Modeling, Identification and Control, Vol. 33, No. 4, 2012, pp. 131-139, ISSN 18901328

Stochastic Stability Analysis for Markovian Jump
Neutral Nonlinear Systems

Bo Wang ! Peng Shi? Hamid Reza Karimi® Xiucheng Dong !

1School of FElectrical and Information Engineering, Xihua University, Chengdu, 610096, China. E-mail:
bowangQ@uestc.edu.cn

School of Applied Mathematics, University Electronic Science and Technology of China, Chengdu 610054, China.

2S8chool of Electrical and Electronic Engineering, The University of Adelaide, Adelaide, SA 5005, Australia. E-
mail: peng.shi@adelaide.edu.au

School of FEngineering and Science,
Peng.Shi@vu.edu.au

Victoria Ungversity, Melbourne, Viec 8001, Australia. E-mail:

3 Department of Engineering, Faculty of Engineering and Science, University of Agder, N-4898 Grimstad, Norway.
Corresponding Author: E-mail: hamid.r.karimi@uia.no

Abstract

In this paper, the stability problem is studied for a class of Markovian jump neutral nonlinear systems
with time-varying delay. By Lyapunov-Krasovskii function approach, a novel mean-square exponential
stability criterion is derived for the situations that the systems transition rates are completely accessible,
partially accessible and non-accessible, respectively. Moreover, the developed stability criterion is extended
to the systems with different bounded sector nonlinear constraints. Finally, some numerical examples are

provided to illustrate the effectiveness of the proposed methods.
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1 Introduction

Among stochastic hybrid systems, a widely studied
class is the so-called Markovian jump systems (MJSs),
which are described by a set of systems with commu-
tation generated by a finite state Markov chain. It
has been shown that MJSs have great application po-
tentials, such as biomedicine, fault tolerant systems,
networked control, economics, aerospace, and commu-
nication networks. Due to the probabilistic description
of commutations, MJSs are very suitable and effective
to describe dynamical systems with the model changes
induced by external causes, such as unexpected events,
random faults, uncontrolled configuration changes. A
great amount of effort has been devoted to MJSs in
the past years, and many useful and important results
have been reported in literature. In Ma et al. (2012),
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a stochastic version of a bounded real lemma was de-
rived for a general class of discrete-time time-varying
MJSs with state- and disturbance-multiplicative noise,
and the necessary and sufficient conditions for the solv-
ability of the control problem in terms of four cou-
pled discrete-time Riccati equations are presented. In
Zhang (2009), the estimation problem was studied for
a class of MJSs with time-varying transition probabili-
ties, which was considered to be finite piecewise homo-
geneous. In Costa and Oliveira (2012), the stochastic
optimal control problem was researched for discrete-
time linear systems subject to Markov jumps and mul-
tiplicative noises under two criteria. In Fei et al.
(2009), a new delay-dependent stochastic stability cri-
terion for a class of MJSs with time delay was derived
based on a novel Lyapunov-Krasovskii functional ap-
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proach. In Wu et al. (2012), the problem on the sliding
mode control of Markov jump singular time-delay sys-
tems is concerned through investigation of the bounded
gain performance in the analysis of sliding mode dy-
namics in order to improve the system transient per-
formance. Recently in Karimi (2011), an efficient ap-
proach is developed for robust H, control problem of
uncertain time-delay systems with Markovian switch-
ing parameters and mixed discrete, neutral and dis-
tributed delays. For more state-of-the-art results on
this topic, readers are referred to (Karimi (2012), Wu
et al. (2011), Basin and Shi (2009), Shi and Liu (2011),
Wu et al. (2010), Liu et al. (2011b)) and the references
therein.

In real systems, time delays exist widely. Hence re-
cently much effort has been included in such area |,
see Cai et al. (2012), Liu et al. (2011a) and references
therein. Meanwhile,the transition rates of MJSs are,
in general, not completely accessible. Hence the prob-
lems of modeling, analysis and design on MJSs with
partially transition rates have become an important
and challenging issue, and attracted a lot of attentions,
see for example, Shi et al. (2012), Yin et al. (2012),
Luan et al. (2010), Zhang et al. (2009), Zhang et al.
(2011), Zhang et al. (2009), Wang et al. (2010) and
the references therein. However, most theoretical re-
sults either have some strict limitations with regard
to transition rates matrix, such as main diagonal ele-
ments are required, or have some conservatism for not
fully utilizing the provided transition rates. In addi-
tion, for MJSs with time-varying delay, most stabil-
ity criteria have the constraints that the derivative of
time-varying delay must be less than a constant, such
as 1, which limits the applied scope. In this paper, all
the available commutation information will be utilized
to derive a stochastic stability criterion, independent
of time-varying delays derivative, for Markovian jump
neutral nonlinear delay systems (MJNNSs), no matter
if transition rates are completely accessible, partially
accessible and non-accessible. Moreover, the developed
stability criterion will be extended to systems with dif-
ferent bounded sector nonlinear constraints. Some nu-
merical examples will be included to demonstrate the
effectiveness of the obtained theoretical results.

The remainder of this paper is organized as follows.
The MJNNS with time-varying delay and some prelim-
inaries are provided in Section 2. Section 3 presents the
results on stochastic stability analysis. Section 4 gives
an illustrative example, and the paper is concluded in
Section 5. Notations used in this paper are fairly stan-
dard. Let R™ be the n-dimensional Euclidean space,
R™* ™ represents the set of n x m real matrices, the
symbol * denotes the elements below the main diag-
onal of a symmetric block matrix, A > 0 means that
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A is a real symmetric positive definitive matrix, I de-
notes the identity matrix with appropriate dimensions.
diag {---} denotes the diagonal matrix. E{-} refers to
the expectation operator with respect to some prob-
ability measure P. ||-|| refers to the Euclidean vector
norm or the induced matrix 2-norm. The superscript T
stands for matrix transposition, L, ;, = L([—h,0], R™)
denotes the Banach space of continuous functions map-
ping the interval [—h,0] into R"™ with the topology of
uniform convergence.

2 Model description and
preliminaries

In this paper, (2, T, P) denotes the probability space,
where € is the sample space, T is o - algebra of subset
of the sample space, and P is the probability measure
defined on Y. Let S = {1,2,..., N} and the random
form process {r(t),t € [0,+00)} be a homogeneous,
finite state Markov process with right continuous tra-
jectories with generator II = (m;;)nvxn and transition
probability form mode i at time ¢ to mode j at time
t+ At,i € S,j €S, given by

P{r(t+ At) = j|r(t) =i}
_ { i At + o(At), j # i

1+ 7 At + O(At),j =1
where transition rates m;; > 0,5 # I,my; =

— Z mij, At > 0, and hm O(At)/At = 0.
J=1,7#1
For the convenience of study, the transition rates of

the Markov chain are considered to be partially acces-
sible. Namely, some elements in transition rates matrix
are time invariant but unknown, such as a system with
three operation modes may have the transition rates
matrix as follow

- 12 T3
II = o1 Too T3 <0
— T3 _

where — represents the inaccessible element.

Throughout the paper, we denote S = Si US?  for
Vi € S, where S}, = {j : m; is known} and Su,c =
{j : m; is unknown}. First, consider the following
MJNNS

()
2(t) =

z(to +0) =

A(r(t))z(t) + B(r(t))z(t — 7(t))
+C(r(t ))x( d) + D(r(t)) f(t, 2(t))

Lx(t) + Nx(t —7(t))

¥(0).6 € [, 0]

where z(t) € R"™ is the state vector, 0 < d < h is
the neutral delay, 0 < 7(t) < h is the time-varying

(1)
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delay, A(r(t)) € R™ ", B(r(t)) € R C(r(t)) €
RnX",D(T(t)) c Rnxn7L c Rmxn7N c Rmxn
are matrix functions of the random jumping pro-
cess {r(t)}. When r(t) = i € S, the matri-
ces A(r(t)), B(r(t)),C(r(t)), D(r(t)) are represented by
A;,B;,C;, D;, ¥(0) € L,y is the initial condition,
f(t) € R™ is the nonlinear term, and satisfies the fol-
lowing Lipchitz condition

FE( =) (f(t,2(t) —
We have

Kz(t)) <0

Then, model (1) can be represented as

(1) = y(t)
() A(r(t))z(t) +

+C(r ()) (t—d)+
La(t) + Na(t

B(r(t))x(t —7(t))
D(r(t) f(t, 2(t))
2(t) = — (1))

Remark 1: It is shown in Bao et al. (2009) that
the L([—h,0], R™) x S - valued process (z,7(t)) is a
time homogenous strong Markov process, where z; =
{z(t+0): —h <6 <0}

Now, to present the main objective of this paper
more precisely, we also introduce the following defi-
nition for system (1), which is essential for the later
development.

Definition 1: System (1) is mean-square exponen-
tially stable if there exist scalars & > 0 and 8 > 0 such
that

Ellz(®)]* < ac™*|ly],,* (2)

where [[4], :maX{ s 6 >}.

Therefore, in this paper the authors attention will
be focused on the development of mean-square expo-
nential stability criterion independent of time-varying
delays derivative for the situations that the systems
transition rates are completely accessible, partially ac-
cessible and non-accessible, respectively.

Before ending the section, we give the following lem-
mas, which will be used in the proof of our main results.

Lemma 1 (Boyd et al. (1994)): For any constant
matrices E, G and F with appropriate dimensions,
FTF < kI, k is a positive scalar, then

T T k 1r
20" EFGy < ck EE' x + U G Gy (3)
where c is a positive scalar, x € R", andy € R".

Lemma 2 (Gu (2000)): For any positive definite

matrix & € R"*", scalar v > 0, vector function w :

[0,7] — R™ such that the integrations concerned are
well defined, then

(Jo w(s)ds)" @ (s)Pw(s)ds

(4)

(Jo wis)ds) <7 fg'w

3 Main results

In this section, based on Lyapunov method and linear
matrix inequality techniques, the following stochastic
stability criteria are derived.

Theorem 1: When 7; is unknown with given h
and k, if there exist Py, P3,U,V,W, and symmetric
positive-definite matrices F;, R, M, S, @, such that

(X m)Ti T
JES;, <0 (5)
* Tik2n
T T <0,Vj#i,jest (6)
% quéj , V)] 1, uk
w U
|: * S — R22 ] - 0 (7)
w v
[ « g ] >0 (8)
where
Y11 Y12 Y13 Y14 215 216
* Yoo a3 Xoa4 225 226
Y. * * 2373 0 0 0
v * * * 2474 0 0
* * * x Y5 O
* * * * * Y66

Y11 =PA + AP + Q4+ kF;

Yio=F, - P+ AP %3 =PB; + Rip”
22’2 = hekhS — P3 — PgT + M, 22,3 = P3BZ
Y33 =hRi; — Rz — Ria” , 514 = P2C;

22’4 = ,P?,CYZ‘7 2474 = _—Mekh

Yi5=PeD;+ LTKT %y 5= P3D;

Sg5=NTKT 55 =256 =—Qe "
Ti =% + Q4+ Q7 + hefrw
i =[ > m;F;,0,0,0,0,0"
JESL,
Tszn = - Z 7T’LJFJ71111’; - [Fj70a0707070]T
jESk”
THk = —F;,Q =[U,0,—U +V,0,0,-V]

then, MJNNS (1) is mean-square exponentially stable.
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Proof: Choose the following Lyapunov-Krasovskii
functional candidate

| TED e [0 v
Vz(t,r(t))=ff)hf;fyT(a)e’““‘t*h)Sy(a)dadB
Va(tr(0) = [*), ]g,rw>nTe“ﬁ‘”Rndad6
Valt,r(t) = [,y ()"~ My(s)ds
Vs(t,r(t) = [°, ftw €7 (@)W (a)dad
V(t,r(t)) = [{_, 27 (s)e*=DQu(s)ds

0 = [T (8 = 7(8)), 4T ()] )
[ aT@),yT (@), 2T (t - 7(1)),
0= [ ST ). £ () ]

Let L be the infinitesimal generator of random pro-
cess. Then for each r(t) =,i € S, we have

6
=> LVj(ti (10)
j=1
where

11) <
+22T (t)(F P2 + AT P5 ) (t) — 2y (t)Psy(t)
+2$ (t)PQC y(t — ) + 2$ ( )PgBiLL'(t — T(t))
+2y" () PsBix(t — 7(t)) 4 2y" (t) PsCiy(t — d)
N

(t) > miiEy

jAij=1

+2yT (t)PsD; f(t) + 27 (t)

x(t)

LVa(t,i) < hyT (t)e*" Sy(t)
t—7(t)
—Jt—n

I V() Sy(s)ds
yT'(s)Sy(s)ds — kVa(t, i)

LV3(t,i) < haT(t — 7(t))Ruz(t — 7(t))
20 (1) Ru Tt — (1) + [y () Raay(s)ds
—22T(t — 7(t))Ryow(t — 7(t)) — kV3(t, 1)

LVZ;(t7 ’L) S yT
—kVi(t,q)

() My(t) —y" (t — d)e " My(t — d)

LVs(t,1) < heT (t)eH" WE(t)

—7(t
o ttfh( )fT(s)

o €7 () WE(s)ds
WE(s)ds — kVis(t,1)

134

LVs(t,i) = «™ (t)Qu(t)
71‘7‘/6(@ Z)

— 2T (t — h)e ¥ Qux(t — h)

Hence, we get

LV (t,1) < ET(0Zi€(t) — [}y 4" (5)Prg(s)ds
- i:(t) g’ (s)P2q(s)ds — kV (t,4)
(11)

where

=T

= diag{¥,,0,0,0,0,0}
Ui )= [€7(s

s,
7TJFJv (t )yt (s)]"

U o _ | WV
S—Ro |72 | % S
From (7) and (8), we know that LV (¢
hold if Z; < 0.

Consider ¥; > 0 and 1 >

i#£j,j€S*

derive that LV (t,7) < —kV (t,4) holds if

Jsé

+

>

i
b=

i) < —kV(¢,4)

m; > 0, we can

( Y. my)Ti+ diag{¥;,0,0,0,0,0} <0
i#j,j€S?

(12)

By Schur complement, the above inequality can be
rewritten as

( X m)T TF"
JE€Skn
* TEQk" X (13)
T, T
+ X Wij[ quik:|<0
j#ijEST, * o Ligg
With ineq.(5) - ineq.(8), we can conclude that
LV (t,i) < —kV (L, i) (14)
Hence
L(eMV (t,i)) = " (LV (t,3) + kV (t,3)) <0  (15)

By Dynkins formula, one can obtain

EV (t,i)er* = EV (to,i)eFto + Eft (e¥*V (s,1))ds
< EV(to, 2) kto
(16)
Hence
Amin(F)E|z(8)||> < EV(t,i) < EV (tg, i) *(to)
(17)

From the definition of V(¢,4), we know that

Fz) + h2>\max(5) + h’2>‘maX(R)
)+ W2 Amax (W) + h s (Q)E [, 2
(18)

EV(to,Z) § [)\max(
+hAmax (M
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where ||, = sup [[4(0)].
h<0<0
Then, the following inequality is deduced

E @) < ae™ OBy, (19)
where
)\max(Fi) + h2)\max(s) + h2)\max(R)
o= +h/\max(M) + h2/\max(W) + hf)\max(Q)

)\min(Fi)

Finally, with Definition 1, we can conclude that
MJINNS (1) is mean-square exponentially stable. The
proof of Theorem 1 is thus completed.

Theorem 1 investigated MJNNS (1) in the situation
that 7;; is unknown. Based on Theorem 1, the follow-
ing theoretical result can be derived.

Corollary 1: When 7;; is known with given h and k,
if there exist Py, P3,U,V, W, and symmetric positive-
definite matrices F;, R, M, S, @), such that

(1+ > %')Ti N

s i (20)
41 <0,Vjes) 21
U T | <oviesi e
w U
{ . S—R22}>O (22)
w v
[ . s } >0 (23
where
Y110 Y12 Y13 Yig i Xig
* Yoo o3 o4 225 226
2. _ * * 23’3 0 0 0
v * * * Y44 O 0
* * * *  Ms5 0
* * * * * Y66

Y11= PoA; + AP 4 F 4 Qi + kF;
Yio=F - P+ ATRT
Zg,gzhekhS—Pg—PgT—FM

Y13 =PyB;+ Ris" Y3 = P3B;

S35 = hRi1 — Ria — Ri", $14 = PC;
22,4 = chi, 2474 = —Me*kh

Y15 =PD;+ LTKT, Yo5 = P3D;
S35=NTKT Y55 =-21,%66=—Qe "
Ti = il—‘rQ—ﬁ-QT—FthhW

Tikln = [ Z Wiij,0,0,070,0}T

) i#i4ES), )

Tszn = - Z ) ﬁl]Fjszuil; = [Fj707070a070]T
) J#igESk,

Ti%];' =—F;, Q= [U,0,-U +V,0,0,-V]

then, MJNNS (1) is mean-square exponentially stable.
Next, we consider the MJNNS with following non-
linear constraints

(f(t,2(t)) = Krz(6)" (f(t, 2(t)) — Ka2(t)) <0

(24)
where Ko > K.
Let F(t,z(t)) = f(t,2(t)) — K12(t), we have
FT(t, 2(t)) (F(t, 2(t)) — Kz(t)) <0 (25)

where K = K2 — Kl-
The following inequality can be obtained
—2FT(t,2(t))F(t,2(t)) + 2FT(t, 2(t)) K (L (t)
+Nz(t—7(t))) >0

(26)
Then MJNNS (1) can be represented as follows
(6) = A(r(0)e(t) + Br()a(t - (1)
+C(r(t))x(t —d) + D(r(t))F(t, 2(t)) (27)

where A(r(t)) = A(r(t)) + D(r(t))K1L, B(r(t)) =
B(r(t)) + D(r(t))K1N.

It can be seen that system (1) and system (27) have
the same structure with different system parameters.
Hence based on Theorem 1, the following theoretical
result can be derived.

Theorem 2: When 7;; is unknown with given h
and k, if there exist P, P3,U,V, W, and symmetric
positive-definite matrices F;, R, M, S, @, such that

(> m)T T

j€s,, <0 (28)
* TikQ”
T T <0,Vj#i,jes (29)
" 7‘;75] y V] yJ uk
w U
[ & S — Ro ] >0 (30)
14
[ . S ] >0 (31)
where
Y11 Y12 Y13 Y14 Y15 Xig
* 22,2 E2,3 Z32,4 E2,5 22,6
Y. — * * 2373 0 0 0
v * * * 24’4 0 0
* * * * Y55 0
* * * * * 6.6

s

135



Modeling, Identification and Control

S =Py (A + DK L) + (A + DK, L) P,T
4+ B+ Q + kF;, 22,3 =P; (BZ‘ + DiKlN)
Si19=F — Py+ (A; + DKL) P

2272 = h@khS—Pg —PgT +M72174 = P2O,L'
Y13=PFP,(B;+D,KiN) + Riy7, Yo4 = P3C;
Y33 =hRi — Ria — Rip” , 84y = —Me ™"
Y15 =DPD; + LTKT, Y5 = P3D;

2375 = ]\[TI(T7 2575 = 72[, 26,6 = 7Q67kh

T =% + Q4+ QT + hebhw

S11 =Py (A + DK L) + (A + DK, L) P,T
+Q+kF;, %10 =F, — Py + (A + D;K L) PT
2272 = hekhS—Pg 7P3T +M,2274 = PgCZ
Y13=Py(B; + D;KiN) + Ry
Yo3=P3(B;+D,K1N),%14 = PC;

Y33 =hRi; — Riz — Ria”, 505 = P3D;

Y5 =FPoD;+ LTKT, Y5 = NTKT

24’4 = —Me_kh, 25’5 = —2], 26,6 = —Qe‘kh

T =%+ Q4+ Q7 + he?"W =k T
}= %, Thn = Y m,;F;,0,0,0,0,0]
Tzkl :[ Z Wiij’Ov()vO?OvO}T ' J#4JESL, "
JESn [kn [k g
n u Tz = - 7Ti'F'?T‘i j F"O’O’O’O’O
leé = — Z 7T7;ij7Ti1]; = [Fja070707070]T 2 j#i,%s’}; Y Y [ ’ }
JE€Sk, [wk = —F; Q= [U,0,— -
T =~ = [0,0,-U +,0,0, V] THl = —F;,Q=[U.0,-U +V,0,0,-V]

then, MJNNS (27) is mean-square exponentially stable.
then, MJNNS (27) is mean-square exponentially stable.
Proof: The proof is similar to that of Theorem 1,
and thus is omitted.
Theorem 2 studied MJNNS (27) in the situation that
m;; is unknown. Based on Theorem 2, the following
theoretical result can be derived.

4 Simulation Results

In this section, we will verify the proposed methodology
by giving an illustrative example. The MJNNS with
following system parameters is included

Corollary 2: When 7;; is known with given h and k,

if there exist Py, P3,U,V, W, and symmetric positive- A = ai _0i42 , By = _0034 _8 4
definite matrices F;, R, M, S, ), such that L N - T
Ch — 02 0 D, — —-04 0.3
Tl -01 02 7P 00 03 |
5 -1 0.5 -02 0
1+ i | Ti Ti]m = =
( jgsé 7”) Pl<o @y M7 04 } B2 [ 03 —03 }
% Tk | 01 0 ] [ -03 02 ]
’ 02*_—0.1 0.1_’D2*_ 0 —04 |
-1 04 —-0.5 0.1
o As=1os Z1 ['B3=1] o4 _o3
T T g 02 0.1 -04 0.1
= <0,vj €S, 33 = =
[ x Ty } S Puk (33) “=| 02 —01 P [ 0.1 —0.2 }
02 0 03 0
L= 0 0.2 ’N[ 0 0.3}
7(t) = 0.6 + 0.1sin*(15¢), k = 0.1,d = 0.4
L 34 Fta®) = () + 1] = |2(t) —1])/2. K =1
* S — Rgg
First we consider the given MJNNS with transition
rates as follow
v [ -0.5 03 0.2
[ g } >0 (35) I, = 0.3 —-09 06
* [ 02 02 —04 |
-0.7 - —
where My=| 04 —05 01
0.1 0.3 -04
Y11 Y12 Y13 XYia Y15 Xig " 05 T
* Yoo Yoz You Yos Yo I3 = — —0.3 —
s * * s 00 0 04 02 —06
g * * * 24’4 0 0 - -
* * * x Y55 0 According to the derived stability criteria, Table 1
* * * * *  Yeo can be obtained.

)
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Table 1: The maximum stable delay of the MJNNS
with different transition rates

case 2 case 3
1.0093 0.9225

transition rates case 1
h 1.1434

Next, we consider the given MJNNS with transi-
tion rates that are unknown, partially known and com-
pletely known as follow

My=| - — -
s = | 0.2 —04 0.2
02 0.3 —0.5
[ —06 0.3 0.3
Og=| 02 —04 0.2
02 03 =05

According to the presented theoretical results, Table
2 can be obtained.

Table 2: The maximum stable delay of the MJNNS
with transition rates unknown, partly known and fully
known

ful. known
1.1524

trans. rates unknown

h 0.7507

par. known
0.8149

Remark 2: Table 1 shows the maximum stable de-
lay of the MJNNS changes with different transition
rates. This means that transition rates have an ef-
fect on the stochastic stability of the MJNNS. Table 2
displays the relationship between the maximum stable
delay of the MJNNS and transition rates that are un-
known, partially known and fully known, respectively.
It can be seen that the biggest maximum stable delay
occurs in the situation that transition rates are fully
known for the best utilization of all commutation in-
formation. In addition, it is illustrated that no matter
how many transition rates are accessible, the presented
stability criteria are still available.

Next, the numerical simulation is carried out to
analyze the dynamics of the MJNNS. The numeri-
cal simulation is with the initial state value ¥(0) =
[1,-1.2]7,6 € (=1,0),7(tg) = 2, the simulation step
0.001 second, the transition rates Ilg and the switch-
ing time 0.1 second. Corresponding simulation results
are shown in Figs. 1 and 2.

Remark 3: Fig. 1 depicts the time response of the
state variable of the MJNNS. Fig. 2 depicts the time

35
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N

s

. . . . . . . .
4 6 8 10 12 14 16 18 20
s

Figure 1: Time response of the state variable x;(t) of
the MJNNS.

response of the state variable of the MJNNS. It can
be seen that the MJNNS is mean-square exponential
stable, and spends about 6 seconds converging to the
zero state.

Remark 4: For the given example, 7(t) =
1.5sin(30¢), and the maximum upper bound of 7(t)
is 1.5, greater than 1. Based on the constructed Lya-
punov function, the derived stochastic stability crite-
ria have no constrains on the upper bound of 7(¢). In
addition, the calculated maximum stable delay of the
MJNNS is 1.1524, bigger than the real maximum de-
lays upper bound 0.7, which means that this system
should be mean-square exponentially stable, and the
simulation results in Figs. 1 and 2 accord with the
proposed stability criteria.

()
~

L L L L L L L L L L
0 2 4 6 8 10 12 14 16 18 20

Figure 2: Time response of the state variable za(t) of
the MJNNS.
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5 Conclusions

In this paper, the stochastic stability analysis on
Markovian jump neutral nonlinear systems with time-
varying delay is concerned. By constructing a novel
Lyapunov function, the mean-square exponential sta-
bility criterion, independent of time-varying delays
derivative, has been concluded for the circumstance
that transition rates are completely accessible, par-
tially accessible and non-accessible. Subsequently, the
developed stability criterion has been extended to the
systems with a different bounded sector nonlinear con-
strain. At last, some numerical examples have been
included to illustrate the effectiveness of the obtained
theoretical results.
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