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Abstract. This paper studies the stability issue of a class of nonlinear hybrid dynamic
systems, namely, dynamic systems with jump parameters. The hybrid system model is de-
scribed first and compared with the conventional one. Sufficient conditions are established
for the stability and asymptotic stability of the nonlinear hybrid systems. Extension to
hybrid systems with time delay are also investigated. Stability criteria are obtained for
both linear and nonlinear cases. Examples are given to illustrate the main results.

AMS subject classifications: 34D20,34K20.

1 Introduction

Fault prone dynamic systems may experience abrupt changes in their struc-
tures and parameters, caused by phenomena such as component failure or
repairs, changing subsystem interconnections, and abrupt environmental dis-
turbances. Such systems can be modeled as operation in different forms
[1], where each form corresponds to some combination of these events. A
mathematical model describing such phenomena is given by

a'(t) = A(r(t)=(t), (1.1)

where z'(t) is the derivative of z(t), r(t) € S = {1,2,---, N}. r(¢) may jump
from 4 to j following some rules or randomly from time to time. For each
r(t) =1, t € [ti, t; + 0:), A(r(t)) = A(9) has different form. If r(¢) = ¢ in the
internal [t;, t; +0;), system (1.1) is be in the ith state in that interval. System
(1.1) belongs to the category of hybird systems, since it combines a part of the
state that takes values continuously (z € R™) and another part of the state
that takes discrete values (r(t) € {1,2,---,N}). In general, it is not known
exactly when the system jumps from ith(r(t) = i) state to jth(r(t) = j)
state, but the probability or relating coefficient that the system jumps from
ith state to jth state is certain number oy;, o3 > 0, 4,5 = 1,2,---,N.
Such systems are often called systems with jump parameters. For simplicity,
we shall call them jump systems. Clearly, jump systems are different from
conventional dynamic systems given by

' (t) = A(t)z(t) (1.2)
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because a jump system may change the state from ith to jth abruptly and
undeterminately. For a given state, say ith state, the system is determinate.
If the jump system remains in the ith state in interval [t;,,:,), then the sys-
tem can be treated as a determinate system in [t;, ,t;,). Jump systems have
been studied extensively in the field of control technology, signal tracking,
etc. [2]-[11], since they exhibit mixture of continuous dynamics and discrete
events, and provide a general framework for mathematical modeling of many
real world phenomena. Most studies focus on the linear jump systems only
due to the model complexity.

In this paper, we shall study the stability of nonlinear jump systems and
jump systems with time delays. The remainder of this paper is organized
as follows. Section 2 gives notations and stability definitions. In section 3,
sufficient conditions are established for stability and asymptotic stability of
nonlinear jump systems. These conditions are extended to jump systems
with time delays in section 4. Several stability criteria are obtained for both
the linear and nonlinear jump systems. Examples are presented in sections
3 and 4 to illustrate the main results. Conclusions are given in section 5.

2 Preliminaries

Consider the nonlinear jump system

' (t) = A(r(1)z(t) + f(t,2(t), 7 (t)) (2.3)

where A(r(t)) is an n x n matrix for any 7(t) € S = {1,2,---,N}. f(t, z,r(t))
is continuous with respect to t and z for every fixed state r(t) = ¢ and
f(,0,r(t)) =0.

Let Ry = [0,00), AT be the transpose of A, z(t, to, Zo, 7(t)) be the solution
of system (2.3) with initial value z(tg,to,Zo,7(t0)) = zo, and ||z|| be the
Euclidean norm, i.e., ||z|]| = (2} + 23 + --- + 22)'/2. A matrix P is called
positive definite if PT = P and all of its eigenvalues are positive. A positive
definite matrix P is denoted by P > 0. A function W (z) is called positive
definite if W € C(R™, R), W(0) = 0 and W(z) > 0 when z # 0. A function
V(t,z) is called positive definite if V' € C(R x R™, Ry), and there exists a
positive definite function W (z) such that V(¢,z) > W(z).

Definition 2.1 System (2.3) is called stable if for given tg and any € > 0
there exists a 6 > 0 such that ||zo|| < 0 implies that ||z(t,to,z0,7(t))|| <
€,t > tg. Otherwise, the system is called unstable.

Definition 2.2 System (2.3) is called asymptotically stable if it is stable and
there exists o > 0 such that ||xo|| < o implies that solutions z(t,to, xo,r(t))
of (2.3) satisfy

lim z(t,to, zo,7(t)) = 0.

t—oo
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The following example illustrates the difference between jump systems
and determinate systems.
Example 2.1 Consider the systems
z'(t) = Az(t); (2.4)

and
where

0= (50) = (h6) 4= (% L) 7= (3 24)

The general solutions of (2.4) and (2.5) are given by
E
.1'2(

yi(t)\ _ ot 3c181n3t — 3cocos3t
ya(t) ) c1c083t + cy8in3t
respectively. Furthermore, the solution of (2.4) with the initial condition

z1(to) = Zo, x2(to) = 0 and the solution of (2.5) with the initial condition
y1(to) = 0,y2(to) = yo are

)\ _ ot c1c083t + co8in3t
)) =

t —3c¢158tn3t + 3cocos3t

and

z1(t) = zoe~ ) cos3(t — to) y1(t) = 3yoe~ t=0) sin3(t — to)
z2(t) = —3z0e~10) 5in3(t — to) ya(t) = yoe~ ) cos3(t — tg)
(2.6)

respectively. It can be seen that both systems (2.4) and (2.5) are asymptoti-
cally stable. Let us consider the jump system given by

2'(t) = A(r(t))z(t) (2.7)

where r(t) € {1,2}, z = (21,22)T and

A1) = A= (:; _11> A2)=B= (j _91)

Let to = 0, r(t) = 1 for t € [2mn/6,(2m + 1)7/6) and r(t) = 2 for t €
[(2m 4+ 1)7/6, (2m 4+ 2)7/6), where m is an integer. Then the solution z(t) =
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2(t,0,2°,7(t)) of system (2.7) with the initial condition zT(0) = (z9,0)T is
21(t) = (=1)"32™zpe"tcos3(t — 2mn/6)
2(t) = (=1)mH132mHlze~tsin3(t — 2mn/6),

t € [2mm/6,(2m + 1) /6),

21(t) = (=1)"t132m+1) y0etsin3(t — (2m + 1))7/6)
2o(t) = (=1)m*F132mH+lze~tcos3(t — (2m + 1)7/6),

t € [(2m+1)7/6,2(m + 1)7/6),
in view of (2.6). It is obvious that, by the definition, system (2.7) is unstable.

This example shows that the stability of the jump system in each ith
state for all i = 1,..., N, can not guarantee the stability of the jump system.
It also illustrates that jump system is different from determinate system
although it can be considered as determinate system in any fixed interval
when the jump system has no state transition.

3 Stability Criteria

Stability criteria for system (2.3) are established in this section.
Theorem 3.1 Assume that

(i) there exist n X n symmetric matrices Q;,1 = 1,2,..., N, such that the
solutions P; of the systems

N
AT Q)P+ PAG) + Qi+ > aijPj =0
Jj=1

are positive definite;

(i) 2T Pz < yT Py implies ||z|| < ||ly|| for all z,y € R™ and P;, i =
1, 27 e 7N;

(i) there exist m; € C(R,R),i=1,---,N, and —K € C([ty, ), R}) such
that
2f(t,z,))T Pz < m;(t)zTx
and
—-zT[Q; + Zj\;l ai;jPj —mi(t)lz < K(t)zTz,

where I is an identity matriz.
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Then system (2.3) is stable if ftcoo K(s)ds > —oo and it is asymptotically
stable if [, K(s)ds = —oo.

Proof: Since P; > 0, then there exists A1, A2 > 0 such that 2Tz <
2T Pz < \izTz fori=1,2,---,N.

Let
V(z,r(t)) =V; = 2T Pix;, for r(t) =i.

The derivative of V; along solutions of system (2.3) is given by
V! = (7)Y Pzx+ 2T Pa'
= (2TATE) + fT(t,2,i)) Pz + 2T P,(AGi)z + f(t,z,1))
= zT[AT(Q)P; + P,A(G)|z + 2fT(t,z,i) Pz
= —2T[Qi + X0, ai; Pl +2fT(t,3,i) P

< —27[Q; + Zjvzl ai;j Pjlz + mi(t)zTz

= mT[—Qi — E;VZI Oé,'jpj + m,(t)I]ZL'

IN

Kt)zTe < \TK@)V;.
Thus for any solution z(t) = z(t, to, o, 7(t))

-1t s)ds
TOPalt) = Vi<Vt alt)i)e du™

Ot [ K(s)ds) /2 Ot [ K(s)ds)/2, (3.8
= e L KO p (g i KO (38)

t e [ti,t,‘ —|—0'),

where ¢; is a jump point of system (2.3) such that (2.3) stays in the ith state
in interval [t;,t; + o). From (3.8) and in view of the condition (i%), we have

T [* K(s)ds)/2
el < llat) 1™ s

Let t; < t; < t be successive jump points, i.e., system (2.3) is in the ith
state in interval [¢;,¢;), and in the jth state in interval [t;,¢x). By (3.9), we
have

[t ti +0). (3.9)

LA J;, K(9)as)/2

llz@I < [l=t)]]

LTS K ()da)/2

IA

[t

, t € [ti,tr).
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By induction, we have

' K(s)ds)/2
0 )

(a7t
lz(0)] < llzo]le™ ¢ € [t0,00),

which yields the conclusions of the theorem.
The following result is a generalization of Theorem 3.1.

Theorem 3.2 Assume that

(i) vi € C[R x R",Ry] and k € C[R4, R] such that

Vo ta,r(®) = G+ GEIAC®))e + f(t2,r(t))]
(3.10)
< _k(t)vi(tvxvr(t))v tel;

(i) if for t1,ta € Ry, r(t1) = r(t2) and v(ty,z,r(t1)) < v(tz,y,r(t2)), then
[z < [yl

Then system (2.3) is stable if ftzo k(s)ds < oo and it is asymptotically
stable if vi(t,z,r(t)) is positive definite and f:ﬂo k(s)ds = oo.

Proof: Let z(t) = z(t,t0,%0) be any solution of system (2.3). We claim
that for any ¢t > to,

lz(®)]| < [lz(to)]]- (3.11)

In fact, for any two neighboring states of system (2.3), say r(t) = i,t €
[tiy, tiy) and 7(t) = j,t € [tiy,t5,) = [tjy,tj5), using condition (3.10) we have

vi(t,z(t),r(t) = vt z(t),9)
- k(s)ds
< ’Ui(tilvm(th)vi)e ftil ) te [tiutig);
'Uj(t,.’L'(t),T(t)) = Uj(tvx(t)aj)
N :' k(s)ds
< Uj(tizvx(tiz)h])e flz
N j:. k(s)ds
= vj(tj17$(tj1)7j)e 71 ) te [tjlvtjz)a
and hence
Ui(tax(t)vi) < Ui(tilvx(th)ai)a te [ti17t’i2);
vj(t7m(t)vj) < vj(ti27x(ti2)7j) = vj(tjmx(th)aj)a te [tj17tj2)'
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By condition (i7), we have
@I < l=(Ea)l| t € [tir, tir);
=@l () = [l=(t: )]

[|2(t:,)|| t € [tjy,t),)-

Then, by induction, we have (3.11) which implies that the system (2.3) is
stable. Thus for any ¢ > 0, ty € R, there exists an p = p(tg,o) > 0 such
that ||zo|| < o implies ||z(t)|| < p,t > to, where z(t) = z(t,to,z0) is any
solution of (2.3).

We show next that

IN

IN

limesool|2(t, to, 7(to))|| = O, (3.12)

if v; (¢, z(¢),r(t)) is positive definite and ftooo k(s)ds = oc.
Let tg € I; , then

vi(t, z(t),r(t)) < vi(to, z(to),r(to))e ftto k(s)ds7 tel; (3.13)

which implies
limssooz(t) =0

since v is positive definite and f:’o k(s)ds = oo, i.e., (3.12) is true. Thus
system (2.3) is asymptotically stable. The proof is complete.

Example 3.1 Consider the nonlinear jump system
a'(t) = Ar(t)=(t) + f(t,2(8),r(t)) (3.14)

where z(t) € R%, r(t) = 1,2, and,

Ar@ + 1o = (50 5) (20)+ (Geth)):

forr(t) = 1;

Ar@a0+1ea00) = (233 5%) (20)+ (el )

for r(t) = 2.

By taking v;(z(t)
that v;(z(t),1) < vsi(
and i =1,2.

,r(t) = [22(t) + 235(¢)]/2 for i = 1,2, it is clearly seen
(t),3) implies |[z(B)ll < [ly(@)|| for all o(t),y(t) € R?



366 X. Liu, X. Shen and Y. Zhang

The derivatives of v; along system (3.14) are

V] = T1Z] + T2h

= z1(—4z1 + 22 + sinz2) + 22(371 — 322 + cosz1)

= —4z? + 43175 — 373 + T18inT2 + T2C0ST1

< —422 + 6|z 20| — 322
< —0.2vy, forr(t) =1,
vy = z12) + 227

= z1(—4z1 + 522 — 23) + 22 (=71 — 632 + In(1 + |72]))

< —422 + 43120 — 622 — 2} + 22
< —422 + 4|21 20| — T3
< —0.209, forr(t) =2,

which satisfy all conditions of Theorem 3.2. Therefore, the jump system
(3.14) is asymptotically stable.

4 Jump Systems with Time Delay

In this section, we shall extend our study to jump systems with time delay.
Consider the following jump system

z'(t) = A(r(t))z(t) + B(r(t)z(t — 7(t)) (4.15)

where A(r(t)), B(r(t)) are n X n matrices for any r(t) € S = {1,2,---,N}.
0<7(t) <71,7=constant. Let C; = {z: z € C([t — 7,t],R™)}. If z; € C},
define [|z.]|] = supi—r<ecilla(®)].

The stability definitions for system (4.15) are similar to Definition 2.1
and Definition 2.2 except that ||z(to)|| < ¢ and ||z(¢, ¢, %0, 7(t))|| < € are
replaced by |||z+, ||| < § and ||z (%, to, T+,,7(t))|| < € respectively, where z;, €
Ci, and z(t,to,xt,,7(t)) is the solution of system (4.15) with initial value
zi, = 9(0), 0 € [-7, 0].

Lemma 4.1 Letv € Cto,b], to < b < oo such that
V(1) < —at)olt) + Bt)supi—r<ocio(s), € lto,b)
where a(t) > B(t) > 0 are continuous. If for any € > 0,

S ={t |o(t) = |[[os]l| < |[vs|l| + € t € [to, T]}-
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Then, if S is not empty,
S =Ula;,Bi], @iy1 2B, =12,

Proof Suppose that S is not empty. Let oy = infS, f1 = inf{t|t >
a1,v'(t) < 0}. Then v'(t) > 0,t € [a1,01] and so [ag, 1] C S since v(ay)
SUPa, - r<s<a;V(s), and v(t) is an increasing function for ¢ € [ay, B1].

Let as = inf{t|t > B1,t € S}, B2 = inf{t|t > aa,v'(¢t) < 0}. Then
v'(t) >0, t € [as,B2] and so [az,B2] € S.

If B < b and there exists t € S — UF_, [a;, B:], then let ayqq = inf{t|t >
Br,t € 5}7 Br+1 = an{t't > Ozk+1,’l)l(t) < 0} Then ’Ul(t) >0, t e
[@k+1,Br+1] and so [agy1,Brt1] € S.

By induction, we have

S = U[Oéi, /81]
The proof is completed.

Lemma 4.2 Let v(t) be a nonnegative, continuously differentiable function
defined on [tg,b) such that

v'(t) < —a(t)u(t) + B(t)supe—r<s<tv(s),
for t € [to,b), where a(t) > B(t) > 0 are continuous. Then
v(t) < supry—r<s<to¥(s) = |[|ve, |-
Proof For any € > 0, we claim that
v(t) < |||vee ||| + € (4.16)

By continuity of v(t) there exists a § > 0 such that |||[v(¢)|]| < [||ve ||| + €,
t € [to,to + 0]. If (4.16) is not true, then there exists a T > to such that
v(t) <v(T),t € [to—7,T) and v(T) = |||vg, ||| + €. We claim that there exists
at; € (tg,T] such that

IA

o(ty), t <t
v(t) (4.17)
v l|l + € t=t

INA

and v'(t1) > 0.
Note that

S={t|o@®) = [lo@®I| < llveolll + ¢, ¢ € [to, T} = Ulew, Bil, igr 2 Bi.

Then S is nonempty since T € S. Thus by Lemma 4.1, S = Ufa;, 8i] and
a; = infS, we claim that

(1) = |[Jva Il < [z ]| + € (4.18)
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In fact, in view of |||v(to)||| < v(T) = |||vs, ||| + €, we choose Ty such that
o(t) < o(T1) = |||ve ||| +€/2, to<t<Ti<T.

Then T; € S and T1 < 3. This indicates that (4.18) is true.
Finally, we claim that there exists a ¢; € S such that v'(¢1) > 0. In fact,
if it is not true, then v'(¢) < 0,t € S, and so

o(t) = v(e), t € [ai, Bil;

<
~—~~

~
=
IA

v(Bi) = v(a;) t € (Bi,itr)

Thus, v(t) < v(a1) < |||[ve || + €t € S and hence T' ¢ S. This contradicts
the hypothesis since it indicates the existence of ¢; such that v'(¢1) > 0.
On the other hand,

V'(t) < —alt)u(ty) + B(t)][[ve ]
< —aft)u(ty) + B(t)v(t) <0.
This contradicts with v'(¢1) > 0. Thus, (4.16) holds. Let ¢ — 0, we have
v(t) < |||veo I]-
The proof is completed.

Lemma 4.3 Let v(t) be a nonnegative, continuously differentiable function
defined on [tg,b) such that

V() < altyo(t) + Bt)supr—r<ozsv(s),

for t € [to,b), where a(t) < 0, B(t) > 0 are continuous functions and B(t) is
bounded. If a(t) + B(t) <1< 0, then there exist constants € > 0 such that

v(t) < supto,TSSStov(s)e_“

Proof: Since a(t) + B(t) <1 < 0, there exist constant € > 0 such that
a(t) + B(t)e” +e < 0.

Let P(t) = v(t)et, we have

P'(t) < €eP(t)+ [a(t)v(t) + B(t)supi—r<s<iv(s)]e

IN

eP(t) + a(t)P(t) + B(t)e"" supr—r <ozt P(5)
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Let M = supyy—r<s<toP(s), and for any d > 1, we shall prove that
P(t) < dM for t € [to,b). If it is not true, there exists a t1 € (to,b) such that

< dM tg—17<t<t
P(t)
= dM t=t.
It is obviously that P'(¢;) > 0. On the other hand, it follows that

Pl(t1) < (e+a(t))P(t) + e B(t1)supr, —r<s<i, P(s)

IN

(e + aft1) + B(t1)e")P(t1) < 0.

This contradiction shows that P(t) < dM for all t € [to,b). Let d — 1, it
follows that P(t) < M for all t € [to,b) and hence

v(t) < supPsy—r<s<tov(s)e, t € [to,b).
The proof is completed.
Theorem 4.1 Assume that
(i) there exist n X n matrices Q; such that the solutions P; of the systems
N
AT(’L)P, + PZA(l) +Q; + ZO[UP]' =0
i=1
are positive definite , 1 =1,2,---,N;
(i) zT Pz < yT Py implies ||z|| < ||ly|| for all z,y € R™ and P;, i =
17 27 Ty N7
(#3) there exist ly,la > 0, my,ma > 0 such that
halz < 2T Pz < lxTx, and ||22T B(r(t)) Pixy)|| < mal|z||2+ma]||z:||[%;

() —a:T(Qi-I—Z;V:l aijPj—miNz < KzTz and I; K 417 'ma < 0; where
I is identity matriz and K is a constant.

The system (4.15) is then stable if I; " K 417 mo = 0 and it is asymptotically
stable if I; 'K + 1; *ma < 0.

Proof: Let
Vi(t,z,7(t)) = Vi = 2l Pzi, for r(t) =i.
If
i, tE€ [tiwtiz)

r(t) =

J, tE [tjlvtjz) = [ti27tj2)7
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then V;(t,,j) defined on interal ¢ € [t;,,t;,) can be extended naturally
to the interval [t;, — 7,t;,) as follows

V}‘(t,iﬂ,j), te [tjlvtjg);
Vi (ta,d) = |
‘/}(tj17m7])7 te [tjl -7, tj1)'
The derivative of V; along with system (4.15) is
Vil — (.Z‘T)IPiJ,'+.TTPixI

= (2TAT(i) + 2T B (i)) Piz + 27 P,(A(i)z + B(i)z:)

= 2T[AT(5)P; + PiA()|z + 22T P:B(i)z:

IA

—a7[Qi + L, @ijPyle + malfl[® + mol ||z ||

IA

—Z [Qz+z 1(12] m1]]$+m2|||$t|||2
< KaTz +mol||ze|?

< l;lKVi + lflmgsupt_TSSStVi(s), r(t) = .

If ;'K +17'ms = 0, in view of Lemma 4.2, we have zT (t)Pz(t) =
Vilt, 3:( ),4) < Vl( i, x(t zl),i) = 27 (t;))Piz(t;,), t € [ti,,ti,). According to
the condition (ii), we have

lz@[| < [lz(t)ll, ¢ € [t tiy)-

By induction, we can conclude

=@l < llzolll, ¢ € [to, 00).

The stability of (4.15) is obtained. If ;'K + I;'my < 0. Using Lemma, 4.3,
there exists a € > 0 such that

‘/;(tv $(t), 7’) S Suptil —7<s<tiy v (ti1 ) x(th )7 i)e_E(t_til)v

K3

Using the same approach for Theorem 3.1, we have
llz@)I] < [[@s|lle™ ")t € [to, 00).

This implies system (4.15) is asymptotically stable. The proof is completed.
Now, let us consider the more general system

z(t) = A(r(t)z(t) + g(t, z(t), z(t — 7(t)), (1)) (4.19)

where g(t, z, z¢, 7(t)) is continuous with respect to t, z, z; and g(¢,0,0,r(t)) =
0.
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Theorem 4.2 Assume that
(i) There exist n x n matrices Q; such that the solutions P; of the systems
N
AT(i)P;+ PAG) + Qi + > aij P =0
j=1
are positive definite i = 1,2,---, N;

(ii) T Pix < yT Py implies ||z|| < ||ly|| for all z,y € R™ and P;, i =
1727"'7N;

(i) there exist l1,lo > 0, my(t), ma(t) € C(R,Ry) such that
haTe < 2T Pz < loxTx and ||297 (t, z, 2(t—7(t)), r(t)) Piz|| < ma(t)||z||?+
ma (t) || [|?;

(iv) =27 (Qi+ Y1, i Pi—my(t) )z < K (t)2Tz and I3 K (£)+I7 ' ma(t) <
0; where I is identity matriz and —K € C([to,00), RT).

Then system (4.19) is stable if ftooo K(s)ds > —oo and it is asymptotically
stable if ftzo K(s)ds = —o0.

Proof: Let
Vi(t,z,r(t)) = Vi = 2] Piz;, for r(t) =i.
then, the derivative of V; along with system (4.19) is
V! = (27) Pz + 2T Pa’
= (@TATG) + g7 (t,z,2(t — 7(1)),r(t))) Piz
+ 2T P(A()z + g(t,z,z(t — 7(t)),r(t)))

= oT[A@)TP; + PiA(i)]z + 227 Pig(t, o, z(t — 7(t)), (1))

N
= —27[Qi + Xjy ai Pl + ma(®)||z]]” + ma(t)]||z]]°

IN

—2T[Qi + L1, g Py — mu (D)1 + ma(8)] || |2
< KTz + ma(t)|||z|?
< LTK@)Vi+ I ma (B sups r<s<iVi(s), r(t) =i
If I; 'K (t) + I 'ma(t) < 0, similar to Theorem 4.2, we can get the con-

clusion
lz@I < llzeolll,  t € [to, 00).
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The stability of (4.19) is obtained. If I; 1K (t) + I 'ma(t) < I < 0. Using
Lemma 4.3 and the proof of Theorem 4.2, we can obtain

llz@)]] < [[@s|lle™ ")t € [to, 00).
Thus system (4.19) is asymptotically stable. The proof is therefore complete.
Example 4.1 Consider the jump system
z(t) = A(r(t)z(t) + g(t, z(t), z(t — 7),7(t)) (4.20)
where z(t) € R2,
A(r(t)z(t) + gt 2(t), z(t — 7),7(t)) =

(2 %) (26)+ (22620)
for r(t) =1;
A(r(t)z(t) + g(t, =(t), z(t — 7),r(t)) =

-5 0 z1(t) n In(1+ |z2(t —7)|)
1 -7 o (t) 0 ’
for r(t) =2.
Without loss of generality, let a;; =1/2,1 <4,j < 2. We have

an= (3 L) ae= (7 %)

o(t,2(t), 2t — 7). 1) = (“'””“(t‘”);

cosza(t —7)

glt,a(t),a(t = 7),2) = (ln<1+|x5<t—r>|>)_

11 -3 9 -1
Ql_ (_3 7)7 Q2_ (_1 13)'
Then P, = P, = I and
|29 Pra|| < [l|[* + ]| |

1295 Peal] < [Jal]* + [[]e]||?,

forly =1lo =1, mi(t) = ma(t) = 1 and K(t) = —5. It is easy to see that
all the conditions of Theorem 4.2 are satisfied and hence, system (4.20) is
asymptotically stable.

Take
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5 Conclusions

In this paper, we have studied the stability issues of a class of hybrid dynam-
ical systems, namely, dynamic systems with jump parameters. Our approach
has utilized the Lyapunov functions and delay differential inequalities for the
stability criteria establishment. The stability results may be generalized to
other hybrid dynamic systems.
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