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Attractor - te tm is tken from contmporary physics and used here t denot distinct e Iment of
structuraktabilty in @ e urban com p Ix dynamic systm.

Ihtroduction

h 1980 B. Mande brot de\e bped FHactalGeometry. Hactall were found in nature: coasthes, cbuds,
snow fhkes, trees, te functioning of human HNngs, bbod circu ktion, etc... (Feder,1988) Chaos tieory,
which is emerged on te basis of fractalgeometry, statts ttat Chaos is tie principl tat ulimat ¥
reinktgrats and refreshes allexisting forms of Me. “Ch aotic beh avor™”is an integrallprincipl of functioning
w it in nature (Coping with Chaos, 1994) Arc etypallexam pls of “&h aotic”’beh avor are te weather and
te stock market Principl charackristics of a chaotic naturall systm are existtnce of comp Ixity
(unpredictabilty), se Esimibrity (not se Fsameness), se Forganization around points of attraction and tie
existnce of HactaINature (fractaldim ension) (Feder,199 8)

Atte initialpointofour inestigation of t e de\e bpment of “Ch aotic Cities””we were interestd in finding
outte Bbgic hidden in e alto ch aotic BRyout of Tokyo. We estabkhed t at Tokyo 3 \sual} ch aotic
dexe bpment conforms to te Naturallaws. We can compare Tokyo3 hyout witt te deve bpment of
naturallsystms in which te presence of chance, phns, fatts and sobtions reflct g fractaldimension
(MRodin, E.Rodina, 2000) If te city is functioning, it dexe bpment shoull haxe jnatural “¢h aotic™”
charactristics. h te second stage of our research, we decided ™ find out if “Chaps””exists in te
dexe BpmentofNew Yor, especial} in Manh attan t e part oft e city famous forit reg

anafticalin e th od.

Tokyo

Conditona ® w e can divide Tokyo into a zone of so-calld “Stab l ch aos ””or
2D “Cthaos”witin tte phne oft e streetpattem, and a 3D “€h aos >”ofbui Bing
mass. The rat of modification ofte Rtieris much higherthan t atofte
former. h fact tte 3D ofurban space appeared t be “n\sib 177 For \is{pi
and inh abitants, 3D urban space appeared as 2D phnes wit ad\ertisement
boards. Similkr 0 a naturabkystm, Tokyo 3 ch aotic en\wronm entcontains
ase Fsimikre Imentofrpeating ad\ertisem ents and functions. Th e “Srtua K Fig.1 Tokyo's urban structure
structuralorganization of Tokyo 3 “m\sib87”3D bui Bling mass shows te presence of te second main
ch aractristic of NaturalSystm - se IForganizaton around 3D Attractors. 3D urban attractors organize te
city mass and he b inh abitants to orientatt tiemse Les in tie city (Fg.1) A \rtua lm atrix oft e city contains
zones of attraction, attraction zones containing attractors inside ;t ose attractors in tum contain smallr
attractors, etc... Each person has a diferent “lmMtmaked rout ””containing a “UrtuaB”itinerary witiin te
urban mass 1 te urban attractors. The urban structure of Tokyo 3 attraction zones can be com pared to tie
Russian toy “Matreshk a”>do Bt atcontains w it in itsimikhrsm allr do W, butin difkrentcostumes. Generaly
attractors h axe topo bgical distinct forms ofdynamics: stabll fixed points, W itd-circl attractors, semi -
periodica l attractor zones, etc...(Feder,1998) Wit in Tokyo3 urban dexe bpment tie main types of
attractors distinguished were:
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ente rtainm entzones -Kabuki-ch 0) 4!“Fozen””or Dead Attractors: —zones t atw e 3 nd
p knning comm itee © be attractors, butwhich in fact became abundant zones (e.g. Metropo
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Shinjuk u, Daiba)
ltwas interesting to disconer tat e phce of attractors in te city has hard¥ changed wit tme. For
exampll, we disconered tatte ol city of Tokyo (Edo) by abhostentir F within tie circl creattd by tie
presentday Yamanot ke —tie main attraction zone in Tokyo. Edo, historical} attractine to surrounding
\iRges, tumed into te main commercialand entrtainment attractor on te Yamanot tain khe. The
Yam anot train ke is e on¥ borderw it in t e city © atcan be clark distinguish ed ;borders between the
attraction zones in Tokyo are unclar. With changes in worB-outbok, te \arous types of attractors
changed teir meaning for peopll. Itis im portant to em ph asize t at diferent sociallgroups haxe diferent
types ofattractors. An intrsection ofinttrests in attraction zones creates m ain Attractors w itiin t e city.
New York Manh attan

Simikrto te Yamanot Circll zone, Manh attan itse Fis a big Inited attractor w it in New York City. Itis
hard t find “Ch aos ””in Manh attan 3 “Standard regu bhr’”urban structure, butitis “€h aotic””in a Jrtualsense,
in it spint “Chaos””’we can obsene in se IForganization and m igration of diffe rent cu lurallcom m unities.
NaturallLaw s in e scenario oft e city dexe bpmentare rpresentd by se Fsimihkrity in sen/ce functions
and in t e organizaton of culurallcom m unities. The structure of attractors w it in Manh attan is diferent
from t at of Tokyo. Whereas in Tokyo, te principll attractors are train stations incorporatd into t e big
com merciallzone, in New York te main attractors are steets temse Les (e.g. Fftt A\enue, Broadw ay)
There is no need (as in Tokyo) o crrat a Jrtuallrout to attractors ;routes are attractors temse Les in
Manh attan and t ey in tum contain sm allr attractors, etc...The difRrence in attractor structure comes from
te fundamentaldiference in tinking about space. The Japanese approach has more affinity wit area
(hence te importance of “toem mat’’and tte fhor of te builing and e “Machi’”as an arra unit of
organization oftie city) Westm approach has more witt te ke (the sequentialordering ofbui Bings abng
city steets) (Yoshinobu, 1987) Witin main zones of attraction in Manhattan (Mid-tow n, East side,
Dow ntow n) we can distinguish te folbwing types of ara it cturalattractors: Stabl fixed-point attractors
(e.g. Times Square, Fftt 3 A\enue, Broadw ay), Limitd-circl attractors (e.g. Centrall Park) Chaotic or
Strange Attractors (e.g. \arious cu luralzones in Dow ntow n, com m e rcialzones ofMid-tow n)

Itis h ard  distinguish borders betw een zones ofatiraction in Dow ntow n_

MEge, whill bcah abitants try to answ ert e typicaljuestion of exac{;
where Litth Halp starts. There is no precise sign or arch itecturalle Imer
(exceptt e Arch on Wash ington square), t atdistinguish es t e entranc
10 a district ltmigh tbe nota bad idea to create some types ofard ite ¢ | o
urallattractors, which willallohawe te meaning ofa gat to adistic = % ==
Itis im portantto mention t ata city in generall can be represented as
amuli-Ryer structure which dexe bps abng te time axis, te social
axis, and te ara iecturallaxis. Ih New Yor, te axis ofculurallcom
m unity distribution and de\e bpm entdoes notcore ke wit te axis o
of te buillings wer buikin te beginning of te 20° century, butii
“Migratd”’w it in Manh attan and New York in generakt is phenomel
betveen tte community t at origina® buikte buiBings and tie corr7
# arm) I Japan popu lktion and ara itcturallsty B are congruent, ¢ : ;
Iht mationa IG bba Sty 1. lh bot tw o cites, New Yor and Tokyo, we can obser\c se Esim |ln1y and seF
organization around points of attraction. Ih Tokyo itis se Forganization of urban mass around fixed-point
attraction zones, in New York itis se Forganization oftie sociallmass wit in stabll urban structure. Ihdeed
socia lcom p Ixity contributes to t e penetration of “€h aos>*(consequenth of ME)in to t e “Standard regu bhr’”
urban structure of Manh attan. Both cities h axe com p Ixity: Tokyo in its urban structure, New Yor in its
socialstructure. It a paradox t at te sociallorder of Japanese society exists within te “€h aotic>”urban
patiem, and t e social“ch aos””0ofNew Yor exist witin ¢t e strictorder ofan urban grid-w ork patem. We
found te exisetnce of e fractaldimension within Tokyo3 street patem ; te fractalnature of the
dexe bpmentoft e sociallcom m unities in New York is stilla question forus.
The Discovery of fractaldim ension in Tokyo 3 2D urban Structure

h our anaksis oftie zone of“Stabll chaos”w it in e 2D ch aotic p kne of Tokyo 3

steetpatem, we used a form u k obtained by  ack during his study o400 ri\ers

in Mrginia and Mary knd (Feder,1998) H e receined the fo Bw ing ratio between t e

Ingt ofte Bbngestriner abo\e a ginen bcation and its drainage area

L=csD/2 )
where D is fractiona land ranges from 1<<D<<2.5.
D is an index of fractabldim ension. The D fractiona lcan ch aracterize an inegu h
pate m. Fort e “Standard regu br’”urban structure (Midtow n Manh attan, Hg. 3
awe lknown formu bk of fractaldependence oft e ke from te ara
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is ttue with D -integer, forexampll D=2.
We appkd fomulk (1) o anestimat oftie ratio between te bngeststreet Fig.4 Shibuya - street order
in te Wittd>”chaotic’”urban zone and te area t at it occupies (Fg.5,6) Unexpecttdl, we found tie
existnce oft e fractaldimension during t e innestigaton ofte 6 “fM ostch aotic’”zones in Tokyo: Shinjuku
D=3.24 Sh ibuya D=2.34 (Hg.5) kebukuro D= 2.54, Ueno D=2.4, Nakano D=1.66, Aoto D=2.8
(V.Radin, E. Rodina, 2000) Shibuya, Nakano and Ueno show tie same
index oft e fractaldimension as ri\ers in H ack 3 study. OFfcourse, ourin\es
gation is entire ¥ qua Matine rath er tt an quantitatine. Coe ficients were cakuhk
wit a fairk krge m argin oferror because all caku ktions were done manualy.
is possibl to create a com putr progran to provde aquick and precise resulk
estimat ofte fractaldimension ofcity streets.
The creation ofa com put r program
Attie presenttime we haw cratd a tst\ersion ofa com putr progran t
map and defining areas wit a high index of fractaldim ension, and of reco
p knning and reconstruction. Such areas are considered negatine because t
nauvgat and escape from in case ofemergency. lh mostcities tese trritories show anigh rae
aresukofbad i lim inaton, khck ofpeopl, distance from t e m ain roads and po ke stations.
The work oftie progran performed as fo Bbw s: for dynam ic graph ic program m ing t e Sprite system is used.
Atte initallstage, on te map ofte city we mark out te Background (the static part of te map) all
dw e Bhgs, industriaBlent rprises, squares, parks, etc... A speciallcobris assigned to ttem. A Bbasic hes of
com m unication (roads, highw ays, foot and bicycll routes) are uncobred. Then te dynamic Sprit in tie
form ofasquar (afertie progran dexe bpmentwe transformed itinto tte form ofa snow flke) o Bbw s
com m unication kes on tie map (Hg.6) distinguishing t e streetorder and caku kting t e area occupied by
testeets within each order.
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