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Tradition and Transition of Urban
Development Theory

Toward A Thinking Mode Based on Organic Growth

¥ #d RS T
Jhong-You Huang Shih-Kung Lai

Abstract

Urban development theory is dominated by mechanization and reductionism,
and has been studied in terms of traditional top-down control strategy and technical
structure, which is far from real-world situations. Therefore, the nature of cities is
neglected, and urban development issues are inadequately discussed. However, the
nature of cities is important for explaining how cities work, and determining how they
should develop appropriately. Therefore, this study analyzes the metaphors and
analogies embedded in the major theories about urban development in order to
identify theories that are based on real-world conditions. This study suggests that
complexity sciences and organicism provide a better understanding than
mechanization and reductionism. Achieving success with holistic and sustainable
development for planning a city or an urban system requires profound knowledge of
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the complex growth potential of different facets of modern urban systems.
Additionally, urban development plans and decisions need to be guided by the
allometric nature of the spontaneous emergence of cities.

Keywords: urban development, urban growth, complexity sciences, organicism,
reductionism.
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Kostof 1991; Morris 1994) - ZFHIEFET TR2AMTIZR " ErafsEs | s " Eafage |, nyRE el
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HO T S B Ry — 2RI AU ED TS A S B R A IR SRR 5L BB SRR EL A - fEHUE D RIS A
FEEERY F e EE (Yoffee and Cowgill 1988; Van de Mieroop 1997; Yoffee 2005) - [fifix ] B AT EEHY
T o HAE TR KRR AR > AR EIRAE LB ~ 10K ~ PR AR B SRR A (e B i Y
FEAEERE (Mumford 1961; Pirenne 1969; Gates 2003; Pounds 2005) = [T {E s bl S v B A HRE T
SRS ETRIVENTASE 251 ) B AP RIS H RIS A ERIDIRE (140 : P T E RN EE) ¢
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T R S IR T AR (Lynch 1981; Marshall 1989; Lepage 2002) o

JEEGS AL - BEEIE T3 (Feudalism) AY4R4S ~ BAEFSARAVEGE » DARGEZ T TR BN
B 2 B I AH4E =t — Galileo Galilei (1564-1642) ~ Francis Bacon (1561-1626) - Johannes Kepler
(1571-1630) ~ Rene Descartes (1596-1650) ~ Blaise Pascal (1623-1662) ~ Isaac Newton (1643-1727) » &
S E R Z O A N RE S B Y EE RS - TR K F K (Clark 1982; Morris 1994,
Frankenberry 2008) - 3% HA 2 SCAHEEEE > F 3545 i FHANTIEIRETEE  (Mechanistic Philosophy) k&[5
& (Reductionism) 7 8228 » {5 B B RSEN ARG (B0 © YA i) 20l S EuEtE B
{E AR MR o U0 - MR LA T SR FT LML (Kline 1990; Shapin 1996; Mayr 1997) - F
FE TR S RATE R 5 (Rene Descartes) HIE BT SR HEENVREAYZ— (Kline
1990; Devlin 1996) » EFraR AIHYH T A — A H A NIEE STV R R S A A I ] B ZE R 2 o (a
huge, harmoniously designed mathematical machine existing in space and time) » g5 : (—) B[#EHTE
TEFEREA S (BEANEY)  (T5) FrArHE B RIENBNEEER - (=) BYE T EBRBETY X
ARfI (B S ERF B ERRY) - bR T SR B G HE SR B Bl ) = R 8, (Cartesian
Philosophy) EitiFFiF}E (Cartesian Science) #f+t-thad (B1H 1%) Ay TRIE | g1 TIERIE | IR
PR YR8 H R AT -

TR B S AHER BN T - KRBT R TSR ) R — RSB A2 B A
PR - NPIBHAsR R 2SN T2 20T ~ DR R/ NER B0 (B0 © s TR ~ &)
S ~ ARERY T ) - &K Se S S A RN A EERS (BEEATE D EEES - MR R
Mumford 1961; Lynch 1981; Hall 1988; Morris 1994; Ball 2012) - Jt— ¥ zmitt - [EIHF IR B o 2 8 483
ZH T AR AR BB T =0 BRI SRET Le Corbusier FrH2 {8 Y R T 802 2 BB 77
EAEIESE (55 McMichael and Bingham 1923; Fishman 1977) -

RIS BT o i i L LB B BR AU S L - R L R B VARG (organisms) Y
RESAEIRACA A E - BB U UG B ER A BRI A ap L2 BUEAHRH - (HATEEEFIXY —
F A AEE T A RSB E F AU Patrick Geddes BAEL 4% % Lewis Mumford 52 A 3G (Lynch
1981; Kostof 1991) - ALY IATEAGHVELLAT SRV I T L3P ARSI E B B e dhns - 25
AREZ 1% NERG T SRR IS r R E S B A g 8 — E AV sR AIEES - T Warren
Weaver Eil Jane Jacobs Bl A% B oy iy BRHFRAVAIG A BLEE &% (F£R Weaver 1948; Jacobs 1961
Simon 1998) o DIRIER S FERL Ry REE - Weaver (1948) ik K H A iy RHE2 R RER AL R 73 oy = Fef
FHER RS - SEAHARAVHRARRIRE - AAHARAVERERTE - PoS R B R - B (R B R - AR R
o MRS EMRZNRMEE > R MO YR - GBS I E R (strict
determinism) & 2R IR EERRE o fEAHSRAYEFERTE - BRE R BB E HI9E (homogenous) Hif
I [ AE A - BB B A R AR RIHIE UEGIRRE - (HEE(E AR B AR SIRRE A RE PR R E R
Frels e - A SHERAVEFERTE > R HE SR EE 2 iR [EING 45 4= 2 EhHY 528 (heterogeneous) %
% (HRRM It NI R i s = R T B R s A st — B2 T AR s — (a1
yELAm | (Jacobs 1961; Batty and Longley 1994) - [#&7% » Jacobs (1961) {8 ;SBEEIREMIMES RIS » EFL
B R SE T T MR AE o TER S R - ERER TE A A B e R A A



34

(HHEME (organized complexity) » R AR AL i fETRE Ky A 4H@RAVHERIRE © Jane Jacobs 58 Ry E R IERGHE
2 Rt B T S 7 S R S AR TR TR o B R R R AR T AR B B S R SR T K
TR A ) B T IEAASRAVEE R4 TR R E G T AR B T AR AR R -

B bt B Ak DL R i R B2 e FEVE Y AR M RG22 S A —(E S A DR - Rl A
A PR g s T S T PR SR YRR TT - R EE R (E TR (approach) — (AR AR SLER R B FE AL L
Wik - Bt o A aOR BRI kS T AR @B T AR R SRR E T R ) S
(40 Fischer and Nijkamp 2013) » A% e F S [ B R (B RS S0P 22 BURE B AIRHIE oA 0505 » 1R Rt
SR T ER SAROET 22 R BURR AR ECHRE - ez AU 2 B Gm B AL, - SRR IS v 8 T AV 4K
TEEENSLEL TS [ SEHT ZE ISR SRR - Ryfa] (why) FRBREEAL (where) FERREBLAIA (how) Jiopk 2 3
fiR—2 47 BRI E1HE Von Thiinen (1826) 7 B2 S2[& fiy 3 ~ Weber (1929) = T 2[&fir 3%~ Christaller (1933)
it EER - LOsch (1954) 2 &Lt 53 S Alonso (1964) it FH w5 -

$r o 5 e KERERIEE (complexity sciences) BEHEE (Waldrop 1992; Cowan 1994; Kauffman
1995) » DUEFERIER B2 R AL uny#l i S e il am AU S Dk (4 RO (B ~ 39 ~ TR~ BRIty
TSR MRS ZAE RS (B85 - FRGE - BIRBEREI O I FRE) - B R T s
fbgkfe ~ e e A H A 5 Fedll&k  (self-organization) ZE1T By AR 4 %48 (complex
systems) - AEAIFILAERE R £ (agent-based) By 753 - PRETER i it A B g REHIZEBIRM (B
S EEMVEEE) - DRI EREESEREE (B EITR) RS i b8 AR
BEFIRERY 2 EIETE (Anderson 2001; Wolfram 2002; Batty 2005a; Briassoulis 2008; $giH| - d& 25 « 5
75 2009; Hoekstra, Kroc, and Sloot 2010) -

HUARRZGER - Fral T AR IR (R R TR R S R R A R A - A 2 AR A e
SR DR R T A0 (e E B R LR - R BRSBTS R ER SR i S g AR AR P 22 B A
TR ER S B G — i RR AP o G T B R R T R A TAVEAE ? ARE RE 2 T
R AR © — B AR s 0 )~ DAL m] SRR A 2 FE R UREEThRE 2 o~ T RefalEh
TR RN R R ERE I & 0 TR AR R 7 ) SRR R B SRR &
(Losch 1954; Mumford 1961; Lynch 1981; Clark 1982; Fujita, Krugman, and Venables 1999; Pounds 2005)
FIRALIRF i REVE -

EHHEPTRMER (the science of cities) (41 Hopkins 2001; Ball 2012; Batty 2012; Portugali et al. 2012;
Lai, Han, and Ko 2013; Samet 2013; Lai and Han 2014) FrEEfEIVUESLIERE GaMEFE 1) » IR
BEAY TR o HA A A RO R Y T 1 R FR AR AAESE , B TS
FIR - H TSR |, HYRSERE - AL Lynch (1981) FriE# ZThREss (functional theory) #H}3
AT o o B T AN R EELE ) AR R RS A T R R - RIS N ERSE T R A
o B TR T R TE £ (who) BUTER (what) FTRERK—KFE{EfIEE (where) EEL7Efa[i
(when) e pic F AR AT 22 45 i e T AU AR - DLRGERERYEEAS AU REMISE I /2 1M (how) B 2&%-ElE]
B~ MR AR~ P S R TBIEC A AFRIFTEA: - MRS T # i e erasle | a9tH
ST B D T E G2 0 s a6 SRR - (A FE MU BT i 272 SR FE Bt (H R B (B E R (Mumford
1961; Jacobs 1961; Alexander, Ishikawa, and Silverstein 1977) » DL SRR & T 5% 5H e {1 FEEAR AR BE Feg B
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FEA AV Ry o FHIE R (bright side) HYAISHR Y - AL B DS - BEME - S306E -
SR A R E By EHAMNES ) 51 (Lynch 1981; Hargroves and Smith 2005; Newman, Beatley, and
Boyer 2009) ; & [FI4E (dark side) WYFAETH2 - MRS - JLIEEHHEL - ARBEMKI - /NERE
CRLHR AR AL T SR S SR AUy (Bettencourt et al. 2007; Huang and Lai 2012) » s &
AR Rye G &R S S 23 RTS8 Ay BRI S e -

®1 HHPE - MEHRRERBZE D

Table 1. The science of cities - research categories in four quadrants.

A NS sTEPRES
R A H T S e 2 B A SRR A0 W e (s
e ZR |
ERCH H T ELn e E e HO T % s TR B SR AN (AT 9 Rl 2 e o
ZIR N ZR IV

PR B TR A L T SR B [ G FE AR P S A — IR IR AR IE - ZBUREREE
RS - ZIEED A A RIS SRR Y - SeSEBUE T IVRGITEEHE - (EMmE BB i n
KA - Wik WA G RVERE B 5 o (HiE SR @R T E A B Eim S R A B S (0
Jacobs 1961; Mumford 1961; Alexander 1965; Lynch 1981; Batty 1995) » {1/ BEAE 75 8 & b 57 i H & i
RIS EHEE - HREN - CRGMZ "R 2 E , BT e L A e S
R GF2MER ) -

FAMTCHES T S AR SO LA T S R B R SRR AR (drama) AYSUE £
R - R R A N E R LR » FELSOKE KoeE HART E ' FUIRA B2 T5=0 >
BRI T 5 BT g R U7 AT BERY R & — R Bl Z 2 4iam ~ AR B i R BLEE R (A0
Bertalanffy 1968; Batty 1976; Waldrop 1992; Holland 1998; Colander 2000; Hopkins 2001; Wolfram 2002;
Pumain 2006; Portugali et al. 2012; Lai and Han 2014) Ffiizss SR A MLigs o

PRIL > e CRESREERESE M ZAlS o T EE T ATAER - FEES D KETmE
PETEREaERRRE  RZWPA YRR BN S B MBIV AR (140 8HIREIE - BIREERIR) AT
SRR SR T B G — AE SR (I BURE BN T A AR REIBURE © 55 =B 0 AR R ATRET BRI (AR SR B 4
S EARFE AR T AR 2IREE T S R AE AR RUR AR T P R S AR (R PR Bk (B ¢
ARV ~ A[CIESUE - THSGECE BT M T FUER) 5 S5 UUER Iy Al o3 ST DA o2 Bl (e s A7
A R R H TS R - SUEE SIS R bRy SO TEREE IR (P10« FE (G E
ERSHIEUE ~ 56 EE M BCA TREEMEAYIASRESN) © S8 Ta0 0 A EERRET A Y A BB AT ST i S e
s AEAARE o BLEWREHKER (the classical concept of mechanism) HYSHTBLINE, » DU R G TFHEREE
e EABIRAE HHEm @ I DA R 7 VA I EE e © 55 /B0y RIAE A 56 T 0 7 2 WRé& S » RS H et
ZRERHT R — BN E T Y R AT Se R 2 SR AE RAHE (allometric scaling law) » (FDUBEREFR M IERZ
TRFEB TR FefES (machines) | BEREER THE T R A HEAS (organisms) |, HYAEIEIGEA © Ai% 0 SEEED
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53 NGRS M A Lt - B B0 A S50 R L PR UM LA P R AR -
SR B G — A S R B RGBS i ASCAERRER,

PR L i P A (R 1y (18 25 w1 [R5 (isotropic plain) BRE&REE (linear segment) (401
Von Thiinen 1826; Hotelling 1929; Weber 1929) » BIEsEE R AV EE F & R ERAZEFIEE R IER -
FJA B SR A o AR B ] R MR B R 2 B R IR A R L7208 (R Anas, Amott,
and Small 1998; Barnes et al. 2008) - & H » jA-+ L4 A1 — 40 W HAFH %52 237 22 Johann Heinrich Von
Thiinen 2 ( B % % =% ) (The Isolated State) » [KF{THFEFE(ESLHY Alfred Weber 22 (1 £ % =% )
(Manufacturing Industry with the Economic System) &J—{EtH4r > [ B #E 1% 7T 0 AR A 38 5
Z A6 (Isard 1956; Frambach 2012) - i ELAl4E > BE o8& RS (mono-centric economy model) ¥
FR 1% S e A AH BRI E S 0 S IR ZE 2 E R AR AW (9140 = Alfred Weber ~ August Losch ~ Walter Isard ~
William Alonso) EFfEEFAHIFEE (Samuelson 1983) - Von Thinen f AR AL & LA RS
(profit motive) FIREEELBER (RIRIETT R~ BIAIH )7 LR e it 2 BRI ) » DARGE Hi [ A P
(Thanen rings) Z&fehth A all B2 SE R i 7 A BA H B # 55 1% — BB # P ey EL.OEVREE (G5 Alonso
1964; Fujita, Krugman, and Venables 1999) -

August Losch 4 Von Thiinen 7 {%3% SHIsE R BESEAVIATE & 2 —  Losch Bl R KEBMEN S &
LA 2 HFE AR @ SEIEE I A L E R EGRIATE & - B NH PR EEERZ — > Losch ZHE
fE1E Alfred Weber BT IIIL 2 pleAEy MEIRA « (—) g AR - () ZHIEAERR - (5) £
Himgm (F£5R Weber 1929) - Losch 585 » 52 8HE B (SR & LS A — R A E N R ERAR R &R — 41
F (net profit) (BAEIUG ARTE#AEE) - PRI - TEHE (7 B IE AT AR R R i I F— B K ez R
PRARAS NE R (75, Losch 1954) o BRETLAFE AL SR < S » Losch fEEAFEEE IR 5 A
faRA BB BSA (SR B8O 2 e (Losch 1954: 17) » A AT REOR1 26w B e i3 (£ 237 Von Thiinen .2
FERE R (LOsch 1954: 36) » Ry B IHAR % A B i BARIERIHEBAHTT -

AT AR EE - TR 2 2 B REREZNAE William Alonso /S BT /EEE 4 - Alonso (1964) DU
PR EEATHRER - i i (CBD) HUAFMEHR PRI - e EE e -
PLEE A AIRERY (monocentric city model) P57 4 +- s B AV EL O BRIRAE (concentric rings of land
use)  MZER H 25 HIMAA R Z P E R SURIIEERE (Fujita, Krugman, and Venables 1999) - [&]5E
5= (Thinen rings) 722K ¢ Masahisa Fujita 575 » Von Thinen —4:AIISt BRI (B2 % » B
H RO RS ERE RS w2 3 © (—) EXRERH R (The Marshall-Weber theory
of industrial agglomeration) ~ () th#Ez% (The Christaller-Losch theory of central place system) ~ (=) ¥t
g3 (New Economic Geography, NEG) (Fujita 2012) -

TERFAT R E T ACIR BT H Bl > BT AT S8R R RE A =0 HLR 2% 1B e 5 T e AR (R EE IR ER B (%
WR{FZ AN (B0 : SRS R Ko ~ S AR RERA ~ HARAERET] ~ FRREMERIRK) - IR E
Frmtast (B - A&O -~ H#A) FrE AR ERER - FERORAE TS5 B sUEm R R g |
AEHYEHEE (L (41 Hargroves and Smith 2005)—4¢ Al /& & & it & » AR A IRy HILEE
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FE TR IR S S 25 W R RAE = A EE A BB B B PR PR ST TAH AR EHETR (FRAEIRA R, Anas,
Amott, and Small 1998) - {E{GHHARAEIREES NS FAUEA T o (HEAEIEAE I A EIRAELE L G4
HyfEFs (finger) &Iz - AlZT{LLA Kevin Lynch g7 ( Good City Form )—E 2 Y 2 8k (urban
star) AYEEEMRES JRELA Michael Batty £ Paul Longley Fi&rise2” ( Fractal Cities: A Geometry of Form
and Function) —& il 7 AARAY E RS T AURE - TRFE e (R 0% & A I o 22 v B4 55
—({E&erryds (Lynch 1981; Batty and Longley 1994; Frey 1999) o

ST EE S - B R S EAYED T AR R SR AN B A R e TR R R % - BT
FIEHE AR EORSE - T TR MR A E R & RS E B PR IR M iR 4y Hl] - H i s RR
HAVEE K # i R, (3£ R Bourne 1971; Gottdiener and Hutchison 2011) - Hort 4R Hisg » {easfE st
%Ry« [ELERREZ (concentric zone model) (Burgess 1925) ~ fRFZFE=R (sector model) (Hoyt 1939) -
%05 (multiple nuclei model) (Harris and Ullman 1945) - [E.0 8# (BEEEASG) SEREE
EB T AR e B H LR RIS METR - (R RS H 4RSS (details) AYRTHE T (BFAN{E=E Emnest
Burgess Fri 25T 2 EEIZ NS T) - #EER T A SRS REL R HHIN TSN AR PR — 25 B IR
I3 (successive zones)— 55— @ HPORRGSIE ~ 55 TER L OEIEE C SR TAEEE - BN ¢ g
EREEEE - FHIR  EYE - FOREEA RS T HUE - FERETPAVAMIRE: - srEE
TEAE— R b G YRR F—EE (&) > DUtEE (&R) APFEEEIH—AamE GR)
etz TEVGE ) 2 "B SENEY A AR o Bt o BLOERE R AR A T A
P ZRE PR O i 7 ERYZE5E (BLPEREA A &7 A1 4%R) (15 Burgess 1925; Harris and
Ullman 1945; Nelson 1971) -

BE1% HH Homer Hoyt Fir s EAYBIZEL - R aT Ry EL L B RV RS RSB E ThRAS - Hoyt 21 5
BRESE NI EEHE (residential neighborhoods) 2 2273 HC » BEAZREE AT M AR EHIRP =
HIELCAE] - ZE50 Hoyt AYIFZE &R - BB A i s @ m A% R —(E e B EEHRBTE (pie-shaped
sector) HYMHAT - Haz s REfe) A B S A (&7 i i & B M ARERCER IR (Hoyt 1939: 114; Nelson 1971) - {f
Hoyt HYEFEWTFE » TR A EREIEE (dynamic maps) Y7534 - I RaRIASSEIRY /N oREN T 2 SR &
AR - IR LRRER SR M A (BIL17EE Homer Hoyt A £2(YRFRTRS © 1900 4F - 1915
A~ 1936 4F) - WiFRAK RN EREFRA 30 (R Hoyt 1939: p. 115 [&fP/4%)

() O BN R FR AR S A T R P o B 92 BE — 0088 € - {H Harris and Ullman (1945) Fg
EER T LA AR - EOE T A2 E S B EHERUZ 0 (discrete nuclei) o 177772 SR COHYUERE -
RIEHERELL TIURERE © (—) REREBIPTTR RAVRIARSEH (P20 © LR TR KUK & SRAY 1 M B {5
FEAVEEREE) ~ (&) FrEEBIREEmMESRG: (P TEIGRNER) ~ (2) A+ LtF s
MO HRERHE AR (B0 SaR e e B T MR Sy ~ () FREeHEhi ) i 7R oK
frsk Ay RE (B0 - A3 iR G BN FE 2K B A 22 fEIF1M ) (Harris and Ullman 1945: 14-5) - Chauncy
Harris 1 Edward Ullman §9242% 00w REEL & T R AL B[R] O [Blsm Ay BB 20% - BIDUR AR RV &6
B o sk 23 - Rl HASRRIETZAYR: - RIRE SR BIRE 7 Ry = A& A R E a3
TURE - H A ZUREREFE B [E] A AT REAE A2 L8 » I PTRE AL R B PR A I S EE (e 24 MBI Y
[ERETE
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WS = o RS A BRSBTS R i R B R AT Y L E R A S I Y ~ 4P
AR 2 R ISR RARER - RS ATV EN R R EE SR (LBIE - R R R DR
MR e AL > Eorp o REHIRMEIEY - ST MEEEE S ThRE o BEAVEIR (block) 4H&ZRERIRET T
SREABRLSAITE - FER I B e e P By 58 - S5—07m - AR ELARE 2
ELg G e AR B BRI ER O AR ER SRR T AR ARER R (4440 < Johann Heinrich von
Thiinen ~ Wilhelm Launhardt - Alfred Weber ~ Ernest Burgess ~ Harold Hotelling ~ Walter Christaller ~ Homer
Hoyt + August Losch ~ Chauncy Harris ~ Edward Ullman - Walter Isard ~ William Alonso) » JRAZ68 1
ZEEIE IR AR SR & A 22 RIS SO A SR TER 4 TR - GG B A PR - 40088 B Bl
JHELTE R e e R B R e (FHRAS TSR /2. Bourne 1971; Barnes et al. 2008; Portugali
2011) - HIt - sESHRIIPE « ORIV (B0 BP - B - =A@ - NEP) BYERERS
EERE L EEE A T BT A TREE R o AR - A FITyEE R
#h i FefiFe (disorder) MIEE (chaos) ZHGHH » AR B THAR LAY 2 ot E4EH1 T RECCE#T IR
(Batty 2008a; 2008b) -

SR — AR R R

BEARRE T EAVEERIITT - F RSS2 AVE R A i TEERTRER - hREME
A LRAR GG E T e i (F OB 2T A A R R E A T8 IR Ge - s BRI s
s TR M —(E AL DL AR - SEANE S A M AR BT T R B T R R oy < R A Py
—HR HARDIRCOR R (BRSSO (B0« (B A B b ~ MR e AL ~ B ReAs e M)
Ry B A TRV EORT B - BRI E B2 AR SE T RS A A 2R VB, » BEOREL
HEE(LASE (41 Von Thinen 1826; Losch 1954; Isard 1956; Moses 1958; Alonso 1964; Muth 1969; Mills
1972; Samuelson 1983) -

BESERAGRIVE - RSO EE R R H M 5 A T A RRHIEL 3 R B IR e 48 5R
BH22 H o] pE B B AR MR B AV ATER AR > 40 - BRI AN (decreasing returns) - SE4: i F (perfect
competition) ~ ¥EEFEHA (rational expectation) 2 (£ R Simon 1986; Fujita and Thisse 2002; Marcuzzo
2003; Walker 2003; Eckel 2004; Colander 2005; ;¥4 ~ &t 2008) « 7 DL TE (8077%) 2
TEIEANNT - S SRR R RE IR Sl (R adniReR) B Epsirya e RE
FTiEsKEY H AR ¢ 785 ) & A R0 fE A Lal 2 B R A S i SR B ER B (R AR EGIR - T S HE
4REARATE (analytical solutions) (Arthur 2000; Faggini and Lux 2009) o (¢ RERINA RS GRS
HARE R AN RS - QIR IIRVE st & D (B AT - QL —2RHIE (E ARG 22
B E sy ~ TRE B MRIRAE I H AT op B SR eiRiE (- 1 L ACRIERM (decreasing returns) fz
B EIEEXUE (negative feedback) 527 » [EIRF IR IH T {HAR S B o 1 (B F SO IS R AR ET T a4 2
Ry TR~ RREMIE—ITELARE | rYESE IS -

HHEU—Ag i R B E > BE M FEETEE A B T TR E G E )
PEIRIERUEAYES T (chaotic) 2 ZXEL (turbulent) jfR&E (Colander 2000; Portugali 2000; Mainzer 2007;
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Buchanan 2009; Wilson 2012) - [fij fit fJ4e R e BT TUNS R 58 2391 - B AR EFE S RBUT RS
A @t ENREIEAL > TS RE DR SRR B —HUAFREIIMIRL (Farmer and Foley 2009;
Arthur 2015) o {5 {5 FRAE AR SRR ERTHED 3 FESRIR, - AT AREE S E2IREER (41 Hopkins 2001; sttt
fif] 2006; Hoch 2007; FATHH] ~ £ 74 ~ 5 52455 2012) [FIERTRIFHAR i AI#AR i 22 e - RE B f5ufd
JEFFYE ¢ () MHEATE (interdependence) ~ (=) A H 3 &M (indivisibility) ~ (=) A A
(irreversibility) ~ (MU) f5e=HITHEA (imperfect foresight) - {57 (&R Ml 35 4 ol H AR A
AL I AN — RS TR T - B R A K BE T 28 B SR B s TE) ST
EARANEREE T 248 (complex urban systems) -

RSN - (AR A RBIRE T (Y 58 5 SR B L T S e A AR Y AR 3G B (increasing returns) BiTE[H|
BRI (positive feedback) AH AR H5IF - ATR AR EZ M2 A2 (41 Arthur 1990; Durlauf
1998; Anderson 1999; Kline 2001; Mainzer 2005; Lai and Han 2014) - Htf » f5RE#R & EEE L&KL 5
Brian Arthur 7E3EEITHIHIT] (Science) L ARE TN - DL T #FEMEELLOR | (Complexity and the
Economy) Ry » HE—RAENG RN sy AKORER - I DASRBHET 26 2 ST 15 T BAR T i AR Y IR Y
M (increasing returns)~ &I EE E XL (regional lock-in effect) K ES{EAH{K (path dependent) AYFE&R 4
#F2 (Arthur 1999, 2000)  {EIRLFTERAYT ARG EIN L - Fy— B PRI RAVERH] - PR SEOR IS
SR RIHUREOR ~ R - B D& KRR AN S - MIHESORE R " RELR, A
RfE T 24 » AR AEOR AR S HA5 55 A 22 i _ BRI R ORI, 5 1380, - 1T A e P EER i 1Sl
FIERA B R EEET (Tl ~ &R 2001) - ZLUR A ERE S AR GETHE] 2006 ; fifH
% 2009) - AIESERIRITEER G (FRELE) AYEIRE A AR » AR — Il E—2K - Bl
SEARRHHH HAVER PR IRl 48 rh - G EBRAVER G P I — ML [F) 0 BRELR - It EEAEITENE N 5 -
RIS AR iR P AR N Bt b - (o BB R T - [ERSH & N — R A b HEY
PRAIMEET - ERESEEEIIHEE (threshold value) 1% > FEEIPRGHTERR (lock-in effect) » (i
YRR E ERRHP RO AAYAREE © Arthur (1997) ~ SETHE] - BRIGFE (2002) SEAHRANTT » (H/2 08 RN
FRNERSmACTRET ~ 15 S b B o 0 T 22 P e T B B 7 B AR

2 prefse el P eI iRes Al —fEgOR 2 R e B [T EAE LAY TTSIRRE (Keen 2003; Bouchaud
2008) — & PR AT 50 23 FHURRERS - A BAREN - HhiSHiT HERRAREMERA T 2
(B R BAIRE - [ B4 B BEH TSR /7 s L&A H R > B Tt —EERiHE « (2
MEHEMFAEPRZ  ERRERIEN T » B 2 A S IR R IE S B RA » M EE
P . Ay Al P IS T 5 3 AR SR IO A 85 - HAE AT S i P IE SER 5] > R SCHUAR A HoAt
RTS8 - B AL - EEETRA - WIE RS AR B R A R S R BUR E NEA
SMERZFTZES) (Fff'H 2007; Briassoulis 2008; Samet 2013) © %[5l {472 S S8 R AURS AR A 12 5k
AR A BT Y BHEROR. » [EIER AT RE S R AE B FHAE LAV RE D 2 FIPRM (FHIEH 5 5 L B A 52,
Lai 2006b) - [NIL » FEZ RSO R HYEE ~ DIRE ~ EEFEA ~ BEEREAIRE S bR S BT i AV ATt
BEESR Bl i - e R8T 25 B E AR R 2 B MR BT E8E
PSR b R E R ESG R 2 G EE I (Allen 1997; faffdi 2009; Samet 2013) -

BT AT A R 2 RS o BINMESFE AR EERAVEAIL  BERE T E RIS R



BRI R (Jacobs 1961) « 5 - AEFFIRGHYEEE b - [EAREN IO E R S H T AT IR
PRI P B KER (E S i DR e 2Bl ny &M S a0 E  (local decision-making)
Fr LA (combined decisions) » I EGFI T AR EME RS T REZN | fEARB RN
i 2 Lo F RS I WEaa T R A e 2 B R I RERYTT A A (omniscience) Eif%f% (institutions) > [F]
W HA T Ry 2B AR S B B R R TE RS BB A (B30 - S ErEss RS () HitE FESME T17 5
B S E (Arthur 1999; Kirchgassner 2008; Briassoulis 2008) o %k BE 4l B s A 5% 78 R {H BR EE M Bl
TAEHRSh - IR T RE NS HE i St RS B I BT R R el i B A T it e - s
% (Bibby and Shepherd 2000; Bouchaud 2008) - F5% » s 3 el dEAl iggfeay " BURFTT R o B¢ " Hhn
AHISEIZTE) ) SR ESE  INEREEWSEGEAEL - O —SR eSS s gy
BT AL - AR R AR M R Ay —/ N3 EL (41 Batty and Torrens 2005; Lai 2006a;
Briassoulis 2008) -

AR AR LABRR R > 1 28l T B BEAEL R AT RS BB AR I B S = D =0+ S/ D8
TTHIE AR RS EGET R RALHT (B0« RSCEUAN) — RE SR aa i1 B AU (sensitive
dependence) - {H¥A S AREAHATC AN E AR S (B0 - B - JfR - VAR - HASIRAE
RIEREHY » R ZEGHR AR - JEE A S R R iR s TE » BUER A TR R A% 45 R
(%0 Bak 1996; Simon 1998; Mitchell 2009)—FF il /& A TR LB RE 7 15 4% H ELf B TR4H 8 ik 5 1%
(self-organized criticality) AY#EZEENTT 245 (complex urban systems) (Batty and Xie 1999; Portugali 2000;
FEHER - =759 2001; Batty 2005a; #RTHH] 2006) - Hopkins (2001) JRE2 A » @& & i1 H AJHHY
SIEEBFTHEWIT N B AEFE L% BAICERINEEEAAERE LS RAETESA © (—) HE
MBS R A AR E  (5) RalEIt: | SN E R EREN ~ (2) Rk« b
okt (RIERAUTENR) (ERREEEIEES - (1Y) REefTaR © BISRAREE AR e M5 DU
B S » RIELEFHE T R BR R —ERERR - (B AR BRI 2 #  mAM (8
FEREIE G E L) EAEEE T ELVRELE A REE T - BRI g g )72 (Lai 20063
Han and Lai 2011) -

SRERTRZR - (ERAT R BRSO I R A i SO S 2RV TR EAE - plh—(E
WA EERY ~ R RIS R S B - BEREN T ~ EIEhh & 22 i A A Aot i G Ay L
H—I19nikEE (cities-in-equilibrium) HY#4%S - BN EA TR REHEFT IO AV EEAS 280 R1R - TR Bl
{EBSTT Ry L AYEHRRSE b Rl %E o T HERRG T 2 24017 R A 2 L BEALL By SR AR MR BR AT S M IR R Y
MEAER - BN ARSI B RS0 R BAG R SR PR AR M A i B2 2 A DB E A - R
B H OB EAES T Paul {E - HHACRPTR AT R (NEG) (Krugman 1991) - gRE&EFH4A
o 3R R 1 S B Y B R iR E% 0 WG ERE 5 R Dixit and Stiglitz (1977) 2 BEEq#: S A (monopolistic
competition model) » FAK T RE 2B F ISR ) B (Fujita, Krugman, and Venables 1999; Fujita
2010, 2012) - {HEN{EAN: - {FEAAS I B B A A0 i &7 S - bk R oA 07 iR S
REEH AR B EEAT IR E - RN AR FHS4E E RV HIRAE (predetermined equilibrium
state) RS | -
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HOTH 2 B — R R R R R OB B R L LR

PEHEREER ~ 180 2 B MRS Y BAYR - T T80 H Ludwig Von Bertalanffy j7° 1928 -7 4k
4y (Vienna) SER A RN AV E S ARNIBUMERER L - CERTEEZ R AGH
( general systems theory, GST) Ayt » JR[E HF AR IR (RIS FEME  (complexity) HY 2 B
(Cowan 1994) « H 1 » {R[E[HEALFTH R&THT— M R iem > REZ EEARIEZ BRI (Simon
1999) - Mif WIEEMEAE— M 2 4tah L3 AR AR B2 B 2 4am - RIS R R Pt i e B0 s 2%
FHEEZAIERIERL (140 © Alan Turing; Norbert Wiener) » ({3 BGTH & S AN TEEZEARE I A
HEREMERES R SRS TR (1401 - Turing Machine; Cellular Automata) A [=] R RGT ~ L6
FRES E AR S -

T AT R R BEE > B T S5 R B (B GBFRNT —HE R5 - W R ® i B i3 A
B IEAN[E HAl B AR R R 5 — i R E T = KRR ¢ (—) FEGMEEIRE (nonlinear
dynamics) : Z4 P/ INERIE B E HIRIE T AT RE S © R S MRS ER DTN at2ei B2 e
REVE—ATENE B NIRRT B - HSE F BT A E i i p iy s 8 gt AR 50 S
J@REIEB AT (B0 # A S E R A 4) RS ENARIZUBIE (ERSE - ] 2008;
Portugali 2011) = (=) 25 (emergence) : vt o B — B NI T B & 2 IS EL8) - 53 TS |
S TSRS A S AR AR — B T A T R RS WA RS ER T
7 NHT S S HIREEETT B (40 Anderson 1972; Holland 1995; Batty 2000; Portugali 2011) - (=) #&p&Eifs)
HHYLE) (global-local interactions) : [-AltZe SRR » [EHFHT BEZEFE 20 H A A5 iR =
[ &S REFTREER LH IR B T R S B g R S B T AR T R B B S - S 2 - 5
WAET » Bz M T AR HSTIRE - MR AT - BRIV TR 2
JEAT Ry > HEMPTAE R B S E BB (% (40 Lai 2006a; FEIERE] - T 55 - @RI 2012) -

AR b HAPPTEEY T ERARSR ) R TZEE ) S - FlIER Jacobs (1961) FREEZLAVEN TR SH
LM EITE L R — "B A S T S ST O NI AT R R WA A R 8
BUEE)  REEE A\FRER B CHIRRKAIEEm TN - (HE (@) NS EE) - HARrTE
AIRIFHER ) — B ISR T DR AR R AR AT i 4 R B m AV BLEY - ol it Ry el 5 30
REHE (sub-systems) Ft RFEZRATELAGSESR (Batty 2005a, 2005b) - HAEAFESHRERTT » GHIE
AL ~ SR B A AR AR » B A BRI (power law) TAERERBITRERS 1
SZHERS (Krugman 1996; SETHHISE 2010) - i R R - s - FMEDIEER RS2
B EERE R R RAVEIERE » Sk EEEMS - BN E B ERECE R T ER
af Rl SR A AR SRR BURE — S B 1 B AR (R 45 SR 5 BT B R B B B RE 0 30 /2 RIS B A T
Z o MCFATARSEM A EIE T R FRERAMERARE -

L BRI R A IR SERE » 2SR T AR MERRE RAE BT TIVEBE R T AR #H S R R
Ji o SRANATAL » HEHE 2 AP0 B FRAHRIR G2 K 2e8i5Rm  (emergentism) » 2 B AERET R4 P B RE
RHIIE R A S 4 el BEZ S R 1T EL 8 MW R BV R RS R BT - B (A AL A AR
SRR i r B (Arthur 2000; Batty 2000) » (S AHEURE [EBETRT0 R SR G 2t i3 2 408 A
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A& (economic agents) FT4HEY (B0 * MR ~ $54T ~ DHERIGRETE - $EEIERE) » M EEARIVEE RIGHE R EAL
PHEESY B EIRT AR o AR R R R SR B N T _E AR SR T RIS (AT - 2D
&=k 2010; Holland 2012; Batty and Marshall 2012) - ZA{EAFAC B 5 B FCOFE8 Ryt o R 2 S I AG
PR UE T SEGE 0 - 3 2 T BE AL PHBRE 4% H B —KHU#HT g (analytical solutions) » ST
15 [F1 5 7 i PRAELAR A A 2 e FEE R LA R R T 20 o (B M A SR ER Pl e AV BB KAV IRIRAE © {1
JEERR A TH A S TEAR » oy B S IR AR S [l B AR A SRS — By ~ B 3T EEassry (Arthur
2000, 2006) o M HIAHEE X HEGRAZEEE B ENRHREIRANHE 58S | iVEGE » I
5C B RS FLM M B [FI R A B 1T R P AR BB AR SRAR M - T RIRI SR EE R e IR TRV RSB T
Y NMERFIN B ESR B B AL RN BT ARz E - IR EF S RIG IR R
HAEMS TR

BEAN - Bt CRER AT T IS S PR B M » (AR OR B S 1 DA LAY B 2 e B o R B st
TR AT B > [RGB AR FIRY ISR (agents and their peers) ‘#7524
BHA 2 H R i M Z A HEAE TN FTRE S 21N — 109 A =S — B AT S (TS Lk
BEH ARG TE) (Arthur 2006; Bouchaud 2008) - 78 » AILi@ I LEURERBER B IV ECE - REILL
At —FE U 5 2 B B L SR EAHkER (Kahneman and Tversky 1979; Tversky and Kahneman 1981, 1992;
Mohamed 2006; Krantz and Kunreuther 2007; Ariely 2009; Kahneman 2011; Wang, Han, and Lai 2014) - 2
WME A ER AR EIR A & (28 o B o HASOE A9 4% % L (homo economicus of neoclassical
economics) % E R AEIRER — SE RV ER - SERIVEREEERET - EEMEHEEE T REHIE AR
Ji HERZ (LB« AR (Brocas and Carrillo 2003) « i HLAE A B sh Y &ER AMIEA T Ry 26F
MG E G TENET RS R i b ({5 R OB #iE — 78 AN A L B A B (B AK
JHEHIREIHE (Kirchgassner 2008) - 5k H AR EA%(G £ Vernon Lomax Smith B2 44 7 BUAKOMRE:
2% Gebhard Kirchgéssner JR58 3 » it BRI T R4 8 AG e fR 2R AR T B R LB T 28 - t3E
B AE RS BOACEE A H8UE AT DA S e b i e 2 B A B E AV U7 B PRV S (B2 IH - HIR BRAZ
BN — S E AR R R S A R () P THYSEE B (Smith 2005, 2008; Kirchgassner
2008) -

[T LA R B R BB RV AT T 8 R B G - (EAAR R b AR EEARBE AR ZERERN
(heterogeneous) » B 58 & RIERSRE ST ~ AIRSIAIRE DBIATREM SR - B S 2R G AHE
JESGH AR5 (Arthur 1991; Simon 1999; Briassoulis 2008; Holland 2012; Lai and Han 2014) - 1 EAZ.)
S prEsEey " GRS AEL AT R 0 B T RSB AR AER AT R ) FrAREIRER - (HIA T 4R
Ao ZERAEESTE) - (55 "TERAE AT AEER " RSEEREAN ) (TR
JI4E (Arthur 2006; Holland 2012) - 35 B 523l » #FERIEFPHRIMEFEZSE (complex systems, CS) ~ B&jt
I A YT ERA (agent-based model, ABM) s4HHE &R (cellular automata, CA) M 2Ek %S T
B HEpE— S Easey T ReRRenyEg A ) MEh RIS ) IR RS
S (40 Lai 2003, 2006a; Batty 2005a) - [l % :HE2 48 e 45 FL IS Ry (R A 80 i A A P A ARERN ~ 4HRAREEA
EEFHEERAEA > EEMTEFHRTOERT HBE -Z40 - 5HEM (autonomy) ~ [EIFEME
(responsiveness) ~ 4514 (durative) EiEfEM: (adaptability) = (0 Batty 2005b, 2009; Epstein 2009;
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Macal and North 2010) -

BUAE SRR - AR CORBRET Y A B AR ZE T REERARIE - B8 - BRROVIHSRE - M0EAS
GRS, - FI R G A0 S A RN T T BRI AR 4R - OB AR 22 SR 4B
B TS R P OR SR AR 2T - TR MRS - BURRAYHE SRS SE A AL E(EES (agent-based)
Ry AT ERERS ST AT R b G EhAH AR R AR BRI BT (1R A B AR A
) o BR T 07U T SRR R e » DARGESK U7 Y s B R M - (A AR T e ST A
HE R ST RS B A R R B Rl aE R - LIRS HE R AR EREE %2 - 5 DUnh it
HCBH S (neo-classical economic theory) HHREARSS B A Ry 5] - 3% H G Bl — B S HLRER AV L E2 A
(mathematical construct) » JR& {5 X0 Em ) BER 220y i (E#af5] (the best examples of theoretical physics) (Von
Neumann and Morgenstern 1953) o ¥ B {Eag 4% it i K Jo 722 [t o S8 4 AV B2 A% (equation based
formulas) » FI| FEHRREER S EELAE R M R PR AT T 3 e 2 i 2 H AR R IS T L (SR e 997 s S g L
A LB - WS HERIIS GRS EIE A TR AP TR S S VR ~ AR R ZEBUIRRE (55
2% 2) -

PRI MR BRI A R A T S R VR b - AR MRS - 5% TR RS
AYREI - SRR EF S T ERIRR R ) B T RSP RIE R T  (EH S H H R
ZREVE - (BAEMEFIRGHYEEE L - AV ATRE A S BEE T P ATA YIRS - S REEB SR ET i 480 B
oA T AR E B EEE R DN © 55— J5TH - AE(ERGHIT R S HORSRAVIRE T H - SEPRGY T A IRER
FIRETT ~ AIREME: ~ B AR AR (R IR L (satisficing) ZERIHI (40 Simon 1986, 1998)—g [l e {H#
Gl O L P g S ERETT Ry AT BLEH AR B 2 5% (W1 Mohamed 2006; Wang, Han, and Lai
2014) - {HFZEARESR - A2 IR EREAVRR AR E M - WIREE IS - 17/ ARVERMERRE - 3
FHeRE - RESE R E E e - TS LR GRS TREA Ty (BRSBTS, g - A
IR 22 Rt ~ A —Eol St 3 AR 0 - IR TR EGE S it i e (FHRHFZT R, Kahneman
and Tversky 1979; Tversky and Kahneman 1992; McElroy and Seta 2007; Krantz and Kunreuther 2007; #&
T~ 2P 2012) - HESZ- ROV E ~ &UF - RIS RETESRE R ZHEE T A (A Wang, Han,
and Lai 2014) - NJA{EESAEAD T T HSAETT Rt B PR BB R AE BT T B & 2 B (R T 4 A (T TEERE R
U RIS R S SR T (T A 48 PR M R B RHRSHIBE S - 475 & 1EARRI 2 L a il
SRECI IR S R BT TR A MY o BT 48 B d iR = LB L - H RIS SE S
wE RV LE4E (Batty and Torrens 2005; Arthur 2006; Manson and O'Sullivan 2006; JF{SEE - f&tt:
] 2008) - [EE ST EERZ © TMIFERZAE " ARIEMEAVREL ) (SRR D B ST I
BN HEE MR [EII  SORTHEGR AR Bt AE EL 8 28 LE AT T 3 F8 2 Z2 ) BURE  (space) HI A&t
(place) » WA A RO B H AR HYED T R S TR AR G2 > R R AR e AR ST Y S B -

AT SRR — AV A BRI R R

AR EGERE - TSN, BT 2R E A ST EER ) TR
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*2 AMBEAECBHNLE - GRETEIEEMNEBRH

Table 2. The nature of urban development between traditional economics

perspective and the viewpoint from complexity sciences.

AR AL RS

R EBRS

R ~ TR E AR MRS
i Tl A =
REEANZEN G2 / e &R
R AR REE / &ML / MizsEht
G ISR IUNE A= Ee gl FnYANE
B B S B R Y S B A B e
(3 YRR R
GG BB AR A / JHEE Rttt 20
RefEl A - SRPEBLR Byt iatE

REABFHARENE / AR

SREE - BB LR
ARSI / IEEfE / BRI / SE IR
BETT/ AEeTR
RHENEXK e B IER &b
S ENSYIYNES B gilE st
YRR ek

DIAEREMERES: ~ AEVPA IS ~ RS TERaR Rl

RS RS / ARSI

(B BGATENRE SR (L R/ RS TS A Y RS SRR

PRI B IR R - (H HL SRR R T AT TR VR 2 SO EHAIR 8 R LR Ok — BB R 5

BRI AR A tem (Vitalism) » A2 HGs <~ MERE S TR TR E R 5% (Rene Descartes) K57
HIA B AL Ry Bl R e A BV E S W8 RO R R 8 am B F A an i B B s GR e i
a%k*ﬁf?{lﬂ’jﬁﬁﬁﬁ’j_&.}%iﬁii fﬁ% (¥, Kline 1990; Mayr 1997; Mazzocchi 2008; Allen 2005) - [
R F R I am 0 £ BUBE - DRI SR A T RIERA A EEEE DL B ERARE
RAZE VI R o SR HYERE - R ﬁ%’FﬁEﬁéﬂ%EﬁiﬁET&* TERNG RIS B ARSI UFER (40 Mayr 1982; Allen
1997; Pumain 2006; Hoekstra, Kroc, and Sloot 2010) -
B TR T IERI Sy SR R A AT T S R - (AR
IR B 4R E 40 > Frederic Harrison Eid Patrick Geddes J:{&$¢ H B i F RS (BB ) £
FEITAYRE S Az andERS (living whole of history) A=A HEASHEE S (organicism) — EE#HT (BLET T
HEER) B SR 4E R AVHSER ﬁﬁlﬁ%%é%ﬂﬂ%@wgﬂﬁ%ﬁﬁﬁﬂf&%% (lifeless mass) Y4 dn B2 4G
(Harrison 1894) ; {5 JEZ M ~ B HEERF R HAVERSHE] > A Red e f st &b " REnkfz
Ay ) B T RPN RA AL ) Ay SRR K (Geddes 1915) » HIBUEL Y A STCHH K&l i b 75
PEN R A IAFIHIRE L RITE R MIEKRERVE - KBS LB oes © & MR R A EED
N HYJE RAVERS ST BT ILEERC - MFEEBA EH & EES R BRI O Bk s © & iRk
EHLERE NBRR KRR TR f— BT AR an A RASHY —THE R (Welter 2002) -
WSR2 — 40 thEE > By Frederic Harrison £l Patrick Geddes FH LLE% TRE0 i AV 1Y /5 T G
(organic perspectives) » T EIEEHTESZ Lewis Mumford B{& ST RESIFZREMIIIA. (GE44E40 Jane
Jacobs ~ Christopher Alexander) [fifELLiEYEAESE - Mumford FEELF#5E The City in History 4% #f— = o 5
s ¢ S HEF AR AR R B 4E(RE (ideological assumptions) - 2R DAY AP dn
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R AR o (BRE TR E AR R ar ELERR - AR ATE A R ETRAVECE (a deep
contempt for organic processes) - [ #f i EIF (fifih SR A MRS B AKOIRIH TTHERITE
= HEEMER E AR SR » RGP LB 2R R AR TS EREZ b &
[ 5 A R R OB (U U BB L A2 A #%P 20 (autonomous organic forms) - Lewis Mumford
7] S o AL T A R e i 3 e AR AT T AR T By (BRI T 1B K B 2RI R R A
AJERRESEEE - e R RELERATAE 1A TIPS (FRA{: (Mumford 1961) -

41 - Christopher Alexander Ffi#52 A City is Not a Tree 4&#ii—>7 (Alexander 1965) - 718 €5 F1
H T S AE SR AU RRAY 72 S AT Rl g RISy T B AR | o EOCHRER IR S R T B R Rt
TRLANEE  BENEERZ 7% FTEANESITRRAMHEER (coherent) sk [EZH/EHY
(co-operative) THEE ML E—S&& » 2R FHE B8 Z M8 T R A& 75 K A& TR 451
(semi-lattices) FIRHRGERS (trees) WifEE&H4% /5=t o Christopher Alexander 37 FFTEEmY E A% (natural
cities) JEAEHIRE SERE RURIMZRAY - T EER i sat & Rl i M 2 B R ny#i - FERER I
NS (artificial cities)—B 2B A A& FIR%EHS (semi-lattices) » H A& i Al 4 AH 48 ol i BELASH
AR&GTH (trees) - IEWAEHYEFIAMEE AR T HRE T8 Z HEET OB T A HER - HEEM > 481
ARG AR R AR R ~ 2 E N _EAEREY - BT 5 R EL G B A IR G M 2 2 i e B TT TS e 42l
B R HUERE RIS BN E AR I B 5T R S e HITURE - DL IRFERNEE 2Pk
BRI - BRI B AR AR B & HY 22 R4S - DAERFETTRY T 5 20 - SRR
EENE ) MR Se AR I rI & ERI %, (Geddes 1915; Mumford 1961; Lai 2003; 5&
FAH ~ FEHERE] 2009) -

H#E » —-Hia2#72L Robert Park ~ Ernest Burgess B Roderick McKenzie S & iS85 BE
IEHtE IR A2 & ZEM S LS (Social Darwinism) A2 IR AV AV FE (5]
T - AR EE - R - (CE0E1E) SREREBASTT & - NS BB i idts » Wa e e
T~ e dA SR A W s R 7R 45 (Robson 1969; Theodorson 1982; Schwab 1992; Parker 2004;
Gottdiener and Hutchison 2011) - ot » ZhIEFE & E2IRIZ 0 AW Robert Park {5 84 (&4 Charles Darwin
(1809-1882) HyAdn4dss (the web of life) ZIEGIE S » B & AT LAY E (symbiotic societies) AFIE
182 R LA [E — R B AT Y RI B R AR AR e HS - AH R - A FIFE S B R B ey 75 =N L 4
BHRkEE (Park 1936a) - [ & IFH0 i 4 REE2 AR P HY T #0T L - RME— DR K2 Bl i B Ry AR
FERRRY T BAREY) | LHEENEAM: (human nature) FYEY) - MEIER B EBEHTNNEERE - K
A5 thErsR i\ SR R B A — R T R R AT T P Y (IS SR A 2 LU Y LA T 2R R
#EFE (ecological processes) #H G AN (Park 1936a, 1936b; Park, Burgess, and McKenzie 1967) -

FEFEZ 4 Lai (2003) 37.EL07 Christopher Alexander ~ Herbert Simon Eil Jane Jacobs % L HAI22 % >
JFAIREAE > 5B 4E4T S #i% (one dimensional cellular automata) {F B {fEZ2 i 22 s 09507 T
H o W AR S bR F SRR B B IRV SR T (5 5L Krugman 1996; Frey 1999) 7 2§ - {E#&
FRHRIEY A - BT ERREAA T PEE IR - HIE EUESr 2 R I RS R A B EY) - itk
BFFE R EANAE (cell grid) ELEERERTIBASRAY R - ENEEARAIRREZE (L (k=2) AHERAFEHRY
T EE A > M ER4EARE B Bkt 256 {RIE(EARAI (Mitchell, Crutchfield, and Hraber 1994;
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Wolfram 2002) 1F4%isIE R E ERPREIREE 2858 (nondeterministic finite state automata, NDFA) B
MEAPRIREE H EhES (deterministic finite state automata, DFA) Y 5 =\FR1% » a# 5 1o 8EH Alexander
(1965) Pt 7E FHY-- T4l [ Pl L il BEL A IR 45 [ P AT 0 2o ERL AR AR B BhASASE S0 v A e 2 P
SRR LR HI B -

A TS it 4535 > Stephen Wolfram 71 ¢ A New Kind of Science ) 4% #iL—ZrhFrsl 431y & TUEE
¥EMURE (Langton 1984; Wolfram 2002) SRV E 4RI ZEE - WABARIE A TIREGERE (semi-lattices) [T
IR EEHIRGERE (trees) HYBHRIRAEEMML G52 HER 3) - HZHEMARBAYRILES R bR T /& #im
22 [ S8R IR P BUR B 45 1) H FRAHSR M (self-organization) - [RIRF/N#)20 568 Christopher
Alexander & ¥R (Alexander 1965; Waldrop 1992; Lai 2003) - fE IS4 > BLLEGAEEY
TYSRFIRR PR TS AR - ] RERLE AL DRy - BATREMERRG AR B WAEE KT
{élfe < My B A8t N i b (bottom-up) Frdt[EIZE3 (LIRE L] « R T 2004; Batty 2005b,
2008a) - Geoffrey Caruso ZAHBAEEEEE R > Lai (2003) S MIFTRIFEE Y - HE—pitrg i SR AEdIi E
B (one-dimensional cellular automata, 1D-CA) {E B Zan i 22 i m s Gy EEETST > ififHEs i —
M =4 DL EAEEHISHIRE E BT (2D-CA; 3D-CA) » BL4E4AE B B B il i 22 B AR AL - F24E
THEBAEHSHA BT (Caruso et al. 2009)

&3 Bt EBMEMERMEIEN 8 EE2HRA

Table 3. The eight transition rules that are semi-lattices and result in class 4 structures.

Rule Number HEN HED HON EOO OEE RO OOR 0O0OO0O

9 O O O O ] O
41 O | O
65 O | O | | O | ]
97 O | | | | O | ]
107 O ] | O ] O ] ]
111 O ] | O ] | ] |
121 O | | | | O a ]
125 O | | | | | a ]

FH kR AIZA Lai (2003) -

#TH > Lai (2006a) HIFEH—JAEIGEAS £ (agent-based modeling) = JF GlIHIIARIZRAE — 2= [Tt
eAmfEAl (Spatial Garbage Can Model, SGCM) » A iE B fiE RS 4H &R (B AEEUFIREE (organized anarchy)
BRI T ZE RS - SGCM BIRL TN HYEN T2 dAs - JRE A 1B P IB LAY TT &) | DR AR 22 h R 3,
Wk~ AR A F RIS GE2IRE 1) - RO DRER 2515 © (—) RRE  BTH)
FEBHEE » AR A FUREE R - PR R L (& st s BE S - (2) R - BDASRE AT E
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HIRREA & AR~ Y225 - () 72« B4t - EASUH I MAEE B T i i A s
PARSRAIERVER ~ (1) IASRIES B d © MIFSARE B TR HIENIRE - (7)) TR
HYWERAL © DA 3thBe S 2 fE S Ryl - BEsli 2 S e A EHy - 3th E#EfTHA% (5F 52 Cohen, March, and Olsen
1972; Lai, Han, and Ko 2013; JA{HH] - £ 5 ~ #5255 2012) - = 2 - SGCM AR — Tl &l i
SRAVHIGACAIRESA LAV - BERAES TR AR &y T RS A ERPIERL BT P IR B SREBUR BT K FrdtE
SEHRHYEE AL R ) o AIEA A E R, ABM FHAT - S50 R 2 d AR S R P I (E R R T —
TEHVERRHIANEE) - HAERRE RN T - MRS R AR (IR0 PR 7 AR R e S Al
SRR WAL H = R RS T 2E B ST E BRI (properties) BGAH{T (components) & HEMTRZ 2
BEEREAR T 20408 (BERGEL B A8 ¢ T AHRAMRR R —(E A TRHY%EERS) (Jacobs 1961; Alexander 1965;
Batty and Longley 1994) -

s .
< DM _» Pul [15] L
|
a * a 4__?50 > %H_’
*_T 15 | ‘_DMT —b V.o
| ‘_RLO N | < —»
v v [” v, J', < bv_p
‘_TCH 4——TSO—D | | A
DM | cH | || ¢ s N
v v J‘. R V 4t | »
A PREY N A |
<] 7s0[—p 4 sol—p | ¥
N v A 4 l LO ==
1ol 5 ol MR
| 4] |
v

F 4 %9k ¢ Lai (2006a) -
WP DM R E SIS KA CH: AR iFA ;SO fEik %5 L0 F iz e

1 ZEBRFE AR E

Fig. 1. Simulation diagram of spatial garbage can model.

[EEEAE VA RS RIS S S R - B LA RAE S i S R SEI R R 2 S e g, > 3
MR 53 - AR R EGET AT BR4 5 = (EEHACE  (—) SIFAMESEE AR LT E
FFART ~ PEmlET i Bl E A ey TRERS R ) B (D) B TEFMIER T LEbERE , 2E

TR P i FAREEE T (MRS SRR D - (2) EYA IR ST B
[ % FEEHE RS e RS baIRa - B e B B R E R TEE
B FRE R - NERE T &GRSR EAE » DUz B RIE R R AT E
MEHREF{F: (Weaver 1948; Jacobs 1961; Cowan 1994; Simon 1998) » S+ 7 4N A Tk B an {a] i e 1y B2 5
A BAtG B BRI 2 5 - BE 1R B R AV A R B B AR ER A R IRAYZE SR (emergentism)



— RSB - T R AIAH AR B AR Rl NRUE R S ERAR AR 2 I G #hFrsei - H &Mk
HO4& M\%ﬁ?/hﬁ/\\ﬁiﬁ’ﬂ (whole is greater than the sum of the parts) » S it EBATIE s R0 EEMERE &
A s s R T 20 IR RS & (Park 1940; Deutsch 1951; Waldrop 1992; Cowan, Pines,
and Meltzer 1994; Simon 1998; Batty and Torrens 2005; Mitchell 2009) -

A T % e E s — AP T R R B RRAY H AR R

TEf T AIRFZEH - Luis M. A. Bettencourt ~ José Lobo ~ Dirk Helbing ~ Christian Kihnert Ei Geoffrey B.
West 52 K HFFEEIB (Santa Fe Institute, SFI) - A 5 BAGHYELE SRR RIS BB R HE AR
(Bettencourt et al. 2007; Bettencourt and West 2010) - #& DAsREH &S i (E S S e 2 A N s ThE B —¥—
HRHH AR E 2 A A RS ED(L (components) BGESE (organs) » (HHA: RAHEIEEY T AR &
AWrE PRSI AR P I ROE R - R SAEE TR GER Y(0) AR RN
AR T ERSEIT GLE R N) @ #3 AIHEEE B A YA TS ~ AR SN EEYYIE  8TH

A o AFRFTa {5 IR 4y 5 A LAY g £4H72 (allometric scaling law) (Brown and West 2000; West
and Brown 2005) 7 & B I EG MR (B R B2 RE D) ¢

Y(®)=YIN®]® @
B 1 A R R T R R - ST RS E R R R EEA AR
TRNIRE > kRS (positive relationships) » {H A% 8 SERA SR AT A MR B B A HIRE 2 FH S BB « o
p>1 B » FoRIEMAYSERIE & (positive allometry) - BIJER 7 8 i Ay B ELED AR R0 Ry I e 28
e B<LiF > FonAMM AR (negative allometry) » BI85 08 e Y 2 LEAT i BB R
LIRS - F p=11F - TOREFHI K (isometry) » BT R ELAT i A RF AR MR BLE EE GRS
BB o BEHF - B(ERBES (fitting) R 220758 B e E NG AR M AR E - et 1 — e
HUEEE801% (log-log plots) » 2 R R G HF e AE B B A EBGMY (F2REE 2
FelEl 2 > DASEEME S E T 2 TR AR B3 B R ) -
InY (t)=InY+BINN(t) (2)
RE2 SR REERIAEY) R R S HEE T NMEEA S PR E G RS (West,
Brown, and Enquist 1997, 1999) » 5 R AE{e g FH Jy 45 F5 68 1B A FL B R MR #R TS %1 (Webb 2007) -
% R A ERE B R A TR R NEYR A T S 2 A\ ORISR R EWETR B - HH gk &
BRI VIR (A ARSI MRS B 0 B0« BRI LBV - B 3iiH)
e E I - ARSI BB E RS B4R (fitting line) » I HLARTEZE R E 4IRS
(scaling exponents; B) HEFTAHAFERTIE FRZ1L -
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27

26 | p=1.12 R®=0.97 . p=1.15 R2=0.91

25

24

23

22

21

LN[Total Wages USA MSAs 2004]
LN[Supercreatives USA MSAs 2003]

20 . L " . L 6 . . . .
10 1 12 13 14 15 16 17 9 10 1 12 13 14 15 16

LN[Population] LN[Population]

F L kiR : Bettencourt et al. (2007) -
W 2004 23 FAGTHEE R L 4T e (2) 02003 # LALEI L E RS B FP 4 g (3) ¢

2 REfEHERZBE (ZE)
Fig. 2. Examples of scaling relationships (U.S.).

AR b Ry ARSI T SR R H G 2 m M BB A 14 > Huang and Lai (2012) ~ el ~ #&{H:
Wl (2012, 2013) 7R DAEEM S (Taiwan) (EREFES - FEIRRIE RN RAVEAREI A A LI
TRELR A T B B B R R IR R % (et 1 B8 2) - AR HITvasRETR © Fri ks
SCRKFTRAE 2 BB A SL5E ~ ARG R Bt & T B2 41 (Kuhnert, Helbing, and West 2006;
Bettencourt et al. 2007) » A MCHIEEE RIVHE - EAAOB EHE R B » (ROARETE IR A i Ry AT
GECEERTATE T 2B AT tE A A4 A R (B2 H0E 3> DIEBH & & # i 2 B
BEDSEHEYE P -

BT, > & A CUES — B B RECERVE BN - AIHEMEEE (raits) R AREH
(sub-systems) #&-F- 2 LAIFEZELELF (non- prOportlonal) HEATHI IR ESHE LEE TS P RIE
ELfi (proportional) fEiE (5520 8 2 S Y & h AR S DB G) - B S - FefTa#E LA T
B B iy AR IR P e

(—) E4ECEERL (scaling exponents) K74 1 (positive allometry) » RISFESITE » # i A LI
SRS B AR (larger cities; LC) HYJSEIR F 40 2 B RCEAH 125 > 5/ NEUSLER T (smaller towns;
ST) MR Z4 2 B RCEAT /D - Gl ST 2 AT%E £ 100,000 ~ LC 2 A C18E% & 1,000,000
TEILEIZEH 7 GEimE S By 5T/ 115 (W8 Yokl 1) o & HEEEEEAY A LI R %L 5,000 B - K&
% ST Z KA & 81 Fy 32,454 By » HHERL LC Z RAMHINY & 5, Al 45,601 Ffir (Hll 89,
2 HEE 3 HREX 4) 5 i & HEEEERY A D4R 5,000 B > iR ST 2 RAGHVIE M Ky 32,212
B {HIERL LC Z REAERHTIE Mo Al 45,657 BEAL (B Ay @ 552 HUB 5 g 6) -

8:=[exp(L.15*In(105000))exp(1.15*In(100000))] = 32454 ©)

8,=[exp(L.15*In(1005000))—exp(1.15*In(1000000))] = 45691 @)
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M=[exp(1.15*In(100000))—exp(1.15*In(95000))] = 32212 (5)

Ao=[exp(1.15*In(1000000))—exp(1.15*In(995000))] = 45657 (6)

(=) EHEIRTE% (scaling exponents) /Nt 1 (negative allometry) » AISPATE > # A AR
SEFHSE R RUEES T (larger cities; LC) HYJEH RS2 B AN/ D U MEFEE T (smaller towns;
ST) HIEEI K AL I REAH £ 2% - BIAIRE ST 2 A% £y 100,000 ~ LC 2 A1#a% & 1,000,000 -
ML FIZEH 2 GECRAEEL B2 578 0.85 (W% Yok 1) - kG FIFRAY A C13g %5 5,000 B - &
Ji ST Z REEZ G 83 Ky 752 Bz » (HAERK LC Z RALRHIIE R O, Al 534 BAfr (B 85>8, > 52 R
8 7 et 8) ¢ I E IR EIAR A A 14 5,000 B - RESRE ST Z R AGHTIE As £y 758 AL -
{HIERY LC Z RARHTIE M A{E 535 BAL (B As>hq > 552 HEE 9 Bl#EH 10) -

53=[exp(0.85%In(105000))—exp(0.85*In(100000))] == 752 o
8,=[exp(0.85*In(1005000))—exp(0.85*In(1000000))] == 534 ()
ha=[exp(0.85*In(100000))—exp(0.85*In(95000))] == 758 9)
24=[exp(0.85*In(1000000))—exp(0.85*In(995000))] =535 (10)
o - y ‘
"I p=0.9481 ,// ] ”1'2 B=1.0208 *

=
5

R%=0.9629 R%=0.9791

=
5

o
o

o

I
o

Observations
= Fitting Curve
== m= Diagonal

’, Observations
10 —_—
. ”, Fitting Curve

# == == Diagonal

LN(Number of Automobiles)

LN(Number of Motorcycles)

15

AY

1 Mna 12 125 13 135 14 145 15 155 " 15 12 125 13 135 14 145 15 155

LN(Population) LN(Population)
F L %R : Huang and Lai (2012) -
PP 12008 4 AT 2L 40 R HBE A v R (2) 02008 £ AP 2T B BB HBE X v R (£) -
3 REfEHBEREE (BE)

Fig. 3. Examples of scaling relationships (Taiwan).

&him YA RIVEE T

B E—(E T ACHIIF R DA - BT ER T ~ #0528 2 B0 T i (R A B g BAL s MEE 1 4 1 3 S Pl
Frederic Harrison ~ Patrick Geddes ~ Lewis Mumford ~ Ebenezer Howard ~ Robert Park ~ Alan Turing ~ Norbert

Wiener ~ Warren Weaver ~ Ludwig VVon Bertalanffy ~ Herbert Simon ~ Peter Hall ~ Jane Jacobs ~ Christopher

Alexander TR IHBIFEEFIIR I HVE B AE — 105 &l ~ B SR eEE R 2 AE  EAHEHERE
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Ry e AR Ryl ~ SEFR Y B RER Y S AHOIRAG - TR B0 il BRIy - BREAR KRy
B LAY A A T R R -

A AR G AL e ) 5 FUR A S — AHEGRERTT R (elements) BZ4H {4 (components) R
RATE AR 28 - BCRIRIE R E BB TS EREET - RIE I RONE BT AV AR &
Ti e — AR ARSI RE AT B - BB NREERY - SERERRY ~ TTRABE R - BRI
BaEGEH S N i L€ (e SR e L N AR E HIEE1TE) (Simon 1998; Portugali
2000; Batty and Marshall 2012; Batty 2013) -

HRLERTTAIAE (urban morphologies) AR — FEER ARG ~ HELOVRISARIRGAINE T » &
P b 1) R i 5 ) T 2 e g AR i e 5 2 Y e (G B BRI RS Y DR SR A . Bl i A P L [ 28 3R 5 FURR P
(order) FO#U%E (pattern) » H r[iZ&#Ei% R 5 (remotely sensed imagery) BHIZIESTTAY A I3 EEfE
Iy AT B B A4S 2 B PR AR o B A 2 B 4 3 A AT DU AR W TS Y R I A | FRAH DU
(self-similarity) EHREE4ERE (fractal-like structures) (35x 038 4> 3£ 5, Batty and Longley 1994; Batty 1997;
2008a; Brown and West 2000) -

F AL kiR : Batty (2008a) °
WP OL(A) B A T AT A~ (B) AR 4 LRSI R -

B4 BEHT (RERK)
Fig. 4. Fractal cities (London).

E e DA E— B SO A A Z 4R A R — A AR 22 R FL R R R 38 e 22
TR T ~ GRMEETRAT DL (R B RS A SR R I R RSB e A A2 R 2k - (e
{58 25 S e R Wt SR B B B 0 T AR AR ARAE REAV AT 7 =20 g 888 R B T 3 R AR
HIRR PR R EL E i IR LSRR AV EhRETT K545t (40 Batty 2008c, 2009, 2013; Lai, Han, and Ko 2013;
Lai and Han 2014) - fH¥H7> FLHAMEAR AT T 4t fe R iman ey ~ BIan=NnT - BHREGEREIFERINT -
TR R B ShE T RS SR R AT R A LM R - FRIMIERTE R R4 0 R 4R - 288
smzUHY - BB ~ PASTIRGEREIR AR SRS EASTEA R HAH T RAGREY ~ DRI A HSRE S B
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Ui ELBSKR SR EE I Fia Sl 22 0 s e D5 RIS B ARk 28k 4) -

S E - ARTZEHY H AR ER S P A RYED i3 R B SR A A B SO IR At 2 I AV Ol - 28
S B AR AR L HE SRR e B S YT T3 R R 2 s T SUM —HI5E  [RIRS > P& TE
PR EELLED T SR RIS (140« Bl Lt U~ DAFI s B Atk L EOR B 4E) - SO TRARED
T 22 [ S AR A T B (940 ¢+ T RS - BT A SRR - AR - £Y)
AT R R AR R RO A E s LR FELIPORE RyeE AT HEH AR
FJ520 0 WA ST R T RN T R T P RERY AR 2 -

BESH KT AEGE HEY) A (organisms) DLRGRFES i i & A2 L Ry A WA TR &
(organic growth) FYEZE 5= ERETH{EREESE EAEED - HAEBEN - LB ERBNE A
4 EHERBE E IRV ET T AISE (urban morphologies) - B H & {1 €47 & (social quantities) BE%HE
Y)rE & (physical links) ' A M 228415 3% 26 &0 i 8 S P L R 28 3 2 AW A R #E# (biological scaling
relationships) o 72 FTiE B T A& ER{H BRI AT SR (Jacobs 1961; Alexander 1965; Alexander,
Ishikawa, and Silverstein 1977) » B4 CE SRS (#THRHER) AYRFEEHERE FIRT IS SRS 2 fIHIAE
B %5 [ S e S RSHIY) D e —a i e Ry —(EHERERY - EIRAHERAY - (LBl - B~ b4
EHIFEE B ZIE5e A YA ek gs | (Geddes 1915; Jacobs 1961; Mumford 1961; Alexander 1965;
Batty and Longley 1994; Batty 2005a) -

T4 BTREAECBENLE - SRt RBEEYERE
Table 4. The nature of urban development between mechanization of the world
picture and organic perspectives.

AL T 5T AT
R G / A / SRS Zeticm / BeRaam / JRRIEEH
FEEL 24 / IR A SHBVERE 2 4R HRERT / A HERA RS
FALE Ry ThRE Sy Bl es SR SR e SRS G ARRARER R — (B VAR S
FH R AT RE BT R B R e SRR A PRI T R 2

5 R RRIE PR/ RIS SR L/ SRR/ R AR / R
BRI / B — DR — iR A FARGEHEIR I / 55 SR S B T A
Himft /it /PR L2 BER g s /s LR / SETIEEIT A RIP R

RIAFERE R - AEYETEBIRS (organicism) KAV AR R BE X EEA S L RE
(the classical concept of mechanism) BLE[F 6 B4 (reductionism) B AFRHLATEZNEZ » MR
FHEE piehith DA RS R B K VS8 R M BB — (ERD i SR R ER RS & TIHMEESET - B
HE R SR RS B A YIRS - AIRIR TR BRI 5 E2E SR LR 88 S Y SR [E R Y
RVERE - RUEE T E B TPRHI SRR RAE R R AR MRS (B R A S A T s et B Bsg -
AEAFCRAR R AR R B AR B B i R S BRLEE {2 3 A R T 48 feg B (40 Jacobs 1961; Mumford
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1961; Lynch 1981; Fujita, Krugman, and Venables, 1999; Fujita and Thisse 2002; Ball 2012; Wilson 2012;
Batty 2013; Lai and Han 2014; Arthur 2015) 7 » JR o] S AEEET i R 234 ~ E e o
1 ~ # T 22 PR RS e e 828 DR 5 T A 2 IR A e 8 e S A g T o LR S AR 2 ORI PR A o

W B

RO 3N 2012 -7 F 3-5 0" HEFREE AR Eh SR € 2012 - (GCREC 2012 Annual
Conference in Macau) ;- s &7 T fF A — HEGI T ASE A ELITRIBIS I G & 2 San i A - (FEE
SR T SR AR R AR Bl B AR R B A A — TR AR AR S W R R A\ R R S (1
FARBUEE L E A KORIEIRG) o (FE RS LRI - ZREEI - ERWBIL - BB - SR8
LB R AR S TR B AR P RYIHBI RIS SR - (R E A E G A 2 TR ERIIR LG
1E  (FERGHTHGES (BREE) BATRRSE S HE4RTE © NSC99-2410-H-305-068-MY?2) -

5 [FSTRR

TR ~ AR [Yud. L, and S. K. Lai] 2001 « & HG 2P k. BRI A B B — DA SR A S 8RS s ALt
Z¥EE5F [Ju luo ti xi xing cheng zhi dian nao mo ni shi yan: Yi bao chou di zeng guan dian wei ji chu
zhi tan tao; Computer experiments on formation of settlement systems: An exploration based on
increasing returns] - 5 # 2} # # 7 [Tai wan tu di yan jiu; Journal of Taiwan Land Research] 3:
83-106 -

ST Y8 - #EHHE] [Wang, L. G, and S. K. Lai] 2008 - #1814 17 S 2 Ml - [EIBAERRESY [Fu za ke xue
yu du shi fa zhan li lun: Hui gu yu zhan wang; Complexity science and urban development theory: A
review and prospects] - ~ #* =+ 1 425 7| [Tai wan gong gong gong cheng xue kan; Journal of the
Taiwan Society of Public Works] 4 (4): 1-11

fff# 55 [Ko, P. C.] 2009 © j#87 4 B % M AHAF 31 Fo=c Ml it @ AFpeft § & k2 47 % [Cong
du shi fa zhan qu kuai gui mo tan tao mi ci xi shu bian hua: Fu za ke xue yu jing ji guan dian zhi tan
suo; Power law coefficient variation in growth of urban development lumps: An exploration based on
complexity science and economic perspectives] o 17 &1L T EIFZEATRE LR [Master
thesis, Graduate Institute of Urban Planning, National Taipei University, Taipei] °

SRFAF ~ FEHEEI [Chang S. T., and S. K. Lai] 2009 - JESHEAZEIRAEVEFIME (A0HE)— Ik 2154
[Hun dun yu tu xian zai xi men shi chang (hong lou): Cheng shi bu shi yi ke shu; Chaos and emergence
at Xi Men (Red Theater): A city is not a tree] - # #:= # 4 7| [Zhong hua jian zhu xue kan; Chung
Hua Journal of Architecture] 3 (3): 33-46 -

H{PH [Huang, J. Y] 2007 o ¥ 38448 1 £ F % 2K B 4 5 %7 8% 2 A% [Zhong bu ke xue gong
ye yuan qu zhi she zhi dui tai wan zhong bu qu yu jing ji ying xiang; Economic impacts on central
Taiwan region by establishing the CTSP] o 17 LI AE N\ ILEHEHFEATE -5 [Master
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thesis, Graduate Institute of Public Affairs Management, National Sun Yat-Sen University, Kaohsiung] -
wdi e ~ fEHEE] [Huang, J. Y., and S. K. Lai] 2012 - Z&EEiibd & 2 4 # K E B [Tai wan du shi
zeng zhang zhi suo fang mi It ji gi qi shi] - ##3)% 2012 R EE i #I2E - @IRPEEEE -
FeEd  wimsEE el SF e rifse > 26 [Fabiao yu 2012 nian zhong hua min guo du
shi ji hua xue hui qu yu ke xue xue hui, zhu zhai xue hui, di qu fa zhan xue hui lian he nian hui ji lun
wen yan tao hui, Taipei] °
- 2013 - FRTHHERURE L B IRAHARAEIE K HBUR — 208 2 B 5G [Du shi suo fang mi lu zhi zi
wo zu zhi guo cheng ji gi gi shi: Tai wan di qu zhi shi zheng] - 2% 2013 FFEREE T2
BRI - (EE - S T O ORI > 225 [Fabieo yu 2013 nian

zhong hua min guo du shi ji hua xue hui, qu yu ke xue xue hui, zhu zhai xue hui, di qu fa zhan xue hui

lian he nian hui ji lun wen yan tao hui, Tainan] -

FETHR] [Lai, S. K] 2006 - £r7 ~ ¥R ELAR H—FAR N =40 ¢ E [Du shi fu za yu gui hua: Li jie bing
gai shan du shi fa zhan; Cities, complexity and planning: Understanding and improving urban
development] - Z [ [Taipei] : ZELE & [zhan shi shu ju; Chan’s Arch-Publishing Co., Ltd.] -

FETHE - T2 - #50% [Lai, S. K., Y. C. Wang, and H. Y. Han] 2012 - #[5f 5 HH Ak — il Bl 2= s
S5 ERERER [Du shi zi wo zu zhi: Zhi du yu kong jian yan bian de mo ni bi jiao; Urban
self-organization: A simulation comparison between institutional and spatial change] - # 2 £ 4% [Dili
xue bao; Journal of Geographical Science] 67: 49-71, doi: 10.6161/jgs.2012.67.03 -

FEHER ~ =758 [Lai, S. K., and H. H. Gao] 2001 - i 24 2= £ 47 H A BER S 2 418 [Du shi fu
za kong jian xi tong zi wo zu zhi lin jie xing zhi chu tan; Self-organized criticality in urban complex
spatial systems] - B = & %+ 5 5 2233 5857 7 £ 4F [Guo li tai wan da xue jian zhu yu cheng xiang
yan jiu xue bao; Journal of Building and Planning National Taiwan University] 10: 31-43, doi:
10.6154/JBP.2001.10.003 -

FETHH] - FhfEHE [Lai, S. K., and S. C. Kuo] 2010 - ZE3H : FFEHE AR T 24815 [Tu xian: Jian gou fu za
du shi xi tong mo shi] - EFl e B AT e TS EIAR R RS 5154557 - NSC97-2410-H305-064-MY 2
[Guo ke hui zhuan ti yan jiu ji hua gi mo cheng guo bao gao, Ji hua bian hao:
NSC97-2410-H305-064-MY2] -

FETHE] ~ BT [Lai, S. K., and C. Y. Chen] 2004 - [ B 4E4TIHE B BhAG B2 TR BN 2 4t DU R
HHENEFAAYEZZE [Ying yong dan wei xi bao zi dong ti mo ni kong jian sai ju hu dong xi tong yi jian
shi gui hua zuo yong de ying xiang; Application of one-dimensional cellular automata to simulate
spatial games to examine effects of planning] - =%} + 3 [Tai wan tu di yan jiu; Journal of
Taiwan Land Research] 7 (1): 49-70

FETHE] - BRRgFE [Lai, S. K., and T. L. Chen] 2002 - i ps 5 SRETERISEHE SR © b S o e 22
[Chang shang ju ji de qu yu suo ding xiao guo: Di zeng bao chou de mo ni guan cha; Regional lock-in
effect of agglomeration of firms: Some observations from increasing returns simulations] - # 32 # 3

[Di li xue bao; Journal of Geographical Science] 31: 17-34 -
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FEHER s PE [Lai, S. K., and J. Y. Huang] 2012 SEAHE SR R (AT T R BB S i L FE AT [Jiyu
quan bian xiao yong mo shi de xing wei gui hua li lun jian gou yu ying yong] - E{f:}&r SSREI e HA
FKp A s 4RR | NSC99-2410-H305-068-MY2 [Guo ke hui zhuan ti yan jiu ji hua gi mo cheng
guo bao gao, Ji hua bian hao: NSC99-2410-H305-068-MY2] -

SR~ R YL - B0 [Lai, S. K., H. Y. Han, and C. F. Wu] 2009 - 3 /i & B R Rl et st —Zefg el iy
7 [Cheng shi guan li de xue ke she ji: Jia gou yu nei han; Design of city management discipline:
Framework and content]- 2> £ % 7#:®#; [Gong gong shi wu ping lun; Journal of Public Affairs Review]
10 (2): 35-72 -

RETHR ~ §5R0% - a0 - Mg [Lai, S. K, H. Y. Han, J. L. Yu, and P. C. Ko] 2010 - #i555% £
T R A b S B B RO U s+ R Bl L [Du shi ju luo xi tong de xing cheng gui lii:
Di zeng bao chou yu mi ci fa ze de ji suan ji yu shu li fang zhen; The formation of urban settlement
systems: Computer experiments and mathematical proofs of the increasing returns approach to power
law] - # 22 & 4% [Di li xue bao; Acta Geographica Sinica] 65 (8): 961-72 -

Alexander, C. 1965. A city is not a tree. Architectural Forum 122 (1) (2): 58-61.

Alexander, C., S. Ishikawa, M. Silverstein, M. Jacobson, I. Fiksdahl-king, and S. Angel. 1977. A pattern
language: Towns, buildings, construction. New York: Oxford University Press.

Allen, G. E. 2005. Mechanism, vitalism and organicism in late nineteenth and twentieth-century biology: The
importance of historical context. Studies in History and Philosophy of Biological and Biomedical
Sciences 36 (2): 261-83, doi: 10.1016/j.shpsc.2005.03.003.
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