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A novel and effective approach to stability of the solutions of nonlinear systems with impulsive effect is considered. The
investigations are carried out by means of a class of vector Lyapunov functions and differential inequalities for piecewise continuous
functions. Simulation examples are given to illustrate the presented results.

1. Introduction

There has been a significant development in the theory of
the impulsive differential systems within the past 20 years
(see [1-17]). The efficient applications of impulsive differential
systems require the finding of criteria for stability of their
solutions.

It is well known that the more complex the considered
dynamical system is, the more difficult it is to find a Lya-
punov function. This leads to employing several Lyapunov
functions, which is called to be a vector Lyapunov function,
for which each component provides information about a
part of the dynamics. Then some of the complex aspects
can be reduced to the connected dynamical systems and less
rigid requirements can be satisfied. Hence, the corresponding
theory, namely, the method of vector Lyapunov functions,
offers a very flexible process (see [1-5, 11, 13, 18]).

In this paper, without assuming Lipschitz conditions on
these nonlinear functions, which play important roles in
the considered systems, as needed in most other papers,
we will use a class of vector Lyapunov functions, by means
of the comparison principle (see [1, 2, 13]), to study global
exponential stability of the solution of nonlinear impulsive
differential systems.

2. Statement of the Problem

Let R” be the n-dimensional Euclidean space with norm || x| =

Valx = J(x,x) = QL xiz)l/z, x = (xl,xz,...,xn)T, let

Q be a bounded domain in R™ containing the origin, and
(U, v) = uy vy +uyv, + -+ +u,v,, where u = (1, u,,.. .,un)T,
V= (vl,vz,...,vn)T, and R, = [0, +00).

Let t, € R,. Consider the impulsive functional differen-
tial system

x(t) = f(tx(),
Ax = x (t +0) = x (t;) = Lix (),

(t =ty t#t,k=1,2,3,...)

@
(t =t > o),
where f: (t,+00) X Q — R, [ : Q - Q, k=1,2,3,..,,
ty <t <ty <---,andlim;_, , f; = +oo.

Definition 1 (see [12, 14, 15, 19]). System (1) is called to be
exponentially stable on a neighborhood Q of the equilibrium
point, if there exist constants ¢ > 0, M > 0 such that

Ix ()l < Me™ ||, (£ 20), 2
where x(t) is any solution of (1) initiated from x(t,) = x,.
We introduce a kind of partial ordering defined in the

following natural way. For u,v € R",u > v (u > v) if and
onlyifu; >v; (u; >v;) forany j=1,2,...,n.

Definition 2 (see [1, 2, 13]). The function ¥ : QO — R"is
called monotonically increasing function in Q if ¥(u) > ¥(v)
foru>vand ¥(u) > ¥(v) foru>v,u,v € Q.

Definition 3 (see [1, 2,13]). The function F: R, x Q) — R"
is called quasi-monotonically increasing function in R, x Q



if, for any two points (¢,u) and (¢, v) of R, x Q and for any
i € 1,2,...,n, the inequality F;(t,u) > F;(t,v) holds always
when u; = v; and u > v, that is, if, for any t € R, fixed and
anyi € 1,2,...,n, the function F;(t, u) is nondecreasing with
respect to (U, ..., Uj_1> Uiyps - o> Up)-

In the further considerations we will use the class v, of
piecewise continuous auxiliary functions V': [t,, +00) xQ —
R’ which are analogues of Lyapunov functions (see [20]).

We denote by « the class of all continuous and strictly
increasing functionsa : R, — R, such that a(0) = 0.

We are interested in focusing on the possibility of
applying the comparison method to the stability of the zero
solution of system (1). Together with the system (1), we will
also consider the following comparison system:

u()=gtu®), (t=tpttt,k=1,2,3,...)

Au=u(t,+0)—u(ty) = Bu(ty),

3)
(=t > 1),

where g : R, xS(p) — R",B,:S(p) - R", k=1,2,3,...,
tg <ty <ty <o, limg ot = 400, and S(p) = {x € R":
x|l < p} is an open subset of R™.

Lemma 4 (see [1, 2, 13]). Let the following conditions be
fulfilled:

(1) V:R, xS(p) — R,V €,
D'V(t,x)<gtV(tx), t#t, (tx)eR, xS(p),
(4)

where g : R, x Rl' — R is continuous, quasi-
monotonically increasing in (t,_y, t, |xR™ and g(t,0) =
0fort € R, and DV (t,x) = limy,_, o+ sup(1/h)[V (¢ +
h,x + hf(t,x)) - V(t, x)];

(2) there exists a p, which satisfies when x, € S(p,), u +
By .(u) are monotonically increasing in S(p) and B;(0) =
0;

(3) there exist the functions a(-),b(-) € & which sat-
isfy b(lxl) < L(t,x) < a(lx|) for all (t,x) €
R, x S(p), where L(t,x) = Y Vi(t,x),V(t,x) =
(Vi (t, %), Vs (£, X), . .., Vit ).

If the zero solution of system (3) is stable, then the zero
solution of system (1) is stable with respect to x(t).

3. Theory Results of Impulsive Stability
3.1. Basic Results. Consider the following system
x(t) = F(tx(6),y (1),
y(©) =G(tx(®),y ),

()

where x(t) € R", y(t) € R", and F(t,0,0) = G(t,0,0) = 0.
We will say that condition (A) is satisfied if the following
conditions hold.
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(A) The functions F(t, x(t), y(t)), G(t, x(t), y(t)) are con-
tinuous in (f;,_, ;] X R™ x R™. There exists a function h(t),
and the condition

(@F (£x (1), y (1) + BG (t,x(8), y (1)) (aex (£) + By (1))
e 1) + By O]

<h(t)
(6)
holds for any «, f3.
We will say that condition (B) is satisfied if the following
conditions hold.
(B) The functions F;(t,x(t), y(t)), G;(t,x(t), y(t)) are
continuous in (f,_y, t;] X R™ x R™. There exist functions h;(t),
and the condition

((“jFi (tLx ),y @)+ BGi (tx®),y (t)))T

X(o:x () + By (t)
( j Biy )) @
-1
x ([Jorjx(®) + B;y®)| asx(t) + Biy®)])
< hyi (t)

holds for any «;, B;, o, B;.

We will say that condition (C) is satisfied if the following
conditions hold.

(C) The functions F;(t, x(t), y(t)), G;(t, x(¢), y(t)) are

continuous in (f;_y, £ ] X R™ x R™. There exist functions h;(¢),
and the condition

((%F,- (tx(®),y(®)+B;Gi(t,x(t),y (t)))T

X (ocjx )+ Bjy (t))) (8)

-1
X ("ocjx(t) + ﬁjy(t)" llogx(t = 1) + Biy(t - T)“)
<sji (t)
holds for any «;, B;, o, B;.
Theorem 5. Ifthe operators F, G in system (5) satisfy condition
(A) for any x, y € Q, then x(t) and y(t) initiated from x(t,) =
Xy € Q, y(ty) = y, € Q satisfy

(lox () + By O|); < b (@) |oax (8) + By ()] VE=0. (9)

Proof. Forallt > 0 and r > 0, we have

dae” x (1) _ rt rt .
T are x(t) +ae x(t)
=are’x(t) +ae F (t,x (), y (1)),
rt
% = Bre"y (t) + Be y (1)

=re’y (t) + B G (t, x (1), y (1)),
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dae™ x (t) . dBey (t)

dt dt
_d(aex () + ey (1) _de” (ax (t) + py (1))]
dt dt
=" [aF (t,x (1), y 1)+ BG(Lx (1), y (1)
+arx (t) + fry (1],
e (ax (1) + By (1))
=" (ax (s) + By (5))

¢
+ J e [aF (u,x (1), y (W) + BG (u, x (1), y (u))
+arx (u) + Pry (u)] du,

e [[eex (£) + By (1) = €™ |loxx (s) + By (5)]

< J e laF (u,x (), y () + PG (u, x (), y (u))

+arx (u) + Pry (u)| du.
(10)
The derivative with respect to time t is
¢ (Jlacx (1) + By 0)]); + re" acx (1) + By (1)
<e|aF(tx(t),y )+ BG(t,x @), y@®) (1)
+ arx (t) + Pry ()] -
That is,
(locx ) + By D),
< |aF (x (@), y 1)+ BG(tx (1), y (1)) (12)
+arx (t) + Pry ()| = r |ex (t) + By (1) -
It is easy to prove that [laF(t, x(t), y(t)) + BG(t, x(t), y(t)) +

arx(t)+Pry(t)ll-rllax(t)+By(t)| is monotonically decreasing
on r; thus the limit

rl_i)rPOO (loE (£, x (1), y (1)) + BG (£, x (t) , ¥ (1))
(13)
+arx (t) + Pry (t) | - rllax @) + By @)

exists. From the norm ||x|| = VxTx = +/{(x,x) = (3} xz)l/2

and condition (), we obtain e
(locx (8) + By ()]
< [(aF (t,x (D), y (1) + BG (:x (1), y (1)) + arx (£)
+Bry (1) (aF (t.x (1), y (1) + BG (t,x (1), y (1))

+arx () + pry )]

(e ) + By ) (ax ) + By ()

q(t,o p)
(p(t.o )" + rflocx (1) + By )]
q(t.a. p)/r
(p(t,a, ﬁ))l/z/r +[lax (1) + By )|
< lim q(t o) /r
T (p(ta, ﬁ))l/z/r +|lax (1) + By ()|
(aF (£, (), y (0)+BG (t.x (1), y (1)) (ax ()+y (1))
loxe (£) + By (1)
_(@F (X)), y ©)+BG (6:x (), y 1)) (ax (1)+By (1))
() + By()|*
x flax (£) + By (1)
<h(t)[lax () + By @),

(14)

where q(t,o, ) = |aF(t, x(t), y()) + BG(t, x(t), y(t))II2
+ 2r(aF(t, x(t), y(t)) + BG(t, x(t), y(t)))T(ocx(t) + By@))
and pt,o, f) = llaF(t, x(t), y(t)) + BG(t, x(t),y(t))ll2 +
2r(aF(t, x(t), y(t)) + PG(t, x(1), y(t)))T(ocx(t) + By(®) +
*llax(t) + By(®)II”.

Namely,
(lox (8) + By D), < (®) Jax (&) + By (D] . (15)
U
Corollary 6. When x(t) € R", y(t) € R, and n > m, let
yo— () -50.
G(tx(1),y®) (16)
— (GO0 _Gx .70,

and (aF(t, x(t), y(t)) + ﬁ@(t,x(t),)’/(t)))T(cxx(t) +
By®))/llax(t) + ﬁf/(t)”z < h(t) holds for any a, 3, where
0, = (0,0,...,0)" € R"™. Then one obtains a similar result
with Theorem 5:

(Jox &) + BT @®)])), < h(8) |owx (8) + BF (t)]| V¢ = 0.
(17)

Corollary 7. When x(t) € R", y(t) € R™, and n > m, let
x0—()=x0.  yo—(P)-50.
F(t,x(t),y(t))

- (F(t,x(ot),y(t))> “F(LZ0),70),
1

G(t,x(t),y()
- (G(t,x(ot) ,y(t))> =GLEMD), 7)),
2

(18)



and («F(t, x(t), y(t)) + BG(t, k’(t),j/"(t)))T(ocic’(t) + By(t)/
lacx(t) +ﬁ)7(t)||2 < h(t) holds for any w, 3, where 0, =
0,0,...,0)" € R™, 0, = (0,0,... ,0)T € R". Then one obtains
a similar result with Theorem 5:

(| 8) + B @)])), < h () |ak (8) + BF ()] Ve = 0.
(19)

Remark 8. When « = 1, f = -1, and F = G, the constant
(Fx®)-F(y®)) (x(®) -y ()
HORSTOT
is called the nonlinear measure [21-26]. But the condition

(aF (t,x (), y (1) + BG (£, x (), y (1)) (ax (£) + By (1))
Jax(®) + By(®)|°

(20)
x,yeEQx+y

<h(t)
(21)
is weaker than the nonlinear measure.
When system (5) is written as
() =F (Lx@),y®)+F (t,x(t),y(), o

y) =G, (tLx ),y )+ G, (t,x(1), y(t)),

where x(¢) € R", y(t) € R™, and F,(¢,0,0) = G,(£,0,0) = 0,
i = 1,2, we have the following conclusion.

Corollary 9. If the operators F,,F,,G,,G, in system (22)
satisfy condition (B) for any x,y € C, then x(t) and y(t)
initiated from x(t,) = x, € Q, y(t,) = y, € Q satisfy

("‘Xlx t)+ By (t)”);
< hyy (8) g x (8) + Bry O] + gy (8) [l x () + Boy (8)]

vt > 0.
(23)
When system (5) is written as
x() = YF(tx(t),y®),
i=1 (24)

y() =G (tx(1),y(1),
i=1

where x(t) € R", y(t) € R™, and F,(¢,0,0) = G,(£,0,0) = 0,
i=1,2,...,s, we have the following conclusion.

Corollary 10. If the operators F;,G,, i = 1,2,...,s, in system
(24) satisfy condition (B) for any x, y € Q, then x(t) and y(t)
initiated from x(t,) = x, € Q, y(t,) = y, € Q satisfy
I} S
(Jlojx &) + By (t)“)t < Y h () |ex () + By )] vE=zo.
i=1
(25)
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Corollary 11. If the operators F;,G;, i = 1,2,...,s, in system
(24) satisfy condition (B) for any x, y € Q, then x(t) and y(t)
initiated from x(t,) = x, € Q, y(t,) = y, € Qand the constant
o satisfy

(& ax ) + By 0)]), < Dy (1) (¢ lasx (6) + By O])
i=1

vt > 0.
(26)

When system (5) is
x)=F (tx®),yt)+F(txt-1),y(t-1)),

yt) =G, (tLx(®),y®))+G,(t,xt-1),y(t-1)),
(27)

where x(t) € R", y(t) € R™, F,(t,0,0) = G,(¢,0,0) = 0,
i =1,2,and T > 0 is the time delay, we have the following
conclusion.

Corollary 12. If the operators F,,F,,G,,G, in system (27)
satisfy conditions (B) and (C) for any x, y € Q, then x(t) and
y(t) initiated from x(t,) = x, € Q, y(t,) = y, € Q satisfy

(Jowx (6) + By D),
< hyy () o (8) + Bry ()]

+51 (1) ey x (= 7) + By (£ - 1)
Vt > 0.

(28)

When system (5) is written as
x()=F(tx(®),y®),
y) =GtLx(t),y ), (29)
zt)=H(t,x(t),y (),

where x(t) € R", y(t) € R™, z(t) € R", and F(t,0,0) =
G(t,0,0) = H(t,0,0) = 0, we have the following conclusion.

Corollary 13. Ifthe operators F, G, H in system (29) satisfy the
condition

((aF (tx(6), y(®) + PG (Lx (£), y (t))

+nH (6x (1), y (1)) (ax () + By (£) + 52 (1)) (30)
x (lacx () + By (1) + 2 W)
<1(t)

for any &, B,n and x,y,z € Q, then x(t), y(t), and z(t)
initiated from x(t;) = x, € Q, y(t,) = ¥ € Q, and
z(ty) = z, € Q satisfy

(lowx (8) + By (8) + nz (®)])), < 1(t) [lowx (&) + By () + 2 (1)

Vi > 0.
(1)
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3.2. Impulsive Stability. Consider the impulsive differential
system

x(H)=F(Lx(®),y®),
y(®)=G{tx®),y(®),
AL () y (1))
= (x (b +0) = x (1), y (b +0) — y ()"
=L (x(t),y (), (t=t>1),

(t>tyt#tk=1,2,3,...)

(t>tgt#t,k=1,2,3,...)

(32)

where F,G : (f5, +00) x O xQ — R", [, : OxQ - QxQ,
k=1,2,3,...,ty <t; <ty <---,and lim; _, ,  t; = +00.

Theorem 14. If the operators F,G in system (32) and the

constants o, 3;, i = 1,2, satisfy condition (B) for any x, y € Q

and the matrix (2 g; ) is invertible,

(hu ) hyy (t)) <||“1x (t)+ /31y(t)|l>

hyy (£) hy, (B) oxx (8) + By (1)

is continuous, quasi-monotonically increasing in (t;_,, ;] xR,

@ B ((50) k@) e

are monotonically increasing, i = 1,2, and I;(0,0) = (0, 0)T. If
the zero solution of system (3) is stable, u(t) = (Z:g; ), u,(t) =
lox(t) + By, and i = 1,2, Bu(t) = (lleyx(t) + B y(t) +
L(e(t), Yt loyx(t) + By y(t) + T (x(t), ()T = ult),
then the zero solution of system (32) is also stable.

Proof. From Corollary 10, we can obtain

("‘Xlx )+ By (t)“);
< hyy (1) "0‘1x )+ Py (t)" +hyy () ||“2x )+ By (t)"
Vt >0,

(oox () + By )],

< hyy () [loyx (£) + Bry ()] + hay (8) [loax (£) + By (1)

vt > 0.
(35)

It is easy to verify that all the conditions in the lemma are
satisfied when V' = (ul(t),uz(t))T. So it is true that the zero
solution of system (32) is stable. O

Remark 15. Imitating Theorem 14 and combining the above
7 corollaries, respectively, we can obtain similar results with
Theorem 14, respectively.

5

4. Example
Example 1. We consider the system [3, 13]

dx —t . 3 2\ . 2

— = + t— + t, t#t,

it e X+ ysin (x xy)sm Fi

@ = xsint+e 'y - (x2y+y3) sin’t,  t#t, (36)

dt

Ax =ax+by, Ay=bx+ay, t=t,

where 2a = \/1+¢ +/1+¢ —2,2b = \[1+¢ —/1+¢,

-1<¢ £0,and -1 < ¢, <0. Consider
aF (t,x,y)+ BG(t,x,y)
=ae ' x + aysint -« (x3 + xyz) sin’t + Pxsint
+Bety-PB (xzy + ys) sin’t
= e (ax + By) + (ay + Bx)sint
— (ax + By) (x2 + yz) sin’t,
(aF (t,x, y) + fG (t,x, y) ,ax + By)
= e (ax + By)’ + (ay + Bx) (ax + By) sint
— (ax + By)’ (x2 + yz) sin’t, e

(aF (t,,y) + BG (%, 7)) (ax + By)
Jloce + By

§ e (ox + /3}/)2

Jox + By|”
(ay + Bx) (ax + By) sint
llocxe + By llecy + |

e + By

oy + B

<e! [eex + By + ||y + Bx| Isint].

So (lax + ﬁyll); <eax + Byl + lleey + Bxll| sint|, t # ;.
Similarly, (lecy + ﬁxll)i < eitllocy + Bxll + llax +
Byllsint], t #¢.
When ax + By = ¢(ay + Bx) for all x, y, we can obtain
@ = t1. Thatis, « = f#0 and @ = —3#0, respectively. Then
we get the comparison system

diy _ + [sin¢| t#t
— =e uy + [sint|u,, ,
dt 1 2 k
du, . —t

i [sint|u, +e u,, t+i,

u (1) = |(x +ax +by) + (y + bx + ay)| (38)
= \1+qu,
uy (tp) = |(y + bx + ay) = (x +ax + by)|

- VT o,

t:tk,

tztk.



When ax + By # @(ay + Bx) for all x, y, we can obtain the
comparison system

du -

—L =Ty, + |sint|uy, t#t,

dt

du -

2 = sint|u, +euy, t#t,

dt (39)
u, () =11 +alu; +|blu,, t=t,
uy (1) = 1bluy + 1 +alu,, t=t,.

We know that when the constants «, 8 satisfy the condi-
tion in Theorem 14, u;,u, in the systems (38) and (39) are
stable by stability theory of impulsive differential systems. So
it is true that the zero solution of system (36) is stable. Taking
¢ = —-0.2, ¢, = —0.5, and initial conditions (x, y)T =(1,2)7,
the stability simulations of the states x(t), y(¢) of system (36)
are as shown in Figures 1 and 2, respectively.

Example 2. We consider the system [3]

d_x__2x( 2—(2+sint)x)2— xcost L+t
dar y 2 +sint’ ke
dy . 2
o —y(y2 —(2+s1nt)x) . t#t, (40)

-1 1
sz(—)x, A :<——1>, t=t..
P Y \/i k

Combining Corollary 11 and imitating Example 1, we can
obtain the comparison system

du, —<0+| cost |)u L+t

dt 2+sintl/ ¥ k2
du,
—= =o0u,, t#t, 41
dt 2 k ( )

1

w ()= (3)m w@=(5)w

where u; = e”*|ax|, u, = ¢”|Byl,and 0 < ¢ < 1. When the
constants «, f3 satisfy the condition in Theorem 14, it is true
that the zero solution of system (40) is stable. Taking initial
conditions (x, y)T = (1,2)7, the stability simulations of the
states x(t), y(t) of system (40) are as shown in Figures 3 and
4, respectively.

tztk,

Remark 16. Comparing Examples 1 and 2 in this paper with
Examples 2 and 4 in the literature [3, 13] or [3], the vector

[ox+Byl _
({prrd ) Vtxy) =

ot
(zgtllm ) in this paper are simpler than the vector Lyapunov

functions V(t, x, y) = ( gjﬁi )Vt %) = (2~ (24sint)x)®

in [3, 13] or [3], respectively, and the approach is easy to
operate.

Lyapunov functions V(t, x, y)
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0.6 | 7,
0.4t /,

02t
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FIGURE 1: Stability of x(t) of system (36).

2.5

151,

0.5F “,

-05 - - - -
0 2 4 6 8 10

FIGURE 2: Stability of y(t) of system (36).
Example 3. We consider the system
d -
%X sin (log(t+1)) y +e'x

dt

+ y(t—1)sint - (x3 + xyz) sinzt, t#t;,

d -

d_);:sin(log(t+1))x+ety+x(t—r)sint (42)
—(x2y+y3)sin2t, t#1,

Ax=ax+by, Ay=bx+ay, t=t,

where 2a = \/1+¢ ++1+6 —2,2b = \[1+¢ —+/1+0,
-1<¢ <0,and-1<¢ <0.

Combining Corollary 12 and imitating Example 1, we can
obtain the comparison system

% = |sin (log (t + 1))| u, + euy + |sint|u, (t - 1),

t#tk’
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FIGURE 5: Stability of x(t) of system (42).
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FIGURE 3: Stability of x(t) of system (40).
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FIGURE 4: Stability of y(t) of system (40).
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FIGURE 6: Stability of y(t) of system (42).
du _
d_tz = |sin (log (t + 1))| u, + e "u, + [sint|u; (t - 1),
t#tk’
u, () = 11 +aluy +|blu,, u, (1) = 1bluy + 11 + al u,,
t= tk’
(43)

where u; = |ax + Byl, u, = |ay + Bx|. When the constants
«, f3 satisty the condition in Theorem 14, it is true that the zero
solution of system (42) is stable. Taking ¢; = —0.8, ¢, = —0.9,
7 = 1, and initial conditions (x, y)T = (1,2)7, the stability
simulations of the states x(t), y(t) of system (42) are as shown
in Figures 5 and 6, respectively.

Example 4. We consider the system

dx 2 . 2 xcost
i —2x(y - (2+smt)z) T tsing’ t#ty,
4 =e'y+zsint - (y3 +yz2) sin’t, t#t,
dt
d_z = ysint + ez - (yzz +z3) sin’t, t# 1,
dt
-1
Ax:<7>x, Ay =ay + bz, Az = by + az,
t: tk’
(44)

where 2a = \/1+¢, ++1+¢, —3,2b = \J1+¢ —+/1+¢,

-1<¢ <0,and-1<¢, <0.
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FIGURE 7: Stability of x(t) of system (44).

Combining Corollary 6 or Corollary 13 and imitating
Example 1, we can obtain the comparison system

%: cost u oy
dt 2+sint| ¥ k2
du _
—2:|et+sint|u2, t#1,
dt
1 l+a b
n @)= (3l w@@ =) 5 )
tztk,
(45)

whereu, = [la () [l,u, = I8 (2) Il, or the comparison system

% _|_cost " tit
dt ~12+sint| " o
%ze%u + |sint|u t#t
di 2 3 ko
du, : -t
i [sint|u, +e u;, t#i,

(46)
- ()
u, () = 11 +alu, + bl us,
us (1) = |bluy + |1 + al us,
t=t,

where u; = |yx|, u, = |ay + Bz|, and u; = |az + Sy|. When
the constants «, f3, and y satisfy the conditions in Theorem 14
or Remark 15, it is true that the zero solution of system (44)
is stable. Taking ¢, = —0.2, ¢, = —0.5, and initial conditions
(x, y, z)T = (1,2, O.S)T, the stability simulations of the states
x(t), y(t), and z(t) of system (44) are as shown in Figures 7,
8, and 9, respectively.
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FIGURE 8: Stability of y(t) of system (44).
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FIGURE 9: Stability of z(t) of system (44).

5. Conclusion

This letter, which uses a class of vector Lyapunov functions,
has studied the issue on impulsive stability of nonlinear
systems and improves the existing results. Numerical simu-
lations have verified the effectiveness of the method.
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