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I. Introduction

It is known that in the analysis of large-scale systems there lots results on
stability heve been obtained by using two diffe}em approaches concerning Liap-
unov functions, The first approach, whose representiative works might be [ 1 —5 J,
uses vector Liapunov functions, The second approach, whose representaive works
might be E6,7,E4,8,] , uses scalar functions consisting of weighted sums of scalar
Liapunov functions of subsystems,

It isremarkable that almost of these stability results always involve all the
state variables of composite systems.However,in many practical large-scale sy-
stems roles of the state variables are often not equal each other,and we are
actually interested in knowing the behavior of only some of thé state variables,
On the other hand,sometimes we can obtain information about some of the var
riables,but we can not for the remaining state variables,So the consideration
of partial stability problems .is useful both in theory and practice,

In this paper a sufficient condition for the lpartial stability of large-scale sy-
stems is established, The partial stability of large-scale systems is investigated in
terms of their subsystems and their interconnecting structures,

In (9] the partial stability of large-scale systems is flrst con51dered However,
our criterion established here is more general -than that obtatned in [9; o

. Main Result

Let us consider a composite, continuous dynamic system described by the
vector differential equations :

Z=f, (2, +8 (2, %2,,1) (=1, m) | (1)
where z, €R™ ,R"™denotes the Euclidean n, —space with the usual norm,f, R™x
J>R™, gi: R*xeexR"™xJ>R"™ and J= [r, +0) , 7 being a real number . Suppose
z= (2 e,z :

We assume that system (1) satisfies conditions sufficient to guarentee the
existence, uniqueness of solutions , Furthermore, we suppose f; (0,t) =0, g (o,t)=
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0,tel, i=1,++, m, so that system (1) has the null solution,

System (1) may be viewed as a nonlinear,time-varying interconnection of
m isolated subsystems

2= f (z;, 1) (i=1,e, m) (2)

Suppose z,= (xT, ¥ (i=1,++, m) , where x, eR" ,y, €R* |k +1=n,,
Without lossing generality we only consider stability properties with respect to
$= (x;, X3, =, Xx,).

First, we recall that the null solution is sald to be ¢-stable if y& >0, 3d=
8 (e,1ty) such that |zo]|<d=> || & (24, 1y, 1)|<e, Y2221, €J,and asymptotically &
stable if it is ¢-stable and there exists a number o (¢,) >0,such that

lzoll <oy =2¢ (29, 1o, 1)—>0 as 1—>+ oo,

Then, we give some preminaries, ‘

Definition | A real-valued function @(r); [0, + o©) -R’ is said to be of
class K (@ eK)if it is continuous, strictly increasing and ¢(0) =0 .

Definition 2 Isolated subsystem ( 2 ) possesses Property A if there exista
continuously differentiable function V,; R" x J-»R”, two radially unbounded func
tions ¢; , ¢, €K, and a function @i, €K, such that the conditions

(i) ¢, ( % <V, (z;,D<p; ( Ix D, Cid Vi(Z)g_wi, ClxdDd
hold for z,= (x], y/)T€R" and for allrel,

Now we are able to give our criterion,

Theorem . The null solution of (1) is asymptotically ¢-stable in the large
if the following condition are satisfied.

(i) each isolated subsystem ( 2 ) possesses Property A;

(i) for yie {1,2,+-, m}there exist bounded functions #,; (z,1): R"x J-»R'
such that

. m 1
(grad Vi)Tgi (z, t)g [‘Pis ( Hxi ") ]_ib Z:f nij (z,t) E¢j3 ( nxj n)] 2;
i=

(iii) there exists an m~vector a= (g, -, a,)", a,>0,i=1,2, -, m, such that
the matrix S= (s;;) defined by
—a;+a;n, (z,8) if i=j
{ Cam; (z,D+am; (z,00)/2 if i¥x]

S ;=

is negative definite.

Proof. Let V (z,1) = ) a¥, (z,, t). Then
=1

m

Z a9, (xD <V (z,n< Z a;¢;,( Il .
i=] J

i=
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From hypotheses it follows that ¥V (z,t) is positive definite,decrescent, and radi-
ally unbounded, and

. ER
Vo= Z{ "?L’_E._r_)__+ (grab V)7 f (z3 1) ] +

i=1

+a; (gradV )T¢, (z,0)} = S ai[./i(2)+ai (grad V)¢, (z, 1)

< 121 a; { ~oi, (JxD+ Cop, CIxDIT 30, (2,000 iz ) +
= /=1
Let wTé( Cos, (uxlu)]ir e, (gp ( ||x"[{)]‘5), we obtain that
I}'“) <w'Sw,
this implies S is symmetric, that

I} 1 ).<¢’1max ( S )Wrw: A‘max 'Zl D3 ( “xi ”) ’

where 4., (S) denotes the largest eigenvalue of S and since S is negative
definite, A,,, (8) <0 . Therefore, there exist three functions ¢ ,@,, ¢ of class K
such that

o (b <V (z,0<p, ([j¢]) and ¥ (|, <~ ClD, v (z,0) €R"XT .

Hence the null solution of (1) is asymptotically ¢-stable by virtue of ' exten-
sion to partial stability {10]) of the Liapunov theorem on asymptotic stability,

‘"I .Example
As an example let us consider the system
3‘1=*X1(1+}’12)"2xz€1—1+f§“, Y=y 4+ F (X, Vs X2s Y2y (3)
{ X,= =X+ Xy + X, Y= A+ + 3 (x -t

where x,, y,, X,, ¥, €R' and f;R*>R' is a continuous and locally Lipschitzian
function.System (3 ) may be viewed as a nonlinear interconnection of the follow
ing isolated subsystems.
H=-x 0+, h=xn (4)
and '
' K= =X+ yiX, ¥, = (11+){%)2'. (5)
Now assume V,=x2, V,=xle "% S we have & <V, <x,x <V, <ex} and

1
V(4)=—2x1(1+y1)< 2xf yVysy=-2xe " J-2xi,

Letting V=V, +3V, obtains

1
o . . T E : T x
V(3)=V1(3)+V2(3>=—2x12+2x1x7_e +2“6x%: [XI] S [xl]
. . X2 2

-2 +el ™
where S= | 1 ~and itis negative defrnite, By the foregoing
+el*” -6
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theorem, the null solution of (3) is asymptoticall stable with respect to (x,,
x) . ’
Rem ark. The foregoing example can not be solved by using the criterion
proposed in (9] , but the example proposed in [ 9 ] can be solved by using our

criterion,
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