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ON THE ASYMPTOTIC STABILITY OF
TIME-VARYING DIFFERENTIAL EQUATIONS
WITH MULTIPLE DELAYS AND APPLICATIONS

NGUYEN SINH BAY, NGUYEN THE HOAN AND VU NGOC PHAT

ABSTRACT. This paper studies the asymptotic stability of some class of re-
tarded functional differential equations. Based on the stability of the under-
lying linear system, new sufficient conditions for asymptotic stability of linear
retarded systems as well as systems with nonlinear perturbations are derived.
The class of systems is allowed to be time-varying and time-delay. The results
are applied to the input feedback stabilization problem of some class of linear
control systems.

1. INTRODUCTION

Stability analysis of dynamical systems with time-delayed states is a topic of
practical and theoretical interest, because time-delay states encounter in many
dynamical systems described by continuous-time equations (see, e.g., [1, 4, 8, 10,
11, 12] and references therein). Recently, research interest has been focused on
the asymptotic stability problem for time-delay systems described by differential
retarded equations of the form

(1) £(t) = f(t,20), f(£,0) =0, t =0,

with initial condition (t0,¢) cx(s ) = ¢(s), s € [to — h,to], where h > 0, z(t) €
R" to € R™, ¢ € C:=C([—h,0],R"™), x; denotes the segment on [t—h, t] of vector
functlon z(.) € C(R*, R") so that xy 1 [—h,0] — R"is defined by (s ) =z(t+s),
—h <s<0.

We recall that the zero solution of system (1) (or system (1) itself) is called
asymptotically stable if for every e > 0, for every tg € RT, there is § > 0 such that
for any ¢ € C([—h,0],R") : ||¢|| < & the solution z(¢) with the initial condition
(to, @) of the system satisfies

(1) Nz@)l <e, Vt=to,

(i) Jlz(t)] — 0, as t — .

The asymptotic stability analysis of general system (1) based on the second
direct Lyapunov method has gained significant advances over the past years; see,

e.g., [5, 7, 12, 15]. It is woth noting that in most of the mentioned papers, suf-
ficient conditions for asymptotic stability are given in terms of the existence of
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Lyapunov functionals and finding such Lyapunov functionals is a difficult task in
many cases. In [4, 6, 9, 14], the stability conditions for time-invariant delay sys-
tems are formulated in terms of the existence of the solution of Riccati/Lyapunov
equations. For linear neutral-type time-invariant equations a similar approach
and stability conditions were proposed in [7, 13]. Some authors (see [2] and refer-
ences therein) have obtained stability conditions via the linear matrix inequality
approach, shown to be equivalent to some Riccati equations. In [13, 14, 15, 16],
sufficient stability conditions for linear systems with nonlinear or delay pertur-
bations were established by using the stability criteria of the linear underlying
systems.

In this paper, we give both time-varying and time-delay stability conditions
formulated in terms of the asymptotic stability of the linear underlying systems.
The approach allows us to apply the obtained results in the stabilization problem
of some classes of linear control systems.

2. PRELIMINARIES

Let us recall some notations and definitions, which will be used throughout
the paper.

Let Rt denote the set of all nonnegative real numbers, (x,y) the scalar product
of z,yin R™, AT the transpose of matrix A, I the identity matrix, A~! the inverse
of matrix A, Bjg ) the closed unit ball in R", z; € C with

[zel] = sup lzu(s)];
h<s<0

Amin(A) = inf {(Az,z) : x € B},

Amax(A) = sup { (A2, 7) : 2 € By} := |A].
A matrix A is said to be positive definite if (Az,z) >0, Vz € R" and (Az,x) >
0, if = # 0. It follows from [3] that for a symmetric positive definite ma-

trix A the spectrum o(A) is a bounded closed set contained in the segment
[Amin(A), Amax(A)] and we have the following result.

Proposition 2.1. [3] If A is a symmetric positive definite matriz, then Apin(A) >
0 and there is A~! such that the following relations hold
(1) Amin(A)[|lz[? < (A2, 2) < Amax(A)[|z[?, V€ R™;
1
(ii) m”xw <(A'z,z) < =], Vze R
(i) Amin(42) > Dmin (4)]

(iv) Amax(4?) < Amax(4)]%.

Consider a homogeneous time-varying system
(2) z(t) = A(t)x(t), t=>0.

Let us denote by S(t) the fundamental matrix and by U (¢, s) the evolution matrix
of the system defined by U(t,s) = S(t)S~!(s); t > s > 0. It is obvious that if

Anﬁn(fi)
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matrix function A(¢) is bounded on R, i.e., there is M > 0 such that
sup | A(t)| < M < +oo,
>0

then the evolution matrix U(¢, s) satisfies the condition

U, s)|| < eMlt=sl vt s> 0.

Definition 2.1. The zero solution of system (2) is exponentially stable if there
exist positive numbers K and § such that

(3) |U(t,s)|| < Ke =5 vi>s>0.

Definition 2.2. Let K and J be positive real numbers. A n X n—matrix func-
tion A(t) belongs to BCAS(K,d) if A(t) is continuous, bounded on R* and the
evolution matrix U(t, s) of system (2) satisfies condition (3).

The classical Lyapunov Theorem asserts that the zero solution of system (2),
where A(t) = A for all t > 0, is asymptotically stable if only if for every symmetric
positive definite matrix P the Lyapunov equation

ATQ+QA=-P

has a symmetric positive definite matrix solution (). In the sequel, we give a
time-varying analog of this result. For this, let us define a matrix function P(t)
to be uniformly positive definite on RT if

Je>0: (P(t)x,x) > c||lz||?>, Vte RT, Vo€ R™

Throughout this paper we denote by BSUPD(R™) the set of all n x n-matrix
functions, which are symmetric, bounded, uniformly positive definite on RT.
Consider the following time-varying Lyapunov matrix equation

(4) Q) + AT(OQ() + QA(t) = ~P(t), t € R,

Proposition 2.2. Assume that A(t) € BCAS(K,0). Then for every P(t) €
BSUPD(R"), the Lyapunov matriz equation (4) has a solution Q(t) € BSUPD(R™)
given by

(5) Qt) = /UT(T,t)P(T)U(T,t)dT
t

and the following relation holds

2

P PK
|z]? < (Q(t)x,z) < |z||2, VteR', Vze R,

(6) 2M 26
where M := sup ||A(t)||; P :=sup|P(t)||. Conversely, if for any matriz function
>0 £>0

P(t) € BSUPD(R™) there is a solution Q(t) € BSUPD(R™) of equation (4)
defined by (5), then the zero solution of (2) is asymptotically stable.
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Proof. The matrix function A(t) belongs to BCAS(K,¢), then the evolution ma-
trix U(7,t) satisfies condition (3). For any matrix P(t) € BSUPD(R") we
consider the matrix function given by (5)

[o.o]

Qt) = /UT(T,t)P(T)U(T,t)dT.

By the properties of U(7,t) and P(t), the matrix function Q(¢) is well defined,
Q(t) is symmetric for all ¢ > 0 and we can show that Q(t) satisfies the Lyapunov
equation (4) as follows. Replacing U(7,t) = S(7)S~!(¢) and differentiating both
sides of (5) in ¢, we have

o0

Q) = 87 (1) / ST(r)P(r)S(r)drs~L(t)

Since S71(t) = —S~L(t)A(t), ST '(t) = —AT(#)ST ™ (t), we have

Q) = ~ATMQ) - QAW + 57 05| [ STPmISMIr] o),

Therefore
Q(t) = —AT()Q(t) — QA() — P(t),
as desired. We now prove that Q(t) € BSUPD(R"). Indeed, we have

o0

(Qt)z,z) = / (P(T)U(7,t)x, U (T, t)x)dr.
Since P(t) € BSUPD(R™), we have

Je>0: (P(t)z,z) > clz||?, VxecR" VtecR'.

Therefore

7 U(r,t)z, U(r, t)z)dr

c/ |U(r,t)z|?dr, Yo € R",Vt € RT.
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On the other hand, since
z]] = U@, U (7, t)z]| < UG )IU(T, t)z],

]l
|U(r,t)z| = :
U@, 7l

it holds

il
/U7 onP

Taking Proposition 2.1 into account we have

:cHxHQ/GQM(tT)dT

t

2MH33||2 vVt € R" Va € R™,

which shows that Q(t) € BSUPD(R™). To prove the second inequality in (6), we
deduce from (3) that

t/ U, t)z, U (s, )a)dr

o0
< Plla|? / U, 0)[2dr

[e.e]
< PK?||z|? / e 20000 qr
t
PK?
< z||?.
< =il
To prove the converse part, we take a Lyapunov function for linear system (2) of
the form V(¢,z) = (Q(¢t)x,x), = € R™. It is easy to verify that

%V(t a(t)) = —(P(t)x(t), (t)) < —clz(®)]?, Vte R

hence the zero solution is asymptotically stable. The proof is complete. U
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If V:R"xC — R' is continuous and z(7,$)(t) is the solution of equation
(1) through (7, ¢), we define

V(t,0) = T, ~(V(t+ 7. 2110(r: ) — V(0,0

The function V (¢, ¢) is upper right-hand derivate of V (¢, ) along the solution of
equation (1).
In the sequel, we will need the following stability theorem of functional differ-

ential equations.

Proposition 2.3. [4] Assume that f: R x C — R" takes Rt x (bounded set of
C) into bounded set of R"™, and c1, ca, c3 are positive real numbers. If there is a
continuous functional V : R* x C — R such that

i) c1ll¢(0)|? < V(t¢) < clldl?, V>0, VoeC;
i) V(t,¢) < —csllp(0)|]>, Vt>0, Vo€,

where V(t,¢) is the upper right-hand derivate of V(t,¢) along the solution of
equation (1). Then the solution x = 0 of equation (1) is asymptotically stable.

3. MAIN RESULTS

Consider a linear retarded system of the form

(7) #(t) = A@a(t) + 3 At —h) + Y [ dGi(s)a(t +s)
=1 j

z:liki

where t > 0; x € R", A(t), Ai(t), i = 1,2,...,r are n X n-matrix functions on
R*; Gi(s),i =1,2,...,q are n x n-matrix functions with finite total variations on
respective segments [—k;,0], 0 := ko < k1 <ka < -+ <ky<h,0<h <hy<
... < hp < h (h:= max{h;,kq}). Throughout this section we assume that the
functions A;(t) are bounded on R* and the function G;(t) satisfies a condition
so called Lipschitzian property on segments [—k;,0], i =1,2,...,q:

(8) IGi(s) — Gi(s)|| < Lils — §'|, Vs,s € [<k;,0], i=1,2,...,q.

Theorem 3.1. Assume that A(t) € BCAS(K,0) and Gi(s),i = 1,2,...,q satisfy
condition (8). Then system (7) is asymptotically stable if

r q 2

o
9) D osw AP+ kil < G
i=1 120 i=1 (r + > ki>K4

i=1

Proof. Since A(t) € BCAS(K,J), by Proposition 2.2 for the matrix function
P(t) = al, o> 0, the matrix function Q(t) € BSUPD(R™) given by

Q) = a / \U(r, 1) [2dr
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satisfies the Lyapunov equation (4). Take the Lyapunov functional V(¢,¢) on
R™ x C for system (7) defined by

0
q
V(t,9) = (@) +Z / lomlFar+ 3 [ / () Pdrds
1= l_kl s
Taking ¢ := x4, where z(t) is a solution of equation (1) and x; is defined by
x¢(s) = ¢(s); s € [—h, 0], we have
g 0
Vitm) = (@) +Z / feelfar +3 [ / Jea(r)| P
_kz S

By some simple calculations and by Proposition 2.2 we can show that

K? -
2 o < (¢ : 2
la @ < Ve < (S +rh+h k)l

i=1

2M

Condition (i) of Proposition 2.3 is fulfiled.
Taking derivative of V (¢, ;) in ¢t along the solution of system (7) we get

V(t,xt>=<<Q<>+AT<> (1) + QU A®)a(t), (1))

0

T q
3 (I = late = k) + 3 [ as(lla(ol? e+ 5)P)
i=1 =1 ks
r q 0
+2(Qa(0. 3 Atyalt — 1)) + 2(Q0a(1). 3 [ dGis)alt +9)).
i=1 i:l_ki

By completing the square we have

[l (t = ha)I* + 2(AT (DQ(8)x (1), (t — ha)) < | AT )P 1QE) | | (t) 1

hence

—Z\Iw(t— ||2+2ZAT ya(t —hi)) <

(10) ZIIAT WEIRM®IPl=®1* < QI ZSUPHA W2l ()]

On the other hand, since ||G;(s)—G;(s')|| < Li|s—s'| and k; > 0, fori = 1,2, ..., ¢,

we deduce that
0 0
H /dGi(s)x(t—i-s)H <L / |z(t + 5)||ds
ki
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and
g O g 9
—Z/HJ;(t—l-s)Hst—i—QZ/ t),dG;(s)x(t + 5))
iilfki 1:17]%
q
(11) <D RLIIQM)IP )]
i=1
Taking (4), (6), (10), (11) and Proposition 2.2 into account, we obtain that

(- p+r+zk + Q| ZsupnA I + Q)| ZW)Hi 2l

From the last inequality it follows that the derivative V (¢, ;) is uniformly nega-
tive definite on RT provided

—a+r+zk +ll)I”? ZSUPHA O + eI Zk‘LQ<0

i=1
From Proposition 2.2 and condition (6) it follows that the derivative V (¢, z) is
uniformly negative definite on R if
2K

—a+r+Zk+ 5 ZsupHA )1 + 452 Zk:L2<O

or
q
r ‘ a=(r+ 2 k) g 45?
2 2 = o
12 Dol + Y kit < — = g = H)gr
where
q
o — (’I” + Z kl)
H(a) = 21:1 .
o

q
Since the function H(«a) attains its maximum value at o = 2(?” + > ki>, the
i=1

proof is now followed from Proposition 2.3 by choosing A;(t) and L; such that
T 52
ZsupHA |12 —i—ZkL’L <—
i=1 t20 (T + Z ki )
i=1
The proof is completed. O

As a special case, when dG;(t) =0 (i = 1,2,...,q) or A;(t) =0 (i=1,2,...,r)
for all £ > 0, the following sufficient conditions for the stability of retarded system
(7) can be derived.
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Corollary 3.1. For system (7), where dG;(t) = 0 on [—k;,0] for alli =1,2,...,q,
we assume the same conditions on A(t) as in Theorem 3.1. Then (7) is asymp-
totically stable if

52
Zsup 14: (6] <

Corollary 3.2. For system (7), where A;(t) =0, i =1,2,...,r, forallt >0,
we assume the same assumptions on A(t) and G;(t) as in Theorem 3.1. Then
(7) is asymptotically stable if

:U\

q
>
(52

where Rg = 1=1,2,...,q
K% > kj
Jj=1

Remark 3.1. By some arguments simillar to those in the proof of Theorem 3.1
we may extend the result for the following system

—ki—
(13)  @(t) = +ZA z(t —h +Z/dGl z(t+s), t>0.

7,

Theorem 3.2. Under the assumptions of Theorem 3.1, assume additionally that

T q 2
)
sup || A4; (¢ 2—1— Li2 ki—ki1) < ———-
;:1 tzg H ( )H ;:1 ( 1) (7“ k‘) K4

Then system (13) is asymptotically stable.

Example 3.1. Consider a linear retarded system of the form:

0 0
(14)  z(t) = A@t)=(t) + /dGl(s)m(t +s)+ /ng(s)m(t +s), t>0,
Z2 ~3

A(t) = (; _01>; Gi(s) = 0.02 - 5+ 0.01|Ty; Gals) = [0.03 - 5+ 0,01|.

We may verify that K =2, § =1, L1 =0.02, Ly =0.03, k1 =2, ks = 3, h = 3.
Hence

L2 12
ﬁ‘i‘ﬁ 0.28 < 1.

Applying Corollary 3.2 we can conclude that system (14) is asymptotically stable.
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Now we consider the asymptotic stability of a class of nonlinear system of the
form

(15)  @(t) = A (t) + f(t,z(t — hy),x(t — ha), ..., x(t — hy)),t > 0,
£(£,0,...,0) =0, > 0,

where 0 < hy < hy < ... < h, := h, r > 1, A(t) is n X n-matrix function on R™;
f:RT xC— R" In the sequel, we will need the following condition: There are
real bounded scalar functions a;(t) : Rt — R, i =1,2,...,r such that

(16) If(t 21,22, 2y |<Zaz )zill, VteR",Va; € R

Let us denote

zsupmz

t>0

The following theorem gives a sufﬁment condition for the asymptotic stability of
system (15).

Theorem 3.3. Assume conditions (16) and A(t) € BCAS(K, ). Then system
(15) is asymptotically stable if

)
I<a< ——="

a NGE
Proof. By the same arguments used in the proof of Theorem 3.1, using Lyapunov
functional

r 0
Vit 2e) = (QW)z(t), 2(0) + > / Jeo(7)2d,
i=1_"

where Q(¢) is a solution of matrix equation (4) with P(t) = ral, where a > 0
will be chosen later, we arrive at the fact that

V(t,zr) < —r(a—1)|(t H2+Za Q) ()|?

—([(SIat0R)1 - rla - D@ (0] @) (0), QBx(t).
=1

By Proposition 2.1 we obtain
V(t.a) < |Q)z(1)]* [a® — r(e = DAmin ([Q1)] )]

Therefore, from Proposition 2.1 and (6) we can deduce the following estimations:

462
Anin( @40 2 5o
. o o 452
Vit ) < Q) [0 = rla — 1) 5]
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On the other hand, since Q(t) € LSUPD(R"), the derivative of the functional
V (t, ) is uniformly negative definite on R if

5 a—1 44°
a” < —5— - — -

a?  rK*t
. . o — . . . .
Since the function g(a) = —=— attains its maximum at o = 2, it suffices to
o
choose a satisfying
d
0<a<—="
VTrK?
The theorem is proved. O

Example 3.2. Consider the following system in R?
(17) 1(t) = —(2 4 cost)z1(t) + asin zo(t — 2),
Zo(t) = —(2 — cost)xa(t),
where t >0, a >0, z;(t) € R', i =1,2.
Note that x = 0 is a solution of system (17). Since

A = <_(2 o 2o t)) ’

f(t,zy) = [asinzo(t — 2),0]7,
we can find the evolution matrix
Ult,s) = <e_2(t_8)_0(51nt_3m8) 62(ts)+(2sintsins))
and hence
(U, s)|| < Ke 2¢=9) vt >s>0,
where K = e2. On the other hand, we have
1/t 2@t =2)|| < allx(t —2)].
Therefore, the zero solution of system (17) is asymptotically stable when

< \/5

a _

e2

4. AN APPLICATION TO STABILIZATION

In this section we study the stabilizability problem of a class of control systems
with delays using the results obtained in the previous section. Consider the
following control system

0
(18) B(t) = A(t)z(t) + / dG(s)x(t + s) + B(t)u(t), t > 0,
“h
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where h > 0, z(t) € R", u(t) € R™, B(t) : R™ — R", t > 0; A(t) and G(s)
satisfy the conditions stated in the previous section.

We recall that system (18) is stabilizable by a feedback controller u(t) =
K (t)x(t) if its closed-loop system is asymptotically stable in the Lyapunov sense.
The feedback control for system (18) will be found in the form

0
(19) u(t) = u/BT(t)dG(t)a:(t +s), t>0, se[-h,0], p>0.
“h
Theorem 4.1. Assume that A(t) € BCAS(K,J), G(s) is L-Lipschitz on [—h, 0]

and 0 < sup Apmaz [B(t) BT (t)] < +00. Then control system (18) is stabilizable by
>0

linear feed_back; controller (19) if the parameter p satisfies the condition

(20) 0< < 0 KZLh
H K2Lh sup A\ [B(t)BT(t)]
>0

Proof. By control (19), system (18) is reduced to the form
0
(21) x(t) = A(t)z(t) + / [1 + uB )BT (t)]dG(s)x(t + s).
~h

Note that z = 0 is a solution of system (21). Let us take P(t) = «al, where
a > 0 will be chosen later. According to Proposition 2.2, we can find a solution
Q(t) € BSUPD(R™) of the matrix equation (4). Consider a Lyapunov functional
of the form

0 0
V(t 1) = (Q1)(t), 2(t) + / s / lao(r) 2dr.
—h s

It is easy to verify that there are numbers ¢; > 0, co > 0 such that
allz®)? < V(t,z) < ol

Condition i) of Proposition 2.3 is fulfiled.
From Proposition 2.2 it follows that

0
V(t,z) = ((h = P)Ix(t), x(t)) — / (¢ + 5)||*ds
—h

0

+2(Q0)e(t), / (1 + uB()BY(8)]dG(s)e(t + s))
“h
2174

K
<(h-a+ T

LQhHIJruB(t)BT(t)IIQ)IIfC(t)IIQ-
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Since p > 0 and B(t)B” (t) is non-negative definite, we have
I+ uB®)BY ()] = 1+ u|BOBT )], vt =0.

Therefore, the derivative V (¢, z;) is uniformly negative definite on R* if

a21(4 2 T 2
h—a+ = oL h(1+ pB(t)B"(t))" <0, Vt>0
or
—h 46
1 mar [BOBT ()] < 57 - 00
[ +,U§121%)))\ + [BO)B'(1)]]” < o2 KiIZh
) a—h 1 .. .
Since max [—} = —, it is sufficient to choose p such that
a>0 L «o? 4h
0<p< 0 KLk
H K2Lh sup A\ [B(t)BT(t)]
>0

63

In this case, Condition ii) of Proposition 2.3 is satisfied. The proof is completed.

Example 4.1. Consider the following retarded control system in R?
0
(22) z(t) = A(t)z(t) + /dG(s)x(t +s) 4+ B(t)u(t), t >0,
-1

where

0 1 0.02cos s 0
A(t):<—6 —5>’ G(S):< 0 0.02coss>’

B(t) = (8;) . weR.

It is easy to verify that

Ut s)] < 8e29), t>5>0;

max [|G'(s)| <0.02sin1 < 0.018.
—1<s<0

Taking L = 0.018 we have
3% = Anax[B(t) BT (1)] = | B() B* (¢)|| = 0.05

O

By Theorem 4.1 we can assert that system (22) is stabilizable by the linear

feedback of form (19) provided

§—hLK? 2-1-0,018 82

= =14.72...
hLK?[3? 1-0.018 - 0.05 - 82

0O<pu<



64

il

NGUYEN SINH BAY, NGUYEN THE HOAN AND VU NGOC PHAT

REFERENCES

] N. S. Bay and V. N. Phat. Stability of nonlinear nonstationary discrete-time systems, Viet-
nam J. Math. 27 (1999), 373-377.

[2] S. Boyd, L. E. Ghaoui, E. Feron and Balakrishnan, Linear Matriz Inequalities in System

and Control Theory, SIAM Publisher, Philadelphia, 1994.

[3] R. F. Curtain and A. J. Pritchard, Functional Analysis in Modern Applied Mathematics,

Academic Press, New York, 1977.

[4] E. Fridman, New Lyapunov-Krasovskii functionals for stability of linear retarded and neutral

type system, Systems & Control Letters 43 (2001), 309-319.

J. Hale, Theory of Functional Differential Equations, Springer-Verlag, New York, 1977.

J. H. Kim, Robust stability of linear systems with delayed pertubations, IEEE Trans. AC 41
(1996), 1820-1822.

[7] V. B. Kolmanovskii and J. P. Richard, Stability of some linear systems with delays, IEEE

Trans. Aut. Contr. 44 (1999), 984-989.

[8] P. Niamsup and V. N. Phat, Asymptotic stability of nonlinear control systems described by

difference equations with multiple delays, Int. Elec. J. of Diff. Equations 2000 (2000), N-11,
1-17.

[9] S. I. Niculescu, C. E. Souza, L. Durard and J. M. Dion, Robust exponential stability of

uncertain systems with time-varying delays, IEEE Trans. Aut. Contr. 43 (1998), 743-748.

[10] V. N. Phat, On the stability of time-varying differential equations, Optimization 45 (1999),

237-254.

[11] V. N. Phat and N. S. Bay, Lyapunov stability and stabilizability of linear differential time-

varying delay systems in Hilbert spaces, Far East J. Math. Sci (FJMS) 5 (2000), 65-80.

[12] N. Rouche, P. Habets, M. Laloy, Stability Theory by Liapunov’s Direct Method, Springer-

Verlag New York, 1997.

[13] Y. J. Sun, J. G. Hsieh and Y. C. Hsieh, Ezxonential stability criterion for uncertain retarded

systems with multiple time-varying delays, J. Math. Anal. Appl. 201 (1996), 430-446.

[14] Y. J. Sun and J. G. Hsieh, Robust stabilization for a class of uncertain nonlinear systems

with time-varying delay: Ramzumikhin-type approach, J. Optim. Theory Appl. 98 (1998),
161-173.

[15] H. Trinh and M. Aldeen, On robustness and stabilization of linear systems with delayed

nonlinear perturbations, IEEE Trans. AC 42 (1997), 1005-1007.

[16] X. Yang and Y. Stepanenko, Stabilizing comparable systems with time delayed feedback,

Proc. ICCR (1992), 261-264.

DEPARTMENT OF MATHEMATICS,
HaNO1 UNIVERSITY OF COMMERCE

DEPARTMENT OF MATHEMATICS,
HANO1 UNIVERSITY OF SCIENCE

HANOI INSTITUTE OF MATHEMATICS
P.0O.Box 631 Bo Ho, 10000 HANOI, VIETNAM



