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Abstract
In this paper, the sufficient condition of stability about large fuzzy dynamic system is.

given.
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1. Sing, definition and elementary lemma
Defl: suppose R is a set of real number,
= {#|@:R ~[0,1], satisfies the following condition ( I )—(IV).

(1) = xoeR, such that ii(xo)= 1.

(11 )"i”is a convex fuzzy set.

(I)”#” is a upper semi—cotinuous function.

(W)"a, = {reRlu(x) > 0}” is compact set. ie, the closure of suppfiis com pact set,
then e R is a fuzzy number, * R” is fuzzy number space. Obviouly, ficR, e [0, 1}, & ,are
close intervals of non—empty and bounded. When 1€ (0, 1), &, = {xld(x)> 1}, whcn A
=0,i is (IV) of Defl.

For fuzzy number, there is the following theorem:

Theorem L:If e R, then

(I)de [0,1], 171 is nonempty bounded close interval.

(1',[)1['0<).0<J.l€l,thenix'Jl €,
1

(m) if /1_ is a decreasing sequence, ). > 0.41 »le (0, 1], then
ﬂ @, =u,
Inversely, if e [0, 1], ¥ A = Rand satlﬁes (I )—(]II), then there is 8 unique iicR, such
thatu, =4, n(onmdu-Lh 4.

18(0,4)
The proof of the theorem see [2].

Def2: i, veR,keR, then using extension principle, we give the following definition:
(i + ¥)(x)= sup min(u(s),v(1))

(ki) (x)=F(x/ k) kw0
(0= O



(@7)(x) supmin(u(s),v(1))

0 x#0

1 x= 0

Now, we consider the following dynamlc system:

dl oy 1)
x (1,)= X,

In which O (x) = {

In which d a eRls fuzzy number, (i, j=1. 2, sesese) Ais called a fuzzy number matrix.
Def3: Fuzzy number matrix Ais called stable, if for any - 4e (0, l]! Ae X‘, A is
stable,i.e,
dx / dt = Axis asymptotic stable too In which

= (@), @), D,,

i’ 1
A

a,€l@); (@, )4 =)

ij"axn

For the sake of convenience , we denote
A,=(@,), @) D= ([a arh,,,
Def4; If e [0, 1], Ae A , A is unstable, ie dx/ di = Axis not asymptotic stable,
Then Ais unstable, thereby (2) is not asymptotic stable, Denote AeUS.
Defs: If Ais neither stable nor unstable, then Ais mixed type. i.e, * 1e {0, 1], such that
B;& A, Byis stable, Bzeil, B, is unstable; or 2 A6 [0,1), B, EZA, , B,is stable; 4,6 {0,

1), such that B ze,'{'l , B,is unstable, then Als mixed type, denote Ae CT. At the time, sys-

tem (2) is called mixed type.

It is difficult for using the definition to discriminate the stablhty of fuzzy number ma-
trix. Following give the necessary and sufficent condition to discriminate stability of the
. fuzzy number matrix,

Theorem 2:1) Fuzzy number matrix Ais stable if and only if Ae A , A is stable, in

which 4 =(a ) .4, e[a— +](a

iJ'nn
2) Fuzzy number matrix Ais unstable if and only if A€ A , A is unstable.

Do) = [a‘;,a”] (ijs] 2, ssesee, 1)

3) Fuzzy number matrix Ais mixed type if and only ir 5 B eA B is stable; # B,
e]o , B R is unstable,

Proof: Necessary is obviaus.

Sufficient: Ae (0, 1], Aed, =((@ ), > Because of {,24,,then ded |, for Ais

g a
stable, ie (0, 1]is arbitrary and 4 €A s arbnray, then Ais stable.
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The proof of (2)—(3) is similar.

2) The stability of fuzzy large system

Using theorem 2 to discriminate stability of fuzzy system is difficult too. Especially, to
study the stability of fuzzy large system is more difficult. In this chapter, we use the idea of
decomposition, reduce dimension, iteration to analysis the stability of fuzzy large system. In
which, if the dimension of fuzzy numbcr matrix is high, and the construct of fuzzy number
matrix have not regular, then Ais called fuzzy large matrix, and system (2) is called fuzzy
large system. ‘ :

For studing the stability of system (2), it is very difficulty to directly compute. We use
the following method 10 study system (2).

If Ais a fuzzy large system, we denote:

A= dlag(A e A R (1-9, )A

o- = dtag(A "-,Z;)+ (1- 5“)14 y
-4 . ~ ~ 4 ~+
A, = diag(A ”,-",A )+ 0= 5”)/4 i
A = diag(4 A )+ (1=0,)4,

- -~ . . ~— =T
In which Ae 4, 4, €4 ), A jis nyx nfuzzy number ma‘mx, A, 4, A s o

.

ncommon matrix, 0, =n,6 s K ronecker sign.
-t a
m, = max 40
AIII(A”)‘
Aec A ,wehave dynamic system _
’ X _ v
— =AX
di
X( )—

Therefor, —_
dx . X
{':1_1' = (diag(4 "’...,A ")-{- Qa- JU)A U)X

,\7(10)=A7

Or equivalent

dy,

=4 X + ), A.X, (1= 1,2,000000,r)
d‘ Py ' )
X"(l°)=X‘
[ i i
=(xl,-u-u,x. )’ Zn‘=n

The isolated sub—system of (4) is as the following:
dX‘/dt =4, X (i=1,2,00000,1) (5)



(3)

‘Thevrem 3: If the following condition are satisfied.

1) Forany 4 "_EMWM)o , 3 constant M, ;> 0, such that:
Nexp(d (1= t VI < M exp(—a (= 1,) (f=1,2,,1)

&M,
2 Leth,=—(-8)m,,

[}

[aY
B=0),,, spectral radius p(B)< 1 (especially || B I} < ¥)

then 4 is stable.
Proof: For any Ae ;1'0, obtain system (3) and (4), the solution of

O

X(tl WX )—X(t) is:

;\"'(1)=exp(A"(l t )X (1 ))+I exp(A A= ))2(1—6 )4, )X (t )dt (6)
M _'-'

Lclh --——-——(l 6 )m =(b')
1, ¢ /

For the eigenvalve of the matrix is continuous for its element, then for0<e< <1,
p(B)< 1(IBl < 1) = p(B)< 1Bl < 1)

For formular (6), using iterative method:
im=1)

LX) = expA (- X +1) expla =1, ))2(1—5 )A X e,
!_X?(r)=exp(A”(l— (X, P= 1,200 m =12,
When t>1, 0<e< <mina ,we have
1<t<y
Px O < M X lexp(—a (0= 1)< M 1K lexp(=elt= t) ®)

WXl 01X 0N’ < E(M IX M 1Y D exp(=oli = 1)

1Ol < M 1K Nexp(— ot — 1)+ 0 exp(= (o, = )t =)

CT (-8 A UM X, e exp(— ot =1,)

I=1

r(1=0,)m M X |

<M ||X lexp(—e(t— 1, N+ Y pa— exp(-c(t—lo))
1= i
(i = 1,201 9)
r(1=96 ) y .
POEPSOIRS Z——’T‘ 1X pllexp(— a(t = 8 N6 =1,2,751) (10)

i.e:
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WX PO I ODT < B+ BYM MY oM 1X, D exp(=cte=1) (1)

‘
4+ o©

Because of p(B)< 1,then Y B™ = (E — B) “is convergent.

— s -
Let B™ = (b;)
X7 O 1x ™ on”

SE+ B+ BUYM WX Moo M NX 1) exp(— et - 1))

S(E=BY (M 1Y oM 1Y, ) exp(— ot = 1)) (12)
WX ™ @ - x " ke ™ - x " 0n”
<BT(M IX e MUY, D exp(— et = 1) (13)

Uusing mathematical induction, for every integer m, we can obtain that (12), (13) is
valid.
Because of p(5)< 1 and uniform convergence of
4o

Y BT (M X M X D) exp(— ot = 1))

in (1, T), then.
(X(IM)(‘)’-.-’X:M)(‘))—' (XI(‘)_w"',X'(I))
Hence:

CROIENP RGN
<(E=B) (M IX gl M IX, Dexp(— et = 1) =0 (1 )

As a result, A is stable. Because Ae .Zo is arbitrarity, According to theorem 2, A¢ S.
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