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EX 1%
aX |
P i (X) (1)
dY
P G(Y,X) (2)

X = RR(R?LKHLY = ]R-m(Rm)(m)_ ﬁu;ﬁ‘ H - Rm(mmxm) _ R-m([@mxm): 1;1] B = Br e By '
RB" x R-}R(Rnxn x Rmxm) ,F'Ef% (X(O) Y(O)) c B H;J-

Jim |X(t) ~ H'(Y (8)] =0 g
Xon(t) = (1(6), 72(0), -, 7m (1)) @
(Xon(t) = (@15(8)mxem) ®

MIFR (1) F1(2) KXF H )" XFEZ.



EM 1%
dX
dt
dY
dt

o RIEIE X2 ESRIE R G (LA
(2) , WRARSG (2) HRGQ) , KT FIRE
ACHH) ™ IR

= F(X)

- G(Y.X,))

= RG0(2) FING(Y, Xm), BMWERETL AT A 0E?

R4 E ARG (L) A AN FIEH, e
fis £5:(2), 1524 256 TH CGSIE 2




EX 2%
X(k +1) = F(X(k)) (1)
Y(k +1) = G(Y(k),Xn(k) (2)

X € RH(R'RX-H):Y e Rm(Rm)(m). _*ﬂzi‘ H : Rm(Rm){m) — R-?R(Rm}(m): 1\: B — BI % By .
R” x R™(R™™ x R™™) 4 4% (X(0), Y(0)) € B B

Jim[Xon(t) — HOH(Y(0)] = 0 3)
Xin(t) = (z1(t),2(8), -, T (8)) (4)

(Xm(t) - (Ii,j (t))mx-m) (5)

NI#R (1) 42 (2) 2 F H XA Y.



EMX 2%

X(k+1) = F(X(K))

Y(k +1) = G(Y(k), X,(k))
T

o BRI X T2 ESIRIE RS (LA
(2) » WRRZ (2) HRZ() , KT F R
AZHH) R

n RG8(2) TING(Y, Xm), AEFRIEHA R 40e?

2458 A RGE(L) T MO FIEH, G
R R 5:(2), fH1324 2% T-H CGSWE ?
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2. WHTREREN] XFH(GS)EE
2.1. REWMD T FEFIGSEH

FIE 1% X, X, Y.G(Y. X)) BIEX 1.H & C' BFIJE. 32 X,,, = V(Y) = H NY). R 4%
(1) #e (2)%TEH HAZJ XFF, N GY,Xn) TERKTHA:

GY, Xm) - [V(Y-)]_l[f:m{xj - g(Xm: }’j]

T oV, 0w OV; T
dyy Oy T Oym
Ve Vi aVy
V(Y)= [9y2 vz " Oym
Ve Vi Vo,
| OYym Y2 OYm_

Fu(X) = (f1(X), f2(X), .., fm(X))"

HL oy B G(Xm: },j = (QI(Xms ﬂeQQ(Xmu Yrj': . ,q.m(X.m, l’))j AR £ 7542

e= Xm - V(},)Y: q(Xm,Y)

emtans.  Zhang X., Min L., USTB J, (3)2000.
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i 2.1, 3E VA4 T FRIGS R B

EX 1%
dX |
— = X1 (1)
dY

X eR%, Y e R™ WRHEE H:R" xRt — R™ fl—F4 B =B, x B, CR* x R™ fif54%4]
Bk (X(0),Y(0) € B, TR

lim [|H(X(t),t) - Y(t)] =0 ()

t—4ox

MFRRL (1) M (2) KT H " XAZ.



LiuT, Ji Ye & Min L. Proceedings Part B First
Chinese Forum on Chaos Appl. Aug. 2007

EIE 2 o R X - BWIEAB AL (1) F2 (2T HX.t) JXEAF. Al (2) + G(Y, X, 1)
T VAE MG T A
oH oH
GLY, X,t) = 55 1(X 1) + - + Q(X, Y, ¢)

X a
ﬂ 8,’11
a—H B d-?:l - a-'?fn d—H B (% ahﬂ1 )"j'
X : S R
Akl I
8:.::1 3_-1711
Loy %
Q(X- Y.! tj - (‘:Il (X.. Y:- t)! QQ[X! Y-t]]- tt T -.-g‘nl(Xa Y! tj))jl
PRUEIR £ 77 A2
: dlY — H(X.t
i 4 (‘D:QXJH)

dt
R AR



yg=s!

2.3. XE R THT HTEGSEE

TR 3 i
ax
5 = F(XY), (1)
adyY

XeR"Y eR™

(1) 1 (2) F H:R™ - R™ GS. ]| G(X,Y) HFEX
OH

G X-| Y e —14‘ X‘ Y X‘ Y 3
[ Ohy  Ohy Ohy ]
BI]_ 81122 U a:cﬂ,
s dﬁ ah? 8h2
ﬂ fr BIQ aj:z T a:cﬂ’
X _
ma ahm ah-}n
- aIl 3117-3 o axn .
QX,Y) {8
: d Y — H X L]

FdittE, R E-Y - H(X)Ye J, Liu T, Min L. Phy Lett A.372,2008



i 2.4, MEFIAY FRRHIGS s B

f j:]_’e‘:,j — fli,j(X)
3.:2?',,3 — fQi,j(X)
o
xmi,j — fmz,j(X)
\ Tnij — fm:}(X)



=< A

4

yli,j — gli,j(YaX)
92@,;; — 92@,3'(Y9X)

i ymi,j — gmi,j(Yax)

—
N
~—

T
(331@,3'; Loj gy~ - :'In'i,j) ;
e
(yli,jay%,ja---aymi,j> ; (
2,.... M, 9 = 1.2,.... Nm <n.

j j . * 0w -

N
S—”



Compact form
i X = F (X)), (3)
Y =G(Y, X,.) &
H(Xm)

/~/ e
=




i Min L. Zang H. Proc. 2009 ICCCS.

EEE A1H: RmM}(N . R'irﬁ.ﬂlr}v(N5

i (Xm) (hitj (Xm))

(Zhi,jl
- Y )

=1l

j@ﬁﬁ‘[ﬂ WJ (3) ﬂ (4) ;Q$ Y= H(Xm) GS, %Hﬂ% G(Y'.'Xm) - (Gii,j(Y:Xm)) ﬁ;ﬁ%i



GHJ Yxm

0ij(Xm, Y)'s HRAE

TR E.

m M N
dhm

= L0 g de”,

I'=1i'=1j'=1
—qij(Y, Xm),

|=1, myi=1,

e dH(X ) dY

dt i dt
- (QHJ(Y X ))

I’ i'.]

(X)

1juj:11

N



3. B ARG X [F(GS) e H#

EMX 2%

3.1 R EMRGN FIGSEH
X(k+1) = F(X(k))
Yk +1) = G(Y(k),Xm(k))

X (k)=(z1(k), z2(k), ..., zn(k))"
Xm(k)=(z1(k), z2(k), ..., zm(k))",m < n
F(X(k)=(f1(X(K)), f2(X(K)), - . - (X (K)))"
G(Y (k), X(k))=(91(Y (k), X(k)), g2(Y (k), X(k)),
o gm (Y (k), X (k)"



| B, RURR,IEEBH KFZ#iHR, (1) (2007)
FH 5 H R — R Hlzo,...n) = (11,00 m) TEEV(Y) =Xy R H 8. 4
R (1) 4 (2) £F Y = H(X,)08, NS LRE G(Y,X) BHHA

G(Y.X) = H[Fu(X) - o(Xp, ) 1)

FuX) = (A(X), f2(X),..., fu(X))

Q(vaY) = (Q'I(Xma Y)a ) (Xm:Y) 7777 Qm(Xma Y))T
fb15% £ 7 AR R BB AL

elk+1) = X,k+1)-V(Y(k+1))
= ¢(X,,Y). (2)



i 3.2 3EE

A B U I GS e #L

X(k+1) = F(X(k), k),

Y(k+1)=G(X(k), Y(k),k),

XeRYeR"

F(X(k),k) = (fi(X(k), k), fo(X(E),K), -, fu X (k),k))" € R",

G(X(k), Y(k),F) =

(X (k), Y(k), k), ga( X (k), Y k), ), , g X (K), Y (), R))" €R™,



i Liu T, Ye J, Min L.

TR MR (1) A (2 XTFEBH: H:R"xN-R"GS. MY HNY GX(k), Y(k),k) BH
R

G(X(k), Y(k).k) = H(F(X (k). k), k +1) + (X (k), Y (k). k)

Q(X(‘E’”)* Y(k),h) - (QI (X(k)* Y(‘E")*k)@(x(m* Y(k)!‘l”)* a *thx(m* Y(k)l‘l”))j
[ERRE T B R

e(k+1) = Y(k+1) - HX(k+1),k+1) = g(X(k), Y (k). k)



2.3. XAU5E 7] B RS ) GS e #
TN 1
X(i+1)=F(X(), YD), (1)
Y(i+1)=G(X(i), Y(i)), (2)
where

X (i) e R", Y (i) € R™,
F(X(i),Y (i) = (fu(XE),Y (), . fa(X3E), YY) e R,
G(X(1),Y(i) = (g1(X@), Y (@), ,gm(X(5), Y (i) € R™.

If there exists a transformation

H : R" — R™ (3)
H(X(i)) = (hi(X@1), - hm(X(0)" (4)

and a subset B = Bx x By C R™ x R™ such that all trajectories of (1) and (2) with initial conditions

in B satisfy
lim ||Y (i) — H(X(3))]| = 0.
E— oD

Then the systems given by (1) and (2) are said to be in GS with respect to H.



i Ye J,LiuT, Min L. Phy Lett A.372, 2008

IR 7R (1) A (2) XFER H R x N - R™GS. WS HNY GX(K), Y(k),k) BATER

G(X(K), Y(k),k) = H(F(X(K).K),k+1) + (X (k), Y (K).F)

Q(X(‘l”)* Y(k)]k) = (QI(X(k)* Y(‘!”)"k)%(x(k)* Y(k),h], h *Qm(x(‘l’)* Y(k)l‘i‘))j
[ERRE R

elk+1)=Y(k+1)- HX(k+1),k+1) = (X (k), Y(k),k)



3

| 34 HRFFSIBGTHIGSE 2

%

where

X (k)
Y (k)

Y ihjl::;: —+ 1]

[ Ilij(':;-'_l_l::l — flajl::}{(';;"j:l
IE*.!.:.'(';‘-'_I_:I-:I — fﬂij[:x[:k}
) wmii(k+1) = fonis(X(K) D
| @nig(E+1) = friy (X))
(i (E+ 1) = g1.(Y(k),X(k))
y2i ik +1) = go; (Y (k),X(k)) (2)

gmi g (Y (k), X(k))

1,2,..., M, 3 = 1,2,...,V,
(w125 (k) w205 (K), - - 2na (k)7
E:yl“-!-_j'l::':;"j y"aj{k} :yﬂ1i=j|::1'r‘3]:|1 -



v

In a compact form, systems (1) and (2) can be written as

X(k+1) = F(X(k)) (3)
Y(k+1) = G(Y(k),X(k)) (4)

F(X(k)) = (f1i;(X(k)), f2:;(X(k)),
o Frig (X (k)T (5)
G(Y(k), X(k)) = (91 3 (Y (k),X(k)), 924, (Y (k),X(k)),
L gmi (Y (k), X (k)" (6)



+

Definition The DTAE systems defined by (3) and (4) are said
to be in GS with respect to an invertible transformation H :

RM>N-__, RMMXN if there exists an open subset B C
RMMXN S RMM>N “guch that for any trajectory (X (k), Y (k))
of systems (3) and (4), with initial condition (X (0),Y(0)) €
B, the following property holds:

. 1 .
kETOOHXm(k)—H (Y(k))|| =0 (3)

where
Xm(k) = (w1i5(k),22i5(k),....2mii(k)" 4



Zang H, Min L. Proc. 3rd IEEE Conf. On IEA 2008.

Theorem 8 Let X(k),Y(k),X,.(k),F(X(k)) and
G(Y(k),X(k)) be defined above. Suppose that
H : RMM>N __, RmMXN defined by

H(zy5,5(k),22i5(k), ... Tmij(k))

= (1 i,j(k)a y?i,j(k)a K :ymi,j(k))
is an invertible transformation and V(Y (k)) = X,,,(k) is the
inverse function of H. If the two systems (3) and (4) are in GS

via the transformation Y (k) = H(X,,(k)), then the function
G(Y (k), X(k)) given in (4) will have the following form:

G(Y(k), X(k)) = H[Fn(X(F)) — ¢(Xm(k), Y (F))]



For(X(k)) = (f14,;(X(F)), fai,;(X(K)), .-, fmi i (X(K)))"
and the function

(X (k), Y(k) = (1(Xin(k), Y(F)), g2(Xo(F), Y (k)),
o (X (K), Y (R)))"

guarantees that the zero solution of the following error equa-
tion is asymptotically stable:

e(k+1) = Xp(k+1)—V(Y(k+1))
= q(Xm(k), Y (k)).



3. Application

a Henon CNN with three state variables and one port is

introduced as follows,

rilk+1)
Xk+1)=]| z0k+1)
ralk+1)
= F(X(k))
= (fra5(X(k)), faa3(X(K)), faa (X(k)))"
|"( 1+ mo; (k) — ary; (k) \

by 5 (R) 4+ 2345 (k)

T | —bzyi (k) + D[ragr (k) + zai_1 (k) (14)

+Ta; 41 (k) + Tag j1(k)
\ —dra; (k)] /




H - E._E o= N _ EE o= N

12 defined by

H(r1i4,224 5, T34,5)
=(Hyi(T144,T24,5, T34 ), HalT14 5, T244,T345),
Hi(T4 4y T24.1 T34,5))
l"z-i..;i+1‘3-a',;i—1'1-i.,;i_|_ u'rIIIE-a'..;i+T3-r;.;i—T1-i..;i
2 \ 2
Iy -a'..;i+1"3-a'.;i—if"z-a'..;i+ .'rIII1 i i TT36i— T2
2 \ 2
T4 1TT24,i—T34,4 u'rI1-a'..;i+1‘2-r;.;i—T3-a:.;i

]
(In{ 5 +1|”u: 5
= (Y14.j:Y24,5:Y34,4) (15)

=(In( 12 41,

(In( 12 41,

2 +1)




Therefore the inverse tunction Vo of H has the form:

im*m:u

H Y i, U205, Vi)

(Vil¥1ig, Uzig,Yaig),

Vol Vi g Yaig): Valliig, Yeig.Vaig))
E%EE“’J — g7 HN 4 eFitg — pTERT ),
%[Eyl'-i — e V1l | gl _ gmiaLg)

l[f-yl"’ — g ¥ | g2ty pTHRAY)
2
(14,244,234 )

;



| MNow let

g xmik). Y (k))
1 1 _
= ZX (e(k)) = 7 X (Xm (k) = VY (K]))
) T1i4 — T*’:1[y1 idsV2ig.Yzig)
= X Toii— Valthij V2ij:Yaij)
Taig — Vallig.Yoij,Yseg)
A 0
= qE
{3

then (13) be the zero solution asvmptotically stable.



i Frn(X) —q(Xn, Y)
flt;;lgt ()] —
(X

( .iFE'I-_';I F:J]_Q'E
faag( X(k)) — g3



+

Hence the driven system has the form:

Yik+1)=GY(k), X(k))
H[Fn(X(k)) — q(Xm(k), Y(k))]

1 1
fln[EEE +C = AP [ (5(B +C — 4))+)

\

1 1
In(5(4 +C = BiH (504 + C = B))*+)

e
\IHE%H + B — E'J+.1F.-'|:%|;A + B — ))341)

/

(16)



Mow, let us choose the following initial conditions:

# 2

211.5(0)]= 0.1 + 0.1rand(M, N)
01.(0)]= 0.1 + 0.1rand(M, N)
T34.4(0)]= D 1+0.1rand(M, N)
Yy 4400) =1In(I(ze; ;i (OHza;  (0)xq;45(0))

_|_

)
(2245 (00T (021 4.5(0)) 1) 17
Yois(0) = In({d{zy,;  (0Hxs; (020 5(0))
)
2 (0))
)

/2 (21ag (0)Hwss  (0)-22:5(0))241)
SiT1a (0T (0234 4(
(T4, (0w (0)—2a;5(0))*+H)

Yai.q(0)

| ty

1
2
Inf
1
2
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Fig. 1. Chaotic trajectories of the components of the state variables
CXD, YL (a) oy 01 () w1110 (€) T2y 07, () wapq 11 and
ie) rz11,11- 10 ¥s11,11-



y3jJ
Yaij

y-”J

3ij

1ij



Til44¢%

1) MR T EL RN B BRST

I8N X

2) X HE L N IMWIE XFELRGEH

JTiA.
3) A LATGHAE B~

FIXEEE

|

%.

=)

HEIT

BB R RGBT XFZ I



ZN7

\UNT

4

. IS KE, Z0HE XiE,

GRIGEST 3T A ST R TTHR.

: SRER BRPIFEESE

(Nos. 60674059, 60773120) ]
BB



+

LRI



	连续系统和离散系统中广义同步研究
	内容提要             
	             1. 引 言
	2.   微分方程系统的广义同步(GS)定理�2.1. 矢量微分方程的GS定理
	2.1. 非自治微分方程的GS定理
	2.3. 双定向微分方程GS定理
	2.4.  阵列微分方程的GS定理
	Min L. Zang H. Proc. 2009 ICCCS.
	3. 离散系统的广义同步(GS)定理
	臧鸿雁，闵乐泉,北京科技大学学报，(1) (2007)
	3.2 非自治离散映射的GS定理
	Liu T, Ye J,  Min L.
	2.3. 双定向离散映射的GS定理
	Ye J, Liu T, Min L. Phy Lett A.372, 2008
	3.4  离散阵列映射的GS定理
	            Zang H, Min  L. Proc. 3rd IEEE Conf. On IEA 2008.
	3.  Application
	4. 小结

