l  d es ig ns  sh o u ld  b e  e x p la in e d  by s o m e th i n g  m o r e  

t h a n  u n i n t e n t i o n a l  socia l d y n am ics .

In  c h a p te r  3 w e will ex am in e  a n o th e r  e x p lan a t ion :  p e rh aps  fractal s e t t l e m e n t ' 

p a t t e rn s  are  n o t  un iq u e  to  A frica ,  an d  w e h a v e  simply  observed  a c o m m o n  c h a ra c ­

te r i s t i c  o f  all  n o n - W e s t e r n  a r c h i t e c tu r e s .  H e r e  th e  c o n c e p t  o f  d e s ig n  th e m e s  

b e c o m e  i m p o r t a n t .  A n t h r o p o l o g i s t s  h a v e  fo u n d  th a t  t h e  d e s ig n  th e m e s  fo u n d  

in  e a c h  c u l t u r e  a re  fairly  d i s t i n c t— t h a t  is, d e s p i te  th e  a r t i s t ic  d iv e r s i ty  w i t h i n
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e a c h  socie ty ,  m o s t  o f  t h e  c u l tu r e ’s p a t t e r n s  c a n  b e  c h a ra c te r iz e d  by  spec if ic  g e o ­

m e t r i c  p ra c t ic e s .  W e  w ill  see t h a t  a l t h o u g h  f ra c ta l  d es ig ns  d o  o c c u r  o u ts id e  o f  

A f r i c a  ( C e l t i c  k n o ts ,  U k r a in i a n  eggs, a n d  M a o r i^ ra f te rs  h a v e  so m e  e x c e l l e n t  

e x a m p l e s ) ,  th e y  a re  n o t  e v e ry w h e re .  T h e i- r  s t r o n g  p r e v a l e n c e  in  A f r ic a  ( a n d  in  

A f r i c a n - in f lu e n c e d  s o u t h e r n  In d ia )  is q u i t e  spec if ic .

C h a p t e r  4 r e tu rn s  to  th is  e x p lo r a t i o n  w i th  f rac ta ls  in A f r i c a n  e s th e t i c  

des ig n .  T h e s e  e x am p le s  are im p o r t a n t  for tw o  reasons .  First,  th e y  re m in d  us t h a t  

we c a n n o t  assum e e x p l ic i t ,  fo rm a l  k n o w le d g e  s im p ly  o n  th e  basis o f  a p a t t e r n .  

I n  c o n t r a s t  to  t h e  frac ta l  p a t t e r n s  o f  A f r i c a n  s e t t l e m e n t  a r c h i t e c tu r e ,  th e s e  a e s ­

t h e t i c  f rac ta ls ,  a c c o rd in g  to  th e  a r t isan s ,  w e re  m a d e  “ju s t  because  it looks  p re t ty  

t h a t  way.” T h e y  are  n e i th e r  fo rm al sys tem s ( n o  ru les  to  th e  gam e)  n o r  d o  th e  a r t i ­

s a n s ’ r e p o r t  e x p l ic i t  th i n k in g  (“ I d o n ’t k n o w  h o w  o r  why, it  ju s t  c a m e  to  m e ” ). 

S e c o n d ,  th ey  p rov ide  o n e  possible ro u te  by w h ic h  a p a r t icu la r  se t  o f  m a th e m a t ic a l  

c o n c e p t s  c a m e  to  be  sp read  o v e r  a n  e n o r m o u s  c o n t i n e n t .  T rad e  n e tw o rk s  c o u ld  

h a v e  diffused  t h e  frac ta l  a e s th e t i c  ac ross  A f r ic a ,  re in fo rc in g  a d es ig n  th e m e  t h a t  

m ay  h a v e  b e e n  s ca t te red  a b o u t  in  o t h e r  a reas  o f  life. O f  course,  su c h  o r ig in  stories 

a re  n e v e r  c e r t a in ,  a n d  all  to o  easy to  in v e n t .

P a r t  11 o f  this book, s tarting  w i th  c h a p te r  5, p resen ts  th e  explic it  design m e t h ­

ods a n d  sym bolic  systems th a t  d e m o n s t r a t e  f rac ta l  g eo m etry  as a n  A fr ic an  k n o w l­

ed ge  sys tem . A s  in th e  i n t r o d u c t io n  to  f r ac ta l s  in  t h e  first c h a p te r ,  I. w ill  a ssum e 

t h e  r e a d e r  h a s  n o  m a th e m a t ic s  b a c k g ro u n d  a n d  p ro v id e  a n  in t r o d u c t io n  to  any  

n e w  c o n c e p t s  a long  w ith  th e  A fr ic a n  vers ions .  W e  will see  t h a t  n o t  o n ly  in a r c h i ­

te c tu r e ,  b u t  in  t r a d i t io n a l  h a t r s ty l in g ,  te x t i l e s ,  a n d  sc u lp tu re ,  in p a in t in g ,  c a r v ­

in g ,  a n d  in e ra lw o rk ,  in  r e l ig io n ,  g am e s ,  a n d  p r a c t i c a l  c ra f t ,  in  q u a n t i t a t i v e  

t e c h n i q u e s  a n d  sym b o lic  sys tem s,  A f r i c a n s  h a v e  used th e  p a t t e r n s  a n d  a b s t ra c t  

c o n c e p t s  o f  f rac ta l  geomerry .

C h a p t e r  10, t h e  last in  p a r t  n ,  is t h e  re s u l t  o f  my c o l l a b o r a t io n  w i th  an  

A f r i c a n  p h y s ic is t ,  P rofessor  C h r i s t i a n  S i n a  D ia t t a .  A  sp o n s o r  for t h e  F u lb r ig h t  

fe l lo w sh ip  t h a t  en a b le d  my f ie ldw ork  in  w es t  a n d  c e n t r a l  A fr ica ,  Dr. D ia t t a  to o k  

t h e  id ea  o f  in d ig e n o u s  f rac ta ls  a n d  r a n  w i t h  it, m o v in g  us in  d i r e c t i o n s  t h a t  1 

w o u ld  n e v e r  h a v e  c o n s id e re d  o n  m y o w n ,  a n d  s t i l l  h a v e  y e t  to  ex p lo re  fully.

In  t h e  th i rd  a n d  final p a r t  o f  th i s  b o o k  w e will  e x a m i n e  t h e  c o n s e q u e n c e s  

o f  A f r i c a n  f rac ta l  ge o m e try :  g iv e n  t h a t  i t  d o e s  ex is t ,  w h a t  are  its soc ia l  im p l ic a ­

t ion s?  C h a p t e r  1 1 will briefly rev iew  p re v io u s  s tu d ie s  o f  A f r i c a n  k n o w le d g e  sys­

te m s .  W e  w ill  see t h a t  a l t h o u g h  sev e ra l  r e s e a rc h e rs  h a v e  p ro p o sed  ideas r e la te d  

to  t h e  f r ac ta l  c o n c e p t— H e n ry  L ou is  G a t e s ’s “ re p e t i t io n  w i th  r e v i s io n ,” L eo p o ld  

S e n g h o r ' s ‘“d y n a m ic  sym m etry ,"  a n d  W il l i a m  Fagg’s " e x p o n e n t ia l  m o rp h o lo g y ” are 

all good examples— there  have  b een  specific obstacles th a t  p revented anthropologists  

a n d  o th e r s  from  tak in g  up th e se  c o n c e p t s  in  te rm s  o f  A f r ic a n  m a th e m a t ic s .
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C h a p t e r  i 2 c o v e rs  t h e  p o l i t i c a l  c o n s e q u e n c e s  o f  A f r i c a n  f rac ta ls .  O n  th e  

o n e  h a n d ,  we w ill  f ind th e r e  is n o  e v id e n c e  t h a t  g e o m e t r i c  fo rm  h a s  a n y  inher­

en t socia l m e an in g .  In  s e t t l e m e n t  des ign ,  for e x a m p le ,  p e o p le  r e p o r t  b o th  o p p re s ­

sive  a n d  H bera tory  soc ia l  e x p e r i e n c e s  w i th  f ra c ta l  a r c h i t e c tu r e s .  F ra c ta b v e r s u s  

n o n f r a c t a l  ( “E u c l id e a n " )  g e o m e t ry  d o es  n o t  im p ly  g o o d  ve rsu s  b a d .  O n  th e  

o t h e r  h a n d ,  p e o p le  do  in v e s t  a b s t r a c t  fo rm s w i th  p a r t i c u l a r  lo ca l  m e a n in g s .  T o  

ta k e  a  c o n t r o v e rs ia l  e x a m p le ,  r e c e n t  U .S .  su p rem e  c o u r t  d e c is io n s  d e c la r e d  t h a t  

v o t in g  d is tr ic ts  c a n n o t  h a v e  “biza r re” o r  “h ig h ly  i r reg u la r” sh a p e s ,  a n d  s ev e ra l  o f  

th e s e  f r a c ta l  c o n to u r s  h a v e  b e e n  re p la c e d  by  th e  s t r a ig h t  l in e s  o f  E u c l id e a n  

fo rm . If  f r ac ta l  s e t t l e m e n t  p a t t e r n s  a re  t r a d i t io n a l  for p e o p le  o f  A f r i c a n  d e s c e n t ,  

a n d  E u c l id e a n  s e t t l e m e n t  p a t t e r n s  for E u ro p e a n s ,  is i t  e t h n o c e n t r i c  t o  ins is t  o n  

o n ly  E u c l id e a n  v o t in g  d i s t r i c t  lines?

C h a p t e r  13 w ill  e x a m i n e  t h e  c u l t u r a l  h i s to r y  o f  f r a c ta l  g e o m e t r y  a n d  its 

m a t h e m a t ic a l  p recurso rs  in  E u ro p e .  W e  w ill  see  t h a t  t h e  gaps  a re  n o t  o n e - s id e d :  

j u s t  as A f r i c a n s  w e re  m is s in g  c e r t a i n  m a t h e m a t i c a l  id e a s  in  t h e i r  v e r s io n  of 

f r a c ta l  g e o m e t ry ,  E u r o p e a n s  w e re  e q u a l ly  a f f e c te d  by t h e i r  o w n  c u l t u r a l  v iew s  

a n d  h a v e  b e e n  s low  to  a d o p t  so m e  o f  t h e  m a t h e m a t i c a l  c o n c e p t s  t h a t  w e re  lo n g  

c h a m p i o n e d  by A f r i c a n s .  I n d e e d ,  t h e r e  is s t r i k i n g  e v i d e n c e  t h a t  s o m e  o f  t h e  

s o u r c e s  o f  m a t h e m a t i c a l  i n s p i r a t i o n  for E u r o p e a n  f r a c ta l s  w e re  o f  A f r i c a n  

o r ig in .  T h e  f in a l  c h a p t e r  w ill  m o v e  fo rw a rd  in  t i m e ,  h i g h l i g h t i n g  t h e  c o n ­

t e m p o r a r y  v e r s io n s  o f  f r a c t a l  d e s i g n  t h a t  h a v e  b e e n  p r o p o s e d  by  A f r i c a n  

a r c h i t e c t s  in  S e n e g a l ,  M a l i ,  a n d  Z a m b ia ,  a n d  o th e r  i l lu s t r a t io n s  o f  poss ib le  f r ac ­

ta l  fu tu re s .

B u t  to  u n d e r s t a n d  all th i s ,  w e  m u s t  first v is it  t h e  f r a c ta l  past .

A  h i s t o r i c a l  in tro d u c t io n  to f r a c ta l  g eom etry

T h e  w o rk  o f  G e o r g  C a n t o r  ( 1 8 4 5 - 1 9 1 8 ) ,  w h ic h  p ro d u c e d  t h e  first f r ac ta l ,  th e  

C a n to r  set (fig. 1.1), p ro ved  to  be  th e  b e g in n in g  o f  a n e w  o u t lo o k  o n  infinity. In f in ­

ity h a d  lo n g  b e e n  c o n s id e re d  su s p e c t  by m a t h e m a t i c i a n s .  H o w  c a n  w e  c la im  to  

be  u s in g  o n ly  e x a c t ,  e x p l i c i t  ru les  if  w e h a v e  a sy m bo l t h a t  v ag u e ly  m e a n s  “ th e  

n u m b e r  you w o u ld  g e t  if y o u  c o u n t e d  fo rever"?  S o  m a n y  m a t h e m a t i c i a n s ,  s t a r t ­

ing  w i t h  A r is to t l e ,  h a d  ju s t  b a n n e d  it  o u t r ig h t .  C a n t o r  sh o w e d  t h a t  i t  was p o s ­

s ib le  to  k e e p  t r a c k  o f  f h e  n u m b e r  o f  e le m e n t s  in a n  in f in i te  se t ,  a n d  d id  so  in  a 

d ecep t iv e ly  s im p le  fa sh ion .  S t a r t i n g  w i th  a s ing le  s t r a ig h t  l ine ,  C a n t o r  e rased  th e  

m id d le  th i rd ,  le a v in g  tw o  lines.  H e  t h e n  c a r r ie d  o u t  t h e  s a m e  o p e r a t i o n  o n  

th o s e  tw o  lines ,  e ra s in g  th e i r  m id d le s  a n d  le a v in g  fo u r  l in e s .  I n  o t h e r  w o rds ,  h e  

u sed  a  so r t  o f  fe e d b ack  lo o p ,  w i th  t h e  e n d  resu lt  o f ione  s tag e  b r o u g h t  b ack  as th e  

s t a r t i n g  p o in t  for th e  n e x t .  T h i s  t e c h n i q u e  is c a l led  “ r e c u r s io n ."  C a n t o r  sh o w ed
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t h a t  i f  th i s  rec u rs iv e  c o n s t r u c t i o n  w as c o n t i n u e d  forever ,  it  w o u ld  c re a t e  a n  

in f in i te  n u m b e r  o f  lines ,  a n d  yet w o u ld  h a v e  zero  le n g th .

N o t  on ly  d id  C a n t o r  r e i n t r o d u c e  in f in i ty -a s  a p ro p e r  o b je c t  o f  m a t h e ­

m a t i c a l  s tudy, b u t  h is  re c u rs iv e  c o n s t r u c t i o n  c o u ld  b e  u sed  as a m o d e l  for o t h e r  

" p a th o lo g ic a l  cu rves ,"  su ch  as t h a t  c re a te d  by  H e lg e  v o n  K o c h  in 1904 (figs. 1.2, 

7 .3). T h e  m a t h e m a t i c a l  p ro p e r t i e s  o f  th e s e  f igures  w e re  eq u a l ly  p e rp le x in g .  

S m a l l  po rt ions  looked  jus t  like th e  w ho le ,  a n d  these  reflections were repeated  dow n 

to  in f in i te s im a l  sca les .  H o w  c o u ld  w e  m e a s u re  t h e  l e n g th  o f  t h e  K o c h  cu rve?  If

F I G U R E  1 . 1

T h e  C a n to r  se t
In 1877 Georg Cantor came up with the idea of repeatedly subdividing a line to illustrate 
the concept of an infinite set. This looping technique is called recursion. By specifying that the 
recursion continues forever, Cantor was able to define an infinite set.



F I G U R E  1.2

T h e  K o c h  cu rve
Helge von  Koch used the same kind of recursive loop as Cantor, but he added lines instead of 
erasing them. He began with a tr iangular shape made of four line^, the  “seed." He th e n  replaced 
each of the lines with a reduced version o f  the original seed shape.



a b

F I G U R E  1 .3 

K o c h  curve  v a r i a t i o n s  
There is nothing special about the particular shape Koch first used. For example, we can make 

B^ similar shapes that are more flat or more spiked losing variations on the seed shape (a). Nor is there
iflt anything special about tridngles— any shape can'undergo this recursive replacement process.

Mathematician Giuseppe Peano, for example, experimented with rectangular seed shapes such as 
those in (b).



Introduction

w e h o ld  u p  a  s i x - in c h  r u l e r  to  t h e  c u rv e  (fig. 1.4) w e g e t  six in c h e s ,  b u t  o f 

co u rse  t h a t  misses  all  t h e  n o o k s  a n d  c r a n n ie s .  If  w e use  a  sm a l le r  ru ler ,  w e g e t  

g re a te r  le n g th ,  a n d  w i th  a sm a l le r  o n e  e v e n  g re a te r  le n g th ,  a n d  so oix,to in f in ­

ity. O b v io u s ly  th is  is n o t  a  very  useful way to  c h a ra c te r i z e  o n e  o f  th e s e  cu rves .  

A  n e w  way o f  th i n k in g  a b o u t  m e a s u re m e n t  was n e e d e d .  T h e  a n sw e r  was to  p lo t  

these  d if fe ren t measures  o f  ru ler  size versus le ng th ,  a n d  see h o w  fast w e gain  len g th  

as w e s h r in k  t h e  ru le r  (fig. 1 .5 ) .  T h i s  ra te  ( t h e  s lo p e )  te l ls  us ju s t  h o w  c r in k le dIk *
or to r tu o u s  t h e  c u rv e  is. F o r  e x t r e m e ly  c r in k le d  cu rv es ,  t h e  p l o t  w ill  sh o w  th a t  

w e rap id ly  g a in  le n g t h  as w e s h r in k  t h e  ru ler ,  so  it  w ill  h a v e  a  s t e e p  s lo p e .  For 

re la t ive ly  s m o o th  c u rves ,  you d o n ’t ga in  m u c h  le n g th  as you  sh r in k  th e  ru le r  size, 

so t h e  p lo t  h a s  a  s h a l lo w  slope.

T o  m a t h e m a t i c i a n s  th is  s lo pe  w as m o re  t h a n  ju s t  a p r a c t i c a l  way to  c h a r ­

acterize crinkles.  R eca l l  t h a t  w h e n  we first tr ied  to  m easu re  t h e  le n g th  o f  th e  K o c h  

c u rv e ,  w e  fo u n d  t h a t  its l e n g t h  was p o te n t i a l ly  in f in i te .  Yet th i s  in f in i te  l e n g th  

fits in to  a  b o u n d e d  space. M a th e m a t ic i a n  Felix  H a u sd o rf f  ( 1 8 6 8 - 1 9 4 2 )  fou n d  th a t  

th is  p a ra d o x  c o u ld  b e  re so lv ed  if w e  th o u g h t  o f  t h e  p a th o lo g ic a l  cu rv es  as s o m e ­

h o w  ta k in g  up m o re  t h a n  o n e  d im e n s io n ,  as all n o rm a l  lines  d o ,  b u t  less t h a n  tw o 

d im ens ion s ,  as flat shapes  iike squares a n d  c ircles  do. In  H a u sd o rf f ’s view, th e  K o ch  

cu rv e  h a s  a f r a c t io n a l  d im e n s i o n ,  a p p ro x im a te ly  1.3, w h ic h  is t h e  s lop e  o f  o u r  

ru le r -v e r su s - le n g th  p lp t .  B e in g  p u re  m a t h e m a t ic i a n s ,  t h e y  w e re  f a s c in a te d  w i th  

th is  id ea  o f  a f r a c t io n a l  d im e n s i o n  a n d  n e v e r  t h o u g h t  a b o u t  p u t t i n g  'it--to p r a c ­

t ic a l  use.

T h e  c o n c e p tu a l  leap  to  p rac t ica l  ap p l ic a t io n  was c re a te d  by B e n o i t  M a n d e l ­

b ro t  (b. 1924), w ho  h a p p e n e d  upon  a s tudy o f  long- term  river fluc tuat ions by British 

c iv il  s e r v a n t  H . E. H u rs t .  H u rs t .h a d  fo u n d  t h a t  t h e  yearly  floods o f  r ivers  d id  n o t  

h a v e  any  o n e  av e ra g e ,  b u t  r a t h e r  v a r ied  o v e r  m a n y  d i f f e r e n t  sca le s— th e re  w ere  

flood years , flood d e cad es ,  e v e n  flood c e n tu r ie s .  H e  c o n c lu d e d  t h a t  t h e  o n ly  way 

to  c h a ra c te r i z e  th i s  te m p o r a l  w iggliness  was to  p lo t  t h e  a m o u n t  o f  f lu c tu a t io n  a t  

e a c h  sca le  a n d  use t h e  s lo pe  o f  th i s  l in e .  M a n d e l b r o t  rea l ized  t h a t  th is  was 

e q u iv a l e n t  to  t h ^  k in d  o f  sca l in g  m easu re  t h a t  h a d  been , used  for C a n t o r ’s p a t h o ­

log ica l  cu rves .  A s  h e  b e g a n  to  ap p ly  c o m p u t e r  g ra p h ic s  (figs. 1.6, 1 .7), h e  fo u n d  

t h a t  th e s e  sh ap es  w e re  n o t  p a th o lo g ic a l  a t  all ,  b u t  r a t h e r  very  c o m m o n  t h r o u g h ­

o u t  t h e  n a t u r a l  w o r ld .  M o u n ta in *  ra n g e s  h a d  p e a k s  w i t h i n  p e a k s ,  t r e e s  h a d  

b r a n c h e s  m a d e  o f  b ra n c h e s ,  c lo u d s  we,re puffs w i th i n  p u f f s ^ - e V e n  h is  o w n  body  

w as full o f  recu rs iv e  sca l in g  s t ru c tu re s .

T h e  f r a c ta l  s i m u la t io n s  for n a tu r a l  o b je c t s  in  f igu re  1.7  w e re  c r e a t e d  ju s t  

l ike t h e  C a n t o r  set, K o c h  cu rv e ,  a n d  o t h e r  e x a m p le s  w e h a v e  a lr ead y  seen ,  w i th  

a  seed  s h a p e  t h a t  u n d e rg o e s  recu rs iv e  r e p l a c e m e n t .  T h e  o n ly  d i f fe re n c e  is t h a t  

so m e  o f  th e s e  s im u la t io n s  req u ire  t h a t  c e r t a in  l in e s  in  t h e  seed  s h a p e  d o  n o t  ge t
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F IG URE  I . 4  

M e a s u r i n g  t h e  l e n g t h  o f  f r a c t a l  c u r v e s  

The new curves of Rancor, Koch, and others represented a problem in measurement theory.
The length of the curve depends on the  size of the ruler. As we shrink the ruler down, the length 
approaches infinity.



s m a l l e r  r u l e r  s i z e  >•

F I G U R E  1 . 5

A  b e t te r  w a y  to m e a s u r e  f r a c t a l  c u r v e s  
Our experiment in shrinking rulers wasn’t a total waste. In fact, it turns out that if you keep track 
of how the measured length changes with ruler size, you get a very good way of characterizing the 
curve. A relatively smooth fractal won’t increase length very quickly with shrinking ruler size, but 
very crinkled fractals will, (a) This smooth Koch curve doesn’t add much length with shrinking 
ruler size, so the plot shows only a small rise, (b) Since a small ruler can get into all the nooks and 
crannies, this more crinkled Koch curve shows a steeper rise in measured length with a shrinking 
ruler, (c) An extremely tortuous Koch curve has a very sreep slope for its plot.
N o te  fo r  m ath  sticklers: These  figures are p lo tted  on  0 logarithm ic graph.

t
OJ>
U
O

•£So
c

“O4>uD
«
e



Fractal geom etry 15

re p la c e d .  T h i s  is i l lu s t r a te d  for t h e  lu n g  m o d e l  a t  t h e  b o t t o m  o f  figure 1.7. T h e  

l in e s  t h a t  g e t  r e p la c e d  in  e a c h  i t e r a t i o n  a re  c a l l e d  “a c t iv e  l in e s .” T h o s e  t h a t  do  

n o t  get replaced are called “passive lines.” W e  will bemusing th e  d is t in c t ion  be tw een  

a c t iv e  a n d  pass iv e  l in e s  in  s im u la t io n s  fop -A fr ican  d e s ig n s  as  well.

M a n d e l b r o t  c o in e d  th e  te r m  " f ra c ta l” for th i s  n e w  geo m e try ,  a n d  it is now  

used in every  sc ien t i f ic  d is c ip l in e  fro m  a s t ro p h y s ic s  to  zoology. I t  is o n e  o f  th e  

m os t  powerful tools for t h e  c re a t io n  o f  n e w  te ch n o lo g ie s  as well as a revo lu t ionary  

a p p r o a c h  to  t h e  ana lys is  o f  t h e  n a tu r a l  w o r ld .  In  m e d ic in e ,  for ex a m p le ,  frac ta l

South Africa 
Fractal dimension *» 1 .0 0

Smooth Koch curve 
Fractal dimension = 1.1

Great Britain 
Fractal dimension = 1.25

Rough Koch curve 
Fractal dimension = 1.3

Norway 
Fractal dimension = 1.52

T o r t u o u s  Koch curve 
Fractal dimension « 1.5

F I G U R E  1.6
M e a s u r i n g  n a tu r e  u d t h  f r a c t a l  g eom etry  

Although the curves of Cantor and others were introduced as abstractions without physical 
meaning, Benoit Mandelbrot realized chat their scaling measure, which he called “fractal 
dimension,” could be put to practical use in characterizing irregular shapes in nature. The classic 
example is the measurement, of coastlines. Even though it is a very crude model, we can see how 
the variations of the roughness in the Koch curve are similar to the variations in these coasts. 
Note that tire fractal dimension is our plot slope from figure a.5; the coastlines were measured in 
the same way.



acacia tree clouds

shell fern

This vertical 
line is passive.

These two 
horizontal lines 
(gray) are the 
active lines that 
will be replaced 
by a reduced 
version of this 
seed shape-

we see that only the active 
lines were replaced; 
the passive line remains 
the same. Now there 
are three passive lines 
(center) and four active 
lines (the ends).

By the eighth iteration we can sec 
the similarity to the scaling structure 
of the human lungs. .

F I G U R E  1-7

S i m u l a t i n g  n a tu r e  w i t h  f ra c ta l  g eo m e try  
In his experiments with computer graphics, Mandelbrot found that fractal shapes abound in 
nature, where continual processes such as biological growth, geological change, and atmospheric 
turbulence result in a wide variety of recursive scaling structures (a). The recursive construction of 
these natural shapes is basically the same as that of the other fractal shapes we have seen so far. In 
some examples, like the lung model (b), certain lines of the original seed shape do not participate 
in the replacement step; they are called "passive lines.” The ones which do go through 
replacement are called "active lines." Each step is referred to as an “iteration."



Fractal geom etry

d im en s io n  can  be used as a diagnostic  tool. A  h e a l th y  lung  h a s  a h ig h  fractal d im e n ­

s io n ,  b u t  w h e n  b la c k  lu n g  d isease  b e g in s  it  loses so m e  o f  t h e  fine b ra n c h i n g — a 

c o n d i t i o n  t h a t  c a n  be d e te c te d  by m e a s u r in g  t h e  f rac ta l  d im e n s io n  o f  th e  X  ray. 

F o r  t h i s  rea so n ,  B e n o i t  M a n d e l b r o t  was re c e n t ly  n a m e d  a n  h o n o ra r y  m e m b e r  o f  

t h e  F r e n c h  C o a l  M in e r s  U n io n .

O f  course ,  n o  r e v o lu t io n  is w i t h o u t  its c o u n te r r e v o lu t io n a r ie s .  I t  was n o t  

lo n g  b e fo re  so m e  sc ien t i s ts  s t a r te d  o b j e c t in g  t h a t  M a n d e l b r o t  was ig n o r in g  th e  

p re s e n c e  o f  th e  n a tu ra l  o b je c ts  t h a t  c o u ld  be  d e sc r ib ed  by E u c l id e a n  geom etry ,  

s u c h  as crys ta ls  or eggs. I t ’s t ru e  t h a t  n o t  a l l  o f  n a tu r e  is f r ac ta l— a n d  th is  w ill  be  

a n  i m p o r t a n t  p o i n t  fo r  us to  k e e p  in  m i n d .  S o m e  w ri te rs  h a v e  m i s t a k e n ly  

a t t e m p t e d  to  po r t ra y  A f r i c a n s  as “m o r e  n a t u r a l ”— a d a n g e ro u s  a n d  m is lead in g  

c la im ,  e v e n  w h e n  m ade  by w e l l - m e a n in g  ro m a n t ic s .  S in c e  frac ta ls  are a ssoc ia ted  

w i th  n a tu r e ,  a  b o o k  a b o u t  “ A f r ic a n  f r a c ta l s ” c o u ld  be  m i s in te rp r e te d  as su p p o r t  

for s u c h  r o m a n t i c  o rgan ic is ts .  P o in t in g  o u t  t h a t  so m e  E u c l id e a n  shap es  ex is t  in 

th e  re a lm  o f  n a tu r e  m ak es  i t  e a s ie r  to  u n d e r s ta n d  t h a t  A f r ic a n  f rac ta ls  are  from  

th e  ar t if ic ia l  re a lm  of cu l tu re .  B e fo re  m o v in g  o n  to  th e s e  A f r i c a n  des igns ,  l e t ’s 

rev iew  t h e  basic  c h a ra c te r i s t i c s  o f  f r ac ta l  geo m etry .

F i v e  essen t ia l  com p o n en ts  o f  f ra c ta l  g eo m e try

R E C U R S I O N

W e  h a v e  se e n  t h a t  frac ta ls  are g e n e r a t e d  by a  c i r cu la r  p rocess ,  a  lo op  in  w h ic h  

th e  o u tp u t  a t  o n e  s tage  b e c o m e s  t h e  i n p u t  for t h e  n e x t .  R esu l ts  a re  rep ea te d ly  

re tu rn e d ,  so th a t  th e  same o p e ra t io n  c a n  be  carr ied  ou t  again. T h i s  is o f ten  referred 

to  as “ recurs ion ,” a very pow erfu l c o n c e p t .  L a te r  w e will d is t inguish  b e tw e e n  th ree  

• u i f f c . e n i  types o f  r ecu rs io n ,  b u t  fo r  n o w  ju s t  t h i n k  o f  i t  in te rm s o f  th is  icera tive  

fee d b ack  loop. W e ’ve a lready  s e e n  h o w  i t e r a t i o n  w o rks  to  c re a te  t h e  C a n t o r  set 

a n d  th e  K o ch  curve. A l th o u g h  w e c a n  c re a te  a m a th e m a t ic a l  ab s t rac t io n  in  w h ic h  

th e  recurs ion  c o n t in u e s  forever, th e r e  a re  also cases w h e re  th e  recurs ion  will “b o t ­

to m  o u t .” In o u r  g en e ra t io n  of th e  K o c h  cu rv e ,  for ex am p le ,  we q u i t  o nce  th e  lines 

g e t  to o  sm a ll  to  p r in t .  In  fac t ,  any  p h y s ic a l ly  ex is t in g  o b je c t  w ill  o n ly  be  fractal-  

w i t h i n  a p a r t ic u la r  range  o f  scales.

S C A L I N G

If  you loo k  a t  th e  co as t l in e  o f  a c o n t i n e n t — ta k e  th e  Pacific side o f  N o r th  A m e r ­

ica for in s ta n c e — you will see a jagg ed  s h a p e ,  a n d  if you  look  a t  a sm a ll  p iece  of 

t h a t  c o a s t l i n e — say, C a l i fo rn ia — w e c o n t i n u e  to  see s im i la r  jaggedness .  In  fact , 

a s im i la r  jagged  cu rv e  c a n  be  s e e n  s t a n d in g  o n  a cliff  o v e r lo o k in g  a rocky C a l i ­

fo rn ia  shore ,  o r e v e n  s ta n d in g  o n  th a t  sh o re  lo o k in g  a t  o n e  rock. O f  course, t h a t ’s
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only  roughly  similar, a n d  i t ’s o n ly  good  for a c e r t a in  range  o f  scales, b u t  it is a s t o n ­

ish in g  to  realize  h o w  w ell  th i s  w o rks  for m a n y  n a tu r a l  fea tu re s .  I t  is th i s  " s c a l ­

in g ” p r o p e r ty  o f  n a t u r e  t h a t  a l lo w s  f r a c ta l  g e o m e t r y  t o  b e  so  e f f e c t i v e  fo r  

m od e l in g .  T o  h a v e  a " s ca l in g  s h a p e ” m e a n s  t h a t  th e r e  a re  s im i la r  p a t t e r n s  a t  d if ­

fe re n t  sca les  w i th i n  t h e  r a n g e  u n d e r  c o n s id e r a t io n .  E n la rg in g  a  t i n y  s e c t i o n  w ill  

p ro d u c e  a p a t t e r n  t h a t  lo ok s  s im i la r  to  t h e  w h o le  p ic tu re ,  a n d  s h r in k in g  d o w n  

t h e  w h o le  will g ive  us s o m e th i n g  t h a t  lo ok s  l ike  a t in y  p a r t .

S E L F - S I M I L A R I T Y

J u s t  h o w  s im i la r  d o  th e s e  p a t t e r n s  h a v e  t o  be  to  q ua li fy  as a  frac ta l?  M a t h e ­

m a t ic ian s  d is t ingu ish  b e tw e e n  s ta tis t ica l  self-similarity, as in  th e  case  o f  th e  c o a s t ­

l i n e ,  a n d  e x a c t  s e l f - s im i la r i ty ,  as in  t h e  c a se  o f  t h e  K o c h  c u r v e .  In  e x a c t  

se l f -s im ila r i ty  w e n e e d  to  b e  a b le  to  s h o w  a  p rec ise  r e p l ic a  o f  t h e  w h o le  in a t  

leas t  so m e  o f  its p a r t s .  In  t h e  K o c h  c u rv e  a p rec ise  r e p l ic a  o f  t h e  w h o le  c o u ld  

b e  fo u n d  w i t h i n  a n y  s e c t io n  o f  t h e  f ra c ta l  ( " s t r ic t ly  s e l f - s im i la r” ), b u t  th i s  i s n ’t 

t r u e  for all  f r ac ta ls .  T h e  b r a n c h i n g  f r a c ta l s  u sed  to  m o d e l  t h e  lu n g s  a n d  a c a c i a  

tree  (fig. 1 .7), for ex a m p le ,  h a v e  p a r ts  (e .g . ,  t h e  s t e m )  t h a t  d o  n o t  c o n t a i n  a  t iny  

im ag e  o f  t h e  w h o le .  U n l ik e  t h e  K o c h  c u rv e ,  th e y  w ere  n o t  g e n e r a t e d  by r e p l a c ­

in g  ev e ry  l i n e  in  t h e  seed  s h a p e  w i th  a m i n ia t u r e  v e r s io n  o f  t h e  seed ;  in s te a d ,  

w e u sed  so m e  pass ive  l ines  t h a t  w ere  ju s t  c a r r ie d  t h o u g h  t h e  i t e r a t i o n s  w i t h o u t  

c h a n g e ,  in  a d d i t i o n  to  a c t i v e  l in e s  t h a t  c r e a t e d  a g ro w in g  t i p  by  t h e  usua l 

r e cu rs iv e  r e p l a c e m e n t .

I N F I N I T Y

S in c e  f rac ta ls  c a n  be  l im i ted  to  a  f in i te  r a n g e  o f  scales, i t  m ay  se e m  l ike  in f in i ty  

is just a h is torical artifact, a t  best a H o ly  G ra i l  w hose  quest  a l low ed m a th e m a t ic ia n s  

s e rend ip i tous ly  to  s tu m b le  across fractals. It is th is  k in d  of o m iss io n  t h a t  h a s  m ad e  

m a n y  p u re  m a t h e m a t i c i a n s  r a t h e r  n o n p lu s s e d  a b o u t  t h e  w h o le  f rac ta l  affair , 

a n d  in  so m e  cases d o w n r ig h t  h o s t i l e  (cf . K ra n tz  1 98 9 ) .  T h e r e  is n o  way to  c o n ­

n e c t  fractals to  t h e  idea o f  d im e n s io n  w i th o u t  us ing  infinity , a n d  for m a n y  m a t h ­

e m a t ic i a n s  t h a t  is th e i r  c ru c ia l  role.

F R A C T I O N A L  D I M E N S I O N

H o w  c a n  it be t h a t  t h e  K o c h  c u rv e ,  o r  a n y  m e m b e r  o f  its f r a c ta l  family, h a s  in f i­

n i t e  le n g t h  in  a  f in i te  b o u n d a ry ?  W e  a re  u sed  to  t h i n k i n g  o f  d im e n s i o n  as o n ly  

w h o le  n u m b e r s — th e  o n e - d i m e n s i o n a l  l ine ,  t h e  tw o - d im e n s io n a l  p l a n e — b u t  

th e  theory  o f  m e a s u re m e n t  t h a t  g ov erns  fractals  allows d im e n s io n s  to  be fractions. 

C on s id e r ,  for e x a m p le ,  th e  in c rea s in g  d im e n s io n  o f  th e  K o c h  cu rves  in figure 1.6. 

A b o v e  th e  top ,  we co u ld  go as c lose  as we like to  a o n e - d i m e n s i o n a l  line. Below
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t h e  b o t t o m ,  we co u ld  m a k e  t h e  c u rv e  so  jag g ed  t h a t  it s t a r t s  to  fill in  tw o- 

d im e n s io n a l  a rea s  o f  t h e  p la n e .  In  b e tw e e n ,  w e  n e e d  a n  in - b e tw e e n  d im e n s io n .

L ooking for  f ra c ta ls  in  A f r ican  c u l t u re

A s  w e  e x a m i n e  A f r i c a n  d e s ig n s  a n d  k n o w le d g e  sys tem s, th e s e  five e sse n t ia l  

c o m p o n e n t s  will be  a useful way t o  k e e p  t r a c k  o f  w h a t  d oes  o r  d o e s  n o t  m a t c h  

f r ac ta l  geom etry .  S in c e  s ca l in g  a n d  se lf-s im ila r i ty  a re  d e sc r ip t iv e  ch a rac te r i s t ic s ,  

ou r  first s tep  will be  to  look for these  p rop e r t ie s  in  A fr ic a n  designs. O n c e  we es tab ­

lish t h a t  th e m e ,  we c a n  ask w h e th e r  o r n o t  th e se  c o n c ep ts  h a v e  b een  in te n t io n a l ly  

ap p lied ,  a n d  s t a r t  to  lo ok  for th e  o t h e r  t h r e e  e s sen t ia l  c o m p o n e n t s .  W e  will no w  

tu r n  to  A f r i c a n  a r c h i t e c tu r e ,  w h e re  w e find so m e  o f  th e  c lea re s t  i l lu s t ra t io n s  o f  

in d ig e n o u s  se l f -s im ila r  designs.
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A r c h i t e c t u r e  o f t e n  p ro v id e s  e x c e l l e n t  e x a m p l e s  o f  c u l t u r a l  d e s i g n  th e m e s ,  

b e c a u s e  a n y t h i n g  t h a t  is g o in g  to  b e  so m u c h  a p a r t  o f  o u r  l iv e s— a s t r u c tu r e  

t h a t  m ak es  up  o u r  b u i l t  e n v i r o n m e n t ,  o n e  in  w h ic h  w e  w ill  l ive ,  w o rk  o r  p lay—  

is likely to  h a v e  its des ign  in fo rm e d  by o u r  so c ia l  c o n c e p t s .  T a k e  re l ig io us  a r c h i ­

t e c t u r e  for e x a m p l e .  S e v e i a l  c h u r c h e s  h a v e  b e e n  u u i l t  u s in g  a t r i a n g u l a r  f lo o r  

p l a n  t o  sy m b o l iz e  t h e  C h r i s t i a n  t r in i ty ;  o t h e r s  h a v e  u se d  a c ro s s  s h a p e .  T h e  

R o m a n  P a n t h e o n  w as d iv i d e d  i n t o  t h r e e  v e r t i c a l  le v e l s :  t h e  b o t t o m  w i t h  

s e v e n  n i c h e s  r e p r e s e n t i n g  t h e  h e a v e n l y  b o d ie s ,  t h e  m id d le  w i th  t h e  i 2 zod ia c  

s ign s ,  a n d  o n  to p  a h e m i s p h e r e  s y m b o l i z in g  t h e  o r d e r  o f  t h e  c o s m o s  as  a 

w h o le .1 But w e d o n ’t n e e d  to  loo k  to  g ran d io se  m o n u m e n ts ;  e v e n  th e  m os t  m u n ­

d a n e  s h a c k  will  i n v o l v e  g e o m e t r i c  d e c i s io n s — s h o u ld  it  b e  s q u a r e  o r  o b lo n g ?  

p i t c h e d  r o o f  o r  f la t?  fa c e  n o r t h  o r  w e s t? — a n d  so c u l t u r e  w ill  p la y  a ro le  h e re  

as  well.

A t  first g la n c e  A fr ic a n  a r c h i t e c t u r e  m i g h t  seem  so v a r ied  t h a t  o n e  w ou ld  

c o n c lu d e  its s t ru c tu re s  h a v e  n o t h i n g  in c o m m o n .  A l t h o u g h  th e r e  is g re a t  d iv e r ­

sity  a m o n g  th e  m a n y  c u l tu re s  o f  A f r ic a ,  e x a m p le s  o f  f r ac ta l  a r c h i t e c t u r e  c a n  be 

fo u n d  in  ev e ry  c o r n e r  o f  t h e  A f r i c a n  c o n t i n e n t .  N o t  all a r c h i t e c t u r e  in A fr ica  

is f r ac ta l— frac ta l  g e o m e t ry  is n o t  t h e  o n ly  m a t h e m a t i c s  u sed  in A f r i c a —-hut its 

re p e a te d  p re s e n c e  a m o n g  s u c h  a w ide  v a r ie ty  o f  sh a p e s  is q u i t e  s t r ik ing .
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In  e a c h  case  p r e s e n te d  h e r e  w e w ill  c o m p a r e  t h e  ae r ia l  p h o t o  or a r c h i t e c ­

tu ra l  d ia g ra m  o f  a s e t t l e m e n t  to  a  c o m p u t e r - g e n e r a te d  f rac ta l  m o d e l .  T h e  f r ac ­

ta l  s im u la t i o n  will m a k e  th e  se l f -s im ila r  a sp e c ts  o f  t h e  p h y s ica l  s t ru c tu re  m ore  

e v id e n t ,  a n d  in  so m e  cases it will e v e n  h e lp  us u n d e rs ta n d  th e  local cu ltu ra l  m e a n ­

ing o f  t h e  a r c h i t e c tu r e .  S in c e  th e  A f r i c a n  d es ig n e rs  u sed  te c h n iq u e s  l ike i t e r a ­

t io n  in  b u i ld ing  th e se  s t ruc tu res ,  o u r  v ir tu a l  c o n s t ru c t io n  th r o u g h  fractal graphics 

w ill  g ive  us a c h a n c e  to  see  h o w  th e  p a t t e r n s  em e rg e  t h r o u g h  th is  process.

R e c ta n g u la r  f ra c ta ls  in  s e t t l e m e n t  a rc h i te c tu re

I f  you fly o v e r  t h e  n o r t h e r n  p a r t  o f  C a m e r o o n ,  h e a d in g  to w ard  L a k e  C h a d  a lo n g  

th e  L o g o ne  R iv e r ,  you will see s o m e th in g  l ike figure 2 .1a. T h i s  aeria l p h o to  show s 

th e  c ity  o f  L o g on e-B irn i  in C a m e ro o n .  T h e  K o to k o  p eop le ,  w h o  fo u n ded  th is  city 

c e n tu r ie s  ago , use th e  loca l c lay  to  c re a t e  h u g e  r e c t a n g u la r  b u i ld in g  com p lex es .  

T h e  largest  o f  th e s e  b u ild in gs ,  in  t h e  u p p e r  c e n t e r  o f  t h e  p h o to ,  is t h e  p a la c e  of 

th e  chief, or  “M ia r re ” (fig. 2 .1b).  E ach  c o m p le x  is c re a te d  by a process o f ten  called  

“arch i tec tu re  by acc re t io n ,” in th is  case adding  rec tangu la r  enclosures to  preexisting 

re c tan g le s .  S in c e  n ew  e n c lo s u re s  o f t e n  in c o r p o ra t e  t h e  w alls  o f  tw o  Qt m o r e .o f  

t h e  o ld  o n es ,  e n c lo s u re s  te n d  to  g e t  la rge r  a n d  la rger  as you go  o u tw a rd  f ro m  th e  

cen te r .  T h e  e n d  resu lt  is t h e  c o m p le x  o f  r e c tan g le s  w i th in  re c tan g le s  w i th i n  r e c ­

tan g le s  t h a t  we see in t h e  p h o to .

S in c e  th is  a rc h i te c tu re  c a n  be d e sc r ibed  in te rm s o f  self-s imilar  sca l ing— it 

m akes use o f  th e  sam e p a t te rn  a t  several different scales— it is easy to  s im ula te  using 

a com puter-genera ted  fractal, as we see in figures 2 . i c - e .  T h e  seed shape of the  model 

is a rec tang le ,  b u t  e ac h  side is m ad e  up o f  b o th  ac t iv e  lines  (gray) an d  passive lines 

(b lack).  A f te r . th e  first i te ra t ion  we see h o w  a small vers ion  o f  th e  original rec tangle  

is rep rod uced  by e ach  o f  th e  ac t ive  lines. O n e  m ore  i te ra t ion  gives a range o f  scales 

t h a t  is a b o u t  t h e  sam e as t h a t  o f  th e  pa lace; th is  is en la rg ed  in figure 2 . ie .

D u r in g  m y visit to  L o g o n e -B irn i  in th e  su m m e r  o f  1993, t h e  M ia r re  k in d ly  

a llow ed  me to  c l im b  o n t o  th e  p a lace  ro o f  a n d  ta k e  th e  p h o to  s h o w n  in figure 2 . if .

1 asked several o f  th e  K otok o  m e n  ab o u t  th e  v a r ia t io n  in scale of the i r  a rch i tec tu re .  

T h e y  e x p la in e d  it in te rm s  o f  a c o m b i n a t i o n  o f  p a t r i lo c a l  h o u s e h o ld  e x p a n s io n ,  

a n d  th e  h is to r i c  n e e d  for de fen se .  " A  m a n  w o u ld  l ike h i s  so n s  to  live n e x t  to  

h im ,"  th e y  sa id ,  “a n d  so w e b u i ld  by a d d in g  walls to  t h e  f a t h e r ’s h o u se .” In  th e  

past ,  in v a s io n s  by  n o r t h e r n  m a ra u d e rs  w ere  c o m m o n ,  a n d  so a larger d e fen s iv e  

w all w as a lso  n e e d e d .  S o m e t im e s  t h e  a s sem b ly  o f  fam il ie s  w o u ld  o u tg ro w  th is  

de fens ive  e n c lo su re ,  a n d  so th e y  w o u ld  t u r n  t h a t  wall i n to  h o u s in g ,  a n d  build  an  

e v e n  larger e n c lo s u re  a ro u n d  it. T h e s e  sc a l in g  a d d i t io n s  c re a te d  th e  t r a d i t io n  o f  

se l f -s im ila r  sh a p e s  we s t i l l  see tod ay ,  a l t h o u g h  th e  p o p u la t io n  is far be low  th e



a. An aerial view of the city of Logone-Birni in Cameroon. 
The largest building complex, in the center, is the palace 
of the chief.
Photo courtesy  M usee de I 'H o m m e ,  Paris.

b. A closer view of the palace. 
The smallest rectangles, in the 
center, are the royal chambers.

c. Seed shape for the fractal 
simulation'of the palace. 
The active lines, in gray, 
will be replaced by a scaled- 
down replica of the entire 
seed.

d. First three iterations of the fractal simulation.
e. Enlargment of the third 
iteration.

F I G U R E  2 . 1

L o g o n e-B irn i ( f i g u r e  c o n t i n u e s )



f. Photo by the author taken from the roof of the palace.

g. The guti, the 
royal insignia, 
painted on the 
palace walls.
13y permission 
o f  L e b e u f  1 9 6 9 .

Le chemin de la lumiere

h. The spiral path taken by visitors to the throne. 
B y  permission o f  L e b e u f  1 969.

F I G U R E  2 . 1  (continued.)

I n s i d e  L o g o n e - B i r n i
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o r ig in a l  180 ,000  e s t im a te d  Tor L o g o n e -B irn i ’s p eak  in t h e  n i n e t e e n t h  cen tu ry .  A t  

t h a t  t im e  th e r e  w as a g ig a n t i c  w all ,  a b o u t  10 f e e t  th i c k ,  t h a t  e n c lo s e d  th e  

p e r im e te r  o f  t h e  e n t i r e  s e t t l e m e n t .

T h e  w o m e n  I sp o k e  w i th  w ere  m u c h  less in t e r e s t e d  in  e i t h e r  p a t r i l in e a g e  

o r  m ili ta ry  h is tory; th e i r  responses  c o n c e rn in g  a rc h i te c tu ra l  sca l in g  w ere  primarily  

a b o u t  t h e  c o n t r a s t  b e tw e e n  t h e  raw  e x te r io r  w alls  a n d  th e  s t u n n i n g  w a te rp r o o f  

f in ish  th e y  c r e a t e d  fo r  c o u r ty a rd s  a n d  in t e r i o r  ro o m s .  T h i s  b e g a n  by s m o o th i n g  

w e t  w alls  f la t .w i th  sp ec ia l  s to n e s ,  a p p ly in g  a  re s in  c r e a t e d  f ro m  a p l a n t  e x t r a c t ,  

a n d  t h e n  a d d in g .b e a u t i fu l ly  a u s te re  d e c o ra t iv e  lines .

T h e  m o s t  im p o r t a n t  o f  th e s e  d e c o ra t iv e  d raw ings  is t h e  guri, a  royal insignia  

(fig. 2.1 g). T h e  c e n t r a l  m o t i f  o f  th e  guti show s a rec ta n g le  ins ide  a  r e c tan g le  inside 

a  re c ta n g le ;  it  is a  k in d  o f  a b s t r a c t  m o d e l  t h a t  t h e  K o to k o  th e m s e lv e s  h a v e  c r e ­

a te d .  T h e  re a so n  fo r  c h o o s in g  sc a l in g  re c ta n g le s  as a s y m b o l  o f  ro y a l ty  b e c o m e s  

c lea r  w h e n  w e  lo ok  a t  th e  passage t h a t  o n e  m us t  t ak e  to  v is i t  t h e  M ia r re  (fig. 2 . ih ) .  

T h e  passage as a  w h o le  is a  r e c ta n g u la r  spiral.  E a ch  t im e  y ou  e n t e r  a  sm a lle r  scale, 

y o u  are  re q u i re d  to  b e h a v e  m o r e  po li te ly .  By th e  t i m e  y o u  a r r iv e  a t  t h e  t h r o n e  

y o u  a re  sh o e less  a n d  sp eak  w i t h  a ve ry  c u l tu r e d  fo rm a l i ty .2 T h u s  th e  f rac ta l  

sc a l in g  o f  t h e  a r c h i t e c t u r e  is n o t  s im ply  t h e  re su l t  o f  u n c o n s c io u s  so c ia l  d y n a m ­

ics; it is a sub ject  o f ab s t rac t  re p re sen ta t io n ,  anti e v e n  a p rac t ica l  t e c h n iq u e  applied  

to  soc ia l  r a n k in g .

T o  th e  w es t  n e a r  t h e  N ig e r i a n  b o rd e r  t h e  l a n d s c a p e  o f  C a m e r o o n  b e c o m e s  

m u c h  g reene r ;  th is  is t h e  fe r t i le  h ig h  g rasslands reg io n  o f  t h e  B am ilek e .  T h e y  too  

h a v e  a f r a c ta l  s e t t l e m e n t  a r c h i t e c t u r e  b ased  o n  r e c t a n g le s  (fig. 2 .2 a ) ,  b u t  i t  has  

n o  c u l tu ra l  r e l a t i o n  to  t h a t  o f  t h e  K o to k o .  R a th e r  t h a n  th e  t h i c k  c lay  o f  L og on e-  

B irn i ,  th e s e  h o u se s  a n d  th e  a t t a c h e d  en c lo s u re s  a re  b u i l t  f rom  b a m b o o ,  w h ic h ,  

is ve ry  s t r o n g  a n d  w id e ly  a v a i l a b le .  A n d  th e r e  w as n o  m e n t i o n  o f  k in s h ip ,  

d e fe n se ,  o r  p o l i t ic s  w h e n  I a sked  a b o u t  th e  a r c h i t e c tu r e ;  h e r e  1 w as to ld  it  is p a t ­

te rn s  o f  a g r icu l tu ra l  p r o d u c t io n  t h a t  u n d e r l ie  t h e  sca l in g .  T h e  g ra s s lan d  soil a n d  

c l im a te  are  e x c e l l e n t  for fa rm in g ,  a n d  t h e  g a rd ens  n e a r  t h e  B a m i le k e  h o u se s  ty p ­

ically g row  a d o zen  d if fe ren t  p la n t s  all in a s ing le  sp ace ,  w i th  e a c h - ta k in g  its c h a r ­

a c t e r i s t i c  v e r t i c a l  p la c e .  B u t  th i s  is l a b o r  i n t e n s i v e ,  a n d  so  m o r e  d isp e rse d  

p la n t in g s — rows o f  c o r n  a n d  g r o u n d - n u t — are  u sed  in  t h e  w id e r  sp ac es  f a r th e r  

from  th e  h o u se .  S in c e  t h e  s a m e  b a m b o o  m e s h  c o n s t r u c t i o n  is u sed  for houses ,  

h o u se  e n c lo su re s ,  a n d  e n c lo s u re s  o f  e n c lo su re s ,  t h e  r e su l t  is a se l f - s im i la r  a r c h i ­

te c tu re .  U n l i k e  t h e  d e fe n s iv e  la b y r in th  o f  K o to k o  a r c h i t e c t u r e ,  w h e re  th e r e  

w ere  o n ly  a few w e l l - p ro te c te d  en try w ay s ,  t h e  fa r m in g  a c t iv i t i e s  re q u i re  a lo t  o f  

m o v e m e n t  b e tw e e n  e n c lo s u re s ,  so a t  all sca le s  we see  g o o d -s ized  o p e n in g s .  T h e  

f r a c ta l  s i m u l a t i o n  in  figures 2 .2 b ,c  sh o w s  h o w  th i s  sc a l in g  s t ru c tu r e  c a n  b e  m o d ­

e le d  us in g  a n  o p e n  sq u a re  as t h e  seed  sha p e .



F I G U R E  2 . 2  

B a m i l e k e  s e t t l e m e n t  
(a) Plan of Bamileke settlement from about i960, (b) Fractal simulation of Bamileke architecture. 
In the first iteration (“seed shape”), the two active lines are shown in gray, (c) Enlarged view of 
fourth iteration.
( a ,  Begum 1952; reprinted with permission f r o m  o r s t o m ) .



26 introduction

M u c h  of s o u th e rn  A fr ica  is m a d e  u p  o f  a r id  p la in s  w h e re  h e rd s  o f  c a t t le - a n d  o th e r  

l iv e s to c k  are  ra ised .  R in g - s h a p e d  l iv e s to c k  p en s ,  o n e  for e a c h  e x t e n d e d  family,^  

c a n  be  seen  in th e  aeria l p h o to  in  figure 2.3a, a  Ba-ila s e t t l e m e n t  in s o u th e rn  Z a m ­

bia. A  d iagram  o f  a n o th e r  B a-ila  s e t t l e m e n t  (fig. 2 .3d)  m akes  these  l ivestock  e n c lo ­

sures ( “kraals” ) m ore  clear. T o w ard  th e  b a c k  o f  e a c h  p e n  w e find t h e  family l iv ing  

q u a r te rs ,  a n d  to w ard  th e  f r o n t  is t h e  g a ted  e n t r a n c e  for l e t t i n g  l iv e s to c k  in a n d  

o u t .  For th is  re ason  th e  f ro n t  e n t r a n c e  is associa ted  w i th  low s ta tu s  (u n c le a n ,  a n i ­

m a ls ) ,  a n d  th e  b a c k  e n d  w i th  h i g h  s t a tu s  ( c le a n ,  people). '*  T h i s  g r a d i e n t  o f  s t a ­

tus  is re f lec ted  by th e  size g r a d i e n t  in  t h e  a r c h i t e c tu r e :  t h e  f r o n t  is o n ly  fe n c in g ,  

as w e go  to w ard  t h e  b a c k  sm a l le r  b u i ld in g s  (fo r  s to ra g e )  ap pea r ,  a n d  to w a rd  th e  

very  b a c k  e n d  a re  t h e  la rger  h o u se s .  T h e  tw o  g e o m e t r i c  e l e m e n t s  o f  th is  s t r u c ­

tu r e — a r ing  s h a p e  o v e ra l l ,  a n d  a  s t a tu s  g r a d i e n t  in c r e a s in g  w i th  size from  f r o n t  

to  b a c k — ec h o e s  t h r o u g h o u t  ev e ry  sca le  o f  t h e  B a-i la  s e t t l e m e n t .

T h e  s e t t l e m e n t  as a w h o le  has  t h e  sa m e  shap e :  it is a  r ing  o f  rings. T h e  s e t ­

t l e m e n t ,  like t h e  l iv e s to ck  p e n ,  h a s  a f r o n t /b a c k  soc ia l  d i s t i n c t i o n :  t h e  e n t r a n c e  

is low s ta tu s ,  a n d  th e  b a c k  e n d  is h ig h  s ta tu s .  A t  t h e  s e t t l e m e n t  e n t r a n c e  th e r e  

are  n o  family e n c lo su re s  a t  a l l  fo r  t h e  first 2 0  ya rds  o r  so , b u t  t h e  f a r th e r  back, w e 

go, t h e  la rger  th e  fam ily  e n c lo s u re s  b e c o m e .

A t  t h e  b a c k  e n d  o f  t h e  in te r io r  o f  t h e  s e t t l e m e n t ,  w e  see a sm a lle r  d e ta c h e d  

r in g  o f  h o u se s ,  l ik e  a s e t t l e m e n t  w i t h i n  t h e  s e t t l e m e n t .  T h i s  is t h e  c h i e f ’s 

e x t e n d e d  family. A t  t h e  b a c k  o f  t h e  in t e r i o r  o f  tine c h i e f ’s e x t e n d e d  fam ily  r ing , 

t h e  c h i e f  h a s  h is  o w n  h o u se .  A n d  if  w e  w e re  to  v iew  a  s in g le  h o u s e  f ro m  a b o v e ,  

w e w o u ld  see t h a t  it  is a r in g  w i th  a sp ec ia l  p lace  a t  t h e  b a rk  o f  t h e  in te r io r :  th e  

h o u s e h o ld  altar.

S in c e  w e h a v e  a s im i la r  s t r u c tu r e  a t  a ll sca les ,  th i s  a r c h i t e c t u r e  is easy  to  

m o d e l  w i th  fractals .  F igure  2 .3 b  s h o w s  th e  first th r e e  i t e ra t io n s .  W e  b e g in  w ith  

a seed  s h a p e  t h a t  c o u ld  be t h e  o v e r h e a d  v iew  o f  a s in g le  h o u se .  T h i s  is c re a te d  

by a c t i v e  l ines  t h a t  m a k e  u p  th e  r in g -sh a p e d  walls , as w ell  as a n  a c t iv e  l in e  a t  

t h e  p o s i t io n  o f  t h e  a l t a r  a t  t h e  b a c k  o f  t h e  in te r io r .  T h e  o n ly  pass ive  l ines  a re  

th ose  a d ja c e n t  to  t h e  e n t r a n c e .  In  th e  n e x t  i t e ra t io n ,  w e h a v e  a s h a p e  t h a t  c o u ld  

be t h e  o v e rh e a d  v iew  o f  a fam ily  e n c lo su re .  A t  t h e  e n t r a n c e  to  t h e  fam ily  e n c l o ­

sure  w e h a v e  o n ly  fen c in g ,  b u t  as w e go to w a rd  t h e  b a c k  w e  h a v e  b u i ld in g s  o f  

in c r e a s in g  size. S in c e  th e  seed  s h a p e  used o n ly  pass ive  l in e s  n e a r  t h e  e n t r a n c e  

a n d  increas ing ly  larger lines  to w a rd  t h e  bac k ,  th i s  i t e r a t io n  o f  o u r  s im u la t io n  has  

th e  sam e  size g ra d ie n t  t h a t  t h e  real family e n c lo su re  show s. Finally , t h e  th i rd  i t e r ­

a t i o n  p ro v id e s  a s t ru c tu re  t h a t  c o u ld  b e  t h e  o v e r h e a d  v iew  o f  t h e  w h o le  s e t t l e ­

m en t .  A t  th e  e n tr a n c e  to  th e  s e t t l e m e n t  w e h ave  o n ly  fencing, bu t  as we go toward

C ircular fracta ls in  se ttlem e n t a rch itec tu re



FIGURE 2 .3
B a -ila

(a) A e r i a l  p h o t o  o f  B a - i la  s e t t l e m e n t  b e fo r e  1 9 4 4 - (b )  F ra c ta l  g e n e r a t i o n  o f  B a - i la  s i m u la t i o n .  

N o t e  t h a t  t h e  seed  s h ap e  h as  o n l y  a c t i v e  l i n e s  ( g r a y )  e x c e p t  fo r  th o s e  n e a r  t h e  o p e n i n g  ( b l a c k ) ,  

(a, A m erican  Geographic  Institute.)



In troduction

t h e  b a c k  w e h a v e  e n c lo s u re s  o f  in c r e a s in g  size. A g a in ,  by  h a v i n g  t h e  seed  s h a p e  

use o n ly  pass ive  l ines  n e a r  t h e  e n t r a n c e  a n d  in c rea s in g ly  la rge r  l ines  to w a rd  th e  

back , this i t e ra t io n  o f  o u r  s im u la t io n  has  t h e  sam e size g ra d ie n t  t h a t  the'Teal settle-  

m e n t  shows.

I n e v e r  v is i te d  t h e  B a - i la  myself;  m o s t  o f  my i n f o r m a t io n  c o m e s  fro m  th e  

c la s s ic  e t h n o g r a p h y  by E d w in  S m i t h  a n d  A n d r e w  D a le ,  p u b l i s h e d  in  1920. 

W h i l e  th e i r  c o lo n ia l  a n d  m iss io n a ry  m o t iv a t io n s  d o  n o t  in sp ire  m u c h  tru s t ,  

th e y  o f t e n  sh o w e d  a  s t r o n g  c o m m i t m e n t  to w ard  u n d e r s t a n d i n g  t h e  B a - i la  p o in t  

o f  v iew  for so c ia l  s t r u c tu r e .  T h e i r  an a ly s is  o f  B a - i la  s e t t l e m e n t  a r c h i t e c t u r e  

p o in t s  o u t  f r a c ta l  a t t r i b u te s .  T h e y  to o  n o te d  t h e  s c a l in g  o f  h o u s e  size, from  

th o s e  less t h a n  12 fee t  w id e  n e a r  t h e  e n t r a n c e ,  to  h o u se s  m o r e  t h a n  4 0  fee t  w id e  

a t  t h e  back ,  a n d  e x p la in e d  it  as a soc ia l  s t a tu s  g r a d ie n t ;  “ th e r e  b e in g  a w o r ld  of 

d if fe rence  b e tw e e n  th e  sm a ll  h o v e l  o f  a careless n o b o d y  a n d  th e  spac iou s  dw ell ing  

o f  a c h i e f ’ ( S m i t h  a n d  D a le  1968 , 114) .

It is in S m i t h ’s d is cu ss io n  o f  re l ig ious  beliefs, h o w e v e r ,  t h a t  t h e  m o s t  s t r ik ­

ing  fea tu re  o f  t h e  B a - i la ’s f r ac ta l  a r c h i t e c t u r e  is i l lu m in a te d .  U n l i k e  m o s t  m is ­

s io na r ie s  o f  h is  t im e ,  S m i t h  was a s t ro n g  p r o p o n e n t  o f  re s p e c t  fo r  local re lig ions. 

H e  was n o  re la t iv i s t— u n d e r s t a n d in g  a n d  re sp ec t  were ' s t r a te g ie s  fo r  c o n v e r ­

s io n — b u t  h is  d e l ig h t  in  t h e  in d ig e n o u s  sp ir i tua l  s t r e n g th  c o m e s  across  c lea r ly  in 

h is  w ri t in gs  a n d  p ro v id e d  h im  w i th  in s ig h t  in t o  t h e  s u b t l e  r e l a t i o n  o f  t h e  socia l ,  

s a c r e d ,  a n d  p h y s ica l  s t r u c tu r e  o f  t h e  B a - i la  a r c h i t e c t u r a l  p la n .

In this village th e re  are abou t  250 hu ts ,  buil t  mostly o n  th e  edge o f  a circle four 
h u n d red  yards in d iam eter .  Inside th is  circle the re  is a subsid iary  o ne  occupied  
by th e  chief ,  his family, and  ca t t le .  It is a vil lage in itself, a n d  th e  form o f  it in 
the  p lan  is the  form of the  greater num ber  o f Ba-ila villages, w h ich  do  n o t  a tta in  
to the  d im ensions o f  S h a lo b a ’s capital.  T h e  open  space in th e  cen te r  of th e  v il­
lage is also broken by a second subsidiary village, in w h ich  reside im portan t m em ­
bers o f  th e  c h ie f ’s family, and  also by th ree  or four m in ia tu re  h u ts  su rrounded  
by a fence: these  are th e  mantlu a mizhivno ( “th e  m a n e s ’ h u t s ”) w here  offerings 
are made to  the  ancestral spirits. T h u s  early do  we see traces o f  th e  nll-pervnding 
religious consciousness  o f  th e  Ba-ila. (S m i th  an d  D ale  1968, 1 13)

In  t h e  first i t e r a t io n  o f  t h e  c o m p u te r - g e n e r a te d  m o d e l  t h e r e  is a d e t a c h e d  

a c t iv e  l in e  in s id e  th e  r in g ,  a t  t h e  e n d  o p p o s i te  t h e  e n t r a n c e .  T h i s  w as m o t iv a t e d  

by th e  r in g  c o m p r is in g  t h e  c h i e f ’s family, b u t  it also d e sc r ib e s  t h e  lo c a t io n  o f  th e  

sa c re d  a l t a r  w i t h i n  e a c h  h o u se .  A s  a  lo g ic ian  w ou ld  p u t  it , t h e  c h i e f ’s fam ily  ring  

is to  t h e  w h o le  s e t t l e m e n t  as t h e  a l t a r  is to  t h e  h o u se .  I t  is n o t  a s t a tu s  g ra d ie n t ,  

as we saw w i th  t h e  f ro n t-b ack  axis, b u t  r a th e r  a re cu r r in g  f u n c t io n a l  ro le  b e tw e e n  

d i f fe re n t  scales: “T h e  w o rd  ap p l ie d  to  t h e  ch ie f 's  r e l a t i o n  to  h is  p e o p le  is latlela: 

in  th e  e x t r a c ts  g iv en  a b o v e  w e t r a n s la te  it ‘to  ru le ,1 b u t  it h a s  th is  o n ly  as a sec-
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o n d a ry  m e a n in g .  K u le la  is p r im ar i ly  to  n u rse ,  to  c h e r i sh ;  it is th e  w ord  app lie d  

to  a  w o m a n  c a r in g  for h e r  c h i ld .  T h e  c h i e f  is t h e  f a th e r  o f  t h e  c o m m u n i ty ;  th e y  

a re  h is  c h i ld r e n ,  a n d  w h a t  h e  d o es  is lela  t h e m ” ( S m i t h  a n d  D ale  1968 , 30 7 ) .

T h i s  r e l a t i o n s h ip  is e c h o e d  th r o u g h o u t ' f a m i l y  a n d  s p i r i tu a l  t ies  a t  all  

scales', a n d  is s t ru c tu ra l ly  m a p p e d  t h r o u g h  th e  se l f -s im ila r  a r c h i t e c tu re .  T h e  

n e s t in g  o f  c i r c u la r  sh a p e s— a n c e s t ra l  m in ia tu r e s  to  c h i e f ’s h o u se  r ing  to  c h i e f ’s 

e x te n d e d  family r in g  to  che g rea t  o u te r  r ing— was n o t  a  s ta tu s  g rad ien t ,  as we saw 

fo r  t h e  e n c lo su re  v a r i a t i o n  from  f r o n t  to  b ack ,  b u t  success ive  i te ra t io n s  o f  lela.

A  very d if feren t c ircu la r  fractal a rc h i te c tu re  can  be  seen  in  th e  fam ous s to ne  

b u i ld in g s  in t h e  M a n d a r a  M o u n t a in s  o f  C a m e r o o n .  T h e  va r io u s  e t h n i c  g roups  

o f  th is  a rea  h a v e  th e i r  o w n  se p a ra te  n am e s ,  b u t  co l l e c t iv e ly  are  o f t e n  re fe rred  to  

as K ird i ,  t h e  F u lan i  w ord  for “p a g a n ,” b ecau se  o f  t h e i r  s t ro n g  re s is tan ce  ag a in s t  

c o n v e r s io n  to  Is lam . T h e i r  b u i ld in g s  a re  c re a te d  from  th e  s to n e  ru b b le  t h a t  

c o m m o n ly  co v e rs  th e  M a n d a r a  m o u n t a i n  te r ra in .  M u c h  o f  th e  s to n e  h a s  n a tu r a l  

f r a c tu re  l in e s  t h a t  t e n d  to  s p l i t  i n t o  t h i c k  f la t  s h e e t s ,  so th e s e  re a d y -m a d e  

bricks— a lo n g  w i th  d e fen s iv e  n e e d s— h e lp e d  to  insp ire  t h e  c o n s t ru c t io n  o f  th e i r  

h u g e  c a s t le l ik e  c o m p le x e s .  But r a t h e r  t h a n  b e in g  th e  E u c l id e a n  sh a p e s  o f  E u ro ­

p e a n  cas t le s ,  th is  A f r ic a n  a r c h i t e c t u r e  is f rac ta l .

’ F igure  2 .4a  show s th e  b u i ld in g  c o m p le x  o f  t h e  c h i e f  o f  M o k o u le k ,  o n e  of 

th e  M o fo u  s e t t l e m e n ts .  A n  a r c h i te c tu r a l  d iag ram  o f  M o k o u le k ,  d ra w n  by F rench ,  

researchers from th e  o r s t o m  science ins ti tu te ,  shows its overall  s tructure  (fig. 2.4b). 

It is primarily  com p osed  o f  th ree  s to n e  enclosures  ( th e  large circles), e ac h  o f  w h ich  

su r ro u n d s  t ig h t ly  sp i ra led  g ra n a r ie s  ( sm a ll  c i rc le s ) .  T h e  seed  sh a p e  for th e  s i m ­

u la t io n  requ ire s  a  c irc le ,  m ad e  o f  pass ive  l ines ,  a n d  tw o  d if fe re n t  sets o f  a c t iv e  

lines  (fig. 2.4 c ) .  Ins ide  t h e  c irc le  is a  sca l in g  s e q u e n c e  o f  sm a ll  a c t iv e  lines; th e se  

will b e c o m e  th e  g rana r ie s .  O u ts id e  t h e  c irc le  th e r e  is a la rge  a c t iv e  l ine; th is  will 

rep l ic a te  th e  e n c lo s u re  filled w i th  granar ies .  By th e  fo u r th  i t e ra t io n  w e h a v e  c r e ­

a te d  th r e e  en c lo su res  filled w i th  sp iral c lus ters  o f  g ranar ies ,  plus o n e  unfilled. T h e  

rea l d iag ram  o f  M o k o u le k  sh o w s  s e v e ra l  un f i l led  c i r c le s— e v id e n c e  t h a t  n o t  

e v e ry th in g  in t h e  a r c h i t e c tu r a l  s t r u c tu r e  c a n  be  a c c o u n t e d  for by fractals .  N e v ­

e r th e le s s ,  a n  im p o r t a n t  fea tu re  is sug ges ted  by th e  s im u la t io n .

In  t h e  first i t e r a t io n  we see t h a t  th e  large e x te r n a l  a c t iv e  l in e  is to  th e  left 

o f  t h e  c irc le .  B u t  s in ce  it is a t  a n  an g le ,  t h e  n e x t  i t e r a t io n  finds th i s  a c t iv e  l ine 

ab o v e  a n d  to  t h e  r ig h t .  If  we fo l low  th e  i t e ra t io n s ,  we c a n  see t h a t  th e  dynamic 

constrwction o f  t h e  c o m p le x  lias a sp ira l  p a t t e r n ;  th e  re p l ic a t io n s  w h o r l  a b o u t  a 

c e n t r a l  lo c a t io n .  T h i s  spiral d y n a m ic  c a n  be missed w ith  ju s t  a  s ta t ic  view— I c e r ­

ta in ly  d i d n ’t see it before  I tr ied  th e  s im u la t io n — but o u r  p a r t ic ip a t io n . in  th e  v i r ­

tua l con s t ru c t io n  m akes th e  spiral q u i te  e v id e n t .3 T h e  similari ty  b e tw een  th e  small 

sp irals  o f  g ra n a r ie s  in s ide  t h e  e n c lo s u re s  a n d  th i s  la rge-sca le  sp ira l  sh a p e  o f  th e
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FIGURE 2 .4  
M  okou lek

(a)  M o k o u l e k ,  C a m e r o o n .  T h e  sm all  b u i l d i n g s  in s id e  t h e  s t o n e  w a l l  a r e  g r a n a r ie s .  T h e  r e c t a n g u l a r  

b u i l d i n g  ( t o p  r i g h t )  h o l d s  t h e  s a c r e d  a ltar ,  ( b )  A r c h i t e c t u r a l  d i a g r a m  o f  M o k o u l e k .  ( c )  First  t h r e e  

i t e r a t i o n s  o f  t h e  M o k o u l e k  s i m u l a t i o n .  T h e  se e d  s h a p e  is c o m p o s e d  o f  a  c i r c l e  d r a w n  w i t h  p a ss iv e  

l in e s  ( b l a c k )  a n d  w i t h  g r a y  a c t i v e  l in e s  b o t h  in s id e  a n d  o u ts id e  t h e  c i r c l e ,  ( d )  F o u r t h  i t e r a t i o n  o f  

t h e  M o k o u l e k  s i m u l a t i o n ,  

fa  a n d  b, b y  permission f r o m  Se ignobos  19 8 2 .)
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c o m p le x  as a w h o le  in d ic a te s  t h a t  t h e  f r a c ta l  a p p e a r a n c e  o f  t h e  a r c h i t e c t u r e  is 

n o t  m ere ly  d u e  to  a  r a n d o m  a c c u m u la t i o n  o f  variou s-s ized  c i rcu la r  form s. T h e  

idea  o f  c i r c le s  o f  in c r e a s in g  size, sp i ra l in g  f rom  a  c e n t r a l  p o in t ,  h a s  b e e n  ap p lied  

a t  tw o  d if f e re n t  scales, an d  th i s  s t ru c tu r a l  c o h e f e n c e  is c o n f i rm e d  by th e  a r c h i ­

t e c t s ’ o w n  c o n c e p t s .

I n  o u r  s im u la t io n  t h e  a c t iv e  l in e  b e c a m e  lo c a te d  to w a rd  th e  c e n t e r  o f  th e  

sp ira l .  T h e  M o fo u  a lso  t h i n k  o f  th e i r  a r c h i t e c t u r e  as sp i ra l in g  f ro m  th i s  c e n t r a l  

l o c a t io n ,  w h ic h  h o ld s  th e i r  sacred  altar. T h e  a l t a r  is a k in d  o f  c o n c e p tu a l  “ac t iv e  

l i n e ” in th e i r  s c h e m a ;  it is re sp o ns ib le  fo r  th e  i t e ra t io n s  o f  life. S e ig n o b o s  (1 9 8 2 )  

n o tes  t h a t  th is  a rea  o f  th e  co m p lex  is th e  si te  of b o th  religious a n d  po li t ica l  a u th o r ­

ity; it  is t h e  l o c a t io n  for r i tu a ls  t h a t  g e n e r a t e  cyc les  o f  a g r ic u l tu ra l  fe r t i l i ty  an d  

a n c e s t ra l  su ccess io n .  T h i s  g e o m e t r i c  m a p p in g  b e tw e e n  t h e  sca l in g  c irc les  o f  t h e  . 

a r c h i t e c t u r e  a n d  th e  sp i r i tu a l  cycles  o f  life is r e p r e s e n te d  in  t h e i r  d iv in a t io n  

(“f o r tu n e t e l l i n g ” ) r i tua l ,  in  w h ic h  t h e  p r ie s t  c re a te s  c o n c e n t r i c  c irc le s  o f  s tones '  

a n d  p laces  h im se l f  a t  th e  cen te r .  A s  in  t h e  guti p a in t in g  in  L o g on e-B irn i ,  in w h ich  

t h e  K o to k o  h a d  m o d e le d  th e i r  sc a l in g  re c ta n g le s ,  t h e  M o f o u  h a v e  a lso  c re a te d  

th e i r  o w n  sc a l in g  s im u la t io n .

By th e  t im e  1 a r r ived  a t  M o k o u le k  in  1994 th e  c h ie f  h a d  d ied , a n d  th e  o w n ­

e rs h ip  o f  th i s  c o m p le x  h a d  b e e n  passed o n  to  h is  w idow s. T h e  n e w  c h ie f  to ld  me 

thac th e  design  o f  th is  a rch i te c tu re ,  inc lu d in g  t h a t  o f  h is  n e w  com plex ,  b eg an  w ith  

a p rec ise  k n o w led g e  o f  th e  ag ricu ltu ra l  yield . T h i s  v o lu m e  m easu re  was t h e n  c o n ­

v e r t e d  to  a n u m b e r  o f  g ra n a r ie s ,  a n d  th e s e  w ere  a r r a n g e d  in spirals . T h e  design  

is th u s  n o t  s im ply  a m a t t e r  o f  a d d in g  o n  g ra n a r ie s  as t h e y  a re  n e e d e d ;  in  fact , it 

h a s  a  m u c h  m ore  q u a n t i t a t iv e  basis t h a n  m y c o m p u te r  m o d e l ,  w h ic h  I simply  did 

by eyeba l l .

N o t  a l l  c i r c u l a r  a r c h i t e c t u r e s ,  in  A f r i c a  h a v e  t h e  k i n d  o f  c e n t r a l i z e d  

lo c a t io n  t h a t  w e saw  in  M o k o u le k .  T h e  S o n g h a i  v i l lag e  o f  L a b b e z a n g a  in  M al i  

(f ig. 2 .5 a ) ,  for e x a m p le ,  show s c i r c u la r  swirls o f  c i r c u la r  ho u se s  w i th o u t  any 

s ing le  focus . B u t  c o m p a r in g  th i s  to  t h e  f ra c ta l  im age  o f  f igure 2 .5b , w e  see th a t  

a lack  o f  c e n t r a l  focus d o es  n o t  m e a n  a lack  o f  se lf-s im ila r i ty .  It is im p o r t a n t  to 

r e m e m b e r  chat w h ile  “sy m m e t ry ” in  E u c l id e a n  g e o m e t ry  m e a n s  s im ila r i ty  w i th in  

o n e  sca le  (e .g .,  s im i la r i ty  b e tw e e n  o p p o s i t e  s ides in  b i l a te r a l  sy m m e try ) ,  f rac ta l  

g e o m e t ry  is based  o n  sy m m e t ry  b e tw e e n  d i f fe re n t  sca les .  E ven  th e s e  d e c e n t r a l ­

ized sw ir ls  o f  c i r c u la r  b u i ld in g s  sh o w  a sca l in g  s y m m e t r y . .

P a u l  S to l le r ,  a n  a c c o m p l is h e d  e th n o g r a p h e r  o f  t h e  S o n g h a i ,  te l ls  m e  th a t  

th e  r e c t a n g u la r  b u i ld in g s  t h a t  c a n  b e  se e n  in  figure 2 .5a  a re  d u e  to  Is lam ic  in f lu ­

e n c e ,  a n d  t h a t  t h e  o r ig in a l  s t r u c tu r e  w o u ld  h a v e  b e e n  c o m p le te ly  c ircu la r .  

T h a n k s  to  P e te r  B road w ell ,  a c o m p u te r  p ro g r a m m e r  f rom  S i l ic o n  G ra p h ic s  Inc.,  

'w e  w ere  ab le  to  ru n  a q u a n t i t a t iv e  tes t  o f  t h e  p h o t o  t h a t  co n f i rm e d  w h a t  ou r  eyes
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F I G U R E  2 . 5

L a b b e za n g a
(a) Aerial view of the village of Lahhetanga in Mali, (b) Fractal graphic.

( a ,  photo by G eo rg  G c rs te r ;  b , by perm ission  o f  B enoit M andelb ro t.}

w ere  t e l l in g  us: t h e  S o n g h a i  a r c h i t e c tu r e  c a n  b e  c h a rac te r iz e d  by a f rac ta l  d i m e n ­

s io n  s im i la r  to  t h a t  o f  t h e  c o m p u t e r - g e n e r a t e d  f r ac ta l  o f  figure 2.5b.**

T h i s  k in d  o f  d e n s e  c i r c u la r  a r r a n g e m e n t  of c irc les ,  w h i le  o c c u r r in g  in all 

so r ts  o f  v a r ia t io n s ,  is c o m m o n  t h r o u g h o u t  i n l a n d  w es t  A f r ic a .  B o u rd ie r  a n d  

T r in h  (1 98 5 ) ,  for ex am p le ,  descr ibe  a  s im ila r  c ircular a rc h i te c tu re  in B u rk in a  Faso. 

T h e  sc a l in g  o f  in d iv id u a l  b u i ld in g s  is b e a u t i fu l ly  d ia g r a m m e d  in  t h e i r  c o v e r  

i l lu s t ra t io n  (fig. 2 .6 a ) ,  a p o r t i o n  o f  o n e  o f  t h e  large b u i ld in g  c o m p le x e s  c r e a t e d  

by th e  N a n k a n i  society. A s  for t h e  S o n g h a i ,  fo re ign  cu l tu ra l  in f luen ces  h a v e  n o w  

in t ro d u c e d  r e c ta n g u la r  b u i ld in gs  as well.  I n  t h e  N a n k a n i  c o m p le x  t h e  o u te r m o s t  

e n c lo s u re  ( t h e  p e r im e te r  o f  th e  c o m p le x )  is soc ia lly  c o d e d  as  m a le .  A s  w e  m o v e  

in ,  t h e  success iv e  e n c lo s u re s  b e c o m e  m o r e  f e m a le  a s s o c ia te d ,  d o w n  t o  t h e  c i r ­

c u la r  w o m a n ’s dego (fig. 2 .6 b ) ,  t h e  c i r c u la r  f i rep la ce ,  a n d  f in a l ly  t h e  sc a l in g  

s ta c k s  o f  p o ts  (fig. 2 .6c).

U s in g  a t e c h n i q u e  q u i t e  c lo se  to  t h a t  o f  t h e  K o to k o  w o m e n ,  t h e  w o m e n  

o f  N a n k a n i  a lso  w a te r p r o o f  a n d  d e c o r a t e  t h e s e  walls . T h e  r e c u r r e n t  im a g e  o f  a
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t r ia n g le  in  th e se  d e c o ra t io n s  (see  w alls  o f  d e g o )  r e p re se n ts  t h e  zalanga, a  n e s te d  

s t a c k  o f  c a la b a s h e s  (c i r c u la r  bo w ls  c a rv e d  f r o m  go u rd s )  t h a t  e a c h  w o m a n  k eep s  

in  h e r  k i t c h e n  (fig. 2 .6d ) .  S in c e  th e se  c a la b ash es  a re  s ta ck ed  from  large to  small,  

th e y  ( a n d  th e  ro p e  t h a t  h o ld s  t h e m )  fo rm  a t r i a n g l e — t h u s  t h e  t r i a n g u la r
• v

d e c o ra t io n s  also re p re se n t  s ca l ing  c irc les ,  ju s t  in  a  m o re  a b s t ra c t  way. T h e  sm a l l ­

e s t  c o n t a i n e r  in  a w o m a n ’s za lan ga  is t h e  /cumpio, w h ic h  is a  s h r in e  for h e r  soul. 

W h e n  she  dies, th e  zalanga, a long  w i th  h e r  po ts ,  is sm ashed , and  h e r  soul is released 

to  e te r n i ty .  T h e  e t e r n i t y  c o n c e p t , ' a s s o c i a t e d  w i t h  w e l l -b e in g ,  is sy m b o lica l ly

FIGURE 2.6
N a n k a n i  h om e  

(a) D r a w i n g  o f  a N a n k a n i  h o m e ,  (b )  T h e  w o m a n ’s m a i n  r o o m  (dego) 

in s id e  t h e  N a n k a n i  h o m e ,  (c)  A  s c a l i n g  s t a c k  o f  p o ts  in  d i e  f ir ep lace ,  

(d) T h e  ?a!anga.

(a, Bonrdier and  Trinh 1585 ;  courtesy o f  the authors; b - d ,  p/totos fro m  
Bourdier a n d  T rinh  19 85 ,  by  permission o f  the a u th o rs .)
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re p r e s e n te d  by th e  co i ls  o f  a  s e r p e n t  o f  in f in i te  l e n g th ,  s c u lp te d  i n to  t h e  w alls  

o f  th e s e  h o m es .

F ro m  th e  2 0 -m e te r  d i a m e te r  o f  t h e  b u i ld in g  c o m p le x  to  t h e  0 .2 -r f te te r  

k u m p io — a n d  n o t  s im ply  a t  o n e  o r  tw o  leve ls  in  b e tw e e n ,  b u t  w i th  dozens  o f  self- 

s im i la r  sca l ings— th e  N a n k a n i  f r a c ta l  s p a n s  t h r e e  o rde rs  o f  m a g n i tu d e ,  w h ic h  is 

c o m p a r a b le  to  t h e  r e s o lu t io n  o f  m o s t  c o m p u t e r  sc reens .  M o r e o v e r ,  th e s e  sca l in g  

circles are  far from u nco nsc io us  acc id en t :  as in several o th e r  a rc h i te c tu re s  w e h a v e  

e x a m in e d ,  th e y  h a v e  m a d e  c o n s c io u s  use  o f  t h e  sca l in g  in  t h e i r  so c ia l  s y m b o l ­

ism. In  th is  case, t h e  m ost p r o m in e n t  sy m b o lism  is t h a t  o f  b i r th in g .  W h e n  a ch i ld  

is b o rn ,  for e x a m p le ,  i t  m u s t  r e m a in  in  t h e  in n e r m o s t  e n c lo s u re  o f  t h e  w o m e n ’s 

r d ego  u n t i l  it  c a n  craw l o u t  by itself. E a c h  successive  e n t r a n c e  is— sp a t ia l ly  as w ell 

as soc ia lly— a r i te  o f  passage, s t a r t i n g  w i t h  t h e  b io lo g ic a l  e n t r a n c e  o f  t h e  c h i ld  

f ro m  t h e  w o m b .  I t  leaves  e a c h  o f  th e s e  n e s t e d  c h a m b e r s  as t h e  n e x t  i t e r a t i o n  in  

li fe’s s tages is b o rn .  T h e  za lan ga  m o d e l s  t h e  e n t i r e  s t ru c tu r e  in  m i n i a t u r e ,  a n d  its 

d e s t r u c t i o n  in  t h e  e v e n t  o f  d e a t h  m a p s  t h e  j o u r n e y  in  reve rse :  f r o m  t h e  c irc le s  

o f  t h e  la rges t  c a la b a s h  to  t h e  t in y  k u m p i o  h o ld i n g  t h e  so u l— fro m  m a t u r e  a d u l t  

t o  t h e  e te r n a l  r e a lm  o f  a n c e s to r s  w h o  d w e ll  in  " t h e  e a r t h ’s w o m b . ” T h e r e  is a 

c o n s c io u s  s c h e m e  to  th e  s c a l in g  c i r c le s  o f  t h e  N a n k a n i :  it is a  r e c u r s io n  w h ic h  

b o t t o m s - o u t  a t  in f in i ty .

B ra n c h in g  frac ta ls

W h i l e  A f r i c a n  c i rc u la r  b u i ld in g s  a r e  ty p ic a l ly  a r r a n g e d  in  c i r c u la r  c lu s te rs ,  t h e  

p a th s  t h a t  lead  th r o u g h  th e s e  s e t t l e m e n t s  a re  typ ica l ly  n o t  c i r cu la r .  L ik e  th e  

b ro n c h i a l  passages t h a t  o x y g e n a te  t h e  fo u n d  a lv e o l i  of t h e  lungs ,  t h e  ro u te s  t h a t  

n o u r i s h  c i r c u la r  s e t t l e m e n t s  o f t e n  t a k e  a  b r a n c h i n g  fo rm  (e .g . ,  figure 2 .7 ) .  B u t  

d e sp i te  m y u n a v o id a b ly  o rg a n ic is t  m e t a p h o r ,  th e s e  c a n n o t  be  s im p ly  re d u c e d  to  

u n c o n s c io u s  traces  o f  m i n i m u m  e ffo rt .  F o r  o n e  th in g ,  c o n s c io u s  d e s ig n  c r i te r ia  

a re  e v id e n t  in  c o m m u n i t ie s  in  w h ic h  th e r e  is a n  a rc h i te c tu ra l  t r a n s i t i o n  f ro m  c i r ­

c u la r  to  r e c t a n g u la r  b u i ld ing s ,  s i n c e  th e y  c a n  c h o o s e  to  e i t h e r  m a i n t a i n  o r  erase  

t h e  b r a n c h i n g  forms.

Discussion co nce rn ing  such decis ions are app a ren t  in th e  s e t t l e m e n t  o f  Banyo, 

C a m e r o o n ,  w h e re  th e  t r a n s i t i o n  h a s  a lo n g  h is to ry  ( H u r a u l t  19 75 )-  1 fo u n d  t h a t  

few c i r c u la r  b u i ld in g s  w e re  lef t ,  b u t  t h o s e  t h a t  w e re  s t i l l  i n t a c t  s e r v e d  as a n  

e m b o d i m e n t  o f  cu l tu ra l  m em o ry .  T h i s  ro le  w as h o n o r e d  in  t h e  case  o f  t h e  c h i e f ’s 

c o m p le x  a n d  e x p lo i te d  in t h e  case  o f  a  b l a c k s m i t h ’s s h o p ,  w h ic h  w as t h e  s i te  o f  

o c c a s i o n a l  t o u r i s t  v is its .  A f t e r  p a s s in g  a p p r o v a l  by t h e  g o v e r n m e n t  o f f ic ia ls  

a n d  t h e  s u l t a n ,  1 was g r e e t e d  by t h e  o f f ic ia l  c i ty  su rv e y o r ,  w h o — c o n s i d e r i n g  

th e  fac t  t h a t  h is  ra ison  d ’e t re  was E u c l id e a n iz in g  th e  s t r e e ts— s h o w e d  su rp r is in g
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F IG URE  2.7

B ra n c h in g  p a th s  in  a  Senega lese  s e t t l e m e n t
{a) Aerial photo  of a traditional se t tlem ent in northeast  Senegal. T h e  space between enclosure 
walls, serving as roads and footpaths, creates a b ranching  pattern , (b) A  branching fractal can  be 
created by the background of a scaling set of circular shapes.
(a, courtesy Institut Geographique du Senegal.)

a p p r e c i a t i o n  for m y p ro j e c t  a n d  h e lp e d  m e  lo c a t e  t h e  m o s t  f r ac ta l  a r e a  o f  t h e  

c i ty  (fig. 2 .8 a ) .  A t  t h e  u p p e r  left o f  t h e  p h o t o  w e see a  p o r t io n  o f  th e  E u c l id e a n  

grid t h a t  co v e rs  t h e  res t  o f  t h e  city, b u t  m os t  o f  th is  area  is s t i l l  f rac ta l .  T h e  lo c a ­

t i o n  o f  th i s  ca re fu l ly  m a i n t a i n e d  b r a n c h i n g — f a n n in g  o u t  from  a la rge  plaza 

t h a t  is b o r d e r e d  by t h e  p a la c e  o f  t h e  s u l t a n  a n d  th e  g r a n d  m o s q u e — is n o  

c o in c id e n c e .  By m a r k in g  m y p o s i t io n  o n  th e  ae r ia l  p h o t o  as 1 t r a v e le d  th r o u g h  

(fig. 2 .8 b ) ,  I was l a t e r  ab le  to  c r e a t e  a m a p  by d ig i ta l ly  a l t e r in g  th e  p h o t o  im age 

(fig. 2 .8 c ) .  T h i s  p ro v id e s  a  s ta rk  o u t l i n e — lo o k in g  m u c h  l ike t h e  v e in s  in  a 

leaf— o f  th e  f rac ta l  s t r u c tu r e  o f  th is  t r a n s p o r t a t i o n  n e tw o rk .  I may h a v e  p lu n g e d  

th r o u g h  a wall o r  tw o  in  c r e a t in g  th is  m ap ,  b u t  it c e r t a in ly  u n d e re s t im a te s  th e  

fine b r a n c h i n g  o f  t h e  fo o tp a th s ,  as 1 d id  n o t  a t t e m p t  to  in c lu d e  th e i r  e x te n s io n s  

in to  p r iv a te  h o u s in g  enc lo su res .

H o w  d oes  t h e  c r e a t i o n  o f  th e se  sca l ing  b ra n c h e s  in t e r a c t  w i th  t h e  k in d s  of 

i t e ra t iv e  c o n s t r u c t i o n  a n d  soc ia l  m e a n i n g  we h a v e  se e n  a sso c ia te d  wich o th e r  

e x a m p le s  o f  f r a c ta l  a r c h i t e c t u r e ?  A  g o o d  i l l u s t r a t i o n  c a n  be  fo u n d  in  t h e



Position 1— outside palace Position 2— road below mosque Position 3 —narrow walkway

F I G U R E  2.8
B r a n c h i n g  p a th s  in  B a n y o

(a) Aerial phoco of the city of Banyo, 
Cameroon, (b) Successive views of the 
branching paths, as marked on the photo above. 
The clay walls require their own roof, which 
comes in both thatched and metal versions 
along the walkway in the last photo, (c) Aerial 
photo of Banyo with only public paths showing, 
(a, c o u r te s y  N a t io n a l  I n s t i t u t e  o f  C a r t o g r a p h y ,  

Cameroon.)



FIGURE 2 . 9

S tre e ts  o f  Cairo
(a) M a p  o f  s treets  o f  C a i r o ,  1 89 8.  (b )  F ra c ta l  s i m u l a t i o n  fo r  C a i r o  s treets ,  ( c )  E n la r g e d  v i e w  

o f  fo u r th  i t e r a t i o n .
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b ra n c h in g  stree ts  o f  N o r t h  A fr ica n  cities. F igure 2 .9a  show s a  m a p  o f  C a iro ,  Egypt, 

in  1898 . T h e  m a p  was c r e a t e d  by a n  in s u r a n c e  c o m p a n y ,  a n d  I h a v e  c o lo r e d  t h e  

s t re e ts  b la c k  t o  m a k e  th e  sc a l in g  b r a n c h e s  m o r e  a p p a r e n t .  F igu re  2 .9 b  sh o w s  its 

c o m p u t e r  s im u la t io n .  D e la v a l  ( 1 9 7 4 )  h a s  d e sc r ib e d  th e  m o r p h o g e n e s i s  o f  S a h a ­

r a n  c i t ie s  in  te rm s  o f  success iv e  a d d i t io n s  s im i la r  to  t h e  l i n e  r e p l a c e m e n t  in  t h e  

f r ac ta l  a lg o r i th m s  w e h a v e  used h e re .  T h e  first “seed  s h a p e "  c o n s is ts  o f  a m o sq u e  

c o n n e c t e d  by a w ide  a v e n u e  to  th e  m a rk e tp la c e ,  a n d  success ive  i t e ra t io n s  o f  c o n ­

s t r u c t i o n  add  success ive  c o n t r a c t i o n s  o f  th i s  form.

S in c e  th e s e  f rac ta l  S a h a r a n  s e t t l e m e n t  a r c h i t e c tu r e s  p r e d a t e  Is lam  (see  

D ev isse  1 98 3 ) ,  it  w ou ld  be  m is le a d in g  to  see  t h e m  as a n  e n t i r e ly  M u s l im  in v e n ­

t io n ;  b u t  g iv e n  th e  p re v io u s  o b s e r v a t io n s  a b o u t  t h e  i n t r o d u c t i o n  o f  Is lam ic  

a rch i tec tu re  as a n  in te rrup t ion  o f  c ircu lar  fractals in su b -S ah a ra n  A frica ,  it  is im por­

t a n t  to  n o te  t h a t  Is lam ic  cu l tu ra l  in f lu en ce s  h a v e  m a d e  s t r o n g  c o n t r i b u t io n s  to  

A f r i c a n  f rac ta ls  as well.  H e a v e r  (1 9 8 7 )  d e sc r ibes  t h e  " a ra b e sq u e "  a r t i s t ic  fo rm  in 

N o r t h  A f r i c a n  a r c h i t e c t u r e  a n d  d e s ig n  in te r m s  t h a t  r e ca l l  s ev e ra l  f rac ta l  c o n ­

ce p ts  (e .g . ,  “cy c l ic a l  r h y t h m s ” p r o d u c in g  a n  “ in d e f in i te ly  e x p a n d a b l e ” s t r u c ­

tu r e ) .  H e  d iscussed  th e s e  p a t t e r n s  as v isua l  a n a lo g u e s  t o  c e r t a i n  Is la m ic  soc ia l  

co n cep ts ,  a n d  w e will exam in e  his ideas in grea te r  de ta i l  in  c h a p te r  12 o f  th is  book.

C o n c lu sio n

T h r o u g h o u t  th i s  c h a p te r ,  w e h a v e  s e e n  t h a t  a  w ide  v a r ie ty  o f  A f r i c a n  s e t t l e m e n t  

a rc h i te c tu r e s  c a n  be c h a ra c te r iz e d  as fractals .  T h e i r  p h y s ica l  c o n s t r u c t i o n  m akes  

use o f  sca l in g  a n d  i t e ra t io n ,  a n d  th e i r  se lf-s im ila r i ty  is c lea r ly  e v id e n t  from  c o m ­

par ison  to  fractal-graphic s im ula tions.  C h a p te r  3 wilt s h o w  t h a t  fractal a rch i te c tu re  

is n o t  s im ply  a  typical c h a ra c te r i s t i c  o f  n o n - W e s te r n  s e t t l e m e n ts .  T h i s  a lo n e  does 

n o t  a l lo w  us to  c o n c lu d e  a n  in d ig e n o u s  A f r i c a n  k n o w le d g e  o f  f r a c ta l  g e o m e try ;  

in  fac t ,  I will a rgue  in  c h a p t e r  4 t h a t  c e r t a i n  f rac ta l  p a t t e r n s  in  A f r i c a n  d e c o r a ­

tiv e  a r ts  are m erely  th e  result o f  a n  in tu i t iv e  es the t ic .  But as w e  h a v e  a lready  se en ,  

t h e  fractals in A fr ican  a rch i te c tu re  are  m u c h  m ore  t h a n  th a t .  T h e i r  design  is l inked 

to  c o n sc io u s  k n o w le d g e  sy s tem s t h a t  sugges t  so m e  o f  t h e  bas ic  c o n c e p t s  o f  f r a c ­

ta l  geo m e try ,  a n d  in  la te r  c h a p te r s  w e w ill  find m o re  e x p l i c i t  e x p re s s io n s  o f  th i s  

in d ig e n o u s  m a t h e m a t i c s  in  a s to n i s h in g  v a r ie ty  a n d  fo rm .
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T h e  f ra c ta l  s e t t l e m e n t  p a t t e r n s  o f 'A f r i c a  s t a n d  in  s h a r p  c o n t r a s t  to  t h e  C ar te - ,  

s ian  grids  o f  E u r o - A m e r i c a n  s e t t l e m e n t s .  W h y  th e  d if fe ren ce?  O n e  e x p la n a t io n  

cou ld  b e  th e  d if fe ren ce  in socia l s t ru c tu re .  E u ro -A m e r ic a n  c u l tu re s  are o rgan ized  

by w h a t  a n th r o p o lo g i s t s  w o u ld  ca ll  a “s t a te  so c ie ty .” T h i s  in c lu d e s  n o t  ju s t  t h e  

m o d e r n  n a t i o n - s t a t e ,  b u t  refers  m o r e  g e n e ra l ly  t o  a n y  s o c i e ty  w i th  a large  

p o l i t i c a l  h ie r a rc h y ,  la b o r  sp e c ia l iz a t io n ,  a n d  c o h e s iv e ,  fo rm a l c o n t r o ls — w h a t  is 

s o m e t im e s  ca l led  “to p - d o w n ” o rgan iza t io n .  P reco lo n ia l  A f r ic a n  cu ltu res  inc lud ed  

m a n y  s t a t e  s o c ie t ie s ,  as w ell  as a n  e n o r m o u s  n u m b e r  o f  sm a lle r ,  d e c e n t ra l i z e d  

socia l g roups ,  w i th  l i t t l e  p o l i t ic a l  h ie r a r c h y — t h a t  is, soc ie ties  t h a t  a re  o rgan ized  

“b o t t o m - u p ” r a t h e r  t h a n  “ t o p - d o w n .” 1 B u t  if  f r a c ta l  a r c h i t e c t u r e  is s im p ly  th e  

a u to m a t ic  result o f  a  n o n s ta te  social o rgan ization ,  t h e n  we shou ld  see fractal se t t le ­

m e n t  p a t t e rn s  in  th e  ind igenous  socie ties  o f  m a n y  parts  o f  th e  world. I n  this  c h a p ­

t e r  w e w ill  e x a m i n e  t h e  s e t t l e m e n t  p a t t e r n s  fo u n d  in  t h e  i n d ig e n o u s  so c ie t ie s  

o f  th e  A m e r ic a s  a n d  th e  S o u th  P ac if ic ,  b u t  o u r  s e a rc h  will t u r n  up very  few frac ­

tals. R a t h e r  t h a n  d iv id in g  th e  w o r ld  b e tw e e n  a  E u c l id e a n  W e s t  a n d  f ra c ta l  

n o n - W e s t ,  w e w ill  f in d  t h a t  e a c h  so c ie ty  m a k e s  use o f  its  p a r t i c u l a r  d e s ig n  

th e m es  in  o rgan iz ing  its b u i l t  e n v i r o n m e n t .  A fr ic a n  a rc h i te c tu re  ten ds  to  be  frac­

ta l b ecause  t h a t  is a p r o m in e n t  des ign  th e m e  in  A f r ic a n  cu l tu re .  In  fact , th is  c u l ­

tu ra l  sp ec i f ic i ty  o f  d e s ig n  th e m e s  is t r u e  n o t  o n ly  for a r c h i t e c t u r e ,  b u t  for m a n y
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o t h e r  types  o f  m a te r i a l  d e s ig n  a n d  c u l tu r a l  p r a c t i c e s  as w ell .  W e  will  b e g in  o u r  

survey w ith  a  b r ie f  look  a t  th e  des ign  th e m e s  in  N a t iv e  A m e r i c a n  socie ties ,  w h ich  

in c lu d e d  b o t h  h i e r a r c h i c a l  s t a t e  e m p i re s  as  w e l l  as sm a l le r ,  d e c e n t r a l i z e d  tr iba l  

cu l tu re s .

'Native A m e r i c a n  design

T h e  A n c e s t r a l  P u eb lo  so c ie ty  d w e l le d  in  w h a t  is n o w  th e  s o u t h w e s t e r n  U n i t e d  

S ta te s  a ro u n d  1 1 0 0  c .e . A e r ia l  p h o to s  o f th e s e  s i tes  (fig. 3 .1 )  are  so m e  o f  th e  m ost 

fam o us  e x am p le s  o f  N a t iv e  A m e r i c a n  s e t t l e m e n t s .  B u t  as we c a n  see fro m  th is  

v an tag e  p o in t ,  t h e  a r c h i t e c tu r e  is p r im ar i ly  c h a rac te r iz ed  by a n  e n o rm o u s  circular  

fo rm  c re a te d  from  sm aller  rec tangula r  c o m p o n e n t s — c e r ta in ly  n o t  t h e  sam e  shape- 

a t  tw o  d if fe ren t  scales. T h i s  ju x t a p o s i t i o n  o f  t h e  c irc le  a n d  th e  q u a d r i la te ra l  ( r e c ­

tangle  or cross-shaped) form is n o t  a  co inc idence ;  th e  tw o forms are t h e  m ost im por­

t a n t  des ign  t h e m e s  in  t h e  m a te r i a l  c u l tu r e  o f  m a n y  N a t i v e  A m e r i c a n  so c ie t ie s ,  

in c lu d in g  b o th  N o r t h  a n d  S o u t h  c o n t in e n t s -

A s  far as a r c h i t e c tu r e  is c o n c e rn e d ,  th e r e  are n o  e x a m p le s  o f  t h e  n o n !  inea r  

s c a l in g  w e saw in  A fr ica .  T h e  o n ly  N a t i v e  A m e r i c a n  a r c h i t e c t u r e s  t h a t  c o m e  

c lose  a re  a few in s ta n c e s  o f  l in e a r  c o n c e n t r i c  figures (fig. 3 .2 a ) .  S h a p e s  a p p r o x ­

i m a t in g  c o n c e n t r i c  c i r c le s  c a n  b e  s e e n  in  t;he P o v e r ty  P o i n t  c o m p l e x  in  n o r t h -

a h

F I G U R E  3 . I

E u c l id e a n  g e o m e try  in  N a t i v e  A m e r ic a n  a r c h i te c tu r e  
(a) Aerial photo of Bandelter, one of the Ancestral Pueblo settlements (starting around 1100 c .e.) 
in norluwestern New Mexico, (b) Aerial photo of Pueblo Bonito, another Ancestral Pueblo . 
settlement (starting around 950 C.E.) .  Note t h a t  they are mostly rectangular at the smallest scale 
and circular at the largest scale.
(a,  phoio  by T om  Baiter; b , photo by G eo rg  G e rs te r .)
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e r n  L o u is ia n a ,  fo r  e x a m p le ,  a n d  t h e r e  w e re  c o n c e n t r i c  c i r c le s  o f  te p ee s  in  th e  

C h e y e n n e  ca m p s .  T h e  s t e p - p y r a m id s  o f  M e s o a m e r i c a  lo o k  l ik e  c o n c e n t r i c  

squ a res  w h e n  v ie w e d  from  a b o v e .  B u t  l i n e a r  c o n c e n t r i c  figures a re  n o t  f rac ta ls .  

F irs t,  t h e s e  are  l i n e a r  layers: t h e  d i s t a n c e  b e tw e e n  l ines  is a lw ays th e  sa m e ,  a n d  

th u s  th e  n u m b e r  o f  c o n c e n t r i c  c ircles  w i th i n  t h e  largest c ircle  is f in ite .  T h e  n o n ­

l in e a r  s c a l in g  o f  f r ac ta l s  r e q u i re s  a n  e v e r - c h a n g in g  d i s t a n c e  b e tw e e n  l ines ,

f i g u r e  3 . 2

L in e a r  co n c e n tr ic  fo rm s  in  N a tive  A m e r ic a n  a rch i te c tu re  
(a) N a t i v e  A m e r i c a n  a r c h i t e c t u r e  is t y p i c a l ly  based  o n  q u a d r i la t e r a l  grids o r  a c o m b i n a t i o n  o f  

circular a n d  grid  form s. T h e  o n l y  e x a m p l e s  o f  s c a l i n g  s h a p e s  are  th es e  l in e ar  c o n c e n t r i c  forms.  In 

the P o v e r ty  P o i n t  c o m p l e x ,  for e x a m p l e ,  c o n c e n t r i c  c i r c l e s  w ere  used, a n d  c o n c e n t r i c  squares  c a n  be 

seen if w e  l o o k  a t  t h e  M e x i c a n  s te p  p y r a m id s  f r o m  a b o v e .  T h e s e  form s are  b e t t e r  c h a r a c t e r iz e d  as 

E uclidean t h a n  fr a c ta l  for t w o  reasons:  (b )  First , t h e y  are  l in ear. H e r e  is an  e x a m p l e  o f  a  n o n l i n e a r  

c o n c e n tr ic  c i r c l e .  W h i l e  t h e  l i n e a r  v e r s io n  m ust  h a v e  a  f in ite  n u m b e r  o f  c ir c le s ,  this  figure c o u ld  

have  an  in f in i te  n u m b e r  a n d  st il l fit in  t h e  s a m e  b o u n d a r y ,  (c)  S e c o n d ,  t h e y  o n l y  s c a le  w i t h  resp ect  

to one p o i n t  ( t h e  c e n t e r ) .  H e r e  is a n  e x a m p l e  o f  c i r c l e s  w i t h  m o r e  g l o b a l  s c a l i n g  sym m etry .
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w h ic h  m e a n s  t h e r e  c a n  b e  a n  in f in i t e  n u m b e r  in  a  f i n i t e  s p a c e  (fig. 3 .2 b ) .  S e c ­

o n d ,  e v e n  n o n l i n e a r  c o n c e n t r i c  c i r c le s  a re  o n ly  s e l f - s im i la r  w i t h  r e s p e c t  to  a 

s in g le  lo cu s  ( t h e  c e n t e r  p o i n t ) ,  r a t h e r  t h a n  h a v i n g  t h e  g lo b a l  s e l f - s i tn i la r i ty  o f  

f r a c ta l s  (fig. 3 .2 c ) .

T h e  im p o r t a n c e  o f  t h e  c i r c le  is d e t a i l e d  in  a  f a m o u s  p a ssag e  b y  B la c k  E lk  

(1 9 6 1 ) ,  in w h ic h  h e  e x p la in s  t h a t  “e v e r y t h in g  a n  I n d i a n  d o es  is in  a c i r c le ,  a n d  

t h a t  is b ecau se  th e  P o w e r  o f  t h e  W o r l d  alw ays w orks  in c irc le s ,  a n d  e v e r y t h in g  

tr ies  to  be ro u n d .” B u t  h e  goes  o n  to  n o t e  t h a t  h is  p e o p le  t h o u g h t  o f  t h e i r  w o rld  

as “ th e  circle o f  th e  four q ua r te rs ."  A  s im ila r  c o m b in a t io n  o f  th e  c irc le  an d  q u a d r i ­

la te ra l  fo rm  can  be  seen  m a n y  N a t i v e  A m e r i c a n  m y ths  a n d  art ifac ts ; it is n o t  th e i r  

o n ly  d e s ig n  t h e m e ,  b u t  i t  c a n  be  fo u n d  in  a su rp r is in g  n u m b e r  o f  d i f f e r e n t  s o c i ­

eties. Burland  (1965) ,  for exam ple , shows a ce rem onia l  ra t t le  consis t ing  o f  a  w o o d e n  

h o o p  w i th  a cross in s id e  from  s o u t h e r n  A la s k a ,  a  N a v a j o  s a n d  p a i n t i n g  s h o w in g  

four e q u id i s t a n t  s ta lks  o f  c o rn  g ro w ing  from  a c i rcu la r  lake, a n d  a P a w n e e  buffalo- 

h id e  d r u m  w i t h  fo u r  a r ro w s  e m a n a t i n g  f ro m  its c i r c u la r  c e n t e r .  N a b o k o v  a n d  

E a s to n  (1 9 8 9 )  d e sc r ib e  t h e  c u l tu r a l  s y m b o l i sm  o f  t h e  t e p e e  in te rm s  o f  its c o m ­

b i n a t i o n  o f  c i r c u la r  h id e  e x t e r io r  a n d  t h e  four m a i n  s t ru ts  o f  t h e  i n t e r i o r  w o o d  

s u p p o r ts .  W a te r s  ( 1 9 6 3 )  p ro v id e s  a n  e x te n s iv e  i l lu s t r a t io n  o f  t h e  c u l tu r a l  s ig ­

n if icance  o f  c o m b in in g  th e  c i rcu la r  a n d  cross form in his c o m m e n ta r y  o n  th e  H o p i  

c r e a t i o n  m y th .

T h e  fourfo ld  s y m m e t ry  o f  t h e  q u a d r i la te r a l  fo rm  h as  lead  to  so m e  s o p h i s ­

t i c a te d  c o n c e p tu a l  s t ru c tu re s  in  N a t i v e  A m e r i c a n  k n o w le d g e  sys tems. I n  N a v a jo  

s a n d  p a in t in g ,  for e x a m p le ,  t h e  c ru c i fo rm  sh a p e  r e p re se n ts  t h e  “ four d i r e c t i o n s ” 

c o n c e p t ,  s im i la r  to  t h e  C a r t e s i a n  c o o r d i n a t e  sys tem . W h i l e  o rd e r ly  a n d  c o n s i s ­

t e n t ,  i t  is by n o  m e a n s  s im p le  (see  W i t h e r s p o o n  a n d  P e te r s o n  1 9 9 5 ) .  T h e  four 

N aV a jo  d i r e c t io n s  a re  a lso  a ss o c ia te d  w i th  c o r r e s p o n d in g  s u n  p o s i t io n s  (d a w n ,  

day, e v e n in g ,  n i g h t ) ,  y ea r ly  s e a s o n s  ( s p r in g ,  su m m e r ,  fa l l ,  w i n t e r ) ,  p r i n c ip a l  

co lo r s  (w h i te ,  b lu e ,  ye llow , b la c k ) ,  a n d  o t h e r  q u a d r i la te r a l  d iv i s io n s  ( b o t a n ic a l  

c a te g o r ie s ,  p a r t i t i o n s  o f  t h e  life cyc le ,  e tc . ) .  T h e s e  a re  f u r th e r  b r o k e n  i n t o  i n t e r ­

sec t in g  b ipolari ties  (e.g.,  th e  eas t /w es t  su n  p a th  is b ro k e n  by t h e  n o r th / s o u th  d i re c ­

t io n s ) .  C o m b i n e d  w i th  c i r c u la r  c u rv e s  (u sua lly  r e p r e s e n t in g  o r g a n i c  sh a p e s  a n d  

processes) ,  t h e  re su l t in g  s c h e m a  a re  Tich c u l tu ra l  resources fo r  in d ig e n o u s  m a t h e ­

m at ics  (see M o o re  1994)- But, e x c e p t  for m in o r  rep e t i t io n s  ( l ik e  t h e  sm all  c ircu lar  

k ivas  in  t h e  C h a c o  c a n y o n  s i te  o f  fig. 3 .1 )  th e r e  is n o t h i n g  p a r t ic u la r ly  f r ac ta l  

a b o u t  th e s e  q u a d r i la te r a l  des igns .

M a n y  M e s o am er ica n .  c i t ie s ,  s u c h  as  t h e  M a y a n s ’ T e o t i h u a c a n ,  t h e  A z tec 's  

T e n o c h t i t l a n ,  a n d  t h e  T o l t e c ’s T u la ,  e m b e d d e d  a w e a l th  o f  a s t r o n o m i c a l  k n o w l ­

edge  in th e i r  r e c t a n g u la r  lay ou ts ,  a l ig n in g  th e i r  s t re e ts  a n d  b u i ld in g s  w i th  h e a v ­

en ly  o b je c t s  a n d  e v e n t s  ( A v e n i  1 9 8 0 ) .  J. T h o m p s o n  ( 1 9 7 0 )  a n d  K le in  (1 9 8 2 )
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d esc r ib e  t h e  q u a d r i l a t e r a l  figure as a n  u n d e r ly in g  th e m e  in M e s o a m e r i c a n  g e o ­

m e t r i c  t h i n k i n g ,  f ro m  s m a l l - s c a le  m a te r i a !  c o n s t r u c t i o n  t e c h n i q u e s  s u c h  as 

w ea v in g ,  t o  th e  h e a v e n ly  c o sm o lo g y  o f  t h e  fo u r .s e rp e n ts .  R o g e l io  D iaz, o f  th e  

.M a th e m a t ic s  M u s e u m  a t , t h e  U n iv e r s i ty - o f  Q u e r e ta r o ,  p o in t s  o u t  t h a t  t h e  sk in  

p a t t e r n s  o f  t h e  d i a m o n d b a c k  r a t t l e s n a k e  w ere  used by th e  M a y a n s  to  sym bolize 

th is  c o n c e p t  (fig. 3 .3 a ) .

C o m p a r in g  th e  M a y a n  sn a k e  p a t t e r n  w i th  a n  A f r ic a n  w ea v in g  b ased  o n  the  

c o b ra  sk in  p a t t e r n  (fig. 3 .3 b ) ,  w e c a n  see h o w  g eo m e tr ic  m o d e l in g  o f  s im i la r  n a t ­

u ra l  p h e n o m e n a  in  th e s e  tw o  c u l tu re s  re su l ts  in very  d i f f e re n t  r e p re se n ta t io n s .  

T h e  N a t i v e  A m e r i c a n  e x a m p le  e m p h as ize s  t h e  E u c l id e a n  sy m m e t ry  within one  

size fram e (“size f r a m e ” b e cau se  t h e  te rm  “s c a le ” is c o n fu s in g  in  t h e  c o n t e x t  o f  

s n a k e  sk in ) .  T h i s  M a y a n  p a t t e r n  is c o m p o s e d  o f  four sh a p e s  o f  th e  s a m e  size, a 

fourfo ld  sym m etry .  B u t  t h e  A f r ic a n  e x a m p le  em phas izes  f rac ta l  sym m etry ,  w h ic h  

is n o t  a b o u t  s im i la r i ty  b e tw e e n  r i g h t / l e f t  o r  u p /d o w n ,  b u t  r a t h e r  s im i la r i ty  

between d ifferen t size fram es.  T h e  A f r i c a n  s n a k e  p a t t e r n  sh o w s  d ia m o n d s  w i th in  

d ia m o n d s  w i th i n  d ia m o n d s .  N e i t h e r  d e s ig n  is necessa r i ly  m o r e  a c c u ra te :  co b ra  

sk in  d o e s  in d e e d  e x h ib i t  a f r ac ta l  p a t t e r n — th e  s n a k e ’s " h o o d ,” its tw in  w h i te  

p a tc h e s ,  a n d  th e  in d iv id u a l  sca les  th e m se lv e s  are  all d i a m o n d  s h a p e d — a n d  yet 

s n a k e  s k in  p a t t e r n s  ( t h a n k s  to  t h e  a r r a n g e m e n t  o f  t h e  sca les)  are  also c h a r a c ­

te r is t ic a l ly  in  d ia g o n a l  row s, so th e y  are  a c c u ra te ly  m o d e le d  as E u c l id e a n  s t ru c ­

tu res  as w ell .  E a c h  c u l t u r e  c h o o s e s  t o  e m p h as ize  t h e  c h a ra c t e r i s t i c s  t h a t  b es t  fit 

its d e s ig n  th e m e .

T h e r e  are  a  few cases  in  w h ic h  N a t i v e  A m e r i c a n s  h a v e  u sed  sc a l in g  g e o ­

m e tr ie s  in  a r t is t ic  des igns .  S e v e ra l  o f  th e s e  w ere  n o t ,  h o w e v e r ,  p a r t  o f  t h e  t r a ­

d i t io n a l  r e p e r to i re .^  N a v a j o  b la n k e t s ,  fo r  e x a m p le ,  w ere  o r ig in a l ly  q u i t e  linear;  

-it w as-on ly  c n - e x a m in i n g  P e rs ian - ru g a ::t-hat N a v a jo  w eav e rs  b e g a n  t o  use m ore  

sca l in g  s ty les  o f  d e s ig n  ( a n d  e v e n  t h e n  th e  d es ig ns  w ere  m u c h  m ore  E u c l id e a n  

t h a n  th e  P e rs ia n  or ig ina ls ;  see K e n t  1 98 5 ) .  T h e  P u e b lo  " s to ry te l l e r” figures h a v e  

so m e  sc a l in g  p ro p e r t ie s ,  b u t  th ey  a re  o f  r e c e n t  ( 1 960s)  o r ig in .  P o t t e ry  a n d  c a la ­

b a s h  ( c a r v e d  g o u rd )  a r t i s a n s  in  A f r i c a  o f t e n  c r e a t e  s c a l in g  by a l lo w in g  th e  

des ign  a d a p t iv e ly  to  c h a n g e  p ro p o r t io n  a c c o rd in g  to  t h e  th r e e -d im e n s io n a l  form 

o n  w h ic h  it  is in s c r ib e d  (see  “a d a p t iv e  s c a l in g ” in  c h a p t e r  6 ) ,  b u t  th is  w as q u i te  

ra re  in  N a t i v e  A m e r i c a n  p o t t e ry  u n t i l  t h e  1960s.

F inally ,  th e r e  a re  t h r e e  N a t i v e  A m e r i c a n  d es ign s  t h a t  a re  b o t h  in d ig e n o u s  • 

a n d  f rac ta l .  T h e  b es t  case  is th e  a b s t r a c t  figura tive  a r t  o f  th e  H a id a ,  K w a k iu t l ,  

T l in g u t ,  an d  o th e r s  in  t h e  Pacific N o r th w e s t  (H o lm  1965).  T h e  figures, p rim ari ly  

ca rv in gs ,  h a v e  t h e  k in d  o f  g loba l ,  n o n l i n e a r  se lf-s im ila r i ty  n ecessa ry  to  qualify  

as f rac ta ls  a n d  c lea r ly  e x h ib i t  r e cu rs iv e  sca l in g  o f  up  to  t h r e e  o r  fo u r  i te ra t io n s .  

T h e y  a lso  m a k e  use o f  a d a p t iv e  sc a l in g ,  as i l lu s t ra ted  by th e  s h r in k in g  ser ies  o f



FIGURE 3.3
S n a k e s h in  m o d e ls  in  N a t i v e  A m e r i c a n  a n d  A f r i c a n  c u l t u r e s  

U )  R o g e l i o  D ia z  o f  t h e  M a t h e m a t i c s  M u s e u m  a t  t h e  U n i v e r s i t y  o f  Q u e r e t a r o  s h o w s  h o w  t h e  s k i n  

p a t t e r n s  o f  t h e  d i a m o n d b a c k  r a t t l e s n a k e  w e r e  u sed  b y  t h e  M a y a n s  t o  s y m b o l i z e  a c o s m o l o g y  b ase d  

o n  q u a d r i l a t e r a l  s t r u c tu r e ,  ( b )  T h e  M a n d i a c k  w e a v e r s  o f  G u i n e a - B i s s a u  h a v e  a l s o  c r e a t e d  an  

a b s t r a c t  d e s ig n  b ase d  o n  a s n a k e s k i n  p a t t e r n ,  h u t  c h o s e  t o  e m p h a s i z e  t h e  fr a c ta l  c h a r a c t e r i s t i c s .
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figures o n  t h e  d im in i s h i n g  h a n d le s  o f  s o u p  ladles. R e s e a rc h e r s  s in c e  A d a m s  

(1936) h a v e  p o in t e d  to  th e  s im ilari ty  w ith  early  C h in e s e  art ,  w h ic h  also has  som e 

b eau ti fu l  e x a m p le s  o f  sc a l in g  fo rm , a n d  its s ty le  o f  c u rv a tu re  a n d  b i la te ra l  s y m ­

m etry  co u ld  in d e e d  be  cu l tu ra l ly  r ied '’to  th e s e  N e w  W o r ld  des igns  th r o u g h  a n  

a n c i e n t  c o m m o n  o r ig in .  H o w e v e r ,  1 d o u b t  t h a t  is t h e  case  for t h e  sca l ing  ch a r -  . 

a c te r is t ic s .  T h e  P ac if ic  N o r t h w e s t  a r t  a p p e a r s  to  h a v e  d e v e lo p e d  its sc a l ing  

s t ru c tu re  as t h e  re su l t  o f  c o m p e t i t i o n  b e tw e e n  a r t isans  for in creas ing ly  e lab o ra te  

ca rv ings  (Faris  19 83 ) .  A l t h o u g h  so m e  re s e a rc h e r s  h a v e  a t t r i b u t e d  th e  c o m p e t i ­

t ion pressure to  E uropean  trading influences, th e  de v e lo p m e n t  o f  th e  scaling designs 

was c lea r ly  a n  in t e r n a l  i n v e n t io n .

T h e  o t h e r  tw o  t r a d i t io n a l  N a t i v e  A m e r i c a n  d es ig ns  d o  n o t  qualify  as frac ­

tals q u i t e  as w e ll .  O n e  in v o lv e s  t h e  s a w - t o o th  p a t t e r n  f o u n d  in  se v e ra l  b a sk e t  

and  w e a v in g  des igns .  W h e n  tw o  s a w - to o th  rows in te r s e c t  a t  a n  an g le ,  th e y  c r e ­

a te  a t r iang le  m a d e  from  t r ia n g u la r  edges. B u t  th e se  typ ica lly  h a v e  on ly  tw o i t e r ­

a t io n s  o f  sca le ,  a n d  t h e r e  is n o  in d i c a t i o n  in  th e  e t h n o g r a p h i c  l i t e r a tu r e  t h a t  

they are sem a n t ica l ly  t ied  to  ideas o f  re cu rs ion  or sca l ing  (see T h o m a s  an d  S lock- 

ish 19 82 ,  18).  T h e  o t h e r  is a n  a r r a n g e m e n t  o f  sp i ra l  a rm s  o f t e n  f o u n d  o n  

co i led  baske ts .  A g a in ,  th i s  is se l f - s im i la r  o n ly  w i th  r e s p e c t  to  t h e  c e n t e r  p o in t ,  

bu t  th e r e  a re  s o m e  n o n l i n e a r  s c a l in g  v e r s io n s  ( t h a t  is, d e s ig n s  t h a t  ra p id ly  get 

sm a lle r  as y o u  m o v e  f ro m  b a s k e t  e d g e  to  c e n t e r ) .  H o w e v e r ,  th e s e  d e s ig n s  

g en e ra l ly  a p p e a r  to  be  a  fu s ion  b e tw e e n  t h e  c i r c u la r  fo rm  o f  th e  b a sk e t  a n d  th e  

c ru c i fo rm  s h a p e  o f  t h e  a rm s:  a g a in  m o r e  a c o m b i n a t i o n  o f  tw o  E u c l id e a n  

s h ap es  t h a n  a f r a c ta l .

O n e  o f  t h e  m o s t  c o m m o n  e x a m p le s  o f  th is  fu s io n  b e tw e e n  th e  c irc le  an d  

th e  cross is t h e  “ b ifo ld  r o t a t i o n ” p a t t e r n  in  w h ic h  th e  a rm s  c u rv e  in o p p o s i te  

d i r ec t io n s ,  as s h o w n  in figure  3 .4a .  F igure  3 .4 b  sh o w s  th e  f igure  o f  2 b a t  from- 

M im b res  p o t t e ry  w i th  a  m o re  c o m p le x  v e rs io n  o f  t h e  b ifo ld  ro t a t i o n .  E u c l id e a n  

sy m m etry  h a s  b e e n  e m p h as ize d  in  th i s  figure; for e x a m p le ,  t h e  ears  a n d  m o u t h  

of th e  b a t  h a v e  b e e n  m a d e  to  look  s im ila r  to  increase  t h e  b i la te ra l  sym m etry , and  

the  belly is d r a w n  as a r e c ta n g le .  F igure  3 .4 c  show s th e  figure o f  a b a t  from  an  

A frican  design; it is a zigzag sh ape  th a t  e x p a n d s  in w id th  from to p  to b o t to m ,  re p ­

re sen t in g  t h e  w in g  o f  t h e  b a t .  H e re  w e see n e g le c t  o f  t h e  b i l a te r a l  sy m m e try  of 

th e  bat,  an d  a n  e m p h a s is  o n  th e  sca l in g  folds o f  a  s ing le  w ing. A g a in ,  t h e  N a t iv e  

A m er ic an  re p re se n ta t io n  m akes use o f  its qu ad r i la te ra l /c i r cu la r  design th e m e ,  just 

as th e  A f r ic a n  r e p r e s e n t a t io n  o f  t h e  b a t  em ph as izes  sc a l in g  d es ign .

T h e r e  is p le n t y  o f  c o m p le x i ty  an d  s o p h i s t i c a t io n  in t h e  in d ig e n o u s  g e o m ­

etry an d  n u m e r ic -sy s tem s o f  th e  A m e r ic a s  (see  A s c h e r  1991, 8 7 - 9 4 ;  C loss  1986; 

Eglash i 9 9 8 b ) ,  b u t  w i th  th e  im press ive  e x c e p t io n  o f  t h e  Pacific N o r th w e s t  c a rv ­

ings, frac ta ls  a re  a lm o s t  e n t i r e ly  a b s e n t  in N a t iv e  A m e r i c a n  designs.



A r k a n s a s  p o t t e r y Pim a basket S o u t h w e s t e r n  p o ttery  m o ti f

(a)  T h e  c i r c u l a r  a n d  q u a d r i l a t e r a l  fo r m s  w e r e  o f t e n  c o m b i n e d  i n  N a t i v e  A m e r i c a n  d e s ig n s  as a 

f o u r f o ld  o r  b i fo ld  ro t a t io n .

(b )  T h i s  im a g e  o f  a b a t ,  from  a M it n b r e s  p o t t e r y  i n  S o u t h w e s t e r n  

N a t i v e  A m e r i c a n  t r a d i t io n ,  s h o w s  a n  e m p h a s i s  o n  c i r c u l a r  an d  

q u a d r i l a t e r a l  fo r m .  T h e  ear  a n d  t h e  m o u t h ,  fo r  e x a m p l e ,  a re  m a d e  

t o  l o o k  s im i la r  to  e m p h a s i z e  b i la te r a l  s y m m e t ry ,  a n d  t h e  b e l l y  is 

d r a w n  as a  r e c t a n g l e .  It a ls o  s h o w s  t h e  w i n g  b o n e s  as  a b i fo ld  

r o t a t i o n  p a t te r n .

( c )  T h i s  A f r i c a n  s c u lp t u r e  o f  a b at ,  f r o m  t h e  L e g a  s o c i e t y  o f  Z a ir e ,  p a y s  

l i t t l e  a t t e n t i o n  t o  t h e  b i la te r a l  s y m m e t r y  o f  t h e  b a t ’s b o d y  bu t  g i v e s  an  

e m p h a s i s  o n  t h e  s c a l i n g  s y m m e t r y  o f  t h e  w i n g  f o ld s ,  s h o w n  as  a n  

e x p a n d i n g  z igzag  p a t te r n .

FIGURE 3 . 4

T h e  bifold ro ta t io n  in  N a t iv e  A m e r i c a n  des ign  
(a:  L e f t ,  from  Miles 19 6 3 .  C en ter ,  from  S o u t h w e s t  I n d ia n  C r a f t  A r t s  by C l m a  Lee Tanner. Co pyright  

1968  b y  the A r i zo n a  Board o f  Regents. R e p r in t e d  b y  permission 0/ the U n i v e r s i t y  o f  A r i z o n a  Press.

Right, c o u r t e sy  D o n  C -ro w e -  b,  f r o m  Z a s l o w  1 9 7 7 ,  c o u r t e s y  o f  the a u th o r,  c,  courtesy  o f  D a n i e l  D ie b u y c k . )
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D e s ig n s  o f  A s i a  a n d  t h e  S o u t h  P acific

S ev e ra l  o f  t h e  S o u t h  Pacif ic  c u l tu re s  s h a r e  a t r a d i t i o n  o f  d e c o ra t iv e  c u rv e d  a n d  

sp ira l  form s, w h ic h  in c e r t a in  M a o r i  v e rs io n s—-p ar t icu la r ly  th e i r  ra f te r  a n d  ta t -  

• to o  p a t t e r n s — w ould  c e r ta in ly  c o u n t  a s ’f rac ta l  (see  H a m i l t o n  1977).  T h e s e  are 

s t ro n g ly  sugges tive  o f  th e  c u rv a tu re  o f  w aves  a n d  swirling, water. C la ss ic  J a p a n ­

ese p a in t in g s  o f  w a te r  w aves  w ere  a lso  p r e s e n te d  as frac ta l  p a t t e r n s  in  M a n d e l ­

b ro t 's  (1 9 8 2 )  se m in a l  te x t  ( p la te  C 1 6 ) .  T h e s e  m ay h a v e  so m e  h is to r i c  r e l a t i o n  

to  sca l ing  p a t t e rn s  in C h in e s e  a r t  (see W a s h b u r n  an d  C ro w e  1988, fig. 6 .9 ) ,  w h ic h  

are based  o n  sw ir l in g  fo rm s  o f  w a te r  a n d  c lo u d s ,  a b s t r a c t e d  as sp i ra l  s c a l in g '  

s t ru c tu re s .  W h i l e  b o t h  t h e  Ja p a n e s e  a n d  C h i n e s e  p a t t e r n s  are  ex p l ic i t ly  a sso c i­

a ted  w i th  a n  effort to  im i ta te  n a tu re ,  th e s e  M ao r i  designs are r e p o r ted  to  be  m ore  

a b o u t  c u l tu re — in  par t icu la r ,  they  em p h as ize  m irro r - im age  sym m etr ies ,  w h ic h  a re  

a ss o c ia te d  w i th  t h e i r  c u l tu r a l  t h e m e s  o f  c o m p l im e n ta r i t y  in  so c ia l  r e l a t i o n s  

( H a n s o n  1983).

In  a lm o s t  all o th e r  in d ig en o u s  ex am p le s ,  h o w ever ,  t h e  Pac if ic  I s land er  p a t ­

te r n s  a re  q u i t e  E u c l id e a n .  S e t t l e m e n t  la y o u t ,  fo r  in s ta n c e ,  is ty p ic a l ly  in  o n e  

or tw o  row s  o f  r e c t a n g u la r  b u i ld in g s  n e a r  t h e  coas ts ,  w i th  c i r c u la r  a r r a n g e m e n ts  

o f  r e c t a n g le s  a lso  o c c u r r in g  i n l a n d  (see  F rase r  1 9 6 8 ) .  T h e  b u i ld in g  c o n s t r u c ­

t i o n  is g e n e ra l ly  b ased  o n  a c o m b i n a t i o n  o f  r e c t a n g u la r  g r ids  w i t h  t r i a n g u l a r  

o r c u rv e d  a r c h  roofs. O c c a s io n a l ly  th e s e  t r i a n g u la r  faces  are  d e c o ra t e d  w i t h  t r i ­

a n g le s ,  b u t  o th e r w i s e  n o n s c a l i n g  d e s ig n s  d o m i n a t e  b o t h  s t ru c tu r a l  a n d  d e c o ­

ra t iv e  patterns.-^

A g a in ,  it is im p o r t a n t  to  n o te  t h a t  th is  lack  of frac ta ls  does n o t  im ply a lack 

of s o p h i s t i c a t io n  in  th e i r  m a t h e m a t i c a l  th i n k in g .  F o r  e x a m p le ,  A s c h e r  (1 9 9 1 )  

has  analyzed som e of th e  a lg o r i th m ic  p ro p e r t ie s  o f  W arlp ir i  (Pacific Is lander)  sand 

d raw ing s .  S im i l a r  s t ru c tu re s  are  a lso  fo u n d  ' in " A f r ic a ;  w h e re  th ey  are  called" 

lusona. Buc w h i le  t h e  lu so n a  t e n d  to  use s im i la r  p a t t e r n s  a t  d i f fe re n t  sca les  (as 

we will  see in c h a p t e r  5 ) ,  t h e  W a r lp i r i  d ra w in g s  t e n d  to  use d i f fe ren t  p a t t e r n s  at 

d i f fe re n t  scales. A s c h e r  c o n c lu d e s  t h a t  t h e  W a r lp i r i  m e t h o d  o f  c o m b i n in g  d if ­

fe re n t  g ra p h  m o v e m e n ts  is an a lo g o u s  to  a lg eb ra ic  c o m b in a t io n s ,  b u t  t h e  A fr ic a n  

lusona  are  b es t  d e sc r ib ed  as fractals .

C o m p l i c a t i n g  my c h a r a c t e r i z a t io n  o f  t h e  S o u th  Pacific as d o m i n a t e d  by 

E u c l id e a n  p a t t e r n s  is t h e  e x te n s iv e  in f lu e n c e  o f  In d ia .  I t  is p e rh a p s  n o  c o i n c i ­

d e n c e  chat th e  t r ian g le  of t r iang les  m e n t io n e d  a b o ve  is m ost c o m m o n  in I n d o n e ­

sia. In  a r c h i t e c tu r e ,  a f am o u s  e x c e p t io n  to  t h e  g e n e ra l ly  E u c l id e a n  fo rm  is t h a t  

o f  Borobudur,  a tem ple  o f  In d ian  rel ig ious o r ig in  in Java .  A l th o u g h  n o r t h e r n  Ind ia  

te n d s  to w ard  E u c l id e a n  a r c h i t e c t u r e ,  e x p l i c i t  recu r s iv e  des ign  is se e n  in sev e ra l  

tem p le s  in s o u t h e r n  In d i a — th e  K a n d a ry a  M a h a d e o  in K h a ju r a h o  is o n e  o f  th e
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c le a r e s t  e x a m p le s— a n d  is r e l a te d  to  recu rs iv e  c o n c e p t s  in  re l ig io us  cosm ology . 

T h e s e  sam e  areas in  s o u t h e r n  In d ia  a lso  h a v e  a  v e r s io n  o f  t h e  lu so n a  d raw ings ,  

an d  m any o th e r  examples o f fractal design. Interestingly, these  exam ples from so u th ­

e r n  In d ia  a re  t h e  p ro d u c t s  o f  D r a v id i a n  c u l tu re ,  w h ic h  is su s p e c te d  to  h a v e  sig­

n i f ic a n t  h is to r i c a l  ro o ts  in  A fr ica .

E u r o p e a n  designs

M o s t  t r a d i t io n a l  E u ro p e a n  f rac ta l  designs, l ike  th o s e  o f  J a p a n  an d  C h i n a ,  a re  d ue  

to  im i t a t i o n  o f  n a tu r e — a to p ic  we will t a k e  up  in  t h e  fo l low in g  c h a p te r .  T h e r e  

a re  a t  leas t  tw o s te l la r  e x c e p t io n s ,  h o w e v e r ,  t h a t  a re  w o r th  n o t in g .  O n e  is th e  

sca l in g  i te ra t io n s  o f  t r ian g les  in t h e  floor t i les  o f  t h e  C h u r c h  o f  S a n t a  M a r ia  in 

C o s tn e d in  R o m e  (see p la te  5 .7  in W a s h b u r n  a n d  C ro w e  1 9 8 8 ) .  I h a v e  n o t  b e e n  

ab le  to  d e te r m in e  a n y th i n g  a b o u t  t h e i r  c u l tu r a l  o r ig in s ,  b u t  th e y  a re  c lea r ly  

a r t is t ic  i n v e n t io n  r a t h e r  t h a n  im i t a t i o n  o f  so m e  n a tu r a l  fo rm .  T h e  o t h e r  c a n  be  

fo u n d  in c e r ta in  v a r ie t ie s  o f  C e l t i c  in te r la c e  designs. N o r d e n f a lk  (1 9 7 7 )  suggests 

t h a t  these  are  h is to r ica lly  re la ted  to  th e  spiral designs o f  p r e - C h r is t ia n  C e l t i c  re l i­

g io n ,  w h e re  th e y  t r a c e  t h e  f low  o f  a v i ta l  life fo rce .  T h e y  a re  g e o m e t r i c a l ly  

classified as a n  E u le r ian  p a th ,  w h ic h  is closely a ssoc ia ted  w i th  m a t h e m a t ic a l  k n o t  

th e o r y  (cf. J o n e s  1990 ,  99 ) .

C o n c lu s io n

F rac ta l  s t ru c tu re  is by n o  m e a n s  u n iv e r sa l  in  t h e  m a te r i a l  p a t t e r n s  o f  in d ig e n o u s  

soc ie ties .  In  N a t iv e  A m e r i c a n  designs,  o n ly  t h e  Pacific N o r th w e s t  p a t t e r n s  sho w  

a s t ro n g  f rac ta l  c h a ra c te r i s t i c ;  E u c l id e a n  sh a p e s  o th e r w i s e  d o m i n a t e  t h e  a r t  a n d  

a r c h i t e c t u r e .  E x c e p t  for t h e  M a o r i  sp i ra l  d e s ig ns ,  f r a c ta l  g e o m e t ry  d o es  n o t  

app ea r  to  be a n  im p o r ta n t  a sp ec t  o f  in d ig en o u s  S o u th  Pacific p a t t e rn s  e ither.  T h a t  

is n o t  to  say t h a t  f r ac ta l  d es ig ns  a p p e a r  n o w h e r e  b u t  A f r ic a — s o u t h e r n  In d ia  is 

full o f  f rac ta ls ,  a n d  C h in e s e  fluid swirl d es ig ns  a n d  C e l t i c  k n o t  p a t t e r n s  are  

a lm o s t  ce r ta in ly  o f  in d e p e n d e n t  o r ig in .”* T h e  im p o r ta n t  p o in t  h e re  is t h a t  th e  frac­

tal des igns  o f  A f r i c a  sh o u ld  n o t  be  m i s t a k e n  for a u n iv e r sa l  o r  p a n c u l t u r a l  p h e ­

n o m e n o n ;  th e y  a re  c u l t u r a l ly  sp e c i f ic .  T h e  n e x t  c h a p t e r  w i l l  e x a m i n e  t h e  

q u e s t io n  o f  th e i r  m a t h e m a t i c a l  specific ity .
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 Before w e c a n  d iscuss  t h e  f ra c ta l  sh a p e s  in A f r i c a n  s e t t l e m e n t  a r c h i t e c tu r e s  as

geom etr ic  know ledge, we n eed  to  t h i n k  carefully a b o u t  th e  re la tion  b e tw een  m a te- 

rial designs a n d  m a th e m a t ic a l  u n d e rs tan d i n g. D esigns  are  bes t  seen  as po s i t io n ed  

o n  a r a n g e  o r  sp e c t ru m  o f  ̂ in te n t io n .  A t  t h e  b o t t o m  o f  t h e  ran g e  are  u n i n t e n ­

t io n a l  p a t t e r ns,  c re a te d  a c c i d e n ta l l y  as t h e  b y - p r o d u c t  o f  so m e  o t h e r  ac t iv i ty .  

In  th e  m id d le  o f  rhe  ran g e  are  d es ign s  t h a t  a re  i n t e n t 'o n n !  in tu i t iv e ,

w ith  n o  rules o r g u ide l ines  to  e x p la in  its c r e a t io n .  A t  t h e  u p per  e n d  o f  t h e  range ,  

we h a v e  t h e  i n t e n t i o n a l  a p p l i c a t i o n  o f  e x p l i c i t  ru le s  t h a t  w e are  a c c u s to m e d  to  

a ss o c ia t in g  w i th  m a t h e m a t ic s .  T h e  fo l lo w in g  s e c t io n s  w ill  e x a m in e  t h e  f rac ta l  

des igns  t h a t  o c c u r  in  va r io u s  p o s i t i o n s  a lo n g  th i s  i n t e n t i o n a l i t y  s p e c t ru m .

F rac ta ls  fro m  un co n sc io its  ac tiv i ty

A n  exce l len t  ex am ple  of u n in t e n t io n a l fractals c a n  be  found  in th e  work of M ichael 

Batty an d  Paul Longley (1989) ,  w h o  e x a m in e d  th e  shape  of large-scale u rban  sprawl 

s u r ro u n d in g  E u ro p e a n  a n d  A m e r i c a n  c i t ie s  (fig. 4 .1 ) .  W h i l e  th e  b lo c k s  o f  th e s e  

cit ies  are  typ ica lly  laid o u t  in r e c t a n g u la r  grids, a t  very  large scales— a ro u n d  100 

square  m ile s— w e c a n  see t h a t  t h e  p rocess  o f  p o p u la t io n  g ro w th  h a s  c re a te d  a n  

ir regular p a t t e r n .  T h i s  ty p e  o f  f r a c ta l ,  a  “d if fu s io n  l im i te d  ag g re g a t io n ,” also
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F IG U RE  4.1 
U r b a n  sp ra w l in  L ondon

L a r g e - s c a l e  u r b a n  s p r a w l  

g e n e r a l l y  h a s  a  f r a c t a l  

s t r u c t u r e .  T h e  u r b a n  s p r a w l  

f r a c t a l s  o n l y  e x i s t  a t  v e r y  

l a r g e  s c a l e s — a b o u t  1 0 0  sq. 

m i l e s — a n d  r e s u l t  f r o m  t h e  

u n c o n s c i o u s  a c c u m u l a t i o n  

o f  u r b a n  p o p u l a t i o n  d y n a m i c s .  

A t  l e v e l s  o f  c o n s c i o u s  i n t e n t  

( e . g . ,  t h e  g r i d  o f  c i t y  b l o c k s ) ,  

E u r o p e a n  c i t i e s  a r e  t y p i c a l l y  

E u c l i d e a n .  A r e a  is 1 0  x  1 0  

k i l o m e t e r s .

( .R eprin ted  w i t h  p e r m i ss io n  f r o m  

B a t t y  et a l .  1 9 8 9  )

o c c u rs  in  c h e m ic a l  sys tem s w h e n  p a r t ic le s  in a s o l u t i o n  a r e  a t t r a c t e d  to  a n  e le c ­

t ro d e .  F rac ta l  u rb a n  sp raw l is c lea r ly  t h e  r e su l t  o f  u n c o n s c io u s  soc ia l  d y n a m ic s ,  

n o t  consc io us  design. A t  t h e  sm a lle r  scales  in  w h ic h  th e r e  is c o n s c io u s  p la n n in g ,  

E u ro p e a n  a n d  A m e r i c a n  s e t t l e m e n t  a r c h i t e c tu r e s  a re  ty p ica l ly  E u c l id e a n .

F ra c ta ls  from  n a tu re :.m im e s is  v e rsu s  m odelin g

I t  m i g h t  be  t e m p t i n g  to  t h i n k  t h a t  t h e  c o r ^ a s t j ^ t w e e n . t h e  E uc l i .d e jn -des ig ns  

o f  Europe a n d  th e  frac ta l  designs of A fr ica  c a n  be e x p la in e d  by th e  im p o r t a n t  ro le  

o f  t h e  n a tu r a l  e n v i r o n m e n t  in  A f r i c a n  soc ie t ie s .  B u t  th i s  a s s u m p t io n  tu rn s  o u t  

to  be wrong; if any th ing ,  th e re  is a  te n d en c y  for indigenous societies to .fayor Euclid­

e a n  shapes . P hysic is t  K h . S . ,M a m e d o v  o bserved  su c h  a c o n t r a s t  in h i s  re f lec t ions  

o n  h is  y o u th  in a n o m a d ic  cu l tu re :

M y p a re n t s  a n d  c o u n t r y m e n  . . .  up  to  t h e  se c o n d  w o rld  w ar h a d  b e e n  
nom ads. • •.  O u ts ide  our n o m ad  te n t s  we were l iv ing in a w onderfu l  k ingdom  

of various curved  lines and  forms. So  w hy were th e  a e s th e t ic  signs n o t  formed 
from th em , h a v in g  in s tead  preserved  g eom etr ic  p a t t e rn s  . . . ? [Jjn th e  cities 
where the  straight-line geometry’ was predom inant the  aesthetic signs were formed 
. . .  w ith  na ture  playing th e  d om ina t ing  role. . . . [TJhe nom ad  did n o t  need the 
“portra it” of an  oak to be carried w ith  him elsewhere because h e  could view all 
sorts o f  oaks every day and every h o u r  . . . while for th e  townsfolk the ir  inc l ina­
tion to na ture  was more a result of nostalgia. (M am edov  1986, 5 1 2 -5 1 3 )



I n te n t io n  a n d  i n v e n t io n  in  d e sig n

.C o n t r a r y  to  r o m a n t i c  p o r t r a i t s  o f  t h e  “n o b le  s a v a g e ” l iv in g  as o n e  w i th  

n a tu re ,  m o s t  in d ig e n o u s  so c ie t ie s  s e e m  q u i t e  in t e r e s t e d  in  d i f f e re n t ia t in g  t h e m ­

selves from  th e i r  su r rouqd ii igs .  I t  is t h e  i n h a b i t a n t s  o f  large s t a te  soc ie t ies ,  su ch  

as th ose  o f  m o d e r n  J iu rop e}  w h o  y e a rn  ,fo m im ic  t h e  n a tu ra l .  W h e n  E u ro p e a n  

designs a re  frac ta l ,  i t  is u su a l ly  d u e  _t_P.an .effort.to  m im ic  n a tu r e .  A f r i c a n  frac ta ls  

based o n  m im ic ry  o f  n a tu r a l  fo rm  are  r e la t iv e ly  ra re ;  t h e ir in s p i ra t io n  te n d s  to  

com e fro m  th e  re a lm  o f  cu l tu re .

H o w  sh o u ld  w e p la c e  su ch  n a tu r e -b a s e d  des igns  in o u r  in t e n t io n a l i ty  sp e c ­

trum? T h a t  d e p e n d s  o n  t h e  d i f fe ren ce  b e tw e e n  m im esis .and.mO-deling^>4 im esjs^ 

is a r ^ a t t e m p t  to  m ir ro r  t h e  im age  o f  a p a r t i c u l a r  o b je c t ,  a  goal e x p l ic i t ly  s ta te d  

by P la to  a n d  A r i s to t l e  as t h e  e s s e n c e  o f  a r t ,  o n e  t h a t  w as s u b s e q u e n t ly  fo l lo w ed  

in Europe for m any  cen tur ies  (see A u e rb a c h  1953). A  p h o tog raph  is a  good exam ple  

of mimesis. A  p h o to  m i g h t  c a p tu r e  t h e  f rac ta l  im age  o f  a t ree ,  b u t  it w o u ld  be  

foolish to  c o n c lu d e  t h a t  t h e  p h o to g r a p h e r  k n o w s  f rac ta l  geom etry . If  a r t i san s  are  

simply try ing to  copy  a  part icu la r  na tu ra l  ob jec t ,  t h e n  th e  scaling  is an .u .n in tended  

by-p roduc t.

T h e  m ost im p o r t a n t  a t t n b u t e s j : h a t  se p a ra te  m im es is  f ro m Q n o d e l in g  e re  

a b s t rac t io n  a n d  g e n e ra l iz a t io n .(A b s trac t io n^ is  a n  a t t e m p t  to  l e a v e o u t  m a n y  o f 

th e  c o n c r e t e  d e ta i ls  o f  t h e  su b je c t  by c r e a t in g  a s im p le r  figure w ho se  s t ru c tu re  

is s t i l l ' roughly  ana log ou s  to  th e  o r ig in a l— o f te n  ca l led  a “stylized" re p re se n ta t io n ,  

in th e  ar tsC jG enetalization^ir iean s  s e l e c t in g  a n  a n a lo g o u s  s t ru c tu r e  t h a t  is^com- 

m o n  to  all  e x a m p le s  o f  t h e  su b je c t ;  w h a t  is o f t e n  re fe rre d  to  as a n  “u n d e r ly in g ” 

form or law.1 For exam p le ,  M a n d e lb ro t  (19 81 )  p o in t s  to  th e  E u ro p e a n  B e a u x  A r t s : 

style as a n  a t r e m p t  n o t  m ere ly  ro  im i ta te  n a tu re ,  b u t  to  “guess its laws.” H e  n o te s  

tha t  the  in terio r o f  th e  Paris opera  h o u se  m akes use of scaling a rches-w ith in-arches; ,  

. a p a t t e rn  t h a t  genera l izes  so m e  o f  t h e  sca l ing  c h a ra c te r i s t i c s  o f  n a tu r e ,  but- is not- 

a copy o f  any  o n e  p a r t ic u la r  n a tu r a l  o b je c t .

S in c e  t h e  u l t im a te  g e n e r a l i z a t i o n  is a  m a t h e m a t i c a l  m o d e l , ,  w h y  d i d n ’t 

des ign  p ra c t i c e s  s u c h  as t h e  B eau x  A r t s  s ty le  r e su l t  in  a n  ea r ly  d e v e l o p m e n t  o f  

frac ta l  geo m e try ?  For E u ro p e a n s ,  su c h  lu sh  o r n a m e n t a t i o n  was p r e s e n t e d —-and 

g enera l ly  a c c e p te d — as e m b o d y in g  th e  opposite o f  m a t h e m a t i c s ;  i t  was ani e ffort  

to c rea te  designs t h a t  co u ld  on ly  be  u n d e r s to o d  in  i r ra t ion a l ,  e m o t io n a l ,  o r i n t u ­

i t ive  te rm s .  E v e n  so m e  m o v e m e n t s  a g a in s t  th i s  a t t e m p t ,  s u c h  as t h e  use  o f  d i s ­

t in c t ly  E u c l id e a n  fo rm s  in  t h e  h ig h  m o d e r n  a r t s  s ty le ,  s im p ly  r e in fo rc e d  th e  

a s s o c ia t io n  b e c a u se  it  o n ly  o ffe red  a re v e r sa l ,  s u g g e s t in g  t h a t  “ m a t h e m a t i c a l ” 

sh a p e s  ( c u b e s ,  s p h e r e s ,  e t c . )  c o u ld  b e  e s t h e t i c a l l y  a p p r e c i a t e d .  W i t h  ra r e  

e x c e p t io n s  (e .g . ,  T h o m p s o n  1 9 1 7 ) ,  m im e s is  o f  n a tu r e  in  p r e - W W  11 E u ro p e a n  

ar t  t r a d i t io n s  m e re ly  fu r th e re d  th e  a s s u m p t io n  t h a t  E u c l id e a n  g e o m e t ry  was th e  

o n ly  t ru e  g e o m e t ry .2
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T h e  d if fe ren ce  be tw een^m im esjs  a n d  m o d e l in g  p ro v id e s  tw o  d if fe re n t  posi- 

t i o n s  a lo n g  th e jn te n t io n 3 l jC y _ sg e c t ru m .  T h e  leas t  i n t e n t i o n a l  w o u ld  be  m ere ly  

h o ld in g  a m ir ro r  to  n a tu r e —-for e x a m p le ,  if  s o m e o n e  w as ju s t  sh o o t in g ,  a  c a m ­

era  or p a in t in g  a realistic p ic tu re  o u td oo rs  a n d  h a p p e n e d  to  in c lu de  a  frac ta l  o b je c t  

(c lo u d ,  tree ,  e tc . ) .  T h i s  m im es is  d oes  n o t  c o u n t  as m a t h e m a t i c a l  th i n k in g .  M o r e  | 

in t e n t io n a l  is a stylized r e p r e s e n ta t io n  o f  n a tu re .  If  th e  a r t is t  h a s  redu ced  th e  n a t -  i 

ural im age to  a  s t ruc tu ra l ly  an a lo g o u s  c o l l e c t io n  o f  m o re  s im p le  e le m e n ts ,  s h e  h a s  \ 

c re a te d  a n  a b s t ra c t  m o de l .  W h e t h e r  o r  n o t  s u c h  a b s t r a c t io n s  m o v e  to w a rd  m o r e  J 

m a t h e m a t i c a l  m o d e ls  is a  m a t t e r  o f  local p re fe ren ce .

T h e  tw o  e x a m p le s  o f  A f r i c a n  r e p r e s e n t a t i o n s  o f  n a t u r e  w e o b s e r v e d  in 

t h e  p r e v i o u s  c h a p t e r  c e r t a i n l y  s h o w  t h a t  t h e  a r t i s a n s  h a v e  g o n e  b e y o n d  

m ere  m im esis .  T h e  M a n d ia c k  c o b ra  p a t t e r n  w e  saw in  figure 3 .2 .  show s a s t r ic t ly  

s y s t e m a t i c  s c a l in g  p a t t e r n .  T h i s  t e x t i l e  d e s i g n  c o n v e y s  t h e  s c a l in g  p r o p e r ty  

o f ' t h e  n a t u r a l  c o b r a  s k in  p a t t e r n — d i a m o n d s  a t  m a n y  s c a l e s — in  a s ty l iz e d  o r  

a b s t r a c t  way. W e  c a n  t a k e  th is-  id e a  a s t e p  f u r t h e r  by  e x a m i n i n g  a n o t h e r  

B w a m i b a t  s c u l p tu r e  (f ig .  4 . 2 ) .  T h i s  sp i ra l  p a t t e r n  is a l s o  a  s ty l iz ed  r e p r e ­

s e n t a t i o n  o f  t h e  n a tu r a l  sc a l in g  o f  t h e  b a t ’s w in g ,  b u t  it .is  a  d i f f e r e n t  g e o m e t r i c  

d e s ig n  t h a n  th e  e x p a n d in g  zigzag p a t t e r n  w e  saw  in  f ig u re  3 .4 c .  It is m o r e  s ty  1-

F I G U R E  4-2
S ty l iz e d ,  s c u l p t u r e  o f  a  b a t

Another Legn bat sculpture, but unlike the zigzag design 
we saw in figure 3.4c, here the scaling of the wing folds is 
represented by a spiral.
(B y  perm ission o f  the  M useum  o f  A f r i c a n  A r t ,  N .Y .)
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ized in  t h e  s e n s e  o f  b e in g  f u r t h e r  a b s t r a c t e d  f ro m  t h e  o r ig in a l  n a t u r a l  b a t ’s 

w in g .  T h i s  p ro v id e s  f u r t h e r  e v i d e n c e  t h a t  t h e  sc u l p t o r s  w e r e  fo c u s e d  o n  t h e 

s c a l in g  p r o p e r t ies— th e  g en e ra l iz e d  u n d e r ly in g  fe a tu re — a n d  n o t  p a r t ic u la r  c o n ­

c r e t e  d e ta i l s .

f  T h e  g rea te s t  d a n g e r  o f  th i s  b o o k  is t h a t  re a d e rs  m i g h t  m is in te rp r e t  its ^

\  m e a n in g  in  term s o f  pr im itiv ism . T h e  fac t  t h a t  A fr ic a n  j r acta ls  are_rarely th e  r e s u l t 1 

o f  im i t a t i n g  n a tu r a l  fo rm s Jhelps r e m in d  us t h a t  th e y  are  not d u e  to  “p r im i t iv e s  

l iv ing  c lose  to  n a tu r e . ” B u t  e v e n  fo r  th o s e  r a r e  cases in  w h ic h  A f r i c a n  f rac ta ls  

are represen ta t ions  o f  na tu re ,  it is c learly  a s£^f 'C^scio\js ,abstractiQn, n o t  a  m im etic  

re f lec t ion .  T h e  g e o m e tr ic  c h in k in g t h a t  goes i n t o  chesg^examples m ayjag  s im ple, 

b u t  it  is q u i t e  i n t e n t io n a l .

T h e  fra c ta l  e s th e t ic

Jus t  as w e saw h o w  d es ig n s  b a se d  o n  n a t u r e  r a n g e  from  u n c o n s c io u s  to  i n t e n ­

t io n a l ,  a r t i f ic ia l  d es ig ns  a lso  v a ry  a lo n g  a r a n g e  o f  i n t e n t i o n ,  w i th  so m e  s im ply  

th e  r e su l t  o f  a n  in t u i t i v e  i n s p i r a t io n ,  a n d  o th e r s  a  m o re  s e l f -c o n sc io u s  a p p l i c a ­

t io n  o f  ru les  o r  p r inc ip le s .  T h e  e x a m p l e s o f  A f r i c a n  f rac ta ls  in figure 4 .3 d id  n o t  

ap p e a r  to  be re la te d  to  a n y t h i n g  o t h e r  t h a n  th e  a r t i s a n ’s e s th e t i c  i n t u i t i o n  or 

s e n se o f  b e auty. A s  far  as 1 c o u ld  d e t e r m i n e  fro m  d e s c r ip t io n s  in  t h e  l i t e r a tu r e  

an d  my o w n  fie ldw ork, th e r e  w ere  n o  exp l ic i t  ru les a b o u t  h o w  to  c o n s t ru c t  these  

des igns ,  a n d  n o  m e a n i n g  was a t t a c h e d  to  t h e  p a r t i c u l a r  g e o m e t r i c  s t ru c tu r e  o f  

th e  f igures  o t h e r  t h a n  lo o k in g  g o o d .  I n  p a r t ic u la r ,  I s p e n t  sev e ra l  w eeks  in 

D ak a r  w a n d e r in g  th e  s t ree ts  a sk in g  a b o u t  c e r t a in  f rac ta l  fabric  p a t t e r n s  a n d  je w ­

e lry  d es ig n s ,  a n d  cite in s i s t e n c e  c h a t  th e s e  p a t t e r n s  w ere  “ju s t  for lo o k s” was so 

a d a m a n t  th a t ,  if s o m e o n e  f in a l ly  h a d  o f f e re d  a n  e x p l a n a t i o n ,  I w o u ld  h a v e  

v ie w e d  it w i th  su sp ic ion .

S in c e  so m e  p ro fess ion a l  m a t h e m a t i c i a n s  r e p o r t  t h a t  th e i r  ideas w ere  pure  

in t u i t i o n — a su d d e n  flash o f  in s ig h t ,  o r  “A h a ! ” as M a r t in  G a r d n e r  p u ts  it— we 

s h o u l d n ’t  d i s c o u n t  t h e  g e o m e t r i c  t h i n k i n g  o f  a n  a r t i s a n  w h o  rep o r ts  “1 c a n ’t tell 

you  h o w  I c re a te d  rh a t ,  it ju s t  c a m e  t o m e . "  E s th e t ic  p a t t e rn s  c l e a r ly qua li fy  as 

i n t e n t i o n a l  des igns .  O n  th e  j i th e r  hand,, 

m a th e m atica l ideas b e h in d  these  patterns ;  they  will h a v e  to  rem ain  a mystery unless 

so m e th in g  m ore  is revealed  ab o u t  th e i r  m e a n in g  or d ie  a r t isan ’s; co n s t ru c t io n  tech-  

niqu£S.sl t  is w o r th  n o t in g ,  h o w ev e r ,  t h a t  th e y  d o  c o n t r ib u t e  to  t h e  f rac ta l  design  

th e m e  in  A fr ic a .  E s th e t ic  p a t t e r n s  h e l p  in sp ire  p ra c t ic a l  designs, a n d  v ice .yersa .  

S in c e  a n c i e n t  t rade  n e tw o rk s  w ere  w ell  e s ta b l i sh ed ,  t h e  d if fusion  o f  e s th e t i c  p a t ­

te rn s  is p ro bab ly  o n e  p a r t  o f  th e  e x p la n a t io n  for h o w  frac ta ls  c am e  to  be so w id e ­

sp read  across  th e  A f r ic a n  c o n t i n e n t .

t h e r e  isn ’t m u c h  we c a n  sa y a b o u t  th e



F I G U R E  4 . 3  

E s t h e t i c  fra c ta ls
( a )  M e u r a n t  ( q u o t e d  in  R e i f  1 9 9 6 ) rep orts  

t h a t  t h e  M b u t i  w o m e n  w h o  c r e a t e d  this  

fr a c t a l  d e s i g n ,  a b a r k - c l o t h  p a i n t i n g ,  told  

h i m  t h e  d e s i g n  w a s  n o t  “ t e l l i n g  s tories ,"  

n o r  w a s  it  “ r e p r e s e n t i n g  a n y vp a r t ic u ia r  

o b j e c t . ” ( b )  S c a l i n g  p a t t e r n s  c a n  be 

f o u n d  i n  m a n y  A f r i c a n  d e c o r a t i v e  d es ig n s  

t h a t  are  r e p o r t e d  to  b e  “ just  for b e a u t y .” 

U p p e r  le f t ,  S h o o w a  R a ff ia  c l o t h ;  l o w e r  le f t ,  

S e n e g a l e s e  t ie  d y e ;  right, S e n e g a l e s e  

p e n d a n t .

(a ,  courtesy G eorg es  M e n i a n l . b :  Upper le ft ,  
Brit ish  M u s e u m ;  lo w e r  le f t ,  f r o m  M usec  Royal 

de  lA /r iqu c  C e n t r a l ,  Belgium; right, photo 

courtesy I F A N ,  D ak ar.)
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FIGURE 4 . 4  

T h e  q u in c u n x  fra c ta l  
A  c u s t o m e r  in T o u b a ,  S e n e g a l ,  s e le c t s  a  f r a c t a l  q u i n c u n x  p a t t e r n  for  his  l e a t h e r  n e c k  b ag .  T h e  

q u i n c u n x  is h i s t o r i c a l l y  i m p o r t a n t  b e c a u s e  o f  its  use  b y  e a r ly  A f r i c a n  A m e r i c a n  “ m a n  o f  s c i e n c e "  

B e n ja m in  B a n n e k e r .

O f  course ,  th e r e  a re  p le n t y  o f  A f r i c a n  des igns  t h a t  are  s t r ic t ly  E u c l id e a n ,  

b u t  e v e n  th e s e  c a n  o c c u r  in  “f r a c ta l iz e d ” v e rs io n s .  O n e  p a r t ic u la r ly  in t e r e s t in g  

ex a m p le  is t h e  quincunx (fig. 4 .4 ) .  T h e  basic  q u in c u n x  is a p a t t e rn  o f  five squares, 

w i th  o n e  a t  t h e  c e n t e r  a n d  o n e  a t  e a c h  c o rn e r .  T h e  d e s ig n  is c o m m o n  in  S e n e ­

gal, w h e re  it  is sa id  to  r e p r e s e n t  t h e  “ l igh t  o f  A l l a h . ” T h e  q u in c u n x  is h i s to r i ­

cally im p o rc a n tb e c a u s e  th e  im age  was re c o rd e d  as jae in g  o f  re l ig ious  s ign if icaoce  

to t h e  early  A f r i c a n  A m e r i c a n  “ m a n  o f  s c i e n q e ” B e n ja m in  B a n n ek e r .  S in c e  e v i ­

d e n c e  sh o w s  t h a t  B a n n e k e r ’s g r a n d f a t h e r  ( B a n n a k a )  c a m e  f ro m  S e n e g a l ,  th e  

q u in c u n x  is a f a s c in a t in g  p o ss ib i l i ty  for g e o m e t r y  in t h e  A f r i c a n  d ia s p o ra  (see  

Eglnsh 19 9 7 c  fo r  d e ta i l s ) .  B ecau se  o f  t h e  f ra c ta l  e s t h e t i c ,  t h i s  re l ig io u s  sy m b o l  h  

is o f t e n .a r r a n g e d  in  a r e c u r s iv e  p a t t e r n — five  squ a res  q f  five sq u a re s— as s h o w n  / . 

in figure 4 .4  in t h e  d es ign  for a  l e a t h e r  n e c k  bag. J  ‘

F inal ly ,  t h e r e  a re  a lso  e x a m p le s  o f  t h e  f r a c ta l  e s th e t i c  in  c o m m o n  h o u s e ­

h o ld  fu rn ish in g s .  E u r o - A m e r i c a n  f u r n i tu r e  is d i f f e r e n t i a t e d  by fo rm  a n d  f u n c ­

t i o n — s to o l s  a r e  s t r u c t u r e d  d i f f e r e n t l y  f r o m  c h a i r s ,  w h i c h  a r e  s t r u c t u r e d  

d i f fe ren t ly  f ro m  c o u c h e s .  B u t  in  A f r i c a n  h o m e s  o n e  o f t e n  sees d i f f e r e n t  sizes 

o f th e  sam e  s h a p e  (fig. 4 .5 ) .  A  s im i la r  d i f fe ren ce  has  b e e n  n o te d  in c ro ss -cu l tu ra l  

c o m p a r is o n s  o f  h o u s in g .  W h e r e a s  E u r o - A m e r i c a n s  w o u ld  n e v e r  t h i n k  to  h a v e  

a g o v e r n e r ’s m a n s io n  s h a p e d  l ik e  a p e a s a n t ’s s h a c k  (o r  v ice  v e r s a ) ,  p r e c o lo n ia l  

A f r ic a n  a r c h i t e c t u r e  ty p ic a l ly  u sed  th e  s a m e  fo rm  a t  d i f f e r e n t  sizes (as w e saw 

for th e  sta tus  d is t in c t io n s  in th e  B a-ila  s e t t l e m e n t  in c h a p te r  2 ) .  I t  is u n f o r t u n a t e \  

f  chat th i s  A f r i c a n  s t r u c tu r a l  c h a r a c t e r i s t i c  is ty p ic a l ly  d e s c r ib e d  in te r m s  o f  a ]

! lack— as d ie  a b s e n c e  o f  s h a p e  d i s t i n c t i o n s  r a t h e r  t h a n  as  t h e  p re s e n c e  o f  a sea l-  /

\ ing d e s ig n  th e m e .
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F I G UR E  4 .5

T h e  fra c ta l  e s t h e t i c  i n  h o u s e h o l d  o b j e c t s
A fr ic3 n  stoo ls , chairs, and  benches are often created in a scaling series.

(P h o to  courtesy  o f  A f r i c a  Place ,  In c .)

C on c lu s io n

W e  no w  h av e  so m e  guidel ines to h e lp  d e te rm in e  w h ich  fractal designs should  c o u n t  

as m a th e m a t ic s ,  w h ic h  s h o u ld  n o t ,  a n d  w h ic h  are  in  b e tw e e n .  F igure  4.-6 s u m ­

m arizes  th is  s p e c t ru m .  F rac ta ls  p ro d u c e d  b y ^un con sc iou s  ac t iv i ty ,  o r  as t h e  u n i n ­

te n t io n a l  b y -p ro d u c t  from  som e o th e r  purpose, c a n n o t  b e a t t r ib u te d  to  in d igen ou s  

c o n c e p t s .  B u t  so m e  a r t i s t ic  a c t iv i t ie s ,  s u c h  as  t h e  c r e a t i o n  o f  sty lized  rep re sen -

Llumtentioiial I n t e n t i o n a l I n t e n t i o n a l

but implicit and explicit

Unconscious activity
I

C o n s c i o u s  m e  o f  n a t u r a l  s c a l in g

1
Construction techniques

•urban sprawl •stylistic abstraction of natural scaling

Accidental/ractals Esthetic design Knowledge systems
• “mirror” portrait of nature 

(moneys; e.g., photography)
•intuitive fractal design theme

f i g u r e  4 .6

F r o m  u n c o n sc io u s  a c c id e n t  to e xp l ic i t  d e s i g n



/ n t e n t io n  a n d  in v e n t io n  in  d e sig n

cations o f  n a tu r e  o r  p u re ly  e s t h e t i c  d es ig n s ,  d o  s h o w  i n t e n t i o n a l  a c t iv i ty  focused 

o n  f rac ta ls .  S u c h  e x a m p le s  m ay  be re s t r i c te d  in te rm s  o f  g e o m e tr ic  th i n k in g —  

tja.e-mt-isans m ay o n ly  re p o r t  t h a t  th e  d e s ig n  s u d d e n ly  c a m e  to  th e m  in  a flash o f  

in tu it ion -V -bu t th e se  a re  c lea r ly  d is t in g u ish e d  fro m  th o s e  w h ic h  are  u n c o n sc io u s  

oT"accidenta l.  T h e  fo l lo w in g  c h a p te r s  will c o n s id e r  e x a m p le s  t h a t  a re  n o t  on ly  

in te n t io n a l ,  bu t  also in c lu d e  e n o u g h  e x p lic i t  in fo rm a t io n  ab o u t  design tech n iqu es  

a n d  know ledge  systems to  be easily identif iable  as m a th e m a t ic a l  p ractice  and  ideas.
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C H A PT E R

5

T h e  w o rd  ( J ^ g o r i t h m J )  d e r i v e s  f ro m  t h e  n a m e  o f  a n  A r a b  m a t h e m a t i c i a n ,  

A l -K h w a r iz m i  (c .  7 8 0 - 8 5 0  c . e . ) ,  w h o se  b o o k  H isab  a l'ja b r  w ’ al-m uqabalci ( C a l ­

c u l a t i o n  by R e s t o r a t i o n  a n d  R e d u c t i o n )  a ls o  g a v e  us t h e  w o rd  “a lg e b r a . ” 

A l t h o u g h  A l-K h w a r iz m i  fo c used  o n  n u m e r i c  p ro c e d u re s  for so lv in g  e q u a t io n s ,  

th e  m o d e r n  te rm  ^ a l g o r i t h m /  a pp lies  to  a n y  form ally  spec if ied p ro c edu re .  A  p eo- 

m e tr ic  a lg o r i th m  gives e x p l ic i t  in s t ru c t io n s  for g e n e ra t in g  a  part.ifi.u la r  se t  o f  spa- 

t ia l  p a t t e rn s .  W e  h a v e  a l r e a d y  se e n  h o w  i t e r a t io n s  o f  s u c h  p a t t e r n - g e n e r a t i n g  

p ro c e d u re s  c a n  p r o d u c e  f r ac ta l s  o n  a c o m p u t e r  s c re en ;  in  th i s  c h a p t e r  we will 

e x a m i n e  tw o  in d ig e n o u s  a lg o r i t h m s  t h a t  a lso  use i t e r a t i o n  to  p r o d u c e  sc a l in g  

designs: th e  4 5 -degreg_-angle po q s  true  t jons  o f  th e  M a n g b e tu ,  a n d  th e  lusona d ra w ­

ings o f  t h e  C h o k w e .

g e o m e t r y  in  M cingbe tu  d e s i g n

T h e  M a n g b e t u  o c c u p y  th e  D e le  R iv e r  a re a  in  t h e  n o r t h e a s t e r n  p a r t  o f  th e  

D e m o c ra t ic  R e p u b l i c  o f  C o n g o  (form ally  Z a ire ) .  A r c h a e o lo g ic a l  e v id e n c e  show s 

iron  s m e l t in g  in  t h e  area  s ince  2 3 0 0  b . c . e . ,  b u t  t h e  M a n g b e tu ,  c o m in g  f rom  dr ie r  

land s  a r o u n d  p re s e n t -d a y  U g a n d a ,  d id  n o t  a r r iv e  u n t i l  a b o u t  1000  c . e . T h r o u g h  

b o t h  c o n f l i c t  a n d  c o o p e r a t i o n ,  th e y  e x c h a n g e d  c u l t u r a l  t r a d i t i o n s  w i th  o t h e r
6 1
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soc ie ties  o f  th e  a rea :  B an tu - s p e a k in g  peo p les  such  as  th e  B uda ,  Bua a n d  Lese, a n d  

U b a n g ia n - s p e a k in g  p e o p le s  su ch  as t h e  A z a n d e ,  B an g b a ,  a n d  Bara-mbo. A r o u n d  

1800 a numb,er o f  sm all  ch ie fdo m s w ere  c o n so l ida ted  in to  tjfie first M a n g b e tu  k in g ­

d o m . A l th o u g h  it la s ted  o n ly  tw o  g en e ra t io n s ,  a  t r a d i t io n  o f  co u r t ly  p res t ig e  con -  

t in u ed  ev en  in small villages an d  spread to  m any  o f  th e  M a n g b e tu ’s t rad ing  partners.  

T h i s  c o m b i n a t i o n  o f  c u l t u r a l  d ive rs i ty ,  e x c h a n g e ,  a n d  p re s t ig e  r e s u l te d  in  a 

th r iv in g  a r t is t ic  t r a d i t io n .

/  A  d e ta i le d  a c c o u n t  o f  M a n g b e t u  h is to ry  a n d  t r a d i t io n s  c a n  b e  fo u n d  in  

African Reflections: A n  from Northeastern Zaire. S c h i ld k ro u t  a n d  K eim  ( iggo)  begin 

- t h e i r  an a lys is  by  s h o w in g  t h a t  t h e  m o s t  fam o us  a sp e c t  o f  Man_gbe.Lti-.3rt, t h e  

‘‘r ja t.ura lis tic .Jbok,’’ w as ac tu a l ly  q u i t e  rare  in t h e  t r a d i t io n a l  M a n g b e t u  so c ie ty  

o f  th e  n i n e t e e n t h  c en tu ry .  D u r in g  a r e se a rch  e x p e d i t i o n  to  t h e  C o n g o  in  *914 

( t h e  o r ig in  o f  t h e  p h o t o s  u sed  h e r e ) ,  m a m m a lo g i s t  

H e r b e r t  L an g  b e c a m e  fa s c in a te d  w i th  l i fe l ike  c a rv in g s  

o f  h u m a n  figures, a n d  as w o rd  sp re a d  t h a t  h e  w as p a y ­

ing h i g h  p r ices  fo r  t h e m ,  m o r e  o f  th e s e  c a rv in g s  w ere  

produced. O th e r  co llec tors  c a m e  to  buy these pieces, .and 

e v e n tu a l ly  t h e  e c o n o m i c  rew ard s  for p r o d u c in g  n a t u ­

ra l is t ic  M a n g b e tu  a r t  b e c a m e  so s t r o n g  t h a t  it  re p la ced  

o t h e r s ty le s .

S c h i l d k r o u t  a n d  K e im  sh o w  t h a t  o r ig in a l ly  t h e  

m os t  im p o r ta n t  e s th e t i c  was n o t  n a tu ra lism , b u t  abstrac t  

g eo m e tr ic  design. T h e  in d ig e n o u s  f a sc tn a t io n  w i th  a r t i ­

fice  a n d  a b s t r a c t i o n  w a s j g n o r e d -  by c o lo n iz e rs ,  a n d  

t h e i r  p r e c o n c e p t i o n s  o f  A f r i c a n s  as  n a tu re_ - Io v in g  

“ c h i l d r e n  o f t f i e  fo re s t” b e c a m e  a self-fu lfi ll ing  e x p e c ­

ta t io n .  B u t  t h e  a r t i fa c ts  a n d  p h o to g r a p h ic  reco rds  f rom  

th e  1914 e x p e d i t io n  p ro v id e  us w i th  e x c e l le n t  exam ples  

o f  t r a d i t io n a l  M a n g b e t u  p a t t e r n s ,  as w ell as a n  o p p o r ­

tu n i ty  to  in fer so m e  o f  t h e i r  t e c h n iq u e s .

F igure  5.1 sh o w s  th e  d e c o r a t i v e  en d  o f  a n  ivory  

h a tp i n .  L ike  t h e  a r c h i t e c t u r e  a n d  e s t h e t i c  p a t t e r n s  we 

h a v e  se e n ,  th i s  is c lea r ly  a  sc a l in g  d e s ig n ,  b u t  t h e  p r e ­

c is io n  o f  th e  p a t t e r n  suggests  t h a t  th e r e  m ay  be  a m o re

FIGURE 5 . I  
M a n g e b e t u  ivory  s c u lp tu re

(Transparency no. 3 9 3 5 , photograph b y  L i n t o n  G ardin er, courtesy 

A m e ric an  M u s e u m  o f  R la tv r a l  History.)
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form al g eo m etr ic  process a t  work. S im ila r  des ign  c a n  be seen  a t  work in th e  M ang- 

b e tu ’s g e o m e tr ic  style o f  persona! a d o r n m e n t .  F igure 5 .2 a  show s  a M a n g b e tu  h a i r ­

s ty le ,  p o p u la r  d u r in g  th e  t im e  t h a t  th is  c a rv in g  w as ,p rea ted  ( a b o u t  1 91 4 ) ,  w h ic h  

fe a tu re d  a d isk  a n g le d  to  t-he v e r t ic a l  a t  4 5  d eg rees .  M e n  o f t e n  w ore  a h a t  w i th  

t h e  to p  f l a t t e n e d ,  fo rm in g  th e  sa m e  a n g le ,  as  s e e n  in  figure 5 .2b .  j u s t  as a p la n e  

c u ts  d ia g o n a l ly  t h r o u g h  th e  to p  o f  t h e  h e a d s  in  t h e  ivo ry  sc u lp tu re  o f  figure 5.1, 

real M a n g b e t u  h e ad d re s se s  also t e r m i n a t e d  in  a 4 5 'd e g r e e  ang le .

T h i s  w as on ly  o n e  p a r t  o f  a n  e la b o r a te  g e o m e t r i c  e s th e t i c  based  o n  m u l ­

t ip les  o f  t h e  4 5 -d eg re e  ang le .  F igure 5 .2b  sh o w s  a n  ivory  h a tp i n ,  e n d in g  in  a disk 

p e r p e n d ic u la r  to  it, in s e r te d  p e rp e n d ic u la r  to  t h e  h a t .  T o  its r igh t ,  a  sm all  ivory 

a r ro w  p in n e d  to  th e  h a t  p o in ts  ho rizon ta l ly ,  th u s  fo rm in g  a n  a n g le  o f  135 degrees 

w i t h  t h e  h a t p i n .  E a c h  p a r t  o f  t h e  e n s e m b l e  w as  a l i g n e d  by a  m u l t i p l e  o f  t h e  

45 -degree  ang le .  T h i s  a d o r n m e n t  style in c lu d e d  ar t if ic ia l e lo n g a t io n  o f  th e  h ead ,  

w h ic h  is c lea r ly  v is ib le  in th e  p h o to g r a p h  in  figure 5 .2b . E lo n g a t io n  was a c c o m ­

p l i s h e d  by  w r a p p in g  a c l o t h  b a n d  a r o u n d  t h e  h e a d  o f  in f a n t s ;  t h e  w o m a n  in 

figure 5 .2a  is w e a v in g  o n e  o f  th e s e  b a n d s .  H e a d  e lo n g a t i o n  re su l te d  in  a n  a n g le  

o f  135 d eg ree s  b e tw e e n  th e  b a c k  o f  t h e  h e a d  a n d  t h e  n e c k .

F IG U RE  5 .2
Q eo m etr ic  design  in  M a n g b e tu  p erso n a l  a d o r n m e n t  

( a)  M a n g b e t u  w o m a n  w e a v i n g  h e a d b a n d ,  ( b )  M a n g b e t u  c h i e f .

fa ,  n eg a t iv e  n o .  1 1 1 9 1 9 ,  photogra ph by H .  L a n g ,  c o u r te sy  A m e r i c a n  M u s e u m  o f  N a t u r a l  H is to r y ;  

b , negat ive  n o .  2 2 4 1 0 5 ,  p ho togra ph  by  H .  L a n g ,  c o u rtesy  A m e r i c a n  M u s e u m  o f  N a t u r a l  H i s t o r y . )
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W h il e  th e  M a n g b e t u  g e o m e t r i c  c o n c e p t i o n  o f  t h e  bo d y  m ay  h a v e  in sp ired  

th e  45 'degree-ang le  design th em e ,  those  designs were certa in ly  n o t  lim ited  to  simple 

m im ic ry  o f  a n a to m y .  W e  cart c le a r ly  see  th i s  in  t h e i r  m u s ica l  in s t ru m e n ts .  T h e  

d r u m  in  figure 5 .3a, for e x a m p le ,  h a s  its u p p e r  su r face  c u t  a t  a 4 5 'd e g r e e  a n g le  

to  t h e  vert ical .  T h e  s t r in g ed  in s t r u m e n t  s h o w n  in  figure 5 .3b  h a s  a  r e s o n a to r  t h a t  

m e e ts  th e  ve r t ic a l  tu n in g  s te m  a t  a  13 5 'd e g re e  ang le .  E v e n  in  t h e  case  o f  a n t h r o ­

p o m o r p h ic  designs, th e  a r t isans  e la b o ra te d  o n  th e  h u m a n  form  in  ways t h a t  sh ow

b

F I GURE  5 .3

Q e o m e t r i c  d e s i g n  i n  M a n g b e t i t  m u s i c a l  i n s t r u m e n t s
(a) Drum, (b) Harp.
(a , negative no. t 118 9 6 , J)/Kitogm|?h b y  H - L ang, courtesy  A m erican  M useum  o f  N a tu ra l  H isto ry ; 
b , courtesy  Ric tbcrg  M useum  Z u ric h , photofpaph by W euscctn a n d  K au f.)
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c r e a t i v e — a n d  n o t  m e re ly  i m i t a t i v e — a p p l i c a t i o n s  o f  g e o m e t r i c a l  t h i n k in g . .  

For e x a m p le ,  th e r e  is a n  a n t h r o p o m o r p h i c  d e c o ra t iv e  m o t i f  a t  t h e  e n d  o f  t h e  

t u n i n g  s t e m  s h o w n  in f igure  5 .3 b ,  b u t  t h e s e  h u m a n  h e a d s  a re  n o r  s im p ly  m i m ­

ick in g  h u m a n  fo rm . In  f igure  5 .2 b  w e  sa'W t h a t  t h e  M a n g b e tu  h a d  a 13 5 -d e g re e  

an g le  b e tw e e n  th e  b a c k  o f  t h e  h e a d  a n d  t h e  n e c k .  T h e  c a rv e d  h e a d s  in  figure  

5 .3 b  h a v e  a 9 0 -d e g re e  a n g le  b e tw e e n  t h e  b a c k  o f  t h e  h e a d  a n d  th e  n e c k .  S u c h  

d i s to r t io n s  in d i c a t e  a c t i v e  g e o m e t r i c  t h i n k i n g  r a t h e r  t h a n  pass ive  re f l e c t io n  of 

n a tu ra l  a n a to m ic a l  ang les  (w h ic h ,  r e c a l l in g  t h e  a r t if ic ia l  h e a d  e lo n g a t io n ,  w ere  

n o t  so n a tu r a l  to  b e g in  w i th ) .

T h e re  are also purely abstrac t  designs t h a t  m ake  use o f  multiples o f  45 degrees, 

,a s  w e see in  figure 5 .4 . M o d e r n  M a n g b e t u  r e p o r t  t h a t  t h e  c r e a t io n  o f  a d es ign  

re f lec ted  th e  a r t i s a n ’s des ire  to  “m a k e  it  b e a u t i fu l  an d  sh o w  th e  in t e l l ig e n c e  o f  

th e  c r e a t o r ” ( S c h i ld k ro u t  a n d  K e im  199 0 ,

100).  T h i s  suggests a n o t h e r  re a s o n  fo r  a r t i ­

sans  to a d h e r e  to  ang les  t h a t  a re  m t i l r i p le s o f  

45 d e g re e s: if th e r e  w ere  n o  ru les  t o  fo llow, 

t h e n  it w ou ld  h a v e  b e e n  d if f icu l t  to  c o m p a re  

designs a n d  d e m o n s t r a t e  o n e ’s ing enu i ty .  By 

r e s t r i c t in g  th e  pe rm iss ib le  a n g le s  to  a sm a ll  

se t ,  th ey  w ere  b e t t e r  a b le  to  d isp lay  th e i r  

g e o m e tr ic  a cc o m plish m en ts . -

C o m b i n i n g  th i s  4 5 -d e g v e e -a n g le  c o n ­

s t r u c t i o n  t e c h n i q u e  w i th  t h e  s c a l in g  p r o p ­

er t ie s  o f  t h e  ivo ry  c a r v i n g  in  f igu re  5.1 c a n  

reveal irs u n d e r ly in g  s t ru c tu r e .  T h e  c a rv in g  

lias t h r e e  i n t e r e s t i n g  geouielii>- feaU ues:-  

1 First, e a c h  h e a d  is la rger t h a n  th e  o n e  above!

) ir a n d  fa ce s  in  t h e  o p p o s i t e  d i r e c t i o n .  S e c -  

1 o n d ,  e a c h  h e a d  is f r a m e d  by tw o  l in e s ,  o n e  

fo rm e d  by t h e  ja w  a n d  o n e  f o r m e d  by th e  

ha ir ;  th e s e  l ines  i n t e r s e c t  a t  a p p r o x i m a t e ly  

90  d egrees .  T h i r d ,  t h e r e  is a n  a s y m m e t ry ;  

th e  le f t  s id e  sh o w s  a d i s t i n c t  a n g le  a b o u t  

|j2o d e g re e s  from  t h e  v e r t ic a l .

FIGURE 5.4  
M a n g e b e t u  iv o ry  sc u lp tu re

(T ransparency  n o .  3 9 2 9 ,  p h o to g ra p h  b y  L y r u o n  G a r d i n e r ,  

courtesy A m e r i c a n  M u s e u m  o f  N a t u r a l  H i s t o r y . )



FIGURE 5.5
Q e o m e t r i c  a n a l y s i s  o f  a n  ivory  s c u l p t u r e



FIGURE 5 .6
(geometric  r e l a t i o n s  i n  t h e  M a n g b e t u  i te ra tive  squares  s tr u c tu r e  

S in ce  9[ an d  02 a r e  th e  a l t e r n a t e  in te r io r  a n g l e s  o f  a t ra n s ve rsa l  i n t e r s e c t i n g  t w o  p a r a l le l  l ines,  

0 , - 6 , .



68 A fr ica n  fractal m athem atics

A ll  o f  th e s e  f e a tu re s  c a n  be  a c c o u n t e d  for by  t h e  s t r u c tu r e  s h o w n  in  f ig '  

u re  5 .5 .  T h i s  s e q u e n c e  o f  s h r in k in g  sq u a re s  c a n  be  c o n s t r u c t e d  by a n  i t e r a t iv e  

p ro c es s ,  b i s e c t in g  o n e  s q u a r e  to  c r e a t e  t h e - l e n g t h  o f  t h e  s id e  fo r  t h e  n e x t  

sq u a re ,  as i n d i c a te d  in  t h e  d ia g ra m .  W e  w ill  n e v e r  k n o w  fo r  c e r t a i n  i f  th i s  i te r-  

a t iv e -sq ua res  c o n s t ru c t io n  was th e  c o n c e p t  u n d e r ly in g  th e  s c u lp tu re ’s des ign ,  but. 

i t  d o e s  m a t c h  t h e  fe a tu re s  id e n t i f i e d  a b o v e .  I n  t h e  ivo ry  s c u lp tu re ,  t h e  le f t  s ide  

is a b o u t  20  d eg ree s  fro m  th e  v e r t ic a l .  In  t h e  i t e r a t iv e - s q u a re s  s t ru c tu r e ,  t h e  lef t 

s id e  is a b o u t  18 d eg ree s  f ro m  t h e  v e r t ic a l ,  as s h o w n  in  f igure  5 .6 . H e r e  w e  see  s 

/ t h a t  t h e  c o n s t r u c t i o n  a lg o r i t h m  c a n  b e  c o n t i n u e d  in d e f in i te ly ,  a n d  t h e  re su l t-  

I ing  s t ru c tu re  c a n  be  app lied  to  a w ide  var ie ty  o f  m a t h  te a c h in g  ap p l ic a t io n s ,  f rom  / 

\ s i m p l e  p ro c e d u r a l  c o n s t r u c t i o n  t o  t r i g o n o m e t r y  (E g ia s h  1 99 8 a ) .

L u s o n a

T h e  C h o k w e  p e o p le  o f  A n g o j a / r a d  a t m d i t i q n .q f  c r e n t i n g p a t t e r m ^  

lines  c a l l e d j ' l u s o n a ” in  th e _ sa n d .  G e r d e s  ( 1 9 9 1 )  n o t e s  t h a t  t h e  lu s o n a  s an d  

d raw in g s  sh o w  th e  c o n s t r a in t s  n ece ssa ry  to  d e f in e  w h a t  m a t h e m a t i c i a n s  c a l l  a n  

“E u le r i a n  p a t h ” : t h e  s ty lus  n e v e r  leave s  t h e  su r face  a n d  n o  l in e  is r e t r a c e d .  T h e  

luson a  also t e n d  to  use t h e  sam e p a t t e r n  a t  d i f fe re n t  scales, t h a t  is, successive  i t e r ­

a t i o n s  o f  a s ing le  g e o m e t r i c  a lg o r i th m .  F igu re  5.7  sh o w s  th e  first t h r e e  i t e ra t io n s  

o f o n e  o f  th e  dozens o f l u s o n a  t h a t  w ere  r e c o rd e d  by m iss ionar ies  d u r in g  th e  n i n e ­

t e e n t h  ce n tu ry ,  w h e n  th e  lu so n a  t r a d i t i o n  w as  s t i i i  in t a c t .

A s  in  t h e  case  o f  t h e  M a n g b e c u  4 5 -d e g re e  c o n s t r u c t io n s ,  t h e  r e s t r i c t ion  t o  

a n  E u le r i a n  p a t h  p ro v id e s  t h e  C h o k w e  w i th  a  m e a n s  t o  c o m p a r e  des igns  w i th i n  

a single framework, an d  to show  how  increasing co m p lex ity  can  be  ach ieved  w ith in  

th e s e  c o n s t r a in t s  o f  spac e  a n d  logic .  B u t  u n l i k e  t ’h e 'c o m p e t i r i v e  basis fo i com-- 

par ison  t h a t  th e  M a n g b e tu  descr ibe ,  th e  C h o k w e m a d e  use o f  th e se  figures to  c r e ­

a te  g ro up  iden ti ty .  T h e  rep o r ts  in d ic a te  t h a t  th e  lu s o n a  w ere  used in a n  age-grade  

in i t i a t i o n  sys tem ; r i tu a ls  t h a t  a l lo w ed  e a c h  m e m b e r  to  a c h ie v e  th e  s t a tu s  o f  

r e a c h in g  th e  n e x t ,  m o re  s e n io r  leve l o f  id e n t i ty .  By u s in g  m o re  c o m p le x  lusona ,  

t h e  i t e r a t io n s  o f  soc ia l  k n o w le d g e  passed  o n  in  t h e  i n i t i a t i o n  b e c o m e  visualized  

by t h e  g e o m e t r i c  i t e ra t io n s .  In  c h a p t e r  8 w e  will s e e  o t h e r  e x a m p le s  o f  i t e ra t iv e  

scaling  p a t te rn s  in in i t ia t ion  rituals. T h is  t rad i t ion  o f  g ro up  iden t i ty  th ro ug h  k n o w l­

ed g e  of t h e  lu so n a  w as a lso  d e p lo y e d  b y  th e  C h o k w e  as a w ay  to  de f la te  t h e  ego  

o f  o v e rc o n f id e n t  E u ro p e a n  vis itors, w h o  fo u n d  th e m se lv e s  u n a b le  to  rep l ica te  th e  

lu so n a  o f  m a n y  c h i ld re n .

C o n c l u s i o n

T h e s e  tw o  exam p le s ,  t h e  M a n g b e tu  ivory  c a rv in g  a n d  th e  lu so n a  d raw ing s ,  he lp  

us see t h a t  A fr ic a n  fractals are n o t  jus t  th e  result o f  sp o n ta n e o u s  in tu i t io n ;  in some
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cases  th e y  a re  c r e a t e d  u n d e r  r u l e - b o u n d  t e c h n i q u e s  e q u i v a l e n t  to  W e s t e r n  

m a t h e m a t ic s .  A n d  th e i r  c u l tu r a l  s i g n i f i c a n c e  m a k e s  it  c le a r  t h a t  a ll m a t h e ­

m a t ic a l  a c t iv i t y — n o  m a t t e r  in  w h ic h  so c ie ty  it  i s j b u n d — is p ro d u c e d  th ro u g h  

a n  i n t e r a c t io n  b e tw e e n  th e  f r e e d o m  o f  lo ca l  h u m a n  i n v e n t io n  a n d  th e  u n iv e r ­

sal c o n s t r a in t s  w e d is co v e r  in spa ce  a n d  logic.

‘Myombo"—trees of the ancestors.

FI GURE  5 .7  
L u s o n a

(a) These figures, “lusona," were traditionally drawn in sand by the Chokwe people of Angola. 
Successive iterations of the same algorithm were sometimes used to produce similar patterns of 
increasing size, (b) The first and third iterations of another lusona algorithm carved into a 
wooden box lid.
(a, based on drawings in Gerdes 1995.)
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R eca ll  th a t  in  b o th  exam ples  th e  role  o f  “c o n s t ra in t” was crucia l to  t h e  d ev e l­

o p m e n t  o f  th e i r  sca l ing  geom etry . For  th e  M a n g b e tu ’s d es ig n  it  was t h e  co n s t ra in t s  

o f  s t r a ig h t - e d g e  c o n s t r u c t i o n  w i t h  an g le s  a t  m u l t i p l e s  o f  45  degrees'.--For th e  

C h o k w e ’s lu so n a  it  was t h e  c o n s t r a in t s  o f  a n  E u le r i a n  p a th .  B u t  in  e a c h  case  th e  

c h o ic e  o f  p a r t i c u l a r  o b je c t iv e  c o n s t r a in t s — d e c id in g  w h ic h  o f  t h e  in f in i te  laws 

o f  s p a c e  a n d  logic  w e a r e  c o n c e r n e d  w i th — w as e s t a b l i s h e d  by  a n d  for t h e  soc ia l  

r e l a t i o n s  o f  t h e  c o m m u n i ty .  I n  t h e  ca se  o f  t h e  M a n g b e t u  i t  w as  a r t i s t i c  c o m p e ­

t i t i o n ,  a n d  in  t h e  case  o f  t h e  C h o k w e  it  was a g e -g rad e  id en t i ty .  In  o t h e r  w ords, 

t h e  i n v e n t io n  an d  d iscovery  c o m p o n e n t s  o f  m a t h e m a t i c s  a re  in e x t r i c a b ly  l in k ed  

t h r o u g h  so c ia l  ex p ress ion .

P h i lo s o p h ic  p e rs p e c t iv e s  o n  t h e  r e l a t i o n  o f  c u l t u r e  a n d  m a t h e m a t i c s  will 

be  f u r th e r  d iscussed  in  p a r t  11, b u t  to  d o  so w e n e e d  a  fu l le r  p o r t r a i t  o f  A f r i c a n  

f rac ta l  geometry. T h e  n e x t  c h a p te r  w ill  e x a m in e  A f r i c a n  c o n c e p t io n s  o f  t h e  m o s t  

f u n d a m e n ta l  c h a r a c t e r i s t i c  o f  frac ta ls :  n o n l i n e a r  sca l in g .



Scaling-

C H A P T E R

6
 W e h a v e  a lready  s e e n  m a n y  e x a m p le s  o f  sca l in g  in  A f r i c a n  designs. In  t h e  s e t t l e ­

m en t  a rch i tec tu re  o f  c h a p te r  2, for ex am p le ,  th e  c o m p u te r  sim ula tions c learly show 

th a t  w e c a n  th i n k  a b o u t  th e s e  p a t t e r n s  in  te rm s  o f  f r ac ta l  geom etry .  H o w  d o  th e  

A fr ic a n  a r t i san s  t h i n k  a b o u t  sca l in g?  Is it ju s t  i n t u i t i o n ,  o r  d o  th e y  use e x p l ic i t  

m a th e m a t ic a l  p ra c t ic e s  in  t h i n k i n g  a b o u t  s im i la r i ty  a t  d i f fe re n t  sizes? By e x a m ­

ining  v a r ie t ie s  o f  d es ig ns  w i th  d i f fe re n t  sc a l in g  p ro p e r t ie s ,  a n d  c o m p a r in g  th e se  

w ith t h e  a r t i s a n s ’ d iscuss ions  o f  t h e  p a t t e r n s ,  w e c a n  g a in  so m e  in s ig h t  i n t o  sca l ­

ing as a m a t h e m a t i c a l  c o n c e p t  in  A f r i c a n  cu l tu re s .

P o w e r  l o u '  s c a l i n g  i n  i v i n d s c r e e n s  f ro m  th e  S a h e l

T h ^ S a h e l ^ s  a b ro a d  b a n d  o f  a r id  la n d  b e tw e e n  th e  S a h a ra  D e se r t  a n d  th e  rest 

o f  su b - S a h a ra n  A f r i c a .  S in c e  th e r e  a re  few t r ee s  a n d  a g rea t  d e a l  o f  m i l l e t  c u l ­

t iva t ion ,  it  is n o t  su rp r is in g  t h a t  a r t i s a n s  use m i l l e t  s ta lk s  to  w eave  fe n c e s ,  walls, 

and o th e r  c o n s t ru c t io n s .  B u t  t h e  c o n s i s t e n t  use o f  a n o n l i n e a r  sca l in g  p a t t e r n  in 

these straw  sc reens  (fig. 6 .1 a )  isja b j t  o d d .  R a t h e r  t h a n  un ifo rm  len g th s ,  t h e  rows 

of m ille t s t raw  get s h o r t e r  a n d  s h o r te r  as th e y  go up. I n  t h e  U n i t e d  S ta t e s  w e are 

used to  t h e  im age  o f  “ th e  w h i te  p ic k e t  f e n c e ” as a  sy m bo l o f  u n c h a n g in g ,  l in e a r  

r ep e t i t io n ,  ye t  h e r e  t h e  fen ces  are  d i s t i n c t l y  n o n l in e a r .  W h i l e  1 was in  M al i  o n



The straw windscreen in Niger.

F I GURE  6 . 1

A n  A f r i c a n  w in d s c r e e n
(a) The diagonallengths of these rows from bottom to top-. L = 16  12  8 6 5 , 5 3  3  2  2 

This pattern is quantitatively determined by the African artisans. Here we see how the bundles of 
straw are first laid in long diagonal rows, then a row at the opposite angle is interlaced in back of 
it. The length of each diagonal tow— how high up you go before doing the interlace step—is 
determined by counting a certain number o f  diagonals to be crossed. In the first layer (c) we go 
over eight, then six, then four, then three.

Each bundle is about 2  inches across the diagonal, which is why the lengths go as dovible the 
number of crossings. The odd numbered lengths are created by splitting the bundles in two.

Why do the lengths repeat in pairs as we go toward the top? There is a discrete approximation to 
the continuous nonlinear scale that the African artisans follow.
( a ,  p h o to  by p e rm is s io n  o f  G a r d i  1 9 7 3 . )  ( f igure  co n t in u es)



th e  o u ts k ir t s  o f  t h e  c a p i t a l  c i ty  o f  B a m a k o ,  I h a d  t h e  o p p o r tu n i ty  to  in te rv iew  

so m e  o f  t h e  a r t i san s  w h o  c re a t e  th e s e  s c r e e n s  a n d  was p ro v id e d  w i th  a s t r ik in g  

e x a m p le  o f  in d ig e n o u s  a p p l i c a t i o n  o f  t h e  sc a l in g  c o n c e p t .

T h e  a r t i s a n s  b e g a n  by e x p la i tn n g  tha . t . in . 'T erd le .  a re a s” su ch  as th e  forests 

o f  t h e  s o u th ,  t h e  sc re e n s  are  n o t  m a d e  w i th  s c a l in g  rows b u t  r a th e r  w i th  row s of 

long ,  u n i f o rm  le n g th .  T h i s  is b ecau se  t h e  lo n g  row s use less s t raw  an d  ta k e  less 

t im e  to  m a k e .  B u t  h e re  in t h e  S a h e l ,  t h e y  sa id ,  w e h a v e  s t ro n g  w in d s  a n d  dust .

T h e  s h o r te s t  rows are  t h e  o n e s  t h a t  k e e p  o u t  d u s t  t h e  bes t ,  b ecau se  th ey  are  th e  

t i g h te s t  w eav e .  B u t  th e y  a lso  t a k e  m o re  m a te r ia l s  a n d  effort.  “W e  k n o w  th a t . t h e  

w in d  b lo w s  s t ro n g e r  as you  go u p  from  th e  g ro u n d ,  so we m a k e  th e  w in d sc re e n  

to  m a t c h — t h a t  way w e o n ly  use th e  s t raw  n e e d e d  a t  e a c h  le v e l .”

T h e  r e a s o n in g  t h e  a r r isan s  r e p o r te d  is e q u iv a l e n t  t o  w h a t  a n  e n g in e e r  

w o u ld  ca ll  a “co s t -b e n e f i t” a n a lysis; d e v e lo p in g  th e  m a x im u m  in fu n c t io n  (k e e p ­

ing o u t  d u s t )  for a m in im u m  o f  c os t  ( e ffor t  a n d  m a te r i a l s ) .  M y p r im ary  in te re s t  

h e r e  is in  s h o w in g  t h a t  t h e  sca l in g  c o n c e p t  in A f r ic a  c a n  be  m u c h  m o re  s o p h is- 

t i c a te d  t h a n  ju s t  a n  o b se rv a t io n ,  “ th e  sa m e  th in g  in  d i f fe ren t  sizes." T h e  c re a t io n
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Assum ing d ecrease  in wind

penetration is reciprocal of length:

a  = I

(wind engineers: a  = 1/3)
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• »
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F I G U R E  6 . 1  ( con t i nued )

(d )  T h e  r e l a t i o n  b e t w e e n  w i n d  s p e e d  a n d  v e r t i c a l  h e i g h t  a s  s h o w n  in  t h e  W i n d  E n g i n e e r i n g  

H a n d b o o k ,  ( e )  T h e  A f r i c a n  w i n d s c r e e n  m a k e r s  s a y  t h a t  t h e y  h a v e  s c a l e d  t h e  r o w s  o f  s t r a w  to  

m a t c h  t h e  c h a n g e  o f  w i n d  s p e e d  w i t h  h e i g h t .  I f  w e  a s s u m e ,  j u s t  f o r  s i m p l i c i t y ,  t h a t  t h e  d e c r e a s e  in  

w i n d  p e n e t r a t i o n  is t h e  r e c i p r o c a l  o f  t h e  l e n g t h ,  t h e n  w e  c a n  g e t  t h e  A f r i c a n  e s t i m a t e  f o r  a. b y  

m e a s u r i n g  t h e  s l o p e  o f  r o w  l e n g t h  v e r s u s  h e i g h t  o n  a  l o g - l o g  g r a p h .  T h i s  g i v e s  a  = 1 , w h e r e a s  t h e  

e n g i n e e r s  u s e  Ct =  16 —  n o t  b a d  f o r  a b a l l p a r k  e s t i m a t e .

N o t e  t h a t  t h e  g r a p h  is i n  a v e r y  s t r a i g h t  l i n e ,  e x c e p t  w h e r e  t h e  d i s c r e t e  n a t u r e  o f  t h e  s c r e e n  

( t h e  s c r e e n  m a k e r s  m u s t  c o u n t  i n  w h o l e  n u m b e r  u n i t s  d u e  t o  t h e  s t r a w  b u n d l e s )  f o r c e s  a n  a p p r o x i ­

m a t i o n  b y  r e p e a t i n g  t h e  s a m e  l e n g t h  t w i c e .
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o f  t h e  w in d s c r e e n  as a n  o p t i m a l  d e s ig n  r e q u i re d  m a t c h i n g  t h e  s c a l in g  v a r i a t i o n  

o f  w in d  sp e e d  versu s  h e ig h t  to  a  sc a l in g  v a r i a t i o n  in  l e n g t h s  o f  s traw . By t r a n s ­

fe r r in g  th i s  c o n c e p t  b e tw e e n  tw o  c o m p le te ly  d i f fe re n t  d o m a i n s ,  th e - a r t i s a n s  

h a v e  d e m o n s t ra te d  th a t  th ey  u n d e rs ta n d  scal ing  in th e  a b s t r a c t ; in d e e d ,  t h e  design  

e sse n t ia l ly  p lo ts  t h e  r e l a t i o n  o f  w in d  sp e e d  to  h e i g h t  o n  a  s t raw  g raph .

A l t h o u g h  1 was c o n c e r n e d  o n ly  w i th  t h e  o v e ra l l  r e l a t i o n  o f  s c a l in g  a n d  

re a s o n in g ,  I m e a s u re d  t h e  row s ju s t  to  see h o w  c lo se  th e y  c a m e  to  w h a t  a W e s t ­

e r n  e n g in e e r  w o u ld  d e v e lo p  fo r  a n  o p t i m a l  m a t c h  w i th  w in d  sp eed .  If  t h e  s t raw  

s c r e e n  h a d  l i n e a r  sca l ing ,  t h e n  e a c h  row  w o u ld  d ec re a se  in l e n g t h  by th e  sa m e  

a m o u n t  (e .g . ,  12 inches ,  10 in ch es ,  8 inch es ,  e tc . ) .  B u t  t h e  rows d ec re a se  less a n d  

less w i th  h e ig h t ;  it  tu r n s  o u t  t h a t  t h e  s c r e e n  d e s ig n  s h o w s  a c lo se  fit to  w h a t  is 

c a l l e d  a  " p o w e r  law "— t h a t  is, it  s c a le s  a c c o r d i n g  to  a n  e x p o n e n t  (f ig .  6 .1 c ) .  

F igure  6 .1 b ,  r e p r in te d  from  t h e  W ind  Engineering H a n d b o o k , sh o w s  th e  e q u a t i o n  

o f  w in d  speed  w i th  h e ig h t  m o s t  c o m m o n ly  u sed  by e n g in e e r s — also  a p o w e r  law. 

S o  t h e  S a h e l  w in d s c r e e n  is n o t  o n ly  a p r a c t i c a l  a p p l i c a t i o n  o f  t h e  a b s t r a c t  s c a l ­

ing  c o n c e p t ,  it  is also a fa irly  a c c u r a t e  o n e .  O f  cou rse ,  o n e  m i g h t  o b j e c t  t h a t  t h e  

in d ig e n o u s  e n g in e e r s  d id  n o t  a c tu a l ly  s e t  u p  t h e  a lg e b ra  a n d  p e r fo rm  t h e  o p t i ­

m iz ing  c a lc u la t io n .  B u t  I asked  th r e e  A m e r i c a n  m a t h e m a t i c i a n s  h o w  th e y  w ou ld  

se t  up  these  eq u a t io ns  to  d e te r m in e  th e  o p t im a l  design, an d  all th r e e  said th e  sam e  

th in g :  “ 1 w o u l d n ’t so lve  it an a ly t ic a l ly ,  I ’d ju s t  g r a p h  th e  e q u a t i o n s  o n  t h e  c o m ­

p u te r  a n d  see w h e re  t h e  f u n c t io n s  p e a k e d ."  W h e t h e r  w e m a k e  o u r  g ra p h s  o n  a 

c o m p u te r  screen  or a s traw  sc re en  d o e sn ’t  m atter ,  as long  as w e  get t h e  r igh t  answer.

S tre tc h in g  sp a ce  in  k e n te  c lo th

If so m eo n e  in A m er ica  were asked to  t h i n k  o f  a n  A fr ican  t e x t ile, k en te  c lo th  w o u ld 

be  th e  m o s t  likely image. Its c o m b i n a t i o n  o f  stro jig  co lo rs , .ho ld  d es igns ,  and jasso-  

c ia t io ns  w i th  a n c i e r ^  kingdoms.of-.We.s.t-Africa h a s  m a de  it a  fa v o r i te  for im ports .  

B u t  m os t  o f  t h e  im p orted  k e n te  c lo th  is c re a te d  by a u to m a te d  m a c h in e ,  a n d  w h i le  

1 w o u ld  f ie rce ly  d e fe n d  it  as  “a u t h e n t i c , ” t h e  n e e d  for p a t t e r n  r e p e t i t i o n  in 

a u t o m a t i o n  h a s  e l i m i n a t e d  a w o n d e r fu l  sc a l in g  t r a n s f o r m a t io n  t h a t  c a n  be  se e n  

in  th e  o ld e r  p a t t e rn s  c re a te d  o n  h a n d  loo m s (fig. 6 .2a) .  T h e  s c a l in g -c h an g e  is n o t  

ju s t  sm a ll  a n d  large v e rs io n s  o f  t h e  sa m e  th in g ;  r a th e r ,  it is as if t h e  d e s ig n  was 

d r a w n  o n  a ru b b e r  s h e e t ,  w h i c h  w as h a l f  s t r e t c h e d  a n d  h a l f  c o n t r a c t e d .  In  

G h a n a  I t rave led  to  th e  vil lage o f  B o nw ire ,  w h e re  h a n d - lo o m  w eav in g  is stil l p r a c ­

t i c e d ,  a n d  a sked  th e  a r t i s a n s  t h e r e  w h y  th i s  sc a l in g  t r a n s f o r m a t io n  w as c r e a te d .  

^  T h e  w eavers  rep l ie d  t h a t  th e y  th i n k  o f  t h e  c o m p re s se d  v e r s io n  as t h e  orig- 

| ina l  p a t t e rn ,  a n d  said th ey  call it “sp rea d in g "  w h e n  th e y  c re a t e  t h e  s t r e tc h e d  ver-

\ s io n .  T h e  re aso n  th ey  gave  for t h e  sp re a d in g  p a t t e r n  c a n  bes t  be  u n d e r s to o d  w i th
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F I G U R E  6 . 2

K e n te  c lo th
(a) In this traditional kente cloth design, stretched and compressed versions of the same pattern 
appear. The weavers call this “spreading” the pattern, (b) Why are weavers spreading the pattern? 
They say that our eyes give "heavy looks” to the face, and only “light looks” to the rest of the body. 
This is what neurobiologists call “saccadic” eye movements. Unlike “tracking” eye movements, 
which are continuous, saccadic movements are discrete and tend to leap about. Since kente cloth 
was traditionally worn as a toga over the shoulder, the part near the face was given a compressed 
pattern, and the part along the body a stretched pattern, to match the scaling of the saccadic eye 
movements, (c) The  compression of space is used in mathematics to model scaling patterns, like 
chat of the saccadic eye movements. Mathematicians call this a “contractive affine transformation."
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th e  fo l low ing e x p e r im e n t .  H o ld  your finger in  f ro n t  o f  your face, a n d  w i th o u t  m o v ­

ing  y our  h e a d ,  t r a c k  t h e  finger w i t h  y o u r  eyes as you m o v e  it  s lowly across  t h e  

v isua l  field. N o w  try t h e  sa m e  th i n g  a ga in ,  s m o o th ly  t r a c k in g  th e  v isual  field, b u t  

w i th o u t  t h e  finger to  gu id e  y o u r  eyes. Y ou’ll find t h a t  it  c a n ’t  be  d o n e !  Your eye 

m o v es  in v o lu n ta r i l y  in  l i t t l e  ju m p s ,  c a l l e d  “sa c c a d ic” m o v e m e n ts .  W h e n  a p e r ­

son  c om es  in t o  y o u r  v isua l  field, t h o s e  sa m e  sa c c a d ic  m o v e m e n t s  d en se ly  c o v e r  

th e  face, a n d  t h e n  m a k e  a  few g lances  a t  th e 'b o d y  (fig. 6 .2b ) .  T h e  w eavers  in B on- 

w ire  r e p o r te d  th e  sam e  idea: “W h e n  you  see a p e rso n  you  g ive  h e a v y  looks  to  th e  

face, a n d  l ig h t  lo ok s  to  t h e  b o d y .” T h e y  e x p la in e d  t h a t  t h e  p u rp o se  o f  t h e  s c a l - \  

in g  c h a n g e  is to  m a t c h  th i s  v isu a l  sca l in g :  t h e  c o m p r e s s e d  p a r t  o f  th e  p a t t e r n  is \  

t h e  c lo th  w o r n  o v e r  t h e  sh o u ld e r ,  a n d  t h e  s t r e t c h e d  p a r t  is w o rn  d o w n  t h e  I 

l e n g th  o f  t h e  body.

T h e  m a t h e m a t ic a l  te rm  for th i s  o p e r a t i o n  is “c o n t r a c t i v e  affine t r a n s fo r ­

m a t io n ” (fig. 6 .2c),  w h ich  can  be used for c re a t in g j ra c ta l s  th ro u g h  a m e th o d  c a l led 

“ i te ra te d  fu n c t io n  sy s tem s” (see  W a h l  19 95 ,  1 5 6 - 1 5 7 ) .  I n  k e n t e  c lo th  th e r e  is 

n o  i t e r a t io n — th e  o p e r a t io n  is d o n e  o n ly  o n c e — b u t  i t  d o e s  sh o w  a c t iv e  t h i n k ­

ing  ab o u t  a sc a l ing  t r a n s fo rm a t io n .  A s  in t h e  case o f  t h e  w in d sc re e n ,  t h e  w eavers  

are  ta k in g  a r a t h e r  a b s t ra c t  o b s e r v a t io n  a b o u t  a t im e - v a ry in g  q u a n t i t y  a n d  m a p ­

p in g  th is  m o d e l  i n t o  a m a te r i a l  d es ign .

L o g a r i th m ic  sp ira ls

In  c h a p te r  3 (fig. 3 .2 )  w e e x a m i n e d  th e  c o n t r a s t  b e tw e e n  n o n l i n e a r  c o n c e n t r i c  

c irc le s  a n d  l in e a r  c o n c e n t r i c  c irc les .  In  th e  sam e  way, n o n l i n e a r  sp ira ls  are  easy 

to  u n d e r s ta n d  if w e*contia* t th e m  w i th  linea i^sp ira ls  (fig. 6 .3 a ) .  T h e  l i n e a r  sp i ­

ral, a lso ca lled  a n  A r c h e m e d e a n  spiral in h o n o r  o f  t h e  G r e e k  m a th e m a t ic i a n  w h o  

favored it, is i n j h e  s h a p e  o f  a co i led  rop e  o r  w a tc h  spr ing . E a c h  r e v o lu t io n  brings 

you  o u t  by th e  sam e  d i s t a n c e  ( ju s t  as  e a c h  layer  in  t h e  l i n e a r  c o n c e n t r i c  c i r c le  

w as th e  sam e  th i c k n e s s ) .  For  t h a t  rea so n ,  a l in e a r  sp ira l  o f  a f in i te  d ia m e te r  c an  

h a v e  o n ly  a fin ite  n u m b e r o f  tu rns .  A  n o n l in e a r  sp iral o f  f in i te  d ia m e te r  c a n  h a v e  

a n  infinite n u m b e r  o f  turns, because e ven  th o u g h  th e re  is less a n d  less space re m a in ­

ing  as o n e  goes to w a rd  th e  c e n te r ,  t h e  d is ta n c e  b e tw e e n  e a c h  r e v o lu t io n  c a n  get 

sm a l le r  a n d  s m a l l e r , .

A  g o o d  e x a m p le  o f  th i s  n o n l i n e a r  sc a l in g  c a n  be  s e e n  in  t h e  lo g a r i th m ic  

sp ira l  (fig. 6 .3 b ) .  L o g a r i th m ic  sp ira ls  a re  typ ica l  s t r u c tu r e s  in tw o  d if fe re n t  c a t ­

egories  o f  natural^  p h e n o m e n a .  O n  t h e  o n e J m n d ,  th e y  a re  f o u n d  in  a s to n i s h in g  » 

v a r ie t i e s  o f o rgaja.Lc--gr.o_w.th. T h e o d o r e  C o o k ’s T h e  C u r v e  o f  L ife  ( 1 9 1 4 ) ,  for \  

exam ple ,  show s dozens of logar ithm ic  spirals from every  b r a n c h  o f  th e  ev o lu t io na ry  J  
tree: sna i l  a n d  n a u t i lu s  shel ls ;  t h e  h o r n s  o f  ram s a n d  a n te lo p e ;  a lgae ,  p in e c o n e s ,  /
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F I G U R E  6.3
Spirals

( a )  In  t h e  l i n e a r  sp i r a l  o f  A r c h i m e d e s ,  t h e r e  is a 
c o n s t a n t  d i s t a n c e  b e t w e e n  e a c h  r e v o l u t io n .  
O nly a f in i t e  n u m b e r  o f  t u r n s  c a n  fit in  t h i s  
f in i t e  s p a c e ,  ( b )  In  t h e  l o g a r i t h m i c  sp i ra l ,  t h e r e  
is a n  i n c r e a s in g  d i s t a n c e  b e t w e e n  e a c h  
r e v o l u t i o n .  A n  in f in i t e  n u m b e r  o f  t u r n s  c a n  fit 
in  t h i s  f in i t e  space .

j  a n d  sunflow ers;  a n d  e v e n  a n a to m ic a l  p a r t s  o f  t h e  h u m a n  ea r  a n d  h e a r t .  M a n y  

I r e s ea rch e rs  h a v e  s p e c u la te d  o n  w hy  th i s  is so; th e i r  a n sw e r  is typ ica lly  t h a t  l i v ­

ing sys tems n eed  to  keep  th e  sam e p ro p o r t io n s  as th ey  grow, .and so a scaling.cu.rve 

a l low s th e  sa m e  fo rm  to  be m a i n t a i n e d .  I p re fe r  to  t h i n k  o f  it as recu rs io n :  if  we 

\ lo o k  a t  t h e  c h a m b e r e d  n a u t i lu s ,  for e x a m p le ,  w e c a n  t h i n k  o f  each, n e w  c h a m ­

b e r  as th e  n e x t  i t e r a t io n  th r o u g h  th e  sa m e  sc a l in g  a lg o r i th m .

O n  th e  o t h e r  h a n d ,  lo g a r i th m ic  sp ira ls  are  a lso  fo u n d  in  flu id  tu r b u l e nce .  

W e  b eco m e  aw are  o f  th is  w h e n  we w a tc h  a  h u r r ic a n e  from  space, o r simply  adm ire  

th e  swirls o f  w a te r  a lo n g  a r ive rb an k .  E x p la n a t io n s  for th e se  fluid curves aye m u c h  

less sp ecu la t iv e ,  s in ce  w e can_write  e q u a t io n s  for tu r b u le n c e  an d  show  th e m  p r o ­

d u c in g  lo g a r i th m ic  spirals  in c o m p u t e r  s im u la t io n s  (as w e will see in  c h a p te r  7). 

B u t  th e  E u ro -A m e r ic a n  t r a d i t io n  is n o t  th e  o n ly  o n e  in te re s te d  in s im ulacra .  T h e  

a r t is ts  o f  w h a t  is n o w  G h a n a — p a r t ic u la r ly  th o s e  o f  t h e  A k a n  so c ie ty— lo ng  ago 

/  a b s t r a c te d  th e  lo g a r i th m ic  spiral for p rec ise ly  th e s e  tw o  ca te g o r ie s .  T h e i r  sym-\ 

bo ls  for t h e  life force (fig. 6 .4a)  are  c learly  re la ted  to  th e  "curves  o f  life,” a n d  icons 

\  for T a n u ,  t h e  r iv e r  god  (fig. 6 .4 b ) ,  sh o w  t h e  lo g a r i th m ic  swirls o f  tu r b u le n c e .
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a b

F I G U R E  6 .4
L o g a r i th m ic  spirals

( a )  S e v e r a l  G h a n a i a n  i c o n ic  f igures, s u c h  as t h i s  g o ld w e ig h t ,  l i n k  a s p i r i t u a l  f o rc e  w i t h  t h e  
s t r u c t u r e  o f  l iv in g  sy s te m s  t h r o u g h  l o g a r i t h m i c  sp i ra ls .  T h i s  e x a m p l e  is p a r t i c u l a r l y  s t r i k i n g  s in c e  
it  s h o w s  h o w  sp i ra ls  c a n  be c o m b i n e d  w i t h  b i l a t e r a l  s y m m e t r y  to  c r e a t e  o t h e r  se l f - s im i la r  s h a p e s  
( t h e  l a rg e  d i a m o n d  s h a p e  c r e a t e d  by  t h e  m e e t i n g  o f  t h e  large  sp i ra l  a r m s  is r e p e a t e d  o n  e i t h e r  s ide 
by  t h e  s m a l l  d i a m o n d  a t  t h e  m e e t i n g  o f  t h e  s m a l l  s p i r a l  a r m s ) ,  ( b )  T h i s  figure, a g a i n  b a s e d  o n  
l o g a r i t h m i c  sp ira ls ,  a p p e a r s  o n  t h e  t e m p l e s  o f  T o n u ,  t h e  r i v e r  g o d ,  a n d  l in k s  t h i s  s p i r i t u a l  fo r c e  to  
t h e  g e o m e t r i c  s t r u c t u r e  o f  flu id t u r b u le n c e .
( a ,  photo courtesy D o ra n  Ross.)

 ̂ A g a in ,  we n e e d  to  a v o id  th e  a s s u m p t io n  t h a t  t h e  G h a n a i a n  log  sp i ra ls  a r e ^

' s im ply  m im e t ic  “re f le c t io n s ” o f  n a tu r e ,  a n d  e x a m i n e  h o w  ..they, a re  used. .an d
< <

' d e s igned .  T h e  A k a n  a n d  o t h e r  so c ie t ie s  o f  G h a n a  c re a te d  a c o l l e c t io n  o f  specific 

icons th a t  several researchers h a v e  co m p ared  to  a w r i t ten  language. But ra th e r  th a n  

c o m p o s e d  o f  th e  vas t  n u m b e r  o f  sym bols  we ca ll  “w ords ,” t h e  G h a n a i a n  sym b o lic  

v o c a b u la ry  is m u c h  sm alle r ,  a n d  e a c h  sy m b o l  refers n o t  to  a s ing le  w o rd  b u t  a n  

e n t i r e  socia l ,  re l ig io us , .o r  p h i lo s o p h ic a l  c o n c e p t .  M o re o v e r ,  in m a n y  ca ses  th e  

s t ru c tu re  o f  t h e  sym bol is n o t  a rb i t ra ry  (as G re g o ry  B a te so n  said, “T h e r e  is n o t h ­

ing  ‘s e v e n i s h ’ a b o u t  th e  n u m e r a l  7") ,  b u t  r a th e r  is sh a p e d  so t h a t  e a c h  icon 's  g e o ­

m e t r i c  s t ru c tu r e  recal ls  t h e  c o n c e p t  it  r e p re se n ts .  In  o c h e r  w ords ,  th e y  a re  n o t  

on ly  ab s trac t ions  in th e  sense o f  be in g  stylized, b u t  also genera l iza t ions  in th e  sense 

o f  t h e  d e s ig n e rs ’ i n t e n t  to  find a n  u n d e r ly in g  s t ru c tu re  t h a t  all e x a m p le s  h a v e  in 

c o m m o n .  For th is  reason  w e c a n  ac cu ra te ly  descr ibe  th e  G h a n a i a n  log spiral .icons 

as g e o m e t r i c  m o d e ls  fo r . the  p h e n o m e n a  o f  o rg a n ic  g ro w th  a n d  fluid tu r b u le n c e .

S o m e  aspec ts  o f  th e se  des igns  i l lu s tra re  a c o n sc io u s  re f le c t io n  o n  th e i r  g e o ­

m etr ic  properties. Figure 6 .4a, for exam p le ,  n o t  on ly  displays th e  log sp ira l’s Euclid-
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ear* sy m m e t ry — for we c a n  see h o w  c lo ck w ise  a n d  c o u n te r c lo c k w is e  spirals c o m ­

p a re — but a lso  e x p e r im e n ts  w i th  o t h e r  k in d s  o f  sc a l in g  sym m etry :  n o te  t h a t  t h e  

large d i a m o n d  sh a p e  c re a te d  by th e  m e e t in g  o f  t h e  la rge  sp ira l  a rm s  is re p e a te d
’**>v

o n  b o th  s ides by th e  sm a ll  d i a m o n d  a t  th e ^ m e e t in g  o f  t h e  sm a ll  sp ira l  a rm s.  C a n  

th is  sca l ing  b e  c o n t i n u e d  in  f u r th e r  i t e ra t io n s ?  1 w ill  le ave  t h a t  q u e s t io n  as an  

exe rc ise  for t h e  readers.

' T h e r e  a re  h i n t s  t h a t  t h e  p r e c o l o n ia l  G h a n a i a n  d e s ig n e rs  w ere  h e a d e d  

to w a rd  a  q u a n t i t a t i v e  a p p r o a c h  in  t h e i r  log  sp i ra l  d es igns .  F igu re  6 .5 a  sh o w s  

t h e  s c u lp tu re  o f  a w a te r  b u f fa lo  in  w h i c h  th e y  h a v e  in s c r ib e d  u n i fo rm  d i s c r e te  

s teps .  1 d o n ’t t h i n k  th i s  was m o t i v a t e d  by n u m e r i c  m easu re s ,  b u t  r a t h e r  t h e  

reverse .  By c u t t i n g  th e s e  s teps w e c a n  c lea r ly  gauge  th e  n o n l i n e a r  n a tu r e  o f  th e  

sp i ra l— t h e  w ay  s tep s  o f  a c o n s t a n t  i n c r e m e n t  s h o w  a n  in c r e a s in g  a m o u n t  o f  

c u rv e  g e n e r a t e d — a n d  th i s  p r a c t i c e  c o u ld  h a v e  le d  to  q u a n t i t a t i v e  m easu res .  

A n o t h e r  m o v e  in  t h a t  d i r e c t i o n  w o u ld  g e n e ra l iz e  s u c h  d is c re t iz e d  lo g a r i t h m ic

f i g u r e  6.5 
L o g arith m ic  sca lin g  
in  Q h a n a ia n  designs

(a) L o g a r i t h m i c  s c a l i n g  c a n  be  d e m o n s t r a t e d  
in a t h r e e - d i m e n s i o n a l  c u r v e  by  s h o w in g  
h ow  d i s c r e t e  s t e p s  o f  t h e  sa m e  v e r t i c a l  
i n c r e m e n t  le a d  to  r a p id ly  i n c r e a s in g  a rea .
(b) O v e r h e a d  v ie w  o f  p y r a m i d - s h a p e d  
g o ld w e ig h t .  ( c )  L o g a r i t h m i c  p l o t  o f  
g o ld w e ig h t  t r i a n g le  l e n g th s .
(a, p ho io  f r o m  the M e t r o p o l i t a n  M useu m  o f  A r t .  

b, photo courtesy G e o rg e  A rthur, M arshall  ‘ 

University.,)

noe

-a ■ 
£

s t e p  o f  p y r a m i d



FIGURE 6 .6
A d a p t iv e  s c a l i n g - w i t h  tr iang les

(a)  A n t e l o p e  h e a d d r e s s  c r e a t e d  by t h e  K r u m b a  o f  B u r k i n a  F a s o ,  ( b )  M a s k  s o ld  in  A c c r a ,  G h a n a ,  ' 

b a s e d  o n  d e s ig n  used in  t h e  S n k a r a - B m m o u  r e l ig io u s  d a n c e s -  ( c )  R e p r e s e n t a t i o n  o f  t h e  w a t e r  s p ir i t  

c r e a t e d  by t h e  B aga  o f  G u i n e a ,  (d)  S c u l p t u r e  from  t h e  C o n g o ,  ( e )  A  K i k u y u  w o o d e n  s h ie ld .

T h e  w o o d  has a n o n l i n e a r  c u r v e  t o w a r d  t h e  c e n t e r ,  a n d  t h e  t r i a n g l e s  are  s c a le d  to  m a t c h .

( a ,  courtesy Musee <!e I ' H o m m e .  c ,  M e t r o p o l i t a n  M u s e u m  o f  A r t ;  />liofo by  E l io t  E l i sn /o n .  d ,  D e tro i t  

M u s e u m  o f  A r t .  c ,  British M u s e u m ;  f r o m  Z a s la v sk y  1 9 7 3 . )
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sc a l in g  to  fo rm s  o t h e r  t h a n  sp ira ls ,  a n d  t h a t  d id  in d e e d  o ccu r ,  as w e c a n  see  in 

figure 6 .5b, o n e  o f  th e  A k a n  go ld  w e igh ts .  A  p lo t  o f  t h e  le n g t h  o f  th e se  t r iang les  

(fig. 6 .5 c )  in d i c a te s  t h a t r e a s o n a b l e  a c c u r a c y  was a c h ie v e d  in  th i s  i n d ig e n o u s  

lo g a r i th m ic _ sc a j in g  p ra c t i c e .  '

A daptive  sca ling

S o  far this  ch a p te r  has  focused o n  q uest ions  o f  intentional.i ty, precision, an d  m a th e ­

m a t ic a l  re a s o n in g  in  A f r i c a n  sc a l in g  des igns .  A d a p t iv e  s ca l in g  h a s  l i t t l e  m a t h e ­

m at ica l  so p h is t ica t io n ,  b u t  it too  is a n  im p o r t a n t  p a r t  o f  th e  A fr ican  frac ta l  design 

\ th e m e .  By a d a p t in g  th e  sc a le  o f  a  p a t t e r n  to  fi t v a r io u s  form s, a n u m b e r  o i  

{  e s th e t i c  a n d  p rac t ic a l  effects c a n  be  a c h ie v e d .  T h e s e  e x a m p le s  fall i n to  tw o  ca t-^  

egories. In  c o n fo rm a l m apping ,  th e  p a t t e r n  simply  fits a lo n g  t h e c o n to u rs  o f  a c o n ­

c re t e ,  p r e e x i s t i n g  s t r u c tu r e .  In  g lo b a l  m a p p i n g ,  t h e  p a t t e r n  is d i s to r t e d  by 

c o m p re s s io n  or e x p a n s io n — as w e saw  h a p p e n  a lo n g  o n e  d im e n s i o n  in  k e n t e  

c lo t h — a jx o r d in g  tq  a m o re  u n iv e r s a l ,  a b s t r a c t  t r a n s fo rm a t io n .

F igure  6 .6  sh o w s  se ve ra l  e x a m p le s  o f  c o n f o r m a l  m a p p in g  o n  t r iang les .  .My 

s e a r c h  o f  t h e  fac ia l  m a r k in g s  o f  a n t e l o p e  o f  t h e  w e s te r n  S u d a n  d id  n o t  t u r n  up 

a n y th i n g  l ike t h e  s c a l in g  p a t t e r n  o f  f ig u re  6 .6 a ;  th e s e  t r ia n g le s  a re  d e c o r a t iv e  

addit ions , sized to fi t in to  th e  shap e  o f  th e  scu lp tu re .  O t h e r  exam ples  (fig. 6 .6 b -e )  

sh o w  a se r ies  o f  t r i a n g le s  c o n f o r m i n g  to  t h e  s c a l in g  c o n t o u r s  o f  a m ask ,  a s i n ­

u ou s  c u rv e ,  a c a r v e d  h u m a n  f igu re ,  a n d  a  s h i e ld .  F igu re  6 .7 a  sh o w s  c o n fo r m a l  

m a p p in g  in t h e  ha i r s ty le  A m e r i c a n s  c a l l  “c o r n - r o w i n g ”; its s im u la t i o n  is s h o w n  

in f igure  6 .7 b .  T h e  Y oruba  n a m e  fo r  th i s  s ty le  is ipako e led e, w h ic h  m e a n s  th e  

n a p e  o f  th e  n e c k  ofTi_boar— b eca u se  t h e  b o a r ’s b r is t les  sh o w  a s im i la r  n o n l i n e a r  

sca l ing .  F igure  6 .7 c  sh o w s  a h a i r s ty l e  t h a t  c o m b i n e s  c o n f o r m a l  m a p p i n g  w i th  

i t e r a t i o n .  A d a p t i v e  sc a l in g  o f  c i r c le s  c a n  b e  s e e n  in  t h e  S e n e g a le s e  t e x t i l e  in  

figure  6 . yd.

A  p ra c t ic a l  a p p l i c a t io n  o f  c o n f o r m a l  m a p p in g  ap p ea rs  in figure 6 .ye, a n  

ae r ia l  p h o t o  o f  t h e  N k o n g - m o n d o  q u a r t e r  in  t h e  c i t y  o f  E d e a  in  s o u t h e r n  

C a m e r o o m j v h e r e  w e see  a sca l in g  se r ies  o f  ho uses .  A s  e x p la in e d  to  m e  by o n e  

m em ber  of th e  n e ig h b o rh o o d ,  Mr. Sosso , th e  houses  w ere co n s t ru c te d  a lo n g  a n a r ­

row ing  r idge ,  a n d  th e  sc a l in g  was s im p ly  c o n f o r m in g  to  t h e  n a tu ra l  lan d scap e .  

H ow ev er ,  t h e  o ld e s t  i n h a b i t a n t  o f  t h i s  Bassa n e ig h b o r h o o d ,  Mr. B e l lm b o ck ,  

to ld  m e t h a t  t h e  p a t t e rn  was c r e a t e d  b e c a u se  p e o p le  w a n te d  neighbors.o(_a..sim­

ilar e c o n o m ic  class n e x t  d oo r ,  so t h a t  t h e  r a n g e  in  h o u se  size re f lec ted  a n  e c o ­

n o m ic g r a d i e n t ,  from  p o o re s p tp _ w e a l th ie s t .  Mr. B e l lm b o c k  l ived  in t h e  sm a lle s t]  

house ,  a n d  Mr. S osso  in  t h e  la rges t ,  so  I w o u ld  n o t  d i s c o u n t  th e  poss ib il i ty  t h a t / 

the re  was an  e c o n o m ic  sc a l in g  as well.



F IG U RE  6 . 7

A d a p tiv e  s c a lin g  b a se d  on var ious  sh a p es  
( a ,  b )  A  Y o r u b a  h a i r s t y l e ,  l p a k o  E l e d e ,  a d a p t s  t h e  s c a l i n g  o f  t h e  b r a i d s  t o  t h e  n o n l i n e a r  c o n t o u r s  o f  

t h e  h e a d ,  ( c )  T h i s  h a i r s t y l e  b e g i n s  b y  b r a i d i n g  a s m a l l  h o r s e s h o e  s h a p e  i n  t h e ' t o p  c e n t e r ,  a n d  t h e n  

t r a c i n g  t h e  c o n t o u r  i n  i n c r e a s i n g  p e r i m e t e r s — a c o m b i n a t i o n  o f  a d a p t i v e  s c a l i n g  a n d  i t e r a t i o n .

( d )  F i t t i n g  c i r c l e s  b e t w e e n  i n t e r s e c t i n g  c u r v e s  c r e a t e s  a s c a l i n g  s e r i e s  in  t h i s  t e x t i l e  d e s i g n  f r o m  

G u i n e a ,  ( e )  A n  a e r i a l  p h o t o  o f  t h e  N k o n g - m o n d o  q u a r t e r  in  t h e  c i t y  o f  E d e a  i n  s o u t h e r n  

C a m e r o o n ,  w h e r e  w e  s e e  a s c a l i n g  s e r i e s  o f  h o u s e s ,  

f a ,  f r o m  Sagay 1 9 8 3 .  c ,  f r o m  Sagay  1 9 8 3 .  d ,  p h o t o  c o u r t e s y  I F A N ,  D a k a r . )
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+ infinity

FI GURE  6 . 8  

M ap p in g  f r o m  th e  p la n e  
to a  s p h e r ic a l sur face  

(a) Mapping bars of infinite 
length from the plane to a sphere, 
( l i )  A  Y o i n h a  h a i r s t y l e ,  Koioba
(“hurker”) ......................... ......
(b,/nmi Sagay j 983.)

I t  is poss ib le  to  m is read  th e se  e x a m p le s  o f  c o n fo r m a l  m a p p in g  as b e in g  th e  

p r o d u c t  o f  a r t i s a n s  w h o  a r e  s t ro n g ly  g u id e d  by c o n c r e t e  fo rm s  r a t h e r  t h a n  

a b s t r a c t  t h o u g h t .  B u t  a d a p t i v e  s c a l i n g  c a n  a l s o  b e  s e e n  in  m o r e  a b s t r a c t  

exam ples :  g loba l t r a n s fo rm a t io n s  in w h ic h  space  i t se l f  is d is to r te d .  T h i s  is a c o m ­

m o n  o p e r a t io n  in  W e s t e r n  g eo m e try ,  t h e  m o s t  f r e q u e n t  e x a m p l e  b e in g  a m a p ­

p in g  b e tw e e n  th e  p l a n e  a n d  a sp h e re  (fig. 6 .8 a ) .  F igure  6 .8 b  sh o w s  a h a i r s ty le  

t h a t  a p p ea rs  to  h a v e  a  p la n a r  d e s ign  m ap p e d  o n t o  a sp h e r ic a l  surface. F igure  6 .9 

prov ides a n  e v e n  m o re  abs t rac t  il lus tration , th e  inverse o f  th e  prev ious m ap p in g —  

n o w  g o ing  from  sp h e r ic a l  to  r e c tan g u la r— a n d  uti l iz ing  th r e e  d im e n s io n s  ins tead

-  in f in it y
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o f  tw o .  I n  th i s  C h o k w e  s c u lp tu re ,  t h e  e n t i r e  h u m a n  f igure  is d i s to r t e d  as if  its 

sp h e r ic a l  v o lu m e  h a d  b e e n  m a p p e d  to  a c u b ic  v o lu m e ;  t h e  re s u l t i n g  n o n l i n e a r  

sc a l in g  is d ra m a t ic a l ly  i l lu s t ra te d  by th e  d is c re te  s tep s  in  t h e  h e a d d re s s .  A r t  h i s ­

to r i a n  W i l l i a m  Fagg ( 1 9 5 5 )  m a d e  a s im i la r  s u g g e s t io n  a b o u t  o t h e r  A f r i c a n  

des igns ,  w h ic h  h e  c o m p a r e d  to  t h e  d ra w in g s  o f  n a t u r a l  g r o w th  by b io lo g is t  

D ’A rc y  T h o m p s o n :  “I b e l i e v e  t h a t  t h e  m o rp h o lo g y  o f  A f r i c a n  s c u lp tu r e  m ay  be  

usefully s tud ied  . . .  by re fe rence  to  m a t h e m a t i c s . . . .  For e x am p le  in  c e r t a in  masks

• , FIGURE 6 .9  
M a p p in g  fro m  a sp h e r ic a l vo lu m e  

to a  rec ta n g u la r , vo lu m e  
( a )  B a s t i n  ( 1 9 9 2 ,  6 8 )  s h o w s  t h a t  t h i s  C h o k w e  c r o w n ,  

t h e  C i p e n y a - M u t w e ,  is m a d e  u p  o f  l i n e a r  b a n d s  i n  r e a l  

l i f e .  T h e  n o n l i n e a r  s c a l i n g  w e  s e e  i n  t h i s  s c u l p t u r e  c a n  

b e  e x p l a i n e d  as  t h e  i n v e r s e  o f  t h e  t r a n s f o r m a t i o n  w e  s a w  

i n  f i g u r e  6 . 8 a .  R a t h e r  t h a n  s h r i n k i n g  a s  w e  m o v e  f r o m  

t h e  c e n t e r  t o  t h e  m a r g i n s ,  t h e  i n v e r s e  m a p p i n g  c a u s e s  

e x p a n s i o n  f r o m  c e n t e r  t o  m a r g i n s .  T h i s  is n o t  o n l y  t h e  

i n v e r s e  o f  t h e  p r e v i o u s  m a p p i n g ,  b u t  a l s o  o p e r a t e s  o n  

t h r e e - d i m e n s i o n a l  v o l u m e  r a t h e r  t h a n  s u r f a c e .  S i m i l a r  

t r a n s f o r m a t i o n s  a r e  u s e d  in  n e u r o s c i e n c e  t o  m o d e !  t h e  

w a y s  t h a t  t a c t i l e  r e c e p t o r s  a r e  m a p p e d  f r o m  b o d y  t o  ^

b r a i n ,  s i n c e  t h e r e  is a  t n u c h  g r e a t e r  d e n s i t y  o f  s e n s o r y

n e u r o n s  at t h e  e x t re m e s ,  ( b )  T h e  r e a s o n  fo r  t h i s  t r a n s f o r m a t io n  is t o  i n v o k e  t h e  im p r e s s io n  o f  

p o w e r  a n d  s t a b i l i t y  ( C h a n d a  1 9 9 3 ) .  T h e  m e a n in g  h a s  n o t h i n g  in  p a r t ic u la r  t o  d o  w i t h  g e o m e t r ic  

m a p p in g ,  o t h e r  t h a n  a c h ie v i n g  t h e  d e s ir e d  e ffe ct, b u t  it is  in t e r e s t in g  to  n o t e  t h a t  t h e  t r a n s f o r ­

m a t io n  is u n i f o r m ly  a p p l ie d  to  n l! e x t e rn a l  a rea s, e v e n  to  th e  e x t e n t  o f  d e f o r m in g  th e  fo re h e a d .

( a ,  c o u r t e sy  J a c q u e s  K e r c h a c h e  a n d  M u s e u m  o f  M a n k i n d ,  L o n d o n ,  b ,  c o u r t e s y  M u s e u m  o f  the P h i la d e lp h ia  

C iv ic  C e n t e r . )
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fo r  t h e  G e l d e  so c ie ty  t h e  n a tu r a l  . . .  p h y s io g n o m y  is ‘b lo w n  u p , ’ so to  sp eak ,  in 

a w ay  w h ic h  c o u ld  b e  p lo t t e d  o n  a  s e t  o f  f l a r in g  e x p o n e n t i a l  c o o r d i n a t e s . ” 

( 1 9 1 7 .  4 3 )-

C onclusion

T h e  e x a m p le s  o f  sc a l in g  des igns  in th is  c h a p t e r  vary  g re a t ly  in p u rp ose ,  p a t t e rn ,  

a n d  m e th o d .  W h i l e  it is n o t  difficult to  in v e n t  ex p la n a t io n s  based o n  un con sc iou s  

soc ia l  fo rces— for e x a m p le ,  t h e  f lex ib i l i ty  in  c o n fo r m in g  d es ig ns  to  m a te r ia l  su r ­

faces as e x p re s s io n s  o f  socia l f lex ib i l i ty— I d o  n o t  t h i n k  t h a t  an y  s u c h  e x p la n a ­

t i o n  c a n  a c c o u n t  for th i s  d iversity .  F ro m  o p t im iz a t io n  e n g in e e r in g ,  to  m o d e l in g  

o rgan ic  life, to  m a p p in g  b e tw een  d if fe ren t spa t ia l  s t ruc tures ,  A fr ic a n  ar t isans  h a v e  

d e v e lo p e d  a w ide  r a n g e  o f t o o l s ,  t e c h n iq u e s ,  a n d  d e s ig n  p ra c t ic e s  based  o n  th e  

c o n sc io u s  a p p l i c a t i o n  o f  sca l ing  g eo m e try .  In  t h e  n e x t  c h a p te r ,  w e  w ill  see t h a t  

A f r i c a n  n u m e r i c  sys tem s a lso  sh a re  m a n y  f ra c ta l  c h a ra c te r i s t i c s .
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-systems-

C H A P T E R

 S o  far vve h a v e  focused o n  g e o m e t r i c  s t ru c tu re s  r a t h e r  t h a n  n u m e r i c  systems. T h e

o n ly  e x c e p t io n  was in  t h e  w in d s c r e e n ,  w h e r e  t h e  n o n l i n e a r  s c a l in g  w as c re a te d  

by c o u n t i n g  a spec if ic  s e q u e n c e  o f  d i a g o n a l  s t r a w  row s.  B u t  t h e r e  a r e  m a n y  

o t h e r  in s ta n c e s  in w h ic h  t h e  A f r i c a n  a p p r o a c h  to  f r a c ta l  g e o m e t r y  m a k e s  use o f  

n u m b ers*  ' ...................... ...........................

N o n lin e a r  a d d it ive  series  in  A fr ic a

T h e  c o u n t i n g  n u m b e r s  (1 ,2 ,3  • • •) c a n  b e  t h o u g h t  o f  as a k in d  o f  i t e r a t io n ,  b u t  

o n ly  in t h e  m o s t  t r iv ia l  w ay .1 I t  is t r u e  t h a t  w e c o u ld  p r o d u c e  th e  c o u n t i n g  n u m ­

bers  fro m  a  rec u rs iv e  loop ,  t h a t  is, a f u n c t io n  in  w h ic h  t h e  o u t p u t  a t  o n e  s tage  

b e c o m e s  th e  in p u t  for t h e  n e x t :  X n+( = X n + 1 . B u t  th i s  is a  s t r ic t ly  l in e a r  series, 

in c r e a s in g  by th e  sam e  a m o u n t  e a c h  t i m e — th e  n u m e r i c j e q u iv a l e n t  o f  w h a t  we 

saw  in t h e  l in ea r  c o n c e n t r i c  c irc le  a n d  l i n e a r  sp i ra l . ' -A d d i t ion  e a n ,  h o w ev e r ,  pro- 

d u c e  n o n l in e a r  ser ies ,2__and th e r e  a re  a t  leas t  tw o  e x a m p le s  o f  n o n l i n e a r  a d d i t iv e  

series in  A f r i c a n  cu l tu re s .  T h e  t r i a n g u l a r n u m b e r s  (1 ,3 ,6 ,1 0 ,1 5  . . .) a r e  used in 

a g am e  ca l le d  " t a ru m b e ta "  in eas t  A f r ic a  (Zaslavsky  j 9 73 ,  1 1 1). F igu re  7.1 show s 

h o w  th e se  n u m b e r s  are  d e r iv ed  from th e  s h a p e  o f  t r ia n g le s  o f  in c re a s in g  size, a n d  

h o w  th e  n u m e r ic  ser ies c a n  b e  c r e a t e d  by a r e c u r s iv e  loop .  A s  in t h e  case  o f  cer-
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n um b e r 
o f stones:

n um b e r 
o f  ite ra t ion s:

A  g a m e  c a l l e d  ‘' t a r u m b e t a "  i n  E a s t  A f r i c a  m a k e s  u s e  o f  t h e  t r i a n g u l a r  n u m b e r s ,  s t a r t i n g  w i t h  3 

( 3 , 6 ,  1 0 , 15 I n  t h i s  g a m e ,  o n e  p l a y e r  c a l l s  o u t  a  c o u n t  a s  h e  r e m o v e s  s t o n e s  c o n s e c u t i v e l y ,  

left  t o  r i g h t  a n d  b o t t o m  t o  t o p ,  w h i l e  t h e  o t h e r  p l a y e r ,  w i t h  h i s  b a c k  t u r n e d ,  m u s t  s i g n a l  w h e n e v e r  

t h e  f ir s t s t o n e  i n  a  r o w  h a s  b e e n  r e m o v e d .

T h e  s t o n e s  i n  e a c h  t r i a n g u l a r  a r r a y  c a n  b e  b u i l t  u p  i n  a n  i t e r a t i v e  f a s h i o n ,  t h a t  is, t h e  n e x t  

t r i a n g l e  c a n  b e  c r e a t e d  b y  a d d i n g  a n o t h e r  l a y e r  t o  a n y  s i d e  o f  t h e  p r e v i o u s  t r i a n g l e .  T h e  n u m b e r  t o  

b e  a d d e d  in  e a c h  a d d i t i o n a l  l a y e r  is s i m p l y  t h e  n u m b e r  o f  i t e r a t i o n s .  F o r  e a c h  i t e r a t i o n  i, a n d  t o t a l  

n u m b e r  o f  s t o n e s  N ,  w e  h a v e :

( s t a r t i n g  w i t h  N 0  =  0 )

( a  t r i v i a l  a r r a y ,  n o t  u s e d  i n  t h e  g a m e )

Ni *i  = N ,
1 = 

3 =  

“ '6 = 

10  =

+ 1

+ . 1 

+ 2 

+  3  

+ 4

In  o th e r  w o rd s, th e  n e x t  n u m b e r  w i l l  be g iv e n  
b y  th e  la st n u m b e r  p lu s  the  ite ra t io n  co u n t:

15 =  10  + 5

FIGURE 7.1
T h e  tr ia n g u la r  n u m b e r s  in  a n  E a s t  A fr ic a n  g a m e

t a i n  fo rm a l  age -g ra d e  i n i t i a t i o n  p ra c t ic e s  (see  c h a p te r s  5 a n d  8 ) ,  che s im ple  

versions are  used by sm a l le r  c h i ld re n ,  a n d  th e  h ig h e r  i te ra t io n s  are  p ic k e d  up  w ith  

increasing age. W h i l e  the re  is n o  ind ica tion  o f  a formal re la tionsh ip  in this instance, 

th e r e  is s t i l l  a n  u n d e r ly in g  pa ra l le l  b e t w ee n  t h e  . i te ra t ive  c o n c e p t  o f  ag in g  c o m ­

m o n  to  m a n y  A f r i c a n  c u h u r e s — e a c h  in d iv id u a l  p ass ing  th r o u g h  m u l t ip le  tu rn s  

o f  t h e  “h fe  c ycle.*.’.— a n d  t h e k e r a t iv e  n a tu r e  o f  t h e  t r i a n g u la r  n u m b e r  series.

A n o t h e r  n o n l in e a r  a dd it ive  series was found  in a rchaeo log ica l  ev id enc e  from 

N o r th  A frica .  Badawy (1 9 6 5 )  n o te d  w h a t  appears  to .be  use o f  t h e  F ib on acc i  series 

in th e  layou t o f  t h e  tem p le s  o f  a n c i e n t  Egypt. U s in g  a s l igh t ly  d if fe ren t  a p p ro a ch ,



T h e  Fibonacci series 
.(I ,  1, 2 , 3 , 5 , 8 , 13 . . .  ) was 
found by Badawy (1965) 
in his study of the layout 
of th e  temples of Egypt.
His analysis was quite 
complex, but it ismot 
difficult to create a simple 
visualization. Here we see 
the  series in the successive 
chambers of the temple of 
Karnak.

T h e  Fibonacci series is 
produced by adding the 
previous number to the 
current num ber to get the 
next number, starting with 
1 + 1 = 2 . For each iteration 
i, the  number N  in the  series 
is given by:

N i + 1 = N i

th a t  is,
N n e x t  =  H c u r t e n t  +  ^ p r e v io u s

1 + 1

1 + 2

2 + 3 

3 + 5  

5 + 8

= 2 

= 3 

= 5 

= 8 

= 13

Gray rectangles added 
for measurement 9

N previous
next

current

F I G U R E  7 . 2  

T h e  F ib o n a cc i  series in  a n c ie n t  E gypt
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I fo u n d  a v isually  d i s t i n c t  e x a m p le  o f  th i s  ser ies  in  th e  success ive  c h a m b e r s  o f 

th e  te m p le  o f  K a rn a k ,  as s h o w n  in  figure 7 .2a. F igure  7 .2b  show s h o w  these  n u m ­

bers  c a n  be  g e n e r a t e d  us in g  a r ecu rs iv e  loop .  T h i s  fo rm a l sca l ing  p la n  m ay h a v e  

• b e e n  d e r iv e d  f ro m  t h e  n o n n u m e r i c  v e r s io n s  o f  s c a l in g  a r c h i t e c t u r e  w e see 

th r o u g h o u t  A fr ica .  A n  a n c i e n t  se t  o f  b a la n c e  w e ig h ts ,  a p p a re n t ly  used in Egypt, 

Syria , a n d  P a le s t in e  c irca 1200 b .c .e ., also a p p e a r  to  em ploy  a F ibo nacc i  seq uen ce  

(P e t ru so  1 98 5 ) .  T h i s  is a p a r t ic u la r ly  in t e r e s t in g  use, s in ce  o n e  o f  th e  s t r ik in g  

m a t h e m a t i c a l  p ro p e r t ie s  o f  t h e  ser ies  is t h a t  o n e  c a n  c re a te  any  p o s i t iv e  in te g e r  

t h r o u g h  a d d i t i o n  o f  s e le c te d  m e m b e r s — a p ro p e r ty  t h a t  m ak es  it ideal for a p p l i ­

c a t i o n  to  b a la n c e  m e a s u re m e n ts  ( H o g g a t t  1969 , 7 6 ) .  T h e r e  is n o  e v id e n c e  th a t  

a n c i e n t  G r e e k  m a t h e m a t i c i a n s  k n e w  o f  t h e  F ib o n a c c i  series. T h e r e  was use o f  

th e  F ib o n a c c i  ser ies in M i n o a n  d es ign ,  b u t  Preziosi (1 9 6 8 )  c i te s  e v id e n c e  in d i ­

c a t i n g  t h a t  it  c o u ld  h a v e  b e e n  b r o u g h t  f ro m  E gyp t by M i n o a n  a r c h i t e c tu r a l  

w orke rs  e m p lo y e d  a t  K ah u n .

D oubling series  in  A fr ic a

S o m e  a c c o u n t s  r e p o r t  t h a t  A f r i c a ns  use a “ p r i m i t i v e ” n u m b e r  sys tem  in  w h ic h  

th ey  c o u n t  by  m u l t ip le s  o f  tw o . It is t ru e  t h a t  m a n y  cases o f  A f r i c a n  a r i th m e t i c  

are  b ased  o n  m u l t ip le s  o f  tw o , b u t  as w e will  see ,  b a se -2  sy s tem s are  n o t  c ru d e  

a r t i fa c ts  from  a fo r g o t te n  past. T h e y  h a v e  su rp r is in g  m a t h e m a t ic a l  s ign if icance ,  

n o t  on ly  in r e la t io n  to  A fr ic an  fractals , b u t  to  th e  W e s te rn  h is to ry  of m a th e m a t ic s  

an d  c o m p u t in g  as well.

T h e  p resence  o f  doubling  as a cultural th e m e  occurs in m any  different A fr ican  

societies a n d  in m a n y  d ifferent social do m a in s ,  c o n n e c t in g  th e  sacredness o f  twins, 

' s p i r i i 'd o u b ie s ,  a n d  d o u b le  v is io n  w i th  m a te r ia l  o b je c ts ,  su ch  a s t h e  b l a c k sm ith 's  

tw in  bellow s a n d  th e  d o u b le  i ron  h o e  g iv e n  in b r id e w e a l th  (fig. 7 .3 ) .  F igure 7 .4a  

show s th e  I s h a n g o  b o n e ,  w h ic h  is a r o u n d  8 ,0 0 0  y ea rs  o ld  a n d  ap p e a rs  to  sh o w  a 

d o u b l in g  s e q u e n c e . jD o u b l in g  is f u n d a m e n ta l  to  m a n y  o f  th e  c o u n t in g  sys tem s o f  

A fr ica  in m o d e r n  t im e s  as well. I t  is c o m m o n ,  for e x a m p le ,  to  h a v e  th e  w ord  for

. .* a n 'e v e n  n u m b e r  2 N  m e a n  “N  p lus  N ” (e .g . ,  th e  n u m b e r  8 in t h e  S h a m b a a  l a n ­

guage o fT a n z a n ia  is “n e  na  n e , ” li terally  “four a n d  fo u r”). A  s im ilar  do u b lin g  takes 

p lace for t h e  p rec ise ly  a r t ic u l a te d  sy s tem  o f  n u m b e r  h a n d  ges tu res  (fig. 7 .4b ) ,  for 

example, Ilfour” rep resen ted  by tw o  groups o f  tw o fingers, an d  “e ig h t’’ by tw o groups 

o f  four. P e t i t t o  ( 1 9 8 2 )  fo u n d  t h a t  d o u b l i n g  was u sed  in m u l t i p l i c a t i o n  an d  

d iv is ion  t e c h n i q u e s  in W e s t  A f r ic a  (fig. 7 .4 c ) .  G i l l in g s  (1 9 7 2 )  d e ta i l s  t h e  p e r ­

s i s te n t  use o f  p o w e rs  o f  tw o  in a n c i e n t  E g y p t ia n  m a t h e m a t i c s  as w e l l ,  a n d  

Zaslavsky ( 1 9 7 3 )  sh o w s  a rc h a e o lo g ic a l  e v id e n c e  sugges t ing  t h a t  a n c i e n t  E g y p t’s 

use o f  b a se -2  c a lc u la t i o n s  d e r iv e d  f rom  th e  use o f  b a se -2  in s u b - S a h a r a n  A fr ica .
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D o u b l in g  practices; w ere  a lso  used by A f r i c a n  d e s c e n d a n t s  in cine A m e r i ­

cas. B e n ja m in  B a n n e k e r ,  for e x a m p le ,  m a d e  u n u su a l  use o f  d o u h l i n g  in  b is  ca l-  

c u la t to n s ,  w h ic h  m ay  h a v e  d e r iv e d  fro m  t h e  te a c h in g s  o f  h i s  A frica iV Tather a n d  

g ra n d f a th e r  (E g la sh  1 9 9 7 c ) .  G a t e s  (1 9 8 8 )  e x a m i n e d  t h e  c u l tu r a l  s ig n if ic an c e  of 

doub.ling in W e s t  A f r i c a n  re l ig io ns  s u c h  as v o d u n  a n d  its t r a n s fe r  to  “v o o d o o ” 

in  t h e  A m e r ic a s .  In  t h e  re l ig io n  o f  S h a n g o ,  for e x a m p le ,  t h e  v o d u n  god  o f  t h u n ­

d e r  a n d  l i g h tn i n g  is r e p r e s e n te d  by a d o u b le - b l a d e d  a x e  (fig. 7 .5 a ) ,  u sed  by 

S h a n g o  d evo tee s  in th e  new  world  as well (R. T h o m p s o n  198,3). Figure 7.51-) shows

f i g u r e  7 . 3  

D o u b lin g  in  A fr ic a n  socia l p ra c tice s  
( a )  T h i s  f ig u r e  is u s e d  b y  w o m e n  in  G h a n a  t o  e n c o u r a g e  t h e  

b i r t h  o f  t w i n s ,  ( b )  A  d o u b l e  i r o n  h o e  is s o m e t i m e s  u s e d  a s  p a r t  

o f  t h e  b r i d e  p r i c e  c e r e m o n y ,  ( c )  T h e  d o u b l e  b e l l o w s  o f  t h e  

b l a c k s m i t h ,  ( d )  D o u b l e  v i s i o n ;  a  c o m m o n  t h e m e . i n  s e v e r a l  

A f r i c a n  s p i r i t u a l  p r a c t i c e s ,  o f t e n  i m p l y i n g  t h a t  o n e  c a n  s e e  

b o t h  t h e  m a t e r i a l  w o r l d  a n d  t h e  s p i r i t  w o r l d .

( b ,  M a r c  a n d  E v e l y n  B e r n h e im  f r o m  Ra/d io  G i u / l i o n c u e ;  c o u r te sy  

o f  U g a n d a  N a t i o n a l  M u s e u m ,  c ,  Jihoio c o u r t e s y  I F A N ,  D a k a r .  

d ,  f r o n  B e r j o n n e a u  a n d  S o m te r y  1 9 8 7 . )
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(a) Th e  Ishango bone,  est imated to be over 8,000 years old, shows 
what  appears to be use of doubling: 3 + 3 = 6, 4 + 4  = 8, 10 = 5 + 5 .

10

(b) Even numbers are 
typically represented by 
doubling in the precisely 
art iculated system of 
African hand gestures.

(c) D o u b l i n g  w as  t r a d i t i o n a l l y  u sed  b y  t a i lo r s  in W e s t  A f r i c a  w h e n  d o i n g  la rg e  m e n t a l  

m u lt ip l ic a t io n s ;  it is e s s e n t ia l ly  b a s e d  o n  w h a t  w e  w o u l d  c a l l  f a c to r in g .

For e x a m p l e ,  3 x  2 7 3  ( “ 3 t a k e n  2 7 3  t i m e s ” ) w o u l d  b e  c a l c u l a t e d  b y  s u c c e s s i v e l y  

d oubl ing  3 (6 , 1 2, 24 . . .  ) w h i l e  k e e p i n g  crack  o f  t h e  c o u n t e r p a r t  in p o w e rs  o f  t w o  ( 2 , 4 , 8 . . .  ). 

W h e n  t h e  n e x t  p o w e r  o f  t w o  w o u l d  o v e r s h o o t  2 7 3 ,  h e  t h e n  h a s  t o  m e m o r iz e  t h e  n u m b e r  

reached so far th r o u g h  d o u b l i n g s  o f  3 ( 7 6 8 ) .  w h i l e  s u b t r a c t i n g  t h e  p o w e r  o f  t w o  t h a t  w as  

reached  ( 2 7 3  -  2 5 6  = 1 7 ) .  T h e n  h e  starts  a g a i n ,  d o u b l i n g  3, a n d  k e e p i n g  t r a c k  o f  t h e  p o w e r s  

o f  two. W h e n  t h e  n e x t  p o w e r  o f  t w o  w o u l d  o v e r s h o o t  1 7 ,  h e  a g a in  m e m o r iz e s  t h e  n u m b e r  

reached t h r o u g h  d o u b l i n g s  o f  3 (4 8 )  a n d  s u b t r a c t s  t h e  p o w e r  o f  t w o  ( 1 7  — 16  — 1 ) .  S i n c e  o n e  

is left over, h e  ju st  n e e d s  to  a d d  a n  a d d i t i o n a l .  3 . T h e  a n s w e r  is t h e n  g i v e n  b y  . th e  su m  o f  t h e  

un derl ined  terms: 7 6 8  + 48  + 3 = 8 1 9 .

Desp ite  t h e  c o m p l e x i t y  o f  t h e  m e t h o d ,  t h e  t a i lo r s  w e r e  q u i t e  fast at  p e r f o r m i n g  th e s e  s i le n t  

m enia l  o p e r a t io n s .

FI GURE  7 . 4  

D o u b l i n g  in  A f r i c a n  a r i th m e t ic  
f t i i n t l  b, f r o m  F r o m  Z a s la v s k y  1 9 7 3 .)

the use o f  a d ou b l i n g  s e q u e n c e  in t h e  seruccure o f  a S h a n g o  t e m p le  a n d  in r e l i ­

gious c e r e m o n i e s  ( r i t u a l  c h o r e o g r a p h y  a l i g n in g  tw o  pr i es t s ,  f ou r  c h i l d r e n ,  

eight  legs).  A  c u ra t o r  a t  t h e  Mu se e  E t h n o g r a p h i q u e  in P o r t o  N o v o ,  B en in ,  w h o  

special ized in S h a n g o  e x p l a i n e d  t o  me  t h a t  t he s e  d o u b l i n g  s t r uc tu r e s  we re  used 

I9.ecause.the god o f  l i g h tn i n g  r equ i r ed  a po r t r a i t  o f  t h e  forked s t r uctu r e  oFaTigft t -  

ning bol t .  T h e  m o de l  is pa r t i cu l a r l y  i n t e r e s t i n g  in t h a t  t h e  l en g t h s  o f  e ac h  i t e r ­

a t i on  a re  s h o r t e n e d ,  so  t h a t  o n e  c o u l d  h a v e  i n f i n i t e  d o u b l i n g s  in  a f i n i t e



(a) Shango, th e  god o f  

lightning, is part of the vodun 
religion of Benin and was one 
of the  im portant com ponents  
in th^, c reation  of the voodoo 
religion in the  N ew  World. 
Here we see th e  double-bladed 
" thunder  axe,” with another  
double blade w ith in  each side.

a

b

(b) Shango temple arid initiation. H ere  we see 
the  doubling sequence carried out further, 
using the bilateral symmetry of the  hum an  body 
itself in tbe last iteration. This  is used to symbolize 
the bifurcating pattern of the l ightn ing bolt.

F I G U R E  7.5 
D o itb lin g  in  the  relig ion o f  S h a n g o

fa, courtesy /FAN,  Dakar, b: hath center j>ho(os, courtesy / F AN,  Dakar; lower right, courtesy Dave 

C row ley, xoxuw.storinguy.cnm.)
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sp a c e — a t r u e  f r a c ta l . T h e se l f - s im i la r  s t r u c tu r e  o f  l i g h tn in g  h a s  b e e n  a  fa v o r i te  

e x a m p l e  fo r  f r a c t a l  g e o m e t r y  t e x t s  ( s e e  M a n d e l b r o t  1 9 7 7 ) .  T h e  d o u b l i n g  

s e q u e n c e  u sed  to  m o d e l  th e  f ra c ta l  s t r u c tu r e  o U i g h t n i n g  in S h a n g o  w ou ld  n o t  

. g ive a n  a c c u ra t e  v a lu e  for th e  e m p i r i c a l ' f r a c ta l  d im e n s io n — real l i g h tn in g  tend s  

to  b r a n c h  m u c h  m o re  th a n  d o u b l in g  a llows for— b u t  i t ’s e n o u g h  to  k n o w  t h a t  th e  

• v o d u n  r e p r e s e n t a t io n  offers a  t e s t a b l e ^ iu an t i . t a t iv e .m o d e l .

T h e  m o s t  m a t h e m a t i c a l ly s ign i f i c a n t  a s p e c t  o f  d o u b l in g  in  A f r i c a n  reli-  

g io n  o ccu rs  in  t h e  d iv i n a t io n  (“fo r tu n e te l l i n g ’̂ ) t e c h n iq u e s  o f  v o d u n  a n d  its re l i ­

gious re la tives  (Eglash  1997b).  T h e  fa m o u ^ j f a  d jv in a t io n  system (fig. 7.6) is based 

o n  tossing  pairs o f  flat shel ls  o r  seeds sp l i t  in two. E a c h  lan ds  o p en -s id e  o r  c losed- 

side ( l ike  “h e a d s  or ta i ls” in a c o in  toss) .  T h e y  are  c o n n e c t e d  by a d o u b le d  c h a in  

to  m a k e  fo u r  pairs . E a c h  g ro u p  o f  fou r  p a ir s  g ives o n e  o f  t h e  16 d i v i n a t i o n  sy m ­

bols , w h ic h  te l l  t h e  fu tu re  o f  t h e  d i v i n e r ’s c l i e n t .  T h e  Ifa sy s tem  is w h a t  a 

m a t h e m a t i c i a n  w o u ld  ca ll  “s t o c h as t i c , ” t h a t  is, i t  o p e ra te s  by p u re  c h a n c e .  B u t  

a closely  r e la te d  d iv i n a t i o n  sy s tem ,  C e d e n a, has  a  n o n s t o c h a s t i c  e l e m e n t— it is 

c loser  to  w h a t  m a t h e m a t i c i a n s  ca ll  “d e t e r m i n i s t i c  c h a o s .” .

M y  in t r o d u c t i o n  to  ced en a , o r  s a n d  d iv i n a t i o n ,  to o k  p la c e  in  D akar,  S e n e ­

gal, w h e re  t h e  loca l  Is lam ic  c u l tu re  c re d i ts  t h e  B a m a n a  (a lso  k n o w n  as B am bara )  

w i th  a p o t e n t  p a g a n  m ys tic ism . A lm o s t  all  d iv in e r s  h a d  so m e  k in d  o f  physica l  

d e fo rm ity — “ th e  p r ice  pa id  for th e i r  p o w er .” -5 O n e  d iv in e r  se e m e d  q u i te  w ill ing  

to t e a c h  m e  a b o u t  th e  sys tem , sug ges t in g  t h a t  it “w ou ld  be  jus t  like  s c h o o l .” T h e  

first few sess ions  w e n t  sm o o th ly ,  w i th  t h e  d iv in e r  s h o w in g  m e  a sy m b o l ic  co d e  

in w h ic h  e a c h  sy m b o l,  r e p re s e n te d  by a s e t  o f  fou r  v e r t ic a l  d a s h e d  l ines  d ra w n  

in th e  san d ,  s to o d  for som e a rc h e ty p ica l  c o n c e p t  ( t rav e l ,  desire, h e a l th ,  e tc . )  w ith  

w h ich  h e  a s sem b le d  n a r r a t iv e s  a b o u t  t h e  fu tu re .  B u t  w h e n  I f inally  a sk ed  ho w  

• he  d e r iv e d  th e  sy m b o ls  in p a r t ic u la r ,  t h e  m e a n in g  o f  so m e  o f  t h e  p a t t e rn s  

d ra w n  p r io r  to  t h e  sy m bo l w r i t in g — th e y  all lau g h e d  a t  m e  a n d  s h o o k  th e i r  

h ead s .  “T h a t ’s th e  s e c r e t ! ” M y o ffe rs  o f  in c r e a s in g ly  h ig h  p a y m e n t s  w e re  m e t  

w ith  d is in te res t .  Finally, 1 t r ied  to  e x p la in  t h e  socia l s ign if icance  o f  c ross-cu l tu ra l  

m a th e m a t ic s .  I h a p p e n e d  to  h a v e  a co p y  o f  L in d a  G a r c i a ’s Fra ctal E x p lo rer  w ith  

m e  a n d  b e g a n  by sh o w in g  a g ra p h  o f  th e  C a n t o r  se t ,  ex p la in in g  its recu rs iv e  c o n ­

s t ru c t io n .  T h e  h e a d  d iv iner ,  w i th  a n  e x p re s s io n  o f  e x c i t e m e n t ,  su d d en ly  s to p p ed  

m e, s n a p p e d  th e  b o o k  sh u t ,  a n d  sa id  “sh o w -h im  w h a t  h e  w a n ts ! ”

A s  it tu r n s  o u t ,  t h e  rec u rs iv e  c o n s t r u c t i o n  o.fJihe.,.Can.tQ.r_set was ju s t t h e 

r ight t h i n g  to  show , b ecau se  th e  B a m a n a  d iv i n a t i o n  is a lso  b ased  o n  recu rs ion  

Xs (fig- l - l ) -  T h e  d iv in a t io n  beg ins w i th  four  h o r iz o n ta l  d a sh e d  lines,  d ra w n  rapidly, 

/  so tha t  the re  is som e ra n d o m  v a r ia t io n  in th e  n u m b e r  o f  dashes in  each .  T h e  dashes 

\ are t h e n  c o n n e c t e d  in  pairs , s u c h  t h a t  e a c h  o f  th e  fo u r  lines  is left w i th  e i t h e r  

\ o n e  s in g le  d a sh  ( in  t h e  case o f  a n  o d d  n u m b e r )  or n o  d a sh es  (a l l  pa irs ,  t h e  case



b c

F I G U R E  7 . 6  

B in a r y  codes in  d iv in a t io n
(a) This Nigerian priest is telling the future by Ifa divination, in which pairs of flat shells or seeds 
split in two are tossed with each landing open-side or closed-side. They are connected hy a doubled 
chain to make four pairs, giving a total of 16 divination symbols. In this version of lfa (used in the 
Abigba region of Nigeria) they use two doubled chains and consider the cast more accurate if there 
is a correlation between the two sets, (b) Here we see a chain using split seeds. Each half lands 
eititer “closed" (meaning we see the rounded outside) or "open" (meaning we see tire interior).
By using open to represent 0  (double lines), and closed to represent 1 (single line), we can see how 
the divination symbol is obtained, (c) The divination chain is interpreted as pairs summing to odd 
(one stroke) or even (two strokes).
(a, j ) h o t o  b y  E .  M. McClelland, courtesy R o y a l  A n t h r o p o l o g i c a l  I n s t i t u t e  )
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f o i  a n  e v e n  n u m b e r ) .  T h e  n a r r a t iv e  sym bol is t h e n  c o n s t ru c te d  as a  c o lu m n  of four 

I v e r t ic a l  m arks ,  w i th  d o u b le  v e r t ic a l  l ines  r e p r e s e n t in g  a n  e v e n  n u m b e r  o f  dashes  

i a n d  s in g le  l ines  R ep re sen t in g  a n  o d d  n u m b e r .  A t  th i s  p o i n t  th e  sys tem  is s im ilar  

^ t o  t h e  fam o us  I f m d iv in a t io n :  th e r e  are  tw o  poss ib le  m ark s  in  fo u r  p o s i t io n s ,  so 

16 p o ss ib le  sym bols .  U n l ik e  lfa, h o w e v e r ,  t h e  r a n d o m  sym b o l p r o d u c t io n  is 

re p e a t e d  fo u r  t im es  r a t h e r  t h a n  tw o. T h e  d i f f e re n c e  is q u i t e  s ign if ican t .  E ach  o f  

th e  lfa sy m bo l pairs  are  i n t e rp re te d  as o n e  o f  2 5 6  poss ib le  O d u ,  o r  verses. T h e  

lfa d iv in e r  m u s t  m e m o r ize  t h e  O d u ;  h e n c e ,  fou r  sym b o ls  w ou ld  be to o  c u m b e r ­

so m e  (6 5 ,5 3 6  poss ib le  verses) .  B u t  t h e  B a m a n a  d iv i n a t i o n  does  n o t  re q u i re  any  

verse mem oriza tion ; as we will see, its use o f  recurs ion  allows for verse self-assembly.

A s  in  th e  a d d i t iv e  s e q u e n c e s  w e e x a m i n e d ,  t h e  d iv in a t io n  c o d e  is g e n e r ­

a ted  by  a n  i te ra t ive  loop  in  w h ic h  th e  o u tp u t  o f  t h e  o p e ra t io n  is used as th e  in p u t  

for t h e  n e x t  stage. In  th i s  case , th e  o p e r a t i o n  is a d d i t i o n  m o d u lo  2 ( “m o d  2” for 

shortTT w h ic h  s im ply  g ives t h e  r e m a in d e r  a f te r  d iv is io n  by two. T h i s  is t h e  sam e 

e v e n /o d d  d i s t i n c t io n  used in t h e  p a r i ty  b it  o p e r a t i o n  t h a t  c h e c k s  for errors  o n  

c o n te m p o r a r y  c o m p u t e r  sys tem s.  T h e r e  is n o t h i n g  p a r t ic u la r ly  c o m p le x  a b o u t  

m o d  2; in  fa c t ,  1 was q u i t e  d i s a p p o i n t e d  a t  f i rs t  b e c a u s e  its  r e a p p l i c a t i o n  

d e s t ro y e d  th e  p o te n t i a l  fo r  a  b in a ry  p l a c e h o ld e r  r e p r e s e n t a t io n  in  t h e  B a m a n a  

d i v i n a t i o n .  R a th e r  t h a n  in t e r p r e t  e a c h  p o s i t i o n  in che c o lu m n  as h a v in g  so m e  

m e a n i n g  (as w ould  o u r  b in a ry  n u m b e r  1 0 1 1, w h ic h  m e a n s  o n e  1, o n e  2, zero 4s, 

a n d  o n e  8 ) ,  t h e  d iv in e r s  r e a p p l ie d  m o d  2. to  e a c h  row  o f  t h e  first tw o .sy m b o ls  

a n d  to  e a c h  row  o f  t h e  last tw o .  T h e  re su l ts  w e re  t h e n  a ssem b led  in to  tw o  n ew  

sym bols ,  a n d  m o d  2 was a p p l ie d  a g a in  to  g e n e r a t e  a th i rd  sym bol.  A n o t h e r  four 

sym b o ls  w ere  c r e a t e d  by re a d in g  t h e  row s o f  t h e  o r ig in a l  fo u r 'a s  c o lu m n s ,  a n d  

m o d  2 w as a g a in  recu rs iv e ly  a p p l ie d  t o  g e n e r a t e  a n o t h e r  th r e e  sym bols .  .

T h e  use o f  a n  i t e r a t iv e  lo o p ,  p a s s in g  o u t p u t s  o f  a n  o p e r a t i o n  b a c k  as 

in p u ts  for th e  n e x t  s tage ,  was a s h o c k  to  m e; 1 w as a t  leas t  as ta k e n  a b a c k  by th e  

s a n d  sy m bo ls  as t h e  d iv in e r s  h a d  b e e n  by t h e  C a n t o r  sec. It w ou ld  be  n a iv e  to  

c la im  t h a t  th is  was s o m e h o w  a l e a p  o u t s id e  o f  o u r  c u l tu r a l  b a r r ie rs  a n d  po w er  

d i f f e re n c e s— in fac t ,  t h a t ’s ju s t  t h e  so r t  o f  p r e t e n s io n  t h a t  t h e  last tw o  d eca d e s  

o f  re f lex iv e  a n th r o p o lo g y  h a s  b e e n  d e d ic a t e d  a g a in s t— b u t  it  w o u ld  a lso  be 

e th n o c e n t r i c  to  ru le  ou t  th o s e  asp ec ts  t h a t  w o u ld  be  a t t r i b u te d  to  m a t h e m a t ic a l  

c o l l a b o r a t i o n  e l s e w h e r e  in  che w o r ld ;  t h e  mtit iia]__dehght in tw o  r e c u r s io n  

fan a t ic s  d is c o v e r in g  e a c h  o th e r .  A n d  th e  a p p e a r a n c e  o f  t h e  sym boJsJUkLoii t  in 

tw o g ro u p s  o f  " seven— th e  R o s i c r u c i a n ’s m y s t ic  n u m b e r — ad d e d  so m e  n u m e r -  

ologicaTicTng o rT th e  cake .

T h e  fo l lo w in g  day 1 fo u n d  t h a t  t h e  p r e s e n ta t io n  h a d  n o t  b e e n  co m p le te :  

an  add it iona l two symbols were left ou t.  T h e s e  w ere  also g enera ted  by m o d  2 recu r­

s io n  u s in g  th e  tw o  b o t t o m  sy m b o ls  t o  c r e a t e  a f i f t e e n t h ,  a n d  u s in g  t h a t  last
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sy m b o l  w i th  t h e  first sy m b o l  to  c re a t e  a s i x t e e n t h  ( b r in g in g  t h e  to t a l  d e p th  o f  

r e c u r s io n  to  five i t e ra t io n s ) .  T h e  f i f te e n th  sy m b o l  is c a l led  “th i s  w o r ld ,"  a n d  th e  

s i x t e e n t h  is “th e  n e x t  w o r ld ,” so th e r e  was g o o d  re a s o n  t o  s e p a r a te  t h e m  from  

th e  o th e r s .  T h e  final p a r t  o f  t h e  sys tem — c re a t in g  a  n a r r a t iv e  f ro m  th e  sym bols—  

w as s t i l l  u n c le a r ,  b u t  I was a ssu red  t h a t  it  c o u ld  be  l e a r n e d  if I c a re fu l ly  fo l lo w ed  

th e i r  in s t ru c t io n s .  1 was to  g iv e  s e v e n  c o in s  t o  s e v e n  lepers ,  p la c e  a k o la  n u t  o n

b

1 I — 1 1 I I  1 — ^  1

1 < — 1 1 I 1 I I — ^  1

1 < — 1 I 1 1 1 1 1 — >  1 1

1
^ —

1 1 1 1 1 — >  1 1
c

1 1 1 1 1

1 1 1 1 I I

1 1 1 1 1 1 1
1 1 1 1 1 ( e )  A f t e r  t h i s ,  t h e  o r i g i n a l  f o u r  

a r e  r e a d  s i d e w a y s  t o  c r e a t e  f o u r

1 1 1
N..

1
m o r e  s y m b o l s ,  a n d  t h e  e n t i r e

> p r o c e s s  is r e p e a t e d ,  p r o d u c i n g

1 1 -----> 1 1 a n o t h e r  g r o u p  o f  s e v e n .  I n  t h e

1

1
d

1 1 -  

1 1 -

--- 1

1

f i n a l  s t e p ,  t h e  f i r s t  a n d  l a s t  f r o m

e a c h  g r o u p  d f  s e v e n  a r e  p a i r e d  o f f
----- ^

t o  g e n e r a t e  t h e  f i n a l  t w o  s y m b o l s .

FIGURE 7 . 7

B a m a n a  sa n d  d iv in a tio n
( a )  F o u r  s e t s  o f  r a n d o m  d a s h e s  a r e  d r a w n ,  (b) E a c h  o f  t h e  d a s h e s  is p a i r e d ,  a n d  t h e  o d d / e v e n  r e s u l t s  

a r e  r e c o r d e d ,  ( c )  T h e  p r o c e s s  is r e p e a t e d  f o u r  t i m e s ,  r e s u l t i n g  i n  f o u r  s y m b o l s .  E a c h  r o w  o f  t h e  fi rs t 

t w o  s y m b o l s  a n d  t h e  l a s t  t w o  s y m b o l s  a r e  p a i r e d  o f f  t o  g e n e r a t e  t w o  n e w  s y m b o l s ,  ( d )  T h e  t w o  

n e w l y  g e n e r a t e d  s y m b o l s ,  n o w  p l a c e d  b e l o w  t h e  o r i g i n a l  fo u r ,  a r e  a g a i n  p a i r e d  o f f  t o  g e n e r a t e  a  
s e v e n t h  s y m b o l .
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a p ile  o f  s a n d  n e x t  to  my b e d  a t  n ig h t ,  a n d  in  t h e  m o r n in g  b r in g  a w h i te  co ck , 1̂ 

w h ic h  w ou ld  h a v e  to  be  sacr if iced  to  c o m p e n s a te  for th e  h a rm fu l  energy  re leased  I 

in  t h e  te l l in g  o f  t h e  secre t .  I fo l lo w ed  all  t h e  in s t ru c t io n s ,  a n d  th e  n e x t  m o r n -  i 

ing  b o u g h t  a large w h i te  c o c k  a t  th e  m a rk e t .  T h e y  h e ld  t h e  c h ic k e n  o ve r  t h e  d iv-  ' 

i n a t i o n  sa n d ,  an d  I was to ld  to  e a t  t h e  b i t t e r  k o la  n u t  as th ey  m a rk e d  d iv in a t io n  

sy m b o ls  o n  its  fee t  w i th  a n  in k  p e n .  A  l i t t l e  s a n d  was rh ro w n  in  its  m o u t h ,  a n d  i 

t h e n  1 was to ld  to  h o ld  it d o w n  as p rayers  w ere  c h a n te d .  T h e r e  was n o  a c t i o n  o n  j 

th e  p a r t  o f  th e  d iv in e r ;  t h e  c h i c k e n  s im p ly  d ie d  in m y h an d s .  ^

W h i l e  stil l  a  b i t  s h a k e n  by th e  c h i c k e n ’s d em ise  (as w ell as e x p e r i e n c in g  

a  respec tab le  buzz from  th e  ko la  n u t ) ,  I was to ld  th e  rem ain ing  mystery. E ach  sym ­

bol has  a “h o u se ” in  w h ic h  it  b e lo n g s— for e x a m p le ,  th e  p os i t ion  o f  th e  s ix te e n th  

sym bol is “ tn e  n e x t  w o r ld "— b u t  in  a n y  g iv e n  d iv i n a t i o n  m o s t  sym bols  w ill  n o t  

be  lo c a te d  in th e i r  o w n  h o u s e .  T h u s  t h e  s i x t e e n t h  sym bol g e n e ra te d  m i g h t  be 

“desire ,” so we w ou ld  h a v e  des ire  in th e  h o u s e  o f  th e  n e x t  world, a n d  so o n .  O b v i ­

ously th i s  st il l  leav es  ro o m  fo r  c re a t iv e  n a r r a t i o n  o n  th e  p a r t  o f  t h e  d iv in e r ,  bu t  

th e  b eau ty  o f  t h e  sys tem  is t h a t  n o  verses  n e e d  to  be  m em o r iz e d  or b o o k s  c o n ­

su l ted ;  t h e  sys tem  c re a te s  its o w n  c o m p le x  variety.

T h e  m o s t  e l e g a n t  p a r t  o f  t h e  m e t h o d  is t h a t  it  r e q u i re s  o n ly  fo u r  r a n d o m  

d ra w in g s ;  a f t e r  t h a t  t h e  e n t i r e  s y m b o l ic  a r r a y  is q u ic k ly  se l f -g e n e r a t ed- Se lf -  

g e n e ra te d  v a r iety  is im p o r t a n t  in jn o c le r n  c o m p u t in g ,  w h e re  it is c a l le d  “p s e u d o ­

r a n d o m  n u m b e r  g e n e r a t i o n ” (fig. 7 .8 ) .  T h e s e  a lg o r i t h m s  t a k e  l i t t l e  m em o ry ,  

b u t  c a n  g e n e r a t e  v e ry  lo n g  l i s t s  o f  w h a t  a p p e a r  t o  b e  r a n d o m  n u m b e r s ,  

a l t h o u g h  th e  list w ill  e v e n t u a l l y  s t a r t  o v e r  a g a in  ( t h i s  l e n g t h  is c a l l e d  th e  

“p e r i o d ” o f  t h e  a lg o r i t h m ) .  A l t h o u g h  t h e  B a m a n a  o n ly  r e q u i r e  a n  a d d i t i o n a l  

12 sy m b o ls to  be  g e n e r a t e d  in  th i s  f a s h io n ,  a m a x i m u m - l e n g t h  p s e u d o r a n d o m  

n u m b e r  g e n e r a t o r  u s in g  t h e i r  in i t i a l  fo u r  sy m b o ls  w ill  p r o d u c e  6 5 .5 3 5  sym b o ls  

b efo re  it  b e g in s  to  r e p e a t .

A  s im i la r  sy s tem  fo r  s e l f -g e n e r a te d  v a r ie ty  was d e v e lo p e d  as a m o d e l  for 

th e  “c h a o s ” o f  n o n l i n e a r  d y n a m ic s  by M a r s to n  M orse  ( 1 8 9 2 - 1 9 7 7 ) .  B efore  th e  

1970s, m a t h e m a t i c i a n s  h a d  a ssu m e d  th a t ,  b e s id es  a  few eso te r ic  e x c e p t io n s  (che 

a lg o r i th m s  for p r o d u c in g  i r r a t io n a l  n u m b e r s  s u c h  as V2), t h e  ou tp u c  o f  a n  e q u a ­

t io n  w o u ld  e v e n tu a l ly  s t a r t  r e p e a t in g .  T h a t  a s s u m p t io n  was p a r t ly  b ased  on 

E u ro p e a n  c u l tu r a l  ideas a b o u t  free  w ilU -co m p lex  b e h a v io r  c o u ld  n o t  be  th e  

result o f  p re d e te rm in e d  systems (see P o r te r  1986).  It was n o t  u n t i l  r h d ^ i Q h o s ^ o s j  

th a t  m a th em a t ic ian s  realized th a t  e ven  simple, c o m m o n  equations describ ing 'th ings 

l ike p o p u la t io n  g ro w th  or.f lu id  flow c o u ld  re su l t  in  w h d t  th e y  ca l led  “d e t e r m i n ­

istic c h a o s ”— a n  o u tp u t  t h a t  n e v e r  repeats ,  g iv ing  th e  ap p ea ran ce  o f  ran d o m  n u m ­

bers from  a n o n r a n d o m  (d e t e r m in i s t i c )  e q u a t io n .  M o rse  d e v e lo p e d  th e  m in im a l  

case for su c h  beh av io r .
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F I G U R E  7 . 8  

P s e u d o r a n d o m  n u m b e r  g en e ra t io n  
f r o m  sh i f t  reg is te r  c ircu i ts

(a) If we think of the two-strokes as zero and 
single stroke as one, the Bamana divination, 
system is almost identical to the process of 
pseudorandom number generation used by digital 
circuits called “shift registers.” Here the circuit 
cakes mod 2 of die last two bits in the register 
and places the result in the first position. The 
other bits are shifted to the right, with the last 
discarded.

This four-bit shift register will only produce 
15 binary words before the cycle starts over, but 
the period of the cycle increases with more bits 
( 2 n -  1). For .the entire 16 bits (four symbols of 
four bits each) that begin the Bamana 
divination, 65,535 binary words can be produced 
before repeating the cycle.
(b) Electrical circuit representation of a four-bit 
shift register combined with exclusive-or to 
perform the mod 2 operation. While school­
teachers are making increasing use of African 
culture, in the mathematics classroom, few have 
explored the potential applications to 
technology education.

T h e  c o n s t r u c t i o n  o f  t h e  M o rs e  seq u e n c e  b e g in s  b y c o u n t i n g  f ro m  z e r o j n  

b in a ry  n o t a t i o n :  0 0 0 ,  o o t  , 01 o , 0 1 1 . . . .  I t  t h e n  ta k e s  t h e  su m  o f  t h e  d ig i ts  in 

e a c h  n u m b e r -  -o  + o  + o  =  o ,  n .+  o  + 1 =  i ,  e t c .— a n d  f in a l ly  m o d  2 o f  e a c h  

su m . T h e  re s u l t  is a s e q u e n c e  w i t h  m a n y  r e c u r s iv e  p ro p e r t ie s ,^  b u t  o f  e n d le s s  

va r ie ty .  M o rs e  d id  t h e  s a m e  “ m i s r e a d i n g ” o f  t h e  b in a r y  n u m b e r  as  d id  t h e \

' B a m a n a — a l t h o u g h  h e  d id  n o t  h a v e  a n  a n t h r o p o l o g i s t  s c o w l in g  a t  h im  fo r  j 

•! i g n o r in g  p la c e  v a lu e — a n d  h e  d id  it  for t h e  s a m e  re a s o n :  c o m b i n e d  w i t h  t h e  j  

• m o d  2 o p e r a t i o n ,  i t  m a x im iz e s  v a r ie ty .

In  my r e a d in g  o f  d i v i n a t i o n  l i t e r a tu re  1 e v e n tu a l ly  c a m e  across  t h e  d u p l i ­

c a te  o f  t h e  B a m a n a  t e c h n i q u e  5 ,0 0 0  m ile s  to  t h e  ea s t  in  M a lag a sy  sik id y  (S u ss-  

m a n  a n d  S u ssm a n  1 9 7 7 ) ,  w h ic h  in s p i re d  a s tud y  o f  t h e  h is to ry  o f  its d if fus ion .

T h e  s tro ng jj rn i lav i ty  o f  b o th  syrnbolic  te c h n iq u e  a n d  s e m a n t i c  c a te g o r ie s { a .w h a t  

E u ro p ea n s  te rm e d  “g e o m a n c y ” w as first n o t e d  by F la c o u r t  { r 6 6 r ), b u t  it was n o t  

u n t i l  T r a u t m a n n  (1 9 3 9 )  t h a t  a  se r io us  c la im  w as m a d e  for a c o m m o n  so u rc e  for 

th is  A rab ic ,  E u rop ean ,  W est  A fr ic a n ,  a n d  East A fr ic a n  d iv in a t io n  te c h n iq u e .  T h e  

c o m m o n a l i ty  was c o n f i rm e d  in  a d e ta i l e d  fo rm a l  an a ly s is  by J a u l in  (7 9 6 6 ) .  But 

w h e te  d id  it o r ig in a te ?

I 1 1 I 
0 1 1 1  
0 0 1  1 
0 0 0 1  
1 0 0 0  
0  1 0 0  
0 0 1 0  
1 0 0 1  
0 1 1 0  
1 1 0 0  
0 1  I 0  
1 0 1 1  
0 1 0 1  
1 0 1 0  
1 101  
1 1 1 0
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(S k in n e r  ( i q 8 o ) provides a w e ll-d o cu m en ted  his tory o f  th e  diffusion ev idence ,  i 

from cPie'first specific w r i t ten  record— a n in th -c e n tu ry  Jewish co m m e n ta ry  by A r a n  ' 

b e n  Jo s e p h — to  its m o d e r n  use in  A le i s t e r  Crq.yvley’s L ib er  777. T h e  o ld e s t  A ra -  [ 

bic d o c u m e n t s  ( th o s e  o f  a z -Z an t i  in t h e  t h i r t e e n t h  c e n tu r y )  c la im  t h e  o r ig in  o f  

geom ancy  (i!m aLrciml, “th e  s c ien ce  o f  s a n d ” ) th r o u g h  th e  Egyptian  god Idris (H e r-  ; 

mes T rism eg is tus ) ;  w h ile  we n e e d  n o t  ta k e  t h a t  as a n y th i n g  m o re  t h a n  a  c la im  ! 

to  a n t iq u i ty ,  a N i lo t i c  in f lu en ce  is n o t  u n re a s o n a b le .  B udge (1 9 6 1 )  a t t e m p t s  to  j 

c o n n e c t  t h e  use o f  s an d  in a n c i e n t  E g y p t ian  r i tu a ls  to  A f r i c a n  g eo m anc y ,  b u t  it  1 

is h a rd  to  see th is  as u n iq u e .  M a th em a t ic a l ly ,  how ev er ,  g eo m an c y  is s tr ik ingly  out./ 

o f  p lace  in  n o n - A f r i c a n  sys tem s.

L ike  o t h e r  l in g u is t ic  codes ,  n u m b e r  bases  t e n d j o h a v e  a n  jx t r . e m e ly  lo ng  

h is to r ica l  pers is tence .  E v e n  u n d e r  P la to n ic  r a t io n a l ism ,  th e  a n c ie n t  G re e k s  he ld  

10 to  be  t h e  m os t  sac red  o f  all n u m b e r s ;  t h e  K a b b a la h ’s A y in  S o f  e m a n a te s  by 

10 Sefiro t ,  a n d  th e  C h r i s t i a n  W e s t  c o u n t s  o n  its “H in d u - A r a b i c ” d e c im a l  n o t a ­

t io n .  In  ^ ' f r i c gjl, o n  th e  o t h e r  h a n d, base-2  c a l c u l a t io n  was u b iq u i t o u s, e v e n  for 

m u l t ip l ic a t io n  a n d  d iv is ion .  A n d  it is h e r e  t h a t  we find th e  cu l tu ra l  c o n n o t a t io n s 

o f  d o u b l in g  t h a t  g ro u n d  t h e  d iv i n a t i o n  p ra c t i c e  in its re l ig ious sign i f ic a n c e.

T h e  im plications o f  this  tra jectory— from sub -S aharan  Africa to N o r th  Africa 

to  E u ro p e — are  q u i t e  s ig n if ic an t  for th e  h is to ry  o f  m a th e m a t ic s .  F o l lo w in g  th e  

in t ro d u c t io n  o f  g eo m an cy  to Europe by H u g o  o f  S an ta l la  in tw e lf th -cen tu ry  S pa in ,  

it was t a k e n  up  w ith  g r e a t  in te r e s t  by  th e  p re - s c ie n c e  m ystics  o f  th o s e  t im e s—  

a lch e m is ts ,  h e rm e t ic i s t s ,  a n d  R o s ic r u c ia n s  (fig. 7 .9 ) .  B u t  th e se  E u ro p e a n  geo- 

m a n c e r s — R a y m o n d  L u ll ,  R o b e r t  F lu d d ,  d e  P e r u c h i o ,  H e n r y  de  P is is ,  a n d  

o thers— pers is tently  rep laced  th e  d e te rm in is t ic  aspects  o f  th e  system w ith  chan ce .  

By m o u n t in g  th e  16 figures o n  a  w h e e l  a n d  s p i n n in g  it, th e y  m a in ta in e d  th e i r  

so c ie ty ’s e x c lu s io n  o f  any  c o n n e c t i o n s  b e tw e e n  d e te r m in i s m  a n d  u n p r e d i c ta b i l ­

ity. T h e  A fricans ,  on  th e  o th e r  h a n d ,  seem  to  h a v e  em phas ized  such  c o n n e c t io n s .  

In  c h a p te r  10 we will e x p lo re  o n e  so u rc e  of th i s  d if fe rence :  th e  A f r i c a n  c o n c e p t  

o f  a “t r ic k s te r "  god ,  o n e  w h o  is b o th  d e t e r m i n i s t i c  a n d .u.nor_e d ic t a b l e •

O n  a v id e o  r e c o rd in g  1 m a d e  o f  th e  B a m a n a  d iv i n a t i o n ,  I n o t i c e d  t h a t  th e  

p ra c t i t io n e r s  h a d  used a s h o r tc u t  m e t h o d  in  so m e  d e m o n s t r a t io n s  ( th i s  m ay  

h av e  b een  a p a r t ing  gift, as th e  v id e o  was s h o t  o n  my last day). A s th e y  first ta u g h t  

me, w h e n  th ey  c o u n t  off t h e  pairs  o f  r a n d o m  d ashes ,  th e y  l in k  t h e m  by d ra w in g  

shor t  curves. T h e  s h o r tc u t  methodI t h e n  links th qse  cu rves  witly.larger curves ,  an d  

t̂h o se  b e lo w  w i th  e v e n  la rger  cu rv e s .  T h i s  u p s id e -d o w n  C a n t o r  s e t  sh o w s  t h a t  

they  are n o t  s im p ly  a p p ly in g  m o d  2 a g a in  a n d  a g a in  in  a m in d le s s  fa s h io n .  T h e  

se lf-s im ilar  p hys ica l  s t r u c tu r e  o f  t h e  s h o r t c u t  m e t h o d  v iv id ly  i l lu s t ra te s  a r e c u r ­

sive p ro c e s s^ a n d  as a ngm .traditional i n v e n t iq n  ( t h e re  is n o  reco rd  o f  its use e ls e ­

w here)  it show s ac t iv e  m a th e m a t ic a l  p rac t ic e .  O t h e r  A fr ic a n  d iv in a t io n  prac t ices
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F I G U R E  7 . 9  

Q e o m a n c y
African divination was taken up under the name “geomancy” by European mystics. This chart 
drawn for King Richard u in 1391.
(F ro m  S k in n e r  1 9 8 0 .)

c a n  be  linked  to  recu rs ion  as well; for e x a m p le  D e v isch  (1 9 9 1 )  descr ibes  th e  Yaka 

d iv i n e r s ’ “se l f -g e n e r a t iv e ” i n i t i a t i o n  a n d  u t e r in e  sy m b o l i sm .

Before leaving d iv in a t io n ,  th e re  is o n e  m ore  im p o r ta n t  c o n n e c t io n  to  m a t h e ­

m a t ic a l  h is to ry . W h i l e  R a y m o n d  L ull ,  l ik e  o t h e r  E u r o p e a n  a lc h e m is t s ,  c re a te d  

w h e e ls  w i th  s ix te e n  d i v i n a t i o n  figures,  h is  p r im a ry  i n t e r e s t  w as in  t h e  c o m b i ­

n a to r i a l  po ss ib i l i t ie s  o ffe red  by b a se -2  d iv is io n s .  L u l l ’s w o rk  was c lo se ly  e x a m ­

in e d  by G e r m a n  m a t h e m a t i c i a n  G o t t f r i e d  L e ib n iz ,  w h o se  D isserta tio  de arte 

com b in a to ria , p u b l i s h e d  in  16 6 6  w h e n  h e  w as tw e n ty ,  a c k n o w le d g e s  L u l l ’s w o rk  

as a pcecursor.  F u r th e r  e x p lo r a t i o n  led  L e ibn iz  to  i n t r o d u c e  a b a se -2  c o u n t i n g  

sys tem , c rea t in g  w h a t  we n o w  call, th e  b in a ry  code .  W h i l e  th e r e  w ere  m an y  o th e r



N u m e ric  system s

in f lu e n c e s  in  t h e  l ives  o f  L u ll  a n d  L e ib n iz ,  it  is n o t  fa r - fe tc h e d  to  see a h i s to r ­

ica l  p a t h  fo r  b a se -2  c a l c u l a t i o n  t h a t  b e g in s  w i t h  A f r i c a n  d i v i n a t i o n ,  r u n s  

th ro u g h  th e  g eom an cy  o f  E u ro p e a n  a lchem is ts ,  a n d  is finally tran s la ted  in to  binary 

c a lc u la t i o n ,  w h e re  i t  is -now  a p p l i e d  inl,e v e r y  d ig i ta l  c i r c u i t  f ro m  a la rm  c lo ck s  

to  su p e rc o m p u te r s .

In  a 1995  in t e r v i e w  in  W ir e d  m a g a z in e ,  t e c h n o - p o p  m u s ic i a n  B r ia n  E n o  

c la im ed  th a t  th e  p ro b lem  w ith  c o m p u te r s  is t h a t  “ th ey  d o n ’t h a v e  en o u g h  A fr ica n  

in  t h e m . ” E n o  was, n o  d o u b t ,  t r y in g  t o  b e  c o m p l im e n ta r y ,  sa y in g  t h a t  t h e r e  is 

so m e  in tu i t iv e  qu a l i ty  t h a t  is a  v a lu ab le  a t t r i b u t e  o f  A fr ic a n  cu l tu re .  B u t  in  d o in g  

so h e  o b sc u re d  th e  c u l t u r a l  o r ig in s  o f  d ig i t a l  c o m p u t in g  a n d  d id  a n  in ju s t ic e  

to  t h e  ve ry  c o n c e p t  h e  w as t r y in g  to  c o n v e y .

D i s c r e t e  s e l f - o r g a n i z a t i o n  i n  O w a r i

F igure  7 .1 0a  sh o w s  a  b o a rd  g a m e  t h a t  is p la y e d  th r o u g h o u t  A f r i c a  in  m a n y  d if ­

fe re n t  vers ions  v ar iously  te r m e d  a y o , b a o, giuthi, lela, m an ca la , omiveso, ow ari, lei, 

a n d  songo ( a m o n g  m a n y  o t h e r  n a m e s ) .  B o a rd s  t h a t  w ere  c u t  in t o  s to n e s ,  som e 

of e x t r e m e  an tiqu ity ,  h a v e  b e e n  fo u n d  f ro m  Z im b a bw e to  E th io p ia  (see Zaslavsky 

1973, fig. 11-6) .  T h e  g a m e  is p la y e d  by s c o o p in g  p e b b le  o r  seed  c o u n te r s  from  

o n e  cup ,  a n d  p la c in g  o n e  o f  t h o s e  c o u n te r s  i n to  e a c h  cup ,  s t a r t i n g jv i t J x th e  cup  

to  th e  r i g h t  o f  t h e  sco op .  T h e  g o a l  is t o  H ave th e  last c o u n t e r  la n d  in a  c u p  t h a t  

has  o n ly  o n e  o r  tw o  c o u n te r s  a l r e a d y  in  it, w h ic h  a l lo w s  th e  p la y e r  t o  c a p tu r e  

th e s e  c o u n te r s .  I n  t h e  G h a n a i a n  g a m e  o f  o w a r i ,  p lay e rs  a re  k n o w n  for u t i l iz in g  

a ser ies  o f  m o v e s  th e y  ca l l  a “ m a r c h in g  g ro u p .” T h e y  n o te  t h a t  if t h e  n u m b e r  

o f  c o u n te r s  in a ser ies  o f  cups  e a c h  d e c re a s e s  by o n e  (e .g . ,  4 - 3 - 2 - ! ) ,  t h e  e n t i r e  

p a t t e rn  can -be  rep l ic a ted  w k h  a r ighc-sh if t  by s c o o p in g  from  th e  largest cu p ,  and  

th a t  if th e  p a t t e rn  is left u n in te r ru p te d  it  c a n  p ropaga te  in th is  way as far as needed  

for a w in n in g  m o v e  (fig. 7 .1 0 b ) .  A s  s im p le  as it  seem s,  t h i s  c o n c e p t  o f  a self- 

r e p l ic a t in g  p a t t e r n  is a t  t h e  h e a r t  o f  s o m e  s o p h i s t i c a te d  m a th e m a t ic a l  c o n c e p ts .

J o h n  v o n  N e u m a n n ,  w h o  p la y e d  a  p i v o t a l  ro le  in  t h e  d e v e l o p m e n t  o f  

t h e  m o d e r n  d ig i t a l  c o m p u t e r ,  w as a lso  a f o u n d e r  o f  t h e  m a t h e m a t i c a l  t h e o r y  

o f  s e l f -o rg an iz in g  sys tem s .  In i t i a l ly ,  v o n  N e u m a n n ’s th e o r y  was to  be  b a se d  o n  

s e l f - r e p r o d u c in g  p h y s i c a l  r o b o t s .  W h y  w o rk  o n  a t h e o r y  o f  s e l f - r e p r o d u c in g  

m a c h in e s ?  1 b e l i e v e  t h e  a n s w e r  c a n  b e  fo u n d  in  v o n  N e u m a n n ’s s o c i a l  o u t ­

look. H e im s ’s (1 9 8 4 )  b io g ra p h y  em p h a s ize s  h o w  th e  d iso rd e r  o f  v o n  N e u m a n n ’s 

p recar ious  y o u th  as a H u n g a r i a n  Jew  w as re f le c te d  in his a d u l t  e fforts  t o  im pose  

a s t r ic t  m a t h e m a t i c a l  o rd e r  o n  v a r io u s  a sp e c t s  o f  t h e  w orld .  In  v o n  N e u m a n n ’s 

ap p l i c a t io n  o f  ga m e  th e o r y  to  soc ia l  s c i e n c e ,  for e x a m p le ,  H e im s  w ri te s  t h a t  his  

“H o b b e s ia n ” a s s u m p t io n s  w ere  “c o n d i t i o n e d  by t h e  h a r s h  p o l i t i c a l  r e a l i t ie s  o f



102  A fr ic a n  fracta l mathematics

F IG U RE  7 - 1 0

O w a r i
(;i) The owari board has i 2 cups, plus one cup on each side for captured counters. This board is 
hinged in the center, with a beautifully carved cover (see fig. 7.14). (b) Scoop from the first cup, 
and plant one counter in each succeeding cup. (c) The Marching Group is replicated with a 
right-shift. Repeated application will allow it to propagate around the board.

.his H u n g a r ia n  e x is te n c e .” H is  e n th u s ia s m  for th e  use o f  n u c le a r  w e a p o n s  a g a in s t  

t h e  S o v i e t  U n i o n  is a lso  a t t r i b u t e d  to  th is  e x p e r i e n c e .

D u r in g  th e  H i x o n  S y m p o s iu m  ( v o n  N e u m a n n  195 1) h e  w as a sked  if c o m ­

p u t in g  m a c h in e s  c o u ld  be  b u i l t  su c h  t h a t  th ey  c o u ld  r e p a i r  th e m s e lv e s  if “darn -  

aged  in  a i r  ra ids ,” a n d  h e  re p l ie d  t h a t  “ th e r e  is n o  d o u b t  t h a t  o n e  c a n  des ign  

m a c h i n e s  w h ic h ,  u n d e r  s u i t a b l e  c i r c u m s t a n c e s ,  w ill  r e p a i r  t h e m s e l v e s . "  H is  

w o rk  o n  n u c le a r  r a d i a t i o n  t o l e r a n c e  for t h e  A t o m i c  E n e rg y  C o m m is s io n  in 

1 9 5 4 - 1 9 5 5  in c lu d e d  b io lo g ic a l  e ffec ts  as w ell  as m a c h i n e  o p e r a t i o n .  T u t t in g  

th e s e  fac ts  to g e th e r ,  1 c a n n o t  e sc a p e  t h e  c reepy  c o n c lu s io n  t h a t  v o n  N e u m a n n ’s 

i n t e r e s t  in  s e l f - r e p r o d u c in g  a u t o m a t a  o r i g in a t e d  in  f a n t a s ie s  a b o u t  h a v i n g  a 

m o r e  p e r f e c t  m e c h a n i c a l  p ro g e n y  s u r v iv e  t h e  n u c l e a r  p u r g i n g  o f  o r g a n i c  life 

o n  t h i s  p l a n e t .

M o d e l s  for p h y s ica l  ro b o t s  tu r n e d  o u t  to  be  to o  c o m p le x ,  a n d  a t  t h e  sug ­

g e s t io n  o f  h is  c o l le ag u e  S ta n i s l a w  U la m ,  v o n  N e u m a n n  s e t t l e d  for a g ra p h ic  a b ­

s t ra c t io n :  “ce llu la r  a u to m a ta .” as th e y  c a m e  to  be  ca lled . In th is  m o d e l  (fig. 7 .11a), 

e a c h  sq u a re  in a grid  is sa id  to  be  e i t h e r  a l iv e  o r  d e a d  ( t h a t  is, in o n e  o f  tw o  p o s ­

sible s ta tes) .  T h e  i te ra t iv e  rules for c h a n g in g  th e  s ta te  o f  any  o n e  square  are based



In the cellular automaton called “the game of life,’’ each cell in the grid is in one 
of two states: live or dead. Here we see a live ceil in the center, surrounded by dead

■  h  cells in its eight nearest neighbors. The state of each cell in the next iteration is
B [  determined by a set of rules. In "classic” life (the rules first proposed by John Horton 

Conway), a dead cell becomes a live celf'Tf it has three live nearest neighbors, and a 
cell dies unless it has two or three live neighbors.

B B B B B B B B  ■ ■ ■ ■ ■ ■ ■ ■  ■ ■ ■ ■ ■ ■ ■ ■  B B flB f lf lB f l .  B f l f l f l f l l
B f lf lf lB B B f l  B B B B B B B B . ■ ■ ■ ■ ■ ■ ■ ■  B B B B B B B B  B B B B B I
■ ■ ■ ■ ■ ■ ■ ■  ■ ■ ■ ■ ■ ■ ■ ■  B B B B B B B B  B B B B B B B B  B B B B B I
■■■ ■ ■ ■ ■  ■ ■ ■  u m n  ■ ■  ■  ■ ■ ■  ■ ■ ■  _ ■ ■ ■  i
■ ■ ■  ■ ■ ■  — > ■  B B  ■ ■ ■  — >  ■ ■  B B B B B  — >■ ■ ■  B  ■ ■  — =► ■ ■  ■ ■
■ ■  B B B B B  ■ ■ ■  ■ ■ ■ ■  ■ ■  B B B  ■ ■ ■  B B B  ■ ■  B B
B B B B B B B B  ■ ■ ■ ■ ■ ■ ■ ■  B B B B B B B fl B B B B  B B S  ■ B B B  I
B B B B B B B B  B B B B B B B B  B B B B B B B B  B B B B B B B fl B B B B B I

This initial condition produces a fixed pattern after four iterations. The patterns occurring before 
it settles down to stability are called the “transient.”

B B ■

B B B B B B B B  
B B B B B B B B  
B B B B  BB B 
B B B B  B B B  
B B B B  B B B  
B B B B B B B B  
B B B B B B B B

This stable pattern flips back and forch between these 
two states. This is called a “period-2” pattern.

B B B B B B B B B  
■ B B  B B B B B  
■ ■  ■  BB BB 
■B B B B B B B B  
■ B B B  BB 

B B B B B  B 
■ ■B B  B BB 
■■B  B B B B  
■■■■■■■■■

B B B B B B B B B  
B B B  B B B B B  
B B B  B B B B B  
B B B B B B  
fl B B B B B Ba aa ■
B B B  BBB 
B B B  BBB 
B B B B B B B B B

B B B B B B B B B  
B B B B  B B B  
B B  B BBBB. 
fl B B B B B  B 
B B  B B B  ' B 

—>- B B B B B B B B B  '
B B B B B  BBB 
B B B B B B B B B

B B B B B B B B B  
B B B  B B B  
BB B B BB 
B B B  fl 
B B B B B B  B ^
B B B B B  B BB 
B B B B B  B BB 
B B B B B B B B B

A period-4.pattern. Periods of any length can be produced, as we saw in the previous examples 
of pseudorandom number generation. Deterministic chaos, in which the pattern never repeats 
(i.e., a pcrioJ-infinity pattern, like the Morse sequence), is also possible.

I t e r a t i o n  4 9

Iteration 133

I te r a t io n  182.

A constam-growth pattern, shown in high resolution, looks similar to the cross-section of an 
internal organ. The rules: a dead cell becomes a live cell if it has three live nearest neighbors, and 
a cell dies only if it has seven or eight live neighbors.

F I G U R E  7 . 1 I

C ellu lar au tom ata
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o n  th e  e ig h t  n e a re s t  n e ig h b o r s  (e .g .,  if th r e e  o r  m o r e  n e a r e s t - n e i g h b o r s  a re  full, 

t h e  c e l l  b e c o m e s  full in  th e  n e x t  i t e r a t io n ) .  A t  first, r e s e a rc h e r s  e a r n e d  o u t  o n  

th e s e  c e l lu la r  a u to m a ta  e x p e r im e n t s  o n  c h e c k e r e d  ta b l e c lo t h s  w i th  p o k e r  ch ip s  

a n d  d ozens  of h u m a n  he lp e rs  (M ayer-Kress , pers. c o m m .) ,  b u t  by 1970 it  h a d  b e e n  

d e v e lo p e d  in to  a s im ple  c o m p u te r  p ro g ram  ( C o n w a y ’s “g a m e  o f  life” ), w h ic h  was 

d e s c r ib e d  by M a r t in  G a r d n e r  in  h is  fam ou s  “M a t h e m a t i c a l  G a m e s ” c o lu m n  in; v- ----------- -
/  Scientific A m erican. T h e  “gam e of life" story was a n  in s ta n t  h i t ,  a n d  c o m p u te r  screens 

a l l  o v e r  th e  w o rld  b e g a n  to -p u lsa te  w i th  a b izarre  a r ra y  o f  p a t t e r n s  (fig. 7.1 ib ) .  

A s  th e s e  ac tiv i t ie s  d rew  increas ing  professional a t t e n t i o n ,  a  w ide  ran g e  o f  m a t h e ­

m a t ic a l ly  o r i e n t e d  s c ie n t i s t s  b e g a n  to  realize  t h a t  t h e  s p o n t a n e o u s  e m e r g e n c e  

o f  s e l f - s u s ta in in g  p a t t e r n s  c r e a t e d  in. c e r ta in ,  cejlul.ar a .m o m a ta - ^ e r e  e x c e l l e n t  

m o d e ls  for th e  k in d s  o f  se lf-o rga n izing p a t t e r n s  th a t . lm d  b e e n  _sj?„elu.siyeJ.n s t u d ­

ies o f  fluid flow a n d  b io lo g ica l  g ro w th .

S in c e  sca l in g  s t ru c tu re s  are  o n e  o f  t h e  h a l lm a r k s  o f  b o t h  fluid t u r b u le n c e  

a n d  b io lo g ica l  g ro w th ,  t h e  o c c u r r e n c e  o f  f r ac ta l  p a t t e r n s  in  c e l lu la r  a u to m a ta  

a t t r a c t e d  a g r e a t  d ea l  o f  in te re s t .  B u t  a m o r e  s im p le  s c a l in g  s t r u c tu r e ,  t h e  lo g ­

a r i th m ic  sp ira l  (fig. 7 -12) ,  h a s  g a rn e re d  m u c h  o f  t h e  a t t e n t i o n .  E v e n  b a c k  in  t h e  

i 9 ^ o s  m a t h e m a t i c i a n  A la n  Tuxlng, w h o se  th e o ry -o f  c o m p u t a t i o n  p ro v id e d  v o n  

N e u m a n n  w i t h ' t h e  in s p i r a t io n  fo r  t h e  first d ig i ta l  c o m p u te r ,  b e g a n  h is  r e s e a rc h  

o n  “b io lo g i .c a lx n o rp h o g en es is” w i th  a n  analys is  o f  lo g a r i t h m ic  sp ira ls  in  g ro w th  

p a t t e rn s . ( M a rk y s  ( 1 9 9 1 ) n o te s  t h a t  t h e  a p p l i c a O o n  a je a s  fox,cN^ 

m o d e l s  o f  sp ira l  w aves in c lu d e  n e rv e  a x o n s ,  t h e  r e t in a ,  t h e  su r face  o f  fe r t i l ized  

eggs, t h e  c e re b ra l  c o r t e x ,  h e a r t  t issue, a n d  a g g re g a t in g  s l im e  m o ld s .  In  t h e  te x t  

for c a l a b , t h e  f irs t c o m p r e h e n s i v e  so f tw a re  fo r  e x p e r i m e n t i n g  w i th  c e l lu la r  

a u to m a ta ,  m a t h e m a t i c i a n  R udy  R u c k e r  (1 9 8 9 ,  168) refers to  sy s tem s t h a t  p r o ­

d u c e  pa ired  log spirals as “Z h a b o t in sk y  C A s ,"  a f te r  t h e  c h e m is t  w h o  first ob served  

s u c h  se lf-o rgan iz ing  p a t t e r n s  in  a r t if ic ia l  m ed ia :  “W h e n  y o u  lo o k  a t  Z h a b o t i n ­

sky C A s ,  you  a r e  s e e in g  v e ry  s t r ik in g  t h r e e  d im e n s i o n a l  s t ru c tu r e s ;  th in g s  like 

p a i r e d  v o r te x  sh e e ts  in  t h e  surface  o f  a r iv e r  b e lo w  a d a m ,  t h e  scro ll  p a i r  s t r e t c h ­

in g  all t h e  w ay  d o w n  to  t h e  r iv e r  b o t t o m .  . . .  In  t h r e e  d im e n s io n s ,  a Z h a b o t i n ­

sky re a c t io n  w o u ld  be  like tw o  pa ired  n a u t i lu s  shells ,  fac ing  e a c h  o th e r  w i th  th e i r  

lips b le n d in g .  T h e  successive layers o f  su c h  a g ro w in g  p a t t e r n  w ou ld  bu ild  u p  very 

l ike  a fe tu s !”

/  F igure  7 .13  sh o w s  h o w  th e  o w ari  m a r c h in g - g r o u p  sy s tem  c a n  be  u se d  as a 

I o n e - d i m e n s i o n a l  c e l lu la r  a u to m a t o n  t o  d e m o n s t r a t e  m a n y  o f  th e  d y n a m i c  p h e -  

( n o m e n a  p r o d u c e d  o n  t w o - d i m e n s i o n a l  sys tem s .- ’ E a r l i e r  w e n o t e d  t h a t  t h e  

A k a n  a n d  o t h e r  G h a n a i a n  s o c ie t ie s  h a d  a r e m a r k a b l e  p r e c o lo n ia l  u se  o f  lo g a ­

r i t h m ic  spirals  in  ic o n ic  r e p r e s e n ta t io n s  for l iv in g  sys tem s .  T h e  G h a n a i a n  fo u r ­

fo ld  sp i ra l  (f ig. 6 .4 a )  a n d  th e  fo u r -a rm e d  c o m p u t e r  g r a p h ic  in f igure 7 .1 2 b  a re



(a) Paired spirals emerge from a three-state cellular automation. Black cells are live, white cells are dead, 
aiu! gray cells are in a refractory or f‘ghosc" state. The rules: Any dead nearest neighbors of a live cell 
become live in the next iteration, and any live cell goes into the ghost state in the next iteration. The 
refractory layer acts as a memory, providing the directed growth (i.e., the breaking of symmetry) needed 
to create a spiral pattern.

(b) This four-armed logarithmic spiral from Markus (1991) was produced by a 
six-state cellular automaton in which a sequence of ghost states corresponds 
to increasingly dark shades of gray. The system makes use of a very high- 
resolution grid as well as some random noise to prevent the tendency for 
the patterns to follow the grid shape (as in the square contours of the spiral 
above). Compare with che Ghanaian fourfold spiral in figure 6.4a.

• Bivalve shell. Mushroom cut in half.
(From H a e c k e l 1904.)

North African sheep. 
(From Cook 1914.)

(c) Paired logarithmic spirals often occur in natural growth forms.

(J) Recursive line replacement, as we saw for other fractal generations, can also produce such paired spirals.

F I G U R E  7 . 1 2

S p ira ls  in  c e llu la r  autom ata



W e  c a n  v i e w  t h e  o w a r i  b o ar d  as a o n e - d i m e n s i o n a l  c e l l u l a r  a u t o m a t o n .  O n e  

d i m e n s i o n  is n o t  n e c e s s a r i ly  a d i s a d v a n t a g e ;  in  fa c t ,  m o s t  o f  t h e  p r o f e s s io n a l  

m a t h e m a t i c s  o n  c e l l u l a r  a u t o m a t a  (see  W o l f r a m  1 9 8 4 ,  1 9 8 6 )  h a v e  b e e n  d o n e  o n  

o n e - d i m e n s i o n a l  v e r s io n s ,  b e c a u s e  it is e a s ie r  t o  k e e p  t r a c k  o f  t h e  re su lts .  T h fe y  c a n  

s h o w  a l l  t h e  d y n a m i c s  o f  t w o  d i m e n s i o n s .

T h e  p a t t e r n s  n o t e d  by t r a d i t i o n a l  o w a r i  p la y e rs  o ffer  a g r e a t  d e a l  o f  i n s i g h t  in t o  

s e l f - o r g a n i z i n g  b e h a v i o r .  T h e i r  o b s e r v a t i o n  o f  a c lass  o f  s e l f - p r o p a g a t i n g  p a t t e r n s ,  

t h e  ‘' m a r c h i n g  g r o u p ,"  p r o v i d e s  an  e x c e l l e n t  s t a r t in g  p o i n t .

3 4 2 1 —> 53 2 —> 4 3 1 1 1 —> 4 2 2 2 —> 3 3 3 1~ » 4 4 2 —> 5 3 1 1 —> 4 2 2 1 1 —> 33 2 2 —> 4 3 3 —> 4 4 1 1  ~ » 4 5 5 2 —> 33 2 11  —>4321

T h e  m a r c h i n g  g r o u p  is a n  e x a m p l e  o f  a c o n s t a n t  p a t t e r n .  H e r e  w e  se e  c o u n t e r s  in 
t h e  i n i t i a l  s e q u e n c e  3421  c o n v e r g e  o n  t h e i r  i n a r c h i n g  f o r m a t i o n  s im p ly  by  r e p e a t i n g  
t h e  “s c o o p  f ro m  t h e  lef t  c u p "  ru le  t h r o u g h  13 i t e r a t io n s .

J u s t  as w e  saw  in  t w o - d i m e n s i o n a l  c e l l u l a r  a u t o m a t a ,  t r a n s i e n t s  o f  m a n y  d i f f e r e n t  
l e n g t h s  c a n  b e  p r o d u c e d .  T r a n s i e n t s  o f  m a x i m u m  l e n g t h  a re  u se d  as a n  e n d g a m e  t a c t i c  
by in d i g e n o u s  G h a n a i a n  p lay e rs ,  w h o  c a l l  it " s low  m o t i o n ”— a c c u m u l a t i n g  p ie c e s  o n  
y o u r  s id e  t o  p r e v e n t  y our  o p p o n e n t  f ro m  c a p t u r i n g  t h e m .  I n  n o n l i n e a r  d y n a m i c s ,  t h e
c o n s t a n t  p a t t e r n  is c a l l e d  a “ p o i n t  a t t r a c t o r , ” a n d  the .  t r a n s i e n t s  w o u ld  be  sa id  to  fie
in  t h e  " b a s in  o f  a t t r a c t i o n . ”

T h e  m a r c h i n g  g ro u p  ru le  c a n  a lso  p r o d u c e  p e r i o d i c  b e h a v i o r  ( a  " l i m i t  c y c l e "  o r  
“p e r io d ic  a t t r a c t o r ” in  n o n l i n e a r  d y n a m i c s  t e r m s ) .  H e r e  is a p e r i o d - 3  s y s t e m  u s in g  
o n ly  fo u r  c o u n te r s :

2 U - » 2 2 - * 3 1 - » 2 1 J 

W h i c h  le a d s  t o  m a r c h i n g  g ro u p s ,  a n d  w h i c h  o n e s  ie a d  t o  p e r i o d i c  cy c les?

T o ta l  n u m b e r  B e hav io r
o f  c o u n te r s  (a fre r  t r a n s ie n ts )

1 ....................M a rc h in g
2 ................Per iod  2
3 ..............   . .M a rc h in g
4 ................ Per iod  3
5 . .   Per iod  3
6 ....................M a rc h in g
7....... ..................P e r io d  4

8...... ................ Per iod  4
9 ...... ................ Per iod  4

10 ....................M a rc h in g
11   Per iod  5
12 .................Per iod  5
13 ................ Per iod  5
J 4 ................ Per iod  5
15 ....................M a rc h in g

T h e  n u m b e r s  w h i c h  le a d  t o  m a r c h i n g  g r o u p s —

1, 3,  6 ,  10, 1 5  • - • — s h o u ld  l o o k  f a m i l ia r  t o  readers:  

it ’s t h e  t r ia n g u la r  n u m b e r s  w e  sa w  in  ta r u m b e r a !

T h e  p e r io d  o f  c y c l e s  in b e t w e e n  e a c h  m a r c h i n g  

g r o u p  is g i v e n  b y  o n e  plu s t h e  i t e r a t i o n  le v e l  o f  t h e  

p r e v i o u s  t r ia n g u la r  n u m b e r  r e a c h e d .

( N o t e :  S o m e  s e q u e n c e s  w il l  be  t r u n c a t e d  for 

13, 14, a n d  15  s i n c e  t h e r e  are  m o r e  c o u n t e r s  

t h a n  h o le s . )

F I G U R E  7 .1 3
O w ari as one-d im ensional ce llu lar au to m a to n
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q u i r e  d i s t a n t  in  te rm s  o f  t h e  t e c h n o l o g ie s  t h a t  p ro d u c e d  th e m ,  b u t  t h e r e  m ay  

w ell be  so m e  su b t le  c o n n e c t i o n s  b e tw e e n  th e  tw o . S i n ce  c e l lu la r  a u to m a ta  

m o d e l  t h e  e m e r g e n c e  o f  s u c h  p a t t e r n s  in m o d e r n . s c ie n t i f ic  s tu d ie s  o f  l iv in g  sys­

tems,, a n d  c e r t a in  G h a n a i a n  log sp i rah ico .n s  w ere  a lso  in t e n d e d  as gen e ra l iz ed  

m o d e ls  for o rg an ic  g ro w th ,  it is n o t  u n re a s o n a b le  to  c o n s id e r  t h e  poss ib il i ty  t h a t  

t h e  se l f -o rg an iz ing  d y n a m ic s  o b s e r v a b le  in  ow ari  .were a lso  l i n k e d  to  c o n c e p t s  

o f  b io lo g ic a l  m o r p h o g e n e s is  in  t r a d i t i o n a l  G h a n a i a n  k n o w le d g e  sys tems.

R a t t r a y ’s c lassic  v o lu m e  o n  t h e  A s a n t e  c u l tu r e  o f  G h a n a  in c lu d e s  a  c h a p ­

ter  o n  owari,  b u t  u n fo r tu n a te ly  it o n ly  co v e rs  th e  rules a n d  stra teg ies  o f  t h e  game. 

R e c e n t ly  Kofi A g u d o a w u  (1 9 9 1 )  o f  G h a n a  h a s  w r i t te n  a b o o k le t  o n  o w ari  “d e d ­

ica ted  to  A fr ican s  w h o  a re  engaged  in th e  fo rm idab le  task o f  rec la im ing  th e i r  h e r ­

i ta g e ,” a n d  h e  does n o t e  its a s s o c ia t io n  w i th  r e p ro d u c t io n :  w ari in t h e  G h a n a i a n  

language Twi m e a n s  “h e /s h e  m arr ie s .” H e rsk o v i ts  (1 9 3 0 ) ,  n o t in g  t h a t  t h e  "aw a r i”

1

F I GURE 7 . I 4

Logarith.7nie cttrves a n d  oxvari
The cover of die hinged owari board 
we saw in figure 7.10 shows concentric 
circles emanating from the Adinkra 
icon for the power of god, “Gye 
Nyame.” A similar icon; without the 
logarithmic curves, is attributed to a 
closed fist as a symbol of power. The 
Gye Nyame symbol thus appears to be 
a pair of logarithmic curves held in a 
fist: God Holding the power of life.
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gam e p layed by th e  d e s c e n d a n t s  o f  A f r i c a n  slaves in t h e  N e w  W o r ld  h a d  r e ta in e d  

so m e  o f  th e  p r e c o lo n ia l  cu l tu ra l  a s s o c ia t io n s  f rom  A fr ica ,  r e p o r t s  t h a t  aw a r i  h a d  

a  d i s t i n c t  “sac red  c h a r a c t e r 1' to  it , p a r t ic u la r ly  in v o l v in g  t h e  c a r v i n g  o f  th e  

b o a rd .  O w a r i  b o a rd s  w i th  ca rv in g s  o f  lo g a r i th m ic  sp ira ls  (f ig.^7.14) c a n  b e  c o m -
•of

m o n ly  fo u n d  in  G h a n a  today ,  su g g e s t in g  t h a t  W e s t e r n  s c ie n t i s t s  m ay  n o t  b e  t h e  

on ly  o n es  w h o  d e v e lo p e d  a n  a sso c ia t io n  b e tw e e n  d is c re te  se lf-organ iz ing  p a t t e rn s  

a n d  b io log ica l  r e p r o d u c t io n .  I t  is a  b i t  v in d ic t i v e ,  b u t  I c a n ’t h e l p  b u t  e n jo y  th e  

t h o u g h t  o f  v o n  N e u m a n n ,  a p o s t le  o f  a m e c h a n i s t i c  N e w  W o r l d  O r d e r  t h a t  

w o u ld  w ipe  o u t  t h e  i r r a t io n a l  c a c o p h o n y  o f  l iv ing  sys tem s ,  s p i n n in g  in  h i s  g rave  

every  t im e  we w a tc h  a c e l lu la r  a u t o m a t o n — w h e t h e r  in  p ix e ls  o r  o w a r i  c u p s—  

b r in g  fo r th  c h a o s  in  t h e  g am es  o f  life.

C onclusion

-Both t a r u m b e ta  a n d  o w a ri 's m a r c J ) in j : group_dyna,m ics a re  g o v e r n e d  by th e  t r i ­

a n g u la r  n u m bers. T h e r e  is n o t h i n g  spec ia l  a b p u t  t h e  t r i a n g u l a r  n u m b e r  se r ies—  

s im i la r  n o nHnjear^gtowth^prQpe.r.t.ie^_can b e  f o u n d  in  t h e  n u m b e r s  t h a t  fo rm  

success ive ly  la rger  r ^ a j y g le s ^ p e jy t a g o n s ^ o r  o t h e j  shap.es. N o r  is t h e r e  a n y th i n g  

spec ia l  a b o u t  t h e  po w ers  o f  tw o  w e  fo u n d  in  d iv i n a t i o n — sim i la r  a p e r io d ic  p ro p ­

e r t ie s  c a n  be  p ro d u c e d  by a p p l i c a t i o n s  o f  m o d  3 , m o d  4 , e tc .  W h a t  is sp e c ia l  is 

th e  u n d e r ly in g  c o n c e p t  o f  re c u r s io n — th e  wavs in  w h ic h  a k i n d  o f  m a t h e M a t i c a l .  

f e e d b a c k  lo o p  c a n  g e n e r a t e  n e w  s t ru c tu re s  in  spa ce  an d ^ n e w  d y n a m i c s in  t im e .  

In  th e  n e x t  ch ap te r ,  w e will see h o w  th is  u n d e r ly in g  p rocess  is fo u n d  in  b o t h  p ra c ­

t ic a l  a p p l i c a t io n s  a n d  a b s t r a c t  sy m b o l ic s  o f  A f r i c a n  c u l tu re s .



•Recursion-

C H A P T E R

_ 8 _

 R e c u rs io n  j s  t h e  m o t o r  o f  f r a c ta l ge o m e try; k j s jh e r e  t h a t j h e , 1bas.ic,..transfor'

m a t io n s — w h e th e r  n u m e r ic  o r  s p a t ia l— are  s p u n  in to  w h o le  c lo th ,  a n d  th e  p a t-  

t e rns t h a t  e m erg e  o f t e n  r e l l j h e  s to ry  o f  t h e i r  w h i r l in g  b i r th .  W e  w ill  b e g in  by 

d e f in in g  th ree  types o f  recursion*1 W h i l e  it  is possib le  to  ca tegorize  th e  exam ples  

in th is  c h a p te r  so le ly  o n  t h e  basis  o f  th e s e  t h r e e  types , it  is m o re  i l lu m in a t in g  

to  c o m b i n e  th e  ana lys is  w i th  cu l tu ra l ,  c a te g o r ie s .  It is in  e x a m i n in g  t h e  i n t e r ­

a c t io n  b e tw e e n  th e  tw o  t h a t  t h e  use o f  f r ac ta l  g e o m e t ry  as a k n o w le d g e  sys tem , 

and  n o t  ju s t  u n c o n s c io u s  so c ia l  d y n a m ic s ,  b e c o m e s  e v id e n t .  T h e  c u l tu r a l  c a t ­

egories  b eg in  w i th  t h e  c o n c r e t e  in s ta n c e s  o f  recu rs iv e  c o n s t r u c t i o n  te c h n iq u e s  

a n d  g ra d u a l ly  m o v e  to w a r d  t h e  a b s t r a c t i o n s  o f  r e c u r s io n , . a s . s y m b o l iz e d  in 

A fr ic a n  ico no g ra p h y .

Three types of re c u rs io n

T h e  leas t  pow erfu l o f  th e  th r e e , j s  c a sc a d e  re cu rs io n ,  in  w h ic h  th e r e  is a p r e -1 

d e te r m in e d  s e q u e n c e  o f  s im i la r  p rocesses .  For e x a m p le ,  th e r e  is a  c h i l d r e n ’s 

story in w h ic h  a m a n  buys a  C h r i s tm a s  t r e e , , b u t  d is co v e rs  it is to o  tall for his 

ce il ing  an d  cu ts  o ff  t h e  to p .  H is  dogs find t h e  d is ca rd ed  top ,  an d  p u t  it in th e i r  

d o g h o u se ,  b u t  th e y  to o  d i s c o v e r  it is t o o  ta l l ,  a n d  c u t  o ff  t h e  top . F in a l ly  th e
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m ic e  d ra g  th i s  t in y  to p  in t o  t h e i r  h o l e ,  w h e re  it  f its j u s t  f i n e — t h e  r e c u r s io n  

“ b o t to m s  o u t . ” N o t e  t h a t  th e s e  w ere  all i n d e p e n d e n t  t r a n s fo r m a t io n s ;  it  is on ly  

by co in c id e n c e ,  so to  speak , t h a t  th ey  h a p p e n e d  to  be  th e  sam e. F igure  8. i a  shows 

th e  n u m e r ic  v e r s io n  o f  c a sc a d e  re c u r s io n ,  in w h ic h  w e d iv td e  a  n u m b e r  by tw o 

in e a c h  p a r t  o f  t h e  s e q u e n c e .  TTiis is n o t  a very p o w erfu l  ty p e  o f  r e c u r s io n ,  fo,r 

tw o  T e n o n s . 'F i r s t , ' i t  requ ire s  t h a t  w e  k n o w  h o w  m a n y  t r a n s fo r m a t io n s  we w a n t  

a h e a d  o f  t im e — a n d  t h a t  is n o t  a lw ays poss ib le .  I f  t h e  m o u s e  w as in  c h a rg e ,  h e  

wp.,uj,dhave sa id  “ju s t  k e e p  d iv i d in g  u n t i l  i t ’s s m a l l  e n o u g h  t o  fi t in my .ho le ."  

.S e c o n d ;  w e h a v e  to  k n o w  w h a t  t r a n s fo r m a t io n  to  m a k e  a h e a d  o f  t im e ,  a n d  th a t  

is n o t  a lw ay s  p o s s ib le ,  e i t h e r .  R e c a l l ,  for e x a m p l e ,  t h e  g e n e r a t i o n  o f  t h e  

F ib o n a c c i  ser ies w e  saw  in  c h a p te r  7 (fig. 8 .1 b ) .  A l t h o u g h  th e  g e n e r a t io n  is ju s t  

u s in g  a d d i t i o n ,  it  c a n n o t  b e  c r e a t e d  by a  r e c u r s iv e  c a s c a d e ,  b e c a u s e  t h e  

a m o u n t  to  be a d d e d  in  e a c h  t r a n s f o r m a t i o n  c h a n g e s  in  r e l a t i o n  to  p r e v io u s  

resu lts .  G e n e r a t i n g  t h e  F ib o n a c c i  se r ie s  r e q u i re s  a  f e e d b a c k  lo o p  or, as m a t h e ­

m a t i c i a n s  ca ll  it, i t e r a t i o n .

In  i t e r a t io n ,  t h e r e  is o n ly  o n e t r a n s f o r m a t i o n  .p rocess , b u t  e a c h  t im e  th e  

p rocess  c r e a t e ^  a n  o u tp u t^  it u ses  th i s  re s u l t  as t h e  i n p u t  fo r  t h e  n e x t  i t e r a t io n ,  

as w e ’v e  s e e n  in g e n e r a t in g  f rac ta ls .  A  p a r t ic u la r ly  i m p o r t a n t  v a r ie ty  o f  i t e r a ­

t i o n  is “n e s t in g ,” w h ic h  m a k e s  use o f  lo o ps  w i t h i n  loops .  H o f s t a d t e r  (1 9 8 0 ,

1 0 3 - 1 2 9 )  n ic e ly  i l lu s t ra te s  n e s t in g  w i th  a s to ry  in  w h ic h  o n e  o f  t h e  c h a ra c t e r s  

s tar ts  to  tell a story, a n d  w i th in  chat s to ry  a c h a r a c t e r  s ta r ts  to  read  a passage from 

a  b o o k .  B u t  a t  t h a t  p o i n t  t h e  r e c u r s io n  “b o t t o m s  o u t" :  t h e  b o o k  p assage  gets  

f i n i s h e d  a n d  w e s t a r t  t o r a s c e n d  b a c k  u p  th e  s to r ie s .  N e s t e d  lo o p s  a re  very  

c o m m o n  in  c o m p u t e r  p ro g r a m m in g ,  a n d  w e  c a n  i l lu s t r a t e  t h i s  w i t h  a p ro g r a m  

for d r a w in g  th e  a rc h i te c tu re j^ f .M f lk o u le k .  (fig. 8 .1 c ) ,w e  ex.arni.ned. in .chap te r . .2.... 

T h e  B a-ila  a r c h i t e c tu r e  we saw in  c h a p te r  2 c a n  a lso  be  s im u la te d  th is  way, using 

o n e  lo o p  fo r  t h e  r i n g s - w i t h i n - r i n g s ,  a n d  a n o t h e r  fo r  t h e  f r o n t - b a c k  s c a l in g  

g r a d ie n t  t h a t  m akes  u p  e a c h  o f  th o s e  r ings. In  c h a p t e r  6 t h e  first c o rn - ro w  h a i r ­

s ty le  (ipciko e led e)  sh o w e d  b r a i d in g  as a n  i t e r a t iv e  loo p ;  t h e  s e c o n d  c o rn - ro w  

e x a m p l e  a d d e d  a n o t h e r  i t e r a t iv e  loo p  o f  su c cess iv e  p e r im e te r s  o f  b r a id s .2 U is 

c o m m o n  for c o m p u te r  p rogram s to  d o  s u c h  n e s t in g  severa l  layers d e e p ,  a n d  k e e p ­

in g  t r a c k  o f  all  th o s e  lo o p s  w i t h i n  lo o p s  c a n .b e  q u i t e  a .chore .: -

T h e  th i rd  type  o f  re cu rs io n  is “se l f - r e fe re n c e .” W e  a r e  all  fa m il ia r  w i th  th e  

w a y t h a t sy m b ols o r  ico ns  c a n  refer to  s o m e th in g :  t h e  s ta rs  a n d  s t r ip es  flag refers 

to  A m e r i c a ,  t h e  s k u l l - a n d - c ro s s -b o n e s  labe l refers  to  p o is o n ,  t h e  g ro u p  o f  l e t ­

ters c - a - t  refers to  a n  a n im a l .  B u t  i t ’s a lso  poss ib le  for a  sy m b o l  to  re fe r  to  itself.  

K e l lo g g ’s c o rn f la k es ,  for e x a m p le ,  o n c e  c a m e  in  a b o x  t h a t  f e a tu re d  a p ic tu r e  of 

a fam ily  s i t t in g  d o w n  to  b reak fa s t .  In th i s  p ic tu re  you  c o u ld  see t h a t  t h e  fam ily  

h a d  a b o x  o f  K ellogg’s c o rn f la k e s  o n  th e i r  h reak fas t  tab le ,  a n d  you c o u ld  see t h a t
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th is  b o x  sh o w e d  che sam e  p ic tu re  o f  t h e  family, w i th  t h e  sa m e  b o x  o n  th e i r  tab le ,  

a n d  so o n  to  in f in i ty  (o r  a t  leas t  to  as sm a l l  as t h e  K e llo g g  c o m p a n y ’s a r t isan s  

c o u ld  d raw ).

S e lf - r e f e re n c e  is b es t  .k no w n  for its r q l e j n  Jpg ica]  p a rad o x .  If, for ex a m p le ,  

you were to  accuse  s o m e o n e  o f  lying, it  w ou ld  be  a n  o rd in a ry  statement".”£ u t  s u p ­

pose you accu se  yourself  o f  lying? T h i s  is th e  pa rad o x  o f  E p im en ides  o f  C re te ,  w h o  

d e c la re d  t h a t  “all C r e ta n s  are  liars.” If  h e ’s te l l in g  th e  t r u th ,  h e  m us t  be  lying, 

b u t  if h e ’s lying, t h e n  h e ’s te l l in g  th e  t r u th .  T h e  ro le  o f  se l f - re fe ren ce  in logica l

input X 4 X 2 X o u tp u t

2 2 2

Nnreprevious Nncxt

w h i l e  e - c o u n t  <  4  d o :

•  d r a w  e n c l o s u r e  

w h i l e  g - c o u n t  <  1 2 d o :

• d r a w  g r a n e r y

• r o c a t e  t o w a r d  c e n t e r

• s h r i n k  g r a n e r y  s i z e

• i n c r e a s e  g - c o u n t  b y  1 

e n d  o f  g - c o u n c ’s l o o p

•  r e s e t  g - c o u n t  t o  0

• r o t a t e  t o w a r d  c e n t e r  "

•  s h r i n k  e n c l o s u r e  s i z e  -

• i n c r e a s e  e - c o u n t  b y  1 

e n d  of e - c o u n t ’s  loop.

F I G U R E  8 . 1  

R ecizrsive cascade v e rsu s  ite ra tio n  
(a) A recu rs iv e  c a s c a d e ,  in  w h i c h  th e  s a m e  t r a n s f o r m a t i o n  ( d iv i s io n  by  tw o )  h a p p e n s  to  be  u se d  
m each  p a r t  o f  a s e q u e n c e .  T h i s  r e q u i re s  k n o w i n g  h o w  m a n y  t im e s  che t r a n s f o r m a t i n  s h o u l d  
happen  a h e a d  o f  t im e .  It  a lso  r e q u i re s  t h a t  t h e  t r a n s f o r m a t i o n  is i n d e p e n d e n t  o f  p r e v io u s  re su l ts .
{b) T h e  F ib o n a c c i  s e q u e n c e  is p r o d u c e d  by a d d i n g  t h e  p r e v io u s  n u m b e r  t o  t h e  c u r r e n t  n u m b e r  to  
gee the  n e x t  n u m b e r ,  s t a r t i n g  w i th  1 + 1 = 2 . In  t h e  F i b o n a c c i  s e q u e n c e  we a d d  a d i f f e r e n t  a m o u n t  
ia each  i t e r a t i o n — we c o u ld  n o t  k n o w  h o w  m u c h  e a c h  t r a n s f o r m a t i o n  s h o u ld  a d d  a h e a d  o f  t im e ,  
s a a  recu rs ive  c a s c a d e  w o u ld  n o t  d o  t h e  jo b .  (c )  I n  s o m e  cas e s  it  is n e c e s s a ry  to  p u t  a n  i t e r a t i v e  
loop inside a n o t h e r  i t e r a t i v e  l o o p  ( " n e s t i n g " ) .  H e r e  is a n  e x a m p l e  o f  n e s t in g  in  a c o m p u t e r  
program for d r a w i n g  t h e  a r c h i t e c t u r e  o f  M o k o u l e k  w e  e x a m i n e d  in  c h a p t e r  2. It  is w r i t t e n  in  w h a t  
p rogrammers ca ll  “p s e u d o c o d e , "  a m i x t u r e  o f  a p r o g r a m m i n g  l a n g u a g e  a n d  o r d i n a r y  E n g l i s h .  T h e  
first loop d raw s  t h r e e  la rge  e n c lo s u re s ,  a n d  t h e  i n n e r  lo o p  d r a w s  1 2 g r a n e r ie s  in s id e  e a c h  e n c lo s u re .  
Variable “e - c o u n t ” t r a c k s  t h e  n u m b e r  o f  e n c lo s u re s ,  a n d  g - c o u n t  t r a c k s  t h e  n u m b e r  o f  g r a n e r ie s .
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p a ra d o x  h a s  b e e n  i m p o r t a n t  for m a t h e m a t ic a l  theory ,  b u t  i t  h a s  a ls o  b e e n  p u t  to  

practical use in  c o m p u te r  p rogram m ing. M o s t  p ro g ram m in g  has  l i t t le  rou t ines called 

“p ro c e d u r e s ,” a n d  often ,  a  p ro c e d u re  w ill  n e e d  to  ca l l  o t h e r  p ro c e d u re s .  I n  self- 

r e fe ren t ia l  p ro g r a m m in g  th e  p ro c e d u r e  .calls itself.

P r a c t i c a l  f r a c t a l s :  recu rs io n  i n  c o n s t r u c t i o n  t e c h n i q u e s

f  I n  h is  d iscussion of t h e  m e ta l -w o rk in g  t e c h n iq u e s  o f  A fr ica ,  D e n is  W il l ia m s  g ives \  

|  a p o e t i c  d e s c r ip t i o n  o f  recu rs iv e  c a sc a d e  in  t h e  ed a n  b rass  s c u lp tu re s  o f  t h e  I 

V Yoruba: “T h e  im ag e  p ro l i fe ra te s  l ike  l ig h ts  in  a b u b b le :  o n e  e d a n  b ea rs  in  its lap 

an o th e r ,  sm a lle r  v e rs io n  o f  itself, w h ic h  bears  in  t u r n  a sm a l le r  in  its lap , a n d  th is  

bears  a n o t h e r  in  its lap , e t c .—  a so r t  o f  s c u lp tu ra l  re lay  r a c e ” (1 9 7 4 ,  2 45 ) .  W h i l e  

t h e  e d a n  s c u lp tu re s  a re  u n iq u e  to  t h e  Y oruba, r e cu rs iv e  c o n s t r u c t i o n  te c h n i q u e s  

are  q u i t e  c o m m o n  in  A fr ica .  For e x a m p le ,  W i l l i a m s  goes o n  t o  n o t e  t h a t  m u c h  

A fr ican  m eta lw ork ,  u n l ik e  E u ro p ean  in v e s tm e n t  cas t in g ,  uses a  “spiral t e c h n i q u e ” 

to  b u i ld  u p  s t ru c tu re s  from s ing le  s t r a n ds ( w h e t h e r  b e fo re  c a s t in g ,  as in t h e  lost 

w ax  t e c h n iq u e ,  o r  a f te rw a rd s  as w ire ) ,  re s u l t in g  in  “h e l i c a l  co i ls  fo rm e d  from 

s m a l l e r  h e l i c a l  c o i l s .” A  w ig  m a d e  f rom  m e t a l  w ires  (fig. 8 .2 a )  sh o w s  a s im i la r  

i t e r a t i v e  c o n s t r u c t i o n  u s in g  co i l s  m a d e  o f  co ils .  I n  c h a p t e r  6  w e saw  so m e  

e x a m p l e s  o f  A f r i c a n  h a i r  s ty le s  in  w h i c h  e i t h e r  a d a p t a t i o n  to  c o n t o u r s  o r  

a b s t r a c t  sp a t ia l  t r a n s f o r m a t io n  re s u l te d  in  a sc a l in g  p a t t e r n .  T h e  f r a c ta l  b ra id s  

; s h o w n  in  figure 8 .2 b  h a v e  n o t h i n g  to  d o  w i th  t h e  s h a p e  o f  t h e  h e a d ;  t h e y  are  

r a t h e r  t h e  r e su l t  o f  su c c e s s iv e  i t e r a t io n s  t h a t  c o m b i n e  s t r a n d s  o f  h a i r  i n to  

b ra ids ,  b ra id s  in t o  b ra id s  o f  b ra id s ,  a n d  so o n .  F ig u re  8 .2 c  sh o w s  a n o t h e r  wig, 

th is  o n e  for a s c u lp tu re ,  t h a t  fea tu re s  b ra id s  o f  m a n y  scales .

T h i s  c o l l e c t i o n  o f  s c u lp tu re ,  m e ta lw o rk ,  a n d  h a i r s ty l i n g  s o u n d s  like., a 

m o t le y  a s s o r tm e n t ,  b u t  o n c e  w e . s t a r t .lo o k in g  fo r  r e c u r s io n  w e see a c lose  re l a ­

t io n :  a l l  e x a m p le s  u sed  a s ing le  t r a n s f o r m a t io n — s t a c k in g ,  b ra id in g ,  c o i l in g —  

t h a t  w as a p p l i e d  s e v e r a l  t im es .  L o o k in g  a t  t h e  R ela t ion  b e t w e e n  t h e  ba s ic  

t r a n s fo rm a t io n  a n d its final o u tc o m e  c a n  h e lp  us d is t in g u ish  m n o n g jd i / fe ren t  types 

cT r e c u r s io n .  T h e  b ra id in g  p a t t e r n  o f  figure 8 .2 b ,  fo r  e x a m p l e ,  is b a se d  o n  i t e r ­

a t i o n ,  b e c a u se  t h e  w ay  e a c h  s tage  is b r a id e d  d e p e n d s  o n  t h e  b ra id s  p ro d u c e d  in 

p re v io u s  s tages; th e y  a re  b ra id s  o f  b ra id s .  T h e  b ra id s  in f ig u re  8 .2 c ,  o n  th e  

o t h e r  h a n d ,  a re  o f  d i f f e r e n t  sca le s  s im p ly  b e c a u s e  e a c h  s t a g e  uses d i f f e r e n t  

a m o u n t s  o f  s i n g l e - h a i r  s t r a n d s — a c a s c a d e  o f  p r e d e t e r m i n e d  t r a n s f o r m a t io n s .  

S im ila r ly ,  t h e  co i l s  o f  co i ls  in d i c a te  i t e r a t i o n ,  b e c a u s e  t h e o u t p u t  o f  o n e  s tag e  

b e c o m e s  th e  i n p u t  for t h e  n e x t .

R e c u r s i v e  c o n s t r u c t i o n  .. t e c h n i q u e s  a r e  a l s o  u s e d  . fo r  t h e  d e c o x a t iv e  

d e s ig n s  o f  A f r i c a n  a r t i s a n s .  In  o u r  d i s c u s s io n  o f  t h e  f r a c ta l  e s t h e t i c  in  chap '-
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te r  4, w e  e x a m i n e d  d e c o r a t i v e  p a t t e r n s  w h i c h  d id  n o t  p r o v i d e  e v id e n c e  for a 

fo rm a l  g e o m e t r i c  m e t h o d .  T h a t  d o e s n ’t m e a n  n o  fo rm a l  m e t h o d  co u ld  possibly 

ex is t ;  i t ’s j u s t  t h a t  n o n e  c o u ld  be  r e a d i ly  d i s c e r n e d  f ro m  t h e  d e s i g n  i tse lf ,  and  

th e  a r t isan s  d id  n o t  r e p o r t  a n y th in g  b e y o n d  in tu i t io n  or e s th e t i c  tas te .  B u t  the re  

are  so m e  d es ig ns  t h a t  d o  in d i c a te  a n  e x p l i c i t  recu r s iv e  t e c h n i q u e  from  t h e  p a t ­

t e r n  itself .  F igure  8 .2 e  sh o w s  a M a u r i t a n i a n  t e x t i l e  w i th  tw o  s u c h  s c a l in g  p a t ­

t e r n s .  I n t e n t i o n a l  a p p l i c a t i o n  o f  i t e r a t i o n  as  a c o n s t r u c t i o n  t e c h n i q u e  is 

i n d i c a t e d  by t h e  w ay  t h e  X f r a c t a l ’s s e e d  s h a p e  is s h o w n  o n  e i t h e r  s id e ,  an d  

by h a v in g  i t e r a t i o n  c a r r ie d  o u t  o n  tw o  c o m p l e t e l y  d i f f e r e n t  s e e d  sh a p e s  in  th e  

sam e  p ie c e .  T h e  t r ia n g le  f r a c ta l  (c lo se  to  w h a t  m a t h e m a t i c i a n s  ca l l  t h e  “S ie r-  

p in s k i  g a s k e t ” ) is a lso  f o u n d  in  M a u ' r i t a n i a n - S to n e w o r k  (f ig .  8 .2 f) .  A  th r e e -  

d im e n s i o n a l  v e r s io n  f r o m  G h a n a  (fig. 8 . 2 h )  m a y  h a v e  b e e n  in s p i r e d  b y  th e s e  

des igns .

B o th  o f  t h e  a b o v e  are  e x a m p le s  o f  a d d i t iv e c o n s t r u c t i o n ,  as w e  saw  in  the  

K o c h  c u rv e  o f  c h a p t e r  i ,  b u t  s u b t r a c t i v e  i t e r a t io n s ,  as  w e saw  fo r  t h e  C a n t o r  

se t ,  a re  a lso  fo u n d  i n _A fr ican  d e c o r a t iv e  f r ac ta l s  (fig. 8 .2 i ) .  C a r v in g  d es ig ns  

in c lu d e  a p p l i c a t i o n s  o f  i t e r a t iv e  c o n s t r u c t i o n ,  p a r t i c u l a r ly  fo r  c a la b a s h  d e c o ­

r a t io n s  (fig. 8 .2 I ) .  A  g e o m e t r i c  a l g o r i t h m  fo r  p r o d u c i n g  n o n l i n e a r  sc a l in g  

t h r o u g h  fo ld in g  was i n v e n t e d  by  t h e  Y o ru b a  a r t i s a n s  w h o  p ro d u c e d  t h e  ad ire  

c lo t h  o f  f igure  8 .2 n .  I t  is n o t  m e re ly  a m e t a p h o r  to  re fe r  to  a sp e c i f ie d  ser ies 

o f  fo lds  as a lg o r i t h m ic ;  in  fac t ,  o n e  o f  t h e  c la ss ic f r a c ta ls ,  t h e  “d ra g o n  c u r v e ,” 

was d is c o v e re d  in  i 9 6 0  w h e n  p h y s ic i s t  J o h n  H e ig h w a y  e x p e r i m e n t e d  w i th  

i t e ra t iv e  p a p e r  fo ld in g  ( G a r d n e r  1 9 6 7 ) .  T h e  a d i re  c l o t h  a l sp .shew -s- thg .app li-  

c a t i o n  o f  r e f l e c t i o n ^ yjTuj ie t ry  a t  e v e ry-scale  f ro m  s in g le - s t i t c h  j p w s ,  w h i c h  are 

re f le c te d  o n  e i t h e r  s id e  o f  t h e  fo ld  ed ges ,  to  tK F e n t i r e  fa b r ic ,  w h ic h  is c re a te d  

by th e  j o i n i n g  o f  tw o  m i r ro r  im ag e  c lo th s .

S o  far w e h a v e  on ly  discussed th e  te c h n ic a l  m e th o d  em p lo yed ,  b u t  o f  course 

c id t i i ra l  m e a n in g  is_.ofl.en a t t a c h ed.tp-t-hegfi. t e c h n i q u e s  as  w ell .  R e c u rs iv e  h a i r ­

styles,  for e x a m p le ,  e m b e d  layers o f  so c ia l  la b o r  w i th  e a c h  i t e r a t io n ,  a  w a y t o  

invest p h y s i c a l a d o rn m e n t  w i th  socJal_.me a n i n g (such  as f r ie n d sh ip  b e tw e e n  styl­

ist a n d  s ty le e ) .  F igure  8 .3 a  sh o w s  a F u la n i  w e d d in g  b l a n k e t ,  in  w h ic h  sp i r i tu a l  

energy  is e m b e d d e d  in  t h e  p a t t e r n  t h r o u g h  its i t e ra t iv e  c o n s t r u c t i o n 1'. P res tige^  

can  a lso  b e  a s s o c ia te d  w i th  in c r e a s in g  i t e r a t io n s ,  as w e f in d  fo r  brass  c a s t in g  

and  b e a d w o rk  in th e  g rass land  a reas  o f  C a m e r o o n  (fig. 8 -3b ,c ) .  T h e  sca l ing  iter- 

' a t ion s  in  o n e  o f  t h e  b rass  s c u lp tu re s  (f ig .  8 .3 d )  was r e p o r t e d  t o  be  sy m b o l ic  as 

well: it sh o w e d  th r e e  g e n e r a t i o n s  o f  roy a l ty .  B u t  k i n s h i p  g ro u p s  a re  n o t  ju s t  

s ta t ic  e n t i t i e s ;  th e y  c h a n g e  across  t im e ,  a n d  in  t h e  fo l lo w in g  tw o  s e c t io n s  we 

will see t h a t  A f r i c a n  r e p r e s e n ta t i o n s  o f  s u c h  te m p o ra l  p ro ces se s  o f t e n  in v o lv e  

'recu rs ion .
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F IG URE  8 . 2

R e c u r s i v e  c o n s t r i t c t i o n  t e c h m q u e s
(a) Coils of coils are used to create this metal wig from Senegal, (b) A scaling cascade of 
a mask from the Dan societies of Liberinand Cote d'Ivoire, (c) Iterative braiding in tiiis 
from Yaounde, Cameroon, la  tr e s s e  cle f l ,  can be simulated by fractal graphics- (d) Three if 
of the t r e s s e  d e  f l  simulation.
fb, f r o m  Barbier-Muelfer 1988.) (/'.far



F I G U R E  8 . 2  ( c o n t i n u e d )

I te ra t ive  co n s tru c t io n  
in  M a u r i ta n ia n  d eco ra tio n

(e) Recursive construction with triangles and 
X-shapes in'Tuareg leatherwojk. The X-slvape
is related to the quincunx discussed in chapter 4.
(f) Designs using several iterations of triangles 
can also be found in Mauritanian stonework.
(g) The use of triangles in this nomadic 
architecture from Mauritania may be one 
reason for the popularity of the design. Unlike 
rectangles, triangles can create a rigid frame 
using flexible joints— an important feature in 
a landscape where long poles are scarce and 
lashing is the most common joinery, (h) A single 
iteration of a three-dimensional version of the 
recursive triangle construction, created by Akan 
artists in Ghana.
(e, f r o m  Jefferson 1973 ;• f and g, photos courtesy 
/FAN, D a k a r ;  h, f r o m  P h illip s  1 9 9 5 ,  f ig  5. J03 )

( f i g u r e  c o n t i n u e s )
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FIGURE 8-2 (continued)
S c a lin g  p a t t e r n  fro m  s u b tra c tiv e  i te r a t io n

( i )  A  F a n t e  w o m a n  p o s i n g  i n  f r o n t  o f  a  p a i n t e d  s t u d i o  b a c k d r o p ,  C a p e  C o a s t ,  G h a n a ,  i 8 6 0 .

(j) T he  Fante pattern can be thought of as two iterations of scaling subtraction ( th a t  is, erasing). 
Strips are erased from an ail-black background. W h e re  the  thick strips intersect,  we get large 
squares, and where the r.hin strips intersect we get small squares.
(i, photo f r o m  the Notional Museum of African Art, Smit/istmfan Institution.) - ( f ig u r e  .co n ijv .u

R e p r e s e n t in g  re c u rs io n  as  a  p ro cess  in  tim e : p a r t  I ,  lu c k  a n d  age

A  sim ple  ex am p le  o f  A fr ican  represe n ta t io n  for recurs ion  as a  t im e-vnry ing.orDc.ess 

is s h o w n  in  figure 8 .4 ,  w h e re  w e_gee t h r e e  d e s ig n s  t h a t  d e p i c t  w ishes  fo r  c a tc h e s  

o f  e v e r la rg e r  fish. S i n c e  t h e  e x p e r i e n c e  o f  b a d  lu c k  o r  g o o d  lu c k  in  f i sh in g  c a n  

o c c u r  o n  a  da ily  basis ,  it  is easy to  see  h o w  a b ig  fish  c o u ld  b e c o m e  a n  ic o n  for 

good luck. But in th e se  d es ign s  t h e  a r t i s a n s  tak e  th e  c o n c e p t  a  s tep  fu r ther .  G o o d  

f o r tu n e  is n o t  in  te rm s  o f  a  s i n g u la r  c h a n c e  e v e n t ,  as o n e  sees in che m y th s  o f  

th e  N a t i v e  A m e r i c a n  t r ick s te r . ' '  T h e  w ish  is fo r  a n  i t e r a t iv e  p ro cess— t h a t  e a c h  

fisiTfs to  he  su ccess iv e ly , .larger..t .han t h e j a s t  o n e.

W h i l e  th e se  good  luck  icons are  o f t e n  a m o re  in fo rm al p a r t  o f c u l tu ra l  p r a c ­

tice ,  o t h e r  rec u rs iv e  processes  a re  t a k e n  m u c h  m o r e  ser iously . A n th r o p o lo g i s t s



Seed shiipe, w i t h  a c t i v e  

line s  in  gray.

F o u r t h  i t e r a t i o n  e n l a r g e d ,  w i t h  a d a p t i v e  s c a l i n g  

( m a p p i n g  f r o m  a s p h e r e  t o  a p l a n e )  a p p l i e d  to  

m a t c h  t h e  a d a p t i v e  s c a l i n g  o f  t h e  c a l a b a s h  d e s i g n .

F I G U R E  8 . 2  (continued)

I te ra t io n  i n  c a r v i n g s  
j&Ot) T h e  B a k u b a  o f  Z a ir e  c re a te d  s e v e ra l  c a r v in g s  th a t  fe a tu re  a s e l f - s im i la r  d e s ig n .  T i t  is  B a k u b a  

,'fcooJen b o t t le  m a k e s  u se  o f  h e x a g o n s  o f  h e x a g o n s  a s  w e ll  a s  a d a p t iv e  s c a l in g  a s  it n a r r o w s  in t o  che 

n c c L  ( I)  C h a p p e l  ( 1 9 7 7 )  r e c o rd s  a w id e  v a r ie t y  o f  c a la b a s h  d e s ig n s ,  m a n y  w ith  s c a l in g  a t t r ib u te s.

<,T h is  is p ro b a b ly  th e  b e st  e x a m p le  o f  i t e r a t iv e  c o n s t r u c t io n  in  th e se  c a r v in g s .  T h e  d e s ig n  

J iin iu la t io n  n o t  o n ly  r e q u ire s  r e c u r s io n  b u t  a d a p t i v e  s c a l i n g  a s  w e ll-  ( m )  S e e d  s h a p e  a n d  fo u r t h  

It e r a t io n ;  fo u r t h  i t e r a t io n  e n la rg e d ,  w i t h  a d a p t iv e  s c a l i n g  a p p lie d .

ifk, cour te sy  M u se e  R o y a l  d c  I  A f r i q u e  C e n t r a l ,  B e lg iu m .)  ( f i g u r e  c o n t i n u e s )



F I G U R E  8 . 2  (continued)

A d i r e  c lo th : s c a l i n g  fro m  i t e r a t i v e  f o l d i n g  
(n) T his  Yoruba adire c loth is actually two separate pieces a ttached  along the  horizontal midline. 
T h e  dye pattern is created by sewing along folds before dye is applied and th e n  removing the 
threads so th a t  the  white lines are left where the  dye did not penetra te ,  (o) T h e  folding method is 
based o n  reflection symmetry across a diagonal. It is easiest to understand by malting a paper model.

T h e  adire artisans have n o t  only 
developed an algorithm fot generating 
this nonlinear scaling series, but have 
done so in a way tha t  maximizes efficient 
production: all folds fall along the  same 
two edges, so only two edges need be 
sewn. Your paper model can  imitate this 
effect by running a heavy felt marker 
along the two edges, so tha t  the ink 
bleeds through all the  layers (you can 
cheat by inking each fold as you unfold 
it). N ote  th a t  the  white lines in the  adire 
are triple— this, too, is created by a 
reflection symmetry, sewing next to the 
fold to create the two outer lines (one on 
each side of the fold), and sewing right 
on the edge of the  fold to create the 
cen te r line.
(n, photo from Picton and Mack 1979.)

F i r s t ,  cut ou t  a  p a p e r  r e c t a n g l e  w i t h  w i d t h  t w i c e  d i e  h e i g h t ,  
a n d  f o l d  i t  i n  h a l f ,  m a k i n g  a s q u a r e .

S e c o n d ,  f o l d  t h e  s q u a r e  a l o n g  
d i a g o n a l ,  m a k i n g  a  t r i a n g l e .

T h i r d ,  
m a r k  p o i n t s  

a t  Zz a n d  I d  o f  
t h e  o u t e r  s i d e s  

o f  t h e  t r i a n g l e .  
T h e s e  p o i n t s  c a n  be 

d e t e r m i n e d  h y  f o l d i n g ,  if 
o n e  w i s h e s  t n  m a i n t a i n  t h e  

o r i g a m i  e q u i v a l e n t  o f  c o m p a s s  a n d  
S t r a i g h t - e d g e  c o n s t r u c t i o n ,  h u t  d o i n g  
i t  hy  e y e b a l l  w o r k s  j u s t  f in e .

F o u r t h ,  f o l d  f r o m  t h e  c o r n e r s  o u  

o p p o s i t e  s i d e s  a l o n g  t h e  l i n e  b e t w e e n  
t h e  Zz r i n d  Vt m a i k s .

F i n a l l y ,  f o l d  in  t h e  s m n  
o v e r l a p p i n g  c o r n e r  o n  
s i d e .



FIG.URE 8.3  

M a k i n g  m e a n in g  
th ro u g h  ite ra tiv e  

c o n s tru c tio n  
( a )  T h i s  F u la n i  
w e d d in g  b l a n k e t  f rom 
M a l i  is b a s e d  o n  
d i a m o n d s  t h a t  sca le  
f ro m  e i t h e r  s ide  as 
w e  m o v e  t o w a r d  th e  
c e n t e r ;  a p a t t e r n  t h a t  is 
eas i ly  s i m u l a t e d  u s in g  a 
f rac ta l ' ( s e e " d ia g ra m ) :" "  

T h e  w e a v e rs  w h o  
c r e a t e d  it r e p o r t  t h a t  
s p i r i tu a l  e n e r g y  is 
w o v e n  i n t o  t h e  p a t t e r n ,  

m d  t h a t  e a c h  s u c c e ss iv e  i t e r a t i o n  s h o w s  a n  in c r e a s e  in 
h i s  energy .  R e le a s in g  th i s  s p i r i tu a l  e n e rg y  is d a n g e r o u s ,  
ind  if  t h e  w e a v e rs  w e re  t o  s t o p  in  t h e  m i d d l e  t h e y  w o u ld  
isk d e a t h .  T h e  e n g a g e d  c o u p le  m u s t  b r in g  t h e  w e a v e r  
o o d  a n d  k o la  n u t s  to  k e e p  h i m  a w a k e  u n t i l  it is f in ished ,  
b )  T h e  p re s t ig e  b ro n z e  o f  F o u m h a n ,  C a m e r o o n ,  o f te n  

n a k e s  use  o f  s e l f - s im i la r  i t e r a t io n s ,  ( c )  P re s t ig e  is also  
y m b o l iz e d  by th e  l a b o r  a n d  a r t i s t ry  r e q u i r e d  t o  p ro d u c e  

t h e  m a n y  i t e r a t i o n s  o f  b e a d  p a t t e n s  fo r  t h i s  e l e p h a n t  
m a s k ,  ( d )  A c c o r d i n g  t o  S a le fo u  M b e t u k o m ,  t h e  l e a d in g  
c a s t o r  o f  F o u m b a n ,  t h i s  s c u l p tu r e  s h o w s  t h e  su c c e s s io n  o f  
k in g s  in  t h e  roya l  family .
( c , / r o m  r i g e n c e  H o a - Q u i . )
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h a v e  always b e e n  in t e r e s t e d  in t h e  c o n t r a s t  b e tw e e n  t h e  e la b o r a te  p o l i t i c a l  an d  

e c o n o m ic  h ie r a r c h y  o f  E u ro p e a n  so c ie t ie s  a n d  th e  re la t iv e ly  “classless"  ( s o m e ­

t im es  e v e n  r iderle ss)  s t r u c tu r e  o f  m a n y  p re c o lo n ia l  A f r i c a n  s o c ie t i e s^ J f  it  is n o t  

p o l i t i c a l  a n d  e c o n o m i c  s t r u c t u r e  t h a t  g o v e rn s  t h e i r  so c ie ty ,  t h e n  w h a t  does?  

O n e  p a r t  o f  t h e  a n sw e r  is age. A l l  h u m a n  c u l tu r e s  d i f f e r e n t i a t e  b e tw e e n  c h i l -

f i g u r e  8 .4  
I f  w ish es  w e r e  f ishes

(a) Scaling scales: this Bamana tattoo, 
created with henna, is said to represent the 
scales of fish, h  is good luck, .signifying ever- 
larger fish catches, (b) This is an "abbia,” a 
carved gambling chip from Cameroon.
Given the high stakes of the game, it could 
be a more aggressive symbolism than just 
luck, e.g., "just as you have swallowed others,
! will swallow you.” Other chips appear to 
carry the iteration out several more levels, 
although they are less recognizable as fish (c).
(d) This print with four iterations of fish is 
from northern Ghana. It was reported to be 
a fertility symbol.
(d ,  p/iofo courtesy o f  Traci Roberts and

A n n  C a m p b e l l . )  d

c



Recursion 121

c lren , adj.iJcs,jind e lders ,  b u t  in m a n y  A f r i c a n  so c ie t ie s  t h e  d iv is io n s  a re  m u c h  

m ore  e la b o ra te  a n d  s t ru c tu re d .  In  th e s e  ag e -g ra d e  sys tem s, aH c o m m u n i ty  m e m ­

bers  b o r n  w i th in  a g iv e n  n u m b e r  o f  years  w ill  m o v e  to g e th e r  th r o u g h  a ser ies  

o f  r i tu a l  in i t i a t io n s .  In  c h a p te r  5 w e saw,.one e x a m p le  in  w h ic h  th e s e  in i t i a t i o n  

s tages a p p ea red  ro  be a c c o m p a n ie d  by a n  i t e ra t iv e  sca l in g  geom etry , th e  lusona .  

Figure 8 .5a  shows a n o th e r  geom etr ic  v isua liza tion  o f  age-grade in i t ia t ion : a h e x a g ­

o n a l  m ask  c re a te d  by che Bassari o f  th e  S e n e g a m b ia n  a n d  G u in e a -B is sau  region.

A l th o u g h  th e  niask is on ly  a l in e a r - c o n c e n t r i c  sca l ing  of hexagons ,  a n d  thus 

n o t  a fractal ,  it does suggest an  i te ra t iv e  process, a n d  w e m ig h t  well suspec t  a link 

b e tw e e n  stages in  age-g rade  a n d  s tages  in i t e ra t io n .  T h e  in i t i a t i o n  p ro cess  is a 

c losely  gu a rd ed  sec re t ,  so it is n o t  s im p ly  a m a t t e r  o f  a sk in g  Bassari e x p e r t s ,  bu t  

d u r in g  m y vis i t  w i th  t h e  Bassari in 1 9 9 4  1 fo u n d  t h a t  t h e  m e a n in g  o f  o th e r  

m a them at ica l  pa tte rns  in Bassari cu ltu re  c a n  be  used to  m ake  some educated  guesses 

a b o u t  t h e  m e a n in g  o f  t h e  mask. D e s p i t e  t h e  e x te n s iv e  m ig ra t io n s  from  th e  v i l ­

lages to  c it ie s  ( N o la n  19 86 ) ,  th e r e  is s t i l l  s t ro n g  p a r t i c ip a t io n  in th e  age groups  

an d  t r a n s i t io n  ri tuals. T h e  “forest  s p i r i t” A n n a k u d i ,  for e x a m p le ,  seem s to  be 

u n d a u n te d  by th e  c ity  o f  T a m b a c o u n d a ,  w h e re  a local age g ro up  h o s t e d  h im  a t  

a w e l l -a t ten ded  d a n c e  d u r in g  my stay. In d e e d ,  I fou nd  th e  s te reo type  o f  t r ad i t io nal 

e lders a n d  i r r e v e re n t  y o u th s  to  be  s o m e w h a t  reve rsed  (w h ic h  was e x p la in e d  to

F I G U R E  8.5  
S ca ling  hexagons  i n  a B a ssa r i  m a s k  

|.U) T h e  B a ssa r i i n i t ia t i o n  m a sk s  f r e q u e n t ly  fe a tu re  s c a l i n g  h e x a g o n s  in  th e  ce n te r.  T h i s  a p p e a r s  to  

a lin e a r s c a l in g ,  ( b )  O n e  o f  t h e  B a s s a r i  e ld e r s  d e m o n s t r a t e s  t h e  t r a d it io n a l  s tT in g  ta lle y s ,  w i t h  

5ls in  g r o u p s  o f  s ix .

I,pfioto f r o m  a g e n c e  H o a -Q u i/ M ic h e /  R e n n n d e m i■)
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m e  as a n  effec t  o f  th e  s t ro n g  h ie r a r c h y  o f  s e c r e t  k n o w le d g e :  t h e  y o u th  a re  o f t e n

m o r e  w ary  a b o u t  b re a k in g  t a b o o s  b ecau se  th e y  are  less c e r t a in  a b o u t  b o u n d a r i e s

a n d  c o n s e q u e n c e s ) .  T h i s  is n o t  to  say t h a t  th e r e  is a n y  o v e r t  p r e s e n c e  o f  fear. In
« -    ' 1   \

fa c t ,  it  is t h e  p o s i t iv e  a spec ts  o f t h e  sec re ts  t h a t  are  s tressed ,  as b e c a m e  o b v io u s

w h e n  e ld e r s  g lee fu l ly  re fu sed  m y q u e s t io n s  w h i le  e m p h a s iz in g  t h e  w o n d e r f u l  ;

' . n a t u r e  o f  t h e  i n f o r m a t io n  th e y  c o u ld  n o t  d iv u lg e .

T h e  n u m b er.-S.lx is a p r o m i n a n t  f e a tu re  o f  Bassari m a t h e m a t i c s  in  m a n y  

a reas  o f  t h e i r  life. T h e y  h a v e  a p o p u la r  g a m e ,  for e x a m p le ,  p lay ed  w i th  p e b b le s  

o n  a s a n d  p a t t e rn ,  w h ic h  m a k e s  use o f  tw o  axes  w i th  six h o le s  in  e a c h  l in e .  In 

th e i r  t r a d i t io n a l  c a le n d a r  th e r e  a re  six m o n t h s  p e r  year, e a c h  o f  3 0  (6  x  5 )  days, 

w i th  a n  i n i t i a t i o n  a b o u t  every  12  (6  X  2) years  ( t o  a  to t a l  o f  n in e  in i t i a t i o n s ) .  

E a c h  o f  th e s e  r i te s  o f  p assage  in v o lv e s  a l e n g t h y  e d u c a t i o n  in  a n e w  le v e l  of 

t r a d i t io n a l  k n o w le d g e .  T h e  m o s t  im p o r t a n t  is t h e  passage  to  a d u l t h o o d ,  w h ic h  

las ts  for six days. In  a d d i t io n  to  th e s e  t im e  m easures ,  t h e  n u m b e r  six  a lso  appears  

in  t h e  Bassari c o u n t i n g  sy s tem . S t r in g  ta l l ie s ,  t r a d i t i o n a l ly  u sed  fo r  r e c o r d in g  

v a r io u s  c o u n ts ,  o f t e n  used k n o t s  g ro u p e d  by six. T h e  Bassari e ld e r  w h o  d e m o n ­

s t r a te d  th e s e  ta l l ie s  to  m e  (fig. 8 .5 b )  to ld  tne t h a t  h e  d id  n o t  k n o w  m u c h  a b o u t  

t r a d i t io n a l  forms o f  c a lc u la t io n ,  b u t  h e  d id  k n o w  t h a t  in p r e c o io n ia l  t im e s  it was 

perfo rm ed  by specialists  w h o  w ere  t ra in e d  in th e  m em o r iz a t io n  o f  sums. T h i s  p rac ­

t i c e  m ay  e x p l a i n  t h e  o r ig in s  o f  t h e  f a m o u s  A f r i c a n  A m e r i c a n  c a l c u l a t i n g  

p ro d ig y ,  T h o m a s  F u l le r .  I n  1 7 2 4 ,  a t  t h e  ag e  o f  14, h e  w a s  c a p t u r e d — q u i t e  

p o ss ib ly  fro m  th e  g e o g ra p h ic  a re a s  t h a t  in c l u d e d  th e  B assa r i^— a n d  so ld  i n t o  

s lavery  in V irg in ia ,  w h e re  h e  a s to n ish e d  b o t h  p o p u la r  a n d  p ro fe ss io n a l  au d ien c es  

w i th  h is  e x t r a o rd in a ry  c a lc u la t i n g  fea ts  (F au v e i  a n d  Gerde.s 1990).

• F inally ,  th e r e  is t h e  Bassata d iv i n a t i o n  sys tem . A l t h o u g h  t h e  cas t_sh.eHs are 

i n t e r p r e te d  by im ag es  r a t h e r  t h a n  a n y  n u m e r ic  re a d in g ,  th e y  are  c a s t  sixL.times. 

E ach  cas t  p ro v id e s  t h e  a n s w e r  to  a  specific  q u e s t io n  (o r  v e r i f ic a t io n  o f  a p r e v i ­

ous q u e s t io n )  r e le v a n t  to  th e  c l ien t 's  p ro b lem ; t h e  final s ix th  cas t  show s  th e  p ro b ­

le m  as a w h o le .  If  w e c o m p a r e  th is  d i v i n a t i o n  to  t h e  i n i t i a t i o n  sy s te m ,  t h e  

n u m b e r six c a n  be  se g n  as_a m a rk e r  for info r m a t i o n  c lus te rs^  a  pu.nctuaLi.on 

p o i n t  w h ic h ,  like t h e  ta l ly  sys tem , a llow s th e  d i s t i n c t i o n s  t h a t  m a i n t a i n  a c o m ­

p r e h e n s iv e  s t ru c tu r e .  A n d  l ik e  t h e  i n i t i a t i o n ,  e a c h  c y c le  o f  six  p ro v id e s  a n  

e x p a n d in g  v iew  o f  th e  w h o le .  T h u s  it s eem s  like ly  t h a t  t h e  sc a l in g  h e x a g o n s  of 

th e  in i t i a t i o n  m ask  re p r e s e n t  th i s  s ix -s tag e  i t e r a t io n  o f  k n o w le d g e .

N o n l i n e a r  sca l in g  i te ra t io n s  c a n  a lso  be  fo u n d  in  A f r ic a n  i n i t i a t i o n  masks. 

Figure  8 .6 a  show s a B akw cle  m ask  in  w h ic h  b o t h  size a n d  c u r v a tu r e  h a v e  a n o n ­

l i n e a r  i n c r e a s e  w i th  e a c h  s tag e .  M y  g u e s s — 1 h a v e  n o t  f o u n d  a n y  c u l tu r a l  

d e s c r ip t i o n s  t h a t  c a n  c o n f i rm  th i s— is r h a t  it  sugges ts  “to  o p e n  y our eyes” as  a 

m e t a p h o r  o f  k n o w le d g e ,  a n d  th u s  m aps  th e  sca l ing  i te ra t io n s  o f  t h e  m ask  to  i t e r ­
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a t io n s  o f  k n o w le d g e  g a in ed  in i n i t i a t i o n  stages. F igure 8 .6 b  show s a  B e m b e  m ask  

used in t h e  first o f  a th r e e - s t a g e  i n i t i a t i o n  fo r  a v o lu n t a r y  a s s o c ia t i o n ,  t h e  

bioami (B iebuyck 1973). Before th e  cerem ony , th e  m ask  is h id d e n  b e h in d  a screen, 

an d  d u r ing  th e  r i tua l  th e  sc reen  is g radua l ly  li f ted  by a h ig h - r a n k in g  s e n io r  m e m ­

ber. B o th  th e  r e la t io n  b e tw e e n  th e  mnnb_er o f  eyes in t h e  m ask an d  thejaufrTber 

o f  s tages  in in i t i a t i o n ,  as well as t h i s  m e t h o d  o f  v isually  e x p o s in g  th e  p a t t e r n  

as a s e q u en ce ,  aga in  suggest i n t e n t i o n a l  use o f  a sca l ing  g e o m e tr ic  d es ig n  to  r e p ­

r e s e n t  sca l in g  i t e ra t io n s  o f  k n o w le d g e .

a

'•% F I G U R E  8 . 6

N o n lin e a r  s c a lin g  in  in itia tio n  m a sk s  
Bcmhe mask, from western Congo, used in the first of a three-stage initiation for a voluntary 
Kiaiion, the biwmu. (b) Mask used in initiation by the Bakwele of Congo.

' p/ioiii courtesy Gene Isaacson; b, courtesy Musee d e  I’Hornme.)



R e p r e s e n t i n g  r e c u r s i o n  a s  a  p r o c e s s  in  t i m e : p a r t  I I ,  k in s h ip  a n d  d e s c e n t

1 2 4  A frica n  fracta l mathematics

If  a g e -g rad e  sys tem s a re  o n e  p a r t  o f  t h e  s t a n d a r d  a n th r o p o lo g i c a l  e x p l a n a t i o n  

for h o w  "c lass less” so c ie t ie s  a re  s t ru c tu r e d ,  k in s h ip  is t h e  o t h e r A  K in s h ip  sys­

t e m s  a re  p r im a r i ly  b a s e d  o n  g e n e t i c  t ies  ( “b lo o d  r e l a t i o n s " )  a n c l j fn a r r ia g e ,  

a l t h o u g h  m o s t  so c ie t ie s  a lso  h a v e - “f i c t i v e ” k in  (e .g . ,  a d o p t i o n )  w h ic h  a r e  ju s t  

as rea l— k in s h ip  is a  c u l tu ra l  p h e n o m e n o n .  D e scen t  j s  also cu l tu ra l ly  based . M os t  

W e s t e r n  E u ro p e a n  a n d  A m e r i c a n  so c ie t ie s  t h i n k  o f  d e s c e n t  as  b io lo g ic a l ,  p u t  

t h a t  is b e c a u s e  m o s t  o f  t h e m  h a v e  b i l a t e r a l  d e s c e n t ,  in  w h i c h  b o t h  p a r e n t s  

a r e  used to  e s ta b l i sh  k in s h ip .  U n i l i n e al d e s c e n t ,  w h e re  a k in  g r o u p  t r a ce s  th e i r  

l in eag e  t h r o u g h  o n e  sex  only , is a c tu a l ly  m o r e  c o m m o n  ( i n  a b o u t  6 0  p e r c e n t  o f 

t h e  w o rld ’s cu ltu res) .  A  "fclan}’ is a u n i lm e a l  k in s h ip  g r° u p  w h o se  m e m b e r s  repo r t  

t h a t  th e y  are  d e s c e n d ed  fro m  a c o m m o n  d i s t a n t  a n c e s to r ,  o f t e n  a m y th o lo g ic a l  

figure.^Clapls o f t e n  h a v e  i m p o r t a n t  re l ig io u s  a n d  p o l i t i c a l  f u n c t io n s ,  a l t h o u g h  

th e y  are  ty p ica l ly  sp re a d  o u t  ac ro ss  m a n Y ^ |] i a g e s i.g n d >ujua]J_y p r o h i b i t  m a r r ia g e  

b_eXiveen_dan'rnein_bers.

W e  h a v e  a lre ad y  se e n  h o w  th e  B a m a n a  use re c u r s io n  to  g e n e r a t e  a b in a ry  

,code  in  th e i r  d i v i n a t i o n ;  h e r e  w e  will lo o k  a t  t h e i r  r e p r e s e n ta t i o n  o f  d e s c e n t  as 

; r e cu rs io n .  T h e  a n t e l o p e  figure in B a m a n a  ic o n o g r a p h y  is a s s o c ia te d  w i t h  b o t h  

j h u m a n  a n d  a g r ic u l tu r a l  fer t i l i ty .  In  t h e  clti w ara  a s s o c ia t i o n ,  w h i c h  is o p e n  to  

! b o t h  m e n  a n d  w o m e n ,  t h e  a n t e l o p e  a p p e a rs  in  a s t r ik in g  h e a d d re s s  (fig. 8 .7 a ) ,

! w h ic h  re p re sen ts  th e  re c u r s io n  o f  r e p r o d u c t io n :  m o t h e r  a n d  c h i ld .  W h e n  see ing  

o n e  h e a d d re s s  in d iv id ua l ly ,  t h e  sca l in g  seem s tr iv ia l ,  b u t  w i th  sev e ra l  e x a m p le s  

: to g e th e r  t h e  e x t r a o rd in a ry  in s i s t e n c e  o n  se lf-s im ila r i ty  b e c o m e s  a p p a r e n t .  T h is  

ico n  ac ts  as t h e  seed  t r a n s f o r m a t io n  m j m  i t e ra t iv e  l o o p ^ t h e  c h i l d  b e c o m e s  a 

m o th e r ,  w h o  h a s  a c h i ld ,  w h o 'b e c o m e s  a  m o th e ' t r 'a n d  so o n .  F ig u re  8 .7 b  show s 

th e  d e s c e n t  ca r r ied  to  a th i rd  i t e ra t io n .

In  c h a p t e r  2 w e saw  s e v e ra l  e x a m p le s  in w h i c h  d e s c e n t  w as  t i e d  to  sca l ­

in g  a r c h i t e c tu r e .  T h e  B a ta m m a l ib a ,  w h o  l ive  in t h e  n o r t h e r n  p a r t s  o f  G h a n a ,  

B e n in ,  a n d  T og o , h a v e  d e v e lo p e d  a n  e la b o r a te  sy s te m  fo r  t h i s  r e l a t i o n s h ip  

(B lie r  i 9 8 7 ) .  F igure  8 .8  sh o w s  a d ia g ra m  o f  th e i r  tw o -s to ry  h o u s e ,  b a se d  o n  che 

c irc le  o f  c irc les  fo u n d  ir. m u c h  o f  th e  W e s t  A f r ic a n  in te r io r .  In  f ro n t  o f  t h e  house  

lies th e  first o f  tw o  sc a l in g  t r a n s fo r m a t io n s .  It is t h e  "sou l  m o u n d , ” a c i r c le  o f 

cy l in d e rs  r e p r e s e n t i n g  th e  sp i r i t s  of rho.se c u r r e n t l y  l iv in g  in t h e  h o u s e  and  

ph y s ic a l ly  s t r u c tu r e d  like a s c a l e d -d o w n  v e rs io n  o f  t h e  h o u s e  a r c h i t e c t u r e .  As 

t h e  c u r r e n t  fam ily  g ives  way t o  a n e w  g e n e r a t io n ,  t h e  soul m o u n d  u n d e rg o e s  a 

s e c o n d  t r a n s f o r m a t i o n  in w h ic h  i t  is d iv i d e d  in t o  a s i n g le  c y l i n d e r  a n d  is 

m o v e d  ins ide .  A  s c a l in g  s e q u e n c e  o f  th e s e  s in g le  c y l in d e r s — o n e  fo r  e a c h  g e n ­

e r a t i o n — c a n  be se e n  w ra p p ed  a ro u n d  rh e  c e n t r a )  to w e r  in s id e  t h e  house .
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F I G U R E  8.7
R e c u rs io n  a n d  re p ro d u c tio n  in  B a m a n a  sc u lp tu re

iM The chi wara figure, used in ritual dances for agricultural fertility, shows a striking self-similarity: 
fiAlthough the figures vary widely, each one is similar to itself. This can be attributed to the Bamana 
jtvicw of reproduction as cyclic iterations, (b) Here the cycle is carried out to three iterations.
(•: upper le ft ,  f r o m  die de Hevenon Collection, Museum o f  A f r i c a n  A r t ,  S m i t h s o n i a n  I n s t i t u t i o n ;  upper 

courtesy Muse'e d e  I ' H o m m e ; l o w e r ,  f r o m  C a r n e g i e  I n s t i t u t e  1970. b, c o u r t e s y  Musee d e  I ' H o m m e . )
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F I G U R E  8 . 8

R e c u rs io n  in  B a ta m m a lib a  a rc h ite c tu re\->v
(a) Diagram or the Batammaliba two-story house. In 
front of the house lies the “soul mound," representing 
the spirits of those currently living in the house.
(b) Inside the house, single mounds representing 
ancestors are found in the scaling arrays, with the si2e of 
the ancestral mounds increasing from youngest to oldest. 
Here only one such array is shown, but typically there 
are several in the same household.
( a ,  from  Blier 1 9 8 7 .)
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Blier’s d iag ram  ind ica tes  t h a t  th e  size o f  th e  an ces t ra l  m o u n d s  increases from 

y o u n g es t  to  o ld e s t ,  a n d  sh e  n o te s  t h a t  th i s  ref lects t h e  B a ta m m a l ib a ’s id ea  o f  a 

sp i r i tu a l  p o w e r  in  p r o p o r t io n  to  age. S o  far it  w o u ld  a p p e a r  t h a t  th e r e  a re  on ly  

tw o  sca l in g  ca scades— o n e  to  s h r in k  h ou se s  to  sou l  m o u n d s ,  a n d  a n o t h e r  to  

. d iv id e  soul m o u n d s  i n t o  c y l in d e r  row s— a n d  n o  i t e r a t iv e  loop .  B u t  if th e  largest  

m o u n d  r e p r e s e n t s  t h e  o l d e s t ,  t h e n  r e c e n t  m o u n d s  w o u ld  b e  in c r e a s i n g ly  

th r e a te n e d  by v a n i s h in g  scale .  H o w  w ould  t h e  first d e s c e n d a n t  h a v e  k n o w n  h ow  

large  to  m a k e  t h e  first m o u n d ?  B lie r  n o te s  t h a t  m a n y  o f  t h e  sy m b o l ic  fe a tu re s  

o f  t h e  a r c h i t e c t u r e  a re  r e p la s te r e d  w i th  a d d i t i o n a l  layers  o f  w e t  c lay  o n  r i tu a l  

o c c a s io n s ,  a n d  w e c a n  su rm is e  t h a t  t h i s  ap p l ie s  to  t h e  a n c e s t r a l  m o u n d s  as 

well. T h u s  a n  i t e ra t iv e  loop ,  in w h ic h  e ach  n e w .a n c e s to r  adds  p o w e r  to  t h e  o lder 

o n e s  by in c r e a s in g  th e i r  m o u n d ’s size, w o u ld  be  a t  w o rk  in  t h e  sc a l in g  s e q u e n c e  

we see a c c u m u la t i n g  a r o u n d  th e  c e n t r a l  tower.
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'  T h e  M itso g h o  socie ty  o f  G a b o n  in c lu d e s  severa l  re l ig ious assoc ia t ions  t h a t  

are  h o u se d  in che sa m e  te m p le  (eb a n d za }. F igure  8 .9 a  sh o w s  che c e n t r a l  p o s t  o f  

an  ebandza fea turing  scal ing  pairs o f  h u m a n  figures. A s  in. t h e  c h i  w ara  figure, th e re  

is on ly  o n e  i te ra t io n ;  t h e  s ig n i f i c a n c e j i e s j p  th is  f igu reas  t h e  seed t r a n s fo rm a t io n  

^ ^ a d ^ Li l!§Lv.?.PJ°cess. T h e  use o f  a cross sh a p e  m ay be  due  to  C i u j s n a n  influen c e , 

b u t  th e  b ilareral scaling  is q u i te  in d ig e n o us, as w e see in  che classic B akw ele  s cu lp ­

tu re  (fig. 8 .9 b )  e ls ew h e re  in G a b o n .  M o s t  im p o r t a n t ,  t h e  eb and za  p o s t  p ro v id e s  

a v isua l iza t ion  for th e  i t e ra t iv e  c o n c e p t  o f  d e s c e n t  t h a t  is w idely  u sed  in  th i s  c u l ­

tu re  area. T h i s  is beau tifu l ly  d e sc r ibed  by F e rn an d ez  (1 9 8 2 )  in  a de ta i le d  e t h n o g ­

ra p h y  o f  t h e  M i t s o g h o ’s n e ig h b o r s  a n d  c u l tu r a l  re la t iv e s ,  t h e  Fang.

A l t h o u g h  th e  F a n g  are  p a t r i l in e a l ,  th e y  b e l ie v e  t h a t  th e  a c t iv e  p r in c ip le  

of b i r th — a t in y  h u m a n  (w h a t  was ca l le d  a “h o m u n c u lu s ” in early E u ro p ean  m e d ­

ical theo ry )— is co n ta in ed  in th e  fem ale b lood . T h e  idea o f  th e  new  existing w i th in  

th e  o ld ,  a n d  v ice  versa , is a  s t ro n g  cu l tu ra l  th e m e .  F o r  ex a m p le ,  in o n e  r i tu a l  th e  

m o t h e r  p la ce s  a n e w b o r n  c h i ld  o n  t h e  b a c k  o f  h e r  o ld e s t  s ib l in g  t o  sym bolize  

c o n t i n u i t y  o f  t h e  l in eag e .  F e rn a n d e z  (1 9 8 2 ,  2 5 4 )  n o te s  t h a t  t h e  r e b i r t h  c o n ­

c e p t  is so s t r o n g  t h a t  “F a n g  f a th e r s  o f t e n  c a l l e d  t h e i r  i n f a n t  s o n s  g tq ...the_ 

fa m i l ia r  f o n n j a / . f a ib e r . ’’ In  m a n y  o f  t h e  F a n g  a n d  M i t s o g o  re l ig io u s  p ra c t i c e s ,  

th e  sp i r i t  is e x p l i c i t ly  d e s c r ib e d  as  t r a v e l i n g  a  v e r t i c a l  cy c l ic  p a th .  A n c e s to r s  

rise from  t h e  e a r t h  to  b e c o m e  b o rn  a g a in ,  a n d  by p r o p e r  l iv in g  th e y  c a n  rise 

h ig h e r  w i t h  e a c h  r e b i r th .

T h e s e  cy c l ic  i t e r a t i o n s  a re  v isu a l iz ed  in  t h e  N g a n g a  d a n c e  o f  t h e  B w it i  

r e l ig io n  (fig. 8 .9 c ) .  E v e n  in  C h r i s t i a n - a n i m i s t  s y n c r e t i s m ,  b ib l i c a l  c h a r a c t e rs 

a r e  r e i n t e r p r e t e d  as cy c l ic_ re b i r th s :  t h e  A f r i c a n  g o d s  Z a m e  a n d  N y in g w a n  

b e c o m e  A d a m  a n d  E v e ,  w h o  b e c o m e  C a i n  a n d  A b e l  ( u n d e r s to o d  as m a le  an d  

fe m a le ) ,  w h o  b e c o m e  C h r i s t  a n d  th e  V irg in .M a ry .  F e rn a n d e z  n o te s  t h a t  th e s e  

cyc le s  are  n o t  m e r e  r e p e t i t i o n ,  b u t  r a t h e r  i t e r a t i v e  t r a n s f o r m a t io n s :  " T h e  

s p i r i t u a l - f r a t e rn a l  r e l a t i o n  o f  Z a m e  a n d  h i s  s i s te r  is c o n v e r t e d  i n t o  t h e  c a r n a l  

r e l a t io n  o f  A d a m  a n d  Eve w h ic h  d e g e n e ra t e s  i n to  t h e  m a te r ia l i s t i c  a n d  d iv is ive  

r e l a t i o n  o f  C a i n  a n d  A b e l  w h ic h  t h e n  is r e g e n e r a t e d  as  t h e  im m a c u l a t e  a n d  

filial r e l a t i o n s h ip  o f  M a ry  a n d  J e s u s ” (p. 3 3 9 ) .  A c c o r d i n g  to  F e rn a n d e z ,  th e s e  

d e g e n e r a t i o n / r e g e n e r a t i o n  d i f f e r e n c e s  a r e  v i s u a l i z e d  as h o r i z o n t a l  v e r s u s  

v e r t ic a l  J  w h ic h  c o u ld  e x p la i n  t h e  a l t e r n a t i o n  in  t h e  e b a n d z a  po s ts .  I n  a p p ly ­

in g  th is  cy c l ic  c o n c e p t i o n  to  t h e  e b a n d z a  s t r u c tu r e  (f ig. 8 .pel), w e c a n  see  th e  

d e s c e n t  m o d e l  in its  full f r a c ta l  e x p a n s i o n .

T h e  T ab w a ,  w h o  occu p y  th e  e a s t e rn  s e c t io n  o f  t h e  D e m o c ra t ic  R e p u b l ic  

o f  C o n g o  (Z a ire ) ,  h a v e  also d e v e lo p e d  severa l  g e o m e tr ic  figures to  se rve  as m o d ­

els for th e i r  c o n c e p t io n s  o f  k in s h ip  a n d  d e s c e n t .  M a u re r  a n d  R o b e r t s  ( 1 9 8 7 ,  25 )  

ex p la in  t h a t  in th e  T ab w a  o r ig in  story, a n  a a r d v a r k ’s w in d in g  tu n n e l  re su l ts  in



a
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F I G U R E  8 . 9

R e c u r . s w e  k in s lu f )  i n  Q a b o n  
(a) T he  central post of the  ebandza temple in western G abon  suggests an iterative descent 
concept. T his  is actually a museum reproduction, (b) Bakwele masks from eastern G abon  show 
similar bilateral scaling.
fa ,  f ro m  Ferro is 198 6; In left, f ro m  Pefrois  j 9 8 6 ; rig/u, M etropolitan  M u seu m  o f  A r t ;  f r o m  Zaslavsky  

197.}•) (figure continue*)
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F I G U R E  8 . 9  (continued)

R ecu rs iv e  d e sc e n t  in  Q abon
(c) In many of the Fang-and Mitsogo religious practices, the 
spirit is explicitly described as traveling a vertical cyclic path. 
Ancestors rise from the earth to be born again, and by proper 
living they can rise higher with each rebirth. These cyclic 
iterations are visualized in the Nganga dance of the Bwiti 
religion, (d) We can apply the explicit mapping of cyclic 
generations given by the Nganga dance to the iterative posts of 
the ebandza temple and see the descent model in its full fractal 
expansion. The  implication of infinite regress is discussed in 
chapter 9.
(c./rom Fernandez: 1982.)

a “b o t to m le s s  s p r in g ” fro m  w h ic h  em e rg e s  t h e  f irs t h u m a n ,  K y o m b a ,  w hose  

d e sc e n d a n ts  sp read  in  all  d i r e c t i o n s  f ro m  th is  c e n t r a l  p o in t .  T h i s  sp re a d  is v isu ­

alized by th e  mpande, a d isk  c u t  f ro m  t h e  e n d  o f  a c o n e  sna i l ,  w h ic h  is w o rn  as 

a chest p e n d a n t  (fig. 8 . 10a). T h e  cen tra !  p o in t  is drilled ou t,  represen ting  th e  em er­

gence o f  K y o m b a  from  th e  d e e p  sp r ing ,  a n d  th e  lo g a r i th m ic  spiral o f  t h e  shell 

.end sym bolizes  t h e  e x p a n s io n  o f  k in  g ro u p s  from  th is  origin.®

O n e  way ro re p r e s e n t  th e s e  e x p a n d in g  i t e ra t io n s  th r o u g h  t im e  is to  ta k e  a 

series of p o r t ra i t s  as t h e  s t ru c tu r e  c h a n g e s :  p ro j e c t i o n s  a t  d i f fe re n t  p o in t s  a lo n g  

the t im e  axis. F igure 8 .1 0 b  sh o w s  th e  first s te p  to w ard  th is  des ign : a m o re  l in ea r  

version o f  t h e  m p a n d e  disk, in w h ic h  a n  A r c h im e d e a n  spiral fits b e tw e e n  a series



i • 
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o f  t r i a n g le s  ( w h i c h  r e p r e s e n t  t h e  w iv e s  o f  t h e  g u a r d i a n  o f  t h e  a n c e s t o r s ) .  In  

f ig u re  8 . i o c  w e see  t h a t  t h e  l i n e a r  sp i ra l  h a s  b e c o m e  c o n c e n t r i c  sq u a re s ,  b u t  

th e y  a re  n o w  p o r t ray ed  i n a  sca l in g  s e q u e n c e ,  su g g e s t in g  a ser ies  o f  p o r t r a i t s  o f  

t h e  k in s h ip  sp ira l  as it  e x p a n d s  t h r o u g h  t im e .  S im i l a r  s c a l in g  s q u a re  seq u e n c e s ,  

c a r r i e d  o u t  t o  a g re a t  n u m b e r  o f  i t e r a t i o n s ,  c a n  b e  s e e n  in  t h e  s ta ffs  o f  t h e i r  

n o r t h e r n  n e ig h b o rs ,  t h e  B a lu b a  (fig. 8 . i o d ) .

A fr ica n  fra c ta l m athem atics
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F I G U R E  8 . I O

T a b w a  k in s h ip  re p re se n ta t io n s  
(a) T he  mpande shell worn by C h ie f  Manda Kaseke Joseph, (b) A  more linear version of the 
mpande disk, in which an A rchim edean spiral fits between a series of triangles (which represent 
the wives of the guardian ancestors), (c) T h e  linear spiral has become concentric  squares, hut they 
are now portrayed in a scaling sequence, suggesting a series of portraits o f  the  kinship spiral as it 
expands through time, (d) Similar scaling of square sequences can he seen in d ie  sraffs of their 
n o rthern  neighbors, the Baluba.
fa-c, f r o m  Roberts anti Mai iter 1985; d, Museum f i i r  V o l k e v k t m d e ,  F r c m h f n r t . )
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In  a ll che d e sc e n t  re p re se n ta t io n s  we h a v e  e x a m in e d ,  k in s h ip  groups trace  t h e m ­

selves to  a m ytho log ica l  a n c es to r  a t  th e  b e g in n in g  of- the  w orld , an d  th u s  we m ove  

from  the -o r ig in s  o f  h u m a n i ty  to  t h e  o r ig in s 'b f  t h e  cosm os.  A f r ic a n  c r e a t io n  c o n ­

c e p t s  a re  o f t e n  based  o n  a  recu rs iv e  n e s t in g .  T h e  b e s t -k n o w n  e x a m p le  is t h a t  o f  

th e  D og on ,  as described  by F rench  e th n o g r a p h e r  M arce l  G r iau le  (1 96 5 ) .  H is  work 

b e g a n  d u r in g  th e  1930 D ak a r -D j ib o u t i  e x p e d i t i o n ,  w h e re  h e  first m a d e  c o n ta c t  

w i th  t h e  D o g o n  o f  S a n g a  in w h a t  is n o w  M a l i .  In  1947 h is  s tud ies  to o k  a  d r a ­

m a t ic  tu rn  o f  ev e n ts  w h e n  o n e  o f  th e  D o g o n  elders ,  O g ocem m eli ,  agreed to  in t ro ­

d u c e  G r ia u l e  to  th e i r  e la b o r a te  k n o w le d g e  sy s tem . C l i f fo rd  ( 1 9 8 3 )  p ro v id e s  a 

d e t a i l e d  re v ie w  o f  t h e  s t ro n g  r e a c t i o n s  t o  G r i a u l e ’s r e s u l t i n g  e th n o g r a p h y .  

W h i l e  m a n y  o f  che c r i t iq u e s  w ere  rea l ly  a b o u t  t h e  fa ilings o f  m o d e r n i s t  a n t h r o ­

p o lo g y  in  g e n e r a l— th e  t e n d e n c y  to  p re f e r  a  s t a t i c  p a s t  o v e r  t h e  p r e s e n t ,  o r  a 

s in g u la r  “t r a d i t i o n ” o v e r  in d iv id u a l  i n v e n t i o n — t h e r e  w e re  a lso  t h o s e  w h o  

s im p ly  d id  n o t  b e l i e v e  t h a t  s u c h  e la b o r a te  a b s t r a c t i o n s  c o u ld  be  in d ig en o u s .

For t h e  Dogotir t h e  h u m a n  s h a p e  is n o t  o n ly  a b io lo g ic a l  fo rm ,  b u t  m aps  

m e a n i n g  a t  a l P l e v e js: “T h e  fac t  t h a t  t h e  u n iv e r s e  is p r o j e c te d  in  t h e  sam e  

m a n n e r  o n  a ser ies  o f  d i f fe re n t  sca le s— t h e  co sm o s ,  t h e  v i l lage ,  t h e  h o u se ,  th e  

in d iv id u a l— prov ides  a p ro fou nd ly  un ify in g  e l e m e n t  in D o g o n  life” (D uly  1979).

. T h e ^ Q g o n  h o u s e  is p h ys ica l ly  s t r u c tu r e d  o n  a  m o d e l  o f  t h e  h u m a n  fo rm , w i th  

a large  r e c t a n g le  for t h e  body, sm a l le r  r e c t a n g le s  on^each ,  s jd eT o r  arm s,  a door, 

for t h e  m o u t h ,  a n d  so o n .  T h e  D o g o n  v i l lag e ,  h o w e v e r ,  r e p r e s e n ts  th e  h u m a n  

fo rm  w i th  a sy m b o l ic  s t ru c tu re  r a t h e r  t h a n  a  g e o m e t r i c  s t ru c tu re :  it  is n o t  p h y s ­

ically  a r r a n g e d  as a h u m a n  sh a p e ,  b u t  v a r io u s  b u i ld in g s  a re  a ss ig n ed  m e a n in g  

a c c o rd in g  to  th e i r  social fu n c t io n  ( t h e  s m i th y  s t a n d s  for th e  hea d ,  t h e  m en s tru a l  

• •• lodges  as h a n d s y a n d 's T r o v p  T ln rv ise 'o f '  tw o '  d i f f e r e n t  sy s te m s o f  repres..e-n ta t  io n  

p r e v e n t s  se l f -s im ila r i ty  in th e  p h y s ica l  s t r u c tu r e  o f  t h e  a rch i tec tu re^_bu t_som e 

o f  t h e  D o g o n ’s re l ig io us  icons  d o  sh o w  h u m a n  fo rm s  m a d e  o u t  o f  h u m a n  form s 

Tfig. 8.1 i a ) .

r  A  th r e e f o l d  sc a l in g  a p p e a rs  in s e v e r a l  a s p e c t s  o f  t h e  D o g o n  re l ig io n ,  a n d

1 it is h e r e  t h a t  we f ind  a n  in d i c a t i o n  t h a t  t h e  D o g o n  are  u s in g  m o r e  t h a n  ju s t  

V a  c a s c a d e .  G r i a u l e  ( 1 9 6 5 ,  1 3 8 )  s u m m a r i z e s  O g o t e m m e l i ’s c r e a t i o n  s to ry :  

“G o d  . . . h a d  th r e e  t im es  re o rg a n iz e d  t h e  w o r ld  by m e a n s  o f  t h r e e  success ive  

W o rd s ,  e a c h  m o re  e x p l i c i t  a n d  m o r e  w id e s p r e a d  in its  r a n g e  t h a n  th e  o n e  

b e fo re  it ."  B u t  th e s e  r e o rg a n iz a t io n s  a r e  n o t  m e re ly  la y e r in g  o n e  o n  to p  o f  che 

o ch e r ;  r a t h e r  t h e  o u tp u t  o f  e a c h  r e o r g a n iz a t io n  b e c o m e s  th e  i n p u t  for th e  n e x t .  

T h e  e a r t h  g ives  b i r th  to  t h e  first sp i r i t s ;  th e s e  “N u m m o ” re g e n e r a te  a n c e s t r a l  

b e ing s  in to  h u m a n l ik e  rept iles; th e  r e p t i l e -a n c e s to r s  are  aga in  re b o rn  as t h e  first 

tru e  h u m a n s .  W i t h in  reb i r th ,  th e  th r e e fo ld  i t e r a t io n  is a g a in  e n a c te d .  In t h e  first

R ecursive cosmology



( a )  In  t h e  D o g o n  c o s m o lo g y ,  t h e  s t r u c t u r e  o f  t h e  h u m a n  fo rm  is 

c r e a t e d  f ro m  h u m a n  fo rm .

( h )  T h e  s y m b o l i s m  o f  tire  s t a c k e d  p o ts ,  
r e p r e s e n t i n g  t h e  b r e a t h  o f l i f e ,  w i t h i n  t h e  
f e te u s ,  w i t h i n  t h e  w o m b .  W e  c a n  u se  a n  
i t e r a t i v e  d r a w i n g  p r o c e d u r e  t o  b e t t e r  
u n d e r s t a n d  h o w  t h i s  k i n d  o f  s c a l i n g  c a n  
r e s u l t  f ro m  a  r e c u r s iv e  lo o p .  S u p p o s e  we 
h a v e  a  r o u t i n e  t h a t  c a n  d r a w  t h e  c i r c l e  o f  
t h e  p o t  g i v e n  a d i a m e t e r ,  a n d  o n e  t h a t  c a n  
d r a w  a lid.

W h i l e  d i a m e t e r  > m i n i m u m  do:
D ra w  a c i r c l e  o f  size d i a m e r e r  
I f  size =  m i n i m u m ,  d r a w  a l id  
S h r i n k  d i a m e t e r  hy  2/3 

E n d  o f  “ w h i l e "  loop .

T h i s  p r o c e d u r e  first  c h e c k s  t o  se e  if  w e  a re  
p a s t  t h e  s m a l l e s t  d i a m e t e r  p o ss ib le .  I f  n o t ,  
i t  d r a w s  a p o t ,  s h r i n k s  t h e  d i a m e t e r  v a lu e  
b y  2/3 S, a n d  t h e n  go es  b a c k  t o  t h e  s t a r t  o f  
t h e  w h i l e  lo o p .  In  o t h e r  w o rd s ,  t h e  o u t p u t  
o f  o n e  i t e r a t i o n — a g i v e n  d i a m e t e r —  
b e c o m e s  t h e  i n p u t  fo r  t h e  n e x t  i t e r a t i o n .

(c )  D o g o n  r e c u r s iv e  im a g e  o f  m o t h e r  a n d  
c h i ld .

FIGURE 8. 1  I 
S c a lin g  in  D ogon re lig ious icons

(n, f r o m  L a u d e  1 9 7  3; c o u r t e s y  Lester W ioid erm an ; c, f r o m  C a r n e g i e  Institute 19 7 0 ;  c o u r t e s y  0 / 

J a y  C .  L e f f . )
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r e g e n e r a t io n ,  for e x a m p le ,  e a c h  a n c e s t r a l  b e in g  e n te r s  t h e  ea r th 's  w o m b ,  w h ic h  

tu rn s  e a c h  of th e m  in to  a fetus, w h ic h  a l low s th e  b re a th  o f  life (num m o) to  enter .  

T h e  c o s m o lo g ic a l  n a r r a t i v e  su g g e s ts  t h a t  in  t h e  D o g o n  v iew  t h e  b i r t h i n g  

p rocesses  a t  a ll sca le s  a re ,  in  so m e  se n se ,  i t e r a t io n s  th r o u g h  th e  sa m e  t r a n s fo r ­

m a t io n ,  a n d  t h a t  th e s e  i t e r a t io n s  a r e  a c tu a l ly  n e s te d  loops.

W h y  s h o u ld  th e  D o g o n  re q u i re  s u c h  d e e p  i t e ra t iv e  n e s t in g ?  1 su s p e c t  t h a t  

t h e r e  a re  tw o  m o t i v a t i o n s /  F ^ r s t^ th e re  is a n  in s ig h t  i n to  m o d e l in g  t h e  w orld :  

r e c u r s io n  is a n  i m p o r t a n t  f e a t u r e  i n  b io lo g ic a l  m o r p h o g e n e s i s ,  as  w e l l  as  in 

e n v i r o n m e n t a l  a n d  so c ja l_ c h a n g e .  T h e  ;secon d .is  t h e  c u l tu r a l  c o n t e x t  o f  th i s  

Tcnowledge: e ld e r s  n e e d  t o  e n s u r e  t h a t  t h e  y o u n g e r  g e n e r a t i o n  r e s p e c ts  th e i r  

a u th o r i ty ,  w h ic h  c a n  o n ly  b e  d o n e  by g iv jn g  t h e m  g rad u a l  access  to  t h e  so u rce  

o f  th i s  pow er ,  w h ic h  is k n o w le d g e .  A c k n o w le d g e  sy s tem  in  w h ic h  e n d le s s  e x e ­

gesis is p oss ib le  m a k e s  t h e  i n i t i a t i o n  p ro c e s s  a l i f e t im e  ac t iv i ty .  B u t  h a v i n g  so 

m u c h  e x p la n a to r y  e lb o w  ro o m  a ls o  p r e s e n t s  a p ro b le m  w i th  t r a n s l a t i n g  su c h  

n a r r a t i v e s  in t o  m a t h e m a t i c s . ^  W e  h a d  to  be  care fu l  w i th  t r a n s l a t i o n s  for m o re  

form al p rac t ic e s ,  su c h  as i n t e r p r e t i n g  t h e  B a m a n a  d i v i n a t i o n  sys tem  as a b in a ry  

c o d e ,  o r  adire c l o t h  as a g e o m e t r i c  a lg o r i t h m .  A  n a r r a t i v e  is n o t  a q u a n t i t a t i v e  

o r  g e o m e t r i c  p a t t e r n ,  a n d  its  a m b ig u i ty  r e q u i re s  ail  th e  m o r e ;c a r e  in  p r o d u c ­

ing  a m a t h e m a t i c a l  t r a n s la d o n ^ th a t . c lo e s  n o t  e m b e d i$ h Jn d jg e j} O u s  c o n c e p t s ,  

f i r s t ,  w e h a v e  to  d i s t i n g u i s h  b e t w e e n  m o d e l in g  t h e  n a r r a t i v e — s o m e t h i n g  a 

s t ru c tu r a l  a n t h r o p o lo g i s t  l ik e  C l a u d e  L e v i -S t r a u s s  w o u ld  d o — a n d  t h e  n a r r a ­

t iv e  as a n  in d ig e n o u s  m o d e l ,  su c h  as t h e  D o g o n ’s sy s tem  for r e p r e s e n t i n g  t h e i r  

ow n  ab s t ra c t  ideas. T h e  bes t  way to  l im i t  o u r  t r a n s la t io n  to  ideas t h a t  t h e  D og on  

th e m s e lv e s  are t ry in g  to  c o n v e y  is t o  c o m p a r e  th e s e  a b s t r a c t io n s  o f  t h e  n a r r a ­

t iv e  w i th  o th e r ,  m o re  fo rm a l  D o g o n  sy s tem s .  T h i s  m e a n s  m iss ing  so m e  ideas 

th a t  d o  n o t  h a v e  su ch  fo rm a l  c o u n te r p a r t s ,  b u t  it  is b e t t e p t o e r r  on. t h e  safe. s |de. 

- in th is  c o n t e x t .

. T h e  m a te r ia l  des igns  o f  t h e  D o g o n  are  m o re  re s tr ic te d  th a n ^ th e  .n a rra t iv e  

in te rm s o f  t h e i r  i t e ra t iv e  d e p th .  T h e  b es t  case  is p ro b ab ly  in t h e  ic o n o g ra p h y  

of t h e  g ranary , w h e re  O g o te m m e l i  e x p la in s  a s tack  of th r e e  pots : che la rges t  rep- 

. resen ts  t h e  w o m b ; t h e  o n e  o n  to p  o f  it, c r e a t in g  its lid, r e p re se n ts  t h e  fetus; a n d  

che lid o f  t h a t  p o t  is t h e  sm a l le s t  p o t ,  c o n t a i n i n g  a p e r fu m e  t h a t  r e p re se n ts  th e  

b rea th  o f  life (G r ia u le  1965 , 3 9 ) .  T h e  sm a l le s t  p o t  is c a p p e d  by a n o r m a l  lid; at 

chis p o in t  t h e  recu rs ion  “b o t to m s  o u t . ” T h i s  is n o t  merely a  s tack  o f  d i f fe ren t  sizes; 

in th e  D o g o n  view th e  w o m b  c rea te s  t h e  p re c o n d i t io n s  t h a t  give rise to  th e  fetus,  

which is th e  p recond i tion  for th e  en try  o f  th e  brea th  of life. T h e  recursion is e m p h a ­

sized in th e  way th a t  e a ch  n ew  poc beg ins before che previous po t  ends (fig. 8.1 ib ) ,  

chat is, o n e  p o t ’s lid is t h e  n e x t  p o t ’s body  (G r ia u le  1965, 199).  In  th e  scu lp tu re  

in figure 8.1 i c  th e  m o t h e r ’s b reas ts  b e c o m e  th e  c h i l d ’s h e a d — again ,  a  n ew  o n e
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b eg ins  b e fo re  t h e  p re v io u s  o n e  en d s .  A s  wc saw in t h e  c h i  w a ra  s c u lp tu re  o f  th e  

D o g o n ’s B a m a n a  n e ig h b o r s ,  r e p r o d u c t io n  is m o d e le d  as r e c u r s io n .

T h e  D o g o n  v ie w  o f  a c o s m o s  s t r u c t u r e d  as n e s t e d  h u m a n - f o r m  is q u i t e  

s im i la r  to  c e r t a i n  a n c i e n t  E g y p t i a n  r e p r e s e n t a t i o n s .  F igu fe  8 . 1 2 s h o w s  a re l ie f  

f ro m  a t o m b  in  w h i c h  t h e  c o s m o s  e n c lo s e s  t h e  sky, w h i c h  e n c lo s e s  t h e  e a r t h .  

I t  is in t e r e s t i n g  to  n o t e  t h a t  t h e r e  a re  a g a in  t h r e e  i t e r a t i o n s  o f  sca le .  A  th r e e -  

i t e r a t io n  n u m e r i c  lo o p  is in d i c a te d  fo r  t h e  E g y p t ia n  god  o f  w isd o m ,  T h o t h .  H e  

is re fe rred  to  as H e r m e s  T r is m e g e s tu s ,  w h ic h  m e a n s  “ t h r i c e  g r e a t  H e r m e s , ’' b u t  

h e  is a lso  re fe rre d  to  as  “e ig h t  t im es  g re a t  H e rm e s ."  W h y  b o th  t h r e e  a n d  e ig h t?  

It m akes  sense if  we th i n k  in te rm s o f  tho se  c o m m o n  e le m e n ts  o f  A fr ican  n u m er ic  

sys tem s ,  r e c u r s io n  a n d  b a s e - tw o  a r i t h m e t i c .  T h r i c e  g r e a t  b e c a u s e  w h i le  a n  

o rd in a ry  h u m a n  m ay  rise as h ig h  as t h e  m a s te r  o f  m as te rs ,  H e r m e s  T r ism eges tu s  

is th e  m a s te r  o f  m a s te r s  o f  m a s te r s  ( t h r e e  i t e r a t io n s ) ;  th u s  w e c a n  s u rm ise  “e ig h t  

t im e s  g r e a t ” refers  to  2^ = 8.

F IG U R E  8 . 1 2

R e c u rs io n  in  th e  cosmology o f  a n c ie n t  Egyf)t  
Gelt, the Earth, enclosed hy Shu, space, enclosed hy Nut, the stellar canopy. 
(From Fourier 182 1 .)
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M a n y  o f  t h e  p ro c e s s io n a l  crosses  o f  E th o p ia  also in d ic a te  a th r e e fo ld  i t e r ­

a t i o n  (fig. 8 .1 3 ) .  A l t h o u g h  th e  crosses a re  n o w  used in C h r i s t i a n  c h u r c h  p r o ­

ceed ings ,  Perczel ( 1 9 8 1 )  re p o r ts  t h a t  r e la te d  designs c a n  be  fo u n d  o n  o r n a m e n ts  

e x c a v a te d  f ro m  th e  c i ty  o f  A x u m  in n o r t h e r n  E th o p ia  in t h e  se c o n d  h a l f  o f  th e  

first m i l l e n n iu m  b .c .e ., so w e s h o u ld  n o t  a ssum e  th a t  t h e  th re e fo ld  i t e r a t io n  was 

o r ig in a l ly  r e la te d  to  th e  C h r i s t i a n  t r in i ty ,  a l t h o u g h  a c o n n e c t i o n  m ay  h a v e  

occurred la ter  (fig. 8 .13b).  C o u ld  th e re  be a c o m m o n  his tory b eh in d  all these  o ccur­

ren ce s  o f  t r ip le  i t e ra t io n s  in  t h e  re l ig ious  icon s  o f  th e  S u d a n  a n d  N o r t h  A frica?  

I t h i n k  t h e  c o m m o n  use o f  r e c u r s io n  i tse l f  is d u e  to  a m u tu a l  in f luen ce ,  b u t  th e  

o c c u r r e n c e  o f  t r ip le  i t e r a t io n  m ay  be  o n ly  d u e  to  th e  s im i la r i ty  o f  c i r c u m s ta n c e s  

r a th e r  t h a n  d if fus ion .  F o r  o n e  th in g ,  g iv e n  th e  m a te r ia ls  t h e  a r t isan s  a re  w o rk ­

ing w i th ,  m i n u te  sca les  are  d if f icu l t ,  so t h a t  t h e  t e n d e n c y  to  be l im i te d  to  th r e e  

i te ra t ions  m ay  sim ply  be  a p rac t ica l  c o n s e q u e n c e  o f  th e  c raf t  m e tho ds .  It m ay  also 

be t h a t  if  o n e  w ishes  to  get  t h e  c o n c e p t  o f  i t e r a t io n  across, tw o  is to o  few ^w hile  

more th a n  th r e e  is u n n ecessa ry  (w h ic h  is w hy  m o d e rn  m a th e m a t ic i a n s  o f te n  re p ­

re sen t  a n  in f in i te  series by t h e  first th r e e  e le m e n ts ,  e.g., "1 ,2 ,3  . . .”). O n  th e  o th e r  

h a n d ,  th e r e  are  cases  w h e re  m an y  su ch  “u n n e c e s s a ry ” i t e ra t io n s  are m a d e  in th e  

m ost d iff icul t o f  c ra f t  m a te r ia ls .  F igure  8 .14  show s  a n  a n c i e n t  E g yp tian  des ign ,  

carved in s to n e ,  re p re se n t in g  th e  o r ig in  m y th  in w h ic h  th e  lo tus  flower (i ts petals- 

w ith in -p e ta ls  il lus tra ted  by a m u l t i tu d e  o f  sca l ing  lines) begins che se lf-genera ting  

c re a t io n  o f  t h e  m a te r i a l  w orld .

-reference

S e lf - re fe ren ce  is t h e  m o s t  p o w erfu l  ty p e  o f  r e cu rs io n .  T h e  a b i l i ty  o f  a sy s te m  to  

ref lec t  o n  i t se l f  is a t  t h e  h e a r t  o f  b o th  che l im i ts  o f  .m a th e m a t ic a l  c o m p u t a t i o n  

as w ell as o u r  s u b j e c t iv e  e x p e r i e n c e  o f  c o n sc io u sn ess .  B u t  th e r e  are  re la t iv e ly  

tr ivial a p p l i c a t i o n s  o f  se l f - r e fe re n c e  as well ( o n e  c a n  a lw ays  use a b lo w to r c h  to  

l igh t a c a n d le ) .  S e l f - re f e re n c e  first c a m e  to  t h e  a t t e n t i o n  o f  m a t h e m a t i c i a n s  in 

s im ple e x a m p le s  o f  log ica l  p a ra d o x ;  for e x a m p le ,  th e  “ l ia r ’s p a r a d o x ” w e e x a m ­

ined ear l ier .  T o  see  h o w  se l f - r e fe re n c e  c a n  be  m o re  t h a n  ju s t  a lo g i c ia n ’s jo k e ,  

le t’s e x a m in e  h o w  it w ork s  in p ro g ra m m in g .  R e c all t h a t j i  s i in p je  c a sc a d e  cou ld  

no t  b g .u sed ■ if we.,did- not.-know. how ..m any j_ t^n5fp rm ations_w ere  .n e ed ed  .ahead  

of time. T h e  sam e  p ro b lem  o ccu rred  for th e  B a ta m m al ib a  ances t ra l  m o un ds ;  s ince  

th e  first d e s c e n d a n t  d id  n o t  k n o w  h o w  m a n y  w ould  be  n e e d e d ,  t h e  sy s tem  has  

to allow for i te ra t iv e  resizing. W e  also saw th e  possibility o f  n es te d  i te ra t ive  loops, 

il lustrated by th e  tw o - lo o p  d ra w in g  p ro g ra m  for M o k o u le k  a r c h i te c tu r e .  B u t  sup­

pose we d i d n ’t k n o w  h o w  m a n y  n e s te d  loops we were go ing  to  need?  In  t h e  sam e 

way th a t  t h e  r ecu rs iv e  ca sc a d e  c o u ld  n o t  dea l  w i th  a n  u n k n o w n  n u m b e r  o f  i ter-



S eed  shape 
(a ll  tin es are
a c t i v e  l i n e s )  S e c o n d  i t e r a t i o n

FIGURE 8 . 1 3

F ra c ta ls  in  E th io p ia n  
p ro c e ss io n a l crosses

(a) Fractal simulations for Ethiopian 
processional crosses through three iterations-
(b) Ethiopia converted to Christianity in 
333 c.ti., and in the thirteenth century King 
Lalibela directed the construction of churches 
to be cut from massive rocks in one of the 
mountain regions. The church of St. George 
{at right) shows a triple iteration of nested 
crosses:
(a, a l l Ethiopian processional crosses f r o m  P o r t l a n d  

Museum in Oregon; pliotos c o u r t e s y  o f  Csi l ia  

P e r c z e l ,  b, photo hy Georg Gerstcr.)
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F I G U R E  8.14
T h e  lo t t t s  i c o n  in  a n c ie n t  E g y p t ia n  cosmology  

In the origin story of ancient Egypt the lotus flower was often used as an image of the unfolding of 
the universe, its petals-within-petals signifying the expansion of scales. This is a very stylized 
representation used in the capitals of columns in temples.
(F rom  F o u r ie r  1 8 2 1 . )

a t io n s ,  n e s te d  i t e r a t io n  h a s  t r o u b le  w i th  a n  u n k n o w n  n u m b e r  o f  lo o p s .10 H e re  

is w h e re  se l f - re fe re n c e  c a n  h e lp  o u t .  A n  e x a m p le  o f  se l f - re fe ren ce  in p ro g r a m ­

m in g  is i l lu s t ra ted  for t h e  D o g o n  p o t  s t a c k  in f igure  8 .15 .

W e  k n o w  t h a t  t h e  D o g o n  p o t  s t a c k  c a n  be  d ra w n  w i th  a s i n g le  i t e r a t iv e  

lo o p — it d o es  n o t  requ ire  s e l f - r e fe re n c e .  B u t  t h e  ta sk  c a n  be a c c o m p l i s h e d  by 

s e l f - re fe rence ,  an d  w e m ig h t  s im d a r ly  ask if th e r e  a re 'cases  o f  sca l ing  in  A f r ic a n  

des igns  in  w h ic h  se l f - r e fe ren ce  p lays  a ro le ,  regard less  o f  w h e th e r  it is req u ired .

In. E u ro p e a n  h is to ry ,  s e l f - r e f e r e n c e  b e g in s  w i th  t h e  s to ry  o f  E p im e n id e s  o f  

C re te ,  t h e  “ l ia r ’s p a ra d o x .” S im i la r  u t i l i z a t io n s  o f  n a r r a t iv e  se lf-re fe rence  to  c r e ­

a te  u n c e r t a i n t y  c a n  be f o u n d  in  c e r t a i n  A f r i c a n  t r i c k s t e r  s to r ies .  For  e x a m p le , '  

iii a n  A s h a n t i  s to ry  o f  A n a n s e  ( w h o  b e c a m e  “A u n t  N a n c y ” in A f r i c a n  A m e r i ­

c a n  fo lk lo re ) ,  a m a n  n a m e d  “ H a t e s - t o - b e - c o n t r a d i c t e d ” is t r ic k e d  in to  c o n ­

t r a d i c t i n g  h im s e l f .  P e i t o n  ( 1 9 8 0 ,  5 1 )  n o t e s  t h a t  t h e  a p p l i c a t i o n  o f  s u c h  

s e l f - r e fe re n t ia l  p a r a d o x  is a t h e m e  in  m a n y  A n a n s e  s to r ies :  “T h u s  A n a n s e  

re jec ts  t r u th  in fav o r  o f  ly ing ,  b u t  o n ly  for t h e  s a k e  o f  sp eec h ;  t e m p e r a n c e  in 

favor o f  g lu t to n y  for t h e  sake  o f  e a t in g ;  c h a s t i t y  in  fav o r  o f  la s c iv io u sn e s s  for 

th e  sake  o f  sex ."  T h e  fo l lo w in g  ta le  is n o t  n ea r ly  as  sparse  bu t  ca rr ie s  t h e  f la ­

vor o f  se l f - r e fe re n t ia l  p a r a d o x  q u i t e  well:

O ne of the most com mon of all stories in Africa describes the encounter  of a 
man and a human skull in the bush. Among the Nupe of Nigeria, for instance, 
they tell of the hun te r  who trips over a skull while in pursuit of game and 
exclaims in wonderm ent,  “W h a t  is this? How did it get here?" “Talking
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F IG URE  8 . 1 5

D ra w in g  th e  D ogon  p o t s ta c k  by se lf-re fe ren ce  
T h e  symbolism of the stacked pots represents th e  breath of life, 
w ith in  the  fetus, w ithin the  wotnB.' We have aready seen how  this 
can be drawn using an iterative loop; now let’s see how it can  be 
drawn using self-reference.

Suppose we have a routine th a t  can draw the semicircle of the  
pot given a diameter.

Procedure DRAW -POT
If size =  minimum, draw a lid.
Else

Draw a circle of size diameter 
Shrink diameter by V3 
D RAW -POT

End of "else" clause
End of procedure

Notice  tha t this procedure first checks to see if we are at the 
smallest diam eter possible. If not,  it draws a pot,  shrinks the 
diameter value it by 2/ss, and then  calls itself— an application of 
self-reference. Now the  program has to execute n D RAW -POT 
procedure again. T h e  recursion will “bottom-out"  when it finally 
draws a lid. T h e  program then  skips to the “End of procedure" line 
and can finally pop hack up to the  place it left off after executing 
the previous DRAW -POT call.

b ro u g h t  me h e r e , ” th e  skull replies .  N a tu ra l ly  t h e  h u n t e r  is amazed and  
quick ly  runs back to  his vil lage, exc la im in g  a b o u t  w h a t  h e  has  found. E v e n ­
tually th e  king hears  about this w onder  and d e m and s  th a t  th e  h u n te r  take  h im  

/  to  see it. T h e y  re tu rn  to  th e  p lace  in th e  bush  w h e re  t h e  skull is s i t t ing ,  and
th e  h u n te r  po in ts  ir o u t  to  h is  k ing ,  w h o  n a tu ra l ly  w an ts  to  h e a r  th e  sku l l’s 
message. T h e - h u n te r  r e p ea ts . th e  question.:..“H y w d i d  you g e t  here?” hut the  
skull says n o th in g .  T h e  king, angry now, accuses th e  h u n te r  of d ecep t io n ,  and 
orders his  h ead  cu t  off o n  th e  spot.  W h e n  th e  royal party  d eparts ,  th e  skull 
speaks o u t ,  asking th e  h u n te r  “W h a t  is this? H ow  did  you get here?” T h e  head 
replies, “T alk ing  b rou gh t  me h e re ! ” (A b ra h a m s  1983, 1)

Self -reference  is -also visually portrayed  in so m e  A fr ican  designs. Figure 8. i6n 

sh o w s  a n o t h e r  ab b ia  c a rv in g  from  C a m e r o o n ,  s e e n  a lso  in  t h e  n e s t e d  fish ear l ie r  

in th is  c h a p te r .  B u t  th is  abb ia  c a rv in g  is a n  ico n  for i tse lf— it is a n  abb ia  o f  abbia .  

A c c o r d in g  to  th e  C am ero o n  C u l tu ra l  Review ( in s id e  cov er ,  J u n e  1979),  its m e a n ­

in g  is “r e p r o d u c t i o n . "  A n o t h e r  e x a m p l e  o f  s e l f - r e f e r e n c e  f ro m  C a m e r o o n  is 

s h o w n  in figure 8 .1 6b ,  a life-size b ro n z e  s t a tu e  o f  t h e  k in g  o f  F o u m b a n .  H e r e  we 

see  t h e  k in g  s m o k in g  h is  p ipe ,  t h e  bow l o f  w h ic h  is a  f igure  o f  t h e  k in g  s m o k ­

ing h is  p ipe ,  t h e  how l o f  w h ic h  is a figure of t h e  k in g  s m o k in g  h is  p ipe . L ike  th e  

K e l lo g g ’s c o rn f la k e s  b o x  d e s c r ib e d  ear l ie r ,  t h e  v isua l  s e l f - r e fe re n c e  in s ta n t ly  

leads to  in f in i te  regress. But it cou ld  be m ore  t h a n  just h u m o r  in th e  b ronze  sculp-
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tu re .  S in c e  th e  p ipe  is a w e l l - k n o w n  sy m bo l o f  royal p res tige  in  F o u m b a n ,  it may 

be th a t  th e  a r t isans were m ak in g  purposefu l use  o f  th e  inf in ite  regress: “T h e  k in g ’s 

p o w er  is n e v e r - e n d in g .”

Figure 8 .1 6c  show s a B a m a n a  h e a d d re s s ,  t h a t  is, a  s c u lp tu re  w o rn  o n  th e  

h e a d  d u r i n g  c e r e m o n ie s .  Fagg ( 1 9 6 7 )  sugges ts  t h a t  th is  e n a c t s  s e l f - re fe ren ce :  

a h e a d d re s s  o f  a p e r s o n  w e a r in g  a h e a d d r e s s  o f  a p e r s o n  w e a r in g  a h e a d d re s s .  

O th e r s  (cf. A r n o ld i  1977) h a v e  d e sc r ib e d  th is  as a sym bol o f  fe r t i l i ty  sp iri ts ,  b u t  

t h e  tw o  i n t e r p r e t a t i o n s  m a y  n o t  b e  m u t u a l l y  e x c lu s iv e .  R e t u r n i n g  to  th e

F I G U R E  8 . l 6

S e l f ' t e fe r e n c e  in  A fr ic a n  i c o n s
1) The abbia carvings from Cameroon show a wide variety o f images, but this abbia carving is 

icon lor itself— it is an abbia of abbia. (b) A life-size bronze statue of the king of Foumban. 
ere wc sec the king smoking his pipe, .die bowl of which is a figure of the king smoking his pipe. 

Bamana headdress.
Jwu'ing Iwsed on a b b i a  p i c t u r e d  on th e  c o v e r  o f  Cameroon Cultural Review, 1979; c, photo c o u r t e s y  

iu University Museum o f  A f r i c a n  A r t . )
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B a m a n a ’s c lose  c u l tu r a l  r e la t iv e s  t h e  D o g o n ,  w e see se l f - r e fe re n c e  sugg es ted  by 

O g o te m m e l l i ’s d e sc r ip t io n  o f  h o w  th e  e ig h th  ances to r ,  “w h o  was W o rd  itself,” was 

ab le  to  use W o r d  ( t h a t  is, t h e  b r e a t h  o f  life) to  s e l f -g e n e ra te  i n t o  ..the n e x t  i t e r ­

a t i o n  o f  h u m a n i ty .  In  e x a m i n in g  th e  se lf-s im ila r  i te ra t ions*of  t h e  D o g o n  m o t h e r  

a n d  c h i ld  in  f ig u re  8 .1 1 c ,  w e  n o t e d  a  s t r u c tu r a l  c h a r a c t e r i s t i c  t h a t  c a n  be  

expressed  in  t h e  p h ra s e  “ a n e w  o n e  beg in s  b e fo re  t h e  o ld  o n e  e n d s ."  T h i s  w ou ld  

also describe th e  s t ru c tu re  o f  th e  pipe in  th e  s ta tu e  o f  th e  k in g  o f  F o u m b a n ,  w h ic h  

w e k n o w  to  be  e x p l ic i t ly  se l f - r e fe ren t ia l .  P e rh a p s  t h e  s e l f - r e fe re n t ia l  v e r s io n  o f  

t h e  D o g o n  p o t  s t a c k  w as th e  c o r r e c t  o n e  af ter  all.

I c o n i c  rep resen ta t io n s  o f  recu rs io n

T h e  a b b ia  o f  a b b i a , as a s y m b o l  o f ( ^ e p r o d u c t i o n , ’.”>is m o r e  t h a n  ju s t  a n  a p p l i ­

c a t i o n  o f  s e l f - r e fe re n c e ;  it  r e p re se n ts ~ th e  c o n ce p £ , i tse l f .  I f  r e c u r s io n  is re a l ly  a 

c o n s c io u s  ( t h a t  is, s e l f - c o n s c io u s ! )  a s p e c t  o f  A f r i c a n  k n o w le d g e  sy s tem s ,  t h e n  

w e s h o u ld  e x p e c t  s u c h  r e p r e s e n ta t i o n s ,  r a t h e r  t h a n  ju s t  in s t a n c e s  in  w h ic h  th e  

c o n c e p t  is a p p l i e d .  F ig u re  8 .1 7 a  sh o w s  th e  a p p l i c a t i o n  o f  r e c u r s io n  in  t h e  t r a -

f i g u r e  8 .1 7  
R e / l u x

(a) This sketch from the notebook of a nineteenth-century ethnographer in southern Senegal 
shows an indigenous apparatus for the distillation of liquor from palm wine using a scaling cascade.
(b) Ancient Egyptian alchemists drew this snake symbol to represent their reflux technique.
A tube comes out of a heated pot and reenters after cooling. This cyclic refinement was used in 
the creation of dyes and perfumes, bur it also symbolized the alchemists’ goal of refinement of the 
human soul.
(a, pfioto c o u r t e s y  /FAN, D a k a r - , b, drawing b a s e d  on T o y  lor 1 930.)
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d i t i o n a l  d i s t i l l a t i o n  o f  p a lm  w in e  i n t o  l i q u o r  in  t h e  C a s a m a n c e  r e g io n  o f  

S e n e g a ! .  S u c h  d i s t i l l a t io n  t e c h n i q u e s  w e re  d e v e lo p e d  to  s o p h i s t i c a t e d  levels  

in  a n c i e n t  E gy p t ,  w h e re  t h e  p ro ce s s  b e c a m e  a n  i t e r a t i v e  lo o p  w h ic h  m o d e r n  

c h e m is t s  ca ll  a  “re f lu x” app a ra tu s .  F igu re  8 .1 7 b  shovirs-the ic o n ic  r e p r e s e n ta t io n  

o f  t h e  ref lux  sys tem  in t h e  o ld es t  k n o w n  a lc h e m ic a l  w r i t in g s  (f irs t c e n tu ry  c . e . ) ,  

w h ic h  a re  a t t r i b u t e d  to  M a r ia  ( w h o  w r o te  u n d e r  t h e  n a m e  o f  M ir ia m ,  s is te r  o f  

M o ses ) ,  C l e o p a t r a  ( n o t  th e  fa m o u s  q u e e n ) ,  C o m a r i u s ,  a n d  t h e  m y th ic  figure 

o f  H e r m e s  T r is m e g e s tu s  ( T h o t h ) .  T a y lo r  ( 1 9 3 0 )  n o te s  t h a t  a l t h o u g h  th e s e  

w e re  w r i t t e n  in  G r e e k ,  “th e  re l ig io u s  e l e m e n t  . . . l in k s  t h e m  t o  E gy p t  r a t h e r  

t h a n  to  G r e e c e , ” a n d  h e  sugges ts  t h a t  t h e  m o s t  l ik e ly  o r ig in  is f ro m  th e  t r a d i ­

t i o n s  o f  t h e  a n c i e n t  E g y p tian  p r i e s t h o o d .11 In  th e s e  w r i t in g s  w e  f in d  t h e  ref lux  

i c o n  a s s o c ia te d  w i th  th e  a p h o r i s m  “ as a b o v e ,  so b e lo w ,” r e c a l l i n g  th e  self- 

s im i la r  sca l ing  cosm ology  w e h a v e  se e n  in  s u b - S a h a ra n  A frica ,  as well as its links 

to  t h e  r e c u r s io n  o f  s e l f - f e r t i l i z a t io n .1^

O f  co u rse ,  o n e  c a n  go to o  far in a t t r i b u t i n g  l in k s  b e tw e e n  a n c i e n t  Egypt 

a n d  s u b - S a h a ra n  A fr ica  (see O r i t z  de  M o n t e l l a n o  1993; M a r te l  1994; L efkow itz  

1996).  T h e r e  is goocf_e_yidence for th e  o r ig ins  o f  t h e  E gyp tian  b ase- tw o  a r i th m e t ic  

sys tem  from su b -S a h a ra n  A frica ,  a n d  for th e  p e r s i s t e n t  use o f  re cu rs ion  in k n o w l­

edge  systems across th e  A fr ic a n  c o n t i n e n t .  B u t  it  w o u ld  be  un w ise  to  assum e th a t  

o n e  c a n  a t t r i b u te  m o re  specific  fe a tu re s  to  d if fus ion .  In  pa r t ic u la r ,  it  is h igh ly  

u n l ik e ly  t h a t  t h e  sa m e  f igure  o f  a s e r p e n t  b i t i n g  .its ta i l ,  a p p e a r i n g  as a n  ico n  

for t h e  god D a n  in t h e  v o d u n  re l ig io n  o f  B e n in  (fig. 8 .1 8 a )  co u ld  h a v e  d e r iv ed  

f ro m  tl ie  E g y p t i a n  im age ,  o r  v ice  ve rsa .  A s  w e s h a l l  see , t h e  m e a n i n g  o f  t h e  

v o d u n  icon  h a s  n o t h i n g  to  d o  with, t h e  E g y p t ia n  reflux c o n c e p t .

In A u g u s t  1994, th a n k s  to  th e  a id  o f  M a r t in e  de  S o u sa  (o n e  o f  t h e  A fr ic a n  

d e s c e n d a n t s  o f  th e  fam ed F ranc isco  d e  S o u z a ) ,  1 was g r a n te d  a n  in te rv iew  w ith  

th e  c h i e f  o f  t h e  D an  t e m p le  in O u id a h ,  B e n in .  B o th  t h e  c h i e f  a n d  his wife w ere  

q u i t e  re sponsive  to  my in te res t  in th e  g e o m e t r i c  fea tures  o f  D a n ’s r e p re sen ta t io n s  

an d  identified th e  sinusoidal icon in iron  (fig. 8. j  8b) as "D a n  a t  work in th e  w orld ,” 

p o in t in g  o u t  t h a t  h e  c rea te s  o rd e r  in w in d  a n d  w ater .  T h e  cy c l ic  D a n  was m ore  

a b s t ra c t ,  e x is t in g  in a d o m a i n  w h e re  h e  was in c o m m u n i c a t i o n  w i th  o t h e r  gods 

o f  v o d u n .  M a u p o i l  (1 9 8 1 ,  7 9 )  a iso  fo u n d  t h a t  D a n  ( D a n g b e )  was th e r e  “to  

assure  t h e  r e g u la r iz a t io n  o f  t h e  fo rces ,” a n d  B lie r  (1 9 9 5 )  su m m a r ize s  his ro le  as 

“pow ers  o f  m o v e m e n t  th r o u g h  life, a n d  n a t u r e ’s b le ss in gs .” R eg u la r  p h e n o m e n a  

in n a t u r e — th e  p e r io d ic  a sp e c t s  o f  w e a th e r ,  w a te r  w av es ,  b io lo g ic a l  cycles ,  

e t c .— are  a t t r i b u t e d  to  th e  a c t i o n  o f  D a n .

T h e  r e l a t i o n  b e tw e e n  th e  u n d u la t o r y  D a n  “a t  w ork  in t h e  w o r ld ” and_ the  

c i r cu la r  fo rm  o f  D a n  as a m o re  a b s t r a c t  s p i r i tu a l  fo rce  m ap s  n e a t ly  o n  to  th e  d i f ­

f e r e n c e  b e tw e e n  th e  s in u so id a l  w a v e s  w e  see  in  s p a c e  a n d  t i m e — w a v e s  in



noise {external temperature changes)

input (desired 

temperature)

T h e  th e rm o s ta t  t h a t  regu la tes  t e m p e r a tu r e  in a h o u se  is a n e g a t iv e  feed b ack  loop. T h e  w ord  “ n ega t ive"  
is used because  we s u b t r a c t  t h e  c u r r e n t  r o o m  t e m p e ra tu re  from  th e  des i red  t e m p e r a tu r e  se t  by th e  
th e r m o s t a t  c o n t ro l .  O v e r  t im e  th is  will  t e n d  to  p ro d u c e  cycles o f  h e a t  a n d  cold .

noise {road bumps)

D riv in g  a car  ca n  also  be m o d e le d  by a n e g a t iv e  feedback  loop.  T h e  d r iv e r  a t t e m p t s  to  stay in th e  cen te r  
o f  t h e  lane ,  a n d  will co r re c t  to  ad jus t  for bu m p s .  A g a in ,  g iv en  e n o u g h  bum ps , '  we will  t e n d  to  see cycles 
o f  sw erv ing  to  get  b ack  to  th e  cen te r .

c

F I G U R E  8 . l 8  

T h e  v o d u n  god  D an
In  t h e  v o d u n  r e l ig io n  o f  B e n in ,  t h e  s n a k e  g o d  D a n  r e p r e s e n t s  t h e  c y c l i c  o r d e r  o f  n a t u r e .  D a n 's  
s h a p e  reflec ts  t h i s  id e a  in  t w o  ways .  A s  a n  a b s t r a c t  fo rce ,  h e  is r e p r e s e n t e d  as a f e e d b a c k  lo o p  (a ) .  
A s  a c o n c r e t e  m a n i f e s t a t i o n ,  h i s  b o d y  is a lw a y s  o s c i l l a t i n g  in  a p e r i o d i c  w a v e  ( b ) .  T h i s  s a m e  idea 
o f  a p e r io d i c  t i m e  se r ies  f rom  c y c l i c  f e e d b a c k  is a lso  u se d  in  W e s t e r n  m o d e l s  o f  n a t u r e  (c) .
(a ,  p/ioto courtesy JF A N ,  Dakar.)
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w a te r  an ti  c ir rus  c lo u d s ,  da i ly  f l u c tu a t io n s  in  h e a t  a n d  l ig h t ,  t h e  b i a n n u a l  ra iny  

seasons, e tc .— a n d  th e  ab s t rac t  idea  o f  a n  i te ra t iv e  lo op  th a t  genera tes  th e se  w a v e ­

forms. T h e  a s s o c ia t io n  c a n  b e  d e r iv e d  f ro m  i:he k in d  o f  e m p i r i c a l  o b s e r v a t io n  

o ne .  g e ts  in  e v e ry d a y  o c c u r r e n c e s .  A d o p s i d e d  w h e e l  w ill  p r o d u c e  u n d u la t o r y  

t r a c k s  in  s a n d ;  f r ie n d s  w h o  p e r io d ic a l ly  g iv e  gifts a re  in  a  “cyc le  o f  e x c h a n g e , ” 

a n d  so fo r th .  W h a t  d id  t a k e  g r e a t  in s ig h t  a n d  in t e l l e c tu a l  labor ,  h o w e v e r ,  was 

th e  re l ig iou s  p r a c t i t i o n e r s ’ g e n e r a l i z a t io n  o f  s u c h  o b s e r v a t io n s  i n to  specif ic ,  

ab s t r a c t ,  u n iv e rsa l ly  ap p l ic a b le  c a te g o r ie s ,  r e p r e s e n te d  by ic on s  w i th  t h e  a p p ro ­

p r ia te  g e o m e t r i c  s t ru c tu r e .  ^

T h e  m a t h e m a t i c a l  e q u iv a l e n t s  in  n o n l i n e a r  d y n a m ic s  a r e  l im i t  cy c le s  a n d  

p o in t  a t t r a c to r s — th e  resu lts  o f  w h a t  e n g in e e r s  ca ll  a  “n e g a t iv e  f e e d b a c k  lo o p .” 

W e  h a v e  a l r e a d y  s e e n  s u c h  c h a r a c t e r i z a t i o n s  in  c e l lu la r  a u t o m a t a  a n d  ow ari ,  

w h e re  s p a t ia l  p a t t e r n s  r e m a in  b o u n d e d  w i t h i n  a cy c le  o r  f rozen  in  a s t a t i c  p a t ­

tern . Figure 8 .18c  shows som e c o m m o n p la c e  exam ples  o f  neg a tiv e  feedback  loops, 

a n d  h o w  th e y  a c t  to  k e e p  th e  b e h a v i o r  o f  sy s tem s  b o u n d e d  o r  s tab i l iz ed ,  e v e n  

in che p re sen ce  o f  noise . B u t  che v o d u n  sys tem  w ould  n o t  be  c o m p le te  if it cou ld  

o n ly  a c c o u n t  for r e g u la r i ty — w h a t  c au se s  d e v i a t i o n  in t h e  firs t p lace ?  H e n c e  

th e  ro le  o f  Lggba, god  o f  chao s .  F igure 8 .1 9 a  show s a n o th e r  i r o n  icon ,  t h e  fo rked  

p a th  o f  L egb a ,  “g o d  o f  t h e  c ro s s ro a d s .” A s  e x p la i n e d  to  m e by K ake  S. A lf re d ,
-1; I------ ------- -..w

a d i v i n a t i o n  p r ie s t  o f  v o d u n  in  C o t o n o u ,  B e n in ,  L egba  is r e p r e s e n te d  by th e  

fork b e c a u s e  " t h e  an sw er  c o u ld  b e  yes o r  no ;  you  d o n ’t k n o w  w h ic h  p a th  h e  wilt 

t a k e .” For d i v i n a t i o n ,  in w h ic h  a “p a t h ” ( q u e s t io n )  is o f t e n  p u rsu ed  for fu rch e r  

q u e s t io n s ,  t h e  im age  b e c o m e s  o n e  o f  e n d le s s  b i f u rc a t io n s .  A t  t h e  P a la i s  R oy a l  

in P o r t o  N o v o ,  B e n in ,  I w as to ld  t h a t  t h e  s h r in e  to  L egba  was p la c e d  a t  th e  

th r e s h o ld  b e c a u se  h is  fo rce  w as so d i s r u p t iv e  t h a t  it  w o u ld  u n d o  b och  g o o d  a n d  

evil ,  c r e a t in g  a  p u r i f ic a t io n  a t  the-er.trav.-ce-; K-akc a lso  e x p la in e d  t h a t  w h i le  th e  

music o f  D a n  was slow a n d  regular,  t h e  m us ic  o f  Legba was b o t h  fast a n d  s low —  

sign ify ing  h is  u n p re d i c ta b l e  n a t u r e — a n  o b s e r v a t io n  1 was ab le  to  c o n f i rm  by 

re co rd in g  th e  d r u m m i n g  t h a t  w as  used to  c a l l  e a c h  god  a t  t h e  t e m p le  o f  D a n  in 

O u i d a h . 1-5 A s  th e  c o n v e r s e  to  D a n ,  t h e  b i f u r c a t in g  u n c e r t a in t i e s  o f  L eg b a  are 

like a p o s i t iv e  feed b ack  lo op ,  a m p l i f y in g  d e v i a t i o n  a n d  n o ise  (fig. 8 .1 9 b ) .

C o n t ra s t s  b e tw e e n  a ne g a t iv e  feed back  loop, c re a t in g  stability, an d  th e  pos­

itive fe ed b ack  o f  u n c o n t r o l l e d  d is o rd e r  a r e a l s o  fe a tu re d  in  t h e  . iconic  ca rv in g s  

of th e  Battle. V ogel (1 9 7 7 ,  5 3 )  n o te s  t h a t  t h e  B au le  c h ie f  is c h o s e n  by c o n s e n -  

T iisTahd  th a t  in all im p o r t a n t  d e c is io n s  h e  se rves  as m e d ia to r  in p ub lic  m e e t in g s  

ra th e r  t h a n  as a n  a u to c ra t .  T h e  B au le  c a rv in g  in figure 8 .2 0a  show s tw o  c a im a n s  

(relatives o f  th e  a ll iga tor)  b i t in g  e a c h  o t h e r ’s tails. It is said to  r ep re sen t  th e  c h ie f  

and  th e  p e o p le  in  b a l a n c e — if  o n e  b i t e s ,  t h e  o t h e r  will b i t e  b ack ,  k  n ic e ly  

recalls the  k in ds  of negative  feedback  loop m odels  th a t  a re  often  proposed in  W est-



FIGURE 8 . 1 9  

L egba
(a) T h e  vodun god Legba represents the  forces o f disorder.
Vodun div ination  priests explain this icon as 'the pa th  to the 
future: w ith  Legba there is no way to’h n o w  w hich pa th  will be 
caken. S ince  one crossroad leads to another, th e  resulting image 
is o ne  of bifurcating unknowns, the  uncertain ty  multiplying with 
each crossroad.

noise (road bumps)

output (new  road position

In contrast to negative feedback, which wili help stabilize a system, positive feedback will destabilize it. 
A drunken driver, for example, can overshoot the center line and create increasingly large oscillations, 
eventually running off the road.

Here we see positive feedback in an arms race.
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F I G U R E  8 . 2 0  

Feedback loops in  B a u le  iconography
(a) This Baule carving shows two crocodiles biting 
each other’s tails. It is a symbol showing the chief and 
the people in equal power, the idea of social forces in a 
cycle of balance, (b) Baule door. Holas (1952, 49-50) 
describes this as a c i r c u i t  f e r i n e  of f e c o n d i t e  (closed 
tircuir of fecundity); Soppeiasa (1974) and Odica 
(ii;71) identify these animals as symbols of ‘‘increase.’’ 
(a ,md b, [iliots) courtesy of 1FAN, Dakar.)

orn po l i t ica l  th eo ry ,  h u t  th i s  f lo w c h a r t  is a pu re ly  in d ig e n o u s  in v e n t io n .  So , coo, 

is th e  Baule  p o s i t iv e  fe ed b ack  lo o p  o f  figure 8 .2 0 b ,  s h o w in g  t h a t  “po w er  c re a te s  

the a p p e t i te  for m o re  p o w e r ”— li t t le  fish a re  e a t e n  by b ig ge r  fish, w h o  th e n  

becom e e v e n  b igger  fish, T h e  f i sh -w i th in - f i sh  a b b ia  f ro m  C a m e r o o n  we saw 

earlier may h a v e  h a d  s im i la r  c o n n o ta t i o n s .

[Conclusion

Recursion c_giibe--found. in a lm o s t  ev e ry  c o r n e r  o f  A f r ic a n  m a te r ia l  c u l tu r e  and  

design, from  c o n s t r u c t i o n  t e c h n i q u e s  to  e s th e t i c  des ig n ,  a n d  in c u l tu r a l  r e p r e ­

s e n ta t io n s  from  k i n s h i p  to  c o sm o lo g y .  M o s t  o f  th e s e  a r e  s p e c i f ic  e n o u g h  to 

allow us to d is t in g u ish  b e tw e e n  th e  first tw o  types o f  r e c u r s io n — casc a d e  versus
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i t e r a t io n — a n d  in  s o m e  c a ses  t h e  th i r d  type ,  se l f - r e fe re n c e ,  is a lso  m a d e  e x p l i c i t  

by th e  in d ig e n o u s  k n o w le d g e  sys tem . W e  h a v e  s e e n  se v e ra l  c a ses  in  w h ic h  th e  

i t e ra t iv e  loops  a re  n e s te d ,  b u t  th e s e  a re  ra re ly  m o re  t h a n  tw o  lo o p s  d e e p ,  so it  

w o u ld  n o t  a p p e a r  t h a t  t h e  a p p l i c a t io n  o f  se l f - re fe ren ce  is t n o t iv a t e a  by t h e  c o m ­

p lex i ty  o f  th e  c o m p u ta t io n .  T h e  o n ly  p o te n t ia l  e x c e p t io n  is t h e  cosm o lo g ica l  n a r ­

ra t iv e  o f  t h e  D o g o n ,  a n d  th i s  n a r r a t i v e  is to o  vag u e  to  se rv e  as a  m a t h e m a t i c a l  

fo u n d a t io n .  T h e r e  is, h o w e v e r ,  a n o t h e r  ro u te  to  t h e  l im i ts  o f  c o m p u t a t i o n .  A s  

w e will find in c h a p t e r  10, t h e  c o m b i n a t i o n  o f  n e g a t iv e  a n d  p o s i t iv e  f e e d b a c k  

ind ica ted ,  by c e r t a in  r ecu rs io n  icons, p ro v id e s /a n o th e r  p a t h  t o  t l ^ . h e lg h t s . o f  c o m ­

p u ta t io n a l  c o m p le x i ty ,  o n e  we will  ex p lo re  in  d e ta i l .  B u t  first, w e  n e e d  to  tak e  

a 'sK ort’ d e to u r  th r o u g h ~ m fin ky.



C H A PT E R

-Infinity-

•T he  first t im e  1 su b m it ted  a  jo u rn a l  a r t ic le  o n  A fr ic a n  fractals, one  reviewer replied 

th a t  A f r ic a n s  co u ld  n o t  h a v e  “ t r u e ” f rac ta l  g e o m e t ry  b e cau se  th e y  la c k e d  th e  

a d v an ce d  m a t h e m a t ic a l  c o n c e p t  o f  infinity. O n  t h e  o n e  h a n d ,  t h a t  r ev iew er  was 

w rong a b o u t  frac ta ls  a t  a  p ra g m a t ic  level .  If  h e  or sh e  saw a fractal o n  a c o m p u te r  

screen  it w o u ld  b e  t a k e n  as a “ t r u e ” e x a m p le ,  a n d  in fac t  n o  physica lly  ex is t in g  

fractal is in f in i te  in its scales; a t  b e s t  i t  will  h a v e  to  b o t t o m  o u t  in to  su b a to m ic  

partic les .  O n  th e  o t h e r  h a n d ,  it ra ises a n  in t e r e s t in g  q u e s t io n .  In f in ity  h a s  b e e n  

an im p o r t a n t  p a r t  o f  f rac ta l  m a t h e m a t i c s  in  E u ro p e ;  so h o w  does  t h a t  c o m p a re  

to th e  use o f  in f in i ty  in A frica?

T o th e  a n c i e n t  G re e k s ,  in f in i ty  was a ss o c ia te d  w i th  w h a t  th e y  t h o u g h t  (j>f 

as th e  h o r r o r s  o f j n f i n i t e  reg ress .  A r i s r o t l e  t a m e d  th i s  p r o b le m  by r e d e f in i n g  

infinity: it was a l im i t  t h a t  o n e  c o u ld  t e n d  to w a rd ,  b u t  it  was n o t  c o n s id e re d  to 

he a leg i t im a te  o b je c t  o f  m a t h e m a t i c a l  in q u i ry  in  itself. M o s t  E u ro p e a n  m a t h e ­

m at ic ians  k e p t  to  th is  d e f in i t io n  u n t i l  t h e  C a n t o r  se t ,  E u ro p e ’s first f rac ta l ,  c r e ­

ated  th e  p ro p e r  d e f in i t io n  o f  a n  in f in i te  se t ,  th u s  a l lo w in g  infin i ty  i tse lf  to  be  

considered .  W e  w ill  d iscuss  th is  in m o r e  d e ta i l  in  c h a p t e r  13, b u t  for n o w  it is 

sufficient to  n o te  t h a t  th is  d i s t i n c t i o n  does  n o t  s h a p e  A f r i c a n  c o n c e p t s  o f  in f in ­

ity. M a n y  A f r i c a n  k n o w le d g e  sy s tem s using^ip im i t y  in  t h e  sense  o f  a p rogress ion  

w ith o u t  l im i t  d o  n o t  h e s i t a t e  to  r e p r e s e n t  it  w i th  ic o n ic  sy m bo ls  sugges t ing

147
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“t h e  in f in i te "  in  its C a n t o r u m  sense  as a c o m p le te d  w h o le .  T h i s  is hy  n o  m e a n s  

a  m o re  s o p h i s t i c a te d  o r  e la b o r a te d  d e f in i t io n  t h a n  t h a t  o f  p r e - C a n t o r i a n  E u ro ­

p e a n  m a th e m a t ic s ;  i t  is ra re ly  l in k e d  to  m u c h  m o re  t h a n  e i t h e r  a  .n a r ra t iv e  o r  a 

g e o m e t r i c  v isu a l iz a t io n .  B u t  far f rom  b e in g  n o n e x i s t e n t ,  th e s e  c u l tu r a l ly  specific  

r e p r e s e n ta t io n s  sh o w  a s t ro n g  e n g a g e m e n t  w i th  t h e  sa m e  c o n c e p t s  t h a t  c o u p le d  

in f in i ty  a n d  frac ta ls  in  c o n te m p o r a r y  W e s t e r n  m a t h e m a t ic s .

T h e  m o s t  c o m m o n  A f r i c a n  v isu a l iza t io ns  for in f in i ty  a re  sn a i l  she l ls .  T h e  

( B n lub a)  for e x a m p le ,  u se  sp ira l  lan d  sna i ls  (fig. 9 .1 ) ,  a n d  t h e r e i n  itse th e  spiral 

e n d  of a sea sna i l ,  w h ic h  form s a d r in k in g  c u p  t h a t  c a n  o n ly  be  used by th e  chief. 

U n l ik e  th e  a n c i e n t  G re e k  assoc ia tions  w i th  t r o u b l in g  p a ra d o x  a n d  pa tho log y ,  th e  

Africa_n in f in ite is typic a l ly  a p osi t ive  a ssoc ia tion ,  in  th is  ca se  t o  in v o k e  prosperity  

w i th o u t  e n d .  I f j h e s e  in f in i ty  ic o n s  w ere  on ly  m e a n t  to  c o m m u n i c a t e  th i s  des ire  

th e y  w o u l d j i t 'A r i s to t l e ’s d e f in i t io n :  a  p rocess  w i t h o u t  e n d .  B u t  t h e  sp ir i tua l  e l e ­

m e n t  qf_these icons .adds  a n o t h e r  req u i re m en t :  t h e  icons  n e e d  to  co n v e y  th e  sense 

t h a t  thexar .e .draw .ing o n  th e  p o w e r  o f  in f in i ty  jt_self{ S n a i l  she l ls  are  used b ecau se  

o f  th e  sca l ing  p roper tie s  o f  th e i r  lo ga r i thm ic  spirals; o n e  c a n  c learly  see th e  p o t e n ­

tial for th e  spiral to  c o n t i n u e w i th o u t  e n d  despite its c o n t a i n m e n t  in a finite space—  

in d eed ,  it is o n ly  b ecau se  o f  its c o n t a i n m e n t  in a f in i te  sp a ce  t h a t  th e r e  is a  sense 

o f  h a v in g  g a in e d  access  to  o r  g rasped  a t  t h e  in f in i te )

W e  h a v e  a lrea d y  s e e n  a n o t h e r  e x a m p le  o f  a n  in f in i ty  ic o n  in  t h e  N a n k a n i  

a r c h i t e c t u r e  d iscussed  in  c h a p te r  2. T h e r e  t h e  co i l s  o f  a  s e r p e n t  o f  in f in i te

F I G U R E  9 . J 

B a lu b a  u se  o f  s n a i l  sh e lls  
to sym bolize in /im ty

Davidson (197 1, 120) describes this as a fertilit 
figure, and notes that the snail shells represent 
endless growth.
(CoUecfifW Tm;m: Tzara, Pnrii; }>lv>ii> hy Elio! 
Eliso/on.)
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l e n g th ,  s c u lp ted  in to  th e  h o u s e  walls , m a d e  use  o f  che sam e  a ss o c ia t io n  b e tw e e n  

p ro spe r i ty  w i th o u t  e n d ,  a n d  a g e o m e t r i c  le n g t h  w i th o u t  e n d .  ^ h e  co n sc io u s  

c r e a t io n  o f  th is  in f in i ty  c o n c e p t  is m o re  c lea r  t h a n  in th e  case o f  t h e  snai l shells , 

b eca u se  o n e  c a n n o t  a c tu a l ly  see t h e  in f in i te  co ils ' tr f - the  sn a k e .  A n d  u n l ik e  th e  

n a tu ra l ly  o c c u r r in g  she l ls ,  t h e  p a c k in g  o f  th i s  in f in i te  l e n g th  i n to  a finite space  

( t h e  N a n k a n i  d e sc r ib e  it as “c o i l in g  b a c k  o n  i t se l f  in d e f in i te ly ” ) c a n n o t  be m is ­

ta k e n  for m e re  m im ic ry  o f  n a tu r e ;  it is r a t h e r  t h e  art ifice o f  f r a c ta l s^ T h is  sn a k e  

icon  d o es  n o t  ex is t  in iso la t io n ;  we saw th a t - t h e  N a n k a n i  m a p  o u t  a sc a l ing  p r o ­

g re ss io n  t h a t  p a s s e s ' t h r o u g h  th e i r  a r c h i t e c t u r e ,  t h e  zahinga  a n d  th e  kitm pio, 

w h ic h  p ro v id es  a recu rs iv e  p a th w a y  to  th i s  c o n c e p t  o f  infinity.

In  c h a p t e r  8 w e d is c u s se d  t h e  M i t s o g h o  a n d  F a n g  i t e r a t i v e  m o d e l  o f  

d e sce n t .  F e rn a n d e z  (1 9 8 2 ,  3 3 8 )  n o te s  t h e  c o n t r a s t  to  C h r i s t i a n  th eo lo gy :  “T h e  

q u e s t io n  as to  w h e th e r  G o d  w as o n e  o r  m a n y  m ay  h a v e  b o th e r e d  th e  m is s io n ­

aries in  th e i r  c o n ta c ts  w i th  F ang  m ore  t h a n  th e  F an g  them se lv es .  H o ld in g  C h r i s ­

t ian  beliefs in th e  ‘U n c r e a t e d  C r e a t o r ’ a n d  ‘U n m o v e d  M o v e r , ’ m iss ionar ies  were 

c h a l l e n g e d  by th e  ‘in f in i te  regress’ o f  t h e  g e n e a lo g ic a l  m o d e l  em p lo y e d  by th e  

F ang— th e i r  b e l i e f  t h a t  che G o d  o f  th i s  w o rld  is o n e  o f  a lo n g  l ine  o f  gods  a n d  

like m a n  h a s  h is  o w n  g en ea lo g y .”

f T h e  F ang  th eo ry  o f  in f in i te  regress is a c o m p le te ,  c o h e r e n t  view; it does  n o t  

need  fu r th e r  a m e n d m e n t ,  for th e  C h r i s t i a n  th e o ry  o f  u n c re a te d  c rea to r  is n o  m ore  

free o f  c o n t r a d i c t i o n — a n d  p e r h a p s  less s o A O f  course ,  as F e rn a n d e z  h im s e l f  

warns, o ne  c a n n o t  simply proclaim  th a t  a part icu lar  A frican  narra tive  is just an o th e r  

w ork  o f  th eo log y  or p h i lo so p h y — or, fo r  t h a t  m a t te r ,  m a th e m a t ic s .  R e c e n t  works 

s u ch  as M u d i m b e ’s Invention  o f  A fr ic a  ( 1 9 8 8 )  h a v e  s h o w n  t h a t  su ch  t r a n s la t io n s  

to specific E u ro pean  d isc ip l ines  are always part ia l ,  h ighly  in te rp re t iv e ,  a n d  in d a n ­

ger o f  m is rep re sen t in g  th e  in d ig en o u s  view. Yet M u d im b e  is also respectfu l o f  th e  

work t h a t  has  b een  d o n e .  O f  p a r t icu la r  r e l e v a n c e  h e re  are  h is  c i ta t io n s  o f  A fr ica n  

th e o lo g ia n  E n g e lb e r t  M v e n g .

Y M v e p g  in c lu d e d  sev e ra l  n o te s  o n  in f in i ty  in his s tu d ie s  o f  t h e  r e la t io n  

b e tw e e n  th e  A fr ican  an d  C h r i s t i a n  views. H is  b eau ti fu l  tex t ,  L 'Art d 'A /r(que Noire 

(1 9 6 4 ) ,  c o n t a ins d iag ram s  (pp .  1 00--103)  s h o w in g  w h a t  h e  t e rm e d  “ra d ia t io n  

am p l i f ic a t iv e ,” sc a l in g  p a t t e r n s  in_Afncan_art_a_hd mus_i_c_that he_ in t e rp re te d  as 

r e p re se n ta t io n s  o f  a t r a n s c e n d e n t a l  p a t h  to  inf in ity .  “U n e  fois de  plus, n o u s  

d e c o u v ro n s  q u e  le m o u v e m e n t  ry th m i q u e ,  d a n s  n o t r e  a r t ,  n ’esc a u t r e  ch o se  

q u ’u n e  course  vers  1' i n f in i” ( O n c e  a g a in ,  w e d is c o v e r  t h a t  t h e  r h y th m ic  m o v e ­

m e n t  in o u r  a r t  is n o n e  o t h e r  t h a n  th e  p a th  to w a rd  in f in i ty )  (p . 102).  F a th e r  

M v e n g  was a w o n d e r fu l  in s p i ra t io n  d u r in g  m y re sea rch  in C a m e r o o n ,  b o th  for 

his d e e p  c u l tu ra l  k n o w le d g e  as well as fo r  his  co u rag eo u s  w ork  as a c ross -cu l tu ra l  

m edia tor .  D u r in g  o u r  last m e e t in g  we d iscussed  M u d i m b e ’s b o ok ,  an d  1 p rom ised
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to  s e n d  h i m  a copy- S h o r t l y  a f t e r  d o i n g  so  a r e p ly  c a m e  f r o m  t h e  A m e r i c a n  

C u l t u r a l  C e n t e r  in  Y a o u n d e  M v e n g  h a d  b e e n  m u r d e r e d  “u n d e r  s u s p ic io u s  

c i r c u m s t a n c e s ”— a p p a r e n t l y  t h e  r e s u l t  o f  o p p o s i t i o n  t o  h i s  c r o s s - c u l tu r a l  

a c t iv is m .  H e  h a s  f in a l ly  t a k e n  th e  course vers V inf ini. ^



Complexity

C H A P T E R

IO

 In  o r d i n a ry s p e e c h C ^ c o m p Ig ^ ” j us t  m e a n s  t h a t th e r e  is a lo t  g o in g  o n .  B u t  for

m a t h e m a t i c i a n s  t h e  te r m  is p rec ise ly  d e f in e d ,  a n d  it g ives us a n e w  way to 

a p p ro a c h  m a th e m a t ic s  in  A f r ic a n  m a te r ia l  cu l tu re .  In  c h a p te r  7 we saw h o w  c e r ­

ta in  A f r i c a n  sy m b o l ic  sy s te m s ,  l ik e  t h e  B a m a n a  d i v i n a t i o n  c o d e ,  c o u ld  be 

g e n e ra te d  by a r ecu rs iv e  lo o p .  S u c h  n u m e r ic  sy s tem s  c le a r ly  t r a n s l a t e  i n to  th e  

W e s te rn  d e f in i t io n s  o f  w h a t  it  m e a n s  to  “c o m p u t e . ” B u t  th e  t r a n s la t io n  was less 

c lear for so m e  of t h e  p h ys ica l ly  recu rs iv e  s t ru c tu re s  in A f r i c a n  m a te r ia l  cu l tu re .

C a n  a sy s tem  o f  p h y s ical d y n a m i c s  b e  sa id  to  “c o m p u t e ” ? M a t h e m a t i c a l  c o m ­

p lex i ty  th e o ry ,  w h ic h  is b a s e d  o n  f r a c ta l  g e o m e t ry ,  p ro v id e s  a way to  m easu re  

the  c o m p u t a t i o n  e m b e d d e d  in  p h y s ic a l  s t ru c tu r e s ,  r a t h e r  t h a n  ju s t  sy m b o l  sys­

tems. By lo o k in g  a t  A f r i c a n  m a te r i a l  c u l t u r e  in  t h e  f r a m e w o rk  o f  com plex ity^  

theory, we c a n  b e t t e r  im ders tan .d j .he .  p re s e n c e  o f  f rac ta l  g e o m e try  as a n  A f r ic a n  )  j 

k n o w le d g e  sy s tem . .

A nalog co m p u tin g

By th e  mid.-,.i_p6ps it was c le a r  to  m a n y  re s ea rch e rs  chat d ig i ta l  c o m p u te r s  w ould  

be th e  w ave  o f  th e  fu ture .  But before th e n ,  a n a lo g  c o m p u te rs  h e ld  th e i r  ow n ,  and  

they m ay yet m ak e  a c o m e b a c k .  In  d ig i ta l  sys tems, in fo rm a t io n  is r e p re s e n te d  by
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p hy s ica l ly  a rb i tra ry  sym bols .  A s B a t e s o h  (1 9 7 2 )  said , “T h e r e  is n o t h i n g  s9.yeni.sh 

a b o u t  t h e  nu m era l .$ ev .en .” T h e  g e o m e t r i c  s t ru c tu r e  o f  a d ig i ta l  sy m bo l h a s  l i t t le

o r  n o t h i n g  to  do. w i t h  i t s  m e a n i n g ,  w h i c h  is s im ply  a ss ig n ed  to  it-.-hy so c ia l  c o n ­

v e n t i o n .  In  a n a lo g  sys tem s,  t h e  p h y s ica l  s t r u c tu r e  o f  th e 'S ig n a l  c h a n g e s  in  pro-\

p o r t io n  to  c h a n g e s  in t h e  in f o rm a t io n  it  r e p re se n ts .1 R a th e r  t h a n  b e in g  arb i tra ry , 

t h e  p hys ica l  sm ic.ture  is a  d i r e c t  re f lec t io n  o f  its in f o rm a t io n .  L ou dn ess  in h u m a n  

sp e e c h  is a  g o o d  e x a m p le  o f  a n a lo g  re p r e s e n ta t io n .  A s  I g e t  m ore  e x c i t e d ,  I speak

louder :  th e  p hys ica l  p a r a m e te r  c h a n g e s  in  p r o p o r t io n  to  t h e  s e m a n t i c  p a ra m e -

is reve rsed  in S p a n i s h ,  s in c e  “g a to ” h a s  a  low er  av e ra g e  p i t c h  t h a n  “p e r ro ."  T h j s  

s a m e  a n a lo g /d ig i ta l  d i s t i n c t i o n  o c c u rs  in n e u r a j , s ig n a l s . . I n  t h e  frog r e t in a ,  for 

ex am p le ,  som e n e u ro n s  h a v e  a firing ra te  in p ro p o r t io n  to  t h e  speed  o f  sm all m o v -  ^ 

in g  im ages (G ru sse r  a n d  G r u s s e r - C o r n e h l s  1 9 7 6 ) .  T h a t  is, t h e  fas ter  a fly m o vesC  

across  t h e  eye, t h e  fa s te r  t h e  pu lses  o f  t h e  n e u r o n :  a n  a n a log sys tem . A  d ig i t a l 

e x a m p le  c a n  b e  fou nd  in the_rnqtor n e u ro n s  t h a t  fling o p e n  th e  crayfish claw. H e r e  p  

a specific  firing p a t t e r n  (o f f -o tv o n -o f f )  sw i tc h e s  t h e  c la w  to  th i s  d e fe n s e  ref lex  (  

( W i l s o n  a n d  D av is  1 96 5 ) .

S o  far w e h a v e  o n ly  e x a m i n e d  h o w  a n a lo g  sy s te m s  c a n  r e p r e s e n t  in f o r ­

m a t io n ;  f igure t o . 1 sh o w s  a s im p le  e x a m p l e  o f  h o w  a n a lo g  c o m p u t in g  w orks .  

A l t h o u g h  m o s t  c o m p u t e r  s c i e n t i s t s  e v e n tu a l ly  s e t t l e d  o n  d ig i ta l  sys tem s ,  a n a ­

lo g  c o m p u te r s  w e re  q u i t e  p o p u la r  u p  u n t i l  t h e  1960s. E v e n  w h e n  th e y  b e g a n  to  

d ie  o u t  as p ra c t i c a l  m a c h i n e s ,  t h e r e  was a n  in c r e a s in g j r w a r e n e s s  t h a t  m u c h  o f  

o u r  o w n  b r a i n .p p e r a . t e s .b y  a n a l o g  c o m p u t i n g ,  a n d  th i s  J e d  some... s c i e n t i s t s  

to w a rd  th e  d e v e l o p m e n t  o f  w h a t  .are. n o w  c a l l e d  .“ n e u r a l ,  n e t s ”— c o m p u t i n g  

d e v ic e s  t h a t  m i m i c  t h e  a n a lo g  o p e r a t i o n s  o f  n a tu r a l  n e u r o n s  (f ig. 1 0 .2 ) .  By th e  

m i d - 10 8 0s n e u ra l  ne .ts .and r e l a te d  a n a lo g  d e v ic e s  h a d  a c h ie v e d  e n o u g h  success  

( a n d  d ig i ta l  c o m p u t e r s  h a d  r u n  i n t o  e n o u g h  b a r r ie r s )  t o  b e g in  t o  c o m p a r e  t h e  

tw o .  T h e r e  w as a n  o d d  m o m e n t  o f  a n a lo g  o p t i m i s m ,  w h e n  a few b r a s h  c la im s  

w e re  m a d e  a b o u t  t h e  p o t e n t i a l  s u p e r io r i ty  o f  a n a l o g  c o m p u t i n g  ( s e e  D e w d n e y  

1985 ; V ergis  e t  a l .  1 9 8 5 ) ,  b u t  t h e s e  a s s e r t io n s  w e re  e v e n t u a l l y  p r o v e d  i n c o r ­

r e c t  (B lu m ,  S h u b ,  a n d  S m a le  1989 ; R u b e l  1 9 8 9 ) .  A s  i t  tu r n s  o u t ,  a n a lo g  sy s­

t e m s  h a v e  t h e  s a m e  t h e o r e t i c a l  l i m i t s  t o  c o m p u t i n g  as  d i g i t a l  s y s t e m s . 2 

A l t h o u g h  t h e  s tu d ie s  d id  n o t  r e s u l t  in  r e l e a s i n g  t h e  k n o w n  l i m i t a t i o n s ,  th e y  

d id  p ro d u c e  a n e w  f r a m e w o rk  for t h i n k i n g  a b o u t  c o m p u t in g  in p h y s ica l  d y n a m -  

ics: c o m p l e x i ty t h e o r y .

B efo re  th i s  t i m e ,  m a t h e m a t i c i a n s  h a d  d e f i n e d  c o m p l e x i t y j n  t e r m s  of 

r a n d o m n e s s ,  p r im a r i ly  b a s e d  o n  t h e  w o r k  o f  S o v i e t  m a t h e m a t i c i a n  A .  N .

ter. T h i s  is n o t  true  for th e  digita l parts  o f  speech ,  su ch  as th e  average p i tch  (“fo m at 

f r e q u e n c y ”) o f  e a c h  w ord .  In  E n g l i sh  t h e  w ord  “c a t ” h a s  a h ig h e r  p i t c h  t h a n  th e  

w ord  “dog ,” b u t  t h a t  d oes  n o t  in fer a r e la t io n  in m e a n i n g — in  fac t ,  t h e  d if fe rence
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A n a lo g  com pxita tion  
Dewdney (1985) shows a great variety of simple physical devices that demonstrate analog 
computing. This device, created by J. H. Luerh of the U.S. Metals Refining Company, solves the 
following optimization problem; a refinery must be located to minimize its costs. If transportation 
in dollars per mile of ore, coal, and limestone are values of O, C, and L, and disrances of these 
sources are o, c, and !, then the refinery should be located at the point where oO + cC + 1L is at 
;t minimum. The holes through which the strings pass are at the source locations, and the weights 
on the ends of the strings are proportionate to O, C, and L. The  brass ring attached tc the strings 
ijitickly moves to the optimal location on the map. 
i C o u n e s y  A .  K .  D e w d n e y )

K o lm og orov  a n d  A m e r i c a n s  G re g o ry  C h a i t i n  a n d  R ay  S o lo m o n o f f .  I n  th is  d e f ­

in i t io n ,  t h e  com R lex jt j f .o f  a s ig na l  ( e i th e r  a n a lo g  o r  d ig i ta l )  is m easu re d  by th e  

le n g th  o f  th e  s h o r te s t  a lg o r i t h m  re q u i red  to  p ro d u c e  it  (fig. 10 .3 ) .  T h i s  m e a n s  

th a t  pe r io d ic  n u m b e r s  ( s u c h  as .2 7 2 7 2 7 2  . . . )  will h a v e  a low a lg o r i t h m ic  com - 

1 plexity. E v e n  if  t h e  n u m b e r  is in f in i te ly  long ,  t h e  a lg o r i t h m  c a n  s im p ly  say, 

“W r i te  a d e c im a l  p o in t  fo l low ed  by e n d le ss r e p e t i t io j is  o f  ‘2 7 ,” '  o r  e v e n j h o r t e r :

“3 /1 1 ."  T ru ly  r a n d o m  n u m b ers  (e .g . ,  a s t r in g  o f  n u m b e r s  p ro d u c e d  by ro l l in g  

d ic e )  w ill  h a y e j_ h e J x ig h e s t  a lg o r i t h m i c  c o m p l e x i t y  p o s s ib le ,  s i n c e  t h e i r  o n ly  

a lg o r i t h m  is_che n u m b .y . . i t s e l f— f o r . a n j n f i n i t e  l e n g t h ,  yo u  g e t  i n f in i t e  c o m -  

p l e x i ty . J n  a n a lo g  sy s t e ms a p e r io d ic  s ig n a l  su c h  as t h e  v i b r a t i o n  from  a s in g le  

guitar  s t r in g  o r  t h e  re p e t i t iv e  sw ings  o f  a p e n d u lu m  w o u ld  h a v e  th e  low est a lg o ­

r i th m ic  c o m p le x i ty ,  a n d  r a n d o m  n o is e  s u c h  as s t a t i c  f ro m  a r a d io  t h a t  h a s  los t
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its s t a t i o n  ( w h a t  is o f t e n  c a l l e d  “w h i t e  n o i s e " )  w o u ld  h a v e  t h e  h i g h e s t  a lg o -  

r i t h m i c  c o m p le x i ty .

O n e  p ro b lem  w ith  d efin ing  co m plex ity  in  te rm s o f  r a n d o m n e ss  is th a t  it does 

n o t  m a t c h  o u r  in tu i t io n .  W h i l e  i t ’s t r u e  t h a t  t h e  p e r io d ic  s ig na l  o f  a t ic k in g  

m e t r o n o m e  is so s im p le  t h a t  it  b e c o m e s  h y p n o t i c a l l y  b o r in g ,  t h e  sa m e  c o u ld  be 

said for w h i te  n o is e — in fac t ,  1 s o m e t im e s  t u n e  my ra d io  b e tw e e n  s t a t i o n s  if 1 

w a n t  to  fall a s leep .  B u t  if  I w a n t  to  s tay  a w a k e  1 l i s t e n  to  m us ic .  M u s ic  s o m e- 

h o w  satisf ies o u r j n t u i t i v e  c o n c e p t  o f  c o m p le x i ty :  it  is p r e d i c ta b l e  e n o u g h  to  fo l­

low a long ,  b u t  surpris ing  e n o u g h  to  k eep  us p lea san t ly  a t t e n t iv e .  M a th e m a t ic i a n s  

e v e n tu a l ly  c a u g h t  up  w i th  th e i r  i n t u i t i o n  a n d  d e v e lo p e d  a n ew  m e a s u re  in 

w h ic h  t h e  m o s t  c o m p le x  s igna ls  are  n e i t h e r  c o m p le te ly  o rd e r e d  n o r  c o m p le te ly  

d is o rd e re d ,  b u t  r a t h e r  a re  h a l fw a y  in b e tw e e n .  T h e s e  p a t t e r n s  ( w h ic h  in c lu d e  

a lm o s t  ev e ry  ty p e  o f  i n s t r u m e n ta l  m u s ic )  a lso  h a p p e n  to  be  f r a c ta l s— in fac t ,  as 

w e ^ l T s e e ,  t h e  n e w  c o m p l e x i t y  m e a s u re  e x a c t ly  c o i n c j d e s j v i t h  t h e  m easu re -o f  

f r a c ta l  d im e n s io n .

T h e  first s tep  in this  d i rec t io n  was th rou gh  studies o f  ce llu lar a u tom ata .  R ecall 

from  c h a p te r  7 t h a t  c o m p u t e r  sc ie n t i s ts  in t h e  early( i g 8 g s-t\ad s t a r t e d  to  t h i n k

N e u r a l  n e t s
(n) Suppose we balance a ball on a teeter-totter. Unless the ball is at the precise center, the 
teeter-totter wtl! start to slope toward one side, which will cause the ball t o  roll even farther 
toward that side. In other words, there are two stable states, and anything in between (except ft 
tiny neutral point) will get caught up in the positive-feedhack loop leading rapidly to a stable st
(b) This is an electrical circuit that works much like the teeter-totter. Each triangle is an amplii 
with two outputs, one normal and the other (black circle) an inverted output. Since the inverte 
output is connected to the input of the other amplifier in each, they will balance out like the b; 
at the exact center of the teeter-totter, but rapidly flip to one of the two stable states in which t 
amplifier is at its maximum (“saturated”). That means that this circuit can solve a simple task: 
which of two numhers is larger? By putting an initial charge proportionate to one of the two 
numbers at each inpur, the system rapidly (lips to the saturated stable state favored hy the larget 
number. Linking thousands of these simple amplifiers Together allows computer scientists to m;i 
sophisticated machines for pattern recognition and other artificial intelligence tasks.
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ab o u t  ce llu la r  a u to m a ta  as th e  s im u la t io n  o f  c o m p l ic a te d  physica l  dynam ics ,  su ch  

as t h a t j e e n  in l iv in g  o rgan ism s .  P h y s ic is t  S t e p h e n  W o lf ra m  b e g a n  to  w o n d e r :  

ju s t  h o w  c o m p l ic a t e d  is it? C lea r ly ,  l iv in g  sy s tem s a re  m o re  c o m p le x  t h a n  r a n ­

d o m  n o ise ,  so h e  k n e w  th a t  t h e  o ld  c o m p le x i ty  m e a s u re  o f  K o lm o g o ro v  w o u ld  

n o t  do .  B u t  W o lf ra m  h a d  s tu d ie d  a go o d  d e a l  o f  c o m p u t e r  sc ien ce ,  a n d  h e  r e a l ­

ized t h a t  ch e  way in w h ic h  d i f fe ren t  types o f  re c u rs io n s  are  used to  m easu re  c o m -  

p u t ing  p o w e r  co u ld  a lso  be a p p l ie d  to  p h y s ica l  d y n a m ic s .  R eca l l  f rom  c h a p te r  8 

th a t  we d iv ided  recurs ion  in to  th re e  types: cascades , i te ra t ions ,  a n d  self-reference.

F I G U R E  I O . 3  

K o n n o g o r o a t - C h u / t m  com plex ity  m e a su re  
( j)  W h e t h e r  it is in  d ig i t a l  o r  a n a l o g  s ig n a ls ,  c o m p l e x i t y  c a n  be  
measured in  t e r m s  o f  t h e  i n f o r m a t i o n  c o n t e n t .  T h e  first s u c h  
measure was t h a t  o f  K o lm o g o r o v  a n d  C h a i t i n ,  w h o  t h o u g h t  o f  £ 
complexity  in  t e rm s  o f  r a n d o m n e s s .  T h e  s in e  w a v e  is a b o u t  as  
n onrandom  as we c a n  ge t .  H e r e  it  is g i v e n  a s  a  t i m e - v a r y i n g  |
signal, a l t h o u g h  t h e  s a m e  w o u ld  a p p ly  to  a s p a t i a l  p a t t e r n ,  s u c h  ^ 
as waves in  w a te r  o r  s a n d  ( in  w h i c h  case  w e  c o u l d  m e a s u r e  it  as 
wavelength, w h i c h  is s im p ly  t h e  r e c ip ro c a l  o f  f r e q u e n c y ) ,  
lb) T h e  sa m e  s igna l  in  a s p e c t ra l  d e n s i ty  p lo t .  T h i s  t e l l s  you
how m u c h  p o w e r  is a t  e a c h  f re q u e n c y .  In  t h e  c as e  o f  t h e  s in e  w a v e ,  a l l  t h e  s igna l  p o w e r  js a t  o n e
frequency, ( c )  W h i t e  n o i s e  is a  c o m p l e t e l y  r a n d o m  s ig n a l ,  s u c h  as t h a t  p r o d u c e d  by th e  s o u n d  o f
bacon frying. By t h e  K o l m o g o r o v - C h a i r i n  d e f i n i t i o n ,  w h i t e  n o i s e  is t h e  m o s t  c o m p l e x  s ig n a l .  
Again, th is  w o u ld  a ls o  a p p ly  t o  a s p a t i a l  p a t t e r n ,  s u c h  as d u s t  s p r in k le d  o n  a tab le ,  ( d )  S p e c t r a l  
density p lo t  for w h i t e  no ise .  B e c a u se  it is c o m p l e t e l y  r a n d o m ,  t h e r e  is a n  e q u a l  l i k e l i h o o d  o f  a n y  
wavelength o c c u r r in g  a t  a n y  t im e ,  so  t h e  s i g n a l ’s p o w e r  is e q u a l ly  d i s t r i b u t e d  ac ross  t h e  s p e c t r u m ,  
(c) In sum m ary ,  t h e  K o l m o g o r o v - C h a i t i n  c o m p l e x i t y  m e a s u r e  is s im p ly  a m e a s u re  o f  r a n d o m n e s s .  
Ic.c'uiivtesy R. F. Voss.)
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T h e s e  c o r r e s p o n d  a p p r o x im a te ly  to  t h e  th r e e  fo rm a l  c a te g o r ie s  o f  r e c u r s io n  

used in c o m p u t e r  sc ie n c e ,  w h ic h  w e w ill  n o w  e x a m i n e  in  d e ta i l .

T h r e e  t y p e s  o f  recurs ion:  t h e  C h o m s k y  h ie ra rc h y

In  a recu rs iv e  sys tem , p re s e n t  b e h a v io r  d e p e n d s  o n  p as t  b e h a v io r .  I t  is t h e  c a p a ­

b i l i ty  o f  th is  access  to  m e m o ry  t h a t  def ines  th e  re la t iv e  d i f fe re n c e  in  recu rs iv e  

^ pQAyer. T h e  s c a l in g  c a s c a d e ,  fo r  e x a m p l e ,  c o u ld  n o t  p r o d u c e  t h e  F i b o n a c c i '

I s e q u e n c e ,  b eca u se  it c o u ld  n o t  reca l l  p rev io u s  m e m b e r s  o f  t h e  s e q u e n c e .  S im i-  

\ ^ la r  d i s t i n c t i o n s  a re  used in  c o m p u t e r  sc ie n c e  to  r a n k  c o m p u t a t i o n a l  p o w e r  i n to  

t h r e e  types o f  a b s t r a c t  m a c h in e s ,  re fe rre d  to  as “C h o m s k y ’s h ie r a r c h y .” T h e s e  

a b s t ra c t  m a c h in e s  are  c o m p a r e d  by th e i r . a b i l i ty  to  rec o g n jze  c e r t a i n  c a te g o r ie s  

o f  c h a r a c t e r  s t r in g s .  A  m a c h i n e  t h a t  c a n  r e c o g n i s e  p e r i o d i c  c h a r a c t e r  s t r in g s  

s u c h  as “ababn  . . o c c u rs  a t  t h e  low est level o f  t h e  h ie r a r c h y ,  t h e  F in i t e  S ta t e  

A u t o m a t o n  ( F S A ) .  A n  e x a m p le  o f  t h e  F S A  is s h o w n  in  figure 10.4.

W h a t  w o u ld  it b e  l ik e  to  be a n  F S A ? S in c e  th e  F S A  h as  n o  m e m o ry  s to r ­

age, t h e  e x p e r ie n c e  w o u ld  be s o m e w h a t  a n a lo g o u s  to  n e u ro s u rg e ry  p a t i e n t s  w h o  

h a v e  h a d  b i la te ra l  h ip p ocm n jiaX Ies io ns  { M i ln e r  1 9 6 6 ) .  T h e s e  p a t i e n t s  a re  fully  \

■[ a w are  an d  in t e l l ig e n t  b u t  h a v e  lost t h e  c a p a c i ty  to  t r a n s f e r  k n o w le d g e  to  long-  

I t e rm  m em ory .  T h e ' td .p p o c a m p a l  surg~ery p a t i e n t  w h o  f inds h e r s e l f  a t  t h e  e n d  of 

a b o o k  c a n  d e d u c e  t h a t  s h e  h a s  re a d  its con ten ts . ,  a l t h o u g h  s h e  d o es  n o t  k n o w  

y w h a t  t h e  p re v io u s  c h a p te r s  w ere  a b o u t .  A rtJF S A -'has  o n ly  a n  implicit m e m o ry ,  f 2 * 

b ecause  its p re s e n t  s t a te  c a n n o t  rev ea l  a n y th i n g  a b o u t  its p a s t ,  o t h e r  t h a n  t h e  }

/  fac t  t h a t  it  m u s t  h a v e  passed  th r o u g h  o n e  o f  t h e  s e q u e n c e s  o f  s t a te s  t h a t  te r  m i- .   ̂

y m lL e"u r  i h t  p r e s e n t  s ta te .  - ... . ,  .... .

input tape a b a a b a b b

read only

Transition table

Current state
Current symbol 
on input tape New state

s , n Si
Si h S2 •
s 2 a S 2

S 2 b Si

F I G U R E  IO .4
T h e  f in i te  s t a t e  

a u t o m a t o n
T h e  finite sta te  au tom aton 
(FSA) has a list of transition 
rules th a t  tell it how to change 
from one  state to the  next, 
depending  on its current state 
and the  symbol it is reading on 
tire input tape. It has no  mem­
ory, o th e r  than  tha t  implied hy 
its cu ren t state. T his  FSA will 
end up in the “accept” state S, 
it the  tape ends after an even 
num ber of h’s.
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T h e  sec o f  p a l in d ro m ic  s t r ings  (e .g . ,  a a b b a a )  is a g o o d  e x a m p le  o f  t h e  l im ­

i t a t i o n  of_the F S A : it lacks  t h e  ab i l i ty  to  m e m o r iz e  t h e  f irs t h a l f  o f  t h e  s t r in g  

a n d  th e re fo re  c a n n o t  c o m p a r e  it  w i th  t h e  se c o n d .  T h e  leas t  p o w erfu l  m a c h in e  

c a p a b le  o f - th is  m e m o ry  s to rage  is t h e  P u s h - D o w n  A u t o m a t o n  f(TOA)\ illus- T t ; ^  

t r a te d  in  figure 10.5. T h e  s ta ck  m em ory_of t h e  P D A  is usual ly  c o m p a re d  to  t h e \  

sp r ing -loaded  tray  s tack  o f te n  used in cafeterias; o n c e  a  sym bol is read  from  m e m - /

'ory it is g o ne .  A s  a k n o w le d g e  ana logy ,  w e m ig h t  t h i n k  o f  a r e a d e r  w h o  a c c u ­

m u la te s  s ta ck s  o f  b o o k s  b u t  ge ts  r id  o f  e a c h  b o o k  a f te r  it is read . T h i s  is a 

te m p o ra ry  e x p l i c i t  m em o ry ,  s in ce  th e  P D A  can,,make. tw o  d if f e re n t  t r a n s i t io n s  

g iy e n  t h e  sam e  s t a t e . a n d  in p u t ,  d e p e n d in g  o n  its p a s t .  It is im p o r t a n t  to  u n d e r ­

s ta n d  th a t  g re a te r  rec u rs iv e  c a p a b i l i ty  d o e s  n o t  n e c e s s a r i l y j i p p ly  larger m e m ­

ory storage; it m ean s  a n  im proved  ability to  interact w i th  memory. Size only m atters  

insofa r  as it  r e s t r ic ts  t h e  in t e r a c t io n .

A l th o u g h  th e  P D A  c a n  recog n ize  all  sets  o f  s t r in g s  recogn ized  by a n  F S A , 

as well as m a n y  o th e r s ,  th e r e  are  stil l  ( in f in i te ly) m a n y  sets  o f  s t r ings  t h a t  j t_can-  

n o t  r e c o g n iz e /F o r  example;, i t j z a n n o t  recog n ize  t h e  se t  o f  all  s t r ings  o f  th e  form 

a ^ b ^ c N (w h e re  we h a v e  N  re p e t i t io n s  o f  a, fo l lo w ed  by th e  sam e for b a n d  c), 

because  it h a s  to  w ipe  o u t  its m e m o ry  in  t h e  p rocess  o f  c o m p a r in g  th e  n u m b e r  

o f  a ’s a n d  b ’s, le a v in g  n o  in f o rm a t io n  for c h e c k i n g  th e  n u m b e r  o f  c ’s. ___^

A t  t h e  t o p  o f  t h e  h i e r a r c h y  (fig. 1 0 .6 ) ,  t h e  T u r in g  M a c h i n b t( T p I )  c a n  “ t  VA 

recognize  a ll c o m p u ta b le  fu n c t io n s .  I t  is s im ply  a P D A  w i th 'u n r e s t r i c t e d  m e m ­

ory, b u t  b e c a u s e  o f  t h i s  c a p a b i l i t y  i t , c a n  a c h i e v e  fu l l  s e l f - r e f e r e n c e :  t h e  a b i l ­

ity tp ,gp.9iyzeJ.ts .,pwn p rp g r a m .  A g a i n ,  it  is n o t  a d i f f e r e n c e  in  m e m o r y  size, 

b u t  in  m e m o r y  a c c e s s — u n l i k e  t h e  P D A  s t a c k ,  t h e  T M  m e m o r y  in t e r a c t i o n s  

ca n  o c c u r  o v e r  an.y.past s e q u e n c e s  o f  a n y  l e n g t h ,  a n d  it d o e s  n o t  lose m em o ry

input tape  a b a a b a b b

r e a d  o n ly

read/write

“ S t a c k "  m e m o r y .  T h i s  a l l o w s  n e w  s y m b o l s  
t o  b e  p o s h e d  d o w n  o n  t o p  o f  t h e  s t a c k ,  h u t  
s y m b o l s  c a n  b e  r e a d  o n l y  b y  p o p p i n g  t h e m  
o f f  t h e  t o p ,  a n d  e a c h  o n e  p o p p e d  is l o s t .

F I G U R E  I O . 5

T h e  p u sh -d o w n  
a u to m a to n  

The push-down automaton 
(PDA) has a list of transition 
rules, but these make use of an 
explicit memory storage as well 
as internal states.
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input tape a b a a b a b b F I G U R E  10.6  
T h e  T u r in g  m a c h in e  

The Turing machine has an 
unconstrained memory; it can 
implement any algorithm that can 
possibly exist.

a f te r  it  is read . T o  c o n t i n u e  t h e  t e x t  ana logy ,  if  t h e  F S A  is a  p e r s o n  w h o  a c c o m ­

p l i s h e s  ta sk s  w i t h  n o  b o o k s ,  a n d  t h e  P D A  is a  p e r s o n  w h o s e  s im p le  ta sk s  a re  

l i m i t e d  to  b o o k s  t h a t  a r e  r e m o v e d  a f t e r  th e y  a r e  r e a d ,  t h e n  t h e  T M  w o u ld  be  

a b le  to  c o l l e c t  a n d  re c a l l  a l l  b o o k s ,  in  a n y  o rd e r .  U n f o r t u n a t e l y  t h i s  d o e s  n o t  

s o lv e  a l l  o f  o u r  p r o b l e m s ,  b e c a u s e  t h e  u n b o u n d e d  n a t u r e  o f  t h e  T M  m e a n s  

t h a t  it fooIishly_acceRt§...s.p.me..tasks. t h a t . r e q u i r e  a n  in f in i te  Jibrary. T h i s  is ca lled  

t h e  “h a l t i n g  p r o b l e m ,” a n d  T u n n S h i m s e l f  p r o v e d  t h a t  jt  is u n a v o i d a b l e .  

M a t h e m a t i c i a n  Rozsa P e t e r  sh o w e d  t h a t  o n e_can  d e f in e  a r e s t r i c te d  s e t  o f  p ro -  

gram s_tha t^ar .e_ha l . t .ab le  ( w h i c h  s h e  c a l l e d  t h e  s e t_of_“ p r i m i t i ve  re c u r s i v e  

f u n c t i o n s " ) ,  b u t  i n  d o i n g  so  w e  w o u ld  a lw a y s  s a c r i f i c e  s o m e  o f  t h e  T M ’s 

c o m p u t i n g  pow er.

T h e s e  t h re e  m a c h i n e s, F S A ,  P D A ,  a n d  T M , i l lu s t ra te  t h e  a s c e n t  u p  th e  

C h o m sk v _ h ie ta rchy .  T h e y  d if fer  in  h a v in g  im p l ic j j^m em o ry ,  te m p o ra ry  e x p l ic i t  

m e m o ry, a n d  p e rm anen t^xp l . ic j^ t  m em o ry .  By lo o k in g  a t  m e m o ry  as t h e  basis for 

th e  recursive  loop  in these  sys tem s— t h a t  is, as t h e  e le m e n t  t h a t  g ov erns  t h e  a b i l ­

ity o f  th e  system to  perfo rm  in te ra c t io n s  b e tw e e n  its p re s e n t  in p u t  an d  pas t  b e h a v ­

ior— w e c a n  see t h a t  t h e  d i f fe ren ce s  in c o m p u t a t i o n a l  p o w e r  for th e se  m a c h in e s  

d e p e n d s  o n  th e  d i f fe ren ces  in recu rs iv e  power.

M en su r in g  ana log  c o m p l e x i t y  w i t h  d ig ita l c o m p u ta t io n

N o w  le t ’s r e tu rn  to  W o l f r a m  a n d  h is  ce l l u lar a u to m a ta .  A f t e r  r u n n i n g  th o u s a n d s  

of tr ials, W o lf ra m  fou ruT th a t  all  ce llu la r  a u to m a ta  g e ne ra l ly  d iv id ed  in to  four sp e ­

cific c lasses. C lasses  1 a n d  2 w ere  th o s e  t h a t  e i t h e r  d ie d  o u t ,  o r  w e n t  i n to  a p e r i ­

od ic  cyc le .  C lass  3 was ju s t  t h e  o p p o s i te :  it  w as u n c o n t r o l l e d  g ro w th  t h a t  led to  

a p p a re n t ly  r a n d o m  b e h a v io r ,  l ike  w h i te  no ise .  B u t  c lass  4, w h ic h  in c lu d e d  th e  

“gam e o f  life” ce llu la r  a u to m a to n ,  h a d  s o m e th in g  t h a t  W olf ram  described  as “c o m ­

p le x ” behavior :  n o t  as ran d o m  as w h i te  noise , b u t  n o t  as b o r in g  as a period ic  cycle. 

W o lf ra m  fo u n d  t h a t  th is  h ig h e s t  c o m p le x i ty  a lso  d e m a n d e d  th e  h ig h e s t  co m -
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p u ta b i l i ty :  w h ile  p u re  o rd e r  a n d  p u re  d is o rd e r  c o u ld  be  reco gn ized  by a n  F S A , 

che pacterns_of che c o m p le x  b e h a v io r  r e q u i r e d  a T u r in g  m a c h in e .

M a c h e m a c i c a l  p h y s i c i s t  J a m e s  C r u t c h f f e l d  ( 1 9 8 9 )  f o u n d  a n  e v e n  

s i m p l e r  e x a m p l e  o f  r e c u r s iv e  c o m p l i c a t i o n  in  a p h y s ic a l  sy s te m .  C r u t c h f i e l d  

u sed  che p o p u l a t i o n  e q u a t i o n  m a d e  f a m o u s  by  b io lo g i s t  R o b e r t  M a y  ( 1 9 7 6 ) :  

Pn + 1 = P»R(1 -  Pn ) (w h e re  P is a  p o p u la t i o n  n u m b e r ,  sca led  so t h a t  it is b e tw e e n  

0  a n d  f ,  a n d  R is t h e  b i r t h  r a t e ) .  M a y  f o u n d  t h a t  w h e n  R is low, t h e  p o p u ­

l a t i o n  is s im p ly  a p e r i o d i c  c y c le ,  s w i t c h i n g  b a c k  a n d  f o r t h  b e t w e e n  th e  

s a m e  s e q u e n c e  o f  le v e ls .  A s  y o u  in c r e a s e  R ,  che  l e n g t h  o f  ch e  c y c le  ( t h a t  is, 

t h e  n u m b e r  o f  d i f f e r e n t  p o p u l a t i o n  l e v e l s  y o u  pa ss  t h r o u g h  b e fo re  r e t u r n i n g  

to  t h e  f i rs t  o n e )  in c r e a s e s  e x t r e m e l y  fa s t .  A t  R = 3 . 1 , t h e  p o p u l a t i o n  is in  a 

tw o - le v e l  cycle ,  a t  R = 3 .4  in  a fo u r - lev e l  cyc le ,  a n d  a t  R ~ 4 -0  th e  cyc le  le n g th  

is a t  in f in i ty :  d e t e r m i n i s t i c  c h a o s .  C r u t c h f i e l d  w as  ab le  to  m e a s u r e  t h e  c o m ­

p u ta b i l i t y  o f  th e s e  c h a o t i c  f l u c t u a t i o n s  a n d  fo u n d  r e s u l t s  s i m i l a r  to  th o s e  o f  

W o l f r a m :  b o t h  c o m p l e t e l y  p e r i o d i c  w a v e s  a n d  c o m p l e t e l y  d i s o r d e r e d  w av es  

w e re  c o m p u t a t i o n a l l y  q u i t e  s i m p l e ,  b u t  t h o s e  in  b e t w e e n ,  w i t h  a m ix  o f  

o r d e r  a n d  d is o rd e r ,  h a d  a h i g h  d e g r e e  o f  c o m p u t a t i o n a l  c o m p l e x i t y .  T h e  

s im p le  e q u a t i o n  e x a m i n e d  by C r u t c h f i e l d  r e q u i r e d  o n ly  a P D A ,  b u t  o c h e r  

r e s e a rc h e rs  (B lu m ,  S h u b ,  a n d  S m a l e  1 9 8 9 )  d e m o n s t r a t e d  t h a t  m o r e  c o m p le x  

a n a lo g  fe e d b a c k  sy s tem s w o u ld  be  c a p a b l e  o f  s ig n a l  c o m p l e x i t y  e q u i v a l e n t  to  

T M  c o m p u ta b i l i t y .

Figure 10.7 show s h o w  th e s e  c o m p le x  w avefo rm s,  ca l led  “ 1/ F  n o ise ,"  c o m ­

pare  to  p e r io d ic  a n d  w h i te  n o is e  w av e fo rm s .  T h i s  is eas ies t  t o  see in t h e  sp e c - j  

tra l d e n s i ty  p lo ts .  A  p e r io d ic  s ig n a l  h a s  all i ts  p o w e r  a t  o n e  w a v e le n g t h ,  w hile! 

a w h i te -n o ise  s ig na l  has  t h e  s a m e  p o w e r  a t  a l l  w a v e le n g th s .  1/ F  n o ise  is a  com -j 

•|iio'inise l)c iweeiv th e  tw o — b iased  so t h a t  it h a s  th e  g re a te s t  a m o u n t  o f  power! 

a t  th e  longest w a v e len g th ,  a n d  th e  least a t  th e  shor tes t .  For th is  reason, I / F  noise* 

is frac ta l ;  it h a s  f lu c tu a t io n s  w i t h i n  f l u c tu a t io n s  w i th i n  f lu c tu a t io n s .  W h e n  we 

th i n k  o f  t h e  le n g t h  o f  th e s e  w a v e fo rm s  in  te r m s  o f  m e m o ry ,  w e c a n  b e g in  to  

see a c o n n e c t io n  to  c o m p u ta t io n a l  pow er. If  a sys tem  h a d  th e  sam e  b e h a v io r  over 

an d  o v e r  ag a in ,  it w ou ld  be  coo f ixed  o n  m em ory .  If  it r a n d o m ly  p ic k e d  a new) 

b e h a v io r  every  t im e ,  t h e n  it w o u ld  be  to o  free from  m em o ry .  B u t  useful b e h a v -  ] 

ior is g e n e ra l ly  a m ix tu r e  b e tw e e n  t h e  tw o .  F o r  e x a m p le ,  t h i n k  o f  s o m e th in g /  

unusual you d id  today— m o v in g  socks to  a n e w  side o f  th e  draw er, o r  e a t i n g  p re t ;  

zels in s te a d  o f  c racke rs .  W h a t e v e r  it was, c h a n c e s  are  it  w as p r e t ty  t r iv ia l .  If  w.e 

took  th e  sam e w h im sica l a p p ro a c h  to  m a jo r  l i fe -e v e n ts  e a c h  day— “ today  1 th in k  

I ’ll m o v e  to  S p a in ,  o r  ge t  p r e g n a n t ,  o r  b e c o m e  a p o d ia t r i s t ”— w e w o u ld  be  in- 

t roub le .  O u r  life is typ ica lly  a r r a n g e d  as 1/F  no ise :  h ig h - p o w e r  e v e n t s  s h o u ld  be' 

lo ng - te rm  chan ges ,  a n d  low -pow er  e v e n ts  sh o u ld  be s h o r t - t e rm  c h a n g e s .3 In  fact,
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C r u t c h / i e l d - S m a l e  com plex ity  m e a su re  
(a-b)  P e r io d i c  noise: A simple signal, (c-d)  White noise:
From the viewpoint o f  the Crutchficlcl-Smnle measure, 
this is also of low complexity. An FSA, for example, 
could define this noise by making all state transitions 
equally probable, ( e - f )  Fractal noise: The most complex 
signals in the-Crutchfield-Sinale measure are “scaling 
noises" in which there are fluctuations within fluctu­
ations. These signals have the greatest amount of their 
power in the lowest frequencies (longest wavelength).
Since power is rbe reciprocal of frequency, it is often referred to as 1/F noise, (g) In summary, the 
Ctutchfield-Smale complexity measure is a reflection of the fractal dimension. The “most fractal” 
(e.g., dimension of 1.5) will be the most complex, and the function decreases with both higher and 
lower dimensions.
(c a n d  e, courtesy R. F. Voss.)

p e r i o d i c
n o i s e

f r a c t a l
n o i s e

r a n d o m
n o i s e
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m a n y  o f  t h e  a n a lo g  w av e fo rm s  p ro d u c e d  by in t e l l i g e n t  h u m a n  b e h a v io r  a p p e a r  

to  b e  1/ F  s ign a ls  (Voss 1988; E g lash  1 9 9 3 ) .

A s  m o r e j i c ie m is t s  b e g a n  to  t h i n k  o f  c o m p le x i ty  in  te rm s  o f  c o m p u t a t i o n  

a n d  1/ F  n o ise ,  th e y  b e g a n  to  a c c u m u la te  e x a m p le s  t h a t  sugges ted  t h a t  th i s  was 

w h a t  it  m e a n t  to  h a v e  a  "se l f -o rg an iz in g ” sys tem . In  t h e  e v o lu t io n  o f  life, for 

in s ta n c e ,  m o s t  o f  t h e  g e n e t i c  in f o r m a t io n  s to res  l o n g - te rm  e v e n ts ,  su ch  as th e  

p hysio logy  t h a t  u n d e r w e n t  c h a n g e  in l i f e ’s e v o lu t io n  from  w a te r  to  lan d .  M o re  

s h o r t - t e rm  a d a p ta t io n s ,  su ch  as sk in  color ,  t ak e  up very l i t t le  o f  th e  ge n e t ic  m a t e ­

rial. H e re  a ga in ,  w e h a v e  s o m e th i n g  l ike  1/ F  no ise ,  w i th  lo n g - te rm  e v e n t s  t a k ­

ing  u p  th e  b u lk  o f  t h e  sys tem , a n d  s h o r t - t e r m  e v e n t s  t a k in g  u p  p ro p o r t io n a t e ly  

less. P hysic is ts  P e r  B ak  an d  C h a o  T a n g  (B a k  a n d  C h e n  1991 )  fo u n d  severa l  

e x am p le s  o f  s im p le  p h y s ica l  se l f -o rg an iz in g  sy s tem s t h a t  p ro d u c e d  1/F  n o is e . , In  

forest 'fiTeST'forex 'ample, ve ry  d ry  w o o d s  w o u ld  sp re a d  fire  in a n  o rd e r ly  c irc le ,  

w h i le  fires in  w e t  w o o d  w o u ld  be  to o  sp o ra d ic  o r  r a n d o m ,  a n d  th u s  d ie  o u t .  B u t  

in - b e tw e e n  fires sp re a d  in  a  f r a c ta l  p a t t e r n ,  w i th  m o s t  o f  th e  fire  in  lo n g - le n g th  

p a tc h e s ,  less o f  t h e  fire in  m e d iu m  p a tc h e s ,  e v e n  less in sm a l le r  p a tc h e s ,  a n d  so 

o n .  In  w a te r  we h a v e  o rd e r ly  c ry s ta ls  a n d  d iso rd e r ly  l iqu ids ,  b u t  in  b e tw e e n  w e 

c a n  g e t  t h e  f r a c ta l  p a t t e r n s  o f  sn o w flak es .

S in c e  w e a re  fa m il ia r  w i t h  o u r  o w n  recu rs iv e  in t e r a c t io n s  w i th  m em ory ,  

we h a v e  a _gpodJ.n tu i t ive s e n s e f q r  w h y  1/ F  n o is e  s h o u ld  a c c o m p a n y  c o m p le x  

b e h a v io r ,  a n d  c lea r ly  it  c a n  c h a ra c t e r i z e  m a n y  v a r ie t i e s  o f  se l f -o rg an iz in g  sys­

tem s—;perhaps all o f  th e m  if w e use t h e  p ro p e r  d e f in i t io n .  But h o w  does  this  h a p ­

pen?  W h a t  is th e  m e c h a n i s m  t h a t  m a k e s  it  work? C o m p le x i ty  th eo r is t s  h a v e  n o t  

h e s i t a t e d  to  suggest  im p l i c a t i o n s  o f  t h e i r  w o rk  for-/c u i tu re ; )h e re  I w o u ld  like  to 

suggest t h e  reverse :  t h a t  c e r t a in  a sp e c t s  o f  A f r i c a n  c u l tu r e  c a n  p ro v id e  im p o r ­

ta n t  im p l ica t io n s  for c o m p le x i ty  theory . M o re  so rhan-.any o f  th e  p rev io us  e t h r . c -  

m a t h e m a t i c s  m o d e l s  w e h a v e  s e e n ,  th i s  p a r t  o f  m y r e s e a rc h  was m u c h  m o re  o f  

a c o l l a b o r a t i o n ,  m u c h  c lo s e r  t o  m y  s e n s e  o f  t h e  “ p a r t i c i p a n t  s i m u l a t i o n ” 

m e t h o d — a l t h o u g h  if  t r u t h  b e  k n o w n  1 h a d  to  b e  d rag g e d  k ic k in g  a n d  s c r e a m ­

ing m u c h  o f  t h e  way.

C hristian  S in a  D ia t ta : a n  A fr ic a n  p h y s ic i s t  looks at c u l tu re

“R h a b .” “P h a n t o m . ” “R h a b ! ” “ P h a n t o m !!" A  s t ran g e  d ia lo g  flew across t h e  c o m ­

p u te r  lab  a t  t h e In s t i t u t  de  T e c h n o lo g ie  N u c le a i r e  A p p l iq u e e  a t  S e n e g a l ’s U n i ­

versity o f  ..Dakar- I was se a te d  w i th  P ro fesso r  C h r i s t i a n  S in a  D ia t t a ,  d i r e c to r  o f  

th e  lab ,^watching th e  p u ls a t in g  form s o f  c e l lu la r  a u to m a ta  flow a b o u t  t h e  sc reen .  

D r .D ia t ta l  was th e  loca l s p o n s o r  fo r  r e s e a rc h  u n d e r  t h e  U n i t e d  S t a t e s ’ F u lb r ig h t  

Fellow ship  p ro g ram , a n d  was eage r  to  discuss h is  o w n  ideas.  Mis physics  lab  was
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a n  in sp ir ing  p lace  to  be. I h a d  a lre ad y  b e e n  ab le  to  s i t  in  o n  a g r a d u a t e  s t u d e n t ’s 

p r e s e n ta t io n ;  a f te r  h a v in g  w i tn e s se d  th e  s a m e  r i tu a l  in  t h e  p hy s ic s  d e p a r t m e n t  

a t  t h e  U n iv e rs i ty  o f  C a l i fo rn ia  a t  S a n ta  C ruz, it m ad e  for a fascinatin.g: b i t  o f  cross- 

cu l tu ra l  com p ar ison .  I tr ied  to  m a k e  m yse lf  useful by s e t t in g  u p  a  d e m o  o f  a n  e le c ­

t r ica l  c i r c u i t  t h a t  p ro d u c e d  d e te r m in i s t i c  c h a o s  ( “C h u a ’s c i r c u i t ”) a n d  in s ta l l in g  

various types o f  software for s im u la t io n s  o f  n o n l in e a r  dynam ics .  I t  was o n e  o f  these  

so f tw are  d em o s ,  R u d y  R u c k e r ’s c a l a b , t h a t  cau sed  o u r  m u l t i l i n g u a l  e x c h a n g e .

A s  n o te d  in c h a p te r  7, so m e  o f  R u c k e r ’s m o s t  in te re s t in g  p rogram s are  those  

h e  ca lls  * |Z hab o tin sky  C A s , "  w h ic h  c a n  p r o d u c e  p a i r e d  log sp i ra ls .  In  a d d i t i o n  

t o  t h e  tw o  s ta te s  o f  l ive  ce l l  a n d  d e a d  c e l l ,  t h e s e  c e l l u la r  a u t o m a t a  r e q u i r e  a t  

le a s t  o n e  “ghost.. ,s tate.” S i n c e  s o m e o n e  h a d  p re v io u s ly  m e n t i o n e d  t h e  in d i g e ­

n o u s  t e r m  for. g h o s t , -rhab, it s e e m e d  l ik e  a n  o p p o r t u n i t y  fo r  c r e a t iv e  t r a n s l a ­

t io n .  1 ex p la in ed  ( in  F re n c h ,  t h e  official lang uag e  o f  S e n e g a l)  t h a t  af te r  I 'etat m ort 

( t h e  d e a d  s t a te )  t h e  ce ll  w e n t  to  i ’ e ta t rha b. T o  m y su rp r is e ,  D i a t t a  c o r r e c t e d  

rhab  b a c k  to  th e  F re n c h :  “p h a n t o m . ” W e  w e n t  b a c k  a n d  f o r th  a c o u p le  o f  t im es  

b e fo re  I re a l iz ed  t h a t  i t 'w a s  n o t  j u s t  m y p o o r  p r o n u n c i a t i o n .  O n l y  l a t e r  d id  

I d iscov er  my b lu n d e r :  D ia t ta  was n o t  from  th e  Is lam ic  W o lo f  m a jo r i ty  ( in  w hose  

la n g u a g e  rhab  o c c u rs )  b u t  f ro m  o n e  o f  t h e  a n im is t  m i n o r i t y  g ro u p s ,  t h e  Jo la .  

U s in g  W o lo f  was n o  m o re  o f  a c u l t u r a l  t r a n s l a t i o n  for h i m  t h a n  i t  w o u ld  h a v e  

b e e n  to  use E n g lish .

T h i s  was o n ly  t h e  s t a r t  o f  my m i s t r a n s l a t i o n s .  A l t h o u g h  Dr. D i a t t a  was 

g re a t ly  e n th u s i a s t i c  a b o u t  m y w o rk  o n  f r a c ta l s  in  A f r i c a n  a r c h i t e c t u r e ,  h e  

s e e m e d  d i s in t e r e s t e d  in t h e  f r a c ta l  g e n e r a t i o n  so f tw a re .  B u t  h e  p e r s i s t e n t ly  

b ro u g h t  up  A fr ican  a r c h i t e c tu re  d u r in g  t h e  ce l lu la r  a u to m a ta  dem o s .  I fo u n d  th is  

e n t i r e ly  t o o  f r u s t r a t in g :  t h e  w h o le  p o i n t  o f  rnv r e s e a rc h  o n  A f r i c a n  f r a c ta l s  was 

t o  e x p lo re  th e  i n t e n t i o n a l  s ide  o f  th e s e  d es ig n s .  C e l l u l a r  a u t o m a t a  c r e a t e  p a t ­

te r n s  n o t  by  p r e p l a n n e d jd e s ig n ,  b u t  r a t h e r  by t h e  i n t e r a c t i o n s  o f  its ag g reg a te  

ce lls .  F ro m  my p o i n t  o f  v iew , h a v in g  f ra c ta l  a r c h i t e c t u r e  as  t h e  r e su l t  o f  ag g re ­

ga te  s e l f -o rg an iza t io n  d e s t ro y e d  th e  p oss ib i l i ty  o f  in t e n t i o n a l i ty .  By fo cu s in g  o n  

c e l lu la r  a u to m a ta  as a n  a r c h i t e c t u r a l  m o d e l ,  D i a t t a  s e e m e d  to  he  u n d o i n g  all 

m y care fu l ly  p re p a re d  re se a rc h .  H is  e n th u s i a s m  w as u n b e a t a b l e ,  h o w e v e r ,  a n d  

1 b e g a n  to  s tud y  a e r ia l  p h o to s  o f  h is  p la c e  o f  o r ig in ,  t h e  J o l a  s e t t l e m e n t s  s o u th  

o f  th e  C a sa m a n c e  River. F igure 10.8 show s  th e  s e t t l e m e n t  o f  M lo m p ,  n o t  far from 

D i a t t a ’s h o m e t o w n ;  its p a i r e d  log  sp i ra l  s t r u c tu r e  c o u ld  h a v e  c o m e  r ig h t  o u t  o f  

R u c k e r ’s Z h a b o t in s k y  C A s .

A  t r ip  to  t h e  C a s a m a n c e  was c lea r ly  c a l l e d  for. 1 was f o r tu n a t e  in  f ind in g  

Nfally Badiane , a  Jo la  g radua te  s tu d e n t  w h o  h ad  d o n e  his m a s te r ’s thesis  o n  ind ige­

n o u s  a r c h i t e c tu r e  o f  th e  s o u t h e r n  C a s a m a n c e ,  as a gu ide .  N f a l l y ’s b a c k g ro u n d  is 

ideal for a n  an th rop o log is t :  raised a m o n g  th e  Is lam ic  m a jo r i ty  in Dakar, h e  is b o th



FIGURE 1 0 .0  
T h e  J ola s e t t l e m e n t  o f  M l o m p ,  S e n e g a l  

Ump. (b, Mlomp model generated by comb.n»tior.of s t o ^ s t i c  and recursive process, 
[nstitut Geogmlskique tie Senega!; b. courtesy o f  Egondu Onyejelt.ve.)



A fr ica n  fracta l mathematics

s t r a n g e r  to  a n d  m e m b e r  o f  t h e  Jo la  socie ty . A s  w e t r a v e le d  t h e  d e l t a  a re a  o f  che 

C a s a m a n c e  R iv e t ,  u s in g  c a ts ,  t ru c k s ,  c a n o e s ,  a n d  a n y t h i n g  else  t h a t  m o v e d ,  h is  

w a rn ing s  a b o u t  t h e  secrecy  o f  Jo la  religious k n o w led g e  w ere  rep ea ted ly  confirm ed. 

S e c u la r in for m a t i o n  a b o u t  t e c h n i c a l  m e th o d s  o f  h o u s e  c o n s t r u c t i o n ,  p r e c o lo n ia l  

a n d  p o s t c o lo n ia l  so c ia l  c h a n g e s ,  k insh ip ,  g topps , . , .a .nd . jpany  o th e r , a s p e c t s „ p f  

Jo la  so c ie ty  w ere  readilY f o r th c o m m  (E g lash  e t  al.  1 9 9 4 ) . 'W e  w ere  to ld  t h a t  th e  

c i r c u la r  b u i ld in g  c o m p le x e s  w ere  n o t  p r e p l a n n e d ,  n o r  w e re  t h e  b ro a d  cu rv e s  of 

th e s e  c o m p le x e s  in  e a c h  n e ig h b o r h o o d ,  b u t  t h a t  th e y  c o u ld  n o t  te l l  us a n y th i n g  

a b o u t  t h e  s e q u e n c e  o f  c o n s t r u c t i o n  b e cause ,  u n l i k e  t h e  W o lo f ,  "w e  d o  n o t  h a v e  

a griot (oral h i s to r i a n ]  in Jo la  socie ty ."  T h e  sp i ra l  s t r u c tu r e  v is ib le  in t h e  p h o t o  

was m a in ly  d u e  to  t h e  care fu l ly  m a in ta in e d  s a c re d  f o r e s t^ L n T o u n d in g e ^ h J _ o c a l  

n e ig h b o r h o o d .  B u t  t h e  m e c h a n i s m s  for c r e a t i n g  s u c h  c o h e r e n t  s t r u c tu r e s  ov e r  

s u c h  a n  e n o r m o u s  ra n g e  o f  sca les  r e m a in e d  h id d e n .  A  ta n t a l i z in g  g l im p se  o f  th e  

Jg] a ry,  h o w e v e r ,  led us t o  su s p e c t  t h a t  t h e r e  w as a^conscious ele- 

m e n t  to  t h e  C A - l i k e  s e t t l e m e n t  s t r u c tu re. F irs t ,  t h e r e  w as  t h e  sy m b o l i sm  o f  th e  

c h i e f ’s d r in k in g  vessel: a  sp ira l  s h e l l . Second,(Kifalfy^had s e e n  th e  in te r io r  o f  o n e  

o f  t h e  s e t t l e m e n t  a l ta r s ,  a n d  sa id  t h a t  it  c o n s i s te d  o f  a  sp i ra l  passage.

T h e  b es t  c lu e  w e -fo u n d  was f ro m  D ia t t a  h im s e l f ,  w h o  d e s c r ib e d  a log  s p i ­

ral p a t h  in  c e r t a i n  r i tu a ls  t h a t  to o k  p la c e  in  t h e  s a c r e d  fo re s t .  B u t  h o w  to  r e c ­

o n c i l e  th i s  s e l f - c o n s c io u s  m o d e l in g  w i th  w h a t  a p p e a r e d  to  b e  t h e  e m e r g e n c e  

o f  t h e  s e t t l e m e n t  s t r u c tu r e  t h r o u g h  a g g re g a te  s e l f -o r g a n iz a t io n ?  1 f in a l ly  c o n ­

f e s sed  my d is tu rb a n c e  to  D ia t ta ,  a n d  asked h i m  b o w  I m ig h t  u n d e rs ta n d  th e  a p p a r ­

e n t  c o n t r a d i c t i o n .  H e  su g g e s te d  y e t  a n o t h e r  s i m u l a t i o n :  t h e  J o la  fu n e ra l  r i tu a l  

(fig. 1 0 .9 a ) . 'W e  h a d  b e e n  a le r ted  to  th is  c e re m o n y  as a re su l t  o f  a suspicious d ea th  

d u r in g  cu r-v is i t ,  b u t  w ere  n o t  a l lo w e d  to  a t t e n d .  D i a t t a  d e s c r ib e d  t h e  r i tu a l  in 

d e ta i l .  T h e  bo d y  o f  th e  d e c e a se d  w as p la c e d  o n  a  p la t fo rm ,  a n d  posts  a t  e a c h  o f  

th e  four  c o rn e r s  a re  h e ld  a lo f t  by  p a l lb e a re r s .  If  c r i t i c a l  k n o w le d g e  is t h o u g h t  

to  h a v e  b e e n  h e ld  by  th e  d ec eased  (e.g., as  in  t h e  case  o f  a m u r d e r ) ,  a p r ie s t  asks 

q u e s t io n s .  T i r e  p a l lb ea re r s ,  r e a c t in g  to  t h e  fo rce  o f  t h e  d e c e a se d ,  m o v e  che p l a t ­

form  t o  t h e  r i g h t  for yes, le f t  for n o ,  a n d  fo rw a rd  fo r  “ u n k n o w n . "

T h e  s im u la t i o n  for th i s  ritual..(fig. J0..9.b) is b a se d  o n  a n  a n a lo g  feed b ack  

n e tw o rk .  W e  d o n ’t  n e e d  to  m a k e  any  a s s u m p t io n s  a b o u t  w h e t h e r  t h e  p a l l b e a r ­

ers a re  e x e r t in g  fo rce  d u e  to  co n sc io u s  o p in io n s  o r  s u b c o n s c io u s  beliefs; it is on ly  

n ecessa ry  to  a s s u m e  t h a t  th e y  e x e r t  fo rce  in  p r o p o r t i o n  to  th i s  m o t iv a t io n -  

S in c e  th e y  c a n  b o t h  e x e r t  force a n d  sense it  f ro m  o th e r s ,  th is  w o u ld  th eo re t ic a l ly  

a l low  th e  s u m m a t io n  o f  k n o w le d g e  a m o n g  th e  p a r t ic ip a n ts  to  be  expressed  in th e  

m o s t  e ffec t iv e  w ay  poss ib le .  In  fac t ,  t h e  t e c h n i q u e  is m o r e  e f fe c t iv e  t h a n  a  v o te ,  

s in c e  v o t in g  c a n  lead  to  t h e  pa rad o x  o f  a m in o r i ty  o p i n i o n  w in  if th e r e  are  m ore  

t h a n  tw o  o p t io n s .^  T h e  in fo rm a t io n  e m e rg e d  from  t h e  b o t t o m - u p  in t e r a c t io n  o f
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th e  parts ,  y e t  it  was a lso  i n t e n t i o n a l  in  t h e  sen se  t h a t  th i s  m e c h a n i s m  fo r  aggre- 

g a te  se l f-o rgan iza t ion  o f  k n o w le d g e  h a d  b e e n  consc io us ly  d e s ig n ed .  T h i s  w as n o t  

i n t e n t i o n a l i t y  as I k n e w  it; it  s o u n d e d  m o r e  l ike th e  d e s c r ip t io n  o f  a n e u ra l  n e t ­

w ork  j n . c o m p u  te r  sc ien ce :

If a p ro g ram m e r has a n eu ra l  n e tw o rk  m o de l  o f  v is ion , for exam ple ,  h e  or she 
can  s im u la te  che p a t t e rn  o f  l igh t a n d  da rk  falling  on  th e  re t in a  by a c t i v a t ­
ing  c e r ta in  in p u t  nodes ,  an d  t h e n  le t t i n g  th e  a c t iv a t io n  spread  th ro u g h  the

(a) In the Jola funeral ritual four 
pallbearers hold a platform aloft and 
move it in response to  questions. Since 
the information (w hether one believes it 
to be of spiritual or mundane origin) is 
held by che pallbearers, we can  model che 
force of each corner as having direction 
and magnitude (a vector) determined by 
the pallbearer’s conviction. Decision 
making based on a continuous range 
rather than  on yes/no is called “fuzzy 
logic” in mathematics.

(b) We can th ink  of the information 
processing in the Jola funeral as the 
equivalent of a neural net (similar to tha t  
in lig. 10.2) in which the sum of the force 
vectors of all four pallbearers are inputs to 
lluee amplifiers, with each inverted output 
connected as negative feedback to the 
oilier two. This would require pallbearers 
to both exert force as well as sense it, but 
juch force-feedback is actually quite 
common in motor tasks. unknown

F I G U R E  I O . 9

N e u r a l  n e t  m o d e l  for th e  Jola  fu n e r a l  r i tu a l



c o n n e c t io n s  in t o  th e  res t  o f  th e  n e tw o rk .  T h e  effec t  is a b i t  l ike  se n d ing  
sh ip lo ad s  o f  g oods  in t o  a few p o r t  c i t ies  a lo n g  th e  seaco as t ,  a n d  th e n  le t t in g  
a  zillion trucks ca r t  th e  stuff  .along th e  h ighw ays a m o n g  th e  in lan d  cities. But 
if t h e  c o n n e c t io n s  h a v e  b een  p rop er ly  arranged ,  th e  n e tw o rk  will soon  se t t le  

in t o  a  se l f -co n s is ten t  p a tce rn  o f  a c t iv a t i o n  th a t  c o r re sp o n d s  to  a c lassif ica­
t i o n  of th e  scene. “T h a t ’s a c a t ! ” (W a ld ro p  1992, 2 8 9 -9 0 )

T h e  t r ic k y  p a r t  is “ if t h e  c o n n e c t i o n s  h a v e  b e e n  p r o p e r ly  a r r a n g e d . ” 

C le a r ly  i t  c o u ld  be  a r r a n g e d  fo r  fo u r  p e o p le ,  b u t  co u ld  it  fo r  th i s 'c i t y  o f  M lo m p ,  

w i t h  d o z e n s  o f  lo c a l  n e i g h b o r h o o d s  a n d  h u n d r e d s  o f  p e o p le  in  e a c h ?  A n d  

M l o m p  is n o t  a n  a n o m a ly .  W h i l e  w e  saw  a m o r e  e x p l i c i t  fo rm a l  sy s te m  in  th e  

c o n s t ru c t io n  o f  several f rac ta l  s e t t l e m e n t  a rch i te c tu re s  in c h a p te r  2, th e r e  are  also 

m a n y  A f r ic a n  s e t t l e m e n ts  t h a t  h a v e  a large, diffuse f rac ta l  s t ru c tu r e  (see D e n y e r  

1 9 7 8 ,  1 4 4 ) .  S e l f - o r g a n iz in g  m e c h a n i s m s  t h a t  a r r a n g e  s u c h  v a s t  a g g re g a t io n s  

i n t o  c o h e r e n t  p a t t e r n s  w o u ld  h a v e  to  be  m o r e  g lo ba l  a n d  less e x p l i c i t .

O n e  key m e c h a n i s m  in  c o m p le x i ty  th e o ry  is m e m o r y : t h e  th e o r y  p re d ic ts  

t h a t  se l f -o rg an iz in g  sy s tem s will u ti l ize  1/ F  d.is.tpi.bu.tiQns. in  m e m o ry  l e n g th .  T h e  

lukasa, a visual “m em ory  b o a rd ” d e v e lo p e d  by th e  B aluba  o f  C o n g o  (Zaire),  shows 

ju s t  s u c h  f rac ta l  sc a l in g  (fig. 1 0 .1 0 ) .  T h e  m em o ry  sy s tem  o f  t h e  lukasa  is partly  

b ased  o n  d ig i ta l  ( t h a t  is, ph ys ica l ly  a rb i t r a ry )  c o d in g ,  s u c h  as co lo r ,  b u t  R o b e r t s  

(1 99 6 )  n o te s  t h a t  m u c h  o f  th e  lukasa is a “geom etry  o f  ideas ,” m a p p in g  theJaeaded  

sp a t ia l  s t ru c tu re  to  a n a lo g o u s  h i s to r i c a l  e v e n ts .  A l t h o u g h  t h e r e  is c o n s id e ra b le  

in t e r p r e t iv e  a n d  c o d in g  v a r i a t i o n ,  t h e r e  is a t e n d e n c y  to  h a v e  s in g le  b e a d s  r e p ­

r e s e n t in g  in d iv idu a ls ,  g ro u p s  o f  b e a d s  r e p r e s e n t in g  roya l  c o u r t s ,  a n d  la rger  bead 

a r r a n g e m e n t s  sh o w in g  t h e  sa c re d  forests  t h a t  h a v e  b e e n  g ro w in g  o v e r  m any  

g e n e ra t io n s .  T h i s  v isu a l iz a t io n  o f  a  1/F - l ik e  d i s t r i b u t io n  o f  m e m o ry  suggests  at 

leas t  th e  poss ib il i ty  o f  i n d ig e n o u s  a w are n e ss  o f  s ca l in g  p ro p e r t i e s  in m a i n t a i n ­

in g  se l f -o rgan ized  co m p lex i ty .

T h e  s t r o n g e s t  c a n d i d a t e  fo r  a  m e c h a n i s m  u n d e r l y in g  s e l f - o r g a n iz a t io n  is 

t h e  c o m p l e m e n t a r y  p a i r  o f  i n d i g e n o u s - f e e d b a c k  c o n c e p t s ,  w e  e x a m i n e d j n  

c h a p t e r  8. In  t h e  v o d u n  re l ig io n  o f  B e n in ,  w e fo u n d  D a n  r e p r e s e n t i n g  th e  s t a ­

b i l iz in g  fo rce  o f  n e g a t i v e  f e e d b a c k ,  a n d  L eg b a  r e p r e s e n t i n g  t h e  d i s r u p t iv e  

fo rce  o f  p o s i t iv e  fe e d b a c k .  S im i l a r  f e e d b a c k  p a ir s  w e re  fo u n d  in  t h e  Baule  

d o o r  c a rv in g s ;  t h e  c a i m a n s  b i t i n g  e a c h  o t h e r ’s ta i l s  a re  a s y m b o l  o f  n e g a t iv e  

fe e d b a c k ,  a n d  th e  f ish  e a t i n g  e v e r  la rg e r  f ish  r e p r e s e n t  p o s i t i v e  f e e d b a c k .  T h i s  

c o m b i n a t i o n  o f  o p p o s in g  fe e d b a c k  lo o p s  a lso  a p p e a r s  t o  he  a t  t h e  h e a r t  o f  th e  

c o n d i t io n s  t h a t  su s ta in  se l f-o rgan iz ing  s t ru c tu res .  O f  course ,  inos t-se lf-organiz ing 

sy s te m s  w ill  h a v e  m o r e  t h a n  tw o  loops ;  b u t  in e v e ry  ca se  1 h a v e  e x a m i n e d ,  at 

le a s t  o n e  o f  e a c h  is p r e s e n t ,  a n d  it is t h r o u g h  th i s  i n t e r a c t i o n  t h a t  su s ta in e d  

c o m p l e x i t y  c a n  arise .



FIGURE 1 0 . 1 0

L u k a s a
( F w m  R o b e r ts  a n d  R o b e r ts  1996; photo b y  D i c k  D e a u li e u x .)
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R e tu r n i n g  to  t h e  m o s t  bas ic  e x a m p le  o f  c o m p le x  b e h a v io r ,  M a y ’s p o p u la ­

t i o n  e q u a t i o n ,  w e  h a v e  tw o  c o m p o n e n t s .  O n  th e  o n e  h a n d ,  th e r e  is p o p u la t io n  

g ro w th :  f*n+1 = Pn R. N e x t  y e a r ’s p o p u la t io n  w ill  be  th is  y e a r ’s p o p u la t io n  tirnes^" 

th e  g ro w th  ra te .  A s  lo n g  as R is a p o s i t iv e  n u m b e r ,  th i s  w ill  be  a  p o s i t iv e  fe ed ­

b a c k  loop. B u t  th e  o t h e r  p a r t  o f  t h e  e q u a t io n ,  m u l t ip ly in g  by (1 -  Pn ), was a neg-,; F- 

a t i v e  fe e d b a c k  loop ,  a c t i n g  l ike a n  e p id e m ic  t h a t  k il ls  m o r e  p e o p le  w i th  larger 

p o p u la t io n  size.-* T o g e th e r  th ey  c re a te  d e te r m in i s t i c  chaos :  t h e  p o s i t iv e  fee d b ack  \ 

k e e p s  e x p a n d in g  t h e  p o p u la t io n ,  a n d  t h e  n e g a t iv e  f e e d b a c k  k e e p s  it w i th i n  j  

b o u n d s .  T h i s  w o rk s  for o t h e r  c h a o s  e q u a t i o n s  as w ell .  F igure  i o . i j  show s  a  •' 

c h a o s  e q u a t i o n  c a l led  th e  "R o ss le r  a t t r a c t o r ’’ m o d e l in g  a ca r  w i th  tw o d rivers .  ^

^  O n e  is d r u n k  a n d  o v e rc o m p e n s a t e s  by s t e e r in g  t o o  far w i t h  e a c h  c o r r e c t io n ;  t h e  )  

C  o t h e r  is so b e r  a n d  pu lls  it  b a c k  o n  th e  road  w h e n  th e  d r u n k e n  o sc i l l a t io n s  g e t  \ .  

{ t o o  large. B ecau se  it  a lways s te e rs  b ack  to  a s l ig h t ly  d i f f e r e n t  p o s i t io n ,  t h e  oscil-  \  

) la t io n s  n e v e r  r e p e a t— d e te r m in i s t i c  ch aos .^

W e  c a n  see  t h e  sam e  c o m b i n a t i o n  o f  n e g a t i v e  a n d  p o s i t iv e  f e e d b a c k  c r e ­

a t in g  s e l f -o rg a n iza t io n  in aggrega te  system s.  T h e  “g a m e  o f  life" c e l lu la r  a u to m a ­

to n  offers a p a r t ic u la r ly  c le a r  i l lu s t r a t io n  o f  th is  p h e n o m e n o n .  If  we g ive  a rule  

se t  t h a t  m a k e s  b i r th  t o o  easy (e .g . ,  t h e  ce ll-goes to  t h e  “l iv e "  s t a te  if  th e r e  is o n e  

o r  m ore  n e a re s t  n e ig h b o r s  a l iv e ) ,  t h e n  th e r e  is t o o  m u c h  p o s i t iv e  fee d b ack  an d  

we g e t  a rap id ly  sp re a d in g  d isk . If w e m a k e  d e a t h  t o o  easy  (e .g .,  t h e  ce l l  goes to  

t h e  “d e a d ” s t a te  if  th e r e  is o n e  or m o r e  n e a re s t  n e ig h b o r s  a l iv e ) ,  t h e  s c r e e n  goes

F I G U R E  1 0 . 1 1

R o ss le r  a t t ra c to r  as fe e d b a c k  in  a u to m o b i le  d r iv ing  
The Rossler attractor is a set- of three simple equations whose output is derprminisric chaos, thar_i.s«. 
a signal with variable oscillations which remain bounded but never repeat the exact same pattern. 
How can such a simple system produce infinite variation? A n  automobile driving model can help 
us see what these equations are doing.

(a) Positive f e e d b a c k .  First, there is a part of the system that provides a positive feedback loop; 
this acts like a drunken driver who swerves farther and farther off the road. Note that the car is not 
properly aligned with the direction of travel; this skidding is the nonlinear relationship between 
road position X and steering angle Y.

(b) N e g a t i v e  f e e d b a c k .  The other part of the system is a negative feedback loop; given a swerving 
input, this cautious driver steers back toward the center of the road. “Caution” is represented by 
the third variable, 2.

(c) Combination o f  n e g a t iv e  a n d  positive f e e d b a c k .  Here we see the complete Rossler system at 
work. The "caution" variable Z controls the facial expression (diameter of eyes and mouth, angle of 
eyebrows). Note that after the oscillation gets large enough, the negative feedback kicks in, and we 
go hack toward the center of the road. Because the car never steers back to exactly the same 
position on the road, the behavior never repeats. If, for example, you looked at the number of 
increasing oscillations that occur before the negative feedback dampens it hack toward the center, 
it would appear to he completely random, with no predictable pattern. Yet the pattern is entirely 
deterministic (that is, determined only hy this set of equations); it could be predicted if you knew 
the initial conditions with infinite precision.
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b la n k  in a  few ge n e ra t io n s .  T h e  “classic” life rule set,.(found by J o h n  H o r to n  C o n ­

way in 1970 )  is o f t e n  re fe rred  to  as “ 3 -4 ’’ life b e c a u se  it ta k e s  3 n e a re s t  n e ig h ­

bors to  g ive b ir th ,  b u t  4 results in d ea th .  C o n w ay  d iscovered  t h a t  th is  c o m b in a t io n  

o f  n e g a t iv e  a n d  p o s i t iv e  fe e d b a c k  m a x im ized  th e  c o m p l e x i t y  o f  b e h a v io r .  S i m ­

ilarly, w h e n  P e r  B ak  fo u n d  e m p i r i c a l  d a t a  for se l f -o rg a n iz a t io n  in  p h y s ic a l  sys­

t e m s — forest  fires, e a r th q u a k e s ,  a v a la n c h e s ,  e tc .— h e  n o te d  t h a t  it  o c c u r r e d  on ly  

a t  a “cri t ica l  s ta te ” in  w h ic h  th e r e  was a  b a lan c e  b e tw e e n  n o ise -suppress ing  m e c h ­

a n is m s — w h ic h  w o u ld  c o r r e s p o n d  to  n e g a t iv e  f e e d b a c k — a n d  t h e  p o s i t iv e  f e e d ­

b a c k  o f  n o is e -a m p l i fy in g  loops. "

It is u n fo r tu n a te  th a t  so m u c h  o f  th e  classic research  o n  A fr ic a n  social m e c h ­

a n ism s  c a m e  from  fu n c t io n a l i s t  an th ro p o lo g y ,  s in c e  th e y  m a d e  a n  a lm o s t  e x c lu ­

sive  e m p h a s is  o n  t h e  ro le  o f  n e g a t iv e  fe ed b ack  in a c h ie v in g  e q u i l ib r iu m .  W h e n  

it c o m e s  to  c o n s c io u s  k n o w le d g e  sys tem s,  A f r i c a n  s o c i e t i e s  d o  n o t  e x c lu s iv e ly  

focus o n  ba lance ,  harm ony , a n d  stasis. T h e  c o m p l im e n ta ry  roles o f  D a n  an d  Legba, 

o f  o rd e r  a n d  d iso rder ,  are m u c h  m o re  c o m m o n ,  as w e s e e  in th i s  passage: “I n  th e  

m i n d  o f  t h e  B a m b a ra s  t h e  air , w in d  a n d  fire . . . a re  in d i s p e n s a b l e  e l e m e n t s  o f  

t h e  w o r ld ’s o n w a rd  m o v e m e n t .  B u t  as th e s e  p r in c ip l e s  m a y  be  a c t i v e  in an  

u n c o n t r o l l e d ,  t h a t  is, u n ru ly  a n d  o f t e n  e x ce ss iv e  m a n n e r ,  N y a le  is c o n s id e re d  

t o  b e  a p ro fuse  a n d  e x t r a v a g a n t  b e in g .  . . .  S o  by h e r  ve ry  n a t u r e  N y a le  is, to  a 

c e r t a i n  e x t e n t ,  a f a c to r  o f  d iso rde r .  T h a t  is w hy  it is sa id  t h a t  B em b a  . . . to o k ,  

aw ay  h e r  ‘d o u b le ’ to  e n t r u s t  i t  to  F a ro  . . . w h o se  e s s e n t i a l  a t t r i b u t e  is e q u i l i b ­

r iu m "  ( Z a h a n  1974 ,  3).

A  s im ila r  p a ir ing  occurs  in  th e  D o g o n  re l ig io n ,  w h e re  A rn m a ,  th e  h ig h  god, 

c r e a t e s  t h e  N u m m o  to  e n a c t  o rder ,  a n d  a c c i d e n ta l l y  c r e a t e s  t h e  d is o rd e r ly  

O g o ;  t o g e t h e r  t h e  tw o  g en e t  viic life as w e k n o w  it. I n  t h e  r e p e r to i r e  o f  d y n a m -  • 

ical c o n c e p ts  o ccu rr ing  in severa l  A fr ic an  kno w ledg e  systems, th e r e  is r e co g n i t io n  

o f  the .usefu l te n s io n  b e tw e e n  eq u il ib r iu m  a n d  d is eq u i l ib r iu m , t h e  d a n c e  b e tw e e n  

o r d e r  a n d  c h a n c e  t h a t  re su l ts  in se l f -o rg an ize d  c o m p le x i ty .  A n d  ju s t  as  S tu a r t  

K a u f fm a n  h as  s h o w n  a bias to w ard  o rd e r  in e v o l u t i o n ’s “ed g e  o f  c h a o s ,” t h e  h ig h \  

/ g o d  en su res  t h a t  t h e  t r icks te r  c a n  a c t  o n ly  sporad ica l ly ,  th u s  c r e a t in g  m o re  p o w e r j  

y to w a rd  lo n g - te r m  o rd e r  in  th e s e  A f r i c a n  co sm o lo g ie s .

A l t h o u g h  f rac ta ls  r e s u l t in g  f ro m  g e o m e t r i c  a l g o r i t h m s :a r e  usua l ly  se e n  as 

s t a t i c  s t ru c tu r e s ,  th e y  t o o  c a n  b e  v ie w e d  as t h e  c o m b i n a t i o n  o f  f e ed b ack  loops . 

A  se e d  s h a p e  w i t h  a h u g e  n u m b e r  o f  t in y  l i n e  s e g m e n t s  (fig. 1 0 .1 2 a )  w_ii_l t e n d  

t o  be  s h a p e - p re s e rv in g  u n d e r  s e l f - r e p la c e m e n t  i te ra t io n s ;  h e r e  d e v ia t io n s  due_tp 

r e p l a c e m e n t  a r e  d a m p e d —-(the d i f f e re n c e  b e t w e e n  a l i n e  s e g m e n t  a n d  th e  seed  

s h a p e  is u su a l ly  n o t  i m p o r t a n t ' ( a n d  t h e  r e s u l t i n g  g r a p h  w ill  h a v e  a low  f r a c ­

ta l  d im e n s i o n ,  i.e .,  t e n d i n g  to w a rd  j . o ) .  B u t  fo r  se e d  s h a p e s  m a d e  u p  o f  o n ly  

a few large  l in e s  (fig. 1 0 .1 2 b ) ,  t h e  d i f f e r e n c e  b e tw e e n  a l i n e  s e g m e n t  a n d  its
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r e p l a c e m e n t  s h a p e  w ill  b e  ve ry  i m p o r t a n t .  L a rg e  d e v i a t i o n s  t e n d  to  be  a m p l i ­

fied in a q u ic k  p o s i t iv e  fe e d b a c k ,  s o m e t im e s  e x p lo s iv e ly  g ro w in g  o u t  o f  b o u n d s  

in o n ly  a  few i t e ra t io n s .  F ig u re  1 0 . 12b h a s 'b e e n  s c a le d  d o w n  t o  f i t  o n  t h e  page, 

b u t  t h e  a c tu a l  f r a c ta l  g r a p h  w ill  q u ic k ly  g row  o u t  o f  b o u n d s  a n d  b l a c k e n  th e  

s c r e e n  e n t i r e ly  ( i .e . ,  a f r a c ta l  d im e n s i o n  c lo s e  to  2 .0 ) .  F ig u re  1 0 .1 2 c  sh o w s  a 

f r ac ta l  d i m e n s i o n  c lo se  tjo 1.5, t h e  " m o s t  f r a c ta l "  m e a s u re ,  w h i c h  re su l ts  from  

a b a l a n c e  b e tw e e n  th e  n e g a t i v e  f e e d b a c k  o f  sm a ll  s e g m e n t  s h a p e  p r e s e r v a t i o n  

a n d  th e  p o s i t iv e  fe e d b a c k  o f  la rge  s e g m e n t  r e p l a c e m e n t  d e v i a t i o n .

T h e r e  is n o  q u a n t i t a t i v e  m e a s u re  o f  f r a c ta l  d i m e n s i o n  in p r e c o l o n ia l  

A f r i c a n  k n o w le d g e  sys tem s.  B u t  th e  idea  o f  a s p e c t r u m  p ro g re s s in g  f ro m  m o re  

ord e r ly  to  less o rd e r ly  is v iv id ly  portrayer!  in c e r t a in  m a te r ia !  des igns .  T h e  best 

ex am p les  a re  in t h e  Taffia p a lm  te x t i le s  of t h e  B aku ba  (fig. 10 .13a) .  T h e se t e n d to 

show  pe r io d ic  t i h n g  a lp n g  o n e  axis, an d  aperiodic.t.i.ling,— o f te n  m o v in g  from  order  

t o  d is o rd e r— a lo n g  t h e  o th e r .  S im i la r  g e o m e t r i c  v is u a l iz a t io n s  o f  t h e  sp e c t ru m

f i g u r e  10 .13  
F r o m  order to d isorder  in  a B a k u b a  c l o t h

( a )  T h e  B a k u b a  o f t e n  c r e a t e  c l o t h  d e s ig n s  t h a t  s ta y  fa i r ly  c o n s t a n t  a l o n g  t h e  v e r t i c a l  a x i s ,  b u t  
g r a d u a l ly  c h a n g e  a l o n g  t h e  h o r i z o n t a l  ax is .  In  m a n y  cases,  t h e  h o r i z o n t a l  t r a n s f o r m a t i o n  sugge s ts  
a n  o r d e r - d i s o r d e r  r a n g e ,  ( b )  C o m p u t e r  s c i e n t i s t  C l i f fo r d  P i c k o v e r  c r e a t e d  t h i s  p a t t e r n  to  s h o w  
h o w  a  s p e c t r u m  f ro m  o r d e r  t o  d i s o r d e r  c o u ld  b e  v isu a l iz e d  by  a l l o w i n g  a r a n d o m  v a r i a b l e  t o  h a v e  
i n c r e a s in g  i n f lu e n c e  o n  t h e  g r a p h ’s e q u a t i o n .  T h u s  it, to o ,  m a k e s  use  o f  p e r i o d i c  r i l in g  a l o n g  t h e  
v e r t i c a l  ax is  a n d  a p e r i o d i c  a l o n g  t h e  h o r i z o n ta l .
(a ,  f rom  M euran t  1986, by  perniis.u'on o f  the author;  b ,  f rom  Pick over  19 90, by  permission o f  the author.)
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from  o rd e r  to  d is o rd e r  h a v e  b e e n  used in  c o m p u t e r  sc ie n c e  (fig. 10 .13b).  A s  far 

as I c a n  tell, th e  B akuba w eav ings  n e v e r  r e ach  m ore  t h a n  halfway across th e  sp ec ­

tru m — they  a re  typically  m o v in g  b e tw e e n  j a n d  1.5, t h a t  is, from  period ic  to  frac- 

tal,  r a th e r  t h a n  s t r e tc h in g  all  t h e  way tgvp u re  disorder.^

1 k n o w  o f  o n ly  o n e  A f r i c a n  t e x t i l e  t h a t  cakes th i s  last s tep ,  a n d  th a t  is th e  

b lock  p r in t  sh o w n  in figure 10.14. T h i s  p a t t e rn  is rem in isc en t  o f  th e  title  o fN ig e r -  

ian  a u th o r  C h i n u a  A c h e b e ’s f am o u s  n o v e l ,  T h in g s F a ll A p a r t. G iv e n  th e  a n t i -  

c o lo n i a l  c o n t e x t  o f  A c h e b e ’s w r i t in g ,  it m i g h t  be  t e m p t i n g  to  read  it  as a n  

in d i c a t io n  t h a t  w h i te  n o is e  o n ly  c o m e s  w i th  w h i te  p e o p le ,  b u t  a t  least in  te rm s

f i g u r e  1 o .  14 

B l o c k  p r i n t  t e x t i l e

This print from West Africa suggests the full spectrum from order to disorder.
(From S i e b e r  1972.)
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o f  t h e  in d ig e n o u s  k n o w le d g e  sy s te m  s u c h  a s s u m p t io n s  a re  u n fo u n d ed .®  T h e r e  

is, for e x a m p le ,  a fo rm  o f  m u s ic  in d ig e n o u s  to  N ig e r i a  t h a t  h a s  s o m e t h i n g  like  

a w h i te  noise  d is t r ib u t io n  of-sounds. A k p a b o t  (-1975) describes “ th e  r a n d o m  music 

o f  t h e  B iro m ,” a f lu te  e n s e m b le  d e s ig n e d  to  a llow  e a c h  m u s ic ia n  to  ex p ress  in d i ­

v id u a l  feelings th r o u g h  w h a te v e r  id io sy n c ra t ic  n o is e  (o r  e v e n  s i len ce )_ he  or she  

c h o o se s ,  re su l t in g  in  " a n  in d e t e r m i n a t e  p ro cess  [ in  w h ic h ]  t h e  s o u n d s  p ro d u c e d  / .  

by  th e  p layers  are  n o t  o b s t ru c te d  by a c o n sc io u s  a t t e m p t  to  o rg an ize  t h e  rh y th m s  ^  

a n d  h a r m o n ie s ” (p .  4 6 ) .  P e l t o n  (1 9 8 0 )  refers  to  t h e  N ig e r i a n  (Y oru ba)  t r ic k s te r   ̂

E sh u  as  t h e  “lord  o f  r a n d o m , ” a n d  n o te s  t h a t  t h e r e  is a c o u p l in g  b e tw e e n  th e  

o rd e r ly  w o rk  o f  O l i r u n  a n d  th i s  u n p r e d i c t a b l e  s p i r i t ,  s im i la r  to  t h e  n e g a t i v e  

f e e d b a c k /p o s i t iv e  f e e d b a c k  c o m b i n a t i o n s  w e n o t e d  e a r l ie r .  T h e  c h a r a c t e r i z a ­

t i o n  o f  e x t r e m e  d is o rd e r  m i g h t  w e l l  b e  a p p l i e d  to  t h e  e x p e r i e n c e  o f  c o lo n i a l  

ru le ,  b u t  w e  s h o u ld  n o t  a s s u m e  t h a t  t h e  c o n c e p t  w as u n k n o w n  b e fo r e  t h e n .  A  

s u m m a ry  o f  s e lec te d  A f r i c a n  c o m p le x i ty  c o n c e p t s  is s h o w n  in  f igure  10 .15 ; n o t e  

t h a t  t h e  c e n t r a !  p e a k  o f  sp i r i tu a l  p o w e r  is a n a lo g o u s  to  t h e  c e n t r a l  p e a k  o f  c o m ­

p u t a t i o n a l  p o w e r  in  t h e  C r u t c h f i e l d - S m a l e  c o m p l e x i t y  m e a s u re .

C o n clu sio n

T h i s  c h a p t e r  is o n ly  t h e  ba re  o u t l i n e  o f  w h a t  I h o p e  w ill  be  fu tu re  a re a s  o f  

r e s e a rc h ,  e x a m i n i n g  th e  r e l a t i o n s  b e t w e e n  t e c h n i c a l ,  c u J t u raJ j . a,p d -P 9 ]it i?? i  

sy s tem s  t h r o u g h  th e  n e w  f r a m e w o rk s  o f fe re d  by  c o m p lex i ty ,  th e o r y .  F o r  t h e  

m o m e n t ,  w e  will h a v e  to  l im i t  ou rse lves  to  th e  few f ra g m en ts  t h a t  m y S eneg a le se  

co l leag ues  p o in t e d  o u t  so d i l ig e n t ly i^ F i r s t^ th is  d o e s  n o t  . n e g a te  t h e  p re v io u s  

e x a m p le s  o f  e x p l i c i t  a lg o r i t h m ic  d e s ig n  in  A f r i c a n  fractals,,?..buj..j_t..docs suggest  

t h a t  a t  leas t  in  t h e  case  o f  settle_ment a r c h i t e c t u r e  th e y  c a n .a r i s e  f ro m  a n o t h e r  

source  as well.  T h e  c r e a t io n  o f  f r ac ta l  s e t t l e m e n t  p a t t e r n s  t h r o u g h  aggrega te  self­

o rgan iza tion ,  w h ile  u n l ik e  t h e  p la n n e d  s truc tu res  we saw in c h a p te r  2, d o  n o t  seem 

to  b e  t h e  re su l t  o f  u n c o n s c io u s  soc ia l  d y n a m ic s  (as w e saw j b r  t h e  u r b a n  sp raw l 

o f  E u ro p e a n  c it ies  in c h a p te r  4 ) .  T h i s  m ay  be  d u e  to  a  differ e rv c ^ b e tw e e n  A.fr i ca  n 

c o n c e p t s  o f  i n t e n t i o n ,  w h ic h  c a n  ap p ly  t o  a g ro u p  p rp jec t_crea tec l .pve r .  severa l  

g e n e ra t io n s ,  versus t h e  W e s t e r n  focu s  o n  a n  in d i v id u a l  p e r f o r m i n g  im m e d i a t e  

a c t io n  in  d e f in in g  in te n t io n a l i ty .  M o s t  im p o r t a n t ,  th e r e  a re  in d ic a t io n s  t h a t  th is  

p a t t e r n  c r e a t i o n  t h r o u g h  g ro u p  a c t i v i t y  is s u p p o r t e d  by c o n s c io u s  m e c h a n i s m s 

sp ec if ic  to  se l f -o rg a n iz a t io n  as d e f in e d  in  c o m p l e x i t y  th e o ry .  B o th  t h e  sc a l in g  

( ' d i s t r i b u t i o n  o f  i n t e r a c t i o n s  w i t h  m e m o r y  a n d  che s p e c t r u m  fro m  o r d e r  to  d is ­

o rd e r  h a v e  a t  leas t  so m e  g ra p h ic  c o u n te r p a r t s  in  A f r i c a n  des igns .  T h e  b e s t  c a n ­

d id a t e  for a c o n s c io u s  m e c h a n i s m  is t h e  c o m b i n a t i o n  o f  n e g a t i v e  a n d  p o s i t iv e  

f e e d b a c k .  W e  d id  n o t  e x a m i n e  e v e ry  p oss ib le  case  o f  d e t e r m i n i s t i c  c h a o s  an d



o r d e r f r a c t a l d is o r d e r

A k a n

( G h a n a ) :

' \ J \ S \ S \ ,

I c o n  f o r  '“c a l m  w a t e r s ” N y a m e ' s  p o w e r  o f  life;  

t u r b u l e n t  w a t e r s  o f  

T a n u

A n a n s e  

t h e  t r ic k st e r

Vodun

(Benin,

Nigeria,

African
diaspora):

D a n M a w u  ( a c t s  t h r o u g h  

l o w e r  g o d s ,  e . g . ,  t h e  

b i f u r c a t i n g  d o u b l i n g s  

o f  S h a n g o )

L e g b a ,  Eshu 

c h e  t r ick st e r s

U'gon
(Mali):

N u m m o  ( d r a w i n g  b a s e d  o n  

p h o t o  o f  r i t u a l  s t a f f  in  I m p e r a t o  

1978)

A m i n a  ( d e s c r i b e d  as 

a n  e x p a n d i n g  spira l , 

l i k e  a w h i r l w i n d )

O g o

t h e  t r ic k st e r
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ag g re g a te  s e l f -o r g a n iz a t io n ,  b u t  it  w o u ld  a p p e a r  t h a t  t h e  c o m b i n a t i o n  o f  n e g ­

a t iv e  a n d  p o s i t iv e  feed back  loops , w h ic h  fo rm  th e  basis o f  severa l  A f r i c a n  k n o w l ­

e d g e  sys tem s ,  a lso  fo r m 'a  key  m e c h a n i s m  o f  g e n e r a l  s e l f -o r g a n iz in g  sys tem s .

A s  n o t e d  in  t h e  f irs t  c h a p te r ,  it  is ju s t  as i m p o r t a n t  to  f in d  w h a t  is m iss ­

in g  as it  is to  f ind  w h a t  is p r e s e n t .  W h i l e  fo u r  o f  t h e  five b a s ic  c o n c e p t s  o f  f r a c ­

t a l  g e o m e t r y — sc a l in g ,  se l f - s im i la r i ty ,  r e c u r s io n ,  a n d  i n f in i ty — a re  a l l  p o t e n t  

aspiects o f  A fr ic a n  m a th e m a t ic s ,  a q uan titative m easure o f  d im en sio n  (th e H au sd orf-  

B e sico v itch  m ea su re) is co m p lete ly  absent.  T h e r e  is a  w ea k  s e n s e  o f  a  c o m p le x i ty  

sp e c t ru m  o f  o rd e r -d iso rd e r ,  w h ic h  w o u ld  c o v a ry  w i th  t h e  H a u s d o r f - B c s ic o v i tc h  

m e asu re ,  b u t  t h a t  s p e c t r u m  is n e i t h e r  q u a n t i t a t i v e  n o r  ( t o  m y  k n o w le d g e )  e v e r  

c o m p a r e d  to  a c o n c e p t  o f  d im e n s i o n  in  any. in d ig e n o u s  A f r i c a n  sy s te m . T h i s  is 

a n  e n o rm o u s  gap in  t h e  A f r i c a n  k n o w le d g e  o f  f r a c ta l  g eo m e try ,  e sp ec ia l ly  s in c e  

t h e  d im e n s io n a l  m e a s u re  is o f t e n  c o n s id e r e d  t h e  m o s t  v a lu a b l e  c o m p o n e n t  by 

c o n te m p o r a r y  re s e a rc h e rs  in  t h e  field...

O n  th e  o t h e r  h a n d ,  w e  a lso  n e e d  to  a p p r e c i a te  all  k n o w le d g e  sy s tem s  in 

t h e i r  o w n  r ig h t ,  a n d  A f r i c a n  f r ac ta l s  h a v e  a s u r p r i s in g ly  s t r o n g  u t i l i z a t i o n  o f  

r e cu rs io n .  In d e e d ,  in  M a n d e l b r o t ’s s e m in a l  te x t ,  T he  F rac ta l  G e o m e tr y  o f  N a tu re  

( 1 9 7 7 ) ,  t h e  in d e x  l is ts  “ r e c u r s i o n ” o n ly  tw ic e ,  a n d  t h e  t e r m s  i t e r a t i o n ,  self-, 

r e f e r e n c e ,  s e l f -o r g a n iz a t io n ,  a n d  fe e d b a c k  a re  e n t i r e l y . a b s e n t -  A s  w e  w ill  see , 

th i s  a b se n c e  is n o  a c c id e n t ;  i t . re f lec ts  a E u ro p e a n  h is to r i c a l  t r e n d -  B u t  w h y  h a v e  

E u ro p e an s  t r a d i t io n a l ly  p la c e d  su c h  l i t t le  im p o r t a n c e  o n  re c u r s io n ,  a n d  w h y  was 

i t  so  s t ro n g ly  e m p h a s iz e d  in  A f r i c a n  fractals?  In  p a r t  m  o f  t h i s  b o o k  w e will t a k e  

u p  su c h  c ro s s -c u l tu ra l  c o m p a r i s o n s  in  d e ta i l .



Implications





—Theoretical— 
—frameworks—
------------- j n -------------

cultural studies- 
-o f  knowledge-

C H A P T E R

~J P a r ts  1 a n d  11 o f  th i s  b o o k  e m p h a s iz e d  t h e  g e o m e t r i c ,  sy m b o lic ,  an d  q u a n t i t a - ^

[ t ive asp ec ts  o f  A fr ic a n  fractals .  S o m e  cases w ere  m o re  spe cu la t iv e  t h a n  o th e r s —  j

/ a d i f fe re n c e  t h a t  1 h o p e  was c le a r ly  i n d i c a t e d — b u t  e v e n  in  t h e  u se 'o f  m y t h i c  ]
\ ' 
J na rra t iv e ,  1 genera l ly  res tra ined  co n c lu s io n s  to  th o s e  t h a t  h a d  g eo m etr ic  o r q u a n -  i

| t i t a t iv e  c o u n te r p a r t s .  In  o t h e r  w o rds ,  t h e  c la im s  m a d e  in p a r ts  i a n d  n sh o u ld  i

■, be fulsif iahle  in t h e  s en se  o f  K ar l  P o p p e r ;  t h e  d a t a  e i t h e r  su p p o r ts  th e  h y p o th e -  j

\ sis o r  refutes  it.* But th e  c h a p te r s  in th is  las t s e c t io n  will sw i tc h  to  top ics  in  cu l-  '

tu r a l  p o l i t i c s  a n d  o t h e r  h u m a n i t i e s .  T h e s e  issues  a r e  t o o  c o m p l e x  a n d

m u l t id im e n s io n a l  to  be  r e d u c e d  to  fo rm a l r e p r e s e n ta t io n s ;  th e y  c a n  o n ly  be

a n  re v ea l  as m u c h

t ru th  a b o u t  t h e  w o r ld  as an y  s c ie n c e ;  w e o n ly  n e e d  to  k e e p  in m in d  th a t  it is a 

d i f fe ren t  way o f  g o in g  a b o u t  it. W h i l e  t h e  p h i lo so p h y ,  p o l i t ic s ,  a n d  p o e t i c s  o f 

cu l tu re  a re  n o t  s t r ic t ly  fa js jf iable ,  th e y  c a n  o f t e n  a p p r o a c h  th e j i r e a s  o f  l i f e j h a t  

P o p p e r ia n  p o s i t iv ism  c a n n o t -— areas  w e  c a n n o t  l ive  w i th o u t .

G iv e n  th a t  o n e  c a n  m a k e  a g o o d  case fo r  a t  least f o u f o f  t h e  five basic  e le-  ̂

mencs o f  f r a c ta l  g e o m e try  in  A f r i c a n  m a t h e m a t i c s ,  w h a t  s h o u ld  we m a k e  o f  it \ 

in te rm s o f  cu l tu re?  T o  ask th i s  q u e s t i o n  e f f e c t iv e ly  w e n e e d  to  av o jd  tw o p i t ­

falls. T h e  first is t h e  p oss ib i l i ty  o f  “o v e r d e t e r m i n e d ” e x p la n a t io n s  for A f r i c a n  

fractals, e x p l a n a t io n s  t h a t  s e e m  t o  be  w a i t i n g  fo r  us b efo re  w e ’ve  e v e n  b eg u n

a p p ro a c h e d  by  e x p lo r in g  t h e i r j u u e r p r e t a r iy e  dep_ ths(Poe try '
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to  e x a m i n e  th e  e v id e n c e .  T h e  s e c o n d  is t h e  d i f f icu l ty  o f  s u s t a in i n g  sk e p t ic i sm  

in  a ra c ia l ly  c h a rg e d  e n v i r o n m e n t . j t h e  p o ss ib i l i ty  t h a t  w e m i g h t  shy  aw ay from  

c r i t i q u e  o v e r  fears  t h a t  e x p re s s in g  a n e g a t i v e  v iew  c o u ld  b e  t a k e n  <is h a v in g  a n  

e th n o c e n t r i c  o r  ra c is t  m o t iv a t io n ^  B o th  fa ilings a re  eq u a l ly  d a m a g in g .  R ecen tly ,  

r e s e a r c h e r s  h a v e  d r a w n  a t t e n t i o n  to  t h e  w ays  t h a t  t h e o r i e s  o f  k n o w le d g e  

(e p is te m o lo g y )  c a n  s n e a k  u n e x a m i n e d  i n t o  cu l tu ra l  p o r t r a i t s .  If  we a re  to  av o id  

t h e  t r a p  o f  see in g  A f r i c a n  f r ac ta l s  as a n  in d i c a t i o n  t h a t  A f r i c a n s  a re  “c lo se r  to  

n a t u r e , ” o r  c o n c r e t e  r a t h e r  t h a n  a b s t r a c t  t h in k e r s ,  o r  u n i f ie d  in  a s in g le  h o m o ­

g e n e o u s  c u l tu re ,  t h e n  w e n e e d  to  k n o w . .a .b i t  a b o u t  t h e  o r ig in  o f  th e s e  m is ­

c o n c e p t io n s .  T h e  f irs t  s t e p  in  tha t \pvocess , . is  t o  e x a m i n e  t h e  e p is te m o lo g ic a l  

f r a m e w o rk s  t h a t  a re  a p p l ie d  t o  t h e  s tu d y  o f  c u l tu re .

T h e  u n i ty jd iv e r s i ty  d e b a t e  a n d  th in  descr ip t io n

A c c o rd in g  to  M u d im b e j r i9 8 8 ) ,  th e  c o n c e p t  of a u n i t a ry , t r a d i t io n a l  “A fr ica n  c u l ­

tu r e ” is a n  i n v e n t io n  c re a te d  first b y c o lo n ia l is ts ,  w h o  s o u g h t  to  r a t io n a l iz e  th e i r  

co n q u es t  w i th  th e  m y th  o f  th e  prim itive, an d  subsequen tly  by an t ico lon ia l is ts  seek ­

ing to  conso l ida te  th e i r  opposi t ion . A  s imilar  cri tique is prov ided  by(A ppiah  (1992) ,  

’w h o  suggests t h a t  th e  d if fe rences  a m o n g  v ar ious  A f r ic a n  so c ie t ie s  w ere  m u c h  too  

b ro a d  to  a llow  any  g e n e ra l iz a t io n s  (p . 2 5 ) :  “S ure ly  d i f fe ren ces  in  re l ig ious o n t o l ­

ogy a n d  r i tua l ,  in  t h e  o rga n iz a t io n  o f  po l i t ic s  a n d  th e  family, in  re la t io ns  b e tw e e n  

t h e  sexes a n d  in a r t ,  in styles o f  w arfare  a n d  cu is in e ,  in  lan g u ag e— surely all th e se  

are f u n d a m e n ta l  k in d s  o f  d if fe rences?”

A p p ia h  a n d  M u d im b e  p r o m o te  v a r io u s  k in d s  o f  s o l id a r i ty  in c o n te m p o ra r y  

A fr ica  (as  well as i n t e r n a t io n a l ly  in  t h e  d ia s p o ra ) ;  th e y  o n ly  c a u t i o n  t h a t  th is  

cu l tu ra l  u n i ty  is o f  r e la t iv e ly  r e c e n t  o r ig in ,  a n d  t h a t  a t t e m p t s  to  see  a n  A f r i c a n  

‘‘e s s e n c e ” o r  a u n if ie d  A f r i c a n  c u l t u r e  p re c e d . in g .m a jo r  E u r o p e a n  i n t e r v e n t io n  

(i.e .,  p rev ious  to  th e  First W o r ld  W a r )  will e v e n tu a l ly  h a v e  to  fall b ack  on  racjaMy 

d e f i n e d  c a t e g o r i e s ,  w h i c h  is c e r t a i n l y  a s e l f - d e f e a t i n g  bas is  fo r  a n t i r n c i s t  

m o v e m e n t s .  F ro in  A p p i a h ' s  a n t i e s s e n t i a l i s t  p o i n t  o f  v ie w  o n e  c a n n o t  d iscuss  

p re c o lo n ia l  “A f r i c a n  c u l tu re ; "  o n ly  “A f r i c a n  c i i j tu re s .”

O n  th e  o t h e r  e x t r e m e  o f  t h e  u n i t y  versus  d iv e r s i ty  d e b a te  1 ies t h e  A fro -  

c e n t r i c  p o s i t i o n .  W h i l e  its  p r o p o n e n t s  a lso  a g re e  t h a t  t h e r e  was_n.o_.single, 

homogerie.0115 A fricarToTlTuTe, th e y  e m p h a s iz e ^ th e ^ h jp x e d - .e le m e n ts .  A s a n t e  

a n d  A s a n t e ’s A fr ic a n  C u l tu re :  Rhythms o f  U nity  (1 9 8 5 ) ,  fo r  e x a m p le ,  b e g in s  by 

ti. s ta t in g  t h a t  w h ile  b lack  u n i ty  c a n n o t  be based o n  g e n e t i c  g rou nd s ,  b road ly  shared  

c u l t u r a l  u n d e r c u r r e n t s  w e re  fo u n d  t h r o u g h o u t  t h e  d iv e r s e  so c i e t i e s  o f  p re-  

/  c o lo n ia l  A fr ic a :
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A l t h o u g h  t h e  p r e c i s e  a c t i o n s  a n d  i d e a s  m a y  d i f f e r  w i t h i n  t h e  a c c e p t a b l e  r a n g e  

a n d  s t i l l  r e m a i n  s q u a r e l y  i n  t h e  c a t e g o r y  o f  A f r i c a n  c u l t u r e ,  t h e r e  a r e  s o m e  b e h a v ­

i o r s  a m o n g  s o m e  A f r i c a n  e t h n i c  g r o u p s  w h i c h  m a y  h a v e  t h e  o p p o s i t e  m e a n ­

i n g  a m o n g  o t h e r s .  T w i n n e s s  is c o m m o n l y  c O A s i d e r e d  a p o s i t i v e  c h a r a c t e r i s t i c  

i n  A f r i c a n  s o c i e t i e s ,  y e t  t h e r e  a r e  s o m e  e t h n i c  g r o u p s  w h i c h  a c c e p t  t w i n n e s s  

a s  a  n e g a t i v e  c h a r a c t e r i s t i c .  . .  . Y e t  t h i s  p a r t i c u l a r i s t i c  e m p h a s i s  w o u l d  n o t  m a k e  

t h e  e t h n i c  g r o u p  u n r e l a t e d  t o  t h e  o t h e r s .  P a t t e r n e d  b e h a v i o r s  b y  A f r i c a n  e t h ­

n i c  g r o u p s  a r e  c u l t u r a l ,  n o t  r i g i d  o r  f i x e d ,  b u t  r e l a t e d  t o  h i s t o r y  a n d  e x p e r i e n c e .  

C u l t u r e  c a n  v a r y  o v e r  t i m e ,  b u t  i n  t h e  c a s e  o f  A f r i c a n  c u l t u r e ,  i t  w i l l  a l w a y s  

b e  a r t i c u l a t e d  i n  t h e  s a m e  w a y .

T h e r e  is a lo t  g o ing  o n  in  th is  pa rag ra p h ,  b u t  th e  crucial p o in t  for my a n a ly ­

sis is A sa n c e  a n d  A s a n t e ’s d i s t i n c t i o n  b e t w e e n  th e  .sur/ace p a r t i c u l a r i t i e s  o f  

va r io u s  e t h n i c  g roups ,  w h ic h  m a y  d iffer, a n d  d eeper  cu l tu ra l  se n s ib i l i t ie s  o r  p a t ­

te rn s  o f  a r t i c u l a t i o n  ( w h ic h  th e y  l a t e r  i l lu s t ra te  w i th  “ th e  th r e e  t r a d i t io n a l  

va lues :  h a r m o n y  w i th  n a t u r e ,2 h u m a n e n e s s ,  an d  r h y t h m ” [p. 7]). In th i s  A fro -  

c e n t r i s m ,  it  is o n ly  a t  th e  d e e p  lev e l  in  w h ic h  we find  im p o r t a n t  c u l tu ra l  a t t r i b ­

u te s  h e lc H n  c o m m o n .

p p p i a h  also m a k e s  th i s  d i s t in c t i o n  b_etween m v i a l  surface^and th e  ‘Tun- 

d a m e n t a T ‘ d e p th s .  T h e  o n ly  d i s a g r e e m e n t  b e tw e e n  h im  a n d  th e  A s a n t e s  is 

w h e th e r  o r  n o t  th e  d e p th s  r e v e a l  d i f fe ren ces .  O n e  way a ro u n d  th is  q u e s t io n  is 

in  t h e  “th i c k  d e s c r ip t i o n ” p ro p o s e d  by a n th r o p o lo g i s t  C l i f fo rd  p e e r t z  O1973). 

G e e r tz  w as m o t iv a t e d  in p a r t  by  h is  d is s a t i s f a c t io n  w i th  t h e  ways t h a t  C la u d e  

L ev i-S t rau ss ’s s t ru c tu ra l i sm  se e m e d  to  re d u c e  sym b o lic  c u l tu re  to  a flat,  m e c h a ­

n is t ic  syn tax .  For p e e r t j ,  c u l t u r a U y m b o l s  s h o u ld  b t ^ i i i ^ , l g n i ^ f j j ^ n a m i c  play, 

a n d  th e  e th n o g r a p h e r  s h o u ld  sh o w  th e i r  tu r b u l e n t  e x p a n s io n  th r o u g h  layers o f 

m ean in g ,  n o t  th e i r  r e d u c n o n  to jpsinj^le fixed s t ruc tu re .  G eer tz  defined  th e se  d eep  

e le m e n ts ,  w h ic h  t e n d  to  be  m o r e  s u b j e c t i v e  a n d  literary, as specific to  a p a r t i c ­

u lar  c o m m u n i ty .  For  h i m j t  w o u ld  be  e x t r e m e ly  difficult _to c o m pare  d e e p  e l e ­

m e n ts  from  o n e  loc a t i o n  to  t h e  n e x t ,  b e c a u se  th e  d e e p  e le m e n ts  are  the_resu.lt 

o f  local in t e rp re ta t i o n s .  T a k e n  to  t h e  e x t r e m e ,  G e e r tz ’s ch ick  d e s c r ip t io n  w ou ld  

s imply  reply t h a t  t h e  q u e s t io n  A p p i a h  a n d  th e  A s a n te s  a re  ask ing  c a n n o t  be  

answ ered .

T h e  f ram e w o rk  1 h a v e  u sed  in  p a r t s  1 a n d  u  o f  th is  b o o k ,  w h ic h  is t h a t  o f 

e th n o m a th e m a t i c s  in  g en e ra l ,  m ig h t  be  re fe rred  to  as chin  d e s c r i p t i o n ^  s tudy  

of th e  surface  p a r t ic u la r i t ie s ,  s u c h  as m a te r ia U le s ig n s  a n d  sym b o lic  fo rm ulas .  A s  

th e  A san te s  p o in t  o u t ,  a m a th e m a t ic a l  e l e m e n t  like d o u b l in g  (“ tw in ness"  in th e i r  

q u o ta t io n )  is jus t  a surface  fea tu re .  W h e t h e r  or n o t  it has  d e e p e r  m e a n in g s— an d  

thus  th e  e n t i r e  A f ro c e n t r i s m /a n t i e s s e n t i a l i s m  d e b a t e — is a q u e s t io n  o u ts id e  of 

th in  d e s c r ip t io n .  For th i s  re a s o n ,  t h e  t h i n  d e s c r ip t io n  use o f  A f r i c a n  ico ns  to
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r e p r e s e n t  spec if ic  m a t h e m a t i c a l  c o n c e p t s  o r  s t r u c tu r e s  (e .g . ,  t h e  t r i c k s t e r  = 

d is o rd e r )  is n o t  n e c e ss a r i ly  in  c o n f l i c t  w i th  t h e j h i c k  d e s c r ip t i o n  o f  th e s e  s y m ­

bols  in  t h e i r  d e e p  s e m io t i c  d y n a m ic s .  P e l t o n  (1 9 8 0 )  se t s  u p  ju s t  s u c h  a  c o n f l ic t ,  

a n d  p e r h a p s  r ig h t ly  so— th e r e  h a s  in d e e d  b een -a  t e n d e n c y  fo r  s t ru c tu r a l i s t s  to  

c la im  t h a t  t h e y  h a d  re d u c e d  c u l t u r e  to  its t r u e  e s s e n c e .  T h e i r  e r r o r  was to  

in s is t  t h a t  th e s e  b a r e - b o n e s  s t ru c tu r e s  w e re  t h e  t ru ly  d e e p  m e c h a n i s m s  o f  c u l ­

tu re ,  a n d  t h a t  t h e  d is cu rs ive  p lay  o f  m e a n i n g  s h o u ld  be  d is r e g a rd e d  as sh a l lo w  

d i s t r a c t io n .  A s  lo n g  as  w e  k e e p  t h e  t h i c k  s tu f f  as t h e  d e e p ,  a n d  t h e  pa red -  

d o w n  s t ru c tu r e s  as t h e  su r face ,  t h e r e  is n o  c o n f l ic t .

W h i l e  t h e  l a c k  o f  A f r i c a n  u n i ty  in  “ tw in n e s s” is n o t  a p ro b le m  for th o s e  

. c o n c e r n e d  o n ly  w i th  d e e p e r  m e a n in g s ,  w o u ld n ’t it p r e s e n t  a p r o b le m  fo r  t h i n ly

"7 d esc r ip t io n ?  T h a t  is, if d o u b l in g  is su pp o sed  to  be  a n  im p o r t a n t  f e a tu re  o f  A f r i c a n  y

m a t h e m a t ic s ,  t h e n  h o w  d o es  o n e  e x p la in  t h e  A f r i c a n  s o c ie t ie s  t h a t  d o  n o t  use 

it? I n d e e d ,  h o w  is f r ac ta l  g e o m e t ry  su p p o sed  to  be  an _ A fr ican  k n o w le d g e  sys tem  

if th e  exam ples  o f  its use are so d isparately  sca t tered  across th e  c o n t in e n t?  T o  answ er 

th is  ques t ion ,  we n eed  to  consider  w h a t  W it tg e nste in  called  a “family re sem b la nce .” 

W h e n  w e lo ok  a t  t h e  p h o to g r a p h  o f  a la rge  fam ily  w e  c a n  see  t h a t  e v e ry o n e  is 

re la te d ,  e v e n  if th e r e  is n o  s in g le  c h a r a c t e r i s t i c  t h a t  th e y  all s h a r e  ( s o m e  h a v e  

big  n o se s  a n d  so m e  sm all ,  so m e  l ig h t  h a i r  a n d  so m e  d a rk ,  e tc . ) .  In  t h e  sa m e  way, 

it  is n o t  u n c o m m o n  for a g rou p  o f  m a t h e m a t i c a l  ideas to  s h a r e  m a n y  c o m m o n ­

a l i t ie s  w i t h o u t  a s in g u la r  e s sen ce .  In  J a m e s  G l e i c k ’s ( 1 9 8 7 )  h i s to ry  o f  c h a o s  

theory ,  for ex a m p le ,  h e  show s th a t  th e  e m e r g e n c e  o f  n o n l i n e a r  d y n a m ic s  as a dis­

c ip l in e  was d u e  to  a  s low  g a th e r in g  o f  m a n y  d if f e re n t  s t r a n d s  o f  m a t h e m a t i c s —  

s t ra n g e  a t t r a c to r s ,  f r ac ta l  g eo m e try ,  c e l lu la r  a u to m a ta ,  a n d  so  o n .  In  o rd e r  for 

s c ie n t i s t s  to  c o l l a b o ra t e  o n  th i s  d e v e l o p m e n t ,  th e r e  w as a  lo n g  p e r io d  in  w h ic h  

seve ra l  re sea rche rs  w orked  h a rd  to  p o in t  o u t  th e  fam ily  re s e m b la n c e  o f  th e s e  d is ­

p a ra t e  m a t h e m a t i c a l  too ls ,  a n d  m a n y  a sp e c t s  o f  t h e i r  r e l a t i o n s h ip s  a r e  st il l  

u n c e r ta in  today. Similarly, A fr ican  fractal geom etry  is n o t  a s ingu la r  body  o f  k n o w l­

edge, b u t  r a t h e r  a p a t t e r n  o f  r e s e m b la n c e  th a t  c a n  be  s e e n  w h e n  w e  d e sc r ib e  a 

w id e  v a r ie ty  o f  A f r i c a n  m a t h e m a t i c a l  ideas  a n d  p ra c t ic e s .  A n d  as w e saw  in  t h e  

case  o f  B a n n e k e r 's  q u in c u n x ,  it  is n o t  t h e  o n ly  p a t t e r n  poss ib le .

P a r t ic ip a n t  s i m u l a t i o n

W h e t h e r  o n e  b e l i e v e s  i n  G e e r tz 's  th i c k  d e s c r ip t io n  o r  in  s o m e  o t h e r  m e t h o d  for 

resea rch ing  th e  d e e p e r  m ean ing s  o f  a local cu ltu re ,  a n d n o p o lo g i s t s  g enera l ly  agree 

t h a t  it requires  lo n g - te rm  local e th n o g r a p h ic  study. M y thin, d e s c r ip t i o n  fieldwork 

^ l a s te d  o n ly  a year  a n d  m o v e d  th r o u g h  S e n e g a l ,  M al i ,  B u rk in a  Faso , T h e  G a m ­

b ia ,  C a m e r o o n ,  B e n in ,  a n d  G h a n a .  T h i s  d ispe rsed  in v e s t ig a t io n  is q u i t e  u n l ik e
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w h a t  is u n d e r t a k e n  by  m o s t  a n th r o p o lo g i s t s ,  w h o  o f t e n  sp e n d  a c o u p le  of years 

in  o n e  v il lage  a lo n e ,  using  “p a r t i c ip a n t  o b s e r v a t io n ” to  trave rse  t h e  d e p th s  o f th e  

loca l  c u l tu r e  by a c t iv e ly  l iv in g  it. T h e r e  is, h o w e v e r ,  a n  i m p o r t a n t j h f f e r e n c e :  

I was n o t  t r y ing to  u n d e r s ta n d  h o w  th e  Y oruba  e x p e r i e n c e  grief,  o r  to  d e te r m in e  

' th e  in n e r  m e a n in g  of c o m m u n a l  sp irit  a m o n g  th e  Baka. M y in te res t  was pr im arily  

in  t h e  fo rm a l  p r o p e r t i e s  o f  d e s ig n ,  in  m e t h o d s  o f  c o n s t r u c t i o n ,  a n d  in  o t h e r  

t e c h n i ca l  q u e s t io n s  t h a t  co u ld  o f t e n  be  a n sw e re d  in a d i r e c t  an d  s im p le  fash ion .  

M a n y  o f  t h e  A f r i c a n s  1 sp o k e  w i t h  w e re  c le a r ly  r e l ie v e d  to  h e a r  t h a t  1 was a 

m a th e m a t ic ia n . -*  O f  co u rse  1 was s t i l l  f a ce d  w i t h  se v e ra l  o f  t h e  sa m e  p ro b le m s  

in v o lv in g  e t h n o g r a p h i c  a c c u ra c y  a n d  a u t h o r i t y  (see  C l i f fo rd  1983).  B u t  e v e n  

th e s e  w e re  s o m e t im e s  d i f fe re n t ly  p o sed .  In  p a r t i c u l a r ,  1 b e g a n  t o  t h i n k  o f  my 

m e th o d o lo g y  n o t  as p a r t i c ip a n t  o b s e r v a t io n ,  b u t  r a t h e r  as partic ipant simulation, 

s e e k in g  to  c o l l a b o r a t i o n  m a t h e m a t i c a l  a n a ly s is  a n d  v i r tu a l  r e c o n s t r u c t io n  

w i th  m y A fr ic a r i  c o l le a g u e s .

P a r t i c i p a n t  s im u la t io n  was c a r r ie d  o u t  to  c o n c lu s io n  o n ly  in t h e  re sea rch  

w ith  C h r i s t i a n  S in a  D ia t ta ,  h u t  1 t r ied  to  m a in ta in  th e  p rac t ice  a t  som e level w ith  

e v e ry o n e  I h a d  th e  o p p o r tu n i ty  to  w o rk  w i th .  T h a t  m e a n t  h a u l in g  d iag ram s of 

f rac ta l  g rap h ic s  w i th  m e  in to  th e  e q u a to r i a l  r a in  fo res t  a n d  across  t h e  s a v a n n a h ,  

an d  d is ru p t in g  r e s e a rc h  t im e  w i th  m a t h  lec tu res ,  b u t  in  th e  e n d  it  was well 

w o r th  i t 7  T h e r e  was t h e  p o te n t i a l  p ro b l e m  t h a t  s o m e o n e  w h o  k n e w  w h a t  1 was 

after m ig h t  fa b r ic a te  w h a t  1 w a n te d  to  h e a r  (as in Sc. Louis,  S en e g a l ,  w h e n  o n e  

o f  th e  local c h i ld r e n  h e a rd  nJe t a lk in g  a b o u t  B e n ja m in  B a n n e k e r  an d  c la im e d  

to  k n o w  h im  p e rs o n a l ly ) ,  / v ’m o r e  p re s s in g  p r o b le m  was my re s is ta n c e  to  th e i r  

suggestions, as o c cu rred  in my in i t ia l  d i s a p p o in tm e n t  w i th  tire lack  o f  p lace  va lu e  

n o t a t io n  in che B a m a n a  d iv in a t io n  co d e ,  o r h e a r in g  che d e sc r ip t io n  o f  t h e  o sc i l ­

la tory  sn a k e  as  “ D a n  a t  w o rk ” (a l l  1 c o u ld  t h i n k  of a t  t h e  t im e  was a ro ad  c o n ­

s t r u c t i o n  s i g n ) .  O f  c o u r s e ,  t h e r e  a r e  a lw a y s  t h e  a f t e r e f f e c t s — S e n e g a l e s e  

soc io log is t  F a tou  S o w  said  “ if th e r e  a re  n o t  f rac ta ls  in  A fr ic a  now , th e r e  surely 

will he  by th e  t im e  you  le a v e ”— h u t  t h e n  t h a t  is a  fea tu re  o f  a ll e th p o g r a p h y ; ju id  

p a r t ic ip a n t  s im u la t io n  is a b o ur t u r n in g  thac_inco _ an .ad van tage .

T h e  re a so n  c o l l a b o ra t iv e  a p p ro a c h e s  ..like p a r t i c ip a n t  s im u la t io n  w ere  n o t  

t r a d i t io n a l ly  u sed  in  e th n o g r a p h y  c o m e s  f ro m  c o n c e r n s  o v e r  a c c u r a c y — th e  

desire to-ol5ta in  a n  o b je c t iv e  a c c o u n t— a n d  c o n c e r n s  o ve r  a u th o r i ty ,  a  susp ic ious  

m o t iv e  in tj^e c o lo n ia l  c o n te x t  o f  m os t  t r a d i t io n a l  an th rop o log y .  C liffo rd  (1 9 8 3 )  

descr ibes  t h e  m o v e  to w ard  c o l l a b o r a n v e ’te c h n iq u e s  as b o t h  th e  a n th r o p o lo g i s t s ’ 

own se l f -c r i t iq ue  o f  a u th o r i t y  a n d  as a g row in g  re c o g n i t io n  th a t  s in c e  th e  e t h n o ­

g rap her  has  as m u c h  m o t iv a t io n  as t h e  i n f o r m a n t  does, accu racy  a n d  o b j e c t i v ­

ity c a n  be  b e t t e r  a p p r o a c h e d  hy s h a r in g  a u th o r i t y  w i th  in d ig e n o u s  vo ice s  t h a n  

by using th e m  in a k in d  o f  v e n t r i lo q u is t  ac t .  S im p ly  p ro c l a im in g  a c o l l a b o ra t iv e
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a p p r o a c h  is o f  c o u rs e  n o  g u a ra n te e  t h a t  you  w ill  h a v e  o n e ,  a n d j i a r t i c i p a n t  s im ­

u la t io n  is p e rh a p s  e v e n  m ore  su scep tib le  to  m a n i p u la t io n  d u e  to . t h e  ro le  o f  te c h -  

n o lo g ica l^ exp e r t jse ,

O n  th e  o t h e r  h a n d ,  s in c e  d i e c re a t i o n  o f  v i r tu a l  w o r ld s— s im u la t i o n s — is 

irksom e ways t h e  p ro d u c t io n  o f  s o m e th in g  fake, p a r t i c ip a n t  s im u la t i o n  d o e s  h a v e  

t h e  a d v a n ta g e  o f  a v o id in g  so m e  o ld - f a s h io n e d  c o n c e p t s  o f  a u th e n t i c i t y .  It was,  ̂

a f te r  all ,  t h e  c r e a t io n  p f  a n  “a u t h e n t i c  n a t i y e ” (see  A p p a d u r a i  1 9 9 5 )  t h a t  h e lp e d  

/ c o lo n i s t s  to  ja i l  reb e ls  a m o n g  b lack  S o u t h  A f r ic a n s  a n d  N a t i v e  A m e r i c a n s ;  a n d  

! o n e  co u ld  e v e n  h e a r  th e  o cc as ion a l  g u i l t - r id d en  l a m e n t  a m o n g  t h e  c o lo n ia l  rulers 

| t h a t  th e y  th e m se lv e s  w ere  to  b la m e  for h a v in g  a c c id e n ta l ly  p o l lu te d  th e  n a tu r a l  

|  p u r i ty  o f  th e se  “c h i l d r e n  o f  t h e  fo re s t” w i th  t h e i r  o w n  t r o u b l in g  ar t if ice  (see  th e  

^  a p a r th e id  c u l tu re  com ed y ,  T h e  G o d s  M u s t  Be C r a ^ ) .  L o c a t in g  in d ig e n o u s  ac t iv -  

1 ity in  v ir tu a l  w orlds  c a n ,  if d o n e  properly, co u n te r^ th is  h a b i tu a l  t e n d e n c y  to  p lace  

a r t if ic ia l  o n  t h e  W e s te rn  s ide  a n d  n a tu r a l  o n  t h e  i n d ig e n o u s  s ide. .

D o i n g  i t  p r o p e r ly  r e l ie s  o n  t h e  o t h e r  r o o t ,  w h i c h  c o m e s  f ro m  t h e  o ld -  

f a s h io n e d — a n d ,  1 t h i n k ,  s t i l l  c r u c i a l — m e t h o d  o f  p a r t i c i p a n t  o b s e r v a t io n .  

P a r t i c i p a n t  o b s e r v a t io n  re c ru i t s  a k i n d  o f  r e s p o n s ib i l i ty  t h a t  c a n  be  sad ly  l a c k ­

ing  in  v i r tu a l  e th n o g r a p h i e s .  T a k e ,  fo r  e x a m p l e ,  t h e  g ro w in g  f ie ld  o f  c y b e r ­

e th n o g r a p h y ,  in  w h i c h  a n th r o p o lo g i s t s  s tu d y  th e  v i r tu a l  c o m m u n i t i e s  o f  t h e  

I n t e r n e t .  S in c e  “lu r k in g "  (o b s e r v in g  th e  e l e c t r o n i c  e x c h a n g e s  w i t h o u t  p a r t i c i ­

p a t i n g )  is so  easy, t h e r e  h a v e  b e e n  a n u m b e r  o f  s tu d ie s  in  w h i c h  t h e  e t h n o g ­

r a p h e r  is r e d u c e d  to  e a v e s d r o p p e r  o r  spy, w i th  n o  a t t e m p t  t o  w o rk  w i th  t h e  

c o m m u n i t y  in e i t h e r  o f f - l in e  o r  o n - l i n e  l ives .  O n  t h e  o t h e r  h a n d ,  r e c r u i t s  c a n  

in c lu d e  b o t h  d r a f te e s ,  w h o  h a v e  l i t t l e  r e a l  i n t e r e s t  in  w o r k in g  c o l l a b o ra t iv e ly ,  

a n d  fa n a t ic s , 'w h o  a te  all t o o  in t e r e s t e d  in  w h a t  G a y a t r i  S p iv a k  ( 1 9 8 7 )  ca l ls  t h e  

“b e n e v o l e n c e  o f  t h e  w e s te r n  gaze .”

T h u s  p a r t i c i p ^ ^ s i m u la d o n .  js_an_atternpt to  take  th e  bes t  o f  both^approaches, 

a n d  to  use t h e m  in  a k in d  o f  c h e c k s - n n d - b a la n c e s  sy s tem .  By in s is t in g  o n  p a r ­

t i c ip a t io n  w e .can  h e lp  a y o id _ g l ib j re s p o n s ib i l i ty ;  and. by us ing  s im u la t i o n  w e  c a n  

s t r iv e  to  a v e r t  t h e  p o l i c in g  o f  b o u n d a r i e s  a r o u n d  c o n s m i c t i p n s  o f  a u th e n t i c i t y  

a n d  rea l ism . F ro m  th i s  p o in t  o f v iew  w e d o  n o t  n e e d  to  e m p h a s iz e  t r a d i t io n  o v e r  

i n v e n t io n ;  t h e  m a t h e m a t i c a l  c r e a t io n s  o f  a  s in g le  in d iv id u a l  a re  s t i l l  e x a m p le s  

o f  in d ig e n o u s  m a t h e m a t ic s ,  e v e n  if  sh e  is t h e  o n ly  o n e  w h o  k n o w s  t h e y  ex is t .

I n t e n t t o n a l i P y  a n d  e t h n o m a t h e m a t i c s

T h e r e  a re  c le a r  a d v a n ta g e s  to  a m e t h o d o lo g y  t h a t  c a n  c r e d i t  t h e  i n v e n t i o n s  o f  

a single ind iv idual ,  bu t  w h a t  ab o u t  those  c rea t ion s  t h a t  d o  n o t  h a v e  a single in v e n ­

tor?  A s  we saw  in t h e  case  o f  c o m p l e x i t y  in  c h a p t e r  i o ,  it  is poss ib le  to  e r r  o n
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che o c h e r  s ide  by in s is t ing  ch a t  c o n s c io u s  c r e a t i o n s  c a n  o n ly  c o m e  f rom  s in g u ­

lar in v en to rs .  A  b e t t e r  u n d e r s ta n d in g  o f  tht's p ro b le m  £ a n  be  g a in ed  th r o u g h  t h e  

c o n t r a s t  b e tw e e n  e t h n o m a c h e m a t i c s  a n d  m a th e m a t i c a l ,  an th ro p o lo g y .  M a th e -  

.rn.atical a n th ro p o lo g y  is g enera l ly  focused  o n  rev ea l in g  p a t te rn s  t h a t  are n o t  c o n -  

' sc iously  d e te c te d  by its su b je c ts  o f  s tudy. I n  p a r t  th is  is d u e  to  a  c o n v ic t i o n  t h a t  

m a n y  o f  t h e  u n d e rp in n in g s  o f  so c ie ty  are  fo rces  u n n o t i c e d  by its m e m b e rs— n o t  

on ly  because  su ch  forces o p e ra te d  a t  levels  b e y o n d  ind iv idua l aw areness; b u t  a lso  „ 

b ecause  reg u la to ry  m e c h a n ism s  w o u ld  h a v e  to  be c o v e r t ,  obscu red ,  o r  o therw ise '  

p ro te c te d  from  m a n ip u la t io n  a n d  c o n sc io u s  re f le c t io n .  For th e se  reasons, m a t h e ­

m a t ic a l  a n th r o p o lo g y  m ak es  g o o d  se n se ,  a n d  it h a s  in d ee d  p ro d u c e d  w o n d e r fu l  

in s igh ts .  But its e m p h a s is  o n  u n c o n s c i o u s  p ro cess  a lso  arose from  im i t a t i o n  o f  

t h e  r e s e a rc h e r -o b je c t  r e l a t i o n  in  t h e  n a t u r a l  sc iences :  if a n th r o p o lo g i s t s  w ere  

s im ply  r e p o r t in g  in d ig e n o u s  d is c o u rse ,  t h e n  th e y  w o u ld  n o t  c o u n t  as s c ie n t i s ts .  

T h is  prob lem  o f  mere  repor ting  is ind eed  th e  case for “n o n -W e s te rn  m a th e m a t ic s ,” 

w h ic h  is m a in ly  focused  o n  d i r e c t  t r a n s l a t i o n s  fo r  C h in e s e ,  H in d u ,  a n d  M uslim , 

m a t h e m a t i c s  a n d  th u s  c o n s id e re d  a s u b j e c t  for h is to r i a n s .  H e n c e  m a t h e m a t i c a l  

a n th r o p o lo g y ’s t e n d e n c y  to  a v o id  i n t e n t i o n a l i c y  c a n  be  p ro b le m a t ic .

T h e T n t e n t i o n a l i c y  p ro b je m  in m a t h e m a t i c a l  a n th r o p o lo g y  c a n  be  s e e n  in 

K o lo s e ik e ’sM-J-9.74) m o d e l  for m u d  te r r a c e  c o n s t r u c t i o n  in  t h e  low h i l l s  o f  

Ecuador.  ^ o lo se ik t J  b e g a n  w i th  tw o  h y p o th e s e s :  e i t h e r  th e  I n d i a n s  le a r n e d  from 

th e  ln c a  s to n e  terraces in t h e  h ig h  m o u n t a in s  a b o v e ,  or they  were u n i n t e n t i o n a l  

b y -p rod uc ts  o f  c u l t iv a t io n  o n  h i l ls ides .  H e  t h e n  m a d e  a list o f  n in e  o b se rv a t io n s  

th a t  w ere  r e l e v a n t  to  d e c id in g  bet<veen t h e  tw o. O f  p a r t i c u l a r  in te re s t  a re  th e  

fo l low ing:

. 3. T h e  same hillside soil is used in  ram m ed -d i i t  bouses and  fence walls, and  
these  s tand  for years.

4. But 1 n ever  saw a terrace be ing  co n s t ru c te d ,  no r  did people  talk abou t  such 
a project.

5. Small caves are o ften  dug  in to  th e  te r race  face for sh e l te r  du ring  r a in ­
storms- T h a t  this po tentia lly  w eakens th e  terrace face does no t  seem to c o n ­
cern  people. ( i 9 7 4 ,  2 9 -3 0 )

K o lo se ik e  c o n c lu d e s  t h a t  t h e s e  t e r r a c e s  a r e  t h e  u n i n t e n t i o n a l  r e s u l t  o f \

/ an  a c c r e t i o n  p ro c e s s  from  t h e  c o m b i n a t i o n  o f  c u l t i v a t i o n  a n d  e r o s io n ,  a n d  . 

\  t h e n  p r o c e e d s  to  d e v e l o p  a m a t h e m a t i c a l  m o d e l  fo r  t h e  r a t e  o f  t e r r a c e  

g row th .  M y p o i n t  is n o t  in  q u e s t i o n i n g  t h e  a c c u r a c y  o f  t h e  m o d e l ,  b u t  r a t h e r  

th e  way t h a t  in d ig e n o u s  i n t e n c i o n a l i t y  is p o s i t i o n e d  as a n  o b s t a c le  t h a t  m u s t  

be o v e r c o m e  b e fo re  m a t h e m a t i c s  c a n  be  a p p l i e d .  E v e n  a  sm a l l  d e g r e e  o f  

aw areness— b e in g  aw are  t h a t  a c a v e  d u g  in to  a t e r ra c e  face  m ig h t  w e a k e n  it—  

m ust be e l i m i n a t e d .
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In  a d d i t io n ,  it  reveals a  p a r t ic u la r  c u l tu ra l  c o n s t ru c t io n  of t h e  supposed  uni- 

I versal a t t r i b u t e  o f  “ i n t e n t i o n . ” A s  a W e s te rn e r ,  K o lo se ik e  is u sed  to  a  so c ie ty  in

a hurry . P ro je c ts  to  b e .d o n e  m u s t  g e t  d o n e ,  a n d  a lw ays  w i th  s o m e o n e  in ch a rge .

! T h e  idea  of a lo n g - te rm  i n t e n t i o n a l  p ro je c t ,  p e r h a p s ‘e x t e n d i n g  o v e r  severa l

■ genera t ion s ,  or  th e  c o n s t i tu t io n  o f  co llec t ive  in t e n t io n a l i ty  r a th e r  th a n  ind iv idual

i n t e n t ,  is n o t  b r o u g h t  u n d e r  c o n s i d e r a t i o n .  I t  m ay  w ell  b e  t h a t  t h e  m a t h e ­

m a t ic a l  m o d e l  K o lo se ike  offe red  w as n o t  o n ly  a c c u r a t e ,  h u t  a lso  h a d  a n  ind ige-  

1 n o u s  c o u n te r p a r t .

E th n o m a th e m a t i c s ,  in  c o n t r a s t ,  h a s  em p h as ized  th e  poss ib i l i t ies  for in d ig e ­

n o u s  in t e n t i o n a l i ty  in m a th e m a t ic a l  p a t te rn s .  "For e x a m p le ,  G e r d e s ' . ( i 9 9 i )  used 

t h e  L u so n a  s an d  d ra w in g s  o f  t h e  C h o k w e  p e o p le  o f  n o r t h e a s t e r n  A n g o la  to 

d e m o n s t r a t e  in d ig e n o u s  m a t h e m a t ic a l  k n o w led g e .  W h i l e  it  w o u ld  h a v e  b een  

possible to  a t t r ib u te  this  p ra c t ic e  to  a n  u n con sc io u s  socia l process, su ch  as t h e  reg­

u la t io n  of au thor i ty ,  G e rd e s  ch o se  to  focus o n  th e i r  propertjes_as.£p.Qscjous_indige- 

n o u s  in v e n t io n s .  A s c h e r  (1 9 9 1 )  n o te s  th e  sa m e  cype o f  E u le r i a n  p a t h  d raw ings  

in th e  S o u th  Pacific, a n d  sh o w s  t h e m  to  be p r im a r i ly  m o t iv a t e d  hy sy m b o l ic  n a r ­

ra t ives ,  in  p a r t ic u la r  th e i r  use by  t h e  M a le k u la  is lan d e rs  as a n  a b s t ra c t  m a p p in g  

o f  k in s h ip  re la t ions .  A g a in ,  th i s  is in s t ro n g  c o n t r a s t  to  t h e  t r a d i t io n  o f  m a t h e ­

m a t ic a l  a n th ro p o lo g y ,  w h e re  k in s h ip  a lgebra  was c o n s id e re d  a t r iu m p h  o f  W e s t ­

ern  an a lys is  (arid  e v e n  a so u rce  o f  m a t h e m a t i c a l  se l f -c r i t iq u e ;  Kay t i  971] h a rsh ly  

n o te s  th e  a n th r o p o lo g i s t s ’ t e n d e n c y  to  in v e n t  a  n e w  "p s e u d o -a lg e b ra ” for various 

k in s h ip  sys tem s r a th e r  t h a n  app ly  o n e  u n iv e r sa l  s t a n d a rd ) .

, A s c h e r ) ;  d e s c r ip t i o n  o f  t h e  N a t i v e  A m e r i c a n  g a m e  o f  D i s h  sh o w s  th i s  

con tra s t  Tn a more subtle  form, in  th e  C ayu ga  vers ion  o f  th e  g am e, six peach  stones, 

b la c k e n e d  o n  o n e  side, a re  tossed , am X th e  n u m b e r s  l a n d i n g  b lack  s ide  o r  b row n  

side  up  w ere  reco rd ed .  T h e  t r a d i t io n a l  C a y u g a  p o i n t  sco res  for e a c h  o u tc o m e  are 

( to  t h e  n e a re s t  in te g e r  v a lu e )  inv e r se ly  p r o p o r t i o n a l  to  t h e  p ro bab i l i ty .  A s c h e r  

d o e s  n o t  p o s i t  a n  in d iv id u a l  C a y u g a  g en iu s  w h o  d is c o v e re d  p ro b a b i l i ty  theory , 

n o r  d o e s  s h e  e x p la in  t h e  p a t t e r n  as  m ere ly  a n  u n i n t e n t i o n a l  e p i p h e n o m e n o n  o f  

re p e a t e d  ac t iv i ty .  R a th e r ,  h e r  d e s c r ip t io n  (p. 9 3 )  is fo cu sed  o n  h o w  th e  g am e  is 

e m b e d d e d  in  c o m m u n i t y  c e r e m o n ia l s ,  s p i r i t u a l  b e l ie fs ,  a n d  h e a l i n g  r i tua ls ,  

specif ica lly  t h r o u g h  th e  c o n c e p t  o f  “c o m m u n a l  p la y in g ” in  w h ic h  w in n in g s  3re  

a t t r i b u te d  t o  t h e  g ro up  r a th e r  t h a n  to  th e  in d ividual''p.lnve.r. J u x ta p o s in g  th is  con -  

t e x t  w7 thT l 'e ta i lee ra t ten t ion  to  abs t rac t  co n cep ts .o f  r a n d o m n e s s  a n d  p red ic tab i l i ty  

in a s s o c ia t io n  w i th  t h e  g a m e — in p a r t i c u l a r  r i te  idea  o f  “e x p e c t e d  .values" asso ­

c ia t e d  w itK  su ccess iv e  tosses— h a s  t h e  e f fec t  o f  a t t r i b u t i n g  t h e  i n v e n t i o n  o f  

p ro b a b i l i ty  a s s ig n m e n ts  to  c o l l e c t i v e  i n t e n t .

A t  th e  skep tica l  e x t r e m e  in e th n o m a th e m a t i c s ,  D o n a ld  C ro w e  has refrained 

from  m a k in g  an y  in f e re n c e s  a b o u t  i n t e n t i o n a l i t y  a n d  ins is ts  t h a t  h is  s tud ies  o f
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sy m m e try  in in d ig e n o u s  p a t t e r n  c r e a t io n s  (see  W a s h b u r n  a n d  C ro w e  1988 )  are

s im ply  e x a m p le s  o f  ap p l ie d  m a t h e m a t ic s .  B u t  s in c e  C ro w e  has  r e s t r i c te d  h i s /

/’  work  to  o n ly  tho se  p a t t e r n s  w h ic h  co u ld  be  a t t r i b u te d  to  consc iou s  des ign  (p a in t -

ing, c a rv in g  a n d  w e a v in g ) ,  it  c rea te s  t h e  o p p o s i te '^ f fec t  o f  m a t h e m a t ic a l  a n th r o -  )

.-1 p o lo g y ’s a t t e m p t  to  e l im in a te  in d ig e n o u s  i n t e n t .  T h i s  is e v id e n c e d  by C r o w e ’s /

d e d ic a t io n  to  th e  use of th e se  p a t t e rn s  in  m a th e m a t ic s  e d u c a t io n ,  p a r t icu la r ly  h isC  
/  !

C, t e a c h in g  e x p e r ie n c e  in N ig e r ia  d u r in g  t h e  la te  1960s, w h ic h  g rea t ly  c o n t r ib u t e d , ' ’

' |  to  Z aslavsky’s (1 9 7 3 )  se m in a l  te x t ,  A fr ic a  C o u n ts .

W h i l e  n o n - W e s t e r n  m a t h e m a t i c s  is ex c lu s iv e ly  focused  o n  d i r e c t  t r a n s ­

la t io n s  ( su c h  as H i n d u  a lg eb ra  or M u s l im  g e o m e t ry ) ,  e t h n o m a t h e m a t i c s  c a n b e  

o p e n  to  an y  sy s te m a t ic  p a t t e r n  d i s c e rn a b le  t o  t h e  re s e a rc h e r .  In  fac t ,  e v e n  t h a t  

d e s c r ip t io n  is to o  re s t r ic t iv e : , b e f o r e G e rd e s ’s s tu d y  th e re .w a s  n o  W e s t e r n  c a t e ­

gory o f  “recursively  g e n e ra te d  E u le r ian  p a th s ” ; it was o n ly  in  t h e  a c t  o f  th e i r  p a r-  C"  

t i c ip a n t  s i m u l a t i o n  t h a t  G e r d e s — a n d  th e  C h o k w e — C rea ted  th a t  h y b r id .  A n d  

u n l ik e  m a t h e m a t i c a l  a n th r o p o lo g y ,  e t h n o m a t h e m a t i c s  p u ts  a n  e m p h a s i s  o n  

th e  a t t r i b u t i o n  o f  c o n s c io u s  i n t e n t  to  th e s e  p a t t e r n s .  A t  t h e  s a m e  t im e ,  it 

d e m a n d s  q u a n t i t a t i v e  o r  g e o m e t r i c  c o n f i r m a t i o n  t h a t  is la c k in g  in  t h e  pure ly  

in t e rp re t iv e  a p p r o a c h  o f  N e w  A g e  m y s t ic ism , s u c h  as t h a t  o f  F r i t jo f  C a p r a ’s T a o  

o f  Ph ysics  (see  c r i t iq u e s  in R e s t i v o  1 9 8 5 ) .  C la i m s  t h a t  a n c i e n t  k n o w le d g e  sys­

tem s  revea l  t h e  s t r u c tu r e  o f  t h e  a to m  o r  th e  e q u iv a l e n c e  o f  m a.t ter  a n d  ene rg y  

do m ore  h a rm  th a n  good— first because  th ey  are  wrong, a n d  se con d  b ecause  th e re  

is n o  m eans  by w h ich  such kno w ledg e  cou ld  be o b ta in ed .  S u c h  m ys tif ica t ion  d a m ­

ages c red ib le  r e s e a rc h  in  in d ig e n o u s  k n o w le d g e  sys tem s, a n d  re m o v e s  th e  a ttr .b  

b u t io n  o f  i n t e n t i o n a l i t y  a n d  in t e l l e c tu a l  la b o r  from  th e  p u ta t iv e  k n o w e rs .

Lvehiflev. -is o. brish a n d  no t a  lad d e r: 

the cu l tu ra l  location  o f  A f r i c a n  frac ta ls

W e are  in c re a s in g ly  s u r ro u n d e d  by e x p la n a t io n s ja a s e d  o n  b io lo g ica l  d e t e r m i n ­

ism, an d  th e r e  is n o n e  m o r e  v i r u le n t  t h a n  ra c ism }  E v e n  in  t h e  su pp o sed  l ibera l  

c l im ate  o f  U .S .  acad em ja ,  m y lectures o n  fractiilsTn A frica  are f requen tly  followed 

by a qu,estion .aboqt neuroscienC erT ypica l ly  this  is an  in n o c e n t  rem ark  c o n c e rn in g  

N o a m  (b h o m sk y ’s ideas o n  u n iv e r sa l  c o g n i t iv e  s t ru c tu re ,  b u t  e v e n  so, it is q u i te  

te l l ing  th a t  a le c tu re  o n  E u ro p e a n  f rac ta ls  in v o k e s  q u e s t io n s  a b o u t  th e  g e n iu s  of 

ind iv iduals ,  w h i le  A f r i c a n  frac ta ls  a re  c o m p u ls iv e ly  a t t a c h e d  to  biology.

T h e  m y th o lo g y  o f  r a c e  is to o  c o m p le x  to  r e c o u n t  h e re  (see^note  6 ) ,  b u t  it 

is useful to  d is t i n g u i s h  b e tw e e n  tw o  c a te g o r ie s  o f  racism.( P r im i t iv is t  racism..^ 

operates  by m a k in g  a g ro up  o f  p eop le  t o o  c o n c re t e ,  a n d j .h u s  “closer_to n a t u r e ”—  

not really  a c u l tu re  a t  all ,  b u t  r a t h e r  b e in g s  o f  u n c o n t r o l l e d  e m o t io n  a n d  d i r e c t

’  LT.l T I  ?! rrrw^i •»
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bodily  sen sa t io n ,  roo ted  in a n  ede n ic  ecology. O r ie n t ia l i s t  rac ism  o p e ra te s  by m ak -  /  

in g  a  g ro u p  o f  p e o p le  t o o j rb s t rac t ,  and__thus “a ra b e s q u e ”— n o t  rea l ly  a n a tu r a l  ] 

h u m a n ,  b u t  o n e  w h o  is d evo id  o f  e m o t io i v c a r i n g  only, fo r  m o n e y  o r-an  inscru tab le  

s p i r i tu a l  t r a n s c e n d e n c e .

T h e  a l t e r n a t i v e  to  b io g e n e t i c  e x p l a n a t i o n  is s o c io c u l tu r a l ,  a n d  h e re  th e  

c a te g o r ie s  o f  p r im i t iv e  a n d  o r i e n t a l  c a n  be  m u c h  m o r e  c o m p le x .  H is to r ic a l ly ,  

m a n y  re s e a rc h e rs  w h o  s t ro n g ly  o p p o s e d  b o t h  r ac ism  a n d  e t h n o c e n t r a c i s m  h a v e  

b e e n  lo c a te d  in  i n s t i t u t i o n s  w i th  t i t le s  l ik e  “ M u s e u m  o f  P r i m i t i v e  A r t s ” or 

“ D e p a r t m e n t  o f  O r i e n t a l i s t  S tu d i e s ,” a n d  it  w o u ld  be  u n w ise  to  s im p ly  s n e e r  a t  

th e i r  w ork , p a r t icu la r ly  c o n s id e r in g  th e  a n t i r a c i s t  c o n t r ib u t io n s  by b la c k  a n t h r o ­

pologists  such  as Zora N e a le  H u rs to n  or Jom o  K e n y e tta .  T h e r e  is v a lu e  to  be  fou nd  ; 

in  e v e n  th e  w e a k e s t  o f  th e s e  o p p o s i t i o n a l  th e o r ie s ,  a n d  p ro b le m s  in e v e n  th e  i 

s t ro n g e s t .

I n  g e n e ra l  th e s e  th e o r ie s  c a n j j e  g ro u p e d  in t o  tw o  s t ra teg ies :  s a m e n e s s  a n d  

^d ifference . S a m e n e s s  c a n  usual ly  a v o id  o r i e n t a l i s m  a n d  p r im i t iv i s m ,  s in c e  it 

a rgues  t h a t  w h a t  is im p o r t a n t  a b o u t  a n o n - W e s te r n  c u l tu re  a re  th o s e  th in g s  h e ld  

in  c o m m o n  w i th  t h e  E u ro -A m e r ic a n s ,  a n d  w h a t  is d i f fe re n t  is ( in  th i s  c o n te x t )  

tr iv ia l .  C la u d e  L ev i-S trauss ,  for e x a m p le ,  a rg u e d  t h a t  t h e  “savage  m i n d ” is based  

o n  sy s te m s  o f  sy m b o l ic  s t ru c tu r e s ,  j u s t . l i k e  t h e  E u r o p e a n  m i n d ,  so  t h a t  a n  

A f r i c a n  w o rk in g  w i th  a sy s tem  o f  m y th o lo g ic a l  sy m b o ls  is p e r f o rm in g  th e  sa m e  

c o g n i t iv e  o p e ra t io n s  as a E u ro p e a n  w o rk in g  w i th  a sys tem  o f  c o m p u te r  c o d e  sy m ­

bols .  O n e .d r a w b a c k  o f  s a m e n e s s  is t h a t  w e b e c o m e  p laye rs  in  a  g a m e  c r e a t e d  by 

s o m e o n e  else: “ 1 a m  w o r th w h i le  on ly  insofar as 1 am  th e  sam e  as y o u .” D iffe rence  

c a n  av o id  th i s  t rap ,  a l t h o u g h  it h a s  m o r e  t jp u b le  a v o id in g  p r im i t iv i s m  a n d  o r i ­

e n ta l i s m .  F o r  e x a m p le ,  A i'me C e s d i r e ’s n e o lo g ism  " n e g r i t u d e ”'bega'!i as  a way o f  ' 

s p e a k in g  a b o u t  t h e  d i f fe ren ce  o f  A f r i c a n  c u l tu r e  in o p e n - e n d e d ,  d y n a m ic ,  c r e ­

a t i v e  te rm s ,  b u t  la tp r  ( in  t h e  h a n d s  o f  o th e r s )  t h e  c o m p a r i s o n 'w a s  frozen  in to  a 

s e t  o f  b in a ry  o p p o s i t io n s  ( i n tu i t i v e  vs. a n a ly t ic ,  c o n c r e t e  vs. a b s t r a c t ,  e tc . ) .^  In  

o t h e r  w ords ,  b o t h  s a m e n e s s  a n d  d i f fe ren ce  h a v e  m o m e n t s  o f  fa i lu re  as w ell as 

m o m e n t s  o f success .__________________ _

T h e  r e c e n t  focus o n  an c ie n U E g y p t) in  c e r t a i n  c irc le s  o f  A f r i c a n  s tu d ie s  has  

certa in ly  seen_ bo th juo m en ts .  M otiva ted  by considerab le  scholarly  work (e.g., D rake 

1 98 4 ) ,  it h a s  also b e c o m e  a t t a c h e d  to  so m e  d is re p u ta b le  a n d  q u e s t io n a b le  cla im s 

(see  c r i t iq u e s  in O r i t z  d e  M o n t e i l a n o  1993; M a r te l  1994; L efkow itz  1 9 9 6 ) .  It is 

w o r th  n o t in g ,  h o w ev e r ,  t h a t  so m e  o f  t h e  c r i t iq u e s  h a v e  b e e n  eq u a l ly  la c k in g  in 

th e i r  r e s t r a in t .  In  his rev iew  o f  t h e  P o r t l a n d  B a se l in e  Essays, for e x a m p le ,  R o w e  

( 1 9 9 5 ) — w h ile  r igh tly  p o in t in g  to  a n u m b e r  o f  u n s u p p o r te d  a s se r t io n s— im plied  

t h a t  c la im s  for a n  a n c i e n t  E g y p t ia n  g l id e r  s h o u ld  he  d ism issed  b e c a u s e  th e  

a u t h o r  was m ere ly  a n  a e ro d y n a m ic s  t e c h n i c i a n  r a t h e r  t h a n  a P h .D .  R o w e  was
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q u i te  r ig h t  in  o b je c t in g  to  t h e  w ild  le a p  f ro m  e m p i r ic a l  te s ts  o f  a  sm all  w o o d e n  

c a rv in g  to  t h e  a u th o r i t a t i v e  c la im s  for a n c i e n t  E g y p t ian s  flying fro m  pyram ids; 

bu t  to imply t h a t  s im ple  e x p e r im e n ts  are  a u to m a t ic a l ly  suspec t  because  th e y  w ere  

m ade  by a t e c h n i c i a n  is n o t h i n g  h u t  c lnssis t p re ju d ic e .  O n  th e  o t h e r  h a n d ,  th e  

fact th a t  th is  re sea rch e r  was a t e c h n i c i a n  r a t h e r  t h a n  a P h D  speaks to  t h e  u n d e r ­

lying c ause  for th e se  p rob lem s:  t h e  la ck  o f  i n s t i tu t io n a l  resources  a n d  p reca r iou s  

e c o n o m ic s  a m o n g  m a n y  b lack  e d u c a t io n a l  c o m m u n i t i e s .

A p p ea ls  to a n c ie n t  Egypt c a n  also e n c o u n te r  p rob lem s as a  s tra tegy o f  sam e­

ness. O n  th e  o n e  h a n d ,  a n c i e n t  E g y p t ’s s t a tu s  as a s t a t e  e m p i re  d i r e c t ly  opp oses  

p r im i t iv is t  a s s u m p t io n s  t h a t  A f r ic a  c o n s i s t s  o f  n o t h i n g  b u t  t r ib a l  v il lages .  O n  

th e  o t h e r  h a n d ,  it re in fo rc e s  t h e  v iew  t h a t  t h e  k n o w le d g e  sys tem s o f  n o n s t a t e  

indigenous societies are n o t  com p arab le  to  those  o f  s ta te  societies. T h i s  view  cotnes 

from  th e  o ld  id ea  o f  c u l tu r a l  e v o lu t io n  as a la dd e r ,  a u n i l in ea l . .p ro g res s io n  from  

“p r im i t iv e ” to  “a d v a n c e d . ” In  t h e  la d d e r  m ^ d e L ih g „ s m a l l - s c a le  d e c e n t ra l i z e d  

(“b a n d ”) soc ie ties  w o u ld  be  o n  th e  b o t t o m  rung , t h e  m o re  h ie r a rc h ic a l  ( “ tr ib a l” ) 

socie ties  w ou ld  be o n  t h e  n e x t  run g ,  a n d  th e  m o s t  h ie r a r c h ic a l  ( “sta te " )  soc ie ties  

would  be  o n  th e  to p  rung .  O f  course ,  s im ply  p o s i t in g  t h a t  t h e  socie ties  w i th  c o m ­

p lex  socia l o rg a n iz a t io n  (e .g . ,  la b o r  sp e c ia l i z a t io n  a n d  p o l i t i c a l  h ie r a r c h y )  h a v e  

g re a te r  t e c h n o l o g ic a l  c o m p le x i ty  is n o t  i n h e r e n t l y  d e m e a n in g ;  b u t  it  is n o t  

/" 'entirely a cc u ra te .  A n th r o p o lo g ic a l  r e s e a rc h  h a s  p e rs is ten t ly  s h o w n  th a t  n e i t h e r^

I so c ia l  s t ru c tu re s  n o r  t h e i r  k n o w le d g e  sy s te m s  c a n  b e  c o n s i s t e n t ly  r a n k e d  in a '

J u n i l in e a !  s e q u e n c e ;  fo r  e x a m p le ,  m o n o t h e i s t i c  re l ig io n s  t e n d  to  o c c u r  in  b a n d   ̂

a n d  s t a te  so c ie t ie s  m o r e  t h a n  in  t r ib a l .  J u s t  as b io lo g ic a l  e v o lu t io n  h a s  b e e n  

rev ised  f ro m  Lo.vejQ.y’j  “g re a t  c h a i n  o f  b e in g ” to. G o u l d ’s “copiously ,j> ran c h i n g 

b u sh ,”^ so to o  c u l tu r al e v o lu t io n  is n o w  typ ica lly  p o r t rayed  as a b r a n c h in g  d iv e r ­

s ity  o f  form s. T h e r e  is n 6  re a so n  t o  fo cu s -o n  s t a t e  so c ie t i e s  o v e r  n o n s t a t e  s o c i ­

e t ie s  in t h e  p u r s u i t  o f  a n t i p r i t m t i v i s r  p o r t r a i t s .

T h e  d if f icu l t ies  o f  t h e o r e t i c a l  f ram ew o rk s  in  the. ep is tem o lo g y  o f  n o n s t a t e  

societies  h a v e  b e e n  m uc l i  m q re  mixecl. A p p i a h  (1 9 9 2 )  p rov ides  a n  e x te n s iv e  d is­

cuss ion  o f  th i s  in t e r s e c t io n ,  s t a r t i n g  w i th  e th n o p h i lo 'so p h y .  H is  ana lys is  w eaves  

( b e tw e e n  th e  positions, o f  W ired 'q  (1 9 7 9 ) ,  w h o  c r i t iq u e s  th e  focus o n  c o m p a r i s o n  

to  W e s te rn  sc ie n c e  ra ther ' t lV an  r e l ig io n  ( n o t in g  t h a t  it  leaves  t h e  su p e r s t i t io n s  

[ an d  folk p h i lo s o p h ie s  o f  th e  W e s t  u n e x a m i n e d ) ,  a n d  E ^ u n t o n d | i ) ( i 9 8 3 ) ,  w ho( 

\a r g u e s  ag a in s t  any  m im e t ic  c o m p a r is o n ,  sugges t ing  t h a t  etKiTO'pFfilosophy a n d  i t s \  

lai ties are  d ress ing  E u ro p e a n  m o t iv a t i o n s  in a u t o c h t h o n o u s  garb . B o th  c r i t iq u e s  ) 

^could c e r ta in ly  be  ap p l ie d  to  A f r i c a n  f rac ta ls .  B u t  l ike  M u d i m b e ’s ( 1 9 8 8 )  Fou- 

cault ian analysis o f A frican  epistemology, an d  G i l ro y ’s (1993) fractal his tory (w h ich  

we wit! e x a m in e  in t h e  fo l lo w ing  c h a p te r ) ,  A p p ia h ' s  d ia le c t i c a l  c o n t o u r  m aps 

A fr ican  e p is te m o lo g y  as a n  h is to r i c a l  p ro cess  r a t h e r  t h a n  a n  o b je c t  o f  s t r ic t ly
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pre-  o r  p o s t -W c s t e rn  p re sen ce .  T h e  c a u t io n s  o f  W ir c d u ,  H o u n t o n d j i ,  a n d  o t h ­

ers are  ser ious rem in d e rs  t h a t  A fr ic an  fractals c a n  o n ly  su cceed  as p a r t ic ip a n t  s im ­

u la t io n ,  n o t  as Ind iana-J  o n e s  d i s c o v e r in g - a n o th e r  lo s t  t e m p le .

( G i v e n  th o s e  p r e c a u t i o n s ,  i t  m a k e s  s e n s e  t o  s e e  A f r i c a n  f r a c t a l s  as  ju s t  

a n o t h e r  m o m e n t  in  a h i s to r i c a l  s e q u e n c e .  O n e  c o u l d ,  f o r  e x a m p l e ,  p la c e  

t h e m  in  M u d i m b e ’s h is to ry  o f  e t h n o p h i l o s o p h y ,  o r  Z a s la v s k y ’s ( 1 9 7 3 )  h is to ry  

o f  r e s e a rc h  o n  A f r i c a n  m a t h .  B u t  th e r e  a re  o t h e r  r e s e a rc h e r s  w h o  h a v e  p o in te d  

o u t  so m e  o f  t h e  f r a c ta l  c h a r a c t e r i s t i c s  o f  A f r i c a n  d e s ig n s  a n d  p ra c t i c e s ,  a n d  

i t  is u sefu l  to  e x a m i n e  t h e m  as a g ro u p ,  e v e n  if t h e y  la ck  t h e  c le a r  h i s to r i c a l  

t r a j e c t o r y  o f  o t h e r  c a te g o r ie s .  W e  h a v e  a l r e a d y  m e n t i o n e d  t h e  o b s e r v a t i o n  of 

n o n l i n e a r  s c a l in g  by B n t i s h ’a r t  h i s t o r i a n  W i l l i a m  ^ a g g  ^ c h a p t e r  6 ) ,  a n d  tjhe 

i n t e r p r e t a t i o n  o f  s c a l i n g  d e s i g n s  as s i g r d f i e r s  o f  t jT f im . ty j j i  the . ,w prk .- .of  

C a m e y p o m a n  th .^ o log tjpu  E n g e lb e r t  M v e n g  ( c h a p t e r  9 ) .  L e o p o ld  S e n g h o r ,  

t h e  d i s t i n g u i s h e d  m a n  o f  l e t te r s  w h o  b e c a m e  S e n e g a l ’s f irs t p re s id e n t ,  a lso  h a d  

a n  eye  for A f r i c a n  f r a c ta l s .  H is  t e r m  w as “d y n a m i c  s y m m e t r y , ” w h ic h  h e  to o k  

f ro m  arc h i s to r i a n s .  B u t  S e n g h o r ’s m o t i v a t i o n  w as p r im a r i ly  id eo lo g y ;  d e f i n ­

ing  a “n e g r i t u d e ” t h a t  w o u ld  e n c o m p a s s  t h e  k i n d  o f  c u l t u r a l  p o l i t i c s  h e  saw 

as n e c e s s a r y  to  i n d e p e n d e n c e .  M o s t  r e c e n t l y ,  H e n r y  L o u is  ^ a t f i ^  ( 1 9 8 8 )  

e x p lo r e d  th e  d o u b l i n g  p ra c t i c e s  o f  v o d u n  d i v i n a t i o n  in  t e r m s  o f j a j i t e r a r y  v e r ­

s io n  o f  d e t e r m i n i s t i c  c h a o s ;  h e re  t h e  r e c u r s io n  g e n e r a t e s  a c u l tu r a l  u n c e r t a in t y  

tK atT rees  g e n d e r  id e n t i t y  f ro m  s t a t i c  b o u n d a r i e s :  “T h e  F o n  a n d  Y oruba  e scap e  

t h e  W e s t e r n  v e r s io n  o f  d is c u rs iv e  s e x i s m  t h r o u g h  t h e  a c t i o n  o f  d o u b l i n g  th e  

d o u b le ;  t h e  n u m b e r  4 a n d  its m u l t ip le s  a r e  s a c r e d  in  Y o ru b a  m e ta p h y s ic s .  E su ’s ' 

tw o  s ides  ‘d is c lo se  a h i d d e n  w h o le n e s s , ’ r a t h e r  t h a n  c lo s in g  o f f  u n i ty ,  t h r o u g h  

t h e  o p p o s i t i o n ,  t h e y  s ign ify  t h e  p a ssag e  f ro m  o n e  t o  t h e  o t h e r  as s e c t i o n s  o f  

a su b s u m e d  w h o l e . ”

W h i l e  all four h a v e  h i t  up o n  m a th e m a t ic a l  aspec ts  o f  A fr ican  fractals, n o n e  

o f  th e s e  a u th o r s  h a v e  focused  o n  r e p r e s e n t a t io n s  o f  m a t h e m a t i c a l  k n o w le d g e .  

M v e n g ,  t h e  t h e o lo g ia n ,  p ro v id e s  a  th e o lo g ic a l  i n t e r p r e t a t i o n .  Fagg, t h e  a r t is t ,  

c o n c lu d e s  w i th  a  c o m p a r i s o n  to  D ’A rc y  T h o m p s o n ’s f a m o u s  n a tu r e  d raw ing s .  

S e n g h o r ,  t h e  s t a te s m a n ,  sees  h is  d y n a m i c  s y m m e t ry  as a s ign  o f  c u l t u r a l— a n d  

th u s  n a t i o n a l— identity .  A n d  G a te s ,  as a l i te ra ry  c r i t ic ,  sees it as d iscu rs ive  t e c h ­

n iq u e .  S u re ly  m y  in s is te n c e  o n  in d ig e n o u s  m a t h e m a t i c s  is n o  less a n  im p o s i t io n  

o f  s e e in g  th e  w orld  t h o u g h  my o w n  len ses ,  b u t  s i n c e  t h a t  is n o  d i f f e re n t  f rom  

th e  o t h e r  e x p la n a t io n s ,  w h y  d o es  e t h n o m a t h e m a t i c s  a p p e a r  to  b e  so m u c h  

m o r e  c o n t r o v e r s i a l?  I t  is b ecau se  a p o r t r a i t  o f  m a t h e m a t i c a l  s o p h i s t i c a t i o n  in  

n o n s t a t e  so c ie t ie s  c re a te s  a s t ro n g  c o n f l i c t  w i th  t h e  o ld  lad d e r  m o d e l  of c u l tu ra l  

e v o lu t io n ,  a m o d e l  t h a t  is i tse lf  o v e r d u e  for e x t i n c t i o n .
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S o  far w e h a v e  o u t l i n e d  se v e ra l  t h e o r e t i c a l  f r a m e w o rk s  t h a t  c o u ld  ra i se  p r o b ­

lem s  fo r  A f r i c a n  f r ac ta l s .  O n  t h e  o n e  h a n d ,  th e r e ^ a re  th e o r ie s  in w h ic h  th e  

d es ign s  c o u ld  be  d ism issed  as u n c o n s c i o u s  b io lo g ic a l  o r  so c ia l  p rocess .  O n  th e  

o t h e r  h a n d ,  g r e a t  c a re  m u s t  be  t a k e n  to  a v o id  e i t h e r  in f la te d  c la im s  or a 

m a t h e m a t i c a l  v e r s io n  o f  n e g r i t u d e .  W i t h  t h e  e x c e p t i o n  o f  b io lo g ic a l  d e t e r ­

m in i s m ,  n o n e  o f  t h e  f r a m e w o rk s  r e v i e w e d  h e r e  a re  n e c e ss a r i ly  g o o d  o r  bad .  

T h e r e  a r e  c a ses  in  w h ic h  m a t h e m a t i c a l  a n t h r o p o l o g y  is m o r e  a p p r o p r i a t e  

t h a n  t h e  e t h n o m a t h e m a t i c a l  a p p r o a c h ,  o r  w h e n  s a m e n e s s  is a b e t t e r  s t r a te g y  

t h a n  d i f fe re n c e ,  o r  w h e n  a t t e n t i o n  t o  a n c i e n t  E gyp t  n e e d s  to  su p e r se d e  a t t e n ­

t i o n  to  s u b - S a h a r a n  A f r i c a — ju s t  as t h e r e  a re  c a ses  in  w h ic h  t h e  o p p o s i t e  is 

true .  O u r  goa l is n o t  to  f in d  t h e  o n e  t r u e  f ina l  f r a m e w o rk — it d o es  n o t  e x is t—  

. b u t  to  k e e p  a w e l l - s to c k e d  to o l b o x  a n d  k n o w  h o w  to  p ic k  t h e  r i g h t  to o l  for 

t h e  r i g h t  jo b .  N o w  t h a t  w e a r e  w e l l  p r e p a r e d  fo r  c o n s t r u c t i v e  tasks ,  it is t im e  

to  m o v e  to  p o l i t ic s .



— T he----
politics o f 
—African— 
—fractals™

 G i v e n  th e  po ss ib le  d a n g e rs  in  m i s in te r p r e t i n g  A f r i c a n  f rac ta ls ,  h o w  c a n  w e pu t

th e m  to  g o o d  use? S o c ia l  th eo r is t s  f rom  m an y  d if fe re n t  d is c ip l in e s  h a v e  used tw o  

m a t h e m a t i c a l  c o n c e p t s  w e  h a v e  d is cu ssed ,  r e c u r s io n  a n d  th e  a n a lo g - d ig i ta l  

d icho tom y, in c o n s t ru c t in g  th e i r  ideologies. M a n y  theo r ie s  o f  c o m m u n ic a t io n  h av e  

a ssu m ed  t h a t  th e r e  is som e k in d  o f  un ive rsa l  e th i c a l  o r  soc ia l  d i f fe re n c e  b e tw e e n  

us ing  a n a lo g  s ignals  a n d  u s in g  d ig i ta l  sym bols .  O t h e r  th e o r ie s  h a v e  m a i n t a i n e d  

t h a t  r e c u r s io n  h a s  so m e  k in d  o f  u n iv e r sa l  e th i c a l  o r  so c ia l  v a lu e .  B o th  a re  u l t i ­

m a te ly  fa i lu res  in  t h e  s en se  t h a t  e th i c s  a n d  v a lu e s  d o  n o t  lie w i t h i n  m a t h e ­

m a t ic a l  d is t in c t io n s .  Yet th e y  are  a lso  o n  th e  r ig h t  t r a c k  in  t h a t  su c h  a ssoc ia t io ns  

c a n  be  locally formed— it is ju s t  th a t  d ifferent loca t ion s  will resu lt  in d if feren t social 

m e a n in g s .  S u c h  local ly  specified  soc ia l  a t t a c h m e n t s  to  f r ac ta l s  c a n  be  usefu l  for 

u n d e r s t a n d in g  c u l tu r a l  p o l i t i c s  in A f r ic a  a n d  b e y o n d .

T h e  polit ics  o f  th e  ana log-d ig ita l d is t in c t io n

J e a n  Ja c q u e s  R o usseau  is o f t e n  c r e d i t e d  as a f o u n d e r  o f  “o rg a n ic  r o m a n t i c i s m ,” 

t h e  th e o ry  t h a t  t h e  N a tu r a l  is i n h e r e n t l y  b e t t e r  t h a n  t h e  A r t i f ic ia l .  W h e t h e r  or 

n o t  th i s  is d e se rv e d ,  J a c q u e s  D e r r id a  ( 19 7 4 )  ta k e s  h im  to  task  for p ro p o s in g  th a t  

a  natural/artificial difference can  be found  b e tw een  different languages. Jean  Jacques

C H A P T E R
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R o u sse au  p ro p o sed  t h a t  t h e  “n a tu ra l  crys o f  a n im a ls ,” m us ic ,  a n d  “ a c c e n t u a t io n ” 

( t h a t  is, p i t c h  i n t o n a t i o n  in  t h e  h u m a n  v o ic e )  a re  all  a s im i la r  ty p e  o f  c o m ­

m u n i c a t i o n .  I n  th i s  I w o u ld  t e n d  to  ag ree ,  s i n c e  in s t r u m e n ta l  m us ic  a n d  h u m a n  

p i t c h  i n t o n a t i o n  are  fo r . th e  m o s t  p a r t  a n a lo g  r e p r e s e n ta t io n s  a n d  s in c e  h e  was 

p ro b a b ly  t h i n k i n g  o f  a n a lo g  e x a m p le s  o f  a n im a l  c o m m u n i c a t i o n  ( a l t h o u g h  

m a n y  an im a ls ,  for e x a m p le  v e rv e t  m o n k e y s ,  use d ig i ta l  c o m m u n ic a t io n  as well) .  

R o u s s e a u  c o n t r a s t e d  th i s  to  “a r t i c u l a t i o n ” in  t h e  h u m a n  v o ic e ,  by w h ic h  h e  

m e a n t  t h e  l in g u is t ic  ( a n d  h e n c e  d ig i ta l )  p a r t s  o f  sp e e c h .  B u t  in s te a d  o f  see ing  

th e  d is t in c t io n  as tw o  d if fe ren t  types o f  r e p r e s e n ta t io n ,  o n e  a n a lo g  a n d  th e  o th e r  

d ig i ta l ,  R o u ssea u  c la im e d  t h a t  a n a lo g  s ig n a ls  w e re  n o t  a fo rm  o f  r e p r e s e n ta t io n  

a t  all. In his view, digita l versus a na log  was r ep re sen ta t io n  versus T h e  Real. Music, 

a n i m a l  c r i e s ,  a n d  e m o t i o n a l  i n t o n a t i o n  w e r e  s o m e h o w  m o r e  n a t u r a l  a n d  

a u t h e n t i c .  W o rs e  ye t,  h e  in f la te d  th i s  i n t o  a c u l tu r a l  d i f f e r e n c e ,  m a i n t a i n i n g  

t h a t  w h i le  E u ro p e a n  lan gu ages  w ere  la rgely  b a se d  o n  (d ig i t a l )  a r t i c u l a t i o n ,  th e  

la n g u a g e  o f  t h e  n o b e l  sav a g e  was c lo s e r  to  n a tu r e .

O n e  m ig h t  h o p e  t h a t  D err ida  w o u ld  c o r r e c t  t h e  m a t t e r  a n d  p o i n t  o u t  t h a t  

a n a lo g  s ignals  are  jus t  as m u c h  a r e p r e s e n ta t i o n — ju s t  as m u c h  fakes, ju s t  as easy 

to  lie  o r  te l l  t r u t h  w i th ,  a n d  ju s t  as a r t i f ic ia l— as d ig i ta l  sym bols  are .  B u t  h e  to o  

failed to  p ro d u c e  a b a la n c e d  p o r t r a i t .  D e r r id a  d id  ins is t  t h a t  a ll h u m a n  l ingu is­

tics is f u n d am en ta l ly  digita l (qu i te  t ru e ) ,  bu t  h e  d id  n o t  b o th e r  to  say a word ab o u t  

o t h e r  inodes  o f  v oca l  r e p r e s e n ta t io n .  T h i s  e r r o r  is d u e  to  D e r r id a ’s c o n c e r n  ov e r  

che a u th o r i t a r i a n  ideo logy  t h a t  o rg a n ic  ro m a n t i c i s m  c a n  p ro d u c e .  For e x a m p le ,  

h is to ry  is full o f  d ic t a to r s  w h o  c la im e d  t h a t  t h e i r  e t h n i c  g ro u p  was t h e  rea l o r  

n a tu r a l  o n e ,  a n d  t h a t  o th e r s  w ere  a r t i f ic ia l  p o l l u t a n t s  in  th e i r  E d e n .  R o u sse a u  

h im s e l f  d id  n o t  h a v e  su c h  fascis t ic  t e n d e n c ie s ,  b u t  D e r r id a  is r ig h t  in p o in t in g  

o u t  t h a t  o rg a n ic  rcm anti-c is r .vcar.  alv/ays be  u sed  in t h a t w a y ,  n o  m a t t e r  w h o  it 

is c o m i n g  from. * O n e  n e e d  n o t  p a n ic  so m u c h ,  h o w e v e r ,  a n d  b a n i s h  a n a lo g  s ig­

n a ls  from  e x is te n c e ;  it is e n o u g h  to  g ive  t h e m  th e  sa m e  e p is te m o lo g ic a l  s ta tu s  

as d ig i ta l  sy m b o ls— n o  m o re  a n d  n o  less.

1 h a v e  fo u n d  th is  e g a l i ta r ia n  v iew  o f  t h e  an a lo g /d ig i ta l  d i s t i n c t i o n  very d if­

ficult to p rom ote ; it seems th a t  everyone  has  th e i r  ow n  favorite  view. W h e n  1 spoke 

to  ch a o s  th e o r is t  R a lp h  A b ra h a m ,  for e x a m p le ,  h e  e x p la in e d  th a t  a n a lo g  systems 

were in h is  view th e  rea lm  o f  spirit ,  t h e  v ib r a t io n s  of A tm a n .  P o s tm o d e rn  th e o ry  

m a v e n  J am es  C liffo rd ,  to  th e  co n tra ry ,  in s is ted  t h a t  on ly  d ig i ta l  r e p r e s e n ta t io n  

is c a p a b le  o f  t h e  f lexible r e a r r a n g e m e n t s  t h a t  c o n s t i t u t e  h u m a n  th o u g h t .  T h i s  

sam e b a t t l e  h a s  b e e n  p layed  o u t  in t h e  h i s to ry  o f  A f r i c a n  cu l tu ra l  s tud ies .  D u r ­

ing th e  ) 960s, realism was in vogue, a n d  w h a t  c ou ld  h av e  b een  a w onderfu l  e x p lo ­

ra t io n  o f  t h e  a n a lo g  r e p r e s e n ta t io n  t e c h n i q u e s  in A f r i c a n  c u l tu re  was o f ten  

redu ced  to  r o m a n t i c  p o r t ra i t s  o f  t h e  “ re a l” a n d  “n a t u r a l , ” w h ile  A f r i c a n  sym bol
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sy s te m s  su ffe red  f ro m  n e g le c t .  D u r in g  t h e  l a t e  1970s ,  t h i s  b e g a n  t o  r e v e r se  

itself—rw i th  t h e  a d v e n t  o f  p o s tm o d e rn i s m ,  A f r i c a n  c u l tu r a l  p o r t ra i t s  b e c a m e  

increasingly focused o n  d iscourse a n d  sym bol systems, e v e n  a t  th e  ex p e n se  o f  ignor­

ing a n a lo g  re p re se n ta t io n s .

I t  is im p o r ta n t ,  h o w ev er ,  to  see h o w  th e se  r e s t r ic t io n s  h a v e  b e e n  c o n te s te d ,  

p a r t ic u la r ly  in  b lack  in t e l l e c tu a l  c o m m u n i t i e s .  H o o k s  (1 9 9 1 ,  29 )  su m m arizes  h e r  

o w n  re a c t io n  to  r o m a n t i c  o rg a n ic ism :  “T h i s  d is co u rse  c r e a t e d  th e  idea  o f  ‘p r i m ­

i t iv e ’ a n d  p ro m o te d  t h e  n o t i o n  o f  a n  ‘a u t h e n t i c ’ e x p e r i e n c e ,  s e e in g  as ‘n a t u r a l ’ 

tho se  expressions o f  b lack  life w h ic h c o n f o r m e d  to  a p re -ex is t ing  p a t t e rn  or s te reo ­

type .” Rose  (1993.) describes th e  h is to ry  o f  rap  music, also arising in th e  mid-1970s, 

as n o t  ju s t  a re s is ta n c e  to  o rg a n ic  ro m a n t i c i s m ,  b u t  as a  t e c h n o c u l tu r a l  r e b e l l io n  

th a t  m akes  D err id a  lo ok  like G u te n b e r g .  C o r n e l  W es t ,  H o u s to n  Baker,  H o r t e n s e  

S p il le rs ,  a n d  H aze l  C a rb y  h a v e  m a d e  i n t e r v e n t io n s  in  A f r i c a n  A m e r i c a n  in t e l ­

le c tu a l  d iscourse  in  s im i la r  ways, as h a v e  w orks  o f  b la c k  sc ie n c e  f i c t io n  s u c h  as 

G e o rg e  S c h y le r ’s Black N o  M ore ,  R a lp h  E l l i so n ’s invisible M a n , 2 T o n i  C a d e  B am - 

b a ra ’s T/ie S a lt  Eaters,  S a m u e l  R .  D e l a n y ’s Dhalgren, a n d  O c ta v i a  B u t l e r ’s Xeno- 

genesis trilogy. A n  e g a l i ta r ian  v iew  o f  t h e  na tu ra l /a r t i f ic ia l  d ic h o t o m y  c a n  be  seen  

in b la c k  in te l l e c tu a l  h is to ry  r u n n i n g  f ro m  G e o rg e  W a s h i n g t o n  C a rv e r ' s  c o n c e p t  

o f  “ G o d ’s K in g d o m  o f  t h e  S y n t h e t i c ” to  M u d i m b e ’s “ I n v e n t i o n  o f  A f r i c a . ” -* 

Ind eed ,  C a rv e r  an d  M u d im b e ’s co n cep ts .a re  qu i te  similar; it is n o t  M u d i m b e ’s c o n ­

t e n t i o n  t h a t  A f r i c a n  u n i ty  lacks  a s p i r i tu a l  b o n d ,  b u t  r a t h e r  a  c e l e b r a t i o n  o f  t h e  

sp i r i t  o f  i n v e n t io n ,  w h ic h  req u i re s  r e s i s t a n c e  to  t h e  E u r o p e a n  c la im  t h a t  s p i r i t  

c a n  ex is t  o n ly  in  ca tegories  o f  th e  na tu ra l .  A fr ic an  a n im is m  is m a rk e d  by a n  e x t r a ­

o rd in a ry  a c c e p ta n c e  o f  t h e  rel ig ious s ig n if ic an ce  o f  artifice,'* from  gris-gris  to  t h e  

m o  j o  h a n d ,  a n d  its  t e c h n i q u e s  for p a ss in g  i n f o r m a t io n  t h r o u g h  t h e  p h y s ic a l  

d y n am ics  o f  so u n d  a n d  m o v e m e n t  sh o w  t h a t  th is  fa ith  in t h e  p o w e r  o f  an a lo g  re p ­

r e s e n t a t io n  is n o t  m isp laced .

T h e  p o l i t i c s  o f  r e c u r s i o n

W h i l e  D e r r id a  was t r a sh in g  o rg a n ic  r o m a n t i c i s m ,  M ic h e l  F o u c a u l t  w as a t t e m p t ­

in g  to  d o  th e  sam e for h u m a n is m .  H is  h is to r ic a l  s tud ies  d e m o n s t r a t e  t h a t  h u m a n ­

ist goals  o f  r e c u r s io n — to  be  s e l f -g o v e rn ed ,  s e l f - c o n t ro l l in g  in d iv id u a l s— are  n o t  

i n n o c e n t ;  b u t  r a th e r  d e v e lo p  h i s to r i c a l ly  in  c o m b i n a t i o n  w i th  v a r io u s  t e c h ­

n iq u e s  o f  so c ia l  c o n t r o l .  In  a n  era  w h e re  " s e l f - m a n a g e m e n t” usu a l ly  m e a n s  th a t  

t h e  c o r p o r a t i o n  you  w o rk  for h a s  d e v e l o p e d  im p r o v e d  t e c h n i q u e s  fo r  self- 

e x p lo i t a t i o n ,  it is n o t  h a rd  to  see w h a t  F o u c a u l t  is g e t t i n g  a t .  A s  in  t h e  ca se  o f  

D e r r i d a ’s w a rn in g s  ag a in s t  c la im s  t h a t  a n a lo g  r e p r e s e n t a t i o n  w ill  a u to m a t i c a l ly  

lead  to  m o re  e th i c a l  l iv ing ,  F o u c a u l t  w a rn s  a g a in s t  s e e in g  re c u r s io n  as a m o ra l
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fo r m u la .5 W h i l e  A fr ic a n  a n a lo g  sy s tem s raise t h e  p ro b le m  o f  s o m e o n e  m a k in g  

cla im s ab o u t  w h a t  is m ore  real o r  m o re  n a tu ra l ,  A f r ic a n  recurs ion— especially  th e  

recu rs iv e  a r c h i t e c tu r e  o f  A f r i c a n  s e t t l e m e n t s — raises t h e  p ro b le m  of h u m a n i s t  

c la im s .  -

T o  see h o w  th is  c a n  be a p ro b le m ,  c o n s id e r  t h e  fo l low in g  tw o  case s tud ies  

o f  A fr ican  a rch i te c tu re .  C a p la n  (1 9 8 1 )  s tu d ie d  th e  r e la t io n  b e tw e e n 'h o u s in g  a n d  

w o m e n ’s a u to n o m y  in  T a n z a n ia .  S h e  d e sc r ib e d  h o w  th e  flexibili ty  o f  h o u s in g  

a l lo w ed  w o m e n  to  c rea te  n e w  h o m e s  if th e y  w a n te d  a d iv o rce ,  or to  e x te n d  o ld  

h o m e s  if th e y  w a n te d  to  sh if t  t h e  fam ily  s t ru c tu r e .  A s  in  m a n y  A f r i c a n  s e t t l e ­

m ents ,  this self-organized housing  c rea ted  a self-similar s t ruc tu re— fractals— w h ich  

a l low ed  g re a te r  soc ia l  s e l f -c o n t ro l  for w o m e n .  W h e n  so c ia l ism  b ro u g h t  m o d ­

e rn iz a t io n  p rogram s,  th is  a u to n o m y  was t h r e a t e n e d  by th e  “ im p ro v e d ” h o u s in g  

design, w h ich  som etim es  resem bled c o n c re te  a rm y barracks.^ H e re  o n e  would  c o n ­

c lu d e  t h a t  f rac ta l  is be tte r .

S to i l e r  ( 1 9 8 4 )  d e sc r ib ed  a S o n g h a i  to w n  in w h ic h  a c a s te  sy s tem  en su red  

t h a t  t h e  bes t  la n d  was v o lu n ta r i ly  g iv e n  o v e r  to  t h e  h ig h e s t  cas te  m em b e rs .  It 

was n o t  a m a t te r  o f  forcing peop le  ag a ins t  th e i r  will, bu t  simply u n q u es t io n e d  c o m ­

m o n  sen se  t h a t  o n e  s h o u ld  w a n t  to  be  lo c a t e d  in th e i r  p ro p e r  p lace . T h i s  frac- 

tal, se lf-organized a rc h i te c tu re  was a fo rm  o f  se l f -ex p lo i ta t io n .  E v e n tua l ly  several 

m e m b e rs  o f  th e  c o m m u n i ty  d e c id e d  to  b re a k  o u t  o f  th is  o pp ress iv e  s t ru c tu re  by 

b u i ld in g  h o u se s  a lo n g  th e  n e w  h ig h w ay .  T h u s  l ib e r a t io n  in th is  case  m e a n t  

leaving th e  fractal geometry, and  l in ing  u p  in  s tra ight Euclidean form ation— exactly 

th e  o pposi te  of th e  T a nzan ian  vil lage s tu d ied  by C a p la n .  S to l le r ’s work rficely illus­

tr a te s  M ic h e l  F o u c a u l t ’s w a r n in g  a g a in s t  s im p l is t ic  h u m a n i s t  fo rm ulas :  self- 

d e te r m in a t io n  is n o t  necessar ily  l ib e ra t in g ;  ir c a n  se rve  to  s u p p o r t  socia l c o n t r o l  

"  r a t h e r -t h a n  resist it. M e i th e r - f r a c ta l - n c r  E u c l id e a n  g e o m e tr ie s  h a v e  any  i n h e r ­

e n t  e th i c a l  c o n te n t ;  su c h  m e a n in g s  arise  fro m  th e  p e o p le  w h o  use th e m .

C o lo n ia l i s m  a n d  a rc h i te c tu ra l  frac ta ls

R ene Descartes was no t  m u ch  o f  a h u m a n is t ; ' in  his  view self-organized a rch i te c tu re  

is ju n k .  H e  m akes  th is  c lea r  in h is  f a m o u s  Discourse on  Metfiodolog)1;

(TJhere is less perfection  in works m ade  of several pieces and in works made 
by the  hand s  of several m asters  th a n  in tho se  works o n  w hich  b u t  one  m aster 
has worked. T h u s  o n e  sees chat b u i ld ings  u n d e r ta k e n  and  co m ple ted  by a 
single a rch i tec t  are c o m m o n ly  m ore  beau tifu l  and  be t te r  o rdered  th a n  those 
th a t  several a rch i tec ts  h ave  tried to  p a tch  up. . . .  T h u s  1 imagined th a t  people  
who, hav ing  once  been  h a lf  savages and  hav ing  b een  civilized on ly  gradually, 
have made their laws only to  the  ex ten t  th a t  the  inconvenience caused by crimes
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and  quarrels  forced th e m  to  d o  so, would n o t  be  as well o rdered  as those who, 
from the  very beginning of their com ing together,  have  followed th e  fundamental 
p recepts  o f  som e p ru d e n t  legislator.  . (1673, 12)

F o r  D esc a r te s ,  “se l f -o rg an ized ” is s y n o n y m o u s  w i t h  savages ,  t h e  im p e rfe c ­

t i o n  o f  b o t h  m a te r ia l  a n d  so c ia l  s t ru c tu re .  L a c k  o f  c o m p l e t e  E u c l id e a n  re g u la r ­

ity m e a n s  r a n d o m n e ss :  for “s t re e ts  c ro o k e d  a n d  u n e v e n ,  o n e  will say t h a t  it  is 

c h a n c e  m ore  th a n  th e  will o f  so m e  m e n  us in g  th e i r  reason  chat h a s  a r ranged  th e m  

th us” (p. 12). T h e  lack of C ar te s ian  co o rd in a tes  in  m an y  A fr ica n  se t t lem en ts  would 

th us  ev id en c e  th e ir  n eed  for th e  gu idance  of c o lo n ia l  reason. A s  H u l l  ( 19 76) notes , 

h u g e  c e n te r s  o f  u rb a n  life in  A f r ic a  w ere  in d e e d  d is re g a rd e d  by E u ro p e a n s  as 

“u n s t ru c tu r e d  bu sh  c o m m u n i t i e s ” o n  ju s t  t h e s e  p r in c ip le s .  W h i l e  T im b u k tu  was 

g r a n te d  c i t y h o o d  d ue  to  its grid p a t t e r n  o f  s t re e ts ,  t h e  Y orub a  c it ie s  o f  eq ua l  p o p ­

u la t io n  size a n d  e c o n o m ic ,  t e c h n i c a l ,  a n d  la b o r  s p e c ia l i z a t io n  h a v e  b e e n  d is re ­

g a rd ed  as m ere ly  g ia n t  v il lages d u e  to  th e i r  la c k  o f  C a r t e s i a n  regulari ty .^  T h u s  

f ra c ta l  a r c h i t e c t u r e  was u sed  as c o lo n ia l  p r o o f  o f  p r im i t iv is m .  T h i s  d e b a te  o v e r  

t h e  u rb a n  s t a tu s  o f  n o n - E u c i id e a n  s e t t l e m e n t s  c o n t i n u e s  in  t h e  p o s tc o lo n ia l  era 

(see S c h w a b  1965; L loyd  1973).

T h e  o c c a s io n a l  C a r t e s i a n  l i n e a r i ty  in A f r i c a n  a r c h i t e c t u r e  th r e w  a h i t c h  

in t o  th i s  c o lo n ia l  ju s t i f ic a t io n ,  i n  1871 th e  G e r m a n  g e o lo g i s t  C a r l  M a u c h  “d i s ­

c o v e re d ” th e  ru in s  o f  G r e a t  Z im b abw e .  S t u n n e d  by th e  e v id e n c e  o f  p recise  s to n e  

c u t t i n g  o n  a m a s s iv e  sca le ,  h e  p ro p o s e d  t h a t  t h e  b u i ld in g s  w e re  n o t  o f  A f r i c a n  

d e s ig n ,  b u t  w e re  in s te a d  d u e  to  t h e  Q u e e n  o f  S h e b a ' s  v i s i t  to  S o lo m o n .  T h e  

R h o d e s ia n  g o v e r n m e n t  used th is  e x p la n a t io n  as  a p a r t  o f  its p ro p a g a n d a  ag a in s t  

B lack  ru le  ( M a c i n t o s h  a n d  M a c i n t o s h ,  1 9 8 9 ) .  A c tu a l ly ,  t h e y  h a d  m u c h  less to  

fear  in  t h e  t r u t h :  th e  s t o n e  was n o t  c u t ,  b u t  it  n a t u r a l l y  b ro k e  i n to  l i n e a r  

s h e e t s  (a f te r  h e a t i n g )  d u e  to  its g eo lo g ic  p ro p e r t i e s .  M o r e o v e r ,  m o s t  o f  t h e  o u t ­

s ide  w alls  w e re  o r ig in a l ly  c o v e re d  w i th  s m o o t h  clay, c r e a t i n g  a n o n l i n e a r  se t  

o f  s c a l in g  s h a p e s  ( w h i c h  C o n n a h  [1 98 7 ]  re fe rs  to  as " r a n d o m  c u rv e d  fo rm s" ) .  

T h i s  is n o t  to  d im in i s h  t h e  r e m a rk a b le  t e c h n o l o g ic a l  sk i l l  o f  t h e  c o n s t r u c t io n ,  

h u t  to  p o in t  o u t  t h a t  o n e  c u l t u r e ’s s ign  for “a r t i f ic ia l"  c a n  be  a n o t h e r ’s sign for 

" n a tu ra l . ” E u c l id ean  versus f rac ta l  does  n o t  n ecessa r i ly  m e a n  art ificial versus n a t ­

ural;  t h a t ,  to o ,  is cu l tu ra l ly  in f lu e n c ed .

D u r in g  t h e  d e v e lo p m e n t  o f  c o lo n ia l  c i t ie s ,  t h e  c h a o s  o f  A f r i c a n  a r c h i t e c ­

tu re  w as used as b o th  sy m bo l a n d  s y m p to m  o f  E u r o p e a n  fears  o v e r  soc ia l  cha o s .  

P e n n a n t  (1983) provides a n  exam ple  o f  th is  c o n c e rn  a b o u t  p roper  se t t lem en t  g eo m ­

e try  in  his e x a m in a t io n  o f  c o lo n ia l  d e v e lo p m e n t  in  M alaw i:  " T h e  language o f  th is  

1930s policy discourse is significant. M ed ica l  ex pe r ts  w ro te  o f ‘inves tiga tions’ sh o w ­

ing 'u n q u e s t io n a b ly ’ a n d  o f ‘a b u n d a n t  p ro o f . ’ . • • Lay  E u ro p e a n s  sh o w e d  ‘c o n ­

c e rn , ’ ‘a la rm ,’ an d  ‘h o r ro r . ’ A fr ican s ,  w i th  th e i r  ‘p r im i t iv e  h a b i t s , ’ o f ‘p rom iscuous
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d e f e c a t io n ’ fo rm ed  a ‘f lo a t in g ’ o r  ‘s c a t t e r e d ’ p o p u la t io n  in  n e e d  o f ‘c o n t r o l ’ a n d  

' su p e rv is io n '  in  a ‘p ro p e r ly  l a id -o u t  v i l lage  o r  l o c a t i o n . ’ ”

In  t h e  a b o v e  case  w h e re  “p r i m i t i v e ” m ix es -w ith  m o d e r n ,  t h e  f ra c ta l  t r a d i ­

t io n  was a th r e a t .  B u t  k e p t  in  w h a t  c o lo n ia l i s t s  t h o u g h t  o f  as its n a tu r a l  ro le ,  it 

cou ld  m ake  fractal s e t t l e m e n ts  a p p e a r  to  bene f i t  th e  c o lon ia l  en te rp rise .  T h e  n o v ­

elist K a re n  B l ix en  ( lsak  D in e s e n ) ,  in  O u t  o f A fr ic a  (1 9 8 8 ) ,  descr ibed  h e r  a t t e m p ts  

to  lay o u t  grids for A f r i c a n  w o rk e rs ’ h o u se s  o n  h e r  r a n c h .  T h e y  refused to  fo l low  

th e s e  l in e a r  in s t ru c t io n s  a n d  fit t h e i r  h o u s e s  in  p a t t e r n s  m a t c h in g  th e  i r regu la r  

configu ra t ion  o f  th e  land . T h a t  su c h  eco log ica l  fit cou ld  be  q u i t e  efficient was n o t ,  

how ever ,  lost o n  th e  co lon ists .  “T h e  s q u a t te r s ’ land  was m ore  in tense ly  a live  th a n  

t h e  res t  o f  t h e  farm , a n d  w as c h a n g in g  w i t h  t h e  sea so n s” (p .  9 ) .  A r c h i t e c tu r a l  

f rac ta ls  co u ld  be  p a r t  o f  c o lo n ia l  r o m a n t i c i s m  as lon g  as th e y  en su red  a supply  

o f  s e l f - su p p o r t in g  w orkers .

E ven  in th e  case o f  social co n tro l ,  ind igenous fractals could be utilized. British 

c o lo n ia l  policy , for e x a m p le ,  a t  first fa i led  in  cases w h e re  th e r e  was a d e c e n t r a l ­

ized n e tw o r k  r a th e r  t h a n  a large  h ie r a r c h y .  T h i s  was a p p ro a c h e d  in t h e  case of 

th e  Ib o  w i th  a sys tem  o f  “ in d i re c t  r u l e ” based  o n  “w a r re n t  ch ie fs"  ( I s ic h e i  1976).  

T h e  Ibo  a u to n o m y  o f  se l f -o rg an iza t io n  was tu r n e d  ag a in s t  th e m ;  in  a sense  it was 

grass-roo ts  c o lo n ia l i sm .  T h e  a r c h i t e c t u r a l  e q u iv a l e n t  o f  th is  sys tem  c a n  b e  seen, 

in  a m a n u a l  for c o lo n i a l - e r a  h o u s i n g  d e s ig n s  f ro m  t h e  A g e n c y  for I n t e r n a t io n a l  

D ev e lo pm e n t  (H inchc l if f  1946, 31).  H e re  th e  Ibos’ fractal se t t lem en t  pa t te rn  (radial 

houses a ro u n d  a c e n te r  in  e a c h  v il lage, rad ia l  villages a ro u n d  th e  s e t t l e m e n t  c e n ­

te r )  is t id ie d  u p  to  su i t  E u ro p e a n  c o n c e p t i o n s  of s y m m e try  w h i le  r e t a in in g  th e  

overa l l  in d ig e n o u s  f rac ta l  s t ru c tu re .

F ra c t a l s  a n d  racia l red is tr ic t ing

In th e  in t ro d u c t io n  to  his sem in a l  F ra cta l G eo m etry  o f  N a tu re, B en o i t  M a n d e lb ro t  

e x a m in e s  so m e  o f  t h e  d is p a ra g in g  c o m m e n t s  t h a t  w ere  m a d e  a b o u t  t h e  ear ly  

fractal forms of G e o rg  C a n to r ,  H e lg e  v o n  K o c h ,  a n d  o thers .  R e je c te d  as “biza r re” 

and  " t o r tu r o u s , ” th e s e  “d r a g o n s ” w e re  c o n s i g n e d  co t h e  o d d i t ie s  s e c t io n  a t  th e  

end  o f  t h e  few m a t h  te x t s  t h a t  w o u ld  e v e n  c o n s id e r  t h e m .  S t r ik in g ly  s im i la r  

lang uag e  h a s  b e e n  u sed  to  r e j e c t  t h e  o u t l i n e s  o f  v o t i n g  d i s t r i c t s  t h a t  w ere  

a l te red  to  in c lu d e  larger A f r i c a n  A m e r i c a n  p o p u la t io n s ,  a n d  th e s e  do  in d e e d  

ap pea r  to  be  f rac ta ls  (fig. 1 2 .1 ) .8 W e r e  t h e  c o u r t s  as m i s t a k e n ly  h as ty  to  d i s r e ­

gard f rac ta ls  as m a t h e m a t i c i a n s  w ere?

T h e  E u c l id e a n  s h a p e  o f  v o t i n g  d is t r i c t s  is n o t  a n  a rb i t ra ry  s a m p lin g — this  

Jj? could o n ly  be  d o n e  by ra n d o m ly  s e l e c t i n g  v o te r s  fro m  e v e ry w h e re  in  t h e  s ta te .  

A c c o rd in g  to  t h e  1993 S u p r e m e  C o u r t  r u l in g  in Shaur v. Reno, it is m e a n t  to
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S i m i l a r i t y  o f  i r r e g u l a r  r e d is t r ic c in g  p a r c e r n  c a n  be  s e e n  at m u l t i p l e  scales .  I

{ O r i g i n a l maps c o u r t e s y  o f  die C a r l  V i n s o n  I n s t i t u t e ,  p r o  [/h ie  h ig h lig h ts  b y  th e  a u t h o r .)  |

d e s ig n a te  a  g e o g ra p h ic  lo ca le  in w h ic h  " s h a re d  in t e r e s t s ” in f o rm  th e  vo te .  T h e  ;j 

o b je c t io n  to  c rea t in g  a  d is t r ic t  in  w h ic h  c o n to u r s  are  “p re d o m in a n t ly  motivated" 

by  race  is t h a t  it c re a te s  a b ia s  in  t h e  s a m p l in g  o f  t h e  g e o g r a p h i c  lo ca t io n .  This |  

w o u ld  c e r ta in ly  be  th e  case  if w e w ere  to  tak e  a r a n d o m  s a m p lin g ,  separa ted  vot- .jf* 

ers by e th n ic i ty ,  a n d  t h e n  d e s ig n a te d  th o s e  e t h n i c  g ro u p s  as t h e  v o t in g  districrs. f„ 

H ow ev er ,  if so m e  e t h n i c  g roups  are  d is t r ib u te d  in E u c l id e a n  s e t t l e m e n t  patterns, L* 

a n d  o th e r s  in f r a c ta l  s e t t l e m e n t  p a t t e r n s ,  t h e n  w h y  c o n s i d e r  E u c l id e a n  district > 

sh a p e s  to  be  u n b ia s e d ,  a n d  f r a c ta l  d i s t r i c t  s h a p e s  to  be  b ia sed ?  I d o  no t  know if« 

A f r i c a n  A m e r i c a n  h o u s i n g  d i s t r i b u t i o n s  a re  m o r e  f r a c ta l  t h a n  o th e r s — niuT 

e v e n  if  th ey  are ,  I w ou ld  n o t  n ecessa r i ly  a ssum e a c u l tu r a l  c o n n e c t i o n  to  African,'



f rac ta ls— b u t  t h e  fac t  t h a t  we n o w  k n o w  o f  so c ie t ie s  in  w h ic h  f r ac ta l  s e t t l e m e n t  

p a t t e r n s  are  b e a u t i fu l  fu s io n s  o f  fo rm  a n d  f u n c t i o n  sugges ts  t h a t  w e m ig h t  

r e c o n s id e r  t h e i r  p o t e n t i a l  ro le  in A m e r i c a n  p o l i t ic s .

A f r i c a n  frac ta ls  f ro m  c u l tu ra l  v is ionaries

Frac ta ls  a n d  c h a o s  th e o ry  h a v e  b e e n  in c rea s in g ly  m e n t i o n e d  in  che h u m a n i t i e s  

as e i t h e r  a too l o r a n  o b je c t  o f  c u l tu r a l  ana lys is ,  b u t  to o  o f ten  th e  a p p ro a c h  of 

th e s e  s tu d ie s  h a s  le f t th e  im p re ss io n  o f  m a t h e m a t i c a l  in k  b lo ts  a l lo w in g  w riters  

to  see w h a te v e r  th e y  p lease . L yo ta rd  (1 9 8 4 )  saw  f rac ta l  g eo m e try  as c o n t r i b u t ­

in g  to  a “p o s t m o d e r n  c o n d i t i o n ” w h o s e  c o n t r a d i c t o r y  n a tu r e  w o u ld  d is ru p t  

a u th o r i t a r ia n  cer ta in ty ;  a m o re  c a u t io u s  v e rs io n  o f  th is  thes is  is floated in Deleuze 

a n d  G u a t t a r i  (1 9 8 7 ) .  A t  leas t  tw o  a u th o r s  ( S t e e n b u r g  1991; A rgyros  199 1 )  

h a v e  a rgued  th a t  fractals an d  o th e r  b ra n c h e s  o f  ch aos  theo ry  h a v e  crea ted  a d irec t  

c h a l l e n g e  to  p o s tm o d e r n i s m ,  i n t e g r a t in g  t h e  d i s ru p t io n s  it c r e a te d .  P o ru s h  

(1 9 9 1 )  a n d  o th e r s  insist t h a t  " d e t e r m in i s t i c  c h a o s "  is a t t e m p t i n g  to  su b s t i tu te  

a fee l in g  o f  free  will for fa ta li ty .^  S o b c h a c k  ( 1 9 9 0 )  suggests  t h a t  it im plie s  “an  

e m b ra c e  o f  ir re sp on s ib i l i ty  in a w o r ld  a l read y  b e y o n d  c o n t r o l . ” W h e n  S o b c h a c k  

c i te s  P e i tg e n  a n d  F re e m a n  in h e r  c o n d e m n a t i o n  o f  c h a o s  th e o r y  as a d e n ia l  o f  

" th e  spec if ic ity  o f  h u m a n  e m b o d i m e n t  a n d  h i s to r i c a l  s i t u a t io n ,” I c a n ’t h e lp  b u t  

th in k  o f  P e i tg e n ’s fractal geom etry  course  a t  t h e  U n iv e rs i ty  o f  C a l i fo rn ia  at S a n ta  

C ru z ,  w h e re  h e  c o m m e n t e d  o n  G e r m a n  m a t h e m a t i c i a n s  w h o  a l t e r e d  th e i r  

c a ree rs  to  o p p o se  N az i  a n t i - S e m i t i s m  o r  s u p p o r t  p e a c e  efforts ; o r o f  F r e e m a n ’s 

(1 9 8 1 )  use o f  M a r t i n  L u th e r  K ing  in h is  d is c u ss io n  o f  c h a o s  in n eu rophys io logy .  

H ow  c a n  w e c r i t iq u e  th e  w ork  o f  c h a o s  th e o r i s t s  as la c k in g  h is to r ic a l  specific ity  

a n d  e m b o d i m e n t  if  we ig n o re  t h e i r  o w n  h i s to r i e s  a n d  bodies?

H ay les ’s C haos Bound ( 19 90)  to o k  a m o re  sub t le  a p p ro ach .  Like Porush  and  

o th e r s ,  H a y le s ’s l i te ra ry  m e t h o d  a l lo w s  h e r  to  g lide  far to o  easily  b e tw e e n  u n ­

re la ted  ideas; by th e  t im e  sh e  has  to ssed  t o g e t h e r  q u a n t u m  theory ,  en tro p y ,  a n d  

G o d e l ’s t h e o r e m  w ith  d e c o n s t r u c t io n  a n d  “h o l i s m ,” o n e  c a n  on ly  c o n c lu d e  th a t  

any c o m p l ic a te d  idea c a n  be  a m e t a p h o r  for an y  o th e r  c o m p l ic a te d  idea. B u t  h e r  

d era i led  ana lys is  o f  l i te ra ry  w orks, s h o w in g  d e e p  p a ra l le ls  b e tw e e n  se lf-reflexive  

w rit ing  a n d  se l f-re fe ren tia l  m a th e m a t ic s ,  suggests  t h a t  w h e n  g ro un ded  in  specific 

lo ca t ion s  t h e  fus ion o f  f rac ta l  g e o m e t ry  a n d  cu l tu ra l  i n t e r p r e t a t i o n  c a n  he  p r o ­

foundly  rew ard ing .

Paul G i lro y  make's ex p lic i t  use o f  f rac ta ls  in his p o r t r a i t  o f  th e  d ivers ity  an d  

d yn am ic ism  w ith  w h ic h  b o th  t r a d i t io n a l  A f r ic a  an d  th e  A fr ic a n  d ia sp o ra  h a v e  

o rgan ized  th e i r  c ro s s -cu l tu ra l  flows. T h e  recu rs iv e  c o n s t r u c t i o n  o f  h is  B lack  

A t la n t i c  c a n  be  s e e n ,  for e x a m p le ,  in  th i s  q u o te  from  Jam es  B row n o n  a v is i t  to
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h e a r  Fe la  K u t i  in  N ig e r ia :  “[B]y th i s  t im e  h e  w as d e v e lo p i n g  A f r o - b e a t  o u t  o f  

A f r i c a n  m u s ic  anc! fun k .  H is  b a n d  h a d  a s t ro n g  r h y t h m ;  I t h i n k  C ly d e  p ic k e d  up 

o n  it in h is  d ru m m in g ,  a n d  B ootsy  dug  it  to o .  S o m e  o f  t h e  ideas my'bancl was g e t­

t i n g  from  t h a t  b a n d  h a d  c o m e  from  m e  in  t h e  first p la c e ,  b u t  t h a t  was o k ay  w i th  

m e .  I t  m a d e  th e  m u s ic  t h a t  m u c h  s t r o n g e r ” ( 1 9 9 3 ,  199)-

G i l r o y  c i te s  t h e  im p a c t  o f  t h e  V irg in ia  J u b i l e e  S in g e r s  o n  to u r  in  S o u th  

A f r i c a  in 1890 ,  t h e  r e t u r n  o f  s laves f ro m  Brazil to  N ig e r i a ,  t h e  R as ta fa r i  c u l tu re  

in  Z im b a b w e ,  a n d  o t h e r  e x a m p le s  o f  “m u t a t i o n s  p ro d u c e d  d u r i n g  its c o n t i n g e n t  

lo o p s  a n d  f rac ta l  t r a je c to r ie s ."  P e rh a p s  h is  m o s t  r a d ic a l  m o v e  is a c la im  for d ias-  

p o r i c  m i x in g  w i th  Jew ish  c u l t u r e — W .E.B. D u  B ois  p a ss in g  fo r  a Jew  to  m a i n ­

ta in  safety in E aste rn  E urope, th e  use o f  th e  E xo du s  th e m e  in M a r t in  L u th e r  King, 

J r .,  a n d  M a rc u s  G a rv ey ,  a n d  E. W. B ly d e n ’s c h i l d h o o d  in  a Jew ish  c o m m u ­

n i t y . 1̂ 1 T h e  f rac ta l  im agery  w ork s  in  m a n y  d i f f e r e n t  ways for G i l r o y — from  th e  

t u r b u l e n t  m e t a p h o r  o f  h y b r i d i t y  to  t h e  c o n c r e t e  d e s c r i p t i o n  o f  s h i p s ’ p a th s  

a n d  t r a v e le r s '  r o u t e s  (o r  “r o o t s / r o u t e s ” as h e  p u t s  i t ) . 11 W h i l e  m us ic  is, w i t h ­

o u t  d o u b t ,  G i l r o y ’s s t ro n g e s t  e x a m p le ,  h e  d o e s  s l ip  i n t o  t h e  p r o b l e m a t i c  labels  

o f  r e p r e s e n t a t i o n a l  versus  “n o n r e p r e s e n t a t i o n a l ” r a t h e r  t h a n  d ig i t a l  versus  

a n a l o g , 12 b u t  h e  m a k e s  it  c le a r  t h a t  t h e  m u s ic  r e v e r b e r a t i n g  across  h is  B lack  

A t l a n t i c  is n e i t h e r  p u r e  n o r  n a tu r a l .

W h i l e  G i l ro y  is p r im a r i ly  fo cused  o n  f r a c ta l s  as s p a t ia l  r e p r e s e n ta t i o n s  o f  

b lu r re d  b o u n d a r i e s ,  h e  a lso  b r ie f ly  m e n t i o n s  t h e i r  p o t e n t i a l  for “ a s t r ik in g  

im age  o f  t h e  sc o p e  o f  a g e n c y  w i th in  re s t r ic ted  c o n d i t i o n s ” (1 9 9 3 ,  2 3 7 0 2 8 ) ;  t h a t  

is, t h e  a b i l i t y  fo r  g e o m e t r i c  e x p a n s i o n  w i t h i n  b o u n d e d  sp a c e  b e c o m e s  a n  a n a l ­

ogy for o p p o s i t io n a l  po li t ica l  ex p a n s io n  in h u m a n  b o n d a g e .  T h e  m e ta p h o r  is c a r ­

r i e d  to  a m o re  e x a c t in g  r e l a t i o n s h ip  in  G a r y  V a n  W y k  s s tu d y  o f  S o th o - T s w a n a  

m u ra ls  u n d e r  t h e  a p a r th e id  sys tem  o f  S o u t h  A f r ic a .  V a n  W y k  (1 9 9 3 )  fo u n d  th a t  

t h e  litem a , o r  t h e  h o u se  p a i n t i n g  p a t t e r n s  o f  t h e  S o th o - T s w a n a  w o m e n ,  uti lize  

a l t e r n a t i o n s  o f  i r reg u la r i ty  a n d  reg u la r i ty  a t  se v e ra l  sca les ,  s o m e t im e s  resu l t in g  

in  a r e s e m b la n c e  to  f r ac ta l  p a t t e rn s .  N o t i n g  t h a t  t h e  s c a l in g  is a ss o c ia te d  w i th  

t h e  g e o m e t r i c  s t ru c tu r e  o f  f lowers ,  a n d  f low ers  w i t h  t h e  r e g e n e r a t i v e  p o w e r  of 

w o m e n  ( b o t h  sp i r i tu a l ly  a n d  in soc ia l  s t ru g g le s ) ,  V a n  W y k ’s e th n o g r a p h y  c o n ­

c lu d e s  t h a t  t h e  m u ra ls  ex p re s se d  p o l i t i c a l  o p p o s i t i o n  to  a p a r t h e i d  hy  p ro v id in g  

a v isu a l  a n a lo g  in w h ic h  “ a w o m a n  c a n  be  s e c r e t i v e  w h i le  a t  t h e  sam e  t im e  h i d ­

in g  n o t h i n g ” (D e leu ze  a n d  G u a t t a r i  1987 , 2 8 9 —2 9 0 ) .

A l t h o u g h  th e  w ord  “frac ta l"  is n o w h e r e  m e n t i o n e d  in  h is  te x t ,  A n t o n  

S h a m m a s ’s n o v e l  A rabesques (19 88 )  is a n  e x e m p la r  o f  n o n l i n e a r  ins ight a n d  recur­

s ive  c u l tu r a l  c o m m e n ta r y .  H e a v e r  ( 1 9 8 7 )  ana ly zes  t h e  n o v e l  th r o u g h  th e  N o r th  

A f r i c a n  a r t i s t ic  fo rm  o f  th e  “a ra b e s q u e ,” a n d  sh o w s  h o w  S h a m m a s  h a s  used th is  

f rac ta l  to  su s ta in  t h e  cyclic  t im e  a n d  m u l t ip le  id e n t i t i e s  r e q u i re d  to  a r t ic u la te  a
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R e l i g i o n s  in s t i tu t io n s  in  th e  m a p  o f  C airo , 1 8 9 8
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po li t ica l  flexibili ty crucia l to  th e  survival o f  cu l tu ra l  diversity. “A s  a n  'Israeli A ra b , ’ 

S h a m m a s  is a  m e m b e r  o f  a m in o r i ty  g ro u p — b u t  as a C h r i s t i a n ,  h e  falls o u ts id e  

t h e  Is la m ic  m a i n s t r e a m  o f  t h e  m in o r i ty .  . .• . O n  t h e  o t h e r  h a n d ,  'fie w ri te s  in 

H e b re w ,  t h e  lan g u ag e  o f  t h e  d o m i n a n t l y  Jew ish  c u l tu r e ,  w h i c h  is i t se l f  a  m i n o r ­

i ty  w i th i n  t h e  p r e d o m in a n t ly  A r a b  M id d le  E a s t” (p . 4 9 ) .

S u c h  r e c u r s iv e  n e s t i n g  is e m p h a s i z e d  t h r o u g h o u t  t h e  t e m p o r a l  flow, 

n a r r a t i v e  s t ru c tu re ,  a n d  c o n c e p tu a l  d y n a m ic s  o f  t h e  n o v e l .  H e a v e r  suggests t h a t  

t h e  “ n o n m i m e t i c  g e o m e t r i c a l  a b s t r a c t io n s  o f  t h e  a r a b e s q u e ” a re  a sp a t ia l  m o d e l  

fo r  S h a m m a s .  H e  n o te s  t h a t  in  p a r t  th e s e  cyc l ic  r e e n t r i e s  a c t  to  n e g a t e  o n e  

a n o t h e r ;  u n d e r m in i n g ,  for e x a m p le ,  t h e  fru it less  a r g u m e n t  o f  “1 w as h e re  f i r s t .” 

B u t  n e g a t i o n  is n o t  t h e  o n ly  m e a n i n g  b e h i n d  th e  a r a b e s q u e ,  as H e a v e r  p o in t s  

o u t  in a p a ssag e  t h a t  t ies  Is la m ic  soc ia l  s t r u c tu r e  t o  a n a l o g  r e p r e s e n ta t i o n ,  

r e c u r s io n ,  a n d  th e  sca l in g  p ro p e r t ie s  o f  f ractals .

T h e  arabesque does n o t  serve on ly  a negative ,  c r i t ica l  fu n c t io n ;  it also bears a 
posi t ive , u to p ian  message. I t  acts as a n  analogue , in th e  area  o f  visual arts,  to 
th e  p osi t ion  o f  Is lamic “co n tra c tu a l ism ” in th e  socia l sphere .  . . .  In  co n tra s t  

to  w estern  co rpora tiv ism , w ith  its p re fe rence  for h ie ra rch ica l  s t ruc tu res  in 
w h ich  a lim ited  n u m b e r  o f conclus ions are d raw n  from a lim ited  n u m b er  of 
premises (on  the  model o f geometry), the  cyclical rhy thm s o f  the  arabesque could 

w ell be said to  c h a ra c te r i z e  an  “ in d e f in i te ly  e x p a n d a b l e ” s t ru c tu re .  T h e  
arabesque provides a framework w ith in  w hich it becom es possible to reduce the 
apparently  “chao tic  variety o f life’s reality” to manageable  proportions, yet w i th ­

o u t  “arbitrarily  se t t ing  bounds to  i t .” (H e a v e r  1987, 61)

C le a r ly ,  w h e n  H e a v e r  refers  to  t h e  l im i t i n g  d a n g e r s  o f  a  " m o d e l  o f  g e o m ­

e t r y ” h e  is t h i n k i n g  o f  E u c l i d e a n  s t ru c tu r e s ;  i t - i s  t h e  f r a c ta l  geomet-r .y-of-the 

a r a b e s q u e  w h i c h  c o n v e y s  t h e  h o p e fu l  m es sa g e  o f  S h a m m a s .  In  c h a p t e r  2 we 

e x a m in e d  t h e  a ra besqu e  b ra n c h e s  o f  s t ree ts  t h a t  a p p e a r  in a  m a p  o f  C a i ro ,  Egypt. 

In  a n o t h e r  s e c t i o n  o f  t h i s  m a p  (fig. 1 2 .2 ) ,  a w id e  d iv e r s i t y  o f  r e l ig io u s  i n s t i ­

t u t i o n s  f l o w e r  a t  t h e  e n d s  o f  th e s e  b r a n c h e s ,  a t t e s t i n g  to  t h e  p o s i t i v e  p o t e n ­

t ia l  o f  f r a c ta l s  in c u l t u r a l  p o l i t i c s .
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 A n th ro p o lo g is t s  h a v e  recen t ly  t a k e n  a n  in c re a s in g  in te re s t  in th e  cu l tu ra l  a n a ly ­

sis o f  E u ro -A m e r ic a n  soc ie t ies .  In  p a r t  t h i s  is a r e a c t io n  to  th e  m a n y  d e c a d e s  o f  

focus o n  in d igenous  societies,  as if th e i r  b e h a v io r  requ ired  e x p la n a t io n  w hile  th a t  

o f  E u ro p ean s  was s e l f -ev id e n t .  A t  first th i s  “ ref lexive  e th n o g r a p h y ” s o u n d e d  like 

a n  in g en io u s  way to  t u r n  tab les  o n  so m e  very  t r o u b l in g  a sp ec ts  o f  a n th r o p o lo g ­

ical a u th o r i ty ,  b u t  it to o  has  d raw b acks .  O c c a s io n a l ly  o n e  suspects  a h id d e n  s igh  

of re l ie f  from  a n th r o p o lo g i s t s  w h o  d e c id e  th e y  c a n  p lace  th e m se lv e s  o n  t h e  c u t ­

t ing  edge by “studying  the i r  o w n  t r ibe” ( just as cy be re th no g rap hy  som etim es  seems 

susp ic ious ly  c o n v e n i e n t ) .  N e v e r th e l e s s ,  t h e r e  is an  im p o r t a n t  p lace  fo r  a n t h r o ­

pological studies o f E uro -A m er ican s .  It w o u ld  be  a n  u n b a la n c e d  p o r t ra i t  if we were 

to  see A fr ic a n  frac ta ls  in n e e d  o f  cu l tu ra l  analys is ,  a n d  W e s te rn  fractals as m ere ly  

se l f - e v id e n t  m a th e m a t ic s .

A c u l t u r a l  h i s t o r y  o f  E u ro p e a n  frac ta ls

A n c i e n t  G r e e k  p h i lo so p h y  is o f t e n  r e m e m b e r e d  for P l a t o ’s r a t io n a l  re a lm  of 

u n c h a n g in g ,  s t a t i c  forms. But in t h e  h is to ry  o f  m a th e m a t ic s ,  it  is im p o r t a n t  to 

c o n s id e r  o t h e r  in t e l l e c tu a l  c u r r e n ts  in  t h a t  society, in  p a r t ic u la r  th e  pa rad o x es  

o f  th e  p h i lo s o p h e r  Z e n o  o f  E lea  a n d  d i e  d iscov ery  o f  i r ra t io n a l  n u m b e r s  by th e  

P y thag o reans .
203
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A c c o rd in g  to  a n c i e n t  h is to r ia n s ,  P y th ag o ra s  o f  S a m o s  g a th e r e d  k n o w le d g e  

in  E g y p t  a n d  B a b y lo n  in  t h e  s i x t h  c e n tu r y  b . c . e . a n d  e s t a b l i s h e d  a s e c r e t  s o c i ­

e ty  in  M a g n a  G r a e c i a  { w h a t  is n o w  s o u t h e a s t e r n  I t a ly ) .  H is  d iscip les , . . . inc!ud- 

in g  o n e  o f  t h e  firs t r e c o r d e d  w o m e n  m a t h e m a t i c i a n s ,  T h e a n a ?  s w o re  a n  o a t h  

to  m a i n t a i n  s t r i c t  d ie ta ry  r e g u la t io n s ,  secrecy ,  a n d  a  re l ig iou s  f a i th  in  n u m b e r s .  

T h e  P y th a g o r e a n  c o sm o lo g y  w as  a h a r m o n i o u s  u n i t y  b a se d  o n  w h o le  n u m b e r s  

( i ,  2, 3 . . .) a n d  th e i r  r a t io s  ( f r a c t i o n s  s u c h  as 2 /3 ,  5 /2 ,  e t c . ) .  F ro m  t h e  m o t io n  

o f  h e a v e n ly  bo d ie s  to  th e  laws o f  m us ic ,  th e y  fo u n d  in c rea s in g  e v id e n c e  for th e i r  

a r i t h m e t i c  r e l ig io n .  B u t  a t  so m e  p o i n t — a n d  m u c h  i n k  h a s  b e e n  s p i l l e d  in  th e  

d a t e  d e b a t e — c a m e  th e  d is c o v e ry  o f  w h a t  th e y  t e r m e d  alogos, t h e  “ i r r a t i o n a l ” 

n u m b e r s  (a  n a m e  t h a t  w e h a v e  k e p t  to  t h i s  d a y ) .  U n l i k e  w h o le  n u m b e r  ra t io s ,  

w h ic h  e i t h e r  t e r m i n a t e  (5 /2  = 2 .5 0 0 0 0  . . .) o r  r e p e a t  (1 3 /11  =  1 .1 8 1 8 1 8  ... .),  

i r r a t i o n a l  n u m b e r s ,  s u c h  as  t h e  sq u a re  ro o t  o f  tw o  ( 1 . 4 1 4 2 1 3 5 6 .  . •), c o n t i n u e  

to  c h a n g e  forever. T h e y  c a n n o t  be  ex p re s se d  as t h e  r a t io  o f  tw o  f in i te  in tege rs ;  

as g e o m e t r i c  m a g n i tu d e s  th e y  a re  “ in c o m m e n s u r a b le  l ines .” T h e  m o s t  p la u s ib le  

o r ig in  for t h e  P y th a g o r e a n  k n o w le d g e  o f  i r r a t io n a ls  is in  a n  a t t e m p t  to  d e t e r ­

m in e  th e  d ia g o n a l  o f  a  p e n t a g o n .  If  you  w ish  to  d e t e r m i n e  t h e  r a t i o  o f  d i a g o ­

n a l  to  s ides for a  regu la r  h e x a g o n ,  it  is q u i t e  easy, b ecau se  all d ia g o n a l s  in t e r s e c t  

in th e  cen te r .  But t h e  d iag on a ls  o f  a p e n ta g o n  ju s t  form a sm a lle r  p e n ta g o n .  S in c e  

t h e  sa m e  o p e r a t i o n  c a n  b e  r e p e a t e d  a g a in  a n d  a g a in ,  a n  i r r a t i o n a l  n u m b e r  is 

ex p o sed .1 T h i s  “ ir ra tiona li ty"  in th e  h e a r t  o f  th e i r  sp iritual p rac t ic e  was to o  m u c h ,  

a n d  m e m b e rs  o f  t h e  g ro u p  a g re e d  n o t  to  r e v e a l  th i s  s e c r e t  o n  p a i n  o f  d e a th .

Z e n o  o f  E lea  (fl. ca .  4 5 0  b . c . e . ) ,  a d is c ip le  o f  P a r m e n id e s ,  p r o v i d e d  a 

•series o f  p a ra d o x e s  t h a t  a lso  c o n f l i c t e d  w i th  t h e  n u m e r ic a l  f a i th  o f  t h e  day. H is  

m o s t  f am o u s  e x a m p le  is a r a ce  b e tw e e n  A chilEes,_ the  f le e te s t  o f  r u n n e r s ,  a n d  a 

to r to i s e .  A l lo w in g  t h e  to r to i s e  a s p o r t in g  c h a n c e ,  A c h i l l e s  g ives  it  a c o n s i d e r ­

a b le  lead ( l e t ’s say  j o o  fee t ) .  B u t  by th e  t im e  h e  c a u g h t  u p  to  t h e  p la c e  w h e re  

t h e  to r to i s e  b e g a n ,  it  h a d  a l re a d y  a d v a n c e d  10 fee t .  By th e  t i m e  h e  g a in e d  t h a t  

d i s ta n c e ,  th e  to r to i s e  h a s  c r e p t  fo rw a rd  o n e  foot.  Z e n o  c o n c lu d e d  t h a t  a l t h o u g h  

e x p e r i e n c e  p ro v es  o th e r w is e ,  log ica lly  t h e  to r to ise  s h o u ld  w in  t h e  race .  B ack  in 

4 5 0  b . c . e . ,  th e s e  p a ra d o x e s  o f  in f in i ty  ( a n d  in f in i ty ’s fl ip  s ide ,  t h e  in f in i te s im a l )  

w ere  u n n e r v in g ,  e v e n  s h o c k i n g  to  p h i lo s o p h e r s  w h o  d e p e n d e d  o n  r a t i o n a l i t y  as 

t h e  g a te w ay  to  re l ig io u s  p e r f e c t io n .

In  P la to 's  p h i lo so p h ic  cosm ology , sp ir i tua l  p e r fec t io n  was s e e n  as th e  h ig h e r  

leve l o f  t r a n s c e n d e n t  stasis , a n d  i l lu s io n  a n d  ig n o ra n c e  w e re  t h e  r e su l t  o f  life in 

o u r  lo w er  re a lm  of. c h a n g in g  d y n a m ic s  ( “f lu x ,” w h i c h  in  a n c i e n t  G r e e k  also 

m e a n s  “d i a r r h e a ” ). S e v e ra l  o f  P l a t o ’s s tu d e n t s  a t t e m p t e d  to  im p ro v e  th e  m a t c h  

b e tw e e n  th e  c h a ra c te r i s t i c s  o f  m a t h e m a t i c s  a n d  t h e  r e q u i r e m e n ts  o f  che s t a t i c  

rea lm .  E u d o x u s  p ro p o s e d  to  e l i m i n a t e  i r r a t i o n a l s  hy  r e d e f in i n g  “ r a t i o , ” an d
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Xenocraces in t ro d u c e d  a  d o c tr in e  o f  indiv is ib les  to  op po se  Z e n o ’s paradoxes . A r is ­

to t le ,  n o t in g  t h a t  in f in i ty  + in f in i ty  = inf in ity ,  sugg es ted  t h a t  th i s  “se l f - a n n ih i ­

l a t in g ” c h a ra c t e r i s t i c  c o u ld  be  e l im in a te d  by  r e s t r i c t i n g  re fe re n c e  to  in f in i ty  as 

a l im i t  to  be  a p p ro a c h e d ,  r a th e r  t h a n  as a t h i n g  itself, a  p ro p e r  o b je c t  o f  m a t h e ­

m a t ic a l  'inquiry.2 '

T h e  P la to n ic  re fo rm  was q u i t e  successfu l ,  a n d  as a r e su l t  m a th e m a t ic i a n s  

in t h e  fo l lo w in g  c e n tu r ie s  pa id  l i t t ie  a t t e n t i o n  to  t h e  k in d s  o f  re c u r s io n  t h a t  led 

to  Z e n o ’s t r o u b l in g  in f in i te  regress. O n e  ea r ly  e x c e p t io n  was t h a t  o f  L e o n a rd o  

F ib o n a c c i  in t h e  tw e l f th  cen tu ry .  H e  in t r o d u c e d  t h e  first recu rs ive  ser ies sh o w n  

to  be  o f  use in m o d e l in g  th e  n a tu ra l  world. I n  c h a p te r  7 w e saw t h a t  th e  F ibonacc i 

ser ies ap p ea rs  to  h a v e  b e e n  u ti l ized  in  t h e  t e m p le  a r c h i t e c t u r e  a n d  w e ig h t  b a l­

a n c e s  o f  a n c i e n t  Egypt.  T h e r e  m ay a c tu a l ly  be  a c o n n e c t i o n  b e tw e e n  th e  two. 

W h i l e  l i t t le  b io g ra p h ic a l  m a te r ia l  is a v a i l a b le ,  G ie s  a n d  G ie s  (1 9 6 9 )  a n d  o th e r  

sources  h a v e  p u t  to g e th e r  a g o o d  a c c o u n t  o f  w h a t  life was p ro b ab ly  l ike for 

y oung  L e o n a rd o  of Pisa .  F o l lo w in g  s c h o o l in g  in Pisa ,  in  w h ic h  a r i th m e t i c  was 

largely  b a se d  o n  th e  L a t in  w r i t in g s  o f  B o e th iu s  ( c i r c a  5 0 0  c . e . ) ,  L e o n a r d o ’s 

father sen t for h im  from th e  N o r th  A frican  city o f  Bugia (Bougie). T h e re  he  learned 

th e  In d ia n  p la c e -v a lu e  n o t a t i o n  (p ro b a b ly  t h r o u g h  A ra b ic  sources) .  H e  was 

in sp ired  by th is  in n o v a t io n  a n d  t r a v e le d  a lo n g  th e  M e d i t e r r a n e a n  to  C o n s t a n ­

t in o p le ,  Egypt,  Syria , Sicily, a n d  P ro v e n c e ,  c o l l e c t i n g  m a th e m a t ic a l  k n o w led g e  

from  b o th  sch o la rs  a n d  o rd in a ry  m e r c h a n ts .

T h e  re su l t in g  t e x t ,  Liber A b a c i  (B o o k  o f  t h e  A b a c u s ) ,  h a s  a s t ro n g  Is lamic 

in f luence . Levey  (1 9 6 6 ) ,  for ex am p le ,  sh o w s  t h a t  m a n y  o f  abu  K a m il’s s ix ty -n in e  

p ro b le m s  c a n  be  fo u n d  in  L e o n a r d o ’s te x t .  B u t  t h e  F ib o n a c c i  series, in t ro d u c e d  

u n o b tru s iv e ly  as th e  s o lu t io n  to  a p ro b le m  in r a b b i t  p o p u la t io n  g row th ,  d oes  n o t  

h a v e  a k n o w n  Is lam ic  c o u n te r p a r t .  P e rh a p s  it  is s im p ly  a n  i n d e p e n d e n t  i n v e n ­

t io n ,  bu t  if  t h e  w e ig h t  ba lance 'sys tem " w as in  use a t ' t h a t  t im e ,  L e o n a r d o  cou ld  

h a v e  easily  p ick ed  it  up  from  a m e r c h a n t  d u r in g  h is  t r av e ls  in  Egypt. A n d  it is 

poss ib le  t h a t  th r o u g h  its re l ig ious use in  a n c i e n t  Egypt t h e  ser ies  h a d  r e ta in e d  

som e sign if icance  as a n  i tem  o f  sacred  o r  m y s t ica l  k n o w led g e  a n d  was th u s  t r a n s ­

m i t t e d  t h r o u g h  sch o la r ly  c o n ta c t .

G ies  a n d  G ie s  (7969 ,  61 )  n o te  th a t  L e o n a rd o ’s p ra c t ic e  o f  redu c in g  all frac­

t ions  to ] in  che n u m e r a to r  “w e n t  b a c k  to  a n c i e n t  Egypt,  a n d  p e rh a p s  d e r iv ed  

from th e  fac t th a t  frac tions  w ere  regarded  less as n u m b e r s  in th e i r  o w n  r igh t  th a n  

as signs o f  d iv is io n .” Boyer (1968 ,  2 8 1 )  suggests t h a t  t h e  Liber A b a ci p ro b lem  w ith  

recursive  n e s t in g  o f  s e v e n s  ( “ S e v e n  old  w o m e n  w e n t  t o  R o m e ,  e a c h  w o m a n  h a d  

seven  m ules; e ach  m u le  carr ied  se v e n  sacks  . . . ’’) o r ig in a te d  in its a n c i e n t  E gyp t­

ian c o u n te rp a r t  ( R h in d  M a th e m a t ic a l  Papyrus p ro b le m  # 7 9 ) .  A n d  F ibonacc i does 

p ro v id e  a n a r r a t i v e  s t a t e m e n t  o f  t h e  r e c u r s iv e  c o n s t r u c t i o n ,^  h ig h l ig h t in g  th e
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sam e se l f -g e n e ra t in g  a sp ec t  o f  t h e  ser ies t h a t  w ou ld  b e  em p has ized  by th e  a n c i e n t  

E g y p t ia n  b e l i e f  sys tem .

I f  tl i is  in f lu e n c e ,  ( w h e t h e r  m e re ly  c o n t e x t u a l  o r  d i r e c t )  d o e s  in  fac t  e x is t ,  

it s h o u ld  n o t  d e t r a c t  f ro m  t h e  g e n iu s  o f  L e o n a r d o ’s w ork .  H is ‘’g e n e ra l  s o l u t i o n  

for f i n d in g  “c o n g r u e n t  n u m b e r s ” fo r  sq ua res  h a s  b e e n  h a i l e d  as  “ t h e  f in es t  p iece  

o f  r e a s o n in g  in  n u m b e r  th e o r y  o f  w h i c h  w e h a v e  a n y  re c o r d  b e fo r e  t h e  t im e  of 

F e rm a t .” B u t  w h e n  it c o m e s  to  th e  use  o f  t h e  F ib o n a c c i  se r ies  in  t h e  c o n t e m ­

p o ra ry  h i s to ry  o f  m a t h e m a t i c s  (cf . B ro o k e  19 64 ) ,  t h e r e  is a c tu a l ly  n o  e v id e n c e  

o f  a d i r e c t  c o n t r i b u t i o n  f r o m  F i b o n a c c i  h im s e l f .  By all a c c o u n t s ,  G e r m a n  

a s t r o n o m e r  J o h a n n e s  K ep le r  r e d i s c o v e re d  t h e  ser ies i n d e p e n d e n t ly  in 1611, a n d  

it was o n ly  in  t h e  m i d - i 8 o o s ,  w i th  t h e  fo rm a l  p u b l i c a t i o n  o f  L ib e r  A b a c i ,  t h a t  

F re n c h  m a t h e m a t i c i a n  E d o u a rd  Lucas fo u n d  th e  P isan  h is to r ic a l  p re d ecesso r  an d  

n a m e d  it  accord ing ly . T h i s  fac t h a s  re c e iv e d  l i t t le  a t t e n t i o n ,  a n d  m o s t  tex ts  p re s ­

e n t  F i b o n a c c i ’s  d is c o v e r y  as  i f  i t  w e r e  in  a  d i r e c t  i n t e l l e c t u a l  l i n e  o f  d e s c e n t  

r a t h e r  t h a n  a n  h o n o r a r y  t i t l e  g iv e n  to  a  w e l l - d e s e rv in g  b u t  d i s c o n n e c t e d  a n t e ­

c e d e n t .  F i b o n a c c i  h im s e l f  s e e m e d  u n h e s i t a n t  a b o u t  t h e  m u l t i c u l t u r a l  c o n t r i ­

b u t i o n s  t o  h i s  w o rk ;  t h e  f i r s t  s e n t e n c e  o f  Liber A b a c i  s t a t e s ,  “T h e  n i n e  I n d i a n  

f igu res  a r e  . . . N o  d o u b t  h e  w o u ld  h a v e  b e e n  q u i t e  c o n t e n t  a t t r i b u t i n g  t h e  

se r ies  t o  o r i g in a t o r s  o f  an y  h e r i t a g e .

F ib o n a c c i ’s se r ies  was s im p ly  u n b o u n d e d  g ro w th ;  t h e r e  w as  n o  i n t r o d u c ­

t io n  o f  t h e  in f in i te  e x c e p t  in  ways t h a t  A r is to t l e  w o u ld  h a v e  a p p ro v e d .  T h e  s e v ­

e n t e e n t h  c e n t u r y  b r o u g h t  a t t e n t i o n  to  t h e  c o n c e p t  o f  t h e  " i n f i n i t e s i m a l ” 

{ rev ived  f ro m  its G r e e k  b a n i s h m e n t  in  K e p le r ’s S te re o m e tria  [1 6 1 5 D ,  a n d  c o n ­

v e r g e n c e  to  a l im i t . a s  in f in i ty  is a p p r o a c h e d  (e .g . ,  t h e  a lg o r i t h m s  for g e n e r a t ­

ing  p i ) ;  b u t  in f in i ty  w o u ld  s t i l l  ex is t  o n ly  as a n e v e r - r e a c h e d  o r i e n t a t i o n  r a t h e r  

t h a n  a le g i t im a te  o b je c t  o f  study- T h e  A r i s to t e l i a n  v o ic e  c o u ld  s t i l l  be  h e a r d  in 

1831, w h e n  m a th e m a t ic ia n  C ar!  Friedrich  Gauss (1 7 7 7 -1 8 5 5 )  c a u t io n e d  his fr iend 

S c h u m a c h e r  a g a in s t  in f in i ty :  " I  m u s t  p ro te s t  m o s t  v e h e m e n t l y  a g a in s t  your 

use o f  t h e  in f in i te  as so m e th in g  c o n su m m a te d ,  as th is  is n e v e r  p e rm i t te d  in m a t h e ­

m a t ic s .  T h e  in f in i te  is b u t  a. f a^ o n  d e  p a r le r ,  m e a n i n g  a l im i t  to  w h ic h  c e r t a in  

ra t io s  m a y  a p p r o a c h  as c lose ly  as d e s i re d  w h e n  o t h e r s  are  p e r m i t t e d  t o  in c re a se  

i n d e f in i te ly .” B u t  G a u s s ’s d i s t i n c t i o n  w as s h o r t - l iv e d .  A s  w e sa w  in  c h a p t e r  1, 

t h e  w o rk  o f  G e o r g  C a n to r ,  w h ic h  h a d  p ro d u c e d  t h e  f irs t f r a c ta l ,  t h e  C a n t o r  set, 

e n d e d  t h e  A r i s t o t e l i a n  v iew  o n  in f in i ty .  L ike  F ib o n a c c i ,  C a n t o r  t o o  m ay h a v e  

h a d  so m e  n o n - E u r o p e a n  in f lu e n c e  in  h is  w ork.

T h e  C a n t o r  se t  (fig. i-3 - ia)  w as h is  v isu a l iz a t io n  o f  t r a n s f i n i t e  n u m b e r  

theo ry .  I t  show s t h e  in te rv a l  o f  zero  to  o n e  o n  th e  rea l n u m b e r  l in e ,  a n d  in d i ­

c a te s  t h a t  th e  n u m b e r  o f  p o in t s  is n o t  d e n u m e r a h le — t h a t  is, g r e a t e r  t h a n  in f in ­

ity. But a t  th e  t im e ,  pu re  m a t h e m a t i c s  w as on ly  o n e  o f  C a n t o r ’s c o n c e rn s .  H is
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real fasc in a t io n  was in th e  theo lo g ica l  im plica tions ;  th e  increas ing  classes of in f in ­

ity h e  d iscovered  seem ed to  p o in t  tow ard  a  religious t r an scen d en ta l .  C a n to r ’s b io g ­

raphers  differ g reatly  o n  t h e  cu l tu ra l  s ign if ican ce  of th is  p o in t .  E. T. Bell fe lt  t h a t  

C a n t o r ’s Jew ish  e t h n i c  o r ig in  ru led  h is  life , a n d  h e  m a d e  se v e ra l  re m ark s  a b o u t  

th e  i n h e r i t a n c e  o f  p e r s o n a l i t y  t r a i t s — p a r t i c u l a r ly  d is tu r b in g  in  l ig h t  o f  h is

II  I I I I  I I I I  I I  I I  I I
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FI GURE  I 3 . I

T h e  C a n t o r  s e t

(a)  T h e  first fr a c ta l ,  c r e a t e d  by  G e o r g  C a n t o r  i n  1 8 7 7 .  ( b )  T h i s  d e s ig n  is f o u n d  o n  t h e  t o p  o f  

co lu m ns in t h e  t e m p l e s  o f  a n c i e n t  E g y p t .  G e o r g  C a n t o r ’s f t o s i c r u c i a n  b e l ie f s  a n d  h i s  c o u s i n  M o r t iz  

Cantor, a n  e x p e r t  o n  che g e o m e t r y  o f  E g y p t i a n  art , m a y  h a v e  p u t  h i m  in  c o n t a c t  w i t h  th is  E g y p t ia n  

design.

( b, f rom F u n r ie r  1 8 2 1 .)
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r em ark s  o n  C a n t o r ’s a r ch  r i va l ,  t h e  J ew i s h  m a t h e m a t i c i a n  L e o p o ld  K ro n ec k e r :  

“T h e r e  is n o  more  vicious acade mi c  ha t r ed  t h a n  t h a t  o f  o n e  J ew for a n o t h e r  w h e n  

t hey disagree o n  purely scient i f ic mat ters .  W h e n  two in t e l le ctua l  Jews fall o u t  t hey 

di sag ree al l  over ,  t h r o w  re se rve  to  t h e  dogs,  a n d  do  ev e r y t h in g  in t h e i r  p ow er  to  

cu t  o n e  a n o t h e r ’s t h r o a t  o r  s t ab  o n e  a n o t h e r  in  t h e  b a c k ” (Bel l  1939,  5 6 2 - 5 6 3 ) .

A n o t h e r  C a n t o r  b iographer ,  J. W.  D a u b e n ,  says t h a t  s i nc e  C a n t o r ’s m o t h e r  

was R o m a n -C a t h o l i c  “she  was by de f i n i t ion  non -Jewi sh ,  t hus  it fol lows t h a t  Geo rg  

C a n t o r  was n o t  Jewish,  con t r a ry  to  t he  v iew w h ic h  has  prevai led  in p r i n t  for many  

yea r s ” ( D a u b e n  1979 ) .  N az i  s cho l a r s  so l ved  t h e i r  wor r i e s  by s p r e a d i n g  a s t ory  

t h a t  C a n t o r  was fou n d  a b a n d o n e d  o n  a  sh ip  b o u n d  for S t .  Pe t e r sb e r g  ( G r a t t a n -  

G u i n e s s  1971,  352 ) .

Ac tua l l y  C a n t o r ’s Jewi sh i den t i ty  was qu i t e  comp lex .  H i s  family h a d  indeed  

c o n v e r t e d  t o  Ch r i s t i an i t y ,  b u t  h e  was wel l  aw a r e  o f  h i s  he r i t age .  H e  re f er red  to  

his  g r a n d m o t h e r  as “ t h e  I s r ae l i t e ” a n d  w ro t e  a re l igious  t r a c t  t h a t  a t t e m p t e d  to  

sh ow  t h a t  t h e r e  was n o  v i rg in  b i r t h ,  a n d  t h a t  t h e  real  f a t h e r  o f  Jesus  C h r i s t  was 

Jo s e p h  o f  A r i m a t h e a .  C a n t o r  e v e n t u a l l y  j o i n ed  t he  Ro s i c r uc i ans ,  w h o s e  my s t i ­

ca l / sc i ent i f ic  a p p ro a c h  t o  a supposed  E gy p t i an  o r i g in  for  al l  r e l i g ions  p roba b ly  

appea l ed  n o t  on ly  t o  his  i n t e l l e c t ua l  in t e res t s ,  b u t  a lso t o  h i s  sy n c r e t i c  e t h n i c ­

ity. C a n t o r  chos e  a H e b r e w  le t te r  as hi s  ne w  symbol :  t h e  a l ep h ,  b e g i n n i n g  o f  t h e  

a l p h a b e t ,  was  u sed to  r e p r e s e n t  t h e  b e g i n n i n g  o f  t h e  n o n d e n u m e r n b l e  sets.  

W h i l e  His b iog raphe r s  a rgued  J ew o r  no t- Jew,  off  or  on ,  z ero  o r  o n e ,  C a n t o r  h i m ­

self  p r o ve d  t h a t  t h e  c o n t i n u u m  f rom zero to  o n e  c a n n o t  be d e l i m i t e d  by  an y  su b ­

d iv i s i on  process,  n o  m a t t e r  h o w  lo n g  its a rgu me n t s .

G i v e n  C a n t o r ’s R o s i c t u c i a n  t h e o l o g y  a n d  t h e  p r o x i m i t y  o f  h i s  c o u s i n  

Mor i t z  C a n t o r — at  t h a t  t i m e  a l e ad i ng  e x p e r t  in t h e  g e o m e t r y  o f  E g yp t i an  a r t '  

( C a n t o r  18 80 )— it ma y  b e  t h a t  G e o r g  C a n t o r  s aw t h e  a n c i e n t  E g yp t i a n  r e p r e ­

s e n t a t i o n  o f  t h e  l o tus  c r e a t i o n  m y t h  (fig. 13 .1b ) ,  an d  d e r i ve d  i n s p i r a t i o n  f rom 

this  A f r i c a n  f r actal  for t h e  C a n t o r  set .  W e  m a y  n e v e r  k n o w  for c e r t a i n ,  b u t  t h e  

ge o m e t r i c  r e s e m b la n c e  is qu i t e  s t r ong .

A s  no t ed  in ch ap t e r  1, C a n t o r ’s ma t h e m a t i c s  was cons ide red  u t t e r l y  imp rac ­

t ical ;  it  was  n o t  un t i l  B e n o i t  M a n d e l b r o t  t h a t  f ractal  g eo m e t ry  b e c a m e  useful  to  

sc i ence .  M a n d e l b r o t  r epo r t s  t h a t  hi s  i n s p i r a t i o n  c a m e  f rom a s t udy  o f  l o n g - t e rm  

r i ver  f l uc tua t i ons  by Bri t ish  c ivi l  s e r v a n t  H .  E. Hur s t .  H u r s t  e x a m i n e d  t h e  flood 

va r i a t i ons  ove r  s everal  c e n t u r i e s  a n d  c o n c l u d e d  t h a t  it co u ld  be c h a r a c t e r i z ed  in 

t e rms  o f  a s ca l ing e x p o n e n t .  Later ,  M a n d e l b r o t  real ized t h a t  t h i s  was  t h e  s ame  

scal ing ma th em a t i c s  t h a t  t h e  “r em arkab l e  curves "  o f  C a n t o r  and  o th e r s  descr ibed,  

But  whe re  d id  Hu r s t  find a rel iable source  for several  c en tu r i e s  o f  flood da t a?  Hur s t  

l ived in Egypt  for 62  years an d  was ab le  to  d e m o n s t r a t e  l o ng - t e rm  sca l i ng  in N i l e  

flood records because  o f  t h e  accu ra t e  “n i l o m e t e r ” r eadings  go in g  ba ck  fi fteen cen-
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curies. A t t e m p t s  to  find p a t t e r n s  in t h e  floods are  q u i t e  a n c i e n t  in  th e  N i l e  v a l ­

ley; in  so m e  ways, H u r s t  a n d  M a n d e l b r o t  w e re  s im p ly  th e  la t e s t— a n d  m o s t  s u c ­

cessful— p a r t i c ip a n t s  in  cha t  s ea rch .

R e c u rs io n  a n d  sex: a  c ro s s -c u ltu ra l  co m p ariso n

T h r o u g h o u t  t h e  ex p lo ra t io n  o f  A f r ic a n  fractals ,  we failed to  find a n y  o n e  cu l tu ra l  

fe a tu re  t h a t  w as p e rs is te n t ly  a s s o c ia te d  w i th  th e s e  fo rm s.  T h e y  r a n g e d  from 

p ra c t i c a l  c o n s t r u c t i o n  t e c h n i q u e s  to  a b s t r a c t  th e o lo g ic a l  ic o n s ,  f rom  w i n d ­

screens to  k insh ip  structures, f rom  es the tic  p a t te rn s  to  d iv in a t io n  techniques. T h e re  

is n o  s ing u la r  “r e a s o n ” w hy  A f r ic a n s  use f rac ta ls ,  a n y  m o re  t h a n  a s in g u la r  r e a ­

son  w hy A m e r i c a n s  like ro ck  m usic .  S u c h  e n o rm o u s  c u l tu ra l  p ra c t ic e s  ju s t  c o v e r  

to o  m u c h  soc ia l  te r ra in .  A t  b es t  w e c a n  m a k e  a lo w e r -d im e n s io n a l  p r o j e c t io n  o f  

su c h  h ig h - d im e n s io n a l  d y n a m ic s ,  t h e  s i lh o u e c te  t h a t  a p p e a rs  g iv e n  o n e  p a r t i c ­

u la r  ax is  o f  i l lu m in a t io n .  T h i s  s e c t io n  w ill  focus  o n  th e  r e l a t i o n  b e tw e e n  r e c u r ­

s io n  in  m a th e m a t ic s  an d  sex u a l i ty  in  c u l tu re .  S ex  is c o n v e n i e n t  in t h a t  o th e r  

r e s e a rc h e rs  h a v e  d e v e lo p e d  A f r i c a n - E u r o p e a n  c o m p a r is o n s ,  a n d  t h a t  sex ua l  

r e p r o d u c t io n  is o f t e n  c o n n e c t e d  to  re c u rs iv e  c o n c e p t s .

T ay lo r  (1 9 9 0 )  descr ibes  se x u a l i ty  in  R w a n d a  as based  o n  th e  c o n c e p t  o f  a 

“f rac ta l  p e r s o n ” in  w h ic h  so c ie ty  is p e rc e iv e d  “n o t  in  te rm s  o f  m o n a d ic  in d iv id ­

uals  b u t  in  te r m s  o f  . . . s t ru c tu re s  o f  m e a n i n g  w h o se  p a t t e r n s  r e p e a t  th e m s e lv e s  

in s l igh t ly  vary in g  forms like t h e  c o n to u r s  o f  a frac ta l  to p o g r a p h y ” (p. 10 25 ) .  H is  

analysis o n  ex p ress ions  o f  th is  soc ia l i ty  in te rm s  o f  th e  c i rc u la t io n  o f  fluids is used 

to  exam in e  th e  failure o f  programs to encourage  c o n d o m  use. C a ro ly n  M a r t in  S haw  

(1 9 8 9 ,  1995) ana lyzes  K ikuyu  se x u a l i ty  in  re la ted  ways a n d  p rov ides  a n  i l lu m i­

na t ing  con tra s t  to  E uropean  sexuality. U s ing  F oucau lt’s c r i t ique  o f  hum an ism , Shaw, 

ch a l l e n g e s  th e  usual p o r t ra i t  o f  E u ro p e a n  se x u a l  rep ress ion  a n d  A f r i c a n  sex ua l  

license . S h e  d e m o n s t r a t e s  t h a t  in b o th  cases , th e  socia l sys tem  c o n t r o l s  sexual 

b ehav io r ,  b u t  w h ile  th e  E u ro p e a n  locus o f  c o n t r o l  is in  t h e  p r iv a t i z a t io n  o f  p le a ­

sure ,  th e  K ik u y u s ’s sexua l re g u la t io n  o c c u rs  th r o u g h  p u b l ic  exp re s s io n s  o f  p l e a ­

sure a n d  “so c ia l i ty  o f  in d iv id u a l  c o n s c i e n c e . ” For e x a m p le ,  sh e  h ig h l ig h t s  t h e  

p rac t ic e  o f  ngwe/co, in w h ic h  te e n a g e rs  w ra p  th em se lv e s  w i th  a few le a th e r  strips, 

oil th e i r  bod ies ,  a n d  en gag e  in a p u b l ic  d isp lay  o f  se x u a l  b e h a v io r .  F ro m  a E u ro ­

p e a n  p o in t  o f  v iew  th is  so u n d s  l ike a n  u n re g u la te d  orgy, b u t  S h a w  fou nd  t h a t  t h e  

practice  was a m e th o d  o f  p reven t ing  teena ge  pregnanc ies  a n d  c h a n n e l in g  th e  te en s ’ 

sexual des i re  i n to  socia lly  a p p ro v e d  fo rm s .4

W h e n  w e lo o k  a t  m a n y  A f r i c a n  f ra c ta l s  w e c a n  see a n  e m p h a s is  o n  s e x u ­

a li ty  in te rm s  o f  r e p r o d u c t io n .  T h e  se lf-s im ila r i ty  o f  t h e  B a m a n a  c h i  w a ra  a n t e ­

lope  h e a d d r e s s  a n d  m e r u n k u n  f e r t i l i t y  p u p p e t ,  t h e  s e l f - g e n e r a t i n g  D o g o n
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co sm o lo gy ,  t h e  cy c l ic  k in s h ip  ico n o g ra p h y  o f  t h e  M i ts o g h o ,  F an g ,  a n d  B aluba ,

re c u r s io n  a re  c lose ly  t ie d  t o  sex ua l  r e p r o d u c t io n .  T h u s  o n e  c o n t r i b u t i n g  fac to r

s t r u c t i o n  o f  sex u a l i ty  t h r o u g h  p o s i t iv e  p u b l ic  d o m a i n  ex p re s s io n s .

T h e  E u ro p e an  c o u n te r p a r t  o f  S h a w ’s th eo ry  w ould  p re d ic t  th e  o ppos i te ,  and  

in d e e d  w e find t h a t  t h e  b a n i s h in g  o f  in f in i te  regress in  t h e  P l a t o n i c  re fo rm  was 

c lose ly  t i e d  to  a  k i n d  o f  se x u a l  p r o h i b i t i o n .  In  P l a t o ’s S ym po s iu m , S o c ra t e s  

e x p la in s  t h a t  t h e r e  is a  h ie r a r c h y  o f  r e p r o d u c t io n .  L o ve  b e tw e e n  a m a n  a n d  a 

w o m a n  w ill  o n ly  result in a flesh ch i ld ,  a c r e a tu re  o f flux w h o  w ill  e v e n tu a l ly  die ,  

a t  bes t  p ro d u c in g  m o r e  flux. L ove b e tw e e n  a m a n  a n d  a  boy ( lo v e r  a n d  b e lo v ed )  

is h ig h e r ,  b ecause  it  c a n  resu lt  in  r a i s in g  t h e  boy  t o  a h i g h e r  p l a n e — th a t  o f  a 

p h ilosopher .  A n d  a  p h i lo so p h e r  c a n  h a v e  a “b ra in  c h i ld ,” a pe r fec t  idea  t h a t  n ev e r  

c h a n g e s  o r  dies. T h e  P la to n ic  ideal o f  s ta t ic ,  e te r n a l  p e r f e c t io n  co n f l ic ts  w i th  th e  

e v e r - c h a n g in g  d y n a m ic  o f  sexual rep ro d u c t io n .  T h e  G r e e k  p re f e re n c e  for th e  s t a ­

t i c  s h a p e  o f  t h e  A r c h i m e d e a n  sp ira l  suggests  th i s  P l a t o n ic  idea l ,  ju s t  as th e  

g ro w in g  sh a p e  o f  t h e  lo g a r i th m ic  sp ira l  suggests t h e  A f r i c a n  e m p h a s i s  o n  fe r t i l ­

ity a n d  r e p r o d u c t io n .  O f  course ,  th i s  is a gross g e n e ra l i z a t io n ;  t h e r e  a re ,  for 

exam p le ,  p le n ty 'o f  A r c h im e d e a n  spirals in A fr ic an  designs. C o n v e rse ly ,  E u rop ean  

m a t h e m a t i c i a n  J a c o b o  B e rn o u l l i  w as u t te r ly  d e d ic a te d  to  t h e  lo g a r i t h m ic  sp ira l  

a n d  specif ied  t h a t  o n e  w o u ld  be  e n g ra v e d  o n  h is  t o m b s t o n e .  B u t  t h e  s to n e  c u t ­

ter  d id  n o t  go ag a in s t  t h e  g ra in  o f  h is  cu l tu re ;  B e rn o u ll i ’s g rave  is stil l m a rk e d  w ith  

a n  A r c h m e d e a n  sp ira l  (fig. 13-2).

I t  w o u ld  be d a n g e ro u s  to  suggest  t h a t  t h e r e  is a n  e t h i c a l  d i f f e re n c e  a t  

s t a k e  h e re ,  as s o  m a n y  o rg a n ic  ro m a n t i c i s t s  h a v e  m a i n t a i n e d .  A g a in ,  th e r e  is n o  

h i s to r i c a l  e v id e n c e  for a c o n s i s t e n t  r e l a t i o n s h ip  b e tw e e n  m a t h e m a t i c a l  d is t in c -

t h e  i t e r a t io n s  o f  b i r t h i n g  in  t h e  N a n k a n i  a r c h i t e c t u r e ,  a n d  m a n y  o t h e r  cases  o f

to  t h e  A f r ic a n  m a t h e m a t i c a l  e m p h a s is  o n  re c u r s io n  c o u ld  be  t i l ls  A f r i c a n  c o n -

Although Bernoulli asked f o r  a logarithmic spiral to be 
inscribed on his tombstone, the engraver was apparently 
only familiar with che linear spiral.
(From Mnor 1987, courtesy Birk/iriuser Verfag AG, Basel, 
Sifiiterland.)
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B e rn o u l l i ’s to m b sto n e
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d o n s  and  th e  e th ics  o f th e i r  users. S o m e  strictly linear, logical th inkers  like B ertrand 

R usse l l  a n d  N o a m  C h o m s k y  h a v e  b e e n  fa m o u s  for t h e i r  p rog ress ive  e th i c a l  

s t a n d p o in t s ,  ju s t  as so m e  h o l i s t ic  o rg a n ic is t s  h a v e  b e e n  p r o n e  to  fascism. A n d  

o f  course vice versa. W h a t  does c o u n t  for e th ics  is h ow  people are able to  use m a t h e ­

matics ' in th e  p a r t ic u la r  e v e n t s  a n d  ideaS t h a t  s u r ro u n d e d  th e i r  life. W i t h  t h a t  

in m in d ,  l e t ’s look  a t  th r e e  o f  t h e  i n n o v a t o r s  w h o  b ro u g h t  re cu rs io n  in to  E u ro ­

p e a n  c o m p u t a t i o n a l  m a th e m a t ic s .

T h e  s tory o f  A d a  L o ve lace  is w ell k n o w n  in c o m p u t in g  sc ien ce  history. H e r  

f a m e  s te m s  fro m  h e r  w r i t in g s  in  1843  o n  fh e  m a t h e m a t i c a l  p o s s ib i l i t ie s  o f  

C h a r le s  B ab b ag e ’s p ro p o sed  “a n a ly t i c a l  e n g i n e ”— a p la n  for a  m e c h a n ic a l  d ig i ­

ta l co m p u te r .  L ovelace  is o f ten  p ro m o te d  as a  reco v e red  fem in is t  an ces to r ,  a po s i­

t io n  th a t  te n d s  to  o v e re s t im a te  h e r  a c h i e v e m e n t s  a n d  obscure  h e r  o w n  th in k in g .  

A ga in s t  these  reductive portra its , S te in  (1 9 8 5 )  has w rit ten  a detailed, critical e x a m ­

in a t io n  o f  L ovelace  th a t  reveals  a m u c h  m o re  in te re s t in g  an d  co m p lex  s tory t h a n  

th e  p o p u la r iz a t io n s  h a v e  a l lo w ed .

L o v e la c e ’s m o t h e r  was a lw ays  w o rr ied  cha t  sh e  m ig h t  h a v e  in h e r i t e d  t h e  

n o to r io u s  sex ua l  p ro c l iv i t ie s  o f  h e r  fa th e r ,  L o rd  B yron .  H e r  c h i ld h o o d  r e v o lv e d  

a ro u n d  s t r ic t ly  p re sc r ib ed  e d u c a t io n a l  a c t iv i t ie s ,  a n d  a t  t im es  s h e  was fo rced  to 

lie perfectly still, w ith  bags over  h e r  h an d s  to  ward off any “wildness.’’.This repressed 

u p b r in g in g  e v e n tu a l ly  in s p ire d  re b e l l i o n  in  t h e  fo rm  of a n  a t t e m p t e d  e lo p e ­

m e n t ,  b u t  th e  fa iled affair left h e r  h u m i l i a t e d  a n d  r e p e n ta n t .  S h e  w ro te  to  a  f a m ­

ily fr iend ,  W il l i a m  K ing ,  r e q u e s t in g  m a t h e m a t i c a l  in s t ru c t io n  as a cu re  for h e r  

sin fu l im pulses.  K ing  ag reed ,  s e n d in g  h e r  b o t h  m a t h e m a t ic a l  a n d  relig ious texts.  

B u t  d e sp i te  h e r  d e c la r a t i o n s  to  ap p ly  h e r  m a t h e m a t i c a l  im a g in a t io n  “t o  t h e  

g rea te r  glory o f  G o d , ” s h e  tu r n e d  aw ay  f ro m  t h e  m o ra l iz in g  o f  K in g  to  t h e  m o re  

g lam o ro u s  soc ia l  c o m p a n y  o f  B abb age  a n d  h is  fam ous “ th i n k in g  m a c h in e s .”

B a b b a g e ’s m o t iv a t io n s  w ere  far  r e m o v e d  from  K in g ’s rel ig ious in te l l e c tu -  

a ltsm . H e  was pr im ar i ly  c o n c e r n e d  w i th  e c o n o m i c  a n d  sc ien t i f ic  progress.  T h i s  

sw i tc h  from K ing  to  B ab b ag e  was a n  a c t  o f  in d e p e n d e n c e ,  a n d  L o v e lace  b e g a n  

to  tu rn  he r  im ag in a t ion  loose. W h i l e  pu rsu ing  a m u c h  m ore  in ten se  area o f  m a t h e ­

m at ica l  study, h e r  re l ig ious  t h i n k i n g  a lso  to o k  a n  e x p a n d e d  tu rn .  S h e  b e g a n  to 

describe herse lf  an d  h e r  w ork  in te rm s o f  m agical imagery: th e  m ech an ism s  o f  sy m ­

bol m a n ip u la t io n  were “m a t h e m a t ic a l  sp r i te s ,” a n d  sh e  adv ised  Babbage to  a llow  

h im s e l f  to  be “u n re s is t in g ly  b e w i t c h e d ” by “t h e  H ig h  P ries tess  o f  B a g g a g e ’s 

E n g in e .”

S te i n  a lso  n o te s  t h a t  it  was a c tu a l ly  B a b b a g e  w h o  first d rew  up th e  " t a b le  

o f  s t e p s ” c o n s t i t u t i n g  t h e  firs t c o m p u t e r  p ro g r a m s .  B ab b ag e  was h a v in g  d i f f i ­

culty  o b ta in in g  fu nd in g  for his  w o rk ,  h o w ev e r ,  a n d  realized t h a t  L o v e la ce ’s social 

p o s i t i o n  a n d  n o to r i e t y — b o th  as t h e  d a u g h t e r  o f  B y ro n  as w ell as a “L ad y  o f
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M a t h e m a t i c s ”— c o u ld  b e  p u t  to  h is  a d v a n ta g e .  T h e  r e p u t a t i o n  o f  L o v e la c e  as 

t h e  o r ig in a to r  o f  p ro g r a m m in g  s te m s  f ro m  th i s  p u b l i c  r e l a t i o n s  p loy  o f  B abbage. 

T h e r e  was, h o w e v e r ,  o n e  ta b l e  fo r  w h ic h  A d a  w as w h o l ly  r e s p o n s ib le :  th e  

re c u r s iv e  g e n e r a t i o n  o f  a s e q u e n c e  k n o w n  as t h e  B e r n o u l l b n u m b e r s .  M o o r e  

( L977) s t a te s  t h a t  t h i s  t a b l e  u sed  re c u r s iv e  p ro g r a m m in g .  H u s k e y  a n d  H u sk e y  

( 1 9 8 4 ) ,  a p p a r e n t ly  r e f e r r in g  to  t h i s  c la im ,  sug ges t  t h a t  t h i s  is a c o n f u s io n  w i th  

L o v e la c e ’s d e s c r ip t i o n  o f  m a t h e m a t i c a l  “ r e c u r r e n c e  g r o u p s ” a n d  n o t e  t h a t  th e  

te r m  “ re c u r s iv e  p ro g r a m m i n g "  g e n e ra l ly  re fe rs  to  a  p r o c e d u r e  t h a t  c a l ls  i t s e l f '  

(i .e . ,  se l f - re fe ren ce )— im possib le  for L o v e lace  s in c e  h e r  c o d e  h a d  n o  p rocedu res .  

B u t  th e y  a lso  n o t e  t h a t  L o v e la c e  in t r o d u c e d  a n e w  c o d e  n o t a t i o n  to  d e sc r ib e  

w h a t  s h e  re fe r re d  to  as “a  c y c le  o f  a  c y c le ,” w h i c h  w o u ld  b e  e q u i v a l e n t  to  t h e  

re c u r s iv e  s t r u c tu r e  o f  n e s t e d  i t e r a t i o n  in  use today .

S ign if ican tly ,  th is  i t e ra t iv e  re c u r s io n  w as th e  o n e  p ro g r a m  for w h ic h  B ab ­

bage c la im ed  cred i t :  “W e  discussed various i l lu s tra t ion s  t h a t  m ig h t  be  in t ro d u ced :

I sugges ted  sev e ra l ,  b u t  t h e  s e l e c t i o n  w as e n t i r e ly  h e r  o w n .  S o  a lso  was th e  a lg e ­

b ra ic  w o rk in g  o u t  o f  t h e  d i f f e re n t  p ro b le m s ,  e x c e p t ,  in d e e d ,  t h a t  r e l a t i n g  to  th e  

n u m b e r s  o f  B e rn o u i l l i  [sic], w h ic h  I h a d  offe red  to  d o  to  sa v e  L ady  L o v e la c e  th e  

t r o u b le ” ( q u o te d  in  S t e i n  1985 ,  89 ) .

T h e  a p p ro p r ia t io n  may h a v e  b e e n  a n t i c ip a te d  by  L o ve lace :  S te in  n o te s  th a t  

in  t h e  le t te r s  c o n c e r n i n g  th i s  p ro g ra m ,  L o v e la c e  is a ty p ic a l ly  v a g u e — sh e  h a d  

a lw ays  b e e n  o v e r d e p e n d e n t  o n  B ab b ag e  fo r  m a t h e m a t i c a l  sp ec i f ic s— a n d  s p e c ­

u la te s  t h a t  t h e  v a g u e n e s s  was a d e l ib e ra t e  m o v e  to  p r o t e c t  h e r  i t e r a t iv e  i n n o ­

v a t io n .  M a n y  fe m in i s t s  h a v e  w r i t t e n  a b o u t  m a le  e n v y  o f  w o m e n ’s r e p r o d u c t iv e  

c a p a c i t y , a n d  th e r e  m i g h t  w ell  be  a p a ra l le l  in  B a b b a g e ’s a p p r o p r i a t i o n  of 

L o v e la c e ’s re c u r s iv e  a c h i e v e m e n t .  B u t  t h e  o rg a n ic i s t  v e r s io n s  o f  s u c h  an a ly ses  

portray  th e  c o n f l ic t  in te rm s o f  w o m e n  be in g  m o re  n a tu r a l  o r  e m b o d ie d ,  a n d  m e n  

b e in g  m o re  a r t i f ic ia l  o r  a b s t ra c t .  In  th i s  s to ry  o f  m a le  w o m b  e n v y  a n d  th e  p r o ­

t e c t iv e  m o th e r ,  it  is t h e  d ig i ta l  a b s t r a c t io n  o f  r e c u r s io n ,  n o t  c o n c r e t e  e m b o d i ­

m e n t ,  o v e r  w h ic h  th e  s t rug g le  is fo u g h t .  T h e  b i r t h i n g  m e t a p h o r  w as m e n t io n e d  

by L o v e la c e  herse lf ;  t h e  f in ish e d  p ro g r a m m in g  s tu d y  w as “h e r  f irs t c h i ld ."  C o n ­

trary  to  P la to ,  s e x u a l  r e p r o d u c t i o n  is n o t  in o p p o s i t i o n  to  t h e  a b s t r a c t  r e a lm  o f  

m a th e m a t ic s ;  L o v e la c e  u sed  h e r  m a t h e m a t i c s  to  re b e l  a g a in s t  a t t e m p t s  to  l im i t  

h e r  t o  a  rep re ss iv e  f e m in i n i t y  a n d  u sed  th i s  a r t i f i c i a l  s e x u a l i t y — a b e w i t c h i n g  

h ig h  priestess, jea lously  g u a rd in g  h e r  p ro g ra m m in g  p ro g e n y — to  d e v e lo p  th e  first 

c o m p u t a t i o n a l  r e c u r s io n .

In  t h e  d is c u s s io n  o f  t h e  m a t h e m a t i c a l  th e o r y  o f  c o m p u t a b i l i t y  in  c h a p ­

te r  10, we n o te d  t h a t  t h e  se t  o f  “p r im i t iv e  r e c u r s iv e  f u n c t io n s , "  d e v e lo p e d  by 

Rozsa P e te r ,  h a d  t h e  g re a t e s t  c o m p u t i n g  p o w e r  s h o r t  o f  a T u r in g  m a c h i n e .  

U n l ik e  L o v e la c e ,  P e t e r ’s c a p a b i l i ty  as a m a t h e m a t i c i a n  is u n c o n t e s t e d ;  in fact ,
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sh e  is w ide ly  r eg a rd ed  as “che m o t h e r  o f  r e cu rs iv e  f u n c t io n  th e o r y ” (M o rr i s  a n d  

H a r k le r o a d  1 99 0 ) .  B u t  sh e ,  too ,  im p l ie d  t h a t  p a ra l le l s  ex is te d  b e tw e e n  h e r  

g e n d e r  id e n t i ty  a n d  m a th e m a t ic s ;  m a i n t a i n i n g  t h a t  w o m e n  co u ld  p ro v id e  a sp e ­

c ia l  in s ig h t  t h a t  m e n  c o u ld  n o t  (A n d rek ja  1 974 ,  17 3 ) .  S in c e  w e k n o w  th a t ,  as 

a m a th e m a t ic i a n ,  she  w ould  n o t  be  th i n k in g  o f  th is  special in s igh t as b e in g  more 

c o n c re te  o r  less logical, it m ay  be  t h a t  P e te r  also m a d e  c o n n e c t io n s  b e tw e e n  sex ­

ual r e p r o d u c t i o n  an d  re c u rs io n .

Following P e te r ’s class of p r im itive  recursive func t ions ,  o n e  reaches th e  upper 

lim it o f  recursive  p o w e r  in t h e  T u r in g  m a c h in e .  A la n  T u r in g ’s c o n t r ib u t io n s  were 

n o t  o n ly  in  t h e  m a t h e m a t i c a l  a b s t r a c t io n s  o f  c o m p u t in g ,  b u t  in its a p p l i c a t io n  

to  ar t if ic ia l  in te l l ig e n c e  as well.  In  h is  c lassic  p a p e r  t i t l e d  “C o m p u t in g  M a c h i n ­

ery a n d  In t e l l ig e n c e ,” h e  p ro p o s e d  w h a t  is n o w  c a l l e d  th e  T u r in g  tes t .  A t  first, 

m o s t  d e f in i t io n s  o f  m a c h i n e  in t e l l ig e n c e  w ere  b ased  o n  a p a r t i c u l a r  task  or 

b e h a v io r  (e .g . ,  ch ess  p lay in g ) .  B u t  as t h e  field o f  a r t if ic ia l  in te l l ig e n c e  ( A I )  has 

d e v e lo p e d ,  th e s e  h a v e  s h o w n  to  b e  in c rea s in g ly  in a d e q u a te ,  a n d  th e  T u r in g  test 

is w idely  reg a rded  as t h e  m o s t  re l iab le  d e f in i t io n  fo r  A l  ( in  fact , yearly  T u r in g  

tes ts  a re  n o w  h e ld ,  w i th  n o  m a c h i n e  w in n e rs  th u s  far).

T u r in g  b e g in s  by d e sc r ib in g  a g a m e  in  w h ic h  a m a n  a n d  a w o m a n  are 

b e h in d  a d o o r  a n d  a n sw e r  q u e s t io n s  fro m  a n  in t e r r o g a to r  by w r i t te n  replies. T h e  

in t e r ro g a to r  m us t  d e te r m in e  w h o  is t h e  m a n  a n d  w h o  is th e  w o m a n ;  b o t h  m ust 

try to  d e c e iv e  h im  in t h e i r  answ ers .  T u r in g  t h e n  sugg es ted  r e p la c in g  o n e  pe rson  

w i th  a n  A I  m a c h in e ;  t h e  T u r in g  tes t  h o ld s  t h a t  if  t h e  i n t e r ro g a to r  c a n n o t  d is ­

t in g u is h  p e r s o n  f rom  m a c h in e ,  t h e n  o n e  h a s  c r e a t e d  t ru e  m a c h in e  in te l l ig ence .  

T u r in g ’s b io g rap h e r ,  A n d r e w  H o d g es ,  suggests t h a t  th is  “im i t a t i o n  g a m e ” was 

in sp ired  by T u r in g ’s o w n  life: s t ru g g l in g  to  de f in e  h is  id e n t i t y  as a h o m o s e x u a l  

in a h o m o p h o b i c  society . B o th  th e  T u r in g  m a c h i n e ’s a b i l i ty  to  im i ta te  o th e r  

m a c h in e s  a n d  th i s  g am e  o f  c o g n i t iv e  im i ta t io n  e c h o  th e  socia l e x p e r ie n c e  o f  gays 

w h o  live in a c o m m u n i t y  w h e re  th e y  m u s t  p r e t e n d  to  be  s o m e o n e  th e y  are  n o t .  

A n d  to  so m e  e x te n t ,  t h e  e n d les s  s e l f - re fe ren ce  o f  m e t a m a t h e m a t i c s  was T u r in g ’s 

h id in g  p la c e  from  th e  a n t ig a y  w o r ld  s u r r o u n d in g  h im .  B u t  t h e  se x u a l  guess ing 

g a m e  o n  w h ic h  t h e  T u r in g  t e s t  w as b a s e d  w o rk e d  a g a in s t  s u c h  n o r m a t i v e  

g e n d e r  re s t r i c t io n s :  it sug ges ted  g e n d e r  as s o m e t h i n g  m o r e  flu id , less f ixed— a 

fe a tu re  w h ic h  th e  v i r tu a l  c o m m u n i t i e s  o n  t h e  I n t e r n e t  h a v e  s t a r te d  to  d e m o n ­

s t ra te  (cf. S to n e  1995; T urk le  1995). Douglas H o fs tad te r  (1 9 85 ,  136-3 67 ) ,  a m o d ­

ern  m as te r  o f  recursion , has also w r i t te n  ab o u t  th e  p o te n t ia l  for a m ore  fluid gender  

id e n t i ty  in d ig i ta l  d y n a m ic s .

M a t h e m a t i c s  h a d  a d o u b le  m e a n in g  for T u r in g .  It was b o t h  a n  e m o t io n a l  

sh ie ld , a c losed  w orld  o f  end less  in te r io r  se lf-re fe rence ,  as well as an  o p e n in g  in to  

co n sc io u sn e s s  a n d  c o m m u n i ty .  In  t h e  e n d ,  t h i s  des i re  for o p e n in g  k i l led  T u r ing :
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d u r in g  a ro b b ery  in v e s t ig a t i o n  h e  a d m i t t e d  h is  h o m o s e x u a l i ty  to  p o l i c e  d e t e c ­

tives  a n d  was a r re s te d  a n d  fo rced  to  s u b m i t  to  h o r m o n e  t r e a tm e n t s .  T h i s  e v e n ­

tu a l ly  d ro v e  h im  to  su ic id e .  I t  was a t r a g ic  fa i ry - ta le  e n d in g :  h e  k i l l e d ‘‘h im s e l f  by 

e a t in g  a n  a p p le  d ip p e d  in p o iso n .  H o d g e s  w ri te s  a b o u t  th is  d e a t h  in  te rm s  o f  th e  

d o u b le  m e a n in g  t h a t  m a t h e m a t i c s  h a d  in  h is  life. “L o n e ly  c o n s c io u s n e s s  o f  self- 

c o n s c io u s n e s s  was a t  t h e  c e n t e r  o f  h is  ideas.  B u t  t h a t  s e l f - c o n s c io u sn e s s  w e n t  

b e y o n d  G o d e l ia n  self-reference, ab s t rac t  m in d  tu rn in g  u p o n  its ab s t rac t  self. T h e r e  

was in  h is  life a m a t h e m a t i c a l ' s e r p e n t ,  b i t i n g  its o w n  ta i l  forever,-■•hut th e re -w a s  • 

a n o t h e r  o n e  t h a t  h a d  b id  h i m  e a t  f rom  th e  t r e e  o f  k n o w le d g e .”

I n  A fr ica  th e s e  tw o se rp e n ts  are o n e ;  sexual r e p r o d u c t io n  ex is ts  in  th e  sam e 

p u b l ic  r e a lm  as so c ia l  in te rc o u r se .  T h a t  is o n e  poss ib le  re a s o n  w h y  w e see re c u r ­

s io n — t h e  sn a k e  t h a t  b i te s  its o w n  ta i l— so p r o m in e n t ly  e m p h a s iz e d  in A f r i c a n  

fractals ,  a n d  a poss ib le  e x p la n a t io n  for w hy  th e s e  p io n e e r s  o f  r e c u r s io n  in E urope  

h a p p e n e d  to  be  p e o p le  w h o  to o k  issue w i th  sexu a l  rep re ss io n .  T h a t ' s  n o t  to  say 

th e r e  is a  d e te r m in i s t i c  l i n k  b e tw e e n  th e  tw o. I n  a n a lo g  fe e d b a c k  th eo ry ,  for 

e x a m p le ,  w e see b o t h  a n t i - a u t h o r i t a r i a n  fem in is ts ,  l ike  N o r b e r t  W i e n e r  ( H e im s  

1 98 4 ) ,  as well as a u th o r i t a r i a n  p rud es  l ike H o w a rd  O d u m  (T ay lo r  1988).  M a t h e ­

m a t ic s  is n o t  a m e re  re f le c t io n  o f  p e r s o n a l  in te re s t s ,  n o r  is it  a n  a b s t r a c t io n  th a t  

is e n t i r e ly  d iv o rc e d  fro m  o u r  lives. W e  m a k e  m e a n i n g  for o u rs e lv e s  o u t  o f  w h a t ­

ev e r  m e t a p h o r s — te c h n i c a l  o r  o th e r w i s e — w e find useful; c o n v e rse ly ,  p e rs o n a l  

m e a n i n g s  c a n  o f t e n  in sp ire  n e w  t e c h n i c a l  ideas.

W h i l e  recurs ion  is p ro m in e n t  in A fr ic a n  fractals , it h a s  b e e n  less so in  E u ro ­

p e a n  f r a c ta l  g e o m e t ry .6 In  t h e  h i s to r i c a l  a p p e n d ix  t o  T h e  F ra cta l G e o m e tr y  o f  

N a tu r e ,  M a n d e l b r o t  p ro v id e s  an  e ru d i t e  h is to ry  o f  m a t h e m a t i c a l  d e v e lo p m e n t s  

t h a t  le d  t o  h is  w o rk ;  r e c u r s io n  is n e v e r  m e n t i o n e d .  E v e n  w h e n  recu rs io n ,  d o e s -  

c o m e  u p  in t h e  f r a c ta l  g e o m e t r y  l i t e r a tu r e ,  t h e  t r e a t m e n t  is ty p ic a l ly  in fo rm a l  

o r  cu rso ry .  For e x a m p le ,  S a u p e  (1 9 8 8 ,  7 2 )  m e re ly  n o t e s  t h a t  " in  so m e  cases  th e  

p r o c e d u r e  c a n  be  fo r m u la t e d  as a  r e c u r s io n .”  ̂ S im ila r ly ,  t h e  f r a c ta l  t i m e  ser ies  

p ro d u c e d  by d e t e r m i n i s t i c  c h a o s  is ra re ly  r e g a r d e d  as t h e  p r o d u c t  o f  f e e d b a c k  

loops ,  a n d  in  o n e  o f  t h e  few s tu d ie s  t h a t  is fo cu sed  o n  th i s  r e l a t i o n s h ip ,  M ees  

(1 9 8 4 ,  101) m e re ly  s ta te s  t h a t  “ch a o s  is c e r t a in ly  poss ib le  in  f e e d b a c k  sy s tem s .” 

O n  t h e  c o n t r a ry ,  it  is n o t  t h a t  c h a o s  is poss ib le  w i t h  feedback ,-  b u t  t h a t  c h a o s  

is im p o ss ib le  w i t h o u t  it.

I t  w o u ld  be  in a c c u ra te  to  say t h a t  E u ro p e a n  m a t h e m a t i c s  h a s  d is reg a rd e d  

re c u r s io n  in g e n e ra l ,  a n d  p e rh a p s  rh e  o b s e r v a t io n  I a m  m a k i n g  is s im p ly  d u e  to  

d isc ip l ina ry  sp ec ia l iza t ion ;  th e r e  is n o  re aso n  w h y  s o m e o n e  s tu d y in g  a p p l i c a t io n s  

o f  g ra p h ic s  to  ana lys is  a n d  m e n s u ra l  th e o ry  s h o u ld  n e cessa r i ly  be  t h i n k i n g  a b o u t  

T u r in g  m a c h in e s  o r  recu rs iv e  fu n c t io n s .  B u t  it is p rec ise ly  th i s  lack  o f  necess i ty  

in  m a t h e m a t i c s  t h a t  is so easily  fo r g o t te n  in a d is c ip l in e  w h e re  c e r t a in t y  goes
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b e y o n d  t h a t  o f  an y  em p ir ica l  sc ie n c e  im ag in ab le .  M a th e m a t ic s  is b o t h  a n  in v e iv  

t i o n  a n d  a d iscovery . W e  d is co v e r  t h e  c o n s t r a in t s  i n h e r e n t  in  t h e  fabric  o f  space  

a n d  t im e ,  c o n s t r a in t s  t h a t  a re  t h e  s tu ff  o f  w h ic h  o u r  u n iv e r se  is c o m p o sed .  B u t  

m a th e m a t ic s  does  n o t  s top  there .  T h e  co n s t ra in ts  are  n o t  jus t  nega tions ,  bu t  ra th e r  

t h e  b u i ld in g  b lo c k s  w i th  w h ic h  fu r th e r  m a t h e m a t i c s  is c o n s t ru c te d .  A n d  like  any 

c o n s t r u c t i o n ,  t h e r e  are  c h o ic e s  to  b e  m a d e ,  d e c is io n s  a b o u t  h o w  th e s e  b u i ld in g  

b lo c k s  a re  to  b e  c o n n e c t e d ,  in te r ro g a te d ,  a n d  d e p lo y e d  in fu r th e r  discovery. 

T h i s  is w h e re  th e  h u m a n  side of m a t h e m a t i c s  e n te r s  t h e  p ic tu re ,  e spec ia lly  t h a t  

m o s t  h u m a n  of e n d e a v o rs ,  c u l tu re .  C o n v e rse ly ,  c u l tu r e  is n o t  m e re  w h im ,  a  

p u re ly  s u b je c t iv e  m a t te r  o f  c h o o s in g  fa v o re d  soc ia l  p rac t ices .  T h i s  is w h e re  th e  

m a t h e m a t i c a l  s ide  o f  h u m a n i ty  e n te r s  t h e  p ic tu re ,  for we are  o n ly  free to  c o n ­

s t ru c t  c u l tu r e  w i th i n  t h e  c o n s t r a in t s  o f  t h e  u n iv e r se  in w h ic h  w e live. N e i th e r  

m a t h e m a t i c s  n o r  c u l tu re  sh o u ld  be  v iew ed  as firmly fixed o n  th e  u n iv e rsa l / loca l  

d iv id e ;  t h e r e  are  d iv is io n s  w i th i n  d iv is io n s  n e v e r  e n d in g .
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 M o s t  an th r o p o lo g i s t s  h a v e  l ong  a b a n d o n e d  t h e  t e n d e n c y  t o  c r e a t e  a fr o ze n

“a n c i e n t  t r a d i t i o n ” in  de f i n i ng  i n d i g en o us  soc ie ty ;  c h a n g e  a n d  syn th e s i s  are  

n o w  int egra l  par t s  o f  t h e  cu l t u ra l  por t ra i t .  So,  too,  w i th  A f r i c a n  fractals;  t h ey  are  

nece ssar i l y  as m u c h  o f  t h e  fu tur e  as t h ey  a re  o f  t h e  pas t .

F r a c t a l s  i n  A fr ic a n  c o n tem p o ra ry  arts

T h e r e  a re  m a n y  works  o f  m o d e r n  A f r i c a n  p ro f e s s iona l  a r t  w h i c h  i n c o r p o r a t e  

a spec t s  o f  f ractals ,  sp a n n i n g  a wide  range  o f  cu l t ur a l  v iewpo in t s .  A t  t h e  N a t i o n a l  

M u s e u m  in Ya o un de ,  C a m e r o o n ,  o n e  c a n  see o r g a n i c  r o m a n t i c i s m  in  N y a m e ’s 

p a i n t i n g s  o f  l o g a r i t h m i c  sp i r a l s  m o r p h i n g  i n t o  p eo p l e .  T h e  d o u b l e - s i d e d  p o s t ­

m o d e r n  m e t a l  s c u l p tu r e s  o f  Leg ba  in  B e n i n ,  by  a r t i s t s  s u c h  as  Kouas s ,  s h o w  a 

c y b o r g 1 t r i c k s t e r  w h o s e  t r a d i t i o n a l  b i f u r c a t i n g  a b i l i t i e s  a r e  r e a d y  fo r  t h e  

b in a r y  c o d e s  of  n e w  t e c h n o l o g i e s .  I n  Eas t  Af r i c a ,  p a i n t e r  G e b r e  Kr i s t os  D e s t a  

p r o d u c e s  n o n l i n e a r  sca l i ng  c i r c l e s  h e  de s c r i be s  as pu re  a b s t r a c t i o n i s m  ( M o u n t  

1973,  118) .  A f r i c a n  f r ac ta l s  c o n t i n u e  to  evo l ve .  Bes ides  b e in g  p r e s e n t  in  p r o ­

f es s iona l  s t ud i o  ar t ,  f r ac ta l s  h a v e  also ap p ea re d  in la rge- sca l e  pu b l i c  a r t  works ,  

such  as o n  t h e  f acade  o f  t h e  U n iv e r s i t y  o f  D a k a r  l ib ra ry  (fig. 14 .1) .  T h i s  sca l i ng  

d e s i g n ,  in  w h i c h  t h e  a l t e r n a t i o n  o f  p a i n t e d  r e c t a n g l e s  a t  t h e  sm a l l  s ca l e
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F I G U R E  1 4 . 1  

T h e  l ibrary  of the  U n iv e r s i ty  o f  D a k a r  
This design makes use of both self-similarity (the vertical alternation of painted rectangles looks 
like the alternation of buildings) and nonlinear scaling (the rectangle width decreases rapidly as 
you go toward the center).

m a tc h e s  t h e  a l t e r n a t io n  o f  th e  b u i ld in g  w alls  a t  t h e  large scale, is r e m in i s c e n t  • 

of c e r t a in  A fr ic a n  fabrics.

O n e  o f  t h e  m o s t  a c t i v e  a reas  o f  t o d a y ’s A f r i c a n  a r t  c o m e s  n o t  f ro m  p r o ­

f e s s io n a l  s tu d io s ,  b u t  r a t h e r  f ro m  t h e  u n d i s t i n g u i s h e d  se l le rs  o f  to u r i s t  a r t .  

T o u r is t  a r t  was fo rm ally  d is re g a rd ed  in  t h e  p ro fe s s io n a l  a r t  w o r ld ,  b u t  c u l tu r a l  

s tu d ie s  h a v e  in c re a s in g ly  s h o w n  c h a t  th i s  is a  d u b io u s  p o s i t io n .  F irs t,  n e i t h e r  

th e  “ t r a d i t i o n a l  a r t i s t ” c r e a t in g  roy a l  w o rk s  for a k in g ,  n o r  a r t  s t u d e n t s  t ry in g  

to  p lea se  t h e i r  in s t ru c to r s ,  n o r  e v e n  p ro f e s s io n a l  s tu d io  a r t is ts  w h o  m u s t  a lso  

be  c o n c e r n e d  w i th  sales  a re  c o m p le te ly  free  to  c re a t e  w h a te v e r  th e y  w ish ,  so 

th e r e  is n o  reason  to  s ing le  o u t  t h e  c r e a to r s  o f  to u r i s t  a r t  for b e in g  c o n s t r a in e d .  

S e c o n d ,  o p p o r t u n i t i e s  fo r  p ro f e s s io n a l  s t u d i o  a r t i s t s  a re  few, a n d  th e  to u r i s t  

m a r k e t  c r e a t e s  a large n u m b e r  o f  e c o n o m i c  o p p o r t u n i t i e s ;  it s e em s  su sp ic io u s  

to  d is re g a rd  th is  v ib r a n t  a c t iv i t y  in f a v o r  o f  a t in y  e l i te .  A n d  finally ,  as C u l le r s  

( 1 9 8 1 )  n o te s ,  to u r ism  is n o t  t h e  o p p o s i t e  o f  a u t h e n t i c  c u l tu re ,  r a t h e r  to u r ism  

creates a u th e n t i c i ty .

C u l l e r s ’s o b s e r v a t io n  was r e p e a t e d  to  m e  by M ax  ( h e  d id  n o t  w a n t  h is  last 

n a m e  to  be used) ,  a S eneg a le se  a r t is t  in  D a k a r  w h o  sells to  th e  tou r is t  trade .  M ax  

c o m p la in e d  th a t  h is  m os t  c re a t iv e  w o rk— th e  des igns  w h ic h  c a m e  to  h im  in 

d re a m s— was difficult to  sell b eca u se  o f  th e  to u r i s t  c o n c e p t io n  o f  t r a d i t io n  a n d  

a u th e n t i c i ty .  L ike  m an y  c re a to rs  o f  to u r is t  arc in D akar ,  h e  p ro d u ce s  im i t a t i o n s  

o f  th e  ko ra ,  t h e  S en eg a le se  s t r in g e d  in s t r u m e n t  t h a t  fea tu re s  a s ing le  f re t  r u n ­

n in g  d o w n  th e  c e n te r  a n d  a h a n d  grip  o n  b o t h  sides. F igure 14.2 show s  t h e  usual 

ko ra  m o d e l ,  a lo n g  w ith  M a x ’s i n n o v a t i o n ,  t h e  recurs ive  ko ra .  T h e  recu rs ive  

k o ra  m ak es  use o f  e a ch  h a n d  grip  as  th e  f re t  o f  tw o sm a lle r  koras .  1 a sk ed  M a x
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if  h e  h a d  e v e r  c o n s id e re d  c o n t i n u i n g  to  sm a l le r  sca les ,  a n d  h e  sa id  t h a t  h e  h a d  

o n c e  clone so, b u t  t h a t  it  was im poss ib le  to  sell  su c h  in n o v a t i v e  w ork ; tou r is ts  

d id  n o t  w a n t  a n y th i n g  t h a t  sm a c k e d  o f  o r ig in a l i ty .

F ra c ta ls  in  A f r i c a n  c o n tem p o ra ry  a rc h i te c tu re

M a n y  in d ig e n o u s  A f r i c a n  d es ig ns  h a v e  b e e n  i n c o r p o r a t e d  i n t o  m o d e r n  a r c h i -  

. t e c tu ra !  p ro j e c ts  in A.frica, a n d  so m e  o f  th e s e  h a v e  b e e n  f r a c ta l s .  For  e x a m p le ,  

t h e  S ie r p in s k t - l ik e  i t e r a t iv e  t r ia n g le s  f rom  M a u r i t a n i a  w e re  u sed  in  a n  i n s t i t u ­

t i o n a l  b u i ld in g  in S e n e g a l ,  a n d  th e  c irc le s  o f  c irc le s  in t h e  a r c h i t e c t u r e  o f  W e s t  

A f r i c a n  v i l lag es  b e c a m e  th e  basis  o f  a d e s ign  for a b u i l d in g  c o m p le x  in d o w n ­

to w n  B a m a k o ,  t h e  c a p i t a l  o f  M a l i  (f ig. 14 .3).

O n e  o f  t h e  m o s t  p o t e n t  v is ion s  o f  a n  A f r i c a n  f rac ta l  fu tu re  h a s  c o m e  from  

th e  a r c h i t e c t u r a l  s tu d ie s  of Dr. D a v id  H u g h e s  a t  K e n t  S t a t e  U n iv e r s i t y  in 

O h io .  W o rk in g  as a F u lb r igh t  sch o la r  in several A fr ic a n  c o u n tr ie s ,  H u g h es  (1 9 9 4 )  

p u t  t o g e t h e r  a p o r t r a i t  o f  w h a t  h e  t e r m e d  “A f r o c e n t r i c  a r c h i t e c t u r e , "  w h ic h  

e m b o d i e s  s e v e ra l  a sp e c t s  o f  t h e  f r a c ta l  m o d e l .  F irs t,  H u g h e s  c o m b i n e d  a c h a r ­

a c te r i z a t io n  o f  t h e  se l f -o rg a n iz in g  p r o p e r t i e s  o f  A f r i c a n  b u i l d in g  d e s ig n  ( a n  

" o r g a n ic  a r c h i t e c t u r e "  w h ic h  “g row s  from  its s i t e ” ) w i th  its s e l f - s im i la r  p r o p ­

e r t ie s  ( w h a t  h e  t e r m e d  “t h e  o u t s id e / in s id e  r e l a t i o n s h i p , ” a  m u t u a l  s h a p i n g  o f  

u n i t s ,  c lu s te r s  o f  u n i t s ,  a n d  c o m m u n a l  sp a c e s  fo rm e d  by th e  s u r r o u n d i n g  c lu s ­

ters) .  S e c o n d ,  h e  e x p l ic i t ly  r e je c te d  p r im i t iv is t  o r  n a tu r a l i z in g  p o r t r a i t s .  W h i l e
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n o t i n g  its e n v i r o n m e n t a l  h a r m o n y ,  H u g h e s  a lso  e m p h a s iz e d  t h a t  A f r i c a n  

a r c h i t e c t u r e  is a lw ays  a n  i n t e n t i o n a l  a c t  o f  d e s ig n  a n d  s e m io t ic s ,  n o t  m e re ly  

a n  u n c o n s c io u s  a d a p t a t i o n  to  t h e  e c o sy s te m .  In  h is  f r a m e w o rk ,  '‘t r a d i t i o n ” 

in c lu d e s  t h e  t r a d i t i o n  o f  i n n o v a t i o n ,  o r  as G a te '5- ( i p 8 8 ) p u ts  i t ,  t h e  A f r i c a n  

t h e m e  ot “r e p e t i t i o n  w i th  r e v i s io n .”

FIGURE I 4 . 3  

I n d i g e n o u s  f ra c ta ls  i n  m o d e r n  a rc h i te c tu re
(a) Here a traditional Mauritanian fractal design is used in a modern building in the Casamance, 
Senegal, ( b )  The DPC building in Burkina Faso, using traditional scaling cylinders with contem­
porary construction techniques. Architects such as Issiaka Isaac Drabo have made many large-scale 
buildings based on this syncretic approach.
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G i v e n  t hi s  c o m b i n a t i o n  o f  se l f-organized s t r uc tu r e  an d  i n t e n t i o n a l  des ign,  

it is n o t  surpris ing t ha t  H u g he s ’s work led h i m  to  a beaut i ful  ex am p l e  o f  t h e  p o t e n ­

t ial  f r ac ta l  f uture .  Figure  14.4 shows  a des ign  by A l e x  Ny an g u l a ,  o n e  of  U y g h e s ’s 

s t u d e n t s  a t  t h e  C o p p e r b e l t  U n i v e r s i t y  in Z am b ia  (H u g h e s  1994, ‘’1 6 5 - 1 6 6 ) .  T h i s  

a r c h i t e c t u r e  p rov i de s  a power fu l  sync r e t i c  f us ion  o f  i n d i g e n o u s  a n d  m o d e r n  

forms.  T h e  figure t r a ce d  by  t h e  wa lkway s h o w n  in t h e  g ro u n d  p l a n  is a classic

f i g u r e  14 .4  
D e s i g n  f o r  K i t i v e  

C o m m u n i t y  C l i n i c
(a) Kitwe Commun ity  Clinic 
in Zambia;  design by David 
Hughes and Alex Nyangula.
(b) Kitwe Commun ity  Clinic 
ground plan.
CPhotos courtesy David Hughes.)



FI G UR E  1 4 . 5

F ra c ta l . i te ra tions  o f  N y a n g a l a ’s c o m m u n i ty  c l i n i c  d e s i g n
Fractal based on Nyangula’s architectural design. The ‘‘active lines” of the generation process have 
been removed, as have any self-intersecting hexagons.
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e x a m p l e  o f  che  f r a c ta l  b r a n c h i n g  p a t t e r n  r e f e r re d  to  as  a  C a y le y  t r e e  (see  

S c h r o e d e r  1991 ,  8 7 - 8 8 ;  P e i tg e n  e t  al. 1991 , 1 9 - 2 0 ) ,  a n d  c a n  b e  e x t e n d e d  from  

th e  tw o  i t e ra t io n s  g iv e n  by N y a n g u la  to  infinity. A d d in g  t h e  hexagonsTCa sy n ­

c re t ism  b e tw e e n  th e  c y l in d e r  o f  Z a m b ia n  in d ig e n o u s  a r c h i t e c t u r e  a n d  th e  r e c ­

t i l in ea r  forms o f  m o d e rn  m ater ia ls )  v io la tes  th e  C ay ley  re q u i r e m e n t  t h a t  t h e  graph  

is se l f -a v o id in g  ( t h a t  is, t h a t  t h e  b ra n c h e s  d o  n o t  in te r s e c t ) .  S in c e  I w as i n t e r ­

ested  in e x p lo r in g  th e  frac ta l  s t ru c tu r e  by tak in g  N y a n g u la ’s d e s ign  to  h ig h e r  i t e r ­

a tions ,  I m ad e  tw o a d ju s tm en ts  for th is  p rob lem . O n e  is suggested by th e  a p p ro a ch  

e le v a t io n  s k e t c h  (H u g h e s  1 9 9 4 ,  16 7 ) ,  w h e re  it  is c le a r  t h a t  t h e  c e n t r a l  xtnit is 

sl ightly  larger t h a n  th e  o thers .  T h i s  m e a n s  th a t  se l f - in te rsec t io n  will be forestalled  

to  h ig h e r  i t e ra t io n s .2 T h e  o t h e r  is s im ply  t h e  e l i m i n a t i o n  o f  u n i t s  w h e n e v e r  they  

ove r lap .  W i t h  th e se  tw o  q u a li f ic a t io n s ,  N y a n g u la ’s d e s ig n  m ak es  for a n  in f in i te ly  

e x p a n d a b le  (y e t  b o u n d e d )  a r c h i t e c t u r e ,  as  s h o w n  in  figure 14 .5 . S u c h  f lex ib i l ­

ity c o u ld  c o n t r i b u t e  to  th e  efforts  to  e n c o u ra g e  a m o re  p a r t i c ip a to r y  a p p ro a c h  

to  A f r i c a n  a r c h i t e c t u r a l  d e s ig n  (F a th y  1973; O z k a n  19 97 ) .

If  w e  t a k e  a n  a e r i a l  v ie w  o f  t h e  m o d e r n  E u r o p e a n  s e t t l e m e n t  o f  Paris ,  

F r a n c e ,  w e  w o u ld  see l i n e a r  c o n c e n t r i c  c i r c le s  s u r r o u n d in g  i t s  c e n t e r  o f  so c ia l  

pow er.  T h e  d i f f e r e n c e  b e tw e e n  th i s  l in ea r ,  ra d ia l ly  s y m m e t r i c  se r ie s  o f  c i r c le s  

a n d  A f r i c a ’s n o n l i n e a r ,  d e c e n t ra l i z e d  a r c h i t e c t u r e  is p e r h a p s  s u b t le ,  b u t  im p o r ­

t a n t .  T h e  te rm  " A f r o c e n t r i c "  is m i s l e a d in g  in t h a t  “c e n t r i c "  is m u c h  m o r e  t h e  

g e o m e t r y  o f  P a r i s  t h a n  o f  L o g o n e -B i rn i ,  M o k o u le k ,  L a b b e z a n g a ,  a n d  t h e  o t h e r  

A f r i c a n  a r c h i t e c t u r e s  w e h a v e  e x p lo r e d .  H u g h e s ’s ca l l  fo r  a  “m u l t i d i m e n s i o n a l  

A f r o c e n t r i s m ” is b o t h  a n  a f f i rm a t io n  o f  “ A f r o ” a n d  a c h a l l e n g e  to  “c e n t r i s m ” ; 

it  is a  ca ll  for c u l tu r a l  p o r t r a i t s  t h a t  d o  n o t  r e d u c e  to  a s in g le  o n e - d i m e n s i o n a l  

c e n t e r  b u t  r a t h e r  c o m b i n e  t h e  b o u n d a r i e s  o f  t r a d i t io n  w i th  t h e  i n f in i t e  e x p a n ­

s io n  o f  i n n o v a t i o n .

A fr ic a n  fra c ta ls  in  m a t h  e d u c a t io n

S e v e r a l  r e s e a rc h e r s  h a v e  i n d e p e n d e n t l y  e x p lo r e d  f r a c ta l  a s p e c t s  o f  A f r i c a n  

m a th e m a t ic s .  C h o n a t  G e tz  o f  th e  U n iv e r s i ty  o f  th e  W i t w a t e r s r a n d  h a s  c re a te d  

I t e ra te d  F u n c t io n  S y s tem  s im u la t io n s  o f  Zulu  basket w eav in g .  J o h n  S im s,  m a t h e ­

m a t ic i a n  a n d  a r t i s t  a t  t h e  R in g l in g  S c h o o l  o f  D es ign  in F lo r id a ,  h a s  d e v e lo p e d  

frac ta l  p a t t e rn s  based o n  Bakuba.rafia  c lo th  ( a n d  inspired  by his A f r i c a n  her i tag e ) .  

In  c h a p te r  5 w e e n c o u n t e r e d  th e  lu so na  ana lys is  o f P a u lu s  G e rd s ,  a p ro fesso r  at 

U n tv e r s id a d e  P ed ag o g ica  o f  M a p u to ,  M o z a m b iq u e ,  w h o se  p ro l if ic  w r i t in g s  h a v e  

r e c e n t ly  ra n g e d  from  th e  e t h n o m a t h e m a t i c s  o f  w o m en 's  a r t  in  s o u t h e r n  A fr ica  

(G e rd e s  1 99 8a)  to  th e  use o f  M o z a m b iq u e  b a sk e t  w e a v in g  g e o m e t ry  in  m o d e l ­

ing  fu l le re n e  m o le c u le s  (G e rd e s  1998b).
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W h i l e  th e r e  are  c lea r ly  b e n e f i t s  to  u t i l iz in g  in d ig e n o u s  k n o w le d g e  for 

d e v e lo p m e n t  an d  e d u c a t io n  in A fr ica ,  A f r i c a n  fractals  m ig h t  also be  o f  use in th e  

U n i t e d  S ta te s .  D esp ite  t h e  low m a t h e m a t i c s  p a r t i c i p a t i o n  o f  A f r i c a n  A m e r i c a n  

s tu d e n ts  as a n  e th n i c  g ro up ,  it h a s  b e e n  d e m o n s t r a t e d  th a t  c h a n g e s  in th e  le a r n ­

in g  e n v i r o n m e n t  c a n  im p ro v e  t h e i r  m a t h e m a t i c s  p ro f ic ien cy  to  levels  e q u a l  to  

th e  m a jo ri ty  po p u la t io n .  E v id e n c e  suggests t h a t  a l th o u g h  d ire c t  in s t i tu t io n a l  b a r ­

riers in e c o n o m ic a l ly  d is a d v a n ta g e d  s ch o o ls ,  s u c h  as th e  e m p h a s is  o f  v o c a t io n a l  

o v e r  a c a d e m ic  su b jec ts  (D av is  1 9 8 6 )  a n d  l a c k  o f  c o m p u te r  access  (A n d e r s o n ,  

W e lc h ,  a n d  H arr is ,  1 9 8 4 )  c a n  a c c o u n t  for so m e  o f  th is  d if fe ren ce ,  m o re  sub t le  

cu rr icu la r  ch an g es  c a n  play a key ro le  in r e t e n t io n  an d  a c h ie v e m e n t .  For exam ple , 

B ara tz  e t  a l .  ( 1 9 8 5 )  fo u n d  t h a t  A f r i c a n  A m e r i c a n  s tu d e n t s  are  m o re  l ike ly  to  

use c o m p u te r s  fo r  r o u t in e  dri l l ;  h e n c e ,  t h e  p r o b le m  is n o t  s im ply  th e  a v a i l a b i l ­

ity o f  c o m p u te r s ,  b u t  a lso  t h e i r  s ty le  o f  u t i l i z a t io n .  T h e  N a t i o n a l  A s s e s s m e n t  o f  

E d u c a t io n a l  Progress  (1 9 8 3 )  s tu d y  o f  m a t h  p e r f o r m a n c e  in  s e v e n te e n -y e a r - o ld  

A f r i c a n  A m e r i c a n s  r e p o r te d  th e  g re a te s t  d e f i c ie n c i e s  a t  t h e  a p p l i c a t i o n s  leve l ,  

a n d  severa l  re sea rch e rs  (U s isk in  1985; D av is  1989; M a lc o m  1 9 8 3 )  h a v e  r e c o m ­

m e n d e d  r e v i s io n  o f  c o u rs e s  to  e m p h a s iz e  m o r e  in t e rd i s c ip l in a r y  a n d  “rea l-  

w o r l d ” m a t h e m a t i c s  i n s t r u c t i o n  as  w e l l  as  “ a c t i o n - o r i e n t e d ” p ed a g o g y .  

C o m p u te r -b a s e d  l e a r n in g  h a s  d e m o n s t r a t e d  t h e  c a p a b i l i ty  fo r  b o t h  in t e r a c t iv e  

a n d  in te rd i s c ip l in a ry  m a t h e m a t i c s  i n s t r u c t io n  (K e ite l  a n d  R u r h v e n  1 99 3 ) ,  an d  

S t i f f  e t  al. (1 9 9 3 )  spec if ic a l ly  p o i n t  to  c o m p u te r - b a s e d  learn ing , as a p ro m is in g  

fo ru m  for b r in g in g  th e s e  c h a n g e s  to  A f r i c a n  A m e r i c a n  s tu d e n ts .  T h e s e  n e e d s  

c o u ld  be d i r e c t ly  ad d re s se d  by a p p ly in g  A f r i c a n  f rac ta ls  to  th e  c la s s ro om .

In  a d d i t i o n  to  c h a n g e s  in s t r u c tu r a l  a sp e c t s  o f  m a t h e m a t i c s  te a c h in g ,  

seve ra l  re se a rch e rs  a n d  in s t ru c to r s  h a v e  i n i t i a t e d  c u l tu ra l ly  e n r i c h e d  cu rr icu la .  

T h e  r a t io n a l e  for t h i s  a p p r o a c h  c o m e s  f ro m  a v a r ie ty  o f  p e r s p e c t iv e s  (e .g .,  

V y g o ts k ia n  l e a r n in g  th e o r y ) .  P o w e l l  ( 1 9 9 0 )  n o te s  t h a t  p e rv a s iv e  m a i n s t r e a m  

s t e r e o ty p e s  o f  s c i e n t i s t s  a n d  m a t h e m a t i c i a n s  c o n f l i c t  w i t h  A f r i c a n  A m e r i c a n  

c u l tu r a l  o r i e n t a t i o n .  S im i l a r  c o n f l ic t s  b e tw e e n  A f r i c a n  A m e r i c a n  id e n t i t y  an d  

m a t h e m a t i c s  e d u c a t i o n  in  t e r m s  o f  s e l f - p e r c e p t i o n ,  c o u r s e  s e l e c t i o n ,  a n d  

c a r e e r  g u id a n c e  h a v e  b e e n  n o t e d  (cf. H a l l  a n d  P o s t m a n - K a m m e r  1987; B oy er  

1983).  B u t  we sh ou ld  n o t  assum e th a t  th is  c o n s t i tu te s  a p ro b le m  o f  “se lf-es teem .” 

T h e  r e l a t i o n  b e tw e e n  c u l tu r a l  id e n t i t y  a n d  l e a r n in g  is q u i t e  c o m p le x ;  it w o u ld  

be n a iv e  to  suggest  t h a t  to d a y ’s A f r i c a n  A m e r i c a n  s tu d e n t s  h a v e  th e  sa m e  re l a ­

t i o n  to  ideas  a b o u t  t h e i r  a n c e s t r y  as d id  s t u d e n t s  in p r e v io u s  d e c a d e s ,  a n d  in 

n o  ca se  h a s  t h e r e  e v e r  b e e n  a s im p le  “ m i m i c r y ” o f  A f r i c a n  c u l tu r e .  R a th e r ,  

e th n o g r a p h i c  r e s e a rc h  ( H e b d ig e .  1987; M e r c e r  1988; R o se  1 9 9 4 )  sh o w s  t h a t  

A fr ic a n  A m e r i c a n  y o u th  ac t iv e ly  c o n s t r u c t  id e n t i ty  using  a w ide  va r ie ty  o f  c u l ­

tu r a l  s ign if ie rs .
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For th is  reason, app lica t io ns  o f  A fr ican  fractals will h a v e  to  .stress design  tools 

a n d  gu ided  discovery , a n d  av o id  passive p re s e n ta t io n .  W h i l e  “ in t e r a c t iv e ” has  

b ecom e  a ca tc h w o rd  in  m u l t im ed ia ,  m any  o f  these  systems m erely  use th e  c o m p u te r  

like a  slide p rojec tor ,  w i th  s tu d e n ts  pressing d if feren t b u t to n s  to  see va r ious  images. 

M u l t im e d ia  in  th is  fo rm  h as  a d is t inc t ly  “c a n n e d ” feel to  it. T h e  d e s ign  a p p ro a c h ,  

in c o n tra s t ,  offers s tu d e n ts  tools  for c o n s t ru c t in g  p a t t e rn s  o f  th e i r  o w n  c rea t io n .  

T h a n k s  to  m a n y  p a r t ic ip a n ts — in  part icu la r ,  p ro g ram m e rs  T Q  Berg an d  Ja ro n  

S am p so n ,  a n d  m in o r i ty  m a th -e d u c a t io n  specialist G lo r ia  G i lm e r— we h a v e  s ta r ted  

d e v e lo p m e n t  o f  a n  A f r i c a n  frac ta ls  so f tw are  m a t h  lab. T h e  lab  beg in s  w i th  s im u ­

la t io n s  o f  t r a d i t io n a l  A f r ic a n  p a t t e rn s  a n d  show s  s tu d e n ts  h o w  th e  m a th e m a t ic a l  

s t ru c tu re  b e h in d  th e s e  des igns  offers th e m  too ls  to  c re a te  th e i r  ow n.

A g a in ,  i t  is i m p o r t a n t  to  stress  t h a t  A f r i c a n  A m e r i c a n  s t u d e n t s  a re  n o t  

e x p e c t e d  to  b e  i n t e r e s t e d  in  t h e  m a t e r i a l  o u t  o f  a s im p le  i d e n t i t y  r e f l e c t i o n ,  

a n y m o re  t h a n  th e y  w o u ld  necessar ily  be in te re s te d  in  w e a r in g  D nsh ik i  s h i r t s  a n d  

A fros .  R a th e r ,  it is t h e  o p p o r t u n i t y  to  c re a t e  n e w  c o n f ig u ra t io n s  a n d  sy n th e se s  

th a t  Combine trad i t io n  an d  in n o v a t io n  th a t  are s ignificant. A t  t h e  J u n e  1996 m e e t ­

ing  o f  t h e  C o lu m b u s  U r b a n  Y o u th  C o n f e r e n c e ,  w e e x p lo r e d  th e s e  c o n n e c t i o n s  

w i th  a  class o f  e ig h t e e n  1 2 -y ea r -o ld  A f r i c a n  A m e r i c a n  s tu d e n t s .  T h e  first class 

m e e t in g  in t r o d u c in g  t r a d i t i o n a l  a r c h i t e c t u r e  was a n e a r  d isas te r ;  d e s p i te  m u l t i -  

m e d ia  a n d  m a n i p u la t iv e s ,  it a p p e a re d  t h a t  t h e  p r im ie iv i s t  a s s o c ia t i o n s  w ith  

“ m u d  h u t s ” w ere  a s t ro n g  d e t e r r e n t .  T h e  fo l lo w in g  sess ion ,  u s in g  th e  G h a n a i a n  

log sp i ra l— c e l lu la r  a u to m a ta — ow ari r e la t io n s ,  was q u i t e  successfu l ,  p ro b a b ly  

b eca u se  t h e  c o m b i n a t i o n  o f  t r a d i t io n a l  re l ig ious k n o w le d g e  a n d  m a t h e m a t i c a l  

g r a p h ic s  s e n t  a m o r e  c l e a r  a n t i p r i m i t i v i s t  m e s s a g e d  B u t  in  a d e s ig n  e x e rc i s e  

w h e re  th e  s tu d e n t s  b e g a n  w i th  c o m p u t e r  g r a p h ic s  s i m u la t i o n s  o f  t h e  G h a n a i a n  

lo g a r i t h m ic  sp i ra l  p a t t e r n s ,  th e y  s h o w e d  l i t t l e  i n t e r e s t  in  p r o d u c i n g  fu r th e r  

imitations o f  t h e  A f r i c a n  d e s ig ns .  R a th e r ,  t h e  s t u d e n t s  q u ic k ly  c a u g h t  o n  to  

v isual  c o r re la te s  o f  t h e  e q u a t io n  p a ra m e te r s  a n d  b e g a n  a free-for-a ll  c o m p e t i t i o n  

to  see w h o  c o u ld  m a k e  th e  m o s t  b izarre  p a t t e rn s .  T h e i r  in t e r e s t  a p p e a re d  to  be 

sp a rk e d  by th e  A f r i c a n  c o n n e c t io n s ,  h u t  q u ick ly  w e n t  b e y o n d  th e m .

P e rh a p s  m o re  im p o r t a n t  t h a n  m i t i g a t i n g  a d i r e c t  c o n f l ic t  b e tw e e n  e t h n i c  

iden t i ty  a n d  m a th e m a t ic s ,  using A fr ican  fractals in th e  c lassroom  m ig h t  h e lp  guard 

a g a in s t  a n  o v e r e m p h a s i s  o n  b io lo g ic a l  d e t e r m i n i s m ,  w h i c h  h a s  b e e n  fo u n d  

adversely to  affect m a th e m a t ic s  learn ing .  G ea ry  (1 9 9 4 )  reviews cross-cu ltu ra l  s tu d ­

ies t h a t  in d i c a te  t h a t  w h i le  c h i l d r e n ,  te a c h e r s  a n d  p a r e n t s  in  C h i n a  a n d  j a p a n  

t e n d  to  v iew  d if f icu l ty  w i th  m a t h e m a t i c s  as a p ro b le m  o f  t im e  a n d  e f fo r t ,  th e i r  

A m e r i c a n  c o u n te r p a r t s  a t t r i b u t e  d i f fe re n c e s  in  m a t h e m a t i c s  p e r f o r m a n c e  to  

in n a t e  ab i l i ty  ( w h ic h  c a n  t h e n  b e c o m e  a self-fu lfi l l ing  p r o p h e c y ) .  F o r  A f r i c a n  

A m e r i c a n s ,  b io lo g ic a l  d e t e r m i n i s m  h a s  b e e n  c lo se ly  a s s o c ia te d  w i th  m y th ic
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s t er eo types  a b o u t  “p r i m i t i ve  p e o p l e ” (e.g. ,  t h e  fable  t h a t  A f r i c an s  c o u n t  “o n e ,  

two,  t h r ee ,  m a n y ”). By s ho w in g  t h e  p r e s enc e  o f  c o m p l e x  m a t h e m a t i c a l  co n ce p t s  

in A f r i c a n  cu l t u r e ,  we c a n  m e n d  so m e  o f  t h a t  da m ag e .  S in c e  r e du c t i ve  m y t h s  o f  

b io log i ca l  d e t e r m i n i s m  are  d e t r i m e n t a l  to  m a t h e m a t i c s  l e a r n i ng  for s t u d e n t s  o f  

al l  e t h n i c  backg rou nds ,  al l  s t u de n t s  cou ld  po t e n t i a l l y  benef i t  f r om  th i s  mat e r i a l .

Final ly,  we shou ld  n o t e  t h a t  t h e  i nc r ea s ing  use o f  mu l t i c u l t u r a l  cu r r i cu l um 

mater i a l s  in t h e  arts and  h u m a n i t i e s  h a v e  n o t  b e e n  m a t c h e d  in t h e  sciences.  T h i s  

c ou ld  s end  a mes sage  t o  m i n o r i t y  s t u d e n t s  t h a t  t h e i r  he r i t ag e  is on ly  p e r t i n e n t  

t o  t h e  a r t s  a n d  h u m a n i t i e s ,  a n d  t h a t  t h e  s c i e nc es  a re  rea l ly  for  peop l e  f r om 

o t h e r  e t h n i c  groups.  In addi t ion ,  some texts  such  as Multicultural Mathematics (N e l ­

s o n  19 93 )  h a v e  emp has i zed  on ly  C h i n e s e ,  H i n d u ,  a n d  M u s l i m  exa mple s ,  so 

t h a t  e v e n  in cases w h e r e  m u l t i c u l t u r a l i sm  is used,  A f r i c a n  m a t h  may  be left ou t  

( see Katz  1992 for  a  s imi la r  c r i t i que ) .  A n d  o f  t h e  few tex t s  t h a t  do  use A f r i c a n  

ma th ,  a lmos t  all examples  are res t r ic ted to  pr imary school  level. Again ,  thi s  restr ic­

t i o n  m i g h t  u n i n t e n t i o n a l l y  imply  p r i m i t i v i sm  (i .e. ,  t h a t  m a t h e m a t i c a l  c o n c e p t s  

f r om A f r i c an  cu l t u r e  are  on ly  ch i l d l i ke ) .  Fo r  thi s  re ason ,  ou r  l ab ’s i nc lus ion  of  

a d v a n c e d  t op i c s  su ch  as f ractal  geome t ry ,  c e l l u l a r  a u t o m a t a ,  a n d  cq m p le x i t y  

a re  w or th  t h e  ex tr a  effort to  t ie  i n to  a s econdary  s chool  cu r r i cu lum (w i thou t  ove r ­

l ook i ng  t h e  use o f  s t an d a r d  topi cs  su ch  as l o g a r i t hm ic  s ca l ing ,  geom e t r i c  c o n ­

s t ru c t i o n ,  a n d  t r i go nom e t ry ) ,

W h i l e  t he  mul t imedi a  lab’s mos t  significant potent ia l  for improving educat i on  

is in ma thema t i c s ,  we should n o t  ignore Af r i c an  Studi es .  Af r i c an  art ,  for example ,  

is increasingly used in secondary school s  across t he  na t i o n ,  and  use o f  our  lab could  

great ly  e n h a n c e  such  courses.  First,  as no t e d  abov e ,  it p rovides  an  a l t e rna t i ve  to 

d e t r im en t a l  m i s r ep r e se n t a t i ons  o f  A f r i c an s  as “p r im i t i ve "  peop le .  In ar t  h is tory  

lessons ,  for i n s t an ce ,  s t u d e n t s  o f t en  l e a rn  a b o u t  t h e  g e o m e t r i c  basis for G r e e k  

a r c h i t e c t u r e  o r  R e n a i s s a n c e  p a i n t i n g ,  w h i l e  c o m m e n t a r y  o n  A f r i c a n  works  is 

o f t en  r es t r i cted  t o  discuss ion o f  "na tu r a l ne s s” o r  “em o t io n a l  expres s ion. ” Se co nd ,  

t h e  lab aids in i n t egra t ive  cur r icul a  d e v e l o p m e n t  (see R o t h  1994 o n  difficul t ies 

in th i s  area) .  I t  wou ld  a l l ow m a t h  t e ac he r s  w h o  wou ld  l ike to  i nc lude  e th n o -  

m a t he ma t i c s  co m p o n e n t s  in t he i r  t e ac h in g  t o  refer t o  examp le s  in wh ich  s t udent s  

are al ready engaged,  an d  would p rov ide  ar t  t e ache r s  w i t h  new  tools for des ign  an d  

analysis.  S imi l a r  adv an t ag es  co u ld  be  o b t a i n e d  in  o t h e r  A f r i c an  S tud i e s  areas.

In f o r m a t i o n  technologies  a n d  s u s ta in a b le  d e v e lo p m e n t

T h e  use o f  i n d i g e n o u s  k n o w l e d g e  sy s t ems  in  d e v e l o p m e n t  goes  ba ck  t o  c o l o ­

n i a l  a p p ro p r i a t i o n s ,  b u t  in t h e  p o s t c o l o n i a l  c o n t e x t  t h e s e  sy s tems  h a v e  t a k e n  

o n  n e w  m e a n i n g  as a s ign  o f  e i t h e r  e p i s t e m o lo g i c a l  i n d e p e n d e n c e ,  o r  a t  leas t
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a m o r e  e g a l i ta r ia n  v iew  o f  k n o w le d g e  sy s tem s .  In  c h a p t e r  10, fo r  e x a m p l e ,  w e 

saw  t h e  s c a l in g  sp i ra l s  o f  J o l a  s e t t l e m e n t  a r c h i t e c t u r e  t h a t  a ro s e  f ro m  t h e i r  

c i r c u l a r  b u i l d in g s ;  t h e  F r e n c h  r e s e a r c h  o r g a n i z a t i o n  E N D A  h a s T b u i l t  a n  

i m p lu v i u m  c r e a t e d  by t h e  c o m b i n a t i o n  o f  m o d e r n  m a t e r i a l s  a n d  th i s  t r a d i ­

t i o n a l  Jo la  d e s ig n .  A n o t h e r  o f  E N D A ’s ru ra l  d e v e l o p m e n t  p r o j e c t s  t h a t  i n c o r ­

p o r a t e  b o t h  t r a d i t i o n a l  f r a c ta l  a r c h i t e c t u r e  a n d  m o d e r n  t e c h n i q u e s  is s h o w n  

in  f ig u re  14.6.

In  c h a p te r  6 w e saw h o w  th e  sca l in g  p a t t e r n s  o f  k c n t e  c lo th  w ere  c re a te d  

to  m a t c h  th e  sca l ing  o f  saccad ic  eye m o v e m e n ts  as th e y  s c a n  from  th e  face to  th e  

body. T h e  G h a n a i a n  B ro a d c a s t in g  C o r p o r a t i o n ,  G h a n a ’s n a t i o n a l  te le v is io n  

c h a n n e l ,  h a s  c o n t in u e d  th is  p ra c t ic e  in t h e  c o n t e x t  o f  m o d e r n  in f o rm a t io n  t e c h ­

nologies,  uti lizing th e  scaling  p a t t e rn  o f  k e n te  c lo th  in th e i r  tes t p a t t e rn  (fig. 14.7).  

W h e r e a s  t h e  t r a d i t io n a l  sca l ing  was ap p l ie d  to  t h e  h u m a n  v isua l s c a n ,  th is  te c h -  

nologized version makes use o f  th e  sam e p a t te rn  for tes ting  th e  v ideo  scan. A  simple 

a p p l i c a t i o n ,  b u t  it show s th a t  A f r i c a n  f ra c ta l s  a re  n o t  ju s t  r e s t r i c te d  to  lo w - t e c h  

a d a p ta t io n s ;  th e y  c a n  a lso  p ro v id e  s o m e  useful b r id g e s  b e tw e e n  t r a d i t io n a l  a n d  

h i g h - t e c h  worlds.

I n  c h a p te r  10 w e saw  t h a t  t h e r e  w ere  ties b e tw e e n  t h e  t r a d i t i o n a l  k n o w l ­

ed g e  sys tem s su p p o r te d  by A f r i c a n  f rac ta ls  a n d  th e  p r o d u c t iv e  m a i n t e n a n c e  o f  

th e se  societies  in w h a t  Per  Bak w o u ld  call a s t a te  o f  se lf-organ ized  cr i t icali ty .  T h i s  

suggests  t h a t  m o s t  o f  t h e  in d ig e n o u s  A f r i c a n  so c ie t ie s  w ere  n e i t h e r  u t t e r ly  a n a r ­

c h ic ,  n o r  frozen in  s t a t i c  o rd e r ;  r a th e r ,  th e y  u t i l iz ed  a n  a d a p t iv e  f lex ib i l i ty  t h a t  

co u ld  be  ap p l ie d  to  m o d e r n  d e v e lo p m e n t .  B u t  d e c a d e s  o f  r e s e a rc h  h a v e  s h o w n

f i g u r e  14.6  

M o d e r n i s e d  
f r a c ta l  v illage

This ENDA project in Burkina 
Faso combined the traditional 
fractal structure with modern 
construction techniques.
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FI GURE  I 4 . 7

K e n te  c lo th  in  the  
Q hcinaian B roadcas ting  
C orporation  te s t  p a t t e r n

Kente cloth pattern is used in 
the upper right-hand quadrant 
of the large circle.

t h a t  a t o p - d o w n  a p p ro a c h  to  d e v e l o p m e n t ,  e v e n  t h a t  m a k i n g  use o f  i nd ige nou s  

kno w le dg e ,  is o f t e n  less e f f ec t i ve  t h a n  a b o t t o m - u p ,  “grass r oo t s ” ap p r oa c h .  

A d o p t i n g  i n f o rm a t io n  t e c h n o l o g y  t o  n i r a l  a r ea s  c ou l d  p r ov id e  t h e  o p p o r t u n i t y  

for  p u t t i n g  A f r i c a n  f ractal s  t o  w or k  in  s u s t a in a b l e  d e v e l o p m e n t .

In  a d d i t i o n  t o  t h e  n e e d  for b o t t o m - u p  au tho r i t y ,  r es ear cher s  h a v e  d e m o n ­

s t r a t e d  t h e  c r i t i c a l  r o l e  o f  w o m e n  in  A f r i c a n  d e v e l o p m e n t  (e .g . ,  B o se r u p  

1970 ;  N e l s o n  1981 ;  A d e p o j u  a n d  O p p o n g  1994 ) ;  p a r t i c u l a r l y  in t e r ms  o f  t h e  

g e n d e r e d  d i v i s i on  o f  l abo r  in r u r a l  s o c i e t i e s  ( B e n e r i a  1 982 ) .  W h i l e  m u c h  o f  

t hi s  ana ly s i s  ha s  f ocused  o n  t h e  v u l n e r a b i l i t y  o f  w o m e n  in  b e a r i n g  t h e  b r u n t  

o f  e c o n o m i c  c h a n g e ,  it h a s  a lso  s t n r t e d  h  n e w  a p p r e c i a t i o n  for  t h e  e x t e n s i v e  

k n o w le d g e  sy s t ems  t h a t  ex i s t ed  in  p r e c o l o n i a l  w o m e n ’s a c t i v i t i e s .  S i n c e  m a n y  

o f  t h e s e  p r ac t i c e s  c o n t i n u e  t o d a y  ( a l b e i t  i n  m o d i f i e d  f o r m ) ,  w o m e n ’s i n d i g e ­

no us  kn ow le d ge  sys tems h a v e  b e c o m e  an  i m p o r t a n t  re source  in new  ap p r oa c he s  

t o d e v e l o p m e n t .

S o m e  obvious  chal l enges  i n c l ude  e n v i r o n m e n t a l  d am ag e  ( i nc reas ing  s a l i n ­

izat ion,  defor es ta t ion ,  and  deser t i f ica t ion) ,  ex t e r na l  e c o n o m i c  pressures ( t h e  mov e  

t o c a s h - c ro p p in g ,  t ou r i sm ,  a n d  m i g r a t i o n  t o  c i t ies ;  abus e  o f  p o w e r  by  p r i va t e  

c o r p o r a t i o n s ) ,  i nc r ea s ed  d i s ea se  ( A I D S  a n d  o t h e r  v i ru se s ) ,  po l i t i c a l  u n r e s t  

( e t h n i c  co n f l i c t ,  u n c o n t r o l l e d  m i l i t a r y  fo r ce ,  abus e  o f  a u t h o r i t y ) ,  a n d  d a m a g e  

t o t h e  s oc io c u l t u r a l  sy s t em (d i s r u p t i o n s  o f  w o m e n ’s t r a d i t i o n a l  au t ho r i t y ,  loss 

of  t r a d i t i o n a l  k n o w le d g e  sy s t ems ) .  W h i l e  al! o f  t h e s e  a re  far t oo  large t o  be 

add re s sed  by an y  o n e  a p p r o a c h ,  n o n e  o f  t h e m  c a n  be v i ew ed  in  i s o l a t i on  f rom 

the  o ther s .  In  Niger i a ,  for exam p l e ,  t h e  She l l  P e t r o l eu m D e v e lo p m e n t  C o m p a n y
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b e g a n  o p e r a t io n s  in  O g o n i l a n d  t h a t  e v e n tu a l ly  led  t o  w id e s p r e a d  e n v i r o n ­

m e n t a l  d a m a g e ;  a t t e m p t s  to  p r o t e s t  t h r o u g h  th e  p ress  a n d  o t h e r  c o m m u n i c a ­

t i o n  e v e n tu a l ly  led to  t h e  e x e c u t i o n  o f  O g o n i  w r i t e r  K e n  S a r o - W iw a  ( S o y n ik a  

1 9 9 4 ) .  F r e e d o m  o f  t h e  p ress  is n o t  a sepa 'ra te  issue from,, p r o t e c t i o n  o f  t h e  

e n v i r o n m e n t .

It is right to  decry abuse o f  au thority ,  b u t  rep lac ing  o n e  au th o r i ty  w ith  a n o th e r  

is n o t  n ec e ssa r i ly  g o in g  to  p ro v id e  a l o n g - te rm  s o lu t i o n .  A f r i c a n  f rac ta ls  sugges t  

tw o  a l t e r n a t iv e  a p p ro a c h e s .  F irs t ,  w h a t  is n e e d e d  is n o t  E. F. S c h u m a k e r ’s ca ll  

for "sm all  is b e a u t i fu l , ” b u t  r a t h e r , a  s e l f -o rg an ized  a p p r o a c h  to  c h a n g e s  in  th e  

r e l a t i o n s  b e tw e e n  sc a le  a n d  th e  s o c i o e n v i r o n m c n t a l  s y s te m s— n o t  ju s t  a p p r o ­

p r i a te  te c h n o lo g y ,  b u t  a p p r o p r i a t e  s c a l in g .  S e c o n d , ' m o r e  c r i t i c a l  a t t e n t i o n  

n e e d s  to  be pa id  to  t h e  a r t i f i c i a l /n a tu r a l  d i c h o t o m y ,  w h ic h  t e n d s  to  b e  t r a p p e d  

in  e i t h e r  th e  o rg a n ic is t s ’ des i re  for u n to u c h e d  n a tu r e  (e .g . ,  H u g h e s  1 99 6 ) ,  o r  th e  

t e c h n o - o p t i m i s t ’s d e s i re  for re s o u rc e  e x t r a c t i o n .

A n  a l t e r n a t iv e  to  th e s e  d a m a g in g  e x t r e m e s  c a n  be  fo u n d  in C a le s to u s  

j u m a ’s 1989 classic, T he  G e n e  Fhmters.  R a th e r  t h a n  a p re s e rv a t io n is t  pe rsp ec t ive ,  

in  w h i c h  in d i g e n o u s  so c i e ty  w o u ld  be  p o r t r a y e d  as n a t u r a l  e l e m e n t s  o f  a n  

u n c h a n g in g  ecosys tem , o r  a  te c h n o c r a t i c  p ro f i te e r in g  p e r s p e c t iv e , . in  w h ic h  ag ri­

c u l tu ra l  d e v e lo p m e n t  is m ere ly  a q u e s t io n  o f  m a x im iz in g  y ie ld s  w i th  im p o r te d  

s tra ins ,  Ju m a  p ro v id e s  e v id e n c e  for in d ig en o u s  a g r icu l tu ra l  a c t iv i ty  as su s ta in ab le  

b io t e c h n o lo g y .  H is  s tu d ie s  sh o w  a lo n g - s ta n d in g  A f r i c a n  t r a d i t i o n  o f  n e w  seed  

v a r ie ty  d e v e l o p m e n t  t h a t  c o m b i n e d  e c o lo g ic a l  s u s ta in a b l i l ty  w i t h  i n n o v a t i o n  

a n d  e x p e r im e n ta t io n .  T h e s e  p rac t ices  h a v e  b e e n  t h r e a t e n e d  hy c o rp o r a te  m o n o -  

c ro p p in g ,  w h ic h  c a n  cau se  soil d e p le t io n ,  o v e r - d e p e n d a n c e  ora in s e c t i c id e s ,  loss 

o f  g e n e t i c  v a r i a t i o n ,  a n d  o t h e r  soc ia l  a n d  eco lo g ica l  crises ,  as  w ell  as t h e  a p p r o ­

p r i a t i o n  o f  th e s e  g e n e t i c  re so u rces  by a  b io t e c h n o lo g y  in d u s t ry  w i th  l i t t le  i n t e r ­

est in  in d ig e n o u s  legal r igh ts .  Ju in a  n o te s  t h a t  th e  c h a l l e n g e  n o w  fac in g  A f r i c a n  

ag r icu l tu ra l is ts  is n o t  ju s t  p re s e rv a t io n  of b iod iversi ty ,  b u t  a lso  access  to  th e  legal, 

t e c h n ic a l ,  a n d  f in a n c ia l  a p p a ra tu s  t h a t  w o u ld  a llow  t h e m  to  re a p  th e  profit  t h a t  

c o u ld  su s ta in  s u c h  e co lo g ica l ly  so u n d  efforts .

F ro m  th e  v ie w p o in t  o f  c o m p le x i ty  th eo ry ,  J u m n ’s c r i t i q u e  suggests  t h a t  w e 

are  t r a p p e d  b e tw e e n  th e  p e r io d ic  s tasis  o f  t h e  p r e s e r v a t i o n i s t s ’ l im i t  cy c le ,  a n d  

t h e  w h i te  n o is e  o f  t h e  p ro f i t e e r in g  p o s i t iv e  fe e d b a c k  lo op .  A s  w e saw in  th e s e  

m a t h e m a t i c a l  m o d e ls ,  b o t h  a re  la c k in g  in f lex ib le  i n t e r a c t i o n s  w i th  m e m o ry ;  

t h e  l im i t  c y c le  b e in g  to o  t ie d  to  i t ,  a n d  th e  w h i te  n o i s e  b e in g  t o o  free  f r o m  it. 

In fo rm a t io n  tech no lo g ies  h a v e  th e  p o te n t ia l  to  p ro v ide  th is  m em ory , d o c u m e n t in g  

in d ig e n o u s  k n o w le d g e  fro m  seed  v a r i e t i e s  a n d  soil ty p e s  to  g e n e  s e q u e n c e s  to  

e c o to p e s .  By p r o v i d in g  i n f o r m e d  rura l a c c e s s  t o  i n f o r m a t i o n  t e c h n o l o g ie s ,  

A fr ic a n  ag r icu l tu ra l i s t s  c a n  ta k e  a s t e p  to w ard  p r o t e c t i n g  th e i r  g e n e t i c  resources
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f r o m  a p p r o p r i a t i o n  a n d  m o v e  t o w a rd  J u m a ’s a p p r o a c h ,  w h i c h  we m i g h t  call  

“b io t e c h -d i v e r s i t y ” (cf.  H a r a w a y  1997;  S h i v a  1997) .

T o  vi ew in d i gen ou s  k n o w le d g e  as a  se l f -organ iz ing  sys tem is o n e  th ing ,  bu t  

c r e a t i n g  t h e  s ame  b o t t o m - u p  a p p r o a c h  for  a  syn th e s i s  o f  e co log i ca l  sus ta in-  

abl i l i ty a n d  t e c h n o l o g i c a l ' d e ve lo p m e n t  is a  m u c h  grea t er  chal l enge .  For  examp le ,  

Russel  Barsh note s :  “T h e r e  is a n  imp l i c i t  a s s um p t io n  in t h e  r es ea r ch  m e t h o d o l ­

ogy used to  e l i c i t  t r a d i t i o na l  p h a rm a c o lo g i c a l  k n o w le d g e  t h a t  t hi s  i n fo rm a t io n  

is r e co rded  a n d  t r a n s m i t t e d  d ig i ta l ly  ( n u m b e r s  a n d /o r  words )  . . . [ r a t he r  t han ]  

i n t e rna l i z i ng  an  an a lo g  m o d e l ” ( 1 9 9 7 ,  3 3 - 3 4 ) .

N a t i v e  Seeds ,  a b o t a n i c a l  o rg an i z a t i o n  d ed i c a t e d  t o  t h e  c o n t i n u a t i o n  o f  

indigenous p l an t  stock,  ha s  been  c r ea t i ng  a “cul tural  memory  b a n k ” t h a t  will record 

b o t h  an a lo g  a n d  d ig i ta l  i n f o r m a t i o n  o n  N a t i v e  A m e r i c a n  ag ri cu l t ure .  T h e  c o n ­

ce p t ,  o r i g in a t i n g  f r om  P h i l i p p i n e  e t h n o b o t a n i s t  V i rg in i a  N a z a r e a - S a n d o v a l  

(1996 ) ,  d o c u m e n t s  t h e  c o m b i n a t i o n  o f  cu l t u ra l  a n d  bio logica l  i n f o rm a t ion  abou t  

t h e  crops ,  seeds,  f a rming ,  a n d  u t i l i z a t i on  m e t h o d s .  T h e  i n fo rm a t ion ,  i nc l ud i ng  

v id eo  i n t erv i ews ,  is s t o r e d  o n  C D - R O M ,  w i t h  access  c o n t r o l l e d  en t i r e l y  by t h e  

indigenous  farmers.  In t h e  U.S.  c on t e x t ,  wh i c h  is over loaded  w i t h  e l ec t ron ic  t e c h ­

no logy  a n d  e t h n o c i d e ,  t h i s  a p p r o a c h  ma k es  s ense ,  b u t  t h e  A f r i c a n  c o n t e x t ,  

w i t h  its en o r m o u s  i n d ig en ou s  p o p u l a t i o n  a n d  spar se  e l e c t r o n i c  t e chno logy ,  will  

call  for  t e c hn iq ue s  t h a t  c a n  h a v e  a w ider  impac t ,  on e  t h a t  inc ludes  d e v e l o p m e n t  

o f  a t e ch n o l og i c a l  i n f r a s t ruc tu r e  as well .

If ther e  is t o  be social  t r an sfo rma t ion  t h r ough  grass-roots techno logica l  i n n o ­

va t i o n ,  it will  r equ i r e  m u c h  m or e  p a r t i c i p a t i o n  t h a n  agr i cu l t u r a l  sys tems  a lone .  

O t h e r  k inds  o f  i n f o rm a t io n  t e c h n o l o g y  d e v e l o p m e n t  co u ld  i nc lude  f lexible e c o ­

n o m i c  ne tworks ,  w h i c h  a l l ow smal l  -scale business' ' - > • co l l abo ra t e  in t h e  m a n u ­

fac tu r e  ot  p r odu c t s  a n d  service* u . cy  c ou l d  n o t  p ro d uc e  i nd ep en de n t l y .  T h e s e  

n e tw o rk s  h a v e  c r e a t e d  s t r o n g  r e v i t a l i z a t i o n  in  c e r t a i n  rural  a rea s  o f  Eu rope  

(Sabel  and  Piore 1990),  and  have  shown  promise in pi lot  studies in t he  rural Un i t ed  

S t a r e s  as wel t  (e.g. ,  A C E n e t  in s o u t h e r n  O h i o ) .  T h e  use o f  c o m p u t e r s  t o  o rg a ­

nize p ro du c t i o n  a n d  v e n d i n g  a n d  p r ov id e  d y n a m i c  s ea r ches  for t h e  app ro p r i a t e  

m a r k e t  n i c h e — o n e  w h i c h  wou ld  be e n v i r o n m e n t a l l y  an d  social ly su s t a inab l e  as 

wel l  as prof i tabl e— co u ld  sp r ead  t h e  benef i t s  o f  ne w  in f o rm a t io n  t e chn o l og i e s  to 

rhe microbusiness level wi thou t  hav ing  to  put  a laptop in every pushcart ,  anti  micro- 

f inanc ing programs ha ve  al r eady p roved  successful in man y  T h i r d  Wor ld  coun tr ie s  

(Se r a ge ld in  1997) .

A f r i c a n  t r a d i t i o n s  o f  d e c e n t r a l i z e d  de c i s i o n  m a k i n g  co u ld  a l so  be c o m ­

b i n e d  w i t h  n e w  i n f o r m a t i o n  t e c h n o l o g i e s ,  c r e a t i n g  n e w  forms  t h a t  c o m b i n e  

d e m o c r a t i c  rul e  w i t h  c o l l e c t i v e  i n f o r m a t i o n  sha r i ng .  T h e  idea o f  “e l e c t r o n i c  

d e m o c r a c y "  ha s  s l owly b e e n  d e v e l o p i n g  ov e r  t h e  I n t e r n e t ;  but  t h e  effor ts  h a v e
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b e e n  h a m p e r e d  by t h e  t e n d e n c y  to  a s su m e  th a t  v i r tu a l  v o t in g  m u s t  be  t h e  sam e  

as o rd in a ry  v o t ing .  P e rh ap s  th e  n e u ra l  n e t  style o f  A f r i c a n  d ec is io n  m a k in g  cou ld  

b e  u t i l iz e d  in  t h e  W e s t  as w ell ,  w i t h  v o te r s  i n d i c a t i n g  p r o p o r t i o n a b s t r e n g t h s  

fo r  v a r io u s  o p t i o n s .  C o n v e r s e l y ,  p e r h a p s  t h e r e  a r e  w ays  to” a p p ly  c o m p u t e r  

m ed ia  to  e n h a n c e  A fr ic a n  d e c is io n  m ak in g .  O n e  a p p r o a c h  w o u ld  b e  t h e  d e v e lo p ­

m e n t  o f  c o m m u n i t y  n e tw o r k s  t h r o u g h  p u b l ic -a c c e s s  t e r m i n a l s  ( S c h u l e r  1995).  

A n d  th e  e n o r m o u s  d e v e l o p m e n t  in  e l e c t r o n i c  s e c u r i ty  m e a s u re s ,  c r e a t i n g  sys­

te m s  t h a t  s tym ie  e v e n  th e  m os t  s o p h i s t i c a te d  h a c k e rs  ( e n c r y p t i o n  cod es ,  finger­

p r i n t  s c a n n e r s ,  e t c . ) ,  m i g h t  f i n d  uses  in  p r e v e n t i n g  v o t e r  f r a u d  t h a t  is so 

c o m m o n  in  u n s t a b le  p o l i t i c a l  reg im es.

N ig e r i a n  A m e r i c a n  c o m p u t e r  e n g in e e r  E g o n d u  O n y e j e k w e  h a s  s t a r te d  

effo r ts  to  app ly  in f o r m a t io n  t e c h n o lo g y  n e tw o rk in g  in  A f r i c a n  d e v e lo p m e n ta l  

p ro je c ts  u s in g  c o m p le x i ty  th e o r y  as  a  g u id in g  p r in c ip le .  O n e  a rea  she  c i te s  is th e  

p ro b le m  o f  lan d  o w n e rs h ip  (for e x a m p le ,  see C h a r n l e y  1 99 6 ) .  S h e  n o te s  t h a t  th e  

c o n t i n u a l  d iv i s io n  o f  l a n d  p r o m o t e d  by th e  c o lo n i a l  legacy  o f t e n  re su l ts  in 

u n p ro d u c t iv e  e c o n o m ie s  o f  sca le ,  b u t  t h a t  g o v e r n m e n t  o w n e r s h ip  te n d s  to  m ak e  

c o n d i t io n s  w orse  hy a d d in g  m o re  h ie ra rchy .  “R e so lv in g  t h e  la n d  p ro b le m  requires  

a n o n -h ie ra rc h ic a l  m e t h o d  o f  o rg an iza t io n ,  a sys tem  in w h ic h  c o o p e ra t iv e  b e h a v ­

io r  is re w a rd e d  a t  t h e  sa m e  t i m e  t h a t  in d iv id u a l  i n n o v a t i o n  c a n  f lourish ; a  c o m ­

b in a t io n  o f  co o p e ra t io n  an d  c o m p e t i t io n  like we see in ce l lu la r  a u to m a ta  an d  o th e r  

c o m p u t a t i o n a l  m o d e ls  of se l f -o rgan iz ing  sys tem s. W h a t  b e t t e r  way to  e n c o u ra g e  

th i s  t h a n  th r o u g h  c o m p u t in g  a n d  in f o rm a t io n  n e tw o rk s ? ” **

N e i t h e r  t h e  A f r i c a n  f rac ta ls  f r am e w o rk  n o r  d i s s e m i n a t i o n  o f  in f o rm a t io n  

tech no lo g ies  offers panaceas .  M y p o in t  is, rather,  th a t  th e  sh ift  in p erspec tive  often 

ca l led  for in d e v e lo p m e n t  n e e c t n o t  be  e i t h e r  c o n s e r v a t iv e  r e tu r n  to  -the pas t ,  n p r  

t h e  e p is te m o lo g ic a l  e q u iv a l e n t  o f  a n  a l i e n  in v a s io n .  A f r i c a n  f r ac ta l s  o ffe r  a 

f r a m ew o rk  t h a t  is b o t h  ro o te d  in  in d ig e n o u s  c u l tu r e s  a n d  c ro s s -p o l l in a te s  w i th  

n e w  hybr ids .
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T h e r e  are  sev e ra l  d i f f e re n t  ways co e s t im a te  t h e  f r a c ta l  d im e n s io n  o f  a sp a t ia l  

p a t t e r n .  In  t h e  case  o f  M o k o u le k  (fig. 2 .4  o f  c h a p t e r  2 ) we h a v e  a b la c k -a n d -  

w h i te  a r c h i t e c t u r a l  d iag ram , w h ic h  a l low s  us to  d o  a tw o -d im e n s io n a l  v e rs io n  

o f  che ru le r  size v e rsu s  le n g t h  p lo t s  w e saw  in  c h a p t e r  1. By p la c in g  th e  a r c h i ­

te c tu ra l  d ia g ra m  o f  M o k o u le k  u n d e r  g r ids  o f  in c r e a s in g  re so lu t io n ,  a n d  c o u n t ­

in g  tire n u m b e r  o f  g rid  ce lls  t h a t  c o n r a i n  so m e  p a r t  o f  t h e  d iag ra m , we c a n  p lo t  

th e  in c re a se  o f  a re a  w i th  d e c re a s in g  ce l l  size ( ju s t  as we o b ta i n e d  a p lo t  o f  th e  

in c r e a s in g  l e n g t h  w i th  d e c re a s in g  ru le r  size).  F igure  a . i  show s  th e  resu lts ,  in d i ­

c a t i n g  a  f r a c ta l  d im e n s i o n  o f  1 .67— n o t  t o o  far  f ro m  t h e  i .53 f r a c ta l  d im e n s io n  

t h a t  is o b t a i n e d  a n a ly t ic a l ly  from  th e  c o m p u t e r  s im u la t io n .

F o r  t h e  a e r i a l  p h o t o  o f  L a b b a z a n g a  (f ig .  2 .5  o f  c h a p t e r  2) w e h a v e  an  

image in sh ades  o f  gray, an d  th e  s im p le  g r id - c o u n t in g  m e th o d  c a n n o t  be applied . 

It is p o s s ib le  to  r e d u c e  t h e  gray  s c a l e  t o  b l a c k  a n d  w h i te ,  b u t  a n  a l t e r n a t i v e  

m e t h o d  a l low s us to  m a k e  a m o r e  d i r e c t  m e a s u re  o f  t h e  sc a l ing  p ro p e r t ie s .  F ig ­

u re  a . 2a sho w s_ th e  m e t h o d  for f i n d in g  t h e  s c a l in g  s lo p e  o f  1/ F  n o ise  in  a o n e ­

d im e n s i o n a l  t i m e  se r ies  hy a p p ly in g  a  F o u r i e r  t r a n s fo r m .  In  figure a .2b w e see 

h o w  th i s  c a n  be  a p p l i e d  to  a t w o - d i m e n s i o n a l  s p a t i a l  d i s t r i b u t i o n  by s w e e p ­

ing th e  sam e  sp e c t ra l  d en s i ty  m e a s u re  a r o u n d  in po la r  c o o rd in a te s .  R a th e r  t h a n  

tire l i n e  o f  o n e - d i m e n s i o n a l  1 / F  n o i s e ,  a t w o - d i m e n s i o n a l  d i s t r i b u t i o n  is
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c h a r ac t e r i z ed  by  a c o n e .  I t  is di f f i cu l t  t o  sh o w  t h e  e n t i r e  c o n e ,  b u t  we c a n  t ake  

h o r i z o n t a l  s l i ce s  (fig.  a . 2 b ) ,  w h i c h  s h o w  s i m i l a r  c h a r a c t e r i s t i c s  for  b o t h  Lab-  

ba z a n g a  a n d  its f r a c t a l  s i m u l a t i o n  (fig.  a . 3)

A ppendix

log (cell size)

F I G U R E  A . J

M e a s u r i n g  th e  f ra c ta l  d im e n s io n  o f  M o k o u l e k



O n e - d i m e n s i o n a l  t i m e  s e r i e s  f o r  1/ F  n o i s e .

f r e q u e n c y

1/ F  n o i s e  s p e c t r a l  d e n s i t y  
f r o m  i - D  F o u r i e r  t r a n s f o r m .

l o w  f r e q u e n c i e s  a t  h i g h  p o w e r

j - D  F o u r i e r  t r a n s f o r m ,  w i t h  f r e q u e n c y  i n  p o l a r  

c o o r d i n a t e s :  w i d e r  c i r c l e  = h i g h e r  f r e q u e n c y .
T h e  l i n e  o f  1/ F  n o i s e  is  r o t a t e d  t o  b e c o m e  a  c o n e .

h i g h  f r e q u e n c i e s  a t  l o w  p o w e r

F I G U R E  A . 2 ..

U s in g  a  2 'D  F o u r i e r  t ra n s fo rm  to d e te c t  f ra c ta l  spa tia l d is tr ibu tions



h i g h  f r e q u e n c i e s  a t  lo w  p o w e r
a

lo w  f r e q u e n c i e s  a t  h i g h  p o w e r

h i g h  f r e q u e n c ie s  a t  l o w  p o w e r  l o w  f r e q u e n c i e s  a t  h i g h  p o w e r

F IGURE A . 3

R e s u l t s  o f  a  2 - V  F o u r ie r  t ra n s fo rm  a p p l i e d  to  a eria l  p h o t o  o f  L a b b a za n g a
(a) Spectra for aerial photo of Labhazunga (fig. 2.50 from chapter 2). (b) Spectra for fractal image 
(Jig. 2.5b from chapter 2). Note that the axes of symmetry in the fractal can he seen in this spectral 
density distribution, while none exist for that of Labbazanga.



Notes'

c h a p t e r  i  i n t r o d u c t i o n  t o  f r a c t a l g e o m e t r y

j. For a hexagon example, see Washburn and Crowe (1988, 237). Numerical examples 
can be found in Crump (1990, 39-40, 50-54, 105-106, 128-133).

2 . The number 10 was not only a basis for counting, but it also appeared in Chinese nat­
ural philosophy. In acupuncture, for example, the number 10 is created by the combi­
nation of the "five elements" (wu-yiin) and the binary yin/yang.

3. Michael Polanyi (1966) referred to this as "tacit knowledge.”

c h a p t e r  2 Fractals in  A f n c c .n  settlement architecture

1. On triangular churches, see Norberg-Schulz (1965, 172); for che Pantheon, see 
ibid., 1 24.

2. Another passage, “path of the serpent,” is used only by royalty. It alternates left and 
right as it approaches the center of the palace, and thus creates a scaling zigzag pattern. 
The implication seems to be that even royalty must negotiate the fractal ranking, but 
they can traverse it in a more direct route.

3. American readers are probably most familiar with nuclear families, but in Africa the 
family structure typically extends to much larger networks. The English term "cousins,” 
for example, emphasizes the nuclear family by .lumping all these relatives together, while 
many African kinship systems have distinct terms for paternal parallel cousins, mater­
nal parallel cousins, paternal cross cousins, etc.

4. The status difference between front and back is also expressed in the Ba-ila term for 
slave: “one who grows up at the doorway” (Smith and Dale 1968 [ 1920I vol. 1, 304).

5. This is another meaning for the term "participant simulation.” In the first meaning, briefly 
mentioned in the introduction, I defined it as an effort in cooperative modeling and 
analysts, a rechnologized version of recent attempts in collaborative ethnography by 
some anthropologists and their informants. In that sense it supports che humanist goals
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of self-governing autonomy. But in the Mokoulek case I am also using it in the post­
modernist sense, a participant in a virtual world. The contrasting meanings and their 
consequences are discussed in detail in chapter 10, where the two are brought together.

6. The results were published in Eglash and Broadwetl (1989), and are reproduced in 
the appendix. ""

c h a p t e r  3  F racta ls in cross-cu ltu ra l com parison

1. in general, anthropologists divide nonstate societies between “band” organization, 
which is entirely decentralized and based mainly on consensus, and “tribal” organiza­
tion, in which there is an official leader but otherwise little political hierarchy. The term 
"tribe” is controversial, however, since colonialists often used it to deny the existence 
of indigenous state societies, so it is important ro separate the technical designation 
front its colloquial use-

2. This is a complex designation in cultural studies, since the label of “traditional’'— or 
worse yet, "authentic”— was used by colonial authorities to exercise control over 
indigenous populations, and still o c c u r s  in the neocolonial context to valorize the ‘‘van­
ishing native” while appropriating their cultural resources. See Minh-ha (1986), 
Anzaldua (1987), Clifford (1988), and Bhaltba (1990) for discussion of some of these 
issues.

3. Crowe and Nagy (1992), for example, have done extensive analysis of Fiji decoration, 
and found 1 2 o f  the 17 mathematically possible two-color strip symmetries, but none 
of the designs they show are fractal.

4. Of course, nothing is absolutely certain when it comes to ancient history. Several 
researchers have suggested that the Coptic designs from Egypt were an important 
influence 011 the Celtic interlace patterns, and some Italian floor tiles were created by 
North African artisans (Argiro 1968, 22). But one could just as easily argue the influ­
ence in reverse. Given the history of trade routes and travel, we should not attempt 
to reduce designs to a singular origin; the goal is to see how any one society has built 
up its particular repertoire of designs— from whatever sources— as part of a dynamic 
yet culturally cp. < ific practice.

c h a p t e r  4 Intention and invention in design

1. This spatial metaphor of “underlying”— truth beneath the surface— can be a delusion 
if we assume that there is never more than one true "essence” to be found. On the other 
hand, claiming that no model is more accurate a generalization than any other is equally 
misguided.

2. The postwar era marked a significant change in the role of nature as a potential model 
for scientific discovery, as seen in the emerging disciplines of cybernetics and bionics 
(Gray 1995).

c h a p t e r  7  Numeric systems

1. It is unfortunate that an otherwise excellent paper comparing African and Australian 
ethnomathematics (Watson-Verran and Turnbull 1994) fails to make this distinction 
between the iterative generation of linear and nonlinear number series.

2. Readers who recall the definition of nonlinear functions as involving, at minimum, some­
thing tike may be puzzled by the idea of a nonlinear additive series. That is because 
most of us were first exposed to the definition of “nonlinear” in the context of continuous 
functions (e.g., differential equations). But discrete iteration (what is often called a “dif­
ference equation") can produce nonlinear steps with simple addition.

3. After giving a lecture on Bamana divination in the United States, I was approached 
by a mathematics faculty member who was quite taken by this phrase. "That’s just like 
us,” he exclaimed. "We get the power of mathematics only at the cost of our social defor­
mity as nerds.”
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T h e  se r ie s  w a s  first i n t r o d u c e d  as a n  e x a m p l e  o f  a r e c u r s iv e l y  c o m p u t a b l e  a p e r i o d i c  s t r i n g  

b y  A x e l  T h u e  ( 1 8 6 3 - 1 9 2 2 ) ,  u s i n g  r h e  r e p l a c e m e n t  r u l e s  0  - 4  0 1 , 1 —» 10, w i l h  a n  i n i ­

t i a l  0 . M o r s e  d i s c o v e r e d  it s  a p p l i c a t i o n  t o  d e t e r m i n i s t i c  c h a o s ,  in  w h i c h  it m o d e l s  i h c  

f r a c t a l  t i m e  s e r i e s  p r o d u c e d  b y  c e r t a i n  n o n l i n e a r  e q u a t i o n s .  S e e  S c h r o c d e r  ( t y y i ,  

2 6 4 - 2 6 8 )  o n  t h e s e  a s p e c t s  o f  t h e  s e q u e n c e .

. O n e - d i m e n s i o n a l  v e r s i o n s  c a n  s h o w  a l l  t h e  d y n a m i c s  o f  t w o  d i m e n s i o n s ,  a n d  c a n  

e v e n  b e  u s e d  as a k i n d  o f  p a r a l l e l  c o m p u t e r .  C o n s i d e r ,  f o r  e x a m p l e ,  a r u l e  t h a t  i n  e a c h  

i t e r a t i o n  t h e  n u m b e r  o f  c o u n t e r s  in  a  c u p  is r e p l a c e d  b y  t h e  s u m  o f  i t s e l f  a n d  its le f t  

n e i g h b o r .  S t a r t i n g  w i t h  o n e :  0100000  —4 0110000  —4 0121000  - 4  0133100  —4 0146410 . 

T h i s  f o u r t h  i t e r a t i o n  g i v e s  us  c h e  b i n o m i a l  c o e f f i c i e n t s  f o r  e x p a n s i o n  o f  (a  + b ) “*, 

w h i c h  e q u a l s  a 4 + 4a 3b + 6 a 2 b 2 + 4ab^  + i A

3 Recursion

. T h e  s t a n d a r d  t e r m i n o l o g y  is s o m e w h a t  a m b i g u o u s ,  s i n c e  “ r e c u r s i o n ”  is s o m e t i m e s  

u s e d  t o  r e f e r  s p e c i f i c a l l y  t o  w h a t  w e  w i l l  c a l l  “ s e l f - r e f e r e n c e , "  a n d  a t  o t h e r  t i m e s  it  is 

u s e d  in  t h e  m o r e  g e n e r a !  s e n s e  a p p l i e d  h e r e .  “ I t e r a t i o n ”  is u s e d  in  it s  n o r m a l  d e f i n i t i o n ,  

a n d  for t h e  le a s t  p o w e r f u l  w e  w i l l  u se  t h e  t e r m  “ c a s c a d e . ”  T e c h n i c a l l y ,  t h e s e  t h r e e  t y p e s  

o f  r e c u r s i o n  r o u g h l y  c o r r e s p o n d  t o  T u r i n g  m a c h i n e s ,  p u s h - d o w n  a u t o m a t a ,  a n d  f i n i t e -  

s t a t e  a u t o m a t a ,  b u t  t h e s e  m o d e l s  a r e  a l i t t l e  t o o  a b s t r a c t  t o  b e  d i r e c t l y  u s e f u l  in  h e l p ­

i n g  r e a d e r s  d e v e l o p  a s e n s e  o f  t h e  d i s t i n c t i o n s  t h a t  a r e  o f  i n t e r e s t  h e r e .

. S a g a y  ( 1 9 8 3 )  e x p l i c i t l y  m e n t i o n s  s t a r t i n g  w i t h  t h e  s m a l l  s h a p e  i n  t h e  c e n t e r ,  w h e r e a s  

t h e  I p a k o  E l e d e  r o w s  l o o k  l i k e  t h e y  m i g h t  b e  b e t t e r  d e s c r i b e d  a s  a p r e e s t a b l i s h e d  

l i n e a r  s e q u e n c e  ( a l t h o u g h  S a g a y  d o e s  n o t  g i v e  d e t a i l s  h e r e ) .

. A c t u a l l y ,  it  is n o t  w a x  t h a t  is u s e d  in  m u c h  o f  A f r i c a ,  b u t  r a t h e r  a  l a t e x  c r e a t e d  b y  b o i l ­

i n g  t h e  s a p  o f  che  E u p h o r b i a  p l a n t .  W i l l i a m s  n o t e s  t h a t  it  c a n  p r o d u c e  l o n g ,  d e l i c a t e  

t h r e a d s  t h a t  a r e  i m p o s s i b l e  f o r  w a x .

. P e l t o n  ( 1 9 8 0 ,  2 3 0 )  c o n t r a s t s  r h e  s i n g u l a r  r a n d o m  e v e n t s  o f  t h e  N a t i v e  A m e r i c a n  

t r i c k s t e r  m y t h s  w i t h  “ t h e  le ss  e p i s o d i c ,  m o r e  n a r r a t i v e  m y t h s  o f  L e g b a  a n d  O g o - Y u r u g a  

[ i n  A f r i c a ] . ” T h e  r e a s o n  f o r  ch e  d i f f e r e n c e  is p a r t l y  m a t h e m a t i c a l .  T h e  N a t i v e  A m e r i ­

c a n  c o n c e p t  o f  u n p r e d i c t a b i l i t y  is b a s e d  m o r e  o n  c h a n c e  ( s e e  A s c h e r  1 9 9 1 ,  8 7 - 9 4 ) ,  

w h i l e  t h e  A f r i c a n  c o n c e p t  te n d s  co  b e  c l o s e r  t o  d e t e r m i n i s t i c  c h a o s ,  as  w e  s a w  in  B a m a n a  

s a n d  d i v i n a t i o n .

. C u r t i n  ( 1 9 7 1 )  s h o w s  t h a t  c h e  s l a v e  t r a d e  f r o m  w h a t  is n o w  n o r t h e r n  S e n e g a l  d i m i n ­

ished  a f t e r  1 7 0 0 ,  a n d  t h a t  t h e  N i g e r i a n  a r e a  d i d  n o t  b e g i n  m a j o r  a c t i v i t y  u n t i l  after.  1 7 3 0 .  

T h i s  s t i l l  l e a v e s  t h e  p o s s i b i l i t y  ch a t  F u l l e r  c a m e  f r o m  t h e  a r e a  o f  p r e s e n t - d a y  B e n i n  a n d

 ̂ G h a n a "  w h i c h  would'iYiT t 0 6 ' far  s o u t h ' t o  h a v e  'd i r e c t l y  s h a r e d  i n f l u e n c e s  w i t h  t h e  B a s-  

s a r i ,  b u t  H o l l o w a y  ( 1 9 9 0 ,  1 0 )  n o t e s  t h a t  V i r g i n i a n s  s h o w e d  s o m e  p r e f e r e n c e  fo r  

A f r i c a n s  f r o m  t h e  S e n e g a i n b i a n  r e g i o n .

1. 1 q u a l i f i e d  t h i s  as  “ s t a n d a r d ”  b e c a u s e  t h e r e  h a s  b e e n  a g r o w i n g  c o n c e r n  t h a t  a n t h r o ­

p o l o g i s t s  m a y  h a v e  o v e r e m p h a s i z e d  t h e  i m p o r t a n c e  o f  a g e - g r a d e  a n d  k i n s h i p  b y  p r o ­

j e c t i n g  t h e i r  o w n  d e s i r e s  as  w e l l  as  c h e  i n t e r e s t s  o f  t h e i r  i n f o r m a n t s .  S h a w  ( 1 9 9 5 ) ,  fo r  

e x a m p l e ,  s h o w s  h o w  L o u i s  L e a k y ' s  d e s c r i p t i o n  o f  t h e  e x t r e m e  o b e d i e n c e  o f  t h e  K i k u y u  

t o  t h e i r  a g e - g r a d e  s y s t e m  w a s  c o l o r e d  b o t h  b y  L e a k y ' s  d e s i r e  f o r  c h e  o r d e r  o f  a “ s m a l l  

E n g l i s h  v i l l a g e ”  t h a t  h e  n e v e r  e x p e r i e n c e d  ( h a v i n g  g r o w n  u p  w i t h  m i s s i o n a r y  p a r e n t s )  

a n d  t h e  K i k u y u  e ld e r s ’ o w n  in t e r e s t s  in  r e c e i v i n g  t h e  i n i t i a t i o n  p a y m e n t s  t h a t  w e r e  o v e r ­

d u e  t o  t h e m .

’ . In  a d d i t i o n  t o  ch e  a s s o c i a t i o n  o f  t h e  v e r t i c a l  w i t h  t h e  s p i r i t u a l ,  F e r n a n d e z  s u g g e s t s  t h a t  

t h e  s p a t ia l  d i s t i n c t i o n  d e r i v e s  f r o m  t h e  F a n g ’s p e r i o d i c  c l a n  f i s s i o n / r e l o c a t i o n .  T h e  f r a g ­

m e n t a t i o n  o f  a s o c i a l  g r o u p  c o m e s  w i t h  h o r i z o n t a l  m o v e m e n t  a n d  is s e e n  a s  t h e  r e s u l t  

o f  s t a g n a t i o n  o r  s tr i fe ,  w h i l e  t h e  e s t a b l i s h m e n t  o f  t h e  g r o u p  in  a n e w  l o c a t i o n  is s e e n  

a s  p o s i t i v e  r e g e n e r a t i o n ,  b u i l d i n g  f r o m  t h e  g r o u n d  up .

L M a u r e r  a n d  R o b e r t s  ( 1 9 8 5 ,  2 5 )  d e s c r i b e  ch e  T a b w a  b e l t ,  a l e a t h e r  s t r i p  w i t h  b a n d s  o f  

b e a d s  o r  w i r e  as  r e p r e s e n t a t i o n s  o f  a s i n g l e  d e s c e n t  l i n e .  S i n c e  t h e  T a b w a  use che  m p a n d e
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disk to represent the expansion of all kinship groups from a singular origin, it is not 
unreasonable to think of the irmkaba belt as a lower-dimensional projection of the 
tnpancle disk. If one is willing to speculate so wildly that even [ would hesitate to do 
so, the aardvark's winding tunnel could be viewed^as a three-dimensional spiral pro­
jected onto the two-dimensional mpande disk, just as the belt is a'bne-dimensional 
projection of the mpande spiral. A similar practice, the “Poincar£ slice,” is used in non­
linear dynamics (see Abraham and Shaw .982).

9. It is important to understand that the problem is not one of “authenticity.” 1 agree with 
the critiques of modernist anthropology’s tendency to make one individual represen­
tative of an entire society and to focus on a false homogeneous past. In ethnomathe- 
matics we are interested in the invention of mathematical concepts; so it doesn't 
matter whether the source is an- entire society or a single creative individual. What does 
matter is the precision and accuracy of che math, and it is here that the interpretive 
flexibility offered by narratives presents problems.

jo. Note that I wrote "has trouble with” rather than “cannot do"— in fact, a programmer 
could write a kind of “metaloop” of iteration that would figure out how many nestings 
are needed. But in doing so, the program has to be able to refer to a part of itself (its 
loops), so this is already a partial or limited self-tefetence. Of course we could then play 
the same trick, demanding that we can’t tell ahead of time how many metaloops wili 
be needed, and our sfnarty-pants programmer could again make a meta-metaloop, and 
soon. It is only when we generalize the trick itself that full self-reference-will be required. 
And even then, it too will meet up with undoable tasks— because that very property 
of not bounding the process ahead of time leaves it vulnerable to other problems. As 
Alan Turing proved for computing, and as Kurt Godel showed for all mathematics in 
general, any system that is sufficiently powerful to fully utilize self-reference will have 
to be incomplete in its ability to resolve all the theorems it can ask (see Hofstadter 1980).

11. The most specific connection made by Taylor is the possibility that the material attrib­
uted to Hermes-Thoth was derived from some of che Egyptian priesthood writings men­
tioned by Clement of Alexandria.

12. Stephan ides (1922, 192) suggests a more direcc sub-Saharan origin of alchemy, enter­
ing Egypt around 7 1 8  b .c .e ., following the invasions o f  Ethiopia.

13. T hat’s not to say that the Legba drum beats were random; but the drumming did 
indeed have an unexpected change of pace-

c h a p t e r  1 0  Complexity

J, The analog/digital dichotomy in computing is often confused with other dualisms. The 
same terms are used by engineers to describe the continuous/discrete dichotomy, and 
by cognitive scientists to discuss “reasoning by analogy” versus inductive analysis, but 
these distinctions are irrelevant to the sense in which it is used here. Musical nores, 
for example, are excellent examples of analog communication, but they are entirely dis­
crete. See Eglash (1993) for details.

2. Blum et al. show that an analog Turing machine would be susceptible to tire halting 
problem. See Eglash (1992, 1998c) for more details on this recent history of cybernetics. 
We can think of the wave/particle duality in physics as another indication that the 
analog/digital distinction is fundamentally egalitarian.

3. We can also look at this in terms of psychopathology. A neurotic will often repeat 
the same phrase over and over, while a psychotic tends to be talking “word salad,” 
a jumble of nonsense. In both cases, their mental relation to memory is pathologi­
cally simplified: the neurotic slavishly follows memory, whilethe psychotic completely 
ignores it. Complex information processing requires a dynamic interaction with 
memory, a nontrivial recursive loop.

4. For example, say there are choices A, B, and C. A wins, bur B and C  voters say, "If only 
I trad known A was going to win, I would have been willing to vote the other way.”
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Tank and Hopfield (1987, 106) contrast this one-shot majority rule voting with the 
collective-decision-making process in neural nets: “In a collective-dectsion commit­
tee the members vore together and can express a range of opinions; the members 
know all about the other votes and can change their opinions. The committee gener­
ates . . . whac might be called a sense of the meeting."---

5. Recall that we scaled down P to a number between 0  and 1 . That means that (1 -  Pn ) 
will always he a fraction, which reduces P,i— in face, the larger Pn, the smaller the 
fraction.

6. The reason it never lands back on exactly the same spot is not because of external noise; 
it is rather for the same reason that the number P never repeats. Gottfried Mayer-Kress 
suggested that a good way to understand this is to note that the drunken driver never 
scops missceering, even while che sober one is overpowering him. I suspect that this com­
bination of negative feedback and positive feedback is at the heart of every case of deter­
ministic chaos, although I have yet to prove it. in Eglash (1992) I reported that che 
Lorenz attractor consisted of only positive feedback, but this turns our to be incorrect. 
In terms of dynamical systems theory (Abraham and Shaw 1982; Devaney J986), 
positive feedback is the counterpart to spreading in phase space, and negative feedback 
corresponds to folding in phase space. The phase-space combination of local spread­
ing and global folding is a common definition for chaos; the conjecture simply trans­
lates the phase-space definition into a control theory formulation.

7. I’ve oversimplified the relations here. For example, a finer distinction can be made about 
‘'disorder” if we consider white-noise versus brown-noise distribution on a surface 
(Gardner 1978; Voss 1990). In Brownian motion, a particle moves in a random, con­
tinuous trajectory; given an infinite amount of time, such “brown noise” will approach 
a two-dimensional curve. In white noise, single points on che surface are selected at 
random, so an infinite amount of time will still only leave us with disconnected points, 
which is a zero-dimensional curve. Between zero and one dimension, we have objects 
like the Cantor set, and between one and two dimensions we have objects like the Koch 
curve. This is slightly different when we chink about noise as a single time-varying sig­
nal (as in acoustic noise) because the single points of the white distribution will also 
be connected into a continuous (but nondifferentiable) curve, now of dimension one, 
while brown noise as a time series will still be at dimension two.

8. Achebe himself prevents such a reading by highlighting a precoloniaf corastrophe that 
befalls his main character, Okonkwo. At the same time, the contrast between Okonkwo’s 
misery due to indigenous accident and his suicide as a result of che colonial encounter 
makes it clear rhaf these are entirely different orders of chaos.

y. There is also a good illustration of collective fractal generation in the arts: che Mbutt 
bark-cloih design shown in chapter 3 is actually llie producr of multiple artists.

c h a p t e r  ) 1 T h e o r e t i c a l  / r m n e i u o r k s  i n  c u l t u r a l  s t u d i e s  o f  k n o w l e d g e

1. Popper might object to the characterization of “fractal geometry minus dimensional mea­
sures,” since it sounds like an ad hoc adjustment, but the important thing is that the 
four attributes (scaling, recursion, infinity, and dimension) were tested in a more or less 
falsifiable manner. Whether or not one can still call it fractal geometry if one of the 
four is missing is an important question; but we need to address the possibility of a weak 
characterization of recursion in European fractals before making that judgment.

2. This should not necessarily he assumed to mean "closer to nature,” since it could also 
refer to an indigenous knowledge system chat promotes good ecological practices; but 
the ambiguity is problematic.

3. In fact I’m not— my master’s degree is in systems engineering, anti although I rook a 
few graduate seminars in mathematics for my interdisciplinary Ph.D. (thanks to die flex­
ibility of the History of Consciousness board ar the University of California at Santa 
Cruz), 1 wouldn’t dare call myself a mathematician in professional company, 1 have always
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tried to introduce myself as an crhnomnthematician during field work, but sometimes 
translation problems took time to get that across.

4. Worth it not just in ethical and methodological terms; it often came to my aid in dire 
circumstances. On a hot road neat the Lake Chad region, I was stopped by military police 
who were clearly looking for a bribe. I was released only when I began to launch into 
a lengthy explanation of fractal geometry. Knowing the Baka counting system saved 
my skin when a group of teenagers in a village in southern Cameroon took me for a 
disrespectful tourist; unlike the gendarmes, they were delighted to find mathematics 
in their midst.

5. On the role of neologisms in the work ofCesaire, see Clifford (1988). On the construction 
of negritude as a set of binary oppositions, see Mud ini be ( jy88).

6. For example, the octopus arose, millions of years before vertebrates but has a nervous 
system more sophisticated than that of some reptiles (see Eglash 1984, 161). This is a 
dangerous analogy, of course, because people often confuse biological and cultural evo­
lution. Here are two crucial differences. First, cultural evolution is Lamarckian— we 
can pass our acquired knowledge to the next generation— while biological evolution 
is Darwinian, with the rare lucky mutant having an advantage that is then passed on. 
Second, the timescales are of different orders of magnitude. Significant biological 
evolution requires on the order of a million years, while dramatic cultural evolution 
requires no more than a few thousand years. This is why human beings have such a tiny 
amount of genetic variation: the first modern humans, from their singular origin in Africa, 
quickly spread across the earth over a few thousand years. Our nearly identical genetic 
composition is a result of speedy Lamarckian cultural evolution adapting us into these 
new environments.

c h a t t e r  12 The politics  o/  A f r i c a n  fr a c ta ls

1. Derrida's promotion of arbitrary signifiers and artificiality was not the sole voice for this 
position. Black activists like James Boggs (1968) have also been champions of artifice. 
Wittig’s (1973) L e s b ia n  B o d y  takes a topic that was often created as the unassailable ground 
of feminist meaning, the authentic physical self, and dismantles this construction 
through textual erotics. Like Derrida, she shows that a system of arbitrary symbols is 
just as capable of carrying the kind of human essence often attributed to the Real or 
Natural.

2. Angela Davis has pointed out Ellison’s denaturalizing tropes in lectures at UCSC; her 
recent work continues to tease out these threads of self-assembly in black cultural iden­
tity and community.

3. My favorite illustration of analog artifice in black intellectual works occurs in chap­
ter 11 of Audre Lourd's Zflmi. Like Witfig (1973), she describes the self-assembly of a 
lesbian body, hut her techniques for this artificial reconstruction come through the ana­
log media of scent, vibration, and form. See Eglash (1995) for other examples.

4. Consider, for example, the mojo hnnd/dataglove comparision in Dery (1994, 210), or 
the following passage from Williams (1974, 40): “ ‘Simply anything can become a God,' 
a Yoruba informant once remarked. ‘This button (pointing to the dashboard of the car 
in which we were), ‘it only needs to he built up hy prayer’ (hy invocation).”

5. Similar views can be found in several other intellectual works of the time; e.g., 
Joreen’s (1972) critique of the women's movement, "Tyranny of Structurelessness." There 
ate, of course, many centralist critiques of decentralization, but Joreen's text cook a 
more complex angle of analysis. See Ehrlich (1979) for a critical view. Invocations 
of African royalty in black cultural representations are typically viewed as commen­
tary on self-esteem. While that may he true, in most cases there are hints that it. also 
serves to question the humanist control enacted in a political democracy that can sup­
port such deep economic subservience (see Queen Lntifa's "Queen of Royal Badness” 
in Smith J990).
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6. In face, this was how 1 got started on African fractals. It occurred to me that aerial 
photos might show the difference between these architectural designs as fractal ver­
sus Euclidean. Pat Caplan generously provided me with aerial photos of the area in which 
she worked, and the indigenous housing did indeed appear to be less Euclidean.

7. Recursive architectural structure is linguistically indicated by the Yoruba term for 
homestead: ot k a  0 1, or "“house within the house.”

8. The 1993 Supreme Court ruling in Sfiau/ v. Reno used the terms “bizarre” and “snake- 
like,” the latter echoing historian John Fiske’s 1812 characterization of a "dragon I ike” 
contour, a phrase changed to "salamander” and finally to “gerrymander" (after Mass­
achusetts governor Elbridge Gerry) by political cartoonist Gilbert Stuart.

9. The insistence that stochastic variation implies free will and deterministic variation 
implies domination is made by several authors besides Porush (e.g., Hakim Bey). I think 
that individuals or groups can indeed create such associations, just as they can create 
the opposite (e.g., that a simple bounded system can still have the liberty of infinite 
variation, as we will see argued by Gilroy, Van Wyk, and Heaver). The error is in assum­
ing universal meaning to what has to be local semiotics. A closer examination of the 
social meanings for statistics (Porter 1986) reveals that its political associations are often 
dependent on modernist concepts of humanist individualism, which is strongly critiqued 
in the Foucaultian and other postmodernist analyses championed by Porush, Hayles, 
Sobchack, and others.

10. Just as important is the reverse influence, e.g., Jewish jazz musician' Mezz Mezzrow pass­
ing for black while in prison so that he could play in the band.

11. Gilroy’s work in this area should be seen as part of a larger community of researchers 
and cultural workers (e.g., artists) who have developed a postmodern emphasis on hybrid-, 
ity, creolization, and other impure identities (cf. Minh-ha 1 9 8 6 ;  Anzaldua 1 9 8 7 ;  

Bhabba 1 9 9 0 ;  Sandoval 1 9 9 5 ;  Haraway 1 9 9 6 ) .

12. Digital and analog are also confusing terms because digital technology is now commonly 
used to generate the analog waveforms of music. But it is necessary to see how these 
representations are layered. The electronic “on-off” .code pulses are actually noisy 
waveforms that must be processed with analog control circuits at the lowest level of 
the silicon chip; eventually they are decoded in binary form, then converted to an elec­
trical waveform that will modulate the speaker. The resulting acoustic waveform can 
be analog, digital, or— especially in the case of rap music— somewhere in between. See 
Eglash (1993) for details.

c h a p t e r  1 3  Frncwls in t/ie Europemi h is to r y  o f  m a th e m a t ic s

1. According to ancient accounts, the discovery of irrationals was in the middle of the 
fifth century b.c.e. Modern scholars generally agree that the proof for the incommen­
surability of the square of a diagonal with respect to its side, first mentioned explicitly 
in Plato's dialog T/ienems, is too abstract to have been used at this time. Von Fritz.(1944) 
provides a resolution for this conflict in his speculative reconstruction of Hippasus’ analy­
sis of the pentagon. See Knorr (1975) and Fowler (1987) for discussion of the origi­
nal texts relevant to this area.

2. Plato was not the only influence at the time, nor were irrationals only granted one per­
spective. Fowler (1987), for example, maintains rhat the significance of irrationals has 
been misunderstood and suggests that even Plato presented their proof as “a source of 
interesting and fruitful problems” rather than as a disturbing paradox. Nevertheless, 
it was the homogeneous representations of Platonic thought deployed centuries later, 
not irs contemporary diversity, which would matter for the intuition and practice of 
modern mathematicians.

3. "We add to the first number the second one, i.e., 1 and 2 , the second to the third; the 
third to the fourth; the fourth to the fifth . . . and it is possible to do this order for an 
infinite number of months” (trans. Maxey Brooke).
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4. Similar analysis was provided hy Henry Louis Gates ( 1990) and others in the censor­
ship trial of rap group 2 Live Crew, maintaining that the explicit sexual lyrics were not 
acultura! profanity but rather modern variations of a long-standing black tradition of 
public sexual commentary. * v',-«

5. Tuana (1989), for example, notes that the male homunculus theory,‘which locates the 
active principle of birth in sperm only, dominated European medical thinking from Aris­
totle to van Leeuwenhoek (and in some senses even to the present; see Hnrrouni 
1997). Again, the African version is in strong contrast; recall from chapter 8 that the 
Fang believe that the homunculus or active principle is contained in the female blood 
(the division is more egalitarian than the European model, however, since the male Fang 
are said to provide a complementary protective, skeletal principle).

6. That is, prior to complexity theory, at which point advances in the application of frac­
tal geometry were made precisely because of the growing recognition of a relationship 
between computational recursion and self-organizing phenomena. Complexity theory 
is a marker distinguishing the transitional postmodernism of the 1970s from the stable 
postmodernism of the 1980s (Eglash 1998c).

7. The qualification is not inaccurate; the problem is that sometimes the authors of this 
text { T h e  Science o f  F r a c ta l Images) use the term “recursion" to mean iteration, and some­
times (as in this case) it means self-referential programming. This level of ambiguity 
would not be tolerated for any other mathematical terminology used in the text.

c h a p t e r  14 Futures f o r  A f r i c a n  fr a c ta ls

1. For more on cyborgs, see Haraway (1996) and Gray (1995).
2 . In fact, if I had used a large enough size difference, self-intersection could have been 

avoided altogether, but 1 think that would not do justice to the African tradition of 
putting similar-sized houses together—a tradition that has its roots in egalitarian 
socioeconomic structure, and one to which Nyangula was no doubt sensitive.

3. But there was more to it than that. Perhaps in port because it implied a Platonic view, 
it made sense to the students chat religious symbolism would be mathematical, while 
.something as concrete as 0 mud wall was too hard to reimage. There was also the visual 
effect of seeing computer simulations of the African log spirals; for a generation 
brought up on video games and MTV, this placed it in a contemporary framework. Finally, 
there was something about the religious subject matter itself— the very concept of a 
"life force" expressed as a self-organizing system— that may have created a resonance 
for these students.

4. Onyejekwe’s African Women Global Network is available from http://www.osu.edu/ 
org/awognet.

http://www.osu.edu/
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