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   Fig.1 Tokyo’s urban structure
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Attractor - th e  te rm  is  tak e n from  conte m porary ph ys ics  and us e d h e re  to de note  distinct elem e nts  of
structural stability in th e  urban com plex dynam ic syste m .
Introduction
In 19 80 B. M andelbrot develope d Fractal Geom e try. Fractals  w e re  found in nature : coastline s , clouds ,
snow flak e s , tre e s , th e  functioning of h um an lungs , blood circulation, e tc… (Fe de r,19 88). Ch aos  th e ory,
w h ich  is  e m e rge d on th e  bas is  of fractal ge om e try, state s  th at Ch aos  is  th e  principle  th at ultim ately
re inte grate s  and re fre s h e s  all e xisting form s  of life . “Ch aotic be h avior” is  an inte gral principle  of functioning
w ith in nature  (Coping w ith  Ch aos , 19 9 4). Arch e typal e xam ple s  of  “ch aotic” be h avior are  th e  w e ath e r and
th e  s tock  m ark e t. Principle  ch aracte ristics  of a ch aotic natural syste m  are  e xiste nce  of com plexity
(unpre dictability), s elf-s im ilarity (not s elf-sam e ne s s), s elf-organization around points  of attraction and th e
e xiste nce  of Fractal Nature  (fractal dim e ns ion) (Fe de r,19 9 8).
At th e  initial point of our inve stigation of th e  developm ent of “Ch aotic Citie s” w e  w e re  inte re ste d in finding
out th e  logic h idde n in th e  all too ch aotic layout of Tok yo. W e  e s tablis h e d th at Tok yo’s visually ch aotic
developm ent conform s  to th e  Natural Law s . W e  can com pare  Tok yo’s layout w ith  th e  developm ent of
natural syste m s  in w h ich  th e  pre s e nce  of ch ance , plans , fate s  and solutions  re flect a fractal dim e ns ion
(V.Rodin, E.Rodina, 2000). If th e  city is  functioning, its developm ent s h ould h ave  natural “ch aotic”
ch aracte ristics . In th e  s e cond stage  of our re s e arch , w e  de cide d to find out if “Ch aos” e xists  in th e
developm ent of Ne w  York , e s pe cially in M anh attan th e  part of th e  city fam ous  for its  re gular urban patte rn.
During th e  re s e arch  proje ct, w e  m ade  us e  of ge ne ralization of spatial urban syste m s , group analysis  and th e
analytical m e th od.
Tok yo
Conditionally w e  can divide  Tok yo into a zone  of  so-called “stable  ch aos” or
2D  “ch aos” w ith in th e  plane  of th e  s tre e t patte rn, and a 3D  “ch aos” of building
m as s .  Th e  rate  of  m odification of th e   latte r is  m uch  h igh e r th an th at of th e
form e r. In fact, th e   3D  of urban space  appe are d to be  “invis ible”. For vis itors
and inh abitants , 3D  urban space  appe are d as  2D   plane s  w ith  adve rtis e m e nt
boards . Sim ilar  to a  natural syste m , Tok yo’s ch aotic  e nvironm e nt contains
a s elf-s im ilar elem e nt of re pe ating adve rtis e m e nts  and functions . Th e  “virtual”
structural organization of Tok yo’s “invis ible” 3D building m as s  s h ow s  th e  pre s e nce  of th e  s e cond m ain
ch aracte ristic of Natural Syste m  - s elf-organization around 3D Attractors . 3D  urban attractors  organize  th e
city m as s  and h elp inh abitants  to orie ntate  th e m s elve s  in th e  city (Fig.1). A virtual m atrix of th e  city contains
zone s  of attraction, attraction zone s  containing attractors  ins ide; th os e  attractors  in turn contain sm aller
attractors , e tc… Each  pe rson h as  a diffe re nt “inte rnalize d route” containing a “virtual” itine rary w ith in th e
urban m as s  to th e  urban attractors . Th e  urban structure  of Tok yo’s attraction zone s  can be  com pare d to th e
Rus s ian toy “M atre s h k a” doll th at contains  w ith in it s im ilar sm aller dolls, but in diffe re nt costum e s . Ge ne rally
attractors  h ave  topologically distinct form s  of dynam ics : stable  fixe d points , lim ite d-circle  attractors , s e m i -
pe riodical attractor zone s , e tc…(Fede r,19 9 8). W ith in Tok yo’s urban developm ent, th e  m ain type s  of
attractors distinguis h e d w e re :

1.Stable  fixe d- point attractors (e .g. Im pe rial Palace). 2.Lim ite d-circle
attractors  (e .g. te m ple s  and s h rine s). 3.Ch aotic or Strange  Attractors  (e .g. train stations , com m e rcial zone s ,
e nte rtainm e nt zone s  -Kabuk i-ch o).  4.“Froze n” or D e ad Attractors  – zone s  th at w e re  inte nde d by th e  urban
planning com m itte e  to be  attractors , but w h ich  in fact be cam e  abundant zone s  (e .g. M e tropolitan Are a in

1. 2. 3. 4.
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   Fig.2 Manhattan Downtown

Fig.3 The regular street structure

Sh injuk u, Daiba).
It w as  inte re sting to discove r th at th e  place  of attractors  in th e  city h as  h ardly ch ange d w ith  tim e . For
e xam ple , w e  discove re d th at th e  old city of Tok yo (Edo) lay alm ost e ntirely w ith in th e  circle  cre ate d by th e
pre s e nt-day Yam anote  line  –th e  m ain attraction zone  in Tok yo. Edo, h istorically attractive  to surrounding
village s , turne d into th e  m ain com m e rcial and e nte rtainm e nt attractor on th e  Yam anote  train line . Th e
Yam anote  train line  is  th e  only borde r w ith in th e  city th at can be  clearly distinguis h e d; borders betw e e n th e
attraction zone s  in Tok yo are  unclear. W ith  ch ange s  in w orld-outlook , th e  various  type s  of attractors
ch ange d th e ir m e aning for pe ople . It is  im portant to e m ph as ize  th at diffe re nt social groups  h ave  diffe re nt
type s  of attractors . An inte rs ection of inte re sts  in attraction zone s  cre ate s  m ain Attractors  w ith in th e  city.
New  York /M anh attan
Sim ilar to th e  Yam anote  Circle  zone , M anh attan its elf is  a big lim ite d attractor w ith in Ne w  York  City. It is
h ard to find “Ch aos” in M anh attan’s “standard re gular” urban structure , but it is  “ch aotic” in a virtual s ens e ,
in its  spirit. “Ch aos” w e  can obs e rve  in s elf-organization and m igration of diffe re nt cultural com m unitie s .
Natural Law s  in th e  s ce nario of th e  city developm ent are  re pre s e nte d by self-s im ilarity in s e rvice  functions
and in th e  organization of cultural com m unitie s . Th e  s tructure  of attractors  w ith in M anh attan is diffe re nt
from  th at of Tok yo. W h e re as  in Tok yo, th e  principle  attractors  are  train stations  incorporate d into th e  big
com m e rcial zone , in Ne w  York  th e  m ain attractors  are  s tre e ts  th e m s elve s  (e .g. Fifth  Avenue , Broadw ay).
Th e re  is  no ne e d (as  in Tok yo) to cre ate  a virtual route  to attractors; route s  are  attractors  th e m s elve s  in
M anh attan and th ey in turn contain sm aller attractors , e tc…Th e  diffe re nce  in attractor structure  com e s  from
th e  fundam e ntal diffe re nce  in th ink ing about space . Th e  Japane s e  approach  h as  m ore  affinity w ith  are a
(h e nce  th e  im portance  of “totem  m at” and th e  floor of th e  building and th e  “m ach i” as  an are a unit of
organization of th e  city). W e ste rn approach  h as m ore  w ith  th e  line  (th e  s e q ue ntial orde ring of buildings  along
city stre e ts) (Yos h inobu, 19 87). W ith in m ain zone s  of attraction in M anh attan (M id-tow n, East s ide ,
Dow ntow n) w e  can distinguis h  th e  follow ing type s  of arch ite ctural attractors : Stable  fixe d-point attractors
(e .g. Tim e s  Sq uare , Fifth ’s Avenue , Broadw ay), Lim ite d-circle  attractors  (e .g. Ce ntral Park ), Ch aotic or
Strange  Attractors  (e .g. various cultural zone s  in Dow ntow n, com m e rcial zone s  of M id-tow n).
It is  h ard to distinguis h  borde rs betw e e n zone s  of attraction in Dow ntow n
(Fig.2).Tourists  s earch  for Little  Italy in Tribe ca and for Soh o in Gre e nw ich
Village , w h ile  local h abitants  try to answ e r th e  typical q ue stion of  e xactly
w h e re  Little  Italy starts . Th e re  is  no  pre cis e  s ign or arch ite ctural elem e nt
(e xce pt th e  Arch  on W as h ington s q uare) , th at distinguis h e s  th e  e ntrance
to a district. It m igh t be  not a bad  ide a to cre ate  s om e  type s  of arch ite ct-
ural attractors , w h ich   w ill also h ave  th e  m e aning of a  gate   to a district.
It is  im portant to m e ntion th at a  city in  ge ne ral  can be  re pre s e nte d as
a m ulti-layer  structure  w h ich   develops  along th e   tim e   axis , th e  s ocial
axis , and th e   arch ite ctural axis .  In Ne w  York ,  th e  axis   of cultural com -
m unity distribution and developm ent doe s  not correlate  w ith  th e  axis  of arch ite ctural style  distribution. M ost
of th e  buildings  w e re  built in th e  be ginning of th e  20th  ce ntury, but in cours e  of th e  ce ntury com m unitie s
“m igrate d” w ith in M anh attan and Ne w  York  in ge ne ral; th is  ph e nom e non re s ults  in th e  cultural diffe re nce
be tw e e n th e  com m unity th at originally built th e  buildings  and th e  com m unity w h ich  now  occupie s  it (e .g.
H arlem ). In Japan population and arch ite ctural style  are  congrue nt, e xce pt th os e  attraction zone s  in th e
Inte rnational Global Style . In both  tw o citie s , Ne w  York  and Tok yo, w e  can obs e rve  s elf-s im ilarity and s elf-
organization around points  of attraction. In Tok yo it is  s elf-organization of urban m as s  around fixe d-point
attraction zone s , in Ne w  York  it is  s elf-organization of th e  s ocial m as s  w ith in stable  urban structure . Inde e d
social com plexity contribute s  to th e  pe ne tration of “ch aos” (cons e q ue ntly of life) in to th e  “standard re gular”
urban structure  of M anh attan. Both  citie s  h ave  com plexity: Tok yo in its urban structure , Ne w  York  in its
social structure . It a paradox th at th e  s ocial orde r of Japane s e  s ocie ty exists  w ith in th e  “ch aotic” urban
patte rn, and th e  s ocial “ch aos” of Ne w  York  e xists  w ith in th e  s trict orde r of an urban grid-w ork  patte rn. W e
found th e  e xiste nce  of th e  fractal dim e ns ion w ith in Tok yo’s stre e t patte rn; th e  fractal nature  of th e
developm ent of th e  s ocial com m unitie s  in Ne w  York  is  still a q ue stion for us .
Th e  D iscove ry of fractal dim e ns ion in Tok yo’s 2D  urban Structure

       In our analysis of th e  zone  of “stable  ch aos” w ith in th e  2D  ch aotic plane  of Tok yo’s
       stre e t patte rn, w e  us e d a form ula obtaine d by H ack  during  h is  study of 400 rive rs
       in Virginia and M aryland (Fe de r,19 9 8). H e  re ce ive d th e  follow ing ratio be tw e e n th e
       length  of th e  longe st rive r above  a given location and its drainage  are a

                         2DCSL =                                 (1)
w h e re  D  is  fractional and range s  from 1<D<2.5.
D  is  an inde x of fractal dim e ns ion. Th e  D  fractional can ch aracte rize  an irre gular 
patte rn. For th e  “standard re gular” urban structure  (M idtow n M anh attan, Fig. 3)
a w ell-k now n form ula of fractal de pe nde nce  of th e  line  from  th e  are a
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     Fig.4 Shibuya - street order

      Fig.5 Shibuya - area order

                          2))((1)( DADCL δδδ −=                       (2)
is  true  w ith  D  -inte ge r, for e xam ple  D=2.
W e  applie d form ula  (1)  to an e s tim ate  of th e  ratio be tw e e n th e  longe st stre e t
in th e  lim ite d” ch aotic” urban zone  and th e  are a th at it occupie s  (Fig.5,6). Une xpe cte dly, w e  found th e
e xiste nce  of th e  fractal dim e ns ion during th e  inve stigation of th e  6 “m ost ch aotic” zone s  in Tok yo: Sh injuk u
D=3.24 Sh ibuya D=2.34 (Fig.5), Ik e buk uro  D= 2.54,  Ue no D=2.4,  Nak ano D=1.66, Aoto D=2.8
(V .Rodin, E. Rodina,  2000).  Sh ibuya,  Nak ano and  Ue no  s h ow   th e   s am e
inde x of th e  fractal dim e ns ion  as  rive rs  in  H ack ’s  study.  O f cours e , our inve sti-
gation is  e ntirely q ualitative   rath e r th an q uantitative . Coe fficie nts  w e re  calculate d
w ith  a fairly large  m argin of e rror be caus e  all  calculations  w e re  done  m anually. It
is  pos s ible  to cre ate  a com pute r program  to provide  a q uick  and pre cis e   re s ult of
e stim ate  of th e  fractal dim e ns ion of city stre e ts .
Th e  cre ation of a com pute r program
At th e  pre s e nt tim e  w e  h ave  cre ate d a te s t ve rs ion of a com pute r program  th at allow s  proce s s ing th e  city
m ap and de fining are as  w ith  a h igh  inde x of fractal dim e ns ion, and of re com m e nding th e m  for prim e  re -
planning and re construction. Such  are as  are  cons ide re d ne gative  be caus e  th ey  are  e xtre m ely difficult to
navigate  and e s cape  from  in cas e  of e m e rge ncy. In m ost citie s  th e s e  te rritorie s  s h ow  a h igh  rate  of crim e  as
a re s ult of bad illum ination, lack  of pe ople , distance  from  th e  m ain roads  and police  s tations .
Th e  w ork  of th e  program  pe rform e d as  follow s : for dynam ic graph ic program m ing th e  Sprite  sy ste m  is used.
At th e  initial stage , on th e  m ap of th e  city w e  m ark  out th e  Back ground (th e  s tatic part of th e  m ap): all
dw ellings , industrial e nte rpris e s , s q uare s , park s , e tc… A spe cial color is  as s igne d to th e m . All bas ic line s  of
com m unication (roads , h igh w ays, foot and bicycle  route s) are  uncolore d. Th e n th e  dynam ic Sprite  in th e
form  of a s q uare  (afte r th e  program  developm ent w e  transform e d it into th e  form  of a snow flak e) follow s
com m unication line s  on th e  m ap (Fig.6), distinguis h ing th e  s tre e t orde r and calculating th e  are a occupie d by
th e  s tre e ts  w ith in e ach  orde r.
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