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ARG E FEZ I
| B OE R

BINKEBER, HM 215006

RE AXWEMGERTEERBROANMDNREL UM SFHER, HFENE
TREERBEIERS T, B TEEAZRBETREGE R, X P85
Lyapunov 8%, #mIMi. WEERA Kolmogorov B Z4p: %, ETHBE B, M A
SRS BB AN FaBAC, SC, EMC ENHFRNNE W ERE TH
R, B RGPS —E TR INSA TN LR E R ERIEIT T, R
AN AT FABRE S A DRI N RER TR,

¥@E H AW @ 4% BXET; asn

1 3

LR R R R R Y, EERRPEEERBNFRONE NS, B
ARAH— A FNGE, DEETER BRI FRERNRL, UTFRILAHT.

- B M K FI B AT LR R RS R . e B (UFR Logistic
WS

ot

Torr=usa(l=a,), 0<z<l, 0<p<d |
MERARXTUEEEMRNERM R, HELSH w3 B 4 ZHE, d®RTmE
MHAETAREERTHEAREEEY . LR LD REN TS RAMNBGESHTERELM
KBRS HAAIARTN (B [7,24,43,447) . M43 E, ERBRARXEE F 1845 4
WA B A Y TR E N Verhulst 2K, ELFEMELRPUEENH, HS WM
BARKRMHMANELEFTHFRE (BRI8,43D .

« EEH Y KBS (BIBTE Mandelbrot BRES)
Zas1 =22 s _
WAER CXE c HESE) ML RBN BN A BE %, B Mandelbrot £ Julia
£, RERRERERNES, HPRSHFSHBETEBNEENE (BI011,42D).
« Lorenz 7E RS BB 70 b 15 B — 4198 $4 4 T

* Zlilf'iff%ﬁl@%g_’f‘iﬁﬂiﬁﬁ “IRRMER S LA E AT EE &R
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=0y -2)

J=(r=-2Dx~-y

Z=xy—bz
HKor b RESH., BRAETEANAT RBRHAZKS, HEPRBREBRITH
SN E—AT. BT 62 B BB BT AT KRR SHRAFS WA, @
Lorenz JFBMHHMLRB RN T SEFERER RE—/NE 4 4 4 % & B3Fk (8
[40,511) .

* 7€ von Neumann RF HERYBARER E, Conway BIi T HEAMAMEER (The
Game of Life) , XMERER—F 40 BPL. SRR ELHSRENKEE
SAMBEHERBLEHIBREFTEANTHRT. EEITHRPEE—ATH, ERB0RM 1 FHA4
W&, RIONVAGERE 0 BRI, WRRES 1 BRE, THRERREAA%E R W R
A BERRUN . 1., EX—RALTIERENTTHE, MREEKNANHEH TP R
SARTER, WHERSET—-HABREN. 2. EX—HABEENTHE, IRFHIRE
BHHBTREEN, REZEZRE-ANEEN, NHRBFET-HAERE K. ZF5
s XESHMERX EGARG—FER, NETMAENEMER, BRI LN AR R
WIATH . TEIERT, Hr bt i B A0 B0 PR R A X AN TT M B ShHLEL A8 Turing HLAYH- 5 A6
1 (BET4IHBAHRD) . EE- L PR—TEREHHME (Glider Gun) M, KE
WA ERHMEE 40 BHBBBRBER T RER—A2RBIR G BRE, DEEd
30 B — - Ml MERAEARLL,
PR
b | g 0 A i I
L@ e i 00
|

B 1 Aedieakip R EYLE

A XS HRERAR, HEMERES, BRMTRESB AN, Hlnde X Ep:
HIBFh, MTRANFEALTSARMYE, WZARPE 0 RN A7
LRI, NBEFBR ' afLAE, BELHSANRABVEN&EENLRINTE
PR T RGP R A& A BURK . X — RER RN R BT HNRE,
B—TH, MFTEASPIXENRER, HAREMBRA R 5T E GIFHE
“HRIRW” JTE) RATARER.

BEE SRR AR R IE, MBOSE PRI T U E kA B NI S BB,
KAWL, SWICHE., LHEFMAB LS HEY, HLRAE50 4/, von Neumann B
LW NP E R AR 20 DM ERES. DUTRM47,0.112]5 555 i — B30,

In the 1950’s, John von Neumann predicted that the clucidation of the
concepts of complexity and complication would be the task of science in the

20th century as it was in the 19th century for the concepts of energy and

entropy.
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XN N, “Ed” ARRE—AHEHE, BRACSARSHE, Hagd
XS A G — T, MAREYOR B G — R . IR M A A BRI i
AW ARAE, HTHERR, AT “Sh REN E 20" JBHE L
IR,

WRBEMLFHIE, HABANERRENHR BNERERINTSG. XHEHBR
THRETEEEHERBRAI—IT (SJUTD Hips, LTERERLHTIREEY, )
E—plmT (31H049,p.51)

The study of emergent behavior exhibited by interacting components
operating at the threshold of stability and chaos,

ASE WL, LBl R G S A BRI R T SR B o 1 5 2B SR AR
W, REBOTTFAEH R SR e A SRR TA (MmWS K [12,27]) , X—
KRN FHHRENEZEHRSBEEHNTR, KRB0, WEEAMAY,

HFE RN EREL T RBRE, BRGES—HROELEHR T, B
ASCH LT 34 R BRI S B BT LB B — A B, BT Z AL S, BH S
WHRIE. ZES W LR B AR B TR, WBSHR, KHIREKE
R B AT — 2 50 B B S DL DT T AR A BE IR O .

2 BRBBHBHFAE

C ARATXF PR AR AESCH Y B R TR R R R - DB A, X ok B
B, MTFEFIEA SR GRRT R A U EFHS, BB L sLRRE N
WIRZ Tk, 11 Lyapunov 3%, Hi. SHRSE, WAEERENXRTEZN GERLEX
R GEBEMBE R0 . XTENBHERREICHR, Bt RIERKRIGR.

RTHEREERNLHEN [20,26,39,56] &, .

BB GAEL63] I R B KU R 7 Bk A IR W I AT T ORI 07s SR B ekt
RN BT E— BT,

() Lyapunovig® M %E W[ & Lyapunovig B SR T R G500 30 2247 9 1 W3R 4 AR B 4K
ik, EIHREHTRPEHRIE Lyapunov IEAER BRI RIE. BE Bl Logistic
B BF AN Pl IR E LW LB, Lyapunov BRI AT HRFMBEHLZ N B &
Y, BEREHENBEEIERBERDMIBER, LKL, YT Logistic Bist & ¥, B T
EEREAMYENE K Z I, &ﬂlﬁfilﬂ& Lyapunov R ¥ MHEH S o 1 2 1 1) £ BAK

(RL7,p.33D)

-,
Ay =1-const,(4=p)°*

MU, BB BT 4, MWSHHARG, Lyspunov SEGKBIBAM 1 . MHLHIR 4 B
FHRHFRERG AT .

Qk, 7381138 Lyapunov SBMARARN, HIFHN MBI 2 508 1, X
LiR S B AR B BT AR S SR AT AR R, BIAIE— A RBE T ln2, )
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RIVERE AR BHER, Lyapunov HBOLNF BRI, KEREMITHE 1t B
Fagy GLTF—4) . HM (341 WS, MR Lyapunov HEHTE, WRKH 17 H A
AL B e R Ak

@) WEMREIE TR T LSRR ARk B, WRRER TR 5
F5l, SR KN o MRS R BT N XEHEMER AR K

Biop = hm_lﬂjg_l\ig,
n

n >0

MXAMAERE, HIMNERBTHESHEENEBE, XS5#I%ZPPHR Boltzman R &
K. XTF Logistic B, M heop () ESE p WRPEMMEE., XBBMEH ER L
HHWER, EREEAENER, NMEERWAKEXRE, BEXTAHEHMER, B
TFHVIERER, MTRERL RE B Renyi |7, FRGERLL.

XEFERY, BABASHAREARENASENER, HEETLSHZIREREW
ZRHEAITE., XETHRESEFD.

Q& HERIIFHEFHSELEEARSN F B, B W Feigenbaum T 5] FHY
Hausdorff 4% 0.538 - JJR— M EENEE W, HEFANHEENMMI4E 6 BERBHER
TRAGWSI2GA., ARBMAESES, SERREX/DMABENSINIRETHHESR
BRI RKE.

(4)Kolmogorov £ e it $E60$4ﬁ¢%§, M Kolmogerov, Solomonnff 34 Chaitin 43
B R TR EREEE. ETUETRAURNRERINEEEE, STFARH—
MEEFF], B Xelmogorov B 2% 4 B R B4 4 BOX R A B a3 BB B K.
BRXE—-FiE R, EERENTERSEENHEIMEBXR, EFEEBTE
A Turing HLAS —Z£ 8. FHRKolmogorov KR4k & TH i8R v 2 I H1 i th AR it % [36].
XA EH—MHENATSEMEL6LIINFELE.

Brudno ¥ iXFhE M AR T ESIAR N REUBF R, MBHHR G W — &
BB~ TR ERAFESFH o= @) T B W, i€ K@ea,) BEF aoa,
Kolmogorov & Z#k, MIHNIE « W& R4k L

K (o tq_y)
n

K (x) =limsup

RTPRITE K B BIR a B [34].

R R XA AR, BT Kolmogorov E%EEE%LETTﬁﬁE‘J, B i — AR
B Lempel Al Ziv PFrig i 07 o3+ (W [33,35])

W [340%058, XFXEIBSR B, H Kolmogorov E%ﬁﬂ@ﬁﬁ{%@]%fﬁﬁﬁﬂ Lyapunov
. WER—BRBEEMEN, X—HHARFE, BNELHE, TN REW S,
Kolmogorov Btk # #E ER BN EFFI MMM, WIS TERYE.

GEBRBESBFHHN FHAXNESHOERETRR TR REITHHE R 4
Sk PRI, XI5 R SCER AT LA D9,20,56,61 13k, XEFEERBERIESNASD
PLEIE B0 H LR B I BN 5. Wolfram 87 5 BUK AT T % 5T I B LI 4
¥r. %t Grassberger 2 AT L 4E [17,18,19,23,39,45,46], XETHAZMMM A P B
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TR,

—MBRESHESE T4 (FRK) F5Ha0Es, BS80S HRE—~1MER
TEE., AENESHERPTCLFERETHENBERITHRMILHER, Chomsky {2
KERERBERNZHAN., ERESTSN 4K, EHMET, L TXEXEST. LTXHEXE
BHBATKEES. Chomsky KRM—MEAMEARX 4 RBEFRFHBINUT 4EKEF
B2, FRAZV. THADVL. KEFR BIHPUR Turing tl, HPEHRFEFTR N H
By, RBEHITEIRASN, EHRERMNBEMESHERENIERY, A TUEFAESHR
HRETFA, BEFRHELE Turing LB AREEZNIES . B#E Church-Turing i B,
BOBEIBESWERERATIHEMN CRTEFMASVNARES%012,27D) .

FIAX®T R, #id AR HEVSR, Wolfram R TTH A SIPLA 4 F3l £ 2 4
%K, HARXHEMSREEEEE. HbhE 4 RHAREANR R MEBEE RN 2R

(R [581) . kL, XREEERAEFSERRET MEDNFE (Pattern) I HHH
MEREGTRH. FIAREHITR, 78 [57,60] F5e@oe T B X a5t i E MG & B4
- B, 7E06,1017% B MIEW T 4EX & B 45 2 BRAY Feigenbaum BB FHIET ERHR
ETXEXEBEEFHRER.

EERBEFTRHOL, FEEZEMETHRBNMEOIBEONBHERFRE SN, EARX
B UTHARBENB/DE SV (min DFA) |, 7£ [17,58] P13 H, XSiEFHN E Met, #
BZEMB/NEIVRENME N BENES ERENER, BN EHERE, TH

AC=log N .

CXE R BT RIS BRI 2 )R ) 0 AC 5 BA#Y 06 RS 8 TR I E WK &
- FLAEHENERR. SRIHRDESIVOREES S . REREHSIPA R SR 6
T, NEEBrE NS AR RE AC,

A LN 3/ B SIPLR X IEMIE 5 W — RS WHR, T AC EXFHE AW E R
tE, {HE: 5 Kolmogorov E MM . XEHFRAMAR. AC FRBMESES BIE & F
R EMSEME RN, TAREERAETEN AR MRS B REEE, 24%
B, M Bernoulli BB BBIM YT SERERESRBRBASHRY, BHP 4 kL
¥ E1 Kolmogorov B AR IEWHH. NENELRBEEREBR AN, HTEINELER
RAATEN, HRERTEIRETBER L EER—NFEF)Y KRBT REN R
FPok sz,

O) AR (set complexity) LETIFMEREERACHM KW K. &
56, MTIEEMES RERE AC=co, HK, 7 AC HEPREZEEAFEBIEL F
HIBIEK, FH, Grassberger £ [17] PRI T A—MEER, £4H L4 SO,

BRELME—NMETHNR/DESIEENDRE. MREEBBLEH B BEAREH RHH
Xgp.-, ’I:=1,-..,N, ﬁl’l’rl‘ﬁ N4 H‘J/\it%]

8C=- Zp. log p;

i=1

XEMAT Shannon MFERIL AR, HERBBM IS (bit) |,
}’Wﬁ*ﬁ$9 m%aﬁl&% i A'{ﬁﬁﬂiﬁﬂj—F“/‘ﬁ%ﬁ%\MGﬁﬁﬁh y 1=1,...,N,
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U5 B e T 20 O 2K 0 0

h="2p logI;

=1

m%Tu%&,SCﬁﬁ%%#T%ﬁ%%T%%ﬁiEﬁ@@%Fﬁﬁ,@MSC%%#
AR, % 8C 5 AC fEuER T LLALE, SC BRI TREEXRERLETFERE WVSE
B, W AC REEIBKBANFTERAENERER, SCUACKHLER: o, SCEHT
REXS TG R B ShiLth 153 A FR 1.

Tﬂm%,W%Mﬁﬁm%ﬁAﬁxﬁgﬂﬁ%ﬁﬁmm%mﬁ% WE Y &, I SC
Rl N —ANFE B BAIES (IR PE) HEAN T— RS E NS ERRE BT
m%#%%f‘aﬁ XRRAE (171 i TMCO (Eiﬁﬂ&ﬁ%‘ﬂﬁ) e (191 9 B8 FC (i #l
R .

m?ﬁ%$%M$ﬂmﬂ§ﬁ%$§WEﬁ%wm%§,@MEDH*%&%E%&E
BRZ MR .
O ESCHREXPREENETHERTREER, ARFERERYE, FEA-TFESK
B FEH LB RERARG R, b, e b sAEN NE/NE ST 32
%SC@%%%f#%ﬁ&E%ﬁjW%&ﬁmﬁﬁEﬁﬁME)%raﬁ

© %TF SC wufBHE[18].

MEEMEE 5 (effective measure complexity) Xkt Grassosrger 7 [17]
R IR —F R R, ENETUAA S B EENIOREE], WATELTRES
EHNEMERAE, Bk EMC R RRESH AR —-HEREEE, HEEIBEMLIE

%%W?ﬁﬁ
EMC 3 M54 5‘%#/1&£ﬁ5d&kﬁfiﬁiﬂ]T“Aﬁ%ﬁﬁﬁﬂiﬁﬁ%mrEﬁ
%@ﬁ%‘g CSitn-1Si+n"’ ﬁﬁﬂmﬁﬂs.nzmiﬁ@aﬂ%%*ﬁm3.+. ﬁﬂ%

Wﬁ%h%E,Mﬁ#%ﬁ%TT%E%éﬁmm.Wﬁﬁmﬁﬂmﬁ%ZE%ﬁ%ﬁﬂ%
Si+n MIRTHE MR IR IR IR B, BRI A,
HEERTERED « WASHTSHEER

I, —-Ejﬂn{S}logp,{S}
Ht S=s;8ira1 BREN 0 S, 2.{S} R SEEEME, RAMEXH F S K
1T,
4 I,=0, WS BAEN, ITHHUT—MHS s MTRENHME SRR
kn=1n+1—

ALLER, ) {(h.) RRFENS, STHSRAMFEN, A (1.} wTRE W ER
. T
h=1lim—"-
ne N

B MALE (ko) BARMRERER b, BRPELSBTERNLWHRZEHRAT W A HE
#, RURERASHPHE-IHEHTANTHELR, ‘
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BlPLA GRS
Ohp=lp_1—=l,
IEH{J%SL%E%E S Z}E‘ﬁ% Si+n B‘!Z‘%ﬁﬁﬁkﬁ??%i. ﬁlﬂﬁ’ E%ﬂlﬁ 8 ZE’ L‘Z‘@i%
By O, WIS EFFRK, FR, NTHWE s o ZFEHANE sivne, WBHRE D
HU Siv1s 58 iva1 SBIBEAMRARRYERR., IHRBIELFA a0k, AL (bit)
HER, XA« KA, REIN THEREBUWEFHNERE, WARNET R

EMC= Z6k —Zn(h..x k)

X H BRI ZEHJ:JLWJ%EZH%B&?
EMC<TMC=SC<AC

BREMC 5 TMC, SC REXMMWEN, HEMC<TMC RWREREY., BBRENNE
XRAHEBED, EMC RN THBEBIMHESHARTE RIS b i A SEER ST Fid Fidk
BB EAR, MEAXLEERNUES SRR T~ RE, FB5%NTHE, F
WAEEERMNE AR AR 4 EMEXAMES, 6N ER S, TMC A T
1 FE 3 23 9 S B 16 B

P RE BT LI BB E MO HAB AR, g

EMC= Z;(h 1) = lim(I, ~ ah) ' \
-° ! ' /'/

B R, EMC 5 {h,)} W8T BB i e [
HHEMKER, UTUSH, WEEAREEL . .
eSS {00 3+EY 0 BT B K, *

HUH—&BERRBUA 1. WiFE WXFERH :,.T,; o °
SEREME, ANy B B/RERE 1] 0 . .
EMC, BEXAILMER, LI R, BN
REHE WE2) .

RIS afLL A, MR o 8Ne 7, RAIEE/DT 1 MR R BERRT 3 B 3000 M2, 1
EMC {yftiRco, {HRMEER b RT, XT EMC 582 — (—X)X % RMiHs 381, |

@ efl5 e WHE Crutchfield fl Young $RH T 10T ANLBI BRI 755 2 14 3% B ShALIG
i (W 09,100, MMIBTAM BV S HREVLER, B e dl (BUTRE T 7 [56] H1iY
iLe) .

Wi e SLITRNT . AMEBNF S HEHRBAESHMEBERONERE. K5
EXTETFH (subtree) ZBIM—AEMAR, ML, BHIAANSNREN 8 PN
WA, Wk BB AL SIPL. XA E PR B AR R T ROk M 37 R G B 2R
Bl e RRpERXAHVLE SRS E R SC,

BAT I, i e Pl ER—AMBEN I, ﬁ%’ﬁﬁ%ﬂtﬁﬂﬁﬁ% EHRE. N
[561%%E, HEBRBMA, FHANFSHEHKER 10° (ZF—X8RP, HE EMC FRH W
KEER: 10° 15 Kolmogorov R AKER 10%),

M2 EMC, {388 I, R IIUT%R
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(DFEHW|EMFE (mutual information) PHANREPRAZFE M LT MHEE
BRER
M;;=log—Rii_
PiDi
B3R k15 2
(M> = Z piiM;;= 2 p,,]ogﬁp—'l)’

i,7-1 f,7=1

XEPRAR B SRR RFEN, XFHERETHEETIEFRAL.

LT, FHOHEFEBR EENERWEEBMMHS (0 [20,26,38,391) . 4
M—Br Markov BRI 5 F 715 18 0L 2 it

7 [1,2,20,26,39,56] HEXMPEARDEMMEREER, XERENE, AT
TriR i — 2 B AR 67 3k 3 — 2 B A i 220 R T |,

3 MAHESPEYLE

EEPTESEH, EaETERN ?ﬂ%ﬁﬁ%ﬂﬁZ@M“Aiﬂ%%@ﬁ 5E4
HW A 5E 4 BRI S 1 2T R BABOA N BB R ZW ., ALLXE [0,1] B B8 WK ITBR
5 CEPBTiE Logistic BRE)

xn+1=ﬂxn(1—xn)! 0<1‘<1‘, O<ﬂ<4

BT XA, o s SRR R ROSLBRST HR BSr 8. AR TRILRE B
b A b 1ol

(OHRFEBPH2"C>OMBERBPIERN MR R Sharkovskii & H A HX A ¥ A H
KRB BBE, RITAWE, Logistic BN US ¥ v WK B s R ABREAYPS ., HER
BB IR AN Feigenbaum g5, EMEERE 4 =3,5699456-. FEAX— R, RE
RAFBRARS MRS R ARsE. BPRE-TERBEN. XN RET R
FEWERN, SAHEREERRARXAERES. RIET, R FRERRER/HRBET
&, 1 Kolmogorov 2444k, ﬁ% A—ERMAHSE B A XM ER, I AC,SC,
EMC,C., (M)%4s,

QOFEHEMBERAMYENMER £ R Schwarz S MWL 4 T, ZEXEL0,114,
7t Lebesgue WEEAI R L LI ABT AR R H AW HUE BB — e Bl JuE. XA
ERE—FELAAE, ERNME, ROVAREHEIRELEIAHSHAREDT CIRE
REBFEE) . XY Lyapunov 588 il Kolmogorov B4 h T A X -85 52 T S e,

EMI37IAT L GiE, XFHAERLERR ERXAHEAN. B TFHE Li-Yorke FIE MR
X, XNBESAERNTE, SEAFEIABENAPYE,. B THETNOS A,
XEEIRIMERER . HEXR ST AR R Z AN,

FREEBANF SRR TR, WEBAS 0 1 RBRIE—KPR LW AEERR £ 1/2
WZEMRAN, ML EPERFSBRERTR. RESHNESNRENERE S, XK
RN RABRE RSP, RUMEINNETAENEE, WRERARERY
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B3R p ER—AABKGFSEN S=s55 £ S PEBREAITE 1 BHRS T {5,
B S AEE. XHFUTER.

EE 3.1 WwRSHEE, NHELEFTHRDAHNAZELRENKS ps XS HF
F, WETETHRDAHNGRETKENLS 2.

XA EFM SIS M MAELL8] , BEMIEHARI60]. BERAX KB BRFRE 524 MW
w1, AAEERAEXEDRTHAGN., ARG EBEEE B0, XA LLH
AC, Eﬁﬁ@?%@lﬁ%%%%iﬁﬁ#ﬁﬂi, Ay BlRi SC,EMC %E%

: BBEW, X EHSIPURETBR T MU AMEREZRA (L601) , HIE
%ﬂ*ﬂ%%ﬁ%%ﬁ SIS )

R —MIT. RITE ZRBEN £, WHRAR FA/2) WREBERNFBFFIN KS,
BRI EFF] (Kneading Sequence) ,

Fl1, & KS=Q0D", EXNTAMHIHFIHENNBRESANNEZINFEL (B
ERGEHZE w /NP |

7£E 3 () TEHTEMRME SN, 8—AN/DEBRELESDIH—DRE, HPRY

3 HR AR, WH AT LR BB A5 B 449 B .,

eNe ;):u 2
’ 1 0 (1]
star r 7

B2 ) BRI EHU RSN (b) HHBBHERNT RS

B3 (b) 2 (a) fPRES (RETIFH—~AMHTF) , HPBRARE1IHENT—
MMEFHTE 0 MBERA ¢, HFFS 1HBEEN 1-q. AE 3 (b) 5K 0B Rif 6 M
5+ 51A

q 1- q
p=—_ 1 ~1—-q9
T+q loggq T log(1-¢q)

fn
hiop=1log A=10,6942-:-,
Her A= +v'5)/2, WUBHY ¢=(B~v5)/2=0.3819- BT ETIRIMNG.
MR AC=114
SC=log(1+¢q) -

q
i+e loggq

BXBERBERMEIMER R BRI, XNHE ¢ BARIARER SC<AC,
BT 3 (b) B—Br Markov 4, R85

{M>=EMC=8C-h

REBBELTHHARER EMC<TMC(=8C), XEWPARLREBEETRAHEERER .M
Wy MU ERRFHAFER EMC RRRUEHBETRE,
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G RER BT RHHNEN, WHSH =4, X & von Neumann, Ulam Fl
Stein B 5 BRI £ ([52,53]) . XN REFTHFLSXT RGNS
EWEN, HMERAFER Lyapunov BEMIFIME, HAEMNELEHFBRE, XT XLR
AW A EWER %S, ARAFSHIENMARE, RERIXAREN BEGTHER
TR HLIY

Xt B iEH, Hﬂﬁ%ﬁﬂ1éﬁﬁiﬂ‘lﬁﬁﬁ%%%%%%&Jﬁiﬁ%wﬂ%’ﬁ% LhR
ks EXAREHIMLCTEAT sk EB SR T LU R BN R AL ARk . BIBERR 47 | B A
Hs BRAXANTRENFAXTRENITSHEN. HENTFEIHNFTHER AN, XFfR
Yok BT B A 52 BEHLEE:,

CHEA S={0,1}, B S* ~RFERH S WHERKFSHMES, RS WE g — 4
THEAENRET, WESED, HREBREMETRE S*. ERBEBAMFSHEK W iF
. XEURETHEMIRARKNER, RN CHRERNANES, B2 EHENAT
MIREEHE—~TRE, Bt AC=8C=EMC=0,

Hp EMC=0 RBETHRHEHPHERENR, TSR E ST L8 M H
TR, XL, |

OERRE WHERAE— BT REAEL22,641 53 R BT BERURLIR M GERTI
2% [24,65]) . BEAHRTAEXRPHRZHABZE ., BMWICA (Band-Mergirg) 1 # 48
(Interior Crisis) W HEN ., ENH—AdmSr- MG & 2 8Hma, 7ZEERmEx
THSHB BT UG IE Lyapunov 384 ES I8 70X 4L B RY 2

MNERF K S RBFssmaid B WA B, X ﬂf%F?ﬁJb&%"?’f%ZF% Awmr
B, ROVBRXEIFICHRRARAF. REAY 3 FORE, AM3HENFSFIN

o=, (10c)™ F (1000,

AFOARGYENE 3 FREF & IHR—F ERERMHHOEL, EMERFIE

K8 =1000101)",
XF R PR A5 R B 110, 011 BB BIEAN 3 B0 6 T IC AR 8 Jr s RBTXY R Y
23]
K§=101111(101110)"
IRNFSH B BRI S 107 R AW XA BB, AR 2 R 51BN B A7 51
1017, 1011(10)", 10111010(1011),--

AR R A A P FIRR R, B) Feigenbaum f{EERFF.

EREBBRMAS T LR EN ZNEL, RTRITEN -4 %220 R
ﬁﬂ.&ﬁ*ﬁ%Tﬁﬁ%mnm%E%Fm,#%ﬂTﬁﬁE%ﬁE%AC%ﬁﬁ,m%
HEAAFE BHERS S, WEWHUHE SC,EMC 4, \

MR FIR R U LR ERRERE RN, ANFERONEFF—eLRHFS, ml
ﬁﬂ%ﬁ%ﬁ?ﬂﬂ~%&%&ﬁ%ﬁﬂ,ﬁT%H%ﬁﬂ HﬁﬁﬂKEEW60m]$
HEB TEL T4 «
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W 3.2 WHANKS 2EWiEET & HERETHADPLELHALKS HA M T
FIRAWMAMAT].,

RA1418, 7 Chomsky MEFRBRARPEMETRBIREINES., Hilt, X4 &
BHERSAYV I RFEMNERENEMA R T2 —BH.
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CHARACTERIZING COMPLEXITY OF DYNAMICAL SYSTEMS

Xie Huimin
Suzhon University, Suzhou 215006

Abstract This paper gives an overview of different measures of complexity
proposed to characterize dynamical systems developed during recent vears, The
emphasis is placed on the distinction of complexity from randomness, Those
measures, which were used to characterize chaos, including Lyapunov exponent,
topological entropy, metric entropy, Kolmogorov complexity etc., are reviewed
briefly in this sense, New measurés, including AC, SC, EMC among others,
are explained from the point of view of both automata and information theory.
Through the examples of unimodal maps and one-dimensional celluiiar automata,
the above-mentioned measures of complexity are sompared, ana ithe meihod of
using formal languages and antomata (o analyze dynamical systems is elucidated

in detail,

Keywords complexity; dynamical systemss formal languages; automata

(EEL 318 )

&FME. ENATEHIESSETZXNEBNE.: S2EBABRTHERREIFEH,
EH| EHENBEHER. SHIBRFENYBERER. BEZSRRENIIT 2 # #, VCD
HFREAGHEFEN. ZTERRENNESEHERE RS,

MERBEER. IIBA. BRETREE. THEWNSI., B, 2—AREFERNERES
R, VMBI ERRAEANT —AHHE. AERLSUE, X—WEHFER, ERERE S
HABRENELKERE, BRELKNEINEFBRAREN KREBE Y., SRELHEED
EHAR B RNED),

BRMEMRRY B8E H#H
* 305 -



