y‘i’ A3 »
EAEk BAy B EH R 5 FE B Vol 4 No,4
JOURNAL OF MATHEMATICAL
19844104 RESEARCH AND EXPOSITION Oct, 1984

The Exponential Stability in the Large of Discrete Systems®
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(Mianyang Teachers’ College, Sichuan)

We consider a discrete system
X(tk"'l) =A[tk,x(tk)]X(tk) ’ (1)

where x(t,) € R" is the state of system (1), t,CJ=(T, +o0) is discrete time,
where k is an integer and T is a number or a symbol - co; and t,— + co when k— + oo,
The matrix function A[t,,x(t,)]: JXxR*—>R"* is bounded, the elements of A[t,,
X(t,)] are denoted by a;;[t,,x(t,)] and g;;& E;}l‘pe a;[t,x(t)] G,j=1,-,n),
Definition The equilibrium x*=( of xthe' 'syjstem (1) is exponentially stable
in the large if there exist numbers II>1, #>0, which do not depend on the ini-

tial condition (t,,X;), such that for all (t,,x,)€JxR",
1% (tes to, X)) | <[ Xolle=" " Vt,&Jg = [ty +00) (2)

where x(t;;t,,%,) is a solution of system (1) satisfying x(tq;t,,x;) =x,, and|.||
refers to the Euclidean norm,
For the main result of this paper, we make use of the following simple
Lemma If the spectral radius of an m xm constant matrix B is less than one,
then there exist numbers I7,>0, = ,>>0 such that

|Bl<<Im =™ Vt.€J,, t€J,

Proof Since the matrix B is similar to an m xm matrix J in Jordan form by
the knowledge in linear algebra, i.e. there is an invertible m xm matrix § such
that B=S"1J§ where J=diag[J,,---,J,] and

(A,‘ 1. O\j
| 1‘ , .
L0 A

A; being a characteristic root of B.
Again since
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| A P
J? = N . - : “
| .'-...;ii?_l “‘
L0 A% J
. k(k—1)-(k-p,
where c7= FE=1) pif Pit D (k>p,, cf'=0 (k<p,),and
B*=S8"1J*S =S~ 1diag(J%,--,J5)8S,
Therefore,
IB*I<lIs~}|lIS|{|diag (Jf, -+, T8 |
<[IS7!{[S[lme.afr™ (Ay =max (4] <1; c.=maxc])
1<isr 15i{<m
_mck!S'l S! 1 (ruk-to
= ”1.’—.:,7,7”,” | l_{,”(r et (Ty =8Up(ty g~ 1))
M [3
‘ﬂ%—?};;giﬂly(h-fﬂ <Hie-ﬂi(rk'lo),
M
me,||SHliS]l 1 1
where 7,> TX,[I(T‘.!IH;}‘MTI >0, #y= VzﬁT;,ln )1;>O. The proof of Lemma is
complete,

We now state_and prove our main result.

Theorem 1 The equilibrium x* =0 of the system (1) is exponentially stable
in the large if there exists a non-negative vector function y: JxR"—>R", num-
ber 1,>0, 7,>>0, and an mxm constant matrix B, of which the spectral radius is
less than one, suchjthat

" <{vi<m|*|" V (t, %) €Jg X RY, (3)
Vs 1y X(tuy13t, %0) JSBV L, X(E43t0,%0) ], 4)
for all (ty,x,)CJIXR",

Proof From (4), it follows that

VIt X(tstg, %) ISBV (tg,Xy),
By means of Lemma and the property that ¥ is non-negative, we have
IV (Bas XCtes 20, X0) <IBHHIV (89, X | <HT 1775 [[V (Fg, Xg) |,

From (3), we get (2) with 7 =max[1, (n;'n,01,) "], 7r=£a‘~, This completes the

proof,

Remark In theorem ], we get the sufficient condition in Theorem 4,11 of
[1] when a=2 and B=1, (i-e« m=1), which is a positive number, is less than
one (In Theorem 4,11 of [1], only the sufficient condition is true for system
(1) in this paper), In [1] this condition is proved as follows:
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From V[i,.;, X(ty,1,t0,%0) 1SNVt X(L,5t0,%)], it follows that
V(b1 X3 800 X0) IS VI, X (5T, X)) J€XPL — 22T y) ]
<H1V|:tkyx(tk,toxo] exP[—Zﬂ(thu"tk)], (5)

where ;= IT,exp( - 22T y), TM=Sklp(t,.+_,—t,.). From (3) and (5), we get (2) with
IT = (i) V2,

In fact, here II should be (I1*n7!7,)!/2, and it is not a constant numbre, There-
fore, this proof in [1] is wrong,

With Theorem 1 at our disposal, we can prove the desired result as follows:

Theorem 2 The equilibrium x*=0 of the system (1) is exponentially stable
in the large if there exist d,>0 (i=1,--,n) such that the spectral radius of the
. non-negative matrix B= (b,;)m.n i8 less than one, where

N»

b,,= max Z didi'a;, (Pyg=1,,m;0=No<N;<+<Nn=h),

jENaeath=Ne ;N7 4y

Proof Consider a function V; R"—>R"™ defined by
Np

VeV, Val™s Vo= 2, diix|, P=1,,m,

¢x=Np_1+1

1t is evident that the function y satisfies the condition(3), To show condition
(4), we com pute V,[X(t,.3t9,%X9)] (P=1,---,m) using (1) as follows,

Ns»
Volx(tsto, X0l = D, dilxi (B 13 to, %0) |
i=Npatl
Ne» n
= >, d.-lZaaj[tk,x(tk;tmxo)]x;(tk;tmx0)|
i=Npog+l i=1

Ne n N»

. < z dizaiilxi(tk§t09x0| =Z Z d;a;; |%; (b3t 0, %) |

i=Npa+l =1 j=1i=Np1+1

N1 Na 1‘ N_p‘
=(Z+"'+ Z et 24 )Z; da;, |x (tste,%0) |
j=1 j=Nga1+1 FueNmoa+l i=sNp_ +1
s Ni N» Ne No n Nf‘
(3 4 33 e 33
j=1 i=Np_1+1 i=Na1+l i=Np_1+1 jaNm.3+1 i=Npa+l

‘Ediai;‘dildi [xi(tk;t()’xo) [J.

Ne
Let bpq'—“—- max Z did;laiis P,a=1,+-,m), then

j=Na-+L,=oNa a0 o
Vol X (s 15t0,%0) 1= Zbl’qvq[x(th; tgX9)1, (P=1,--,m)
g=1

i.e. VXt 1380, %X0) ISBVIX(t5t5,X0) ], (6)
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Since the spectral radius of B is less than one, then we get (2) by applying The-
orem 1 to (6), and the proof of Theorem 2 is complete,

When d;=1 (i=1,.-,n) and m=n in Theorem 2, we get the following intere-
sting,

Corollary The equilibrium x*=0 of the system (1) is exponentially stable in
the large if the spectral radius of matrix A*= (a;;),,, is less than one,

In Theorem 2, when the first kind norm of matrix B (See[2]) is less than

one and m=n, we get Theorem 4,12 in [1],

References

[1] Siljak D. D., Large-scale Dynamical system, Stability and structure, Amsterdam, Tht Nether-

lands, Noth-Holland, 1978.
[2] Liao Xiaoxin, J. of Central China Teachers’ College, 1976, 1, 96—102.
[3] Xu Daoyi, The Stability of Linear Time-Varyingy Discrete Large Scale Systems, Kexue Tong-

bao 1683, 18, 1152,

BRAGHNZREHBEHY
#o# X

(@) s ra)F %)
E | ®

AXBLETERARLABERBRRIMNANLS KM, TELFHURI1IORBELE
A RARTEMR, XTEITET (1] AP L Redeg— B4,

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



