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ABSTRACT. In this paper we discuss the pth moment absolute exponential
stability of stochastic control system with Markovian switching. We first give
a new concept of pth moment absolute exponential stability, then we establish
some theorems under different hypotheses to guarantee the system pth moment
absolutely exponentially stable. These sufficient conditions in our theorems
are algebraic criteria in terms of matrix inequalities, and we introduce an M-
method with MATLAB to compute them. Finally, some examples are given to
illustrate our results.

1. Introduction. The absolute stability of Lurie’s control system is a very impor-
tant problem in automatic control. It was first proposed by Lurie and Postnikov [11]
in 1944. Since then it has been studied by many mathematicians and engineers, and
a lot of results have been obtained, for example, see [4, 8, 10, 19, 26] and references
therein.

The absolute stability of Ito type stochastic Lurie’s control system has attracted
many mathematicians and engineers since 1970’s. For example, using the frequency-
domain method, Mahalanabis and Purkayastha [12] discussed the global asymptot-
ical stability with probility 1. Korenevskii [5] gave the algebraic criteria in the
approach of Lyapunov function. The review [18] shows more results. There are
some results on the pth moment absolute stability of stochastic Lurie’s control sys-
tem. For example, using functional analysis technique, Brusin and Ugrinovskii [2]
investigated the case p = 2 and obtained the criteria for global asymptotical stability
in the mean square.

However, there are numerous phenomenons whose dynamic behavior required
several systems to describe in real world. The mathematical model of these phe-
nomenons is switched system which consists of finite subsystems together with
a switching law to determine which subsystem is active at every instant of time
([9, 21]). Switched systems are widely used in various fields, such as automatic
control, economics, physics, chemistry, engineering, biology, etc. Some recent re-
search on these systems can be found in [3, 13, 23, 24, 25, 27, 28] and references
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therein. Moreover, these systems are always perturbed by some nonnegligible noise,
which are called stochastic switched systems. Stability problem of these systems
has attracted much attention during recent decades and many results have been
obtained (see [1, 14, 15, 16, 20] and references therein). However, to the best of our
knowledge, there are few papers on the pth moment absolute stability of stochastic
switched systems because of the theoretical difficulties and complexity. So it is a
meaningful and challenging problem, that is our motivation.

In this article, we investigate the pth moment absolute exponential stability of
stochastic control system with Markovian switching. At first, the concept of pth mo-
ment absolute exponential stability for the stochastic switched systems is proposed.
Then using the method of Lyapunov function and stochastic analysis technique, we
study the pth moment absolute exponential stability under different hypotheses. We
first assume that the diffusion coefficient satisfies an inequality (hypothesis (H2))
following Mahalanabis and Purkayastha [12], and establish Theorem 3.2. Then we
extend the results under a weaker assumption (H3) and obtain Theorem 3.3. These
results are algebraic criteria in terms of matrix inequalities which are convenient
to check, and a concise approach named M-method is introduced to compute these
matrix inequalities.

The remainder of this paper is organized as follows. Section 2 introduces some
notations, definitions and lemmas. In Section 3, we first give the concept of pth
moment absolute exponential stability of stochastic switched systems, then establish
some theorems to show the sufficient conditions in terms of matrix inequalities under
different assumptions, and introduce an approach named M-method to verify our
results using MATLAB. Some examples are given in Section 4 to illustrate our
results. At last, conclusions are given in Section 5.

2. Problem statement and preliminaries. Throughout this paper, unless oth-
erwise specified, let (2, F, P) be a complete probability space equipped with a filtra-
tion {F;} satisfying the usual condition (see [17]), Ry denote the interval [0, +00),
I denote the identity matrix. For matrix A = (@i;)mxn, the norm of A is defined
by

|A] == y/trace(ATA) = (i Zn: afj> %.

i=1 j=1
Consider the stochastic switching system
dx = [A(r)x + bu] dt + D(x,t,r) dB,
y=cla,

u=—(y),
riRex Q5 S={1,2- N},

(1)

where 2 € R™ is the state, A(i) € R™*" is the plant matrix, D(z,t,i) € R"*™ is
the noise matrix, B(t) is an m-dimensional Brownian motion, y € R is the output,
b,c € R", v € F(ox) is a controller, where

For ={¢:9(0) =0,0 < yply) < ky*, ¥y #0,
and ¢ satisfies the local Lipschitz condition}.
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r(t) is a Markov process taking values in S = {1,2,--- , N} with generator I' =
(%‘j)NxN given by
P{r(t+4)=glr(t) =i} = ¢ .
L+ viA+o(A), j=i,
where A > 0, v;; > 0 is the transition rate from state ¢ to j when j # 7, and
Yii = _Z'Yij <0.
i
In this paper, we always assume that r(t) is independent of B(t).
If o is fixed, then system (1) can be rewritten as

dz(t) = [A(r(t)z(t) — bp(c"z(t))] dt + D(x(t),t,r(t)) dB(t), (2)

In this paper, we will focus on the pth moment absolute stability of system (2)
with some of following conditions:
(H1) D(z,t,1) satisfies the Lipschitz condition: 3K > 0 such that

D(x1,t,7) — D(x9,t,7)| < K|x1 — 29|, le,xQGR"7Vt,i eR, xS. 3
+

(H2) There exists a constant A > 0, such that for any positive-definite matrix
P e R»*"

trace(DT(aj,t,i)PD(Jc,t,i)) < XeTPz, V(x,t,i)€R" xR, xS. (4)

(H3) D(0,t,7) =0, V(t,i) € Ry x S.

It is easy to know that (H2) implies (H3) and (H1)(H3) imply that D(x,¢) satisfies
the linear growth condition, which means that there exists a unique solution to
equation (2) corresponding to any initial value x(tg).

We now present some useful lemmas.

Lemma 2.1. Let P € R™ ™ be a positive-definite matriz, then for any vector
x € R™ and matriz D € R™*™ we have

leT PD? < (27 Px)trace(D* PD). (5)

Proof. Since P is positive-definite, there exists a reversible real matrix @ € R™"*™
such that P = QTQ. Then

" PD? = [27Q"QD|* < |2 Q" *|QDJ?
= (27Q"Qz) trace(DT QT QD) = (2" Px) trace(D” PD).
O

Lemma 2.2. Let P € R™ ™ be a positive-definite matriz, D(x,t,i) is a R™"*™-
valued function matriz satisfying (H1) and (H3), then we have

trace(D” (z,t,1)PD(z,t,1)) < trace(P)K>[z[?, V(z,t,i) € R" xRy xS.  (6)

Proof. P is positive-definite, then there exists a reversible real matrix @ € R™*"
such that P = QT Q. By (H1) and (H3), we have

trace(DT(x,t, i)PD(x,t,i)) = trace(DT(m, t,1)QTQD(x,t, @))
= |QD(a,t,9)* <|QP|D(z,1,1)|* < trace(QT Q) K*|z|* = trace(P)K>|z[*.
O
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Lemma 2.3. Suppose P, H € R"*™ and P is a positive-definite matriz. If

— PH—-HTP >0,

(7)

then ReA(H) < 0, which means that all eigenvalues of H have negative real parts.

Lemma 2.4. A; € R"*", b,c € R", T' = (v;j)nxn, and k > 0 are given in the
system (1). XA > 0 is given by hypothesis (H2). p > 1 is some constant. If there
exist a; > 0, B; > 1, and positive-definite matrices P; € R™*™, i € S, such that

- gdidf >0, Vies,

then Vi € S, we have
Re)\<A iy > <0 and Re)\(A - ﬁbc T 7“1) <0,
p P

where
oxz ! 2
—Ri = PA; + ATP + (Ip— 2| + 1)AB: P + =22 "y, P + %lPZ,
p)\m Ve
di=Pb—-a

iCy
- max Pz s = mi min Pz .
Avt = WX Amax(FPr), - Am = 10 Awin (F7)

Proof. Substitute (10) into (8), we have
k

(8)

(9)

(10)

Ry — —d;d]
Q;
=—PA; — AP, — (Ip— 2|+ )AB:P; Zm w” 0= ]
p m VE)
771
— PG~ GTP — (Ip— 2|+ )AGP — 2 =D L ddT
p m VE)
and
k
R; — —d;d?
o
r 2>\2 2 T
=—PA; — AP, — (Ip— 2|+ )AB:P; Z% “yii Py — dd
p m VEC p
771
——Pz‘Ai—AiTPi—(|P—2|+1)>\5ipi— z N Py ’Yu i
p m VE)
k k k k
— —Pbb" P+ ~cb" P+ = Pibe” — ~ayec”
o 2 2 4
. 2/\5‘1
=—PH;—H/'Pi— (]p— 2|+ )AB:P — =) ;P
p n JFi

k k
— PP, — Zaject.
(67 4
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where .

Gio= A+ iy md}L_A4~¢c+%ﬁ (11)

p p
Then
T k T 2)‘2 T
~P,G; — GI'Pi =R — —d;d] + Z%jp +— dd + (Ip— 2|+ 1)A8: P,
Qi p m YED)
and
—P,H; - H'P,

= R — £didiT +
Q;

2)\1%[_1

vi;i P;j + i PbbTP + Zazcc + (\p 2| + 1)/\B, .
p)\72n VE)

It’s easy to know that d;d, P;bbT P;, and cc are all positive semi-definite, then
the necessary condition of ( ) is that

~PG;—GF'P,>0 and - PH; - H'P,>0. (12)
Then by Lemma 2.3, we obtain (9). O

Lemma 2.5. If we replace (10) in Lemma 2.4 by following
1

2
Y P + =i P,
p)‘TZn VE) p

205"

_Ri = PzAz —+ A;TPI + (|p — 2| =+ l)ﬁitrace(Pi)KQI +

1
di = PZb — iaic,
(13)
then the result in Lemma 2./ is also true.

[22]
Lemma 2.6.

equation

Suppose H € R™*™ and ReA(H) < 0. Then for all Q € R"*",

PH+HTP=-Q
has a unique solution
P :/ eHTthHt dt.
0
Moreover, if Q is positive-definite, then so is P.
Lemma 2.7. " Suppose (H1) and (H3) hold. Then for all ¢ € Foyy, for all
xo # 0 in R™, for all rog € S, we have
P{x(t;tg, g, 70) #0 ont > tg} = 1.
For the stochastic switched system
da(t) = f(z(t),t,r(t)) dt + g(x(t), ¢, r(t)) dB(t)
and V € C*'(R™ x Ry x S;R), we introduce an operator LV : R x Ry x S — R
given by
LV (z,t,3) =Vi(x,t,7) + Ve(x,t,0) f(x,t,1)

N
1
+ trace[g” (2, £,0) Vaw (2, £,0)g (2,1, 0)] + D 93V (.1, ).
j=1
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3. Main Results.

3.1. pth moment absolute exponential stability. In this section, we give the
new concept of pth moment absolute exponential stability for the stochastic switched
systems and establish some theorems to guarantee the system pth moment abso-
lutely exponentially stable under different hypotheses.

Definition 3.1. System (2) is said to be pth moment absolutely exponentially
stable with respect to (w.r.t.) Fio ), if Vo € Fq ), the trivial solution of system
(2) is pth moment exponentially stable, which means that there exists a constant
v > 0 such that the pth moment Lyapunov exponent

1
lim sup n log (E|z(t; to, xo,m0)|”) < —v
t—o0

for all (to,z0,70) € Ry x R™ x S.

Theorem 3.2. Assume that the system (2) satisfies hypotheses (H1), (H2) and
(9), for some constant p > 1, if there exist c; > 0, B; > 1, and positive-definite
matrices P; € R"™*™, ¢ €S, such that

k
R — —d;df >0, VYi€S,
a;
then system (2) is pth moment absolutely exponentially stable w.r.t. Fo ), where

21
202 2
—R; = PA; + AZTPl + (|p — 2| + I)Aﬂlpz -+ TM,1 Z%jpj + *’)’“'Pi,
PAm i p (14)
1
di = .Plb — §aic7
and
/\M = I?eaSX)\max(Pi)7 )\m = rlnelél /\min(Pi)'
Proof. It’s obvious that x(t;tg, zo,70) = 0, when zg = 0, then
1
lim sup — log (E|z(t; to, 0,70)|") = —o0.
t—o00 t
So we only need to consider the case x¢ # 0. By Lemma 2.7, for almost surely,
x(t;to, xo,m0) #0, ont > tp.
Let V(z,t,4) = (2T Pix)%,i=1,2,--- , N, then Va # 0, V(¢,7) € xR, xS,
Vi(z,t,i) =0, V(e t,i) = p(a" Pa) 52" Py

Vo (2, t,1) = 2p(
It’s easy to know that

N3

— 1) (2T Pz) 2 "2 Paa” P, + p(a” Pix) 51 P

p
2

ALz < V(,t,4) < A2 e, V(o,ti) € R" x Ry x S.
Let

P
2

p
ci=XMn and ¢ = A3,

then we have

alzlP <V(x,t,i) <colzl?, V(x,t,i) e R" xRy x S.
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According to the criteria of pth moment exponential stability for the SDE with
Markovian switching ([14, Theorem 3.1]), we only need to show that there exists
cg > 0 such that

LV (x,t,i) < —c3|z|P, Vo #0,V(t,i) € Ry xS, Vo € F .
By the definition of Fg ), we know that
1
aip(y) (y - kw(zﬂ) >0, Va;>0.

Then by (H2) and Lemma 2.2, Vo # 0, ¥t > 0, Vi € S, Vo € Fg 1),

LV (x,t,14)
N
p_ . P
= pa"Pa)? 2T P[A(D)z — bp(y)] + D vij(«" Pix)®
i=1
1 P
—|—§p(xTPix) 2! trace [DT(JU, t,7)P,D(,t,1)]

+p(§ - 1) (z7 Px) 2 trace[ DT (x,t, i) Pax” P,D(x,t,9)]

IN

1 p
§p(acTPix)5_1wT [PiAi + AT P, + \P; + |p — 2|\P;

rq

203 2

+— E v P + 'YiiPi:|$
PAR p

1 Vo 1 . 1
- §p(xTPz-x)2 L2607 Piap(y) + §p($TPﬂ:)2 Yaip(y) <CTI - kw(y))

— %p(wTPix)g‘law(y) (y - ,1@(3/))

IN

1 P
§p(xTPi3;‘)5_1l‘T |:PiAi + AZTPi + (|p - 2| + 1))\5iPz’
T

2 2
+—= Z%‘ij + %z‘Pi]ﬂﬁ
PAin A p

1 1 T 1 i
— 50" Pa)E12(Pb = Saie) we(y) - 5p@” Pa)E T SR y)

+30(lp =21+ DA - )7 P’

L rp NEo1,T R, d; T
_ip(x sz) (.%‘ 7<P(y)) |: dzT ok :| [ ©(y) :|
1 P
= 3p(p =21+ DAE — DAEL (Pl
We know that

IN

so if

k
R; — ;didiT >0, Vies,
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then
R, d;
dT Oéi/k‘

K2

Mi:{ ]zo, Vi €S.

Let
es = 5p(lp — 20+ Damin { (5~ )AL, (P} > 0,
then, by M; >0, Vi € S, we have
LV(x,t,i) < —cslzlP, Vo #0,VY(t,i) € Ry xS, Vo € Fop.
So we prove the result. O
Noting that (E|x|p)1/p < (Elz[P) VP for 0 < p < p, we see that the pth moment

absolute exponential stability implies the pth moment absolute exponential stability.
So we have the following corollary.

Corollary 1. Assume that the system (2) satisfies hypotheses (H1), (H2) and (9),
for some constant p > 1, if there exist a; > 0, 5; > 1, and positive-definite matrices
P, e R"™*" 4 €8S, such that

k
R, — —d;df >0, VYi€S,
a;
then ¥p € (1,p], system (2) is pth moment absolutely exponentially stable w.r.t.
Fo,r), where

1
2 2

—R; = PA; + ATP, + (lp—2| + 1) A8 P + 2 — E Yii Py + ’YuPz,
p>\m VE p (15)

d; = P;b— —ayc
By Theorem 3.2 and Lemma 2.6, it’s easy to prove the following result.

Corollary 2. Assume that the system (2) satisfies hypotheses (H1), (H2) and (9).
p > 2 is some integer. If there exist a; > 0, B; > 1 and positive-definite martices
Q; e R ™ (or Q; € R"*™) i €S, such that Vi € S,

Ei :=Qi — (|p —2[+1)A5; {/OOO Gl tQ,el dt]

2)\2 ar .
A;_l Z%J |:/ Gj tQjeGJtdt:|

p m VE)

k > GT¢ Git 1 > GT¢ Git 1 g
- — e’ 'Qe” " dt|b — —ayce e’ 'Q;e” "t dt|b — =y
Qg 0 2 0 2

o0
. - A
Ay = Max Amax eGitQ,e%it dt,
ieS 0

o)
A, = Mmin Apin {/ eGiTtQieGit dt] ,
i€S 0

3
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o0
Bi=Qi = -2+ )| [ Qe
0
232! oL
S| [ eraenal
p)‘m Jj#i 0
. [ / ! tQieHl‘tdt} bbT{ / et tQieHﬂdt] — %aiccT >0,
0 0

Q;
where

[ee]
AM = Max Apmax [/ eHJ'TtQjert dt} ,
i€S o

oo
Am = min )\min[ / efy tQjeHjtdt},
i€S 0

) then system (2) is pth moment absolutely exponentially stable w.r.t. Fq ).

In Theorem 3.2, we assume that the diffusion coefficient satisfies (H2) following
[12]. However, this assumption can be simplified to (H3), which is shown in the
following theorem.

Theorem 3.3. Assume that the system (2) satisfies hypotheses (H1), (H3) and
(9), for some constant p > 1, if there exist oy > 0, B; > 1, and positive-definite
matrices P; € R"*™ i €S, such that

k
R — —d;df >0, VYi€S,
&%)

then system (2) is pth moment absolutely exponentially stable w.r.t. F(q 1), where

—R; = P A; + AT P, + (p — 2| + 1) B; trace(P;) K21
21

2772 2

%4_1 Z%’jpj + =i s, (16)
PAm G b

1
di = sz — 50[,’0.

Proof. Let V(x,t,i) = (2T Pix)%,i = 1,2,--- , N. Similarly, we only need to show
that there exists c3 > 0 such that

LV (x,t,i) < —c3|z|P, Vo #0,V(t,i) € Ry xS, Vo € F ).
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By (H3) and Lemma 2.2, Vo # 0, Vt > 0, Vi € S, Yo € Foz),
LV (x,t,1)

= p(a"Pz)i 2T P[A(D)z — be(y))] +Z%‘j($TPj$)g

+%p( Tp x) ltrace[DT(;v t,i)P;D(z,t Z)]

+p(123 )( TPx) 2trauce[DT(ac t, Z)Pxx P;D(x,t Z)]

IN

1 P
ip(xTPix)é_le [PiAi + Al P; + trace(P) K*I

z_q
2A2 2

+|p — 2| trace(P;) K2 + ~M Z%;P + ’YMPZ]
p)‘fn J#i

5T i) 20T Peply) + Gl Paa) () (T - Lolo))

_%p(mTpix)%_laitp(y) (y - ;w(y)> ;

then
LV (z,t,9)
1 P
< g Pt | P ATR
) 2)\}4 ! 2
+(|p — 2| + 1) B; trace(P) KT + =2 N " 7, P + =7, P @
pAm VED) p
L r E_1(9;T T L 7 pgl
—517(55 Pix)2 M (20" P, — ¢ )$<P(y)—§p(3? Pyr): A (y)
1
—|—§p(‘p—2‘+1)(1—ﬂz)(x Piz)t " trace(P) K22 x
1 Tp \N2—1(..T Rl d, T
< —§p(x Px)>2 (x ,W(y)) { dr' oy /k ] [ o(y) }

—%p(‘p 2 + 1)K2(B; — 1) trace( PN ()P,

Similarly, if

R; — gdidf >0, Vies,
then
R; d; .
Let

c3 = %p(|p —2|+1)K? rlnéél {(ﬂz — 1) trace(P, ))\ém (P, )} >0,
then we have

LV (x,t,i) < —c3lz|P’, Va #0,V(t,i) € xRy xS, Vo € Fp).
The proof is complete.

Similarly, we can obatin the corollaries below.
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Corollary 3. Assume that the system (2) satisfies hypotheses (H1), (H3) and (9),
for some constant p > 1, if there exist a; > 0, 5; > 1, and positive-definite matrices
P, e R"™*" 4 €8, such that

k
R; — —d;df >0, Yi€Ss,
Q;

then Vp : 1 < p < p, system (2) is pth moment absolutely exponentially stable w.r.t.
Fo,r), where
—R; = PiA; + AT P; + (|p — 2| + 1) B; trace(P;) K21
21
2X3 2
JX,I Z’YUP] + 77iiPi7 (17)
PAm j#i p

1
di = Plb — Eaic.

_|_

Corollary 4. Assume that the system (2) satisfies hypotheses (H1), (H3) and (9).
p > 2 is some integer. If there exist o > 0, B; > 1 and positive-definite martices
Q; e R"™ ™ (or Q; € R"*™) i €S, such that Vi € S,

o0
E; :=Q; — (Ip—2|+1)8 trace[/ eGiTtQieGitdt] K2
0

25‘1%47 }: < an Gjt
— ~<p_7 Yij e J Qje it dt
— 0

p)‘ﬁﬂ VE)
k * r 1 *® r 1 T
- — ( [/ e tQieGit dt] b— aic) ( [/ e tQieGi75 dt} b— aic>
Q5 0 2 0 2
>0

where

0o
~ T .
)\M = max Amax eGi tQieGlt dt 5
€S 0

5\m = min Amin [/ eG'iTtQieGit dt] ,

i€S 0

E; :==Q; — (lp — 2| + 1) B; trace {/ eHiTtQieHitdt] K?T
0

21

25\3 > HT ~ H
ST [Tl

p)\m YE)
k ~ -

- — [/ eHiTtQieHit dt} bbT {/ HitQ, et dt] — ~azeet >0,
Qi [ Jo 0

where
~ 0 T, ~
AM = Max Amax el tQjert dt|,
i€S 0

o0
A, = min A\pin [/ eHJ‘TtQjeHjt dt} ,
i€S o

) then system (2) is pth moment absolutely exponentially stable w.r.t. Fq ).
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3.2. M-method with MATLAB. In this subsection, we introduce a technique
called M-method to verify our results. It is a convenient method to compute P;,
i€S.

We know that in the software MATLB, there is a function “care” to solve the
continuous time algebraic Riccati equation

ATX + XA - XBR'BT"X +Q =0, (18)
where A, B, R, Q are known. In the proof of Lemma 2.4, we obtain that Vi € S,
k
R; — —d;d!
;
=—-PH, - H'P, 2 + 1)AB P — 22 i PbbTP P auec
= — Lt — Ay z_(|p— |+)ﬁll plz%] — —Zalcc
PAm i
>0,
or

PiH; + H P+ (Ip— 2| + 1) AB: P
21
2)3, k k
+ =3 Db+ SRR+ Jaie” <0, (19)
p>‘2 Ve
where H;, i € S, are given by (11).
Compare (19) and (18), if we choose some constant M > 0 and let

k k
A=H;, B=y/—=b R=-I Q= jawcc’ +[(lp—2+1)A% — 7] MQo,
Q;
n (18), where Qg is a given positive-definite matrix and usually it can be given by
Qo = I or Qp = diag(A1,--+,An), then we can use the function “care” to get P;
such that

PiH; + HI' P, + [(Ip— 2| + 1) A8i — 7] MQo + — P;bb" P; + ZaiccT =0, Vi€s,
&7

when «; have been given. If M is good enough such that
3
MQQ—TlijO, Vi €S,
Ain
where

)\M = nzleaSX >\max (P)a >\m = I}lelél )\min (P)a

then we can choose P; = 15¢, i €S.

If the system (1) satisfies hypotheses (H1) and (H3), (19) should be replaced by
P;H; + H]'P; + (|p — 2| + 1) ; trace(P;) K*I
oxz !

[
p>\2 Ve
where H;, i € S, are given by (11).

In this case, we can let

+

k k
¥i; Pj + —P;bb" P; + ZaiccT <0, (20)
a;

[k k
A= Hi7 B = ;b7 R= _17 Q = ZaiCCT + [(|p - 2| + 1)/8an2 - ryii]MQ()v

n (18), then use the function “care” to find P;, i € S.
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4. Examples. In this section, we give some examples to illustrate our results.
Example 4.1 is with hypotheses (H1) and (H2), while Example 4.2 is with (H1) and
(H3).

Example 4.1. Let B(t) be a 1-dimensional Brownian motion, S = {1,2,3}, r(¢)
be a right-continuous Markov chain with generator

-1 05 0.5
I'= 1 -2 1
1 2 -3
Let
—4 0 1 —4 1 2 -7 0 3
A = 1 -2 0], A= 0 -5 0], Asz= 0 -8 01,
-1 0 -3 -1 0 -6 1 0 -9

where A; = A(i),i=1,2,3,b=(1,1,1)T, ¢ = (1,1,1)T, k = 5. Let
D(z,t,1) = sin (2mit)z, i=1,2,3,
then A = 1.
It’s easy to know that hypothesis (H1)(H2) are satisfied. And we get
max ReA(G;) = —2.5 < 0, maxReA(H;) = —3.6595 < 0,

then (9) is satisfied, so we can use Theorem 3.2.
Let oy =as=a3 =1, =0=03=15, Q0 =1, M =1, p= 2, using the
M-method, we can obtain

[ 03013 0.0649 0.0023 Amin(Pr) = 0.2824,
Py = | 0.0649 0.5054 0.0031 |, ~

| 0.0023 0.0031 0.3690 | Amax (P1) = 0.5243,
[ 03451 00349 0.0405] A ()= 02588,
Py= | 0.0349 0.3058 0.0177 |, ~

| 0.0405 0.0177 02719 | Amax(F2) = 0.3829,
[ 02786 00100 0.0638 ] A . ()= 0.1928,
Py=| 0.0100 0.2505 0.0120 |, ~

0.0638 0.0120 0.2405 Amax(F3) = 0.3291.

And it’s obvious that M Qg — P, > 0, Vi € S, so we can choose P; = IE’Z-, then
by Theorem 3.2, this system is 2th moment absolutely exponentially stable w.r.t.
Fo,5)- Actually, we have

i 1.7362 —0.1197 —0.0555 k
Ri——didl = | —0.1197  1.4638 —0.0195 ,)\min(Rl—dlle>:1.4l34,
X1 —0.0555 —0.0195  1.6902 A1

2.4025 —0.1272 —0.1268

k k

Ro— —dpdl = | —0.1272  2.2854 —0.0417 |, Amin (RQ—d2d2T> =2.1674,
a2 | —0.1268 —0.0417  2.4826 | a2
f 3.0906 —0.1496 —0.1789 ] k

Rs——dsdl = | —0.1496  3.0073 —0.0565 |, Amin (Rg—d3d3T> = 2.8294.
@3 | —0.1789 —0.0565  3.2264 3
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Example 4.2. In this example, we let B(t), r(t), T, A(i) = A;, b, ¢, k be all the
same as those in Example 4.1, but we change D(z,t,1) into
. )
D(l’7t,%) = %(ZL’”, Ty, 7xn71)T~

It’s easy to know that D(x,t,1) satisfies hypothesis (H1)(H3) with K = 0.1, but
doesn’t satisfy (H2) because VA > 0, we can choose P = diag(1800A,1,---,1) and
z=(0,---,0,2,)7 #0, then

trace z,t,1 z,t,1)) = 20 \x; > Ax; = Ax” Pax.
DT )PD j 2i? A2 > \a2 = AT P

Besides, (9) is satisfied too, so we can use Theorem 3.3.
Let oy =as=a3 =1, =0=03=15, Q0 =1, M =1, p=2, using the
M-method, we can obtain

01559 0.0575 0.0357 Amin(P1) = 0.1229,
Py = | 0.0575 0.2363 0.0409 |, i

| 0.0357 0.0409 0.1963 |  Amax(P1) = 0.2948,
[ 02167 0.0382 0.0420 | Amin (P2) = 0.1512,
Py=| 0.0382 01991 0.0311 |, i

| 0.0420 0.0311 0.1799 | Amax(P2) = 0.2757,
[ 02006 00186 0.0556 ]\ (py) = 01307,
Py=| 0.0186 0.1809 0.0202 |, ~

| 0.0556  0.0202 0.1756 Amax(P3) = 0.2551.

And it’s obvious that MQy — P; > 0, Vi € S, so we can choose P; = P;, then
by Theorem 3.3, this system is 2th moment absolutely exponentially stable w.r.t.
Flo,5)- Actually, we have

f 0.8275 —0.0284 —0.0488 i
Ri——dydF = | —0.0284  0.8461 —0.0257 7>\min(R1—d1d1T>:O.77217
X1 —0.0488 —0.0257  0.8584 et

i 1.6796 —0.0762 —0.0913 k
Ry— —dydl = | —0.0762  1.6188 —0.0611 ,)\min(Rg—dgdzT):lBOO?,
o2 —0.0913 —0.0611  1.6641 2

L 2.4473 —0.1340 —0.1197 &
Ry— —dsdt = | —0.1340  2.4021 —0.1031 ,/\min(Rg—dgd3T>:2.2011.
a3 ~0.1197 —0.1031  2.4806 a3

5. Conclusions. In this paper, a new definition of pth moment absolute exponen-
tial stability for stochastic switching system is presented. And we use the Lypunov
functions to obtain the algebraic criteria in terms of matrix inequalities under dif-
ferent assumptions. We also introduce a technique called M-method to verify our
results with MATLAB.
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