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Improved Results on Stability of Markovian Jump Systems with
Time-Varying Delays

Pengfei Li', Yu Kang'?, Yunbo Zhao®, Hongsheng Xi!, and Jun Wang*

Abstract— The stochastic stability of Markovian jump sys-
tems with time-varying delays is investigated. Three delay-
partitioning methods, i.e., partitioning [0, dmin]s [dmin, dmaz)
and both, are considered to derive the delay-range-dependent
stability criteria. Different Lyapunov-Krasovskii functionals are
consequently constructed for the stochastic stability of the sys-
tem. The effectiveness of those results are finally domonstrated
by a numerical example.

I. INTRODUCTION

As a special class of hybrid systems, Markovian jump
linear systems (MJLS) are widely used to model dynamical
systems subject to random abrupt changes [1]-[8]. These
random changes can be caused by component failures, abrupt
environment changes, changing subsystem interconnections,
and so forth. Investigations into such system include, for
example, stability analysis [8], [9], Hy control and filtering
[8], [10]-[12], exponential estimates [3], [4], state or output
feedback controller design [13], etc.

On the other hand, time delay is ubiquitous, as seen in
chemical process, neural networks, etc. Time delay usual-
ly degrades the system performance, causes oscillation, or
even destabilizes the system. [14] considered systems with
interval time-varying delays by using the free weighting
matrix method. [15] used the convex combination to get a
less conservativeness result. [16] proposed the reciprocally
convex approach to overcome shortcomings in [15]. Be-
sides, delay-partitioning method is another popular method to
deal with constant delay and time-varying delay [17], [18].
Fridman [19] employed two different partitioning ways to
improve the stability criteria. [20] noticed the fact that the
positive definiteness of LKF does not necessarily require
all involved symmetric matrices in Lyapunov-Krasovskii
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functional (LKF) to be positive definite. This method is
powerful in reducing the conservativeness, and therefore we
here apply it to Markovian jump linear systems with time-
varying delays for an improved stability criteria.

Markovian jump linear systems with time delays have been
studied extensively. To name a few, Fei [2] used the delay-
partitioning method to deal with MJLS with constant delay,
for an improved stability results compared to [21]. Huang
[14] constructed new Lyapunov functions by choosing dif-
ferent Lyapunov matrices for different system modes. Zhao
[22] improved the stochastic stability criteria with interval
time-varying delays. Gao [3] investigated the exponential
estimates of Markovian jump systems with mode-dependent
time-varying delays.

In this paper, we study the stochastic stability of Marko-
vian jump systems with interval time-varying delay. For dif-
ferent values of d,,;,, we adopt different delay-partitioning
strategies with different LKFs: [0, d;n,] for large dppin,
[dmins dmaz] for small d,,;,, and we may also use both
partitions for more complicated cases. We use the method
in [20] to analyse the constructed LKFs for three different
delay-partitioning strategies and derive corresponding LMIs
to guarantee both the positive definiteness of LKFs and
negative definiteness of derivative of the LKFs.

The rest of the paper is organized as follows. The model of
Markovian jump systems with time-varying delays and some
preliminaries are introduced in Section II. In Section III,
we present the main results for different delay-partitioning
methods. A numerical example is shown in Section IV to
illustrate the effectiveness of the proposed results. Finally,
Section V concludes the paper.

Notations. Throughout this paper, R™ represents the n-
dimensional Euclidean space. For symmetric matrix X,
X > 0 means that X is positive definite (negative definite)
and X > 0 (X < 0) means that X is semi-positive
definite (semi-negative definite). diag{. ..} stands for block
diagonal matrix. [,, is the n-dimensional identity matrix and
05, %m 18 the n x m-dimensional zero matrix. The asterisk
* represents a term that is induced by symmetry. For d >
0,C*([—d, 0];R™) denotes the class of smooth functions ¢
from [—d,0] to R™ with norm ||¢|| = sup_g<g<o |6(0)|.
E(.) denotes mathematical expectation. o

II. PROBLEM FORMULATION

The considered Markovian jump linear system with mode-
independent interval time-varying delays is described by

o(t) = A(r(t)z(t) + Aa(r(t))x(t — d(t)) (1



x(t) = ¢(t), 2)

where z(t) € R™ is the n-dimensional vector represents
system state vector, A(r(t)), Aq(r(t)) are matrix functions
of the stochastic jumping process {r(t),t > 0}, {r(t)} is a
continuous-time Markov process, which takes values in the
finite discrete set S = {1,2,...,N}. Let II = [m;;], where

t € [—dmaz, 0], 7(0) = ro,

i,7 = 1,2,..., N, denote the transition probability matrix
with
. . WijA + O(A) ) 7é ]
Prir(t+ A) =jlr(t) =i} =
trlt+8) = dlr(t) = i} {1+7riiA+o(A)ij
3)

where A > 0,lima 0+ 0o(A)/A = 0, and 7;; > 0, for
i # j, is the transition rate from mode ¢ at time ¢ to mode j
at time t + A, with m;; = — Zj# m;; for each mode i € S.
d(t) denotes the mode-independent time-varying state delay
in the above Markovian jump system, and satisfies

0 S dmvn S d(t) S dmax < o0 (4)
d(t) < p ®)

where d,in, dmae and p are constant and independent of
mode 7(t). ¢(t) € CY([~dmaz,0]; R™) and r(0) = rq are
initial conditions of the system state and mode, respectively.
For the simplicity of notations, r(t) =i € S, A(r(t)) and
Aq(r(t)) are denoted as A; and Ag;.

Let xy = x(t + 8), —dmaz < s < 0. According to [5]
and [11, {(z¢,7(t)),t > 0} is a Markov process with initial
state (¢(.),7(0)). Let £ is the weak infinitesimal operator of
the stochastic process {(z,r(t))}, £ acting on V (x¢,14,t) is
defined as follows,

EV(.Tt,i,t)
= Jim, Z[E{V( z(t+ D), r(t+ A), t + A)|xy, r(t) =i}
— V(z4,1,1)) 6)

Next, we’ll introduce the definition of the stochastic sta-
bility and some useful lemmas.

Definition 1: Markovian jump system (1) with (2) is said
to be stochastically stable if, for any initial state ¢(¢) and
initial mode ¢, the following condition is satisfied

t
tlirroloE L (t)x(t)dt| ¢, ro (7)

Lemma 1 (Jensen ’sOinequality [23]): For any constan-
t symmetry matrix M € R™*" with M > 0, scalars b > a,
vector function w : [a, b] — R™ such that the integrations in
the following are well defined, then

b b
1
/ wl' () Mw(t)dt > P [/ w(t) t] M [/
a —a a
Lemma 2 ([16]): Let f; : R™ - R i = 1,2,...,N
have positive values in an open subset D of R™. Then, the
reciprocally convex combination of f; over D satisfies

Z fi(t) + max Zgw

Z#J

< 0

(B1B50.5, ﬁi—l}z FRAY
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subject to
fit)

i‘ZRm%R, iit) =g;4(t),
{g J 93,() Q,J() [gm,(t)

|20}
III. MAIN RESULTS

In this section, three different delay-partitioning methods
are used to deal with the mode-independent time-varying
delay. The first method is to divide the interval [0, dyin]
into r parts. This method fails if d,,;, = 0. Thus the second
method is proposed to partition the interval to [dpin, dmaz]-
The third method is the combination of the first two.

9i,j(t)
fi(t)

A. The partition of [0, dyin)

For the simplicity of notations, denote dy = d,,;, and
dy = dmaa-

Theorem 1: Given scalars dy > 0,d;, i and partitioning
parts r, the system (1) is stochastically stable if there
exist positive definite matrices M > 0,R > 0,R; >
0,Z; > 0,(i € §) and Z > 0, real symmetric matrices
P;,Q,Q;, S, S; and real matrices Y;, such that the following

LMIs hold for : =1,2,..., N:
23>0 (8)
Z
S+ >0 (9
d1
=8 —Z; —Z
Y= | x diS;+7Z; 0 >0 (10)
* * S+ dé
-
L+ &R+R, —-R,W, —RW,
Sy = . = 0 | >o0qn
* * =3
Ay <0 (12)
<) T T 1
S L WEA W, —WIAW,
R 2 2
Osi [ % WA, + o, | <00
A3z <0 (14)
d, P T T 7
O — l: 2(d11—7d0) —+ W2 A3W2 *WQ A3 <0 (15)
* Ag + d1A4 1
Zi Y ]
d1~do ! >0 (16)
Z; =
i di—doy |
where
N
O =W PWy + W PWo + Wi ()i Py + M)W
j=1
+ Wi QiWs — Wi QiWy — (1 — n)WJ MW
d r
+ iW?QWS - I(W2 — We)TRi(Wy — W)
doR; d2R a2 — d?
+ W=+ 5z + (A —do)Zi + 0 Z)yw,
+ W SZ-W7 — WS Wy
- [ Ws — Wr r il C [ Ws — Wy }
W5 — Wg }/iT dléi a0 W5 - W8
Wi = [Ai; Opx(rsvyn, Adails  Wa = [In, Onx(rg2)nl



Ir'ru rnXSn]; W4 = [Ornxn7 Irn7 Orn><2n]

nx(r+2)ns In]v We = [Onxnv I, 0n><(r+1)n]

=

=10

[ n><7“n7In70n><2n] Ws = [OnX(T+1)n7I7L70'IL><7L]
[

§
I

I, Onx(r l)n]

d1 P; di + dy
=ow ) T2 AT

d,

Zp= Qi+ WIRW,
N

Alizﬁinj*R; AQZZW@Q;‘*Q
=1 =1

N N
A3:Z7Tiij_Z; A4:Z7Tijsj

Proc;f: Consider the followir;g Lyapunov-Krasovskii
functional(LKF):

]

=Q +- WTRW

V(mtvivt) - Vl(mtvivt) + ‘/Q(Ztvivt) + V3($t7iat) (17)

where

Vi(ze,i,t) = o (t) Pxc(t) + /td(t) 2T (s)Mxz(s)ds

i (s)Qim (s)ds

7d1
—do t
+ / / 27 (5)Sx(s)dsdd
—dy t+0
+ / 7 (s) Zsi(s)dsdb
dy t+0
_dO
/ / / )dsdado
t+5
T
withn (s) = |27 (s), 2T (s — %), ... 2T (s — @)}

and M >0, R; >0, R>0, Z; >0and Z > 0.
Firstly, we use Lemma 1 to get a lower bound of the
proposed LKF. Notice that

[ fe

dOT 2r T
> 22T () Ra(t) — =
> D0 (1) Ra(r) do/%x

0o gt
+— / / 0T (5)WT RW,y (s)dsdd.
do J_ta Jito

s)dsdpdo

t
R/ W,m1(s)dsdb
t4+0

we have
. T Pz
Va(ar,i,t) + o7 (1) 5 ()

P, doR

> 05+ Ga® + 1 [, ol (6P Qm(5)ds

r

¢
R/ W,m1(s)dsdf
do _ag o 771( )
r [ T rWTRW, [ [
+ — [/ nl(s)ds} (Q+ T)[/ nl(s)ds}dﬁ
do —dolJit0 do t+0

+ = /t_io [2(t) — Wy (s)] R; [2(t) — Wy (s)] ds

r

4 C1 Y1Gids

where (; = [:cT(t) i (
Similarly, we can obtam

ft_;,_g 771 )ds]T

P, 1 [tdo
%(mt,i,t)+xT(t)?’x(t) > CT/ T SCads

where (3 = [T (¢) ft+9 T If (10) and (11)

hold, then V(xt,ut) > 0
In order to show that LV (x4, 4,t) < 0. we get

LVs(x4,i,t) < 2T (t— do)Siz(t— do)+(di — do)x™ (t)Sxz(t)
_ xT(t - dl)SZl'(t — dl) — /t_do

i7(s)Z;x(s)ds

—dy
t—do N

—|—/td1 xT(s)(; S — S)x(s)ds

&' (1)[(dy —

di — dj
2
/ e

Suppose that dy < d(t) < dy, then by using Lemma 1 and
Lemma 2, it yields that

do)Zi +

SR

J=1

Z)i(t)

i(s)dsdf (18)

[aft—dt)—at-d) " [ w2 Vi
< |: x(t—d(t)) —x(t —dy) :| [ d *d dlZ_idO
z(t —d(t)) — 2(t — do)
{ z(t—d(t)) —x(t — dy) ] (19)

When d(t) = dy or d(t) = d, the above inequality still holds
since z(t—d(t))—x(t—dp) = 0 or x(t—d(t))—x(t—dy) = 0.
Similarly, we can also get the upper bound of LV (xy,1,t)
and LVa(x4,1,t), and together with (18), (19), we can obtain

LV (x4,1,t) < € (1) PE(t)

t
+/ ( A2771 d8+/ /
t—do o Jite
t— do _dO
[ st [ [
t—dy t+6

$)A12(s)dsdd

$)As@(s)dsdd



whereg (1) = [T (), a7 (¢ — do), & (¢t — du), &7 (¢t — d(1))
If (12) and (14) hold, we use Lemma 1 once again and
obtain the following inequality,

1"

Ev(l’t,i,t)
¢ t—d
T awesam s L [ wes
Sd—o i C3 (t)@:)nC:»,(ﬁ)er1 /t_d1 ¢ (1)O4iCu(t)

where g = [€7(t), 77 ()]” and ¢y = [¢7(t), a7 (s)]. If
the conditions (13) and (15) both hold, then LV (2, ,t) < 0.

Under the conditions V' (x¢,4,t) > 0 and LV (x¢,1,t) <
0, similar with [4], we can easily show the system (1) is
stochastically stable, so the procedure is omitted for brevity.
This completes the proof. [ ]

B. The partition of [dmin, dmaz]

In this section, the interval [dyuin,dmas] is uniformly
divided into m parts, i.e. [dmin, dmaz] = Upe;[dk—1, dk),
where dy = dpin, d = dimas and dy, = “Edy + Ed,,.
Let dij = dz — dj, and then dkz(k—l) = %.

Theorem 2: Given scalars dy > 0,d,, and partitioning
parts m, the system (1) is stochastically stable if there exist
positive definite matrices M > 0,R > 0,R; > 0 (1 €
8),Zy > 0,2, >0 (U = 1,2,...,m), real symmetric
matrices P;, @, Q;, S, S; and real matrices Yj;, such that the

following LMIs hold for ¢ =1,2,..., N:
R
Q+—>0 (20
do
BdRip R -R ]
* R; + dpQ); 0 >0 (21
* * Q+ %
=33 >0 (22)
E11 —EZ12 —Ei3 |
* 522 0 > 0 (23)
* 533 |
A <0 (29
Q+Q
* d0A2 + A1 ]
=<0 (206)
m(Q+Q) = =
[W+W§W5~W6W2 SWEWIEL o 2
* A+ =
mZ;, Y, T
dmo 2| =0 (28)
* d7n0
where
N
QO =W3 Wy + WIPWo+ W3 (Y mij P+ Qi+ M
j=1

+ doQ)Wa — Wi QiWs — (1 — )W MW

d2 dm m
Hr? 0 0 2 :
+ 1 (dORz + ?R"‘i e sz

629

+§:L*diﬂz Wy + W (Lg 4 soyw
2 k) 1+ 3( + z) 3

m

k=1
1
— Wi S;Wy — CTO(WQ — W) R;(Wo — W)
m m
O =-7 Y Wiso—Wiss)" Zik (Wi —Wiys)
mO 1 k£l
T [ mZy Y,
| Ws = Wige Do i W5 — Wite
Ws — VVl+5 * leTfo Wy — Wl+5
Wl = [A'u Onx(erl)na Adi]; W2 = [Ina Onx(m+2)n];
W3 = [Omnxna Imn» 0mn><2n];
W4 - [Omnx2n7 Imna Omnxn]v
Ws = [Onx(m+2)na In]§ We = [Oana I, Onx(m+1)n];
Wk:+6 = [Onx(k+1)na Ina Onx(mkarl)n]; k= 1; 27 e, M
We - [Invlna ce 7In}z;><mn
N
Agk _ijZJk Zk k= 1,2, ,m
j=1
=g Az Ao Azm
— 9N 7 7 )
d do dm
m N
- mPl dmO Zk sz
T 2 2 2 di 2 dy
k=1 k=1
- Zin Lo Zim - ARRA Zm
=12 = s T ) yOS13 = | T T ey
dl d2 dm dl d2 dm
. Zin Zio Zim,
gy = diag { 21, 22 s
22 Zag{dl’dz’ ,dm}-i-z
- . AR Zm
H3z3 =d —_— =, ... S
33 Za'g{dlad27 7dm}+

Ay, Ao, Ay is the same with Theorem 1.
Proof: The theorem can be proved by construct the
following LKF.

V(J?t,i,t) = ‘/l(xhiat) + V4($t,i,t) + ‘/5(3)15,'6., t) (29)

where Vi (a¢,14,t) is the same as in Theorem 1, and

t

Va(ag,i,t) = 27 (5)Qix(s)ds

t

—~
&

(=)

z7(5)Qx(s)dsdh

_|_

+
——
zli\“

&7 (s)R;i(s)dsdh

0 0 t
+ / 7 (s)Ri(s)dsdpdo
—do JO Ji+p
t

_|_
. ©
3
(=]
—
=+ +
RS
3
o
—
V)
S~—
n
3
S
—
VA
S~—
QU
va)
QU
>

_|_
hE
—
Q |
= .
i
-

oY

H.

ﬂ
=
N
x>

3.
=
jSH
V)
QL
)

=
Il
—



$)Zyi(s)dsdBdl

ol L

withny(s) = [z7(s — dp), 2T (s —dy), ..., 27 (s —dpm_1)]*
and P, >0, M >0, R; >0, R>0, Z;;; >0and Z; > 0.
Since Z; > 0, we have

[
[

—dr—1  p—dp—1
>0 ﬂﬂ
mO T
< oo Z
0 ¢
72/ zT(t)/
t+6
7, Z 7z,
/ / dzag{ L2z 7}772(8)de9
m,O t

dy dy’ T dm

The framework of proof for V' (x4,4,t) > 0 is similar to
Theorem 1, and thus is omitted here. Hence, if (20)-(23)
hold, then V' (x¢,4,t) > 0.

The proof of LV (x4,4,t) < 0 is almost the same as Theo-
rem 1, except for the handling method of — > | [ i
#7(0) ,kx(ﬂ)dH Assuming that d(t) € [di—1,d], l =
1,2,...,m yields

m t—dp_1
-3 / i7(0) Ziy,i:(0)do
t

$)Zrx(s)dsdBdl >

$)Zya(s)dsdBdl

$)Zx(s)dsdBdo

Elgﬁg(S)deG

[.”L'(t — d}g,1> — .T(t — dk)]

_[ ot —d(t) — ot - di) r mZs oy
z(t —d(t)) — =(t — di—1) e mZa
[ a(t -

w(t—

) d7n0
d(t)) —x(t — di)
d(t)) — x(t — di—1)

where the condition (28) must be satisfied. By some cal-
culations, we can conclude that if (24)-(28) hold, then
EV(.’L‘t, 7, t) < 0.

The procedure of proving stochastically stable is similar
to that of Theorem 1 and is thus omitted here. [ |

C. Divide both [0, din] and [dpin, dmaz]

In this section, we partition [0, d,,;,] into r parts and
[dmin, dmaz] into m parts at the same time, and then de-
rive the corresponding stochastic stability criterion. Denote
m(s) = [27(s), 2T(s — do),...,xT(s @)]T and
n2(s) = [2T(s — dp), J:T(s —dy),.

2T T
(5 - dm 1)] B
where dy, dy,..., d,, is the same as in prev10us section.
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Theorem 3: Given scalars dy > 0, d,,, p and the partition-
ing parts r, m, the system (1) is stochastically stable if there
exist real matrices M > 0,R > 0,R; > 0,Z; > 0,(i € S)
and Z; > 0 (I = 1,2,...,m), real symmetric matrices
P, Q,Q;,S,5; and real matrices Y; such that (8) (11)
(12) (24) (25) (28) (30) and the following LMIs hold for
i=1,2,...,N:

Q+ T 1
S WY A, —Wa MW,
2 2 ;
[ " WA, +da, | <0 O0
S R W] g,
y Ay +E

where

N
Q=W PWy + W PWo + W () mij Py + M)W
j=1

+ Wi QiWs — W QiWy — (1 - )W7TMW7
d dy
+ 0W3 QWs + W (= OR; + —R+—ZZLk
mo g2 _ d2_ d
+ YT T D)W+ W (S 5 W
k=1
— WESWe — di(w2 — W) T Ry (W — W)
0
m m
Y=—— Y Wiis—Wiyo)" Zix(Wiss —Wipo)
mO 1 kAl
C[Wr Wi T | B Ya | [Wr — Wik
We —Wigs * mZ” We — Wiys
[A'u 0n>< (m+r)n> Adz] W2 = [I'ru n><(r+m+1)n]7
[Irn7 Tn><(m+2)n]
W4 = [ raxny drn Ornx(m+1)n];
[Omnxrna mns OmnxQn];
[Omnx r+1 n7 Im'ru Omnxn];
[ nX(m+r+1)n; n] W8 = [Onxnv In, Onx(r—&-m)n];
[ nxrns In, Omnxn]
W9+k = [ n><(k+r)n7Ina0n><(m k+1)n] k= 1a25-~-am
We=Un, L, s L)Y m

and Ay, A2, A3, Ay, =511, 512,213,502 and Z33 are the
same in Theorem 2.
Proof: Consider the following LKF:

V(l'ta Zat) = Vl(zta Zat) + ‘/Z(Itviat) + %(Itaiat)

where Vi (xy,4,t), Va(xy,4,t) and Vs(zy,1,t) are the same
in Theorem 1 and Theorem 2. The rest of the proof can be
easily obtain by Theorem 1 and Theorem 2, so it’s omitted
here. |

Remark 1: This theorem is a generalization of Theorem
1 and Theorem 2. When r = 1, Theorem 3 is equivalent to
Theorem 2. When m = 1, Theorem 3 is an approximation of
Theorem 1. So we can choose proper values of r and m to
achieve a better result than that of Theorem 1 and Theorem
2.



IV. ILLUSTRATIVE EXAMPLE

In this section, we provide an example to demonstrate the
reduced conservativeness of the proposed criteria.

Consider the Markovian jump linear system in (1) with
two operation modes whose system matrices and transition
probability matrix are given as follows [21],

A _ [~34888 08057 ] , _ [-0.8620 —1.2919

P -0.6451 —3.2684 | T T [—0.6841 —2.0729

A [~24898 02895 , _ [-2.8306 0.4978

27 [ 1.3396  —0.0211 | 7 |-0.8436 —1.0115
[—0.1 0.1

T=10s 0.8}

Assume p = 0.2, we compare the results in Theorem 1,
Theorem 2 and 3 with the results derived in [3], [22]. Notice
that Theorem 1 in [3] is the mean square exponentially
stability criteriori.} Sin;i}lar as in [4], let ,u}} = po and let
A = 0, then €2y gy gy STIL
and then we obtain the stochastic stability criterion. The
lower bound d,,;, is given with different values and the
maximum allowable upper bound d,,., is calculated by
different theorems, as listed in Table 1.

TABLE I: Comparsion of the allowable upper bound values
of d(t) for different d,,;r,

Amin 0.1 0.3 0.5 0.7 0.9

Zhao et al. [22] 0.6639 | 0.6714 | 0.6688 - -

Gao et al. [3]m =1 0.6569 | 0.6676 | 0.6700 - -

Gao et al. [3],m = 2 0.6582 | 0.6829 | 0.7184 | 0.7568 -

Gao et al. [3]m =3 0.6585 | 0.6862 | 0.7258 | 0.7678 -
Theorem 1, r =1 0.8392 | 0.8614 | 0.8900 | 0.9648 | 1.0206
Theorem 1, r = 2 0.8403 | 0.8711 | 0.9181 | 1.0052 | 1.0868
Theorem 1, r = 3 0.8406 | 0.8748 | 0.9253 | 1.0134 | 1.1001
Theorem 2, m =1 0.8393 | 0.8589 | 0.8818 | 0.9621 | 1.0206
Theorem 2, m = 2 0.9004 | 0.8972 | 0.9198 | 0.9793 | 1.0225
Theorem 2, m = 3 0.9328 | 0.9197 | 0.9320 | 0.9829 | 1.0233
Theorem 3, r =m =2 | 0.9017 | 0.9110 | 0.9510 | 1.0235 | 1.0882

As can be seen from Table I, when d,,,;,, = 0.7 or 0.9, the
results of [3] and [22] are no more applicable. However, we
can get d,nq, by using Theorem 1, Theorem 2 and Theorem
3. When d,;, is small, e.g., 0.1,0.3, Theorem 2 ensures
better results than Theorem 1, and is vice verse for d,,;, =
0.7 or 0.9. In addition, if d,,;,, = 0.5, which is about half
of dynq., better results can be achieved by using Theorem 3
with » = 2, m = 2 than that of Theorem 1 with » = 3 or
Theorem 2 with m = 3.

V. CONCLUSIONS

Stochastic stability of Markovian jump systems with time-
varying delay is investigated in this work. With different
delay-partitioning methods and different LKFs, new stochas-
tic stability criteria are obtained, the effectiveness of which
is verified by numerical examples. Furthermore, a state
feedback controller can also be designed based on these
stability criteria.
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