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Stability of High Dimension Interval Dynamic Systems

NIAN Xiaohong
(Department of Mathematics, Tianshui Teacher’s College + Gansu Tianshui, 741001, PRC)

Abstract: In this paper, method of vector Lyapunov function is used to analyse the asymptot-
ic stability of large-scale interval dynamic systems, some suffuicent conditions for the asymptotic
stability of interval dynamic systems are obtained.
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7 Intrduction and Lamma
Recently, there have been a number of significant advances in the stability of interval
dynamic systems!'~%!, however, most of these results are applicable to lower dimension
systems, the present paper presents sorﬁe sufficient conditions for stability of interval sys-
tems,especially for high orders.
Let R™*" be real m X n matrices space s A= (a;;) uxus B= (5D mxn+C= (¢;;) mxcn € R"*" ,the
matrices set
. G[B,Cl={A|b; < a; <cyzi = 1,2, om;j = 1,2, ,n}
is called m X n interval matrix, set
H[B,C] ={Ala; =bjjor a; = cij;i = 1,2, 35 = 1,2, ,n}
={A, A, A}, (K<2™)
is called the verteces set of G[B,C].
Let G be a set of m X» matrices, denote matrices
S(G) = iduxnr T(G) = (tijduxas
where
5; = max{ Iaijl |A = @iduxn € Gy i =1,2,2,m, j=1,2,m,
max{a;;|A = (a;;).x, € G; while i = j},
Y {max{ tai;| |A = (a;))uxs € G; while i %~ j},

(69)

P = 1’29"'77”'; j = 1.2 ,n,

Let zy=col(z; "z, M+« s 20 VY s mg=col (@, *? y 2P o0 52, @) s (| Y =col (| 2} 4
|22 | eers |20 1) 5 Claza | D=0l (15D [y (522 J48, {412 ) ihen W hiave
Lemma 1 Suppose AEG is a m X n matrix ,then
xi Az, < (|2, DTS (G ( |z ).

Proof

m ]

i " L "
2T Az, = E Eaijxicl)%_(z) = 2 E |aij| |2, | |»Tj(2) | < 2 Zsijlxi(“ | Ixj(:)
i i=1j=1

i=1=1 i=1=1
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= (&, DTSG) (g )
Lemma 2 Suppose A € Gis a m X m matrix, then

Az < (|2, DTG (|2, ).

" "

m
< Eaffli(l)2 i E E |aij| I»,Timl Ixj(l)l -
i=1 i=ligj=1
m m m
< Dtalz® 4+ D) Dleyla | 4]
i=1

i=ligjj=1

= (o, PTG (2, ]).
Let P=(pij)uxm be a mXm symmetric matrix, consider sets
Ge[B,C] = {PA|A € G[B,C]},H:[B,C] = (PA|A € H[B,C]},
Gp'[B,C]= {A'P + PA|A € G[B,C]} H;"[B,C] = {A"P + PA|A € H[B.C]}.
Lemma 3 Suppose G[B,C] is m Xn interval matrix, then
S(G:[B,C]) = S(Hp[B,CD.
Proof On the one hand,since Hp[B,CDCGp[B,C]), therefore
S(G:[B,CD = S(H:[B,CD 1D
on the other hand,by property of closed convex polygon'®?,for any A€ G[B.C], there ex-

Proof xlAz, <

ist numbers ¢,=20(;=1,2,+,%), such that

& 3
EaiAi=A’ Eai:]--
P=1

i=1

Let PA= (aij‘. ),,,X,, v A= (aij(l))an yPA= (aij* e Jmxnsthen

A n k "
lai* | =1 Eal(zp,-,a,‘j’ P<< Za;l(zp.-:aff-’l

I=1 s= 1 =1 =1

k k
<D amax{| Y] puaP) |1l = 1,2, ,k}
=1

=1

k
=max{| D) psal) ||l = 1,2, ,k} = max{[aj ||l = 1,2, .k},

=1

therefore
S(G:[B,C]) < S(H[B,C)]. (1.2
From (1.1),(1. 2),we have
S(G-[B,C]) = S(H:[B,CD.
Lemma 4 Suppose G[B,C] is a m Xm interval matrix, then
T(Gr[B,C]) = T(H:[B,CD.
This Lemma can be proved in a similar way as Lemma 3. As a matter of fact, Lemma
3, Lemma 4 have shown method of calculation S(Gf[B,C]) and T(G:[B.CD.
Lemma 5 If Bis nX» matrix, such that 0i<{0,b;;=20,i7#j; assume that x(¢;1,
<o)y (t;530520) are solutions of £<{Bx and y=By,there x,=y,,then for any t=>>t,,
2 (t520520) Ky (550580,
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2 Stability of General Interval Dynamic Systems

Consider interval dynanic system

dx

where x=col(x;s275°*vzs) GLB,C]is a nXn interval matrix, A€ G[B,C]1is a n Xn ma-
trix.

Theorem 2.1  Suppose P is a nXn real postive definite symmetric matrix,such that
AfP+PA, is negative definite, A, € H[B,C];1=1,2,+,k ; then, (2. 1) is asymptotic sta-

ble and there exists a real number ¢>0. such that

d 8 el 1]
= Px ]|, <— C(EJF,").

dx
Proof Let V{(z)=x"Px,then

i=1

C%EITPJJIHQ.U =2T[ATP 4+ PA]lx

k k
=2T[( D AP + P> aA) Jx
I=1 1=1
_lt
— 101 [[ICT(A;]-I) ‘J[‘ I)A[).l‘-_]q
=1
thus,if A+ PA, is negative definite, there exist real numbers ¢,>>0;/=1,2,,%; such

that
AP + PAYx <—a( D a8)5 L= 1,200,k
i=1

Let c=min{¢,,c;,**5¢,}-then

dV (x)

dx @n

<— ¢( 2.17;2) :
F]

therefore, (2. 1) is asymptotic stable.
Theorem 2. 2 Suppose P is nXn real postive definite symmetric matrix,such that
T(H?[B,C]) is negative definite,then, (2. 1) is asymptotic stable and there exists a real

number ¢>>0, such that
d ) ) " i
&[rrl)x] I e o z )Bij
i=1

This theorem can be proved in a similar way as theorem 2. 1.

Remark If we select A, € G[B,C] properly,then the matrix P mentioned in Theo-
rem 2.1, Theorem 2. 2 is determined by matrix equation A,"P+PA,=—2I.
3 Stability of Large-Scale Interval Dynamic Systems

At first,we decompose system (2.1) as follow

le(i)

Fb I (3.1
=

where 2 =col(x{” 25, , 2 ) i=1,2, vy myFn,++n.=n, A;€GLB,;.C,],

i
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G[Bi;,C;;] is an »; X n; interval matrix,
Consider subsystems

dx(i)

T = Az, (3.2)

A, €G[Bi»Cili=1,2,+,7) are n; X n; in terval matrix,suppose there exist postive defi-

g . G T " - :
nite functions V;(x) =z P.x®, where P; are n; X n; symmetric matrices,such that

L w2

1 a,( D z") Kua?) < b(zx"’ )]s

j=1
dy, (=) i

2) a4 |r32) C[? (')]a

g =1

where a;,0;,¢; can be determined by the way of introduced in 2.
Consider vector Lyapunov function V{(x)=col(y vy, yV.5)

dy, " : ;
_I(a.l) =(A“x(1) +A12.:L‘(2) + e +A1,.I('))rp1.1'(l)

+. .‘L‘T(”Pl(A”x(l) +Alzx(2) 4+ .- +Alr‘r(l))
. 2
<= cl(zxi(l)') . T(Z)ATP 0 4 :LT“)PlA“.l
+ - _|_ x'r(:)A}‘rplx(l) + .’L‘T(I)PIAI,.I‘“)

since P, is a symmetric matrix,we have 2" @A Pz =2"V P Aux®  k=1,2, 1y

du
= l(3 l)

Cl(zxm)_i_eru)AT 2V 4 e 22TV AT P 2D
j=1

form Lemma 3

d
yl l(a T cl(zx(” D Z(Ix‘”|)rS(Gp[BmClz])(|x‘“|) S

+ Z(Ix“’I)Tb((.vp[Blr.Ch])(lx"’I)

=_cl(zx(1))+22 (12)|x11>||152)|+,_,

n
2
Y
+ 22 S'(’]llz) CC,(,” | Il.;nl JLEoc
j=1

"y

el 225“') |2 | II(') | 4 e + 225(1;) I'('l) | |29 |
(where S(Gp [B]L aC]A])—(S(lL) ,,]Xn:k)

",

c\n 2
SR 42 STl WP s
j=1

n—

Vl
Con
— ,s“’+z$‘ SuP 12| 12| 4 -

n—n
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where
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Llr max { nl(ES(lr) nl(Z‘S(") 1" 'll(ESl("ll)

i=1

we have

dv
! I(d D

by same way, we can obtain;

d'U2 o/l k3 v
< —v P L S
|(3 1) al L1 2[)2 a,
"
d ll Cy
df"”’\ 1+_'Uz+"'_27’0,
denote matrix
o Ly Lo T
21)1 a; a,
Ln & L
M= a, 21)2 a,
L, L, c,
L a a, 20, ]
Consider the following equation
do”
—— = Mv*
dr
(where v* = (v ,v; ,++,v, )", This is an ordinary differential equation.if it’s coefficent

matrix is asymptotic stable,then from Lemma 5 we can have;

limy,* = limp,* =« = limy,” = 0

> [atdss] 1—>oz
so we have;’
Theorem 3.1 if there exist postive definive quadric v, (A=1,2,++,n) ssuch that

LA e

D a( D% <o < b 2%,

i=1 i=1

"
d’Uk 2

2) I(s 2) Lk(aL(Z)x(k)-;

3) matrix M is asymptotic stable
then,system (3.1) is asymptotic stable.
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