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ERDHEIT R BRI

(B2 WA AL IED BT, TR 710049)

PEE DA SCHE T 3 0 B B O SR R S D RS S A A RS, 400 Hea WK
FEMEREIRTINT SURBST 8B, URISTECEIS AR, BT HTREN DR
BE[HIFHT SRR ERT & EHRRASZEE L, BN TRRR, BT URBREsH
RESEMXMMRR, SHT ORVIEHAA GRAMEFERN N TEOEYS, XHETH
BB EME AW EID RS M2 RER. NHRNERNE, MIEHERTREES
B, EERBSOTITETRSRN SR EBIAROUED, RS TEOEEE R HIR
ERBESLINETE. EENEEERISTHES, (CRAGREE

XKW RRUEBNRE 2RV, WIITF, BEE, s, B

3l

i1

EREHEDNRELRSFH, AMIBBNBE R KD FE MRS TR, %3] FH
BEIHEERENIHNFERR, BENADHRENESFR-ARTHHMARTES, £
ARBIKB SEATH. W FRHLRPERE, AHEs. MARBHNEERSF, REK
SITHIARERERS, AMIHRBADENE RS HEBLB LR BRI W — 55|
T, FEBEAHEKEE, RO MRS TR, URERISZAMLRAKE. 80
FARA) Hu R4 T HATIERMES 1 RGE &R AT 10 M pest vk 12, 1992 48 Hsu R T A
REBRS L REHH BB 47 B, 1995 4 Hsu gb— 548 T 7 OB 5 R IF 5 (poset) F
EIE R SRR . AR SCIR AR SCR (4] BB, USRS 18 Bhmh, Bar) YB3
NERAEEEBXNRER, RET 2RS0T URBLES B 5.

1 I"XHmRsshh &G

BETERRONNREE KSR N EE TR, 05K SR 2528 6 B 8
8 AR 765 2 1) T 79 0 16 26 L S O R SOBBH THR, SX e TR R R T B R G I
AR, RERMUEBET LRBH RS, (L 2) KIED/RTRBEERERTLES
P LR T 8, 5 B E R A4

1) R B ET S I RS, IR A DR AT KRB RAER, 5 SBT3 E S AL
FEA

p(n+1) = Pp(n) B p(n)= P"p(0) (1)

P =p;] ADIRTREN —SHBBRER, P ReRE TN REANRLIE. P~ =
5] b n SHBERERE, pn) % n B2 BRS 8

1997-01-28 WEIE—#, 1998-08-03 WrF 45 il
1) BRERMEESEBTE (19672046).
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2) KB D/RAREH IS ERFTE (1), #HT®SITF. BRI, B5|FEHEA MBS
SIS R R AT BT

HTPE-WMOKTHEEE, BWTUEBRSTEOERREIT. WE o) SURBE
TN aR R EREFENSRMTEARAKERE. TERMNKRGE 1) RIEKSI DRSS
SCHLm S B R A

2 RERKERERNS K

T Bl bR T SR BT T B G S, Hsu WAR B A S ESBIERIIAT
SR B AR 4. A SO DL AR T e B2 SRR RN (O, g3 1H T LLSE SR A R 0 5 0K [4)
E—-ERAMRSHOEFNSREL, LESEUEEINRASE L, BEEESIAT LK
BRI RS, IR IR BB AT

EX 2.1 WASEE P AT, RAME | HRRAK J, RATKM « 5Tk 7, I8k i = .
Mo ¢ AT G, 2B DS RS m, 4 plY > 0. HEM i 2— BB TIAM 5, B py; > 0,
BB — AT kM 5, e K i — . TEBST T, MG A EOE, M EACKM  ATAR G B AT
KM, iRA ey

EX 2.2 BYEIRHEE (self-cycling set) REMWEFHERBMEEE, X MRERERA
HIETRMISE. BT BRI R AR Y B G IR .

BIESFRERRII N RER SN AT E K R ah £ B g,

EX 2.3 A% (closed set) RAEAMES Zo C Z (BOREZWE) BRAME, BEXHEEM i € Z,,
Mj¢Z, (MjeZ), 87T py; =0.

EX 2.4 KABIEFMIE (persistent self-cycling set) W R HIEIFME N AL, HRAKAR
TGS, MHRARARE. BT AKAREABBEKDKAR. KRR RATRKRE, 8K
£ () AW NTFREME B pi=1Hp,; =0i#5 ).

AAMERED N REKPRENES, ERERETF.

EX 2.5 BASBEFME (transient self-cycling set) T8 BB LR E AL, RABS
AIEFIE. BT B 55N 0 AR Y BB A & &5 M.

WA BRI RAER 53 H R AR WA S S M JE 2wt B

EX 2.6 HEFMMHAM. WREH j HAH 4 EEREHE (0|07 >0} WEALH
$d@Hd=g-cd{n|pP >0},d>1 M HEBE, d=18H LB,

R R A R A B R A, R O R 4 R i ) 4 s T B SO (3]

3 "X hRESE

ATEHEBHITERSIAN, NETICH [, AXKEE4EL ) EBEERRASEE
EX KRR, B LRSS RESERINRER, HE XN F I TR 52
H.

BRRGRERSHEEEN N, FERABRATEFTHARNES (BPRR A2 ) R A
Z = {ZlyzZa"')ziv"'azN}a ?Xlﬁiﬁ%%} Z = {1721"'7ia"')N}1 Eﬂﬁ?&z\ﬂﬂ% ZJ:;:ESL:%%
.

) EREHE Z L@ “—BE =" KR Ra, —FWIEXRE Ry WX EBEME—FH
WALE DRar, DRay = (V,E), A8V = Z, W E = Ra1. M 2Ruz; N, HH AR (2i525),
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BB pij. DRy HRA— BB E. — PRGBS EER MR, = [my;] MEBHRER

17 %pz>05ﬂ'
P = [p;;] BIRERN: mz’j={0 u:‘!p']'“'OEﬂ"
5 ij —

%) WE—HTAER R MEBMEXE (Ra) = U By, i H(Ra) THERZ KL 2
=1

tE- TR EEACE, FERAMS {u}T 2R, EPi=12,--- N {z}" Bl 2z T4
M EMRARNES, XTBH: {2} ={z | zit(Ra1)2j, 2. € Z, z; € Z}.

3) ERAKE Z LEN “Hill © XA R, RR R WMERMARXRREN r(R.) = [4UR,,
Hep Iy AEEXRE. r(R) BESMAXRWSAKMEE. gRY, i, Gk r(R) £
REBE Z EREMKR, r(R) M—HEBRET Z LW—DIG ~(2), ¥3F: 7(Z2) = {Z.},
a=1,2---,N. Hrft UZo=2,B ZuN2Zp=p(os#p I RENFHRE, noe RRG—HR
Zo FRAMRKEE.

EHE 3.1 (BEARKHEAANFER) Z, RABRTFRENA I VELHERNE -
i € Zoy MBEHE Zo C (il

DEW: ARIEE. Z. BABHRE, BREEE - ic Z,, #18 2, ¢ (i}* BT
Zo Z{i}r, i€ Zo, DRBEA MM € Za, B ¢ (i} XEMM ¢ {}T, BWAM i FAA
Mg, Bl i . HMBEREER i€ Z,, M j € Zo, BH i RATAM j, INERE Z, REEF
JEFE. EEE.

FAE: RIEE. B ic Zy, B Z, C (i}t BRIR Z. FEBREIFRE. HT Z,
ARAEAME, FEN M, j e Zo, FBK RelEl j 8iE K AeTAl i Wik AR
WA j, —EFE ¢ (i}, MM ELER j € Z,, B j ¢ {i}F, MR Z, € (i}, P
JE. WRM G RALAM o, KRt AT P E. AEEE.

EIHE 3.2 RABEARENEEHHEE) X BRIFRE Z,, Z. BAROFE S DERH
R F— i€ Zo, BEE Zo = {i}T.

VLB RIEEK. Z, RAK, BREE-TMicZ,, § Z, # {i}". HEH 3.1 7750:
Zo C{}Yr T Za C (i}, —EREE M, B¢ Zo, BN j € (i}t TR j € (i},
LM TEM G (=) BB EER ic Z,, B j ¢ Zo, i TEHj. X5 2, hAE
FE. IEE. }

Rt Rk NE—MH € Z,, BEE Z, = {i}t, Bk Z, TRAE. BT Z, F&
M4, BABERMHG j, HFBi€Za,i ¢ Za, Wi AR (= 7). BFM TR, B4
je{i}t. HMMHELE—TN ), B¢ 2o, FFAM j e (i}t #HWESL 2, C {i}F. HEFE,
i .

BETEH 31 MER 3.2 TUERTHEE:

a) Zo RAVE— AR BRE (n, = 1), ik Z, = {i}.

QMR Zoy ={i}={i}", i B—WEHE. E—FuiRE, B —BEEYANLYER
F—BFIFEBMERN L

OQWMB Z,={}Cc{i}", i R—BRESEH/IAK. £—FusRE, B BANENT 1
WA, FEHERT 1

OWR Zo =i} (i}, Bl i ¢ {i}F, i Rk ¢, i B—FEM.

b) Zo HETF—MHARK (ne > 1), Z, RERFBRE. E—PuHELEE, SHFE D[Z.]
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RBEESX.

EX 3.1 E—BBHES, ERESE—NREESXNFFRLE, BRINERY— PG
B DR, WEHE, EHBHAMNS DReon BR. TEELE DReon P, XN T REHE S XK
RFRAZ B EE S EAT A .

OQMBEMNE—MM i € Zy, BE Zo = {i}F, Zo BR—AKAKE. EELEE DR L&, B
EESX D[ Z,) WEAT A HEAE.

QUMBHELE— MR i€ Zo, B Zo C (i}, Zo R—BREATENKE. £EFHE DReon L
E, BEBESX DZ)WMEHTAHHEXTE.

) E2RBEITRRE, BRER 1(2) ={Zs}, »=1,--,Ne. 488 Z, 4L TH ka
B MERET ks, 0=1,2,- - N.HARWESHANS K FR, WK = {k, ks, ka, ", kn. },
EREE K EBEXL TS =" RE R, TARR R S84 5 LREARMAMEHEK, Hit
R, RER/ K LHBFRR (BFHRIVTRR), B K 2—HBFE (K,<). 4 K LHEX
REEHAMEIRE Jacyclic digraph) W #B (Hasse digraph) £ 75.

EX 3.2 HTHMFR (K, <), HEA K EHENMUFXEZBIZHSLHLR, X/MH
ERARINERF, XTEFRAES K LHIRINF.

ERE K L#TRIMEFRS, TUBALRRSEAIBNLERBRAIBNEKRRXR, #*
HEBRBEAANELSXBRBARKRES, THAS MRS FHBRSIEURE RS FHES] 5
KARES. AL B E ST DIA 5 R E M 1 (78

S REBULLERBEMERBESITHITE, 2RUERTUSATAL, E—RKEheEhk
BT (BRARIRIMEST) LRk, M “TI8” f “HIE” XAF WM, B BEUXKE j, (URRTREE
TEIBE ¢ BIME j B9F 15 BE 42 (directed path), Wi 5 B2 EEF M (i,7) BHUE p; X, BEHRK
IRBNE ‘IR 5 ‘BEill” XRLNIHRELRAERRALR SR, hREH, =k
HRNSHBBMBIERE P PEZTENMBEEX, MEEZTENKIEX. ARBFE %
R ERMER, Pl HREERSA, REERMEYRENRIZ. B2E, MYILBEEE
APMREOBXETHRINREN EURER, FAEEHTEEHE, KSR TLEFENF
B, X#, EEREEEROSVTES, (CRAMREE, ATHHIETEE0REENER.

4 HiEME

ERBY T LB RESRMRNXRE, BRNEEEPMBA LR E SR
REFTHNRENERIT, AXRABEEHWE, FDHANENTRAREOERE, UTF
SH-MHEBELENILARETR

V) BEA AR RN EE: BEBERER P = [p;] 6318 — 5 Bt B0 404 5 e
MRy = [mi;], &M MRy £—M/RIER GEREKNTERN 05 1), Warshall B3 8] g —4
B AR R R R AR P RKERE TR. WA RE .

2) WE AR RBAMEE: HAMEN TN, AR AEFRE LMot
B, A—AEFREAE—TREWEEMAN ALY, SETFRENAY dRR— 5 Bite
ARER O

3) MIMIEF S E4RE K142 M AER R E B M TRa 3B, ll TR £, 48 TReon
HRUFPER K MXFRIERE, XHNAFERERRER BRERRERBIEE K WIEH
R, A REIMEF TS E SR [7, 8.
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5 & fi

1 (logistic BLAT)

z(n +1) = pz(n)(1 — z(n)) (2)

ZB=FER u =40, p = 3.7 Fl p = 3.825. B HASCHI I SURBE B8 5 3, B 500 N E
HLH (regular cell) W 0 <z < 1 FHE, S HAB 200 MRAEA. HELERER, #F u=40
I, BT 500 A IESLHUR T — A~ B A 0936 B B0 A B g, ik 3k Bk 4 B 4 07 8 FR A 2R 4
A 1(a) B, 3F p= 3.7 p = 3.825 K TE, K BIRMZE Sl — 4 B A 36 Bk A e
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(a) p=4.0 (b) p=3.7 (¢) p=3.825
B 1 logistic Beft (2) RIIBMZEZ MR BHEE LA
Fig.1 The limiting probability density of the long term chaotic motion for the logistic map (2)
RE, MAEXENEARBERRE, A
sl 8K K ISR B 4B BB R 4976 ) 1(b) i
1(c) i, HERMBIFHEST S 2] 19
0.25 F gR.
B2
-0.25 zi(n+1) =(1 - wza(n)
+(2 = 2 + p%) (21 (n))?
o z2(n+1) = = (1= )z (n)
(3)
BT 0.5 0.0 o5 o 8 u=01HK1EE, N T R B b
B2 R%(3), Y4 p=01 EEALN—kAMAaman  BRTE, XNTRE (3), Mg s s

Fig.2

e “W” 2R, £4 (1.0,-0.9) LHHIBSEBH
RERHS “a” R, HKFENBRSLEFREE
“0” FR

For the system (3) with p = 0.1, the symbol “m”
stands for an acyclic persistent set at the origin ,
the symbol “A” stands for the two transient self-
cycling sets near the point (1.0,—0.9), and the
symbol “0” stands for all the other transient self-
cycling sets

BN RS, R 75 x 75 AN IEM S E
B ~1.00 <z <125, -1.25 < 7, < 1.00
Vi, S ESE 100 MREE A, tEER
EY, ERELAE -ANEARKANE, &
A (1.0,-0.9) eHFBEA B I 4,

HRERBH RS (3) FEEALIEE
A, 7E (1.0,-0.9) kbt B s, KA
MEFEEBRSBEFRENE 2 Fir, B3
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DL R R 5 R X an B 3 R, K’

%%1&%&§%Tﬁﬁ%% [2] BRI

7

LR ZURER, BT LEBGs

AESENNNRAR, BEBEBESIASH ;
BG, FAHTERGEEIEY, RIET e
7 T
2) HTFREEBEIIATHNERS, & L bl GEmimmmaa b W
HEZLRAFNE - SBRETEL R NaA >

0.75

% i

1) RS HEBAER, EHRRESHE

0.25

—_ 13 7.4 (3 = 0.1, 3 —3ER
BB RESCEL, Wi EZESEATEN S B et i Rl13 F4 (3, %4 p=01 EERALN—EAPAKARER

e ‘W R, ERRSIEA “x” R, BEHRS

8, W/REESTEE, T, #ut b, Fig.3 For the system (3) with x = 0.1, the symbol “m”
j‘ﬁ‘[%‘ TE® B@@Eﬁ‘rﬁ:%ﬂ e, stands for an acyclic persistent set at the origin, the
3) 7 a ﬁ%ﬂ@%ﬁ % = @ ﬁ% symbol “x” stands for its domain of attraction, the

RERESTTE BRAaRTREES
}E"

symbol “+” stands for the domain of attraction of
the sink cell, and the blank space stands for the

XM E S RE A — R, boundary region

MEERLHEREHE, FRELRR
BHMHEFTHRORSEY AR EBIEREL, FEEDENEEERBLALRBRS Y
IR

B A, ﬁiﬂﬁfiﬂﬂ@%ﬁi@%ﬁ%&&%%ﬁﬂi\ Bk, Rk, e rEREET

JCHR [3, 4] T {E.

—

>~ W

(%3]

© -

s % x W

Hsu CS. A generalized theory of cell to cell mapping for nonlinear dynamical systems. J Applied Mechanics,
1981, 48: 634~642

Hsu CS. Cell-to-Cell Mapping: A Method of Global Analysis for Nonlinear Systems. New York, Berlin, Heidel-
berg, Vienna, Tokyo: Springer-Verlag, 1987

Hsu CS. Global analysis by cell mapping. Int J of Bifurcation and Chaos, 1992, 2(4):727~771

Hsu CS. Global analysis of dynamical systems using posets and digraphs. Int J of Bifurcation and Chaos, 1995,
5(4): 1085~1118 :

XAEH, KWBR, PRE. ARHE. B MEREHFM, 1988 (Liu Guanggi, Zhang Aizhu, Hu Meichen. Discrete
Mathematics. Shanghai: Fudan University Press, 1988 (in Chinese))

Isaacson DL, Madsen RW. Markov Chains: Theory and Applications. New York: John Wiley & Sons, 1976
Swamy MNS, Thulasiraman K. Graphs, Networks, and Algorithms. New York: John Wiley & Sons, 1981
HiW. EEREE%. b5 METRHMEME, 1993 (Xiao Weishu. Graph Theory and Its Algorithm. Beijing:
Aviation Industry Press, 1993 (in Chinese))

BKX, FICH, Rt FRARIRTREN RPN E. LM AeR (BARMEIR), 1988, 24(3): 1~6 (Chen
Yongyi, He Wenqing, You Chuanhua. Calculation of period for an homogeneous finite Markov Chain. Journal
of Lanzhou University, 1988, 24(3): 1~6 (in Chinese))



730 5 2 2 i 1999 % % 31 %

GENERALIZED CELL MAPPING DIGRAPH METHOD FOR
GLOBAL ANALYSIS V

Xu Jianxue Hong Ling
(Institute of Nonlinear Dynamics, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract In this paper, according to Hsu’s idea that posets and digrashs arc introduced into
generalized cell mapping, a generalized cell mapping digrapk method is presented by using the
theory of generalized cell mapping discretizing the continmious state space into the cell state space
and the theories of set and digraph to aclieve the task of global analysis of nonlinear dynamical
systems. In the cell state space. we maks the correspondence between generalized cell mapping
dynamical systeras and digrepis. The demonstrations of the two theorems of existence of self-
cycling set and persistent self-cycling set are given. State cells are classified, and self-cycling sets,
persistent self-cycling sets and transient self-cycling sets are defined. The persistent self-cycling sets
represent the attractors of the systems, while the transient self-cycling sets are usually associated
with the unstable fixed points and periodic solutions. Digraphs are introduced into generalized
cell mapping systems by defining binary relations in the cell state space, thus, the rich theories
and the very powerful algorithms in the field of graphs and digraphs are adopted for the purpose
of determing the global evolution properties of the systems. After all the self-cycling sets are
condensed by using digraph condensation method, the number of the state cells involved can be
efficiently decreased in the global transient analysis, and a topological sorting of the global transient
state cells can be efficiently achieved by digraph algorithms, simultaneously, after transient cells
are classified to transient cell sets according to the number of the domiciles that they have, domains
of attraction and boundary regions can also be determined. Based on the different treatments,
the global properties can be divided into qualitative (topological) and quantitative properties. In
the whole analysis of the qualitative properties, only Boolean operations are used. The Boolean
operations are absolutely accurate, reliable, and time-saving. It is believed that the generalized cell

mapping digraph method offers us a new way to examine the complicated behavior of nonlinear
dynamical systems.

Key words nonlinear dynamical system, global analysis, attractor, attraction domain, general-
ized cell mapping, digraph
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