B2 AT
LG TmEr]E « FHED)

EMRRPIEEHIRR

(BLLEEASEERTAT GREWRL)

TREETE | BRIEEASERIREBERIEDO

A AR P B AR S
—THERNE LIRS RG] R
EEERFREC DU ARy RFRI AR
BE o KR EHBARIERANE - ST
TH A2 Rt H A “Self-Organization in
Biological Systems” — fi¥ & % &4 (general
systems theory) fA 1950 FEBALATRIT 40 von
Bertalanffy B9 “General Systems Theory” R[5
HARE - TERBENEISEREITE
B RS T[RRI R LB
Frig iR B RMEEESE NE RN
R R aRRAEETREERME 2
DFEE—RERIHERREBRE —FIERE
2 - BRERERGERWEA . FHEERT
A B 7 AR A B B L
THRERE  BEMEEKAE FHEES -

— > BiEER%

B #H#% (self-organization) IR FATISHIE
EHER—EBEE T —RMEB AR (global
pattern) EGELPRYEAEMBFERREE R
BRELIC (local units) YA BIFTERK - AHBUK
SHBEBEFEES  FIIIAIEPHIIRT B
BB EL RN SFIRE—E
HIRR - REEMCHNR B /ERBIERE
By MEEA HEBRRS - A - RE
% B TR B /EFFRE] (interaction rules)
WIT o RR2MRERREEFA  (local
information) - %5 2 REAT KR AL
HE - WAl 2R - BERMAERNIE / &
A BRF2E— “RBEME” (emergent
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FIEGHER

property) < {34 RIS HIR B TR —BURER
H b - 0§H (H Haken) 7EMIRY “iH[FZ”
(Synergetics : An Introduction> Nonequilibrium
Phase Transitions and Self-Organization in
Physics, Chemistry and Biology, p.191) H{#§H!
WTREREA  —B TS SRR M
7)) KL HME > BI5EZME Organization;
Self-Organization HIZIEHEEAREFLE » TA
RIRFEREAE A T R IGRE SR LI Tk
2% Rayleigh-Bernard B3 - RIAYRHT
HIREF R K S BOLEREN—BRIEHS 52
B B AR

=~ YRR R ER]

e B RGBT TR &R
WHER PIUNVERFEFIHNERER
---Rayleigh-Bernard ¥ @ #E—82 M9
ARARINE B T —ERRE  §FINARE
gz R 4E i (Velarde and Normand,
Convection, Scientific American 243 (1) :
92-108 + 1980) ° yi/> FEIEHREIRST - &5
M. FEHENYEER - S5—07E  £Y
R REREYHEREME  FIRT R
ERTEEER - HRRRRBMSE Kt
AILARE A YRR TR E R -
VWRFEHAKETRERENEHMER (local
information) » DAL f# (feedback) ¥ HITE
TERREN - VIR ARERIZE R - BiYIETE
MR AR B TS RITT R
I\ ATRERFRH I EAY - BRI EAT
R IR -



=~ BHEBRIRE - IEMRAR (positive
feedback) BH 3¥f [q) R 88 (megative
feedback)

REEMER A  IEFAEER - SR
A HIEM SR, TN — R EER
LRI A N N - AR B E R S
PAEIRE (homeostasis) RIBEHIHEE] - LU
HEABRIEE) - BRIMENTEERZALL -
M¥EES5 [ BBRE R FIERE R
HEFRRET - BRFEE S —EFIT -

1E 1 S R RUZ IR 75 T st e R SR B9 )N
B B ESEA » AR EE M OR R
angt -

BAHBSR R EL R HIEMA RS E2
FIF &l BRI RIS C AR TURERY
E B EREREIE A TRIRER -

EVRRPRIREBR S — KRR KER
SRR LRSI EMBLER
WE—PAMRY D R R - B AG B
—H - HETHNE-SERZKBHLETE
1y » 12 BN AR AR - R EREY
WAV S R RS EERIEARIRE AT
B B2 (T B SBOL R IR E H CATRE L (T
signal when you signal ¢ ) »

g ~ VAR - DURIRBRATRZ
EFABREHCHTR

1. EMERER -
— YR RO {E B At RS R
BEA - MELEBNERXET LGB
“signal”fll “cue” » HETERI R AT
RIS E A ERIFIBIR - B aiHE
B BITH THLEYE - BEZED
EHFIARERR BRI - R2E
FEENBREC T » REEREANEN

ERERETF MR A
PEREATUEZR

BlaNEEE B B B H ERIEET S 5t
BB —EAEIRIR

2 “Stigmergy” (E.O. Wilson » The Insect
Societies > Havard University Press) @ {¢
REMBEE P ESER
gathered from the local environment) {3
PR fE—fE “stigmergic” #9T{E
o (R TR R ERBATE
R AUFTSE BRI LAE (BIZEEiEHEA
5) THER A (EreayE s -
EfE R R RN E BRI - (R
AILMBRAB ECRITTER » ELIEAI L
FWHSTR - 7ELL T RIS EA B+
BIE] DA HE — & AR /5 A
LA

(Information

o~ BT - RS R (R BB A
(—) MfERE B

Grasse (The construction of nests and the
individual coordinations with Bellicositermes
natalensis and Cubitermes ° Insectes Sociaux
6 : 41-83) il T HIRENEENHIRE - &S
H R E B R B

1. A GFEE: (phase of incoordination)

B AIRIREE » iRl B A &5 B HERE A
ot 2EE BRIt E A s F e SR T
fE > TRALHAMERRAYEES) - Koy —(EEE
HERRTE—BRRIMPRL  ATREHLEMERS TR
WERIEIMS 2 B TR AT RER S — (kG
HIElF R -

2. TFREEY (phase of coordination)

B —PEERRIPERER B (random fluctuation)
5 1F [ S BRI BEHIFTEOR - BEHHAIRE 2K -
FAEt R BRI R S &R —E A
% HHERSRPE AR 15 R5IHEH
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IR 2 PN sat=tnishi
BHE GTmiEa]E - FHE3)

i thimye T HEAEE () AR 2 PTERRIIE M
8 - (BERBERACEMEMRE - QRATR
WA R AR R AT SRV ERRMAT
By - MRARER stigmergy” - B TS EFEEL »
HRNTERARBERMZEEMK e
—{8 HAYTTERY (B H e A —EEAED
RE LR HIE R B RS - ke
RETIRRIRE A BRYE S WhaRATE ERRITT
g o

(=) =R

I AT LHEEEGRTEREENE
(1) Fre&AELRK
() EEEAEATRERH
R NEE-ERENREEREE
ETE - B —Ee BT R
SEARIRFR - DA LR E o R R RSy
TTRET TR ERERN Tk -
2. REZNERNTREET “BEE
& W
(1) BRREAK - HRFTREMRISAIE S
BIT%  EE@EREAETERED
bR B A -
(2) Mt— T REHR B B
3. TEfEk H 25 e it ERFE BR 2 Hy 25 BR

(recipe) °

7N~ BEBAMIRE
(—) Bif& (Dynamic)

BT IS BRE R A SRS S TT
IRANEHET TR AR - — A AR i
HHIRFA G RE B EIR L - 5551 BEE D
ARRRAMETE A B REA SR
(entropy) T > #ERFH BHURSHE - REER
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AL -

(2) BIRZEHM'E (emergent properties) » £
—EEBR M (Dissipative system)

RN E R E—HAREETER
S5 ARIBECR# (AL entropy TRE) - &
MR O{ER A EEET% (equilibrium)
RERVIHR - B R B IR R B TRYFRRR MRS
HA{ER (nonlinear interactions) [EE4: -

(=) EH{Mti%E% (decentralized control)

REEFMEE (information hierarchy) Ef,
FEH|BE/E (control hierarchy) 2 #SHH X BT
HARVERS B ERRRFRAL FIAME
HIE B R AR B HIPE T —i& -

(V9) “dense heterarchy”

“heterarchy” & il 7 #¢ % 3 2K - &
“hetero-” (FN[EIHY - EEHT) F “archy” (#i15)
M AT AR E TR
RPERR AR BLTAHYTEED - H AR S B TR R Y
TEE) > NEHENE (feedback) EFREE
% SRR AT o “dense”fSHYE
MBI TE R — AR ERE RIS LB IE A
S -

t - BEBREFREEENGRE
(—) FEFEM: (adaptability / flexibility)

(1S —E A Y02 M0 ] LR S R B M A
HERE - FEREDAF TR - BEBRS—
FHA K SRR — iR e 2HIRE 5
—J5H - AR EAERL - ERENKF
EHRALC I - BAERAEEMRIRM -

(&) TRANRI RN

(Economy of behavioural complexity)

PREGFRITRAAD U] LUEER )



RS - AR RER A ARETT
BRI LIRS D B i — R R 5
ERNBIRESE2HTRREEZE

I\~ Rk

HAEMRRPWERT LS B TIIANES
B

1. EE#%Z (Empirical Observations)
2. HEE RHAHREITTEM (dentify its

subunits)

3. UIRRERA S E R AE AR RIRMA
(Determine through empirical study the

nature of their interactions)

4. IRHEREMEAIBEER! (Formulation of

mathematical models)

5. DABLHEEISH R HMHTRE] (Generation

of predictions of the model)

6. F & LA AT R R A R TR B
EREEEREEEYS (Comparison of
with the

the predictions collective

process)

EERBEE R+ A
FERENTNE=AR

N~ ZEANERNBEEE
L. 853 AR

(Differential Equation Models)

¥ETE > BFREEEHE (continuous) » H Bk
EM (deterministic) A » (HEEREE DIEHISE
B HRERX - ATREEMATHE (analytic

solutions) °
2. EH-REEMEE (Monte Carlo Simulations)

Eesir i R E SR TRA RIS AR
WRESD - (R ILEEBARHE -

3. Bk B EIRERY
(Cellular Automaton Models)

Ry ] RS BE A (discrete) » AT DA 52 1k
(visualization) » FTEEGE R L REEH &
REHEEL -
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