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Abstract—In this paper, the problem of stabilization for 
Markovian jump systems with additive time-varying delays is 
considered. First of all, by constructing a new Lyapunov 
functional with triple integral terms, using new inequalities, 
convex combination technique and combining with other 
analytical techniques, the stochastically stability and stabilization 
conditions of the Markovian jump systems in terms of linear 
matrix inequalities with lower conservatism are obtained. Then, 
the controller of the closed-loop system is designed by the 
transformation technique of inequalities. Finally, a numerical 
example is given to verify the effectiveness of the provided 
method and the superiority of the results. 

Keywords-markovian jump systems; additive time-varying 
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I. INTRODUCTION 

In recent years, a large number of attentions have been 
focused on the study of the Markov jump systems (MJSs), 
since this family of systems were firstly introduced by 
Krasovskii and Lidskii[1]in 1961. Because of their advantage 
of modeling many practical dynamic systems, lots of works on 
stability analysis, controller synthesis and filter design have 
been focused on the study for MJSs [2-8]. Meanwhile, as a 
special kind of hybrid systems with finite operation modes 
whose structures are subject to random abrupt changes, which 
may result from abrupt phenomena such as random failures and 
repairs of the components, sudden environmental changes, 
changes in interconnections of subsystems, etc. So, the research 
about the synthesis problem for MJSs will become more 
complex and difficult. In addition, delay systems are frequently 
encountered in various practical systems, such as engineering, 
biology, economics, neural networks, and network control, [9-
16], however, this class system is instability and performance 
deterioration in many cases. Thus, recent past decades have 
witnessed extensive research on delay systems in the literature, 
including stability analysis, stabilization H∞ controller design, 
robust filtering analysis, and model reduction or simplification 
[17-26]. 

Especially, the delay systems with additive time-varying 
delay component were firstly proposed in [27], which has a 
strong application background in remote control and networked 
control (see, for instance[18,28,29]and the references therein). 
Take a state-feedback networked control, for example. Some 
time delays will appear inevitably when signals are transmitted 

from one device to another, due to the physical plant, controller, 
sensor and actuator are located at different places. Among 
those delays, there are two network-induced delays, one from 
sensor to controller and the other from controller to actuator. 
With the two delays considered, the closed-loop system will 
appear with two additive time delays in the state. Unfortunately, 
the two delays are generally time-varying with different 
properties, because the network transmission conditions is 
different. This implies that the systems with additive time-
varying delays are more complicated and challenged. Therefore, 
the studies on the stability analysis and controller synthesis for 
MJSs with additive time-varying delay components are of 
theoretical and practical importance. 

Fortunately, several results about Markov jump neural 
networks with additive time-varying delay components have 
been proposed in the past years.  For instance, in [30], the 
authors investigated the synchronization of singular Markovian 
jumping complex dynamical networks with two additive time-
varying delay components by using the pinning control. In 
[31,32], the problem of dissipativity and passivity of 
Markovian jump stochastic neural networks involving two 
additive time-varying delays was investigated, several 
sufficient conditions are derived for verifying the dissipativity 
criteria of neural networks. [33] Concerned with the problem of 
finite-time boundedness, L2 gain analysis and control of 
Markovian jump switched neural networks with additive time-
varying delays. [34] Focused on the problem of delay-
dependent stability and dissipativity analysis of generalized 
neural networks with Markovian jump parameters and two 
delay components. [35] Mainly concerned on stability problem 
of Markovian jump neural networks with mode-dependent two 
additive time-varying delays based on quadratic convex 
combination approach. Despite these efforts, however, to the 
best knowledge of our authors, the stabilization problem for 
MJSs with additive time-varying delay components has not 
been investigated fully in the literature. 

Motivated by the aforementioned concerns, in this paper, 
we mainly investigate the stabilization for MJSs with additive 
time-varying delays. At first, we provide a novel double 
integral inequality, which is less conservative than the same 
type inequality found in the literature. Secondly, some new 
Lyapunov functionals with triple integral terms are constructed 
via considering more information about the two additive time-
varying delays of system, such as 1( ( ))x t d t , 1( )x t d , then the 
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stochastically stable condition of the Markovian jump systems 
in terms of linear matrix inequalities with lower conservatism 
is derived by using new inequalities, convex combination 
technique and combining with other analytical techniques. At 
last but not least, based on the obtained stochastically stable 
condition, the controller is designed later. Finally, a numerical 
example is given to verify the effectiveness of the proposed 
method and the superiority of the results. 

Notation: Throughout this paper, nR denotes the n-
dimensional Euclidean space, m nR is the set of all m n  real 
matrices. · refers to the Euclidean vector norm. For a real 

symmetric matrix , 0( 0)X X X  means that X  is positive 
definite (semi-positive definite). The notation "*"  in a block 
matrix always represents the symmetric terms. The superscript 
" "T  stands for the transpose of a matrix or a vector.  

 diag  for a block-diagonal matrix, and   Tsym M M M  .  

The identity and zero matrices of appropriate dimensions are 
denoted by I  and O , respectively. The following nomenclature 
is used to simplify vector and matrix representations: 

(0 0, ,0 0),( 1, 21)i
i

e I i    . 

II. PROBLEM FORMULATION AND PRELIMINARIES 

Consider the following MJSs with additive time-varying 
delays: 

0

( ) ( ) ( ) ( ) ( ( )) ( ) ( )

( + ) ( ), [ ,0]
t t tx t A r x t B r x t d t C r u t

x t d   
   

    


                 (1) 

where   nx t R  is the system state,   mu t R is the control 

input,    is an initial condition function. The time 

delay 1 2( ) ( ) ( )d t d t d t  , where  1d t  and  2d t  represent two 

time-varying delays in the state with different physical 
characteristics and satisfy: 

   
   

1 1 2 2

1 1 2 2

0 ,0 ,

0 ,0 ,

d t d d t d

d t d t 
       
        

                    (2) 

where 1 2,d d  and 1 2,   are known constants. Naturally, we 
denote 1 2 1 2,d d d       . ( ), ( ), ( )t t tA r B r C r are known matrix 

functions of the random Markov jumping process.  , 0tr t  is 

right-continuous Markov process on the probability space 
taking values in a finite state space  1,2, , N N  with 

generator   , ,ij i j  N given by 

( ),
{ | }

1 ( ),
ij

t t
ij

o j i
Pr r j r i

o j i




            ,         (3) 

where  
0

0,lim / 0, 0ijo 


      , for i j  is the transition 

rate from mode i  at time t  to mode j  at time t   , 

1,

N

ii ijj j i
 

 
  .  

For the sake of simplicity, the solution    0, ,x t r   with 

0r N  is denoted ( )x t . It is known from [36] that   , tx t r  is a 

Markov process with an initial state   0,r   and its weak 

infinitesimal generator, acting on function   , , tV x t t r , is 

defined in[37]: 

  
  

0

1
, , lim { [ ( ( ), , ) | ( )]

, , }.

t t

t

LV x t t r V x t t r x t

V x t t r


 


    




        (4) 

Before presenting the main results, the following definition 
and lemmas are necessary, which will be used in the proof of 
our main results. 

Definition 1[38]: The system (1) with ( ) 0u t   is said to be 
stochastically stable if the following condition holds: 

  2

00
, ,x t dt r 


 

                       (5) 

for every initial condition   nR    and 0r N . 

Lemma 1[39]: For a positive definite matrix n nR R , and a 
differentiable function{ ( ) | [ , ]}x u u a b , the following inequality 
holds: 

1 1 2 2 3 3( ) ( ) 3 5 ,
b T T T T

a
x s Rx s ds R R R           

      (6) 

where ( )b a   , and 

1
1 2

1 2
3 1

( ) ( ), ( ) ( ) 2 ( ) ,

6 ( ) 12 ( )

b

a

b b b

a a

x b x a x b x a x s ds

x s ds x s dsd




  



 

      

    


  

 

Lemma 2[40]: For a positive definite matrix n nR R ,  
matrices 4

1 2 3, , n nN N N R   and any differentiable function 
{ ( ) | [ , ]}x u u a b , the following inequality holds: 

( ) ( ) ,
b b T T

a
x s Rx s dsd


       

                 (7) 

where 
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
1 2 1 1 2 1 1 2 1

1 1 2 2 3 3

1 1 2 2 3 3 1 1 2

2 1 2 3 3 1 2 3 4

1 2

3
1

2

2 4 6

, ,

2 6 , 3 2

    

    4 60 ,

( ), ( ) , ( ) ,

( ) , ( ,0,0,0),

T T T

b b bT T T

a a

b b b T

a u

N R N N R N N R N

sym N N N e e

e e e e e e e

x b x s ds x s dsd

x s dsdud e I

e





  



   

 

     

 



   

        

        

 
 

  

  
3 4(0, ,0,0), (0,0,       ,0), (0,0,0 . , )I e I e I  

 

III. MAIN RESULTS 

Our purpose in this chapter is to study the stabilization and 
design the controller for MJSs (1). 

Theorem 1. The MJSs (1) with ( ) 0u t   is stochastically 
stable if there exist symmetric positive definite matrice n n

iP R  , 
6 6n nW R  ,

1 2 1 2,( 1,2,3,4,5,6; 1,2,, 3,4,5)n n
l lQ R R l l   and any 

matrices
3 3

4, n n
l lN M R  , 3( 1,2,3)l  , 12, , , n nX Y Z K R    such that 

1 2 2 3 3 40, 0, 0,Q Q Q Q Q Q                               (8) 

12 12

1
20 20

2

3

ˆ ˆ ˆ

ˆ* 0 0
0,

ˆ* * 0

ˆ* * *

l

l

N M

R

R

R





  
 
  

   
 

                      (9) 

where ( 1,2,3,4)l  and 

12 12 1 1 1 1 5 1 1 2 1 2 2

3 2 3 3 1 4 3 4 4

5 4 6 5 9 5 6 9 11 4 11

12 4 12 13 4 13 21 5 21 22 5 22

23 5 23 1 2 2 3

( ) (1 ) ( )

(1 ) ( ) (1 ) ( )

( ) ( ) H H 3

H H 5H H H H 3H H

5H H { ( ) ( )

T T T

T T

T T T

T T T T

T T T

e e e Q Q e e Q Q e

e Q Q e e Q Q e

e Q Q e e Q Q e R

R R R R

R sym X e e Y e e



 

 



       

     

     

  

    

 3 4 4 5 1

2 10 1 11 10 2 12 10 3 13

1 20 1 21 20 2 22 20 3 23

1 2 3 1 2 3
1

2 2
1 2 1 2 1

( ) ( )} {

} { }

ˆ{ } e ,

ˆ ˆ, ( , , ), ( , , ),

ˆ {2 ,4 ,6

T T T
si i

T T T T

T T T T
si si

N
T T T T T T

ij j
j

Z e e K e e sym e Pe

W d sym N N N

d sym M M M e R

P N N N N M M M M

R diag d R d R d



       

     




 

   

   

   

   







2
2 1 1 2

2 2 2
2 2 2 2 2 2 2 3 4

1 1 1 1
31 2 3 1 3 32 1 3 2 3

1 1 1 1
33 2 3 1 3 34 1 3 2 3

1 2 1 2
2 1 1

ˆ ˆ}, ( , ), ( , ),

ˆ ˆ ˆ{2 ,4 ,6 }, ( , ), ( , ),

ˆ ˆ{ , }, { , },

ˆ ˆ{ , }, { , },

ˆ (2 2

R Z K X Z

R diag d R d R d R Y K X Y

R diag d R d R R diag d R d R

R diag d R d R R diag d R d R

R d R d



  

   

   

 

   

    

 

 

  2 2
2 3 2 4 1 5 1 3

11 9 5 12 9 5 6 13 9 5 6 7

21 1 9 22 1 9 10 23 1 9 10 11

1 2 11 12 10 9 6 7 8 20 1 10 11 12

11

), ,

H ( ),H ( 2 ),H ( 6 12 ),

H ( ),H ( 2 ),H ( 6 12 ),

( , , , , ), ( , , , ), ( , , , ),

(

si i iR dR d R d R e Ae B e

e e e e e e e e e

e e e e e e e e e

e e e e e e e e e e e e

e

  


    
        
        
  





9 6 12 9 6 7 13 9 6 7 8

21 1 10 22 1 10 11 23 1 10 11 12

2 3 2 3
1 2 6 2 7 2 8 1 10 1 11 1 12 9 5 2 9 6

1 2
2 9 7 1 9 1 1 10

), ( 2 6 ), ( 3 24 60 ),

( ), ( 2 6 ), ( 3 24 60 ),

( , , , , , , ), ( , ( ),

2 ( 2 ), , ( ),

e e e e e e e e

e e e e e e e e e

e d e d e d e d e d e d e e e d e e

d e e e e d e e

 
  

 


       
        

   

  


1 2

1 1 112 ( 2 )).d e e 

 

Proof. Constructing a stochastic Lyapunov functional 
candidate as 

5

1

( , , ) ( , , ),( ) ( )t j t
j

V x t r V x t rt t


  

where 

 1( , , ) ( ) ( ) ( )( ) ,( )T T
t tV x t r x t P r x t Wt t t  

                        (10) 

1

1

1 2

1 2

1

1

( )

2 1 2( ) ( )

( ) ( )

3 4( )

5 6

( , , ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ,

( )
t t d tT T

t t d t t d t

t d t t d t dT T

t d t d t d

t t dT T

t d t d

V x t r x s Q x s ds x s Q x s ds

x s Q x s ds x s Q x s ds

x s Q x s ds x s Q x s d

t

s



 

  

  



 

 

 

 

 

 

       (11) 

1 1

1

3 1

0 0

2

( , , ) ( ) ( )

(

(

( ,

)

) )

d d t T
t d u t

t T

d u t

V x t r x s R x s dsd dut

x s R x s dsd du









 

 

 





  
  

 

 
                    (12) 

0

4 3( , , )) ( ) ( ) ,(
t T

t d t
V x t r x s Rt x s dsd




 
    

                              (13) 
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1

1

5 2 4

0

1 5

( , , ) ( ) ( )

( ) (

(

) ,

)
d t T

t d t

t T

d t

V x t r d x s R x s dsd

d x s R x s d

t

sd











 

 








  

 
                          (14) 

where  
1 2

, , , lt lP W Q Rr  have been defined in Theorem 1 and 

are all positive matrices. Therefore, combining the inequality (8) 
can we known that ( )( , , ) 0tV x t rt  . 

Then, for given ,
tt r ir i P P  N  and the infinitesimal 

operator L  of the stochastic process  ( ), tx t r  along the 

evolution of ( ( ), , )tV x t t r  are given as 

1 1 1( ( ), , ) [ { ( ) ( ) } ] ,T T T T
iLV x t t i sym x t Px t W e e               (15) 

2 1 1 5 1 1 2 1 2 2

3 2 3 3 1 4 3 4 4

5 4 6 5 9 5 6 9

( ( ), , ) [ ( ) (1 ) ( )

(1 ) ( ) (1 ) ( )

( ) ( ) ] ,

T T T

T T

T T

LV x t t i e Q Q e e Q Q e

e Q Q e e Q Q e

e Q Q e e Q Q e

 

 



    

     

            (16) 

1 1

1

1 2 1 2
3 2 1 1 2

1 2

( ( ), , ) ( )(2 2 ) ( )

( ) ( ) ( ) ( ) ,

T

t d t d t tT T

t d t d

LV x t t i x t d R d R x t

x s R x s dsd x s S x s dsd
 

 

 

 

 

 

    

 

   
  (17) 

From Lemma 2, it follows that 

1 2 1 2 2
3 2 1 1 2 10 2 1

1 2 1 2 1 2
1 1 2 2 1 2 2 3 1 3 10 20 2

1 2 1 2 1
1 2 1 2 2 2 2 2 3 2 3 20

2 10 1 11 10 2 12 10 3 13

1 2

( ( ), , ) ( )(2 2 ) ( ) (2

4 6 ) (2

4 6 )

{ }

{

T T

T T T T

T T T

T T T

LV x t t i x t d R d R x t d N

R N d N R N d N R N d

M R M d M R M d M R M

d sym N N N

d sym



 



     



  

     

    

  

   

  

  



 

0 1 21 20 2 22 20 3 23},T T TM M M      (18) 

1

1

1 2

1 2

4 3 3( )

( ) ( )

3 3( ) ( )

( )

3

( ( ), , ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ,

tT T

t d t

t d t t d tT T

t d t t d t d

t d t d T

t d

LV x t t i x t dR x t x s R x s ds

x s R x s ds x s R x s ds

x s R x s ds



 

  

 



 

 





 



   

   

 
           (19) 

Now, we estimate the upper bound of the last four terms on 
the right-hand side in inequality (19). For any matrix 

12, , , n nX Y Z K R , we can get the following inequalities: 

1

1
3 1 3 1 2( )

( ) ( ) [ ( ) 2 ( )] ,
t T T T T T

t d t
x s R x s ds d t XR X X e e    


       

1 ( ) 1
3 2 3 2 3( )

( ) ( ) [ ( ) 2 ( )] ,
t d t T T T T T

t d t
x s R x s ds d t YR Y Y e e    

 


       

1 2

1 2

( ) 1
3 2 2 3( )

( )

3 4 3

1
1 1 3 4 5

( ) ( ) [( ( ))

2 ( )] , ( ) ( )

[( ( )) 2 ( )]

t d t T T T T

t d t d

t d t dT T

t d

T T T T

x s R x s ds d d t ZR Z

Z e e x s R x s ds

d d t KR K K e e

  

 

    

 

 

 





  

  

   





 

   

1

1

2 2
5 2 4 1 5

2 4 1 5

( ( ), , ) ( )( ) ( )

( ) ( ) ( ) ( ) ,

T

t d tT T

t d t d

LV x t t i x t d S d S x t

d x s S x s ds d x s S x s ds


 

 

  

 

   
              (20) 

From Lemma 1, it follows that 

2 2
5 2 4 1 5 11 4 11 12 4

12 13 4 13 21 5 21 22 5 22 23 5 23

( , , ) ( )( ) ( ) {H H 3H

H 5H H H H 3H H 5H H }.

T T T T
t

T T T T

LV x t i x t d R d R x t R R

R R R R





   

   

 

 (21) 

So, combining the inequality (16) to (21), it obtain that 

5

1

( , , ) ( , , ) ,T
t j t

j

LV x t i LV x t i  


    

where 

1 1 1 1
12 12 1 2 1 3 2 3

1 1
2 2 3 1 1 3

ˆ ˆ ˆ ˆ ˆ ˆ ( ) ( )

ˆ( ( )) ( ( )) ,

T T T T

T T T

NR N MR M d t XR X d t YR Y

d d t ZR Z d d t KR K R

   


 

      

     
 

1 1 1

1 1 1

1

1 1

1 1 2

1 2
2 2

3 1
2 1

2 3
1 1

( ( ), ( ( )), ( ( ), ( ( ) )),

( ), ( ) , ( ) ,

( ) , ( ) ,

( ) ) ., ( )

t d t d t d

t d t d

t d t d t d t

t d u t d

t t t t t T

t d t d u

x t x t d t x t d t x t d t d

x t d d x s ds d x s dsd

d x s dsd du d x s ds

d x s dsd d x s dsd du





 







 

   

 

   

 

 

 

    

   
  

  



 

 

By utilizing the Schur complement and the convex 
combination technique given in [42], it is known that 0   is 
equivalent to the inequality (9) holds which imply 
that ( , , ) 0tLV x t i  . Therefore, using the Dynkin's formulator can 
we gain 

2
00

{ ( ) | , } ,x t dt r 


  ‖ ‖  

which means that system (1) is stochastic stable following 
Definition 1. The proof is completed. 

Remark 1.The Lyapunov functionals we constructed in this 
paper consider more information about 1 2( ), ( ), ( )d t d t d t , such 
as 1 1 2( ( )), ( ( ) ( )), ( ( ))x t d t x t d t d t x t d t    and 1( ), ( )x t d x t d  . In 
fact, the maximum of the two delays 1( )d t  and 2 ( )d t  may not 
be reached at same time, and their property may have sharply 
different properties, so we consider the process of the variation 
of delay generated in system is from 1( )d t  to ( )d t , then 
to 1 2( )d t d , and then to d , therefore the first four items in 

2 ( ( ), , )V x t t i  are constructed, and the relation between the upper 
bound 1d  of 1( )d t  and the upper bound d  of ( )d t  is also taken 
into account in the last two items of 2 ( ( ), , )V x t t i .  Meanwhile, 

the integral items 3( ) ( )
t T

t d
x s R x s ds

   in 4 ( ( ), , )LV x t t i  is 

decomposed into the form like inequality (19), it is important to 
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reduce the conservation of the resulting stochastic stabile 
conditions. 

Remark 2.It is noted that the upper bound d  of ( )d t  is 
divided into two interval 1[0, ]d  and 1[ , ]d d , so we construct the 
Lyapunov functional form like 3 ( ( ), , )V x t t i  and 5 ( ( ), , )V x t t i , and 
then the less conservative stochastic stable criteria is derived by 
utilizing the novel double integral inequality (7) and a single 
integral inequality (6) with less conservation. Furthermore, to 
increase the cross product item between the augmented vector, 
the last item in 1( ( ), , )V x t t i  is constructed, which is very useful 
to improve the upper bound of delay and reduce the 
conservation of the resulting stochastic stable criterions. 

The approach of Theorem 1 can be used as a useful tool for 
the stabilization problem of system (1) with ( ) ( )iu t J x t . Now 
we are in position to design the controller by convex 
optimization method. 

Theorem 2. The system (1) with ( ) ( )iu t J x t is 
stochastically stable if there exist symmetric positive definite 
matrices

1 1,( 1,2,3,4,5,6, )n n
i lP Q l R , 

2
, ( 1,2,3,4,5)n n

lR l R , 
6 6n nW R  , and any matrices

2 2

4
2, ,( 1,2,3)n n

l lN M R l  , 
12, , , n nX Y Z K R  , and a scalar 0  , such that 

1 2 2 3 3 40, 0, 0,Q Q Q Q Q Q                         (22) 

20 20

1 2
0,

ˆ*
 

2

T

P R 



 

  
  
   



                     (23) 

where 

12 12

1
20 20

2

3

ˆ ˆ ˆ

ˆ* 0 0
,

ˆ* * 0

ˆ* * *

l

l

N M

R

R

R





   
   
  
  

 

12 12 1 1 1 1 5 1 1 2 1 2 2

3 2 3 3 1 4 3 4 4

5 4 6 5 9 5 6 9 11 4 11

12 4 12 13 4 13 21 5 21 22 5 22

23 5 23 1 2 2 3

( ) (1 ) ( )

(1 ) ( ) (1 ) ( )

( ) ( ) H H

3H H 5H H H H 3H H

5H H { ( ) ( )

T T T

T T

T T T

T T T T

T T T

e e e Q Q e e Q Q e

e Q Q e e Q Q e

e Q Q e e Q Q e R

R R R R

R sym X e e Y e e



 

 



       

     

    

   

    

 3 4 4 5 1

2 10 1 11 10 2 12 10 3 13

1 20 1 21 20 2 22 20 3 23

( ) ( )} { }

{ }

{ },

T T T T
si

T T T

T T T

Z e e K e e sym e Pe W

d sym N N N

d sym M M M

  

     

     

    

  

  



 

where ( 1,2,3,4)l  , 10 11 12 13 20 21 22 23, , , , , , ,,          have been 
defined in Theorem 1. And  

1 2 3 1 2 3
1

2 2 2
1 2 1 2 1 2 1 1 2

2 2 2
2 2 2 2 2 2 2 3 4

1 1 1
31 2 3 1 3 32 1 3 2

ˆ ˆ, ( , , ), ( , , ),

ˆ ˆ ˆ{2 ,4 ,6 }, ( , ), ( , ),

ˆ ˆ ˆ{2 ,4 ,6 }, ( , ), ( , ),

ˆ ˆ{ , }, { ,

s
T T T T T T

ij j
j

P N N N N M M M M

R diag d R d R d R Z K X Z

R diag d R d R d R Y K X Y

R diag d R d R R diag d R d




  

  

   

   

    

    

 



1
3

1 1 1 1
33 2 3 1 3 34 1 3 2 3

1 2 1 2 2 2
2 1 1 2 3 2 4 1 5

11 9 5 12 9 5 6 13 9 5 6 7

21 1 9 22 1 9 10 23 1 9 10 11

1

},

ˆ ˆ{ , }, { , },

ˆ (2 2 ),

H ( ),H ( 2 ),H ( 6 12 ),

H ( ),H ( 2 ),H ( 6 12 ),

(

R

R diag d R d R R diag d R d R

R d R d R dR d R d R

e e e e e e e e e

e e e e e e e e e

e

   

 

 

    

        
        
 2 11 12 10 9 6 7 8 20 1 10 11 12, , , , ), ( , , , ), ( , , , ),e e e e e e e e e e e  

 

11 9 6 12 9 6 7 13 9 6 7 8

21 1 10 22 1 10 11 23 1 10 11 12

2 3 2 3
1 2 6 2 7 2 8 1 10 1 11 1 12 9 5 2 9 6

1 2
2 9 7 1 9 1

( ), ( 2 6 ), ( 3 24 60 ),

( ), ( 2 6 ), ( 3 24 60 ),

( , , , , , , ), (, , ( ),

2 ( 2 ), , (

e e e e e e e e e

e e e e e e e e e

e d e d e d e d e d e d e e e d e e

d e e e e d e

  
  

 


        
        

   

 


1 2

1 10 1 1 11),2 ( 2 )).e d e e 

 
1 20

,0, ,0, ,0 ,
T

i i i i iA P C L B P


     

Furthermore, a desired controller gain matrix is given by 

1)  ( .i iJ L P                             (24) 

Proof. When the controller ( ) ( )iu t J x t , then the system (1) 
is formulated as follows: 

        1 2( ) .i i i ix t A C J x t B x t d t d t      

Replaced iA  with ( )i i iA C J  and utilizing the Schur 
complement in Theorem 1, the inequality (11) can be expressed 
as:  

20 20
ˆ  0,T R    

                               (25) 

where R̂ , 20 20  has been defined in Theorem 1. 

Let block diagonal matrices 1 1 1
1 2{ , , , },i i iL diag P P P L     

1 1 1{ , , , }i i idiag P P P   with 20 and 6 dimensions, respectively. 

And 1,i i i iP P P P    . With these notations and (24) in mind, 
performing a congruence transformation to (8), (9) and 

6 6n nW R   by 1,iP L , and 2L  respectively. Then, one can get 

0W   , inequality (25), and the following inequality by using 
Schur complements, 

20 20

1
0,

ˆ* R





  
   



                              (26) 

where 20 20 ,   and R̂  are defined in Theorem 2. On the hand, 
as we all know, for any 0  , one can note that 

1ˆ ˆ ˆ( ) ( ) 0,i iP R R P R     
it is easy to see that 
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1 1 2ˆ ˆ2i i iPR P P R       .                            (27) 

Therefore, (22)-(23) hold if (25)-(27) hold. The proof is 
completed. 

Remark 3. It is very important to introduce a positive 
scalar   to the effectiveness of Theorem 2. Otherwise, it is a 

high load for iP  to stabilize the matrices R̂  in (25) following 
the technique in [43]. 

IV. NUMERICAL EXAMPLES 

In order to show the reduced conservatism and the 
effectiveness of approaches presented in this paper, in this 
section, one numerical example is provided. 

Example 1. To show the effectiveness of Theorem 2, 
consider the dynamical system (1) with 2N   and satisfies 

1 2 1

1 2 2

2 0 2 0 1 0
, ,

0 0.9 0 9 0 1

1 0 1 0 1 0
, , .

1 1 1 1 0 1

A A C

B B C

      
             

      
               

 

If we set 1 2 1 20.1, 0.8, 1, 0.988d d      and 1/19  . 
Meanwhile, the relevant transition rate matrix   is considered 

as
0.95 0.05

.
0.005 0.995

 
   

 
According to the Theorem 2, some 

matrices are obtained by computing in the MATLAB as 
follows 

1 2

1.9804 0.0255 1.9035 0.1437
, .

3.9108 3.5470 1.0928 1.8495
J J

    
          

 

It should be pointed out that the system (1) will not be 
stochastic stable with the controller designed by utilizing the 
approach in[43], ie., when 1   in (27). Therefore, it is clearly 
that the approach in [14] for designing controller is more 
flexible, and this example shows the effectiveness of our 
methods presented in this paper. 

V. CONCLUSION 

In this paper, we study the problem of stabilization for 
MJSs with additive time-varying delays. Firstly, the 
stabilization condition of the systems is given by constructing a 
new Lyapunov functional with triple integral terms, using new 
inequalities, convex combination technique and combining 
with other analytical techniques. Then, the the controller of the 
closed-loop system is designed by the transformation technique 
of inequalities. Moreover, our future research topic is to obtain 
the less stabilization conditions of MJSs with the additive time-
varying delays with fewer decision variables. 
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