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Abstract—This paper is concerned with stabilization of genetic regulatory networks with leakage delays and
impulses. By constructing a new Lyapunov functional, stability criteria are obtained based on Lynapunov-method.
Moreover the sampled-data controller is designed by solving linear matrix inequalities (LMIs). Finally, a numerical
example is given to illustrate the effectiveness of the developed method.
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I

Genetic regulatory networks(GRNs), consisting
of DNA, RNA, Proteins, Small molecules and their
mutual regulatory interactions, have become an
important new area of research in the biological and
biomedical sciences and received wide attention
recently. In practical applications, leakage delay (or
forgetting delay), which has been found in the
negative feedback term of neural network system, is
also a type of delay. Gopalsamy [3] firstly
investigated the stability of the BAM neural networks
with constant leakage delays. Further, Liu [8]
discussed the global exponential stability for BAM
neural networks with time-varying leakage delays,
which extends and improves the main results of
Gopalsamy. The robust stability of Markovian jump
stochastic neural networks with leakage delays was
investigated in [13]. In [9], the authors considered
sampled data state estimator for Markovian jumping
neural networks with leakage time-varying delays. In
[10], the authors discussed the global asymptotic
stability for genetic regulatory networks with leakage
delay. They pointed out that biological networks can
show changes in the dynamic behaviors or instability
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due to the increase of leakage delay. This means that
the effect of leakage delay cannot be ignored because
it can bring tendency to destabilize systems.
Compared with continuous control, the sampled-
data control is more efficient, secure and useful [1].
In [2], the author considered the synchronization
problem of coupled chaotic neural networks with
time delay in the leakage term using sampled-data
control. Lee [6] also investigated the synchronization
problem of a complex dynamical network with
coupling time-varying delays via sampled-data
control. In [11], the authors introduced a
discontinuous Lyapunov functional to consider the
stability for linear systems by using the sampled-data
control. Motivated by the works mentioned above, in
this paper, we will investigate the stabilization of
genetic regulatory networks with leakage delays
based on sampled-data control. To the author’s
knowledge, the present study is the first attempt to
discuss the stabilization for GRNs with leakage delay
via sampled-data control. We firstly analyze the
influence of leakage delay on stability. Once the
leakage delay causes the instability of system, we will
take the sampled-data control to stabilize the system.
By using input delay approach, which was mentioned
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in [2,6], we investigate the stability of
GRNSs under the controls.

The paper is organized as follows. In section 2,
we present the problem is formulation, preliminaries,
assumptions, definition. In Section 3, an appropriate
sampled-data controller is designed to ensure the
stability of genetic regulatory networks with leakage
delay and impulses. In Section 4, an illustrative
example is given to show the effectiveness of our
stability results. Some conclusions are proposed in
Section 5.

IL MODEL DESCRIPTION AND PRELIMINARIES

The genetic regulatory network is composed of a
number of genes and proteins which regulate the
expression of other genes. The dynamic behavior of a
genetic network can be modeled by the following
differential equations:

m;(t) = —a;m;(t) + Z wiifjp;(t — T (®) + 1,

Jj=1
pi(t) = —cipi(©) + di(my(t — 72 (D)), (€]

Where a;and c;are the degradation rates of the
mRNA and protein, respectively. The m;(t) and
p;(t) denote the concentrations of the mRNA and
protein of the ith node at time t, respectively.d; is the
translation rate, 7,(7) is the feedback regulation delay
and 7,(?) is the translation delay. f{.) € R"represents
the feedback regulation of the protein on the
transcription, which is a monotonic function in Hill
form, that is fi(p) = p"/(1 + p)" where h;is the Hill-
coefficient. w;is defined as follows w;; =
a;j, if transcription factor j is an activator of
genei
0, if thers is no link fromnode jtoi
—a;;, if transcription factor j is a repressor
k of genei.

Let (m*,p*)T be an equilibrium point of (1), then
we will shift an intended equilibrium point (m*, p*)T
to the origin. The transformation x;(t) = m;(t) — m;
, yi(t) =p;(t) —p; change system (1) into the
following compact matrix form:

{a‘ci ) = —Ax() + Wg(y(t — 1, (1)),
i) = =Cy(®) + Dx(t — (1)),
A=diag {a, a,, ..., a,}, C=diag{cy, ¢y, ..., c}, D =
diag{dy, dy, ..., dyn}, W=(wij)nxn
ByO)=f(y(O)+P") — £ (P),with g(0)=0.
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In this paper, we will investigate the stabilization
of genetic regulatory networks with leakage delays
and impulses. The genetic regulatory networks with
leakage delays and impulses can be modeled as
follows:

f‘c(t) = —Ax(t —p) + Wg(y(t —7,(D)),

Xm(t) =Dx,(tr), k€ZY t =ty

y(t) = —Cy(t—py)+ Dx(t — 72(1)),
l x,(ty) = Cx,(ty), k € Z*F,t = t4.

)
Now we investigate the stabilization of (2) via
sampled-data control. The controlled system can be
represented as follows:

x(t)  =—Ax(t—p) +Wgy(t — 7, () + u(®),
Xm(tr) = Dxy,(ti), kE€Z  t =1ty

y(&) = —Cy(t—p;)+Dx(t — 7, ()) + v(t),
L x,(t) = Cxp(tp), k €Z%,t = ty.

3)

Considering the following sampled-data
feedback controller:
u(t) = Kx(ty,), v(t) = My(t;) where K, Me R™"
are the sampled-data feedback controller gain matrix,
t;, denotes the sample time point, t;, <t < ty,.q,k €
N, N denotes the set of all natural number.

Assume that there exists a

positive constant 73 such that sample interval
tre1 — bt < T3 K €EN. Let 75(t) = t — t; for
t € [ty tya1), then t, =t — 75(t) with 0 < 75(¢) <
T3.
Under the control law, the GRNs (3) can be rewritten
as follows:

(x(t) =—-Ax(t—p)+Wg(t—1.(0)) + Kx(t — 5()),
Xm (i) = Dxp(t), k € Zht =ty
y(®) =—Cy(t—py) + Dx(t — 1,(1)) + My(t — 75(1)),
L, () = Gx,(t), k € 2%t = ty, 4)

For the above model (4), the initial values are given

as

xi (S) = (pi(s)l SE(_TI 0)1 yi (S) = wi(s): S € (_O-l 0):

Where T = max {p;, 7,,73}and 0 = max {p,, 1, T3}-
In order to derive stability condition for GRNs

model (4) and calculate the sampled-data feedback
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controller gain matrices K, M we need
the following assumptions and lemma.

(H,) The leakage delays p,, p, are positive constants.

(H,) The time-varying delays 7, (t), 7,(t) are
continuous functions satisfying 0 <
7,(8) <71, 0 < 1,(t) < 15, T1(t) < T <1, where
T1, T,and T are constants.

(H3) There exist constants k;, k;* such that the
genetic regulatory function g; (.) satisfies

- < gi(x) — 9:(y)

k; =y <kf,

For all x, y€ R, x# y and i=1,2,...,n.

Remark 2.1 In assumption(H3), k; , ki are some real
constants and they may be positive, zero or negative.
Compared with the existing results in [12],
assumption (H;) is less conservation and less
restrictive. It is obvious, when g;is Hill
function, (H3) holds withk; = 0. So, g;can be more
general than Hill function.

Lemma 2.2 (GU[4]) For any positive-definite matrix
M>0, a scalar 7 >0 and a function ¢:[0,7] -
R™such that the integrations concerned are well
defined, the following inequality holds:

([ oagm [f p(0dt] < T f STOMP()dt
1I1. MAIN RESULTS

In this section, the stability analysis of system
(4) is investigated based on the Lyapunov functional
approach. Some sufficient conditions are obtained to
ensure stability of genetic regulatory networks by
designing a suitable sampled-data controller.

Theorem 3.1 Let the assumptions H{, H,and Hshold,
then the
trivial solution of system (4) is asymptotically stable,
if there exist positive-definite symmetric matrices
P,Q,P (i =12,..,7), Q;(i =1,2,...,5) and positive-
definite diagonal matrix A4,A,, such that the
following LMIs hold:
¢ = (@ij)16x16 <0
(a)
Where
11 =p1Pr+Ps+Ps— Q= Q3 1, =P =5,

P13 = =514, 015 = Q2,017 =03+ X,¥116
= 51W
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P22 = 130, + 75— S = ST, @23 = =514, 027 =X
216 = SIW, @33 = —p1P1, 040 = —P5s — Q;
P55 =—Q2 — Q3. Ps8 = D'sy, Ps9 = D's;7,
P65 = —Ps — Q3,067 = Q3. 977 = —Q3 — Q3,
Pgg = pP2Py + Ps+ Py — Q1 + (T —1)Qs — AL
+P; = Q4
¥go =0 =52 —QuPg10 = =50, 9814 =Y +Q4,
@15 = MR, 090 = 17(Q1 + Q5) — S, — 57 +75Q,,
Po0 = T{(Q1 + Q5) — S; — S7 + 15Q4, o 10
= -5,C,
V9,14 =Y, 01010 = —P2P2, Y1111 = —P —
Q1,®1112 = Q15
P1212 = (@ = DP;+ (T —1)Qs — Q; — Qf — Az,
®12,16 = M2R, Q1313 = —P7 — Qu, 1314 = Q4
P1414 = —Q4 — QF,
@ 1515 = —A1, P1616 = —Ay,
L=diag (k1 ki, ..., k k),

kT +ki feyy +kit

R:diag(T,..., ~ ).

Moreover, desired controller gain matrix is given as
K =S7'X,M = S;1y.

Proof. Consider the following general Lyapunov-
Krasovski functional:
V() = Vi(t) + Vo (@) + Va(8) + Vu(@) + V5(2),
Where V4 (t) = xT(£)Px(t) + yT (£)Qy(t),
t

n@=p | TOPs

t—pq
t

+p2 yT(s)P,y(s)ds

t=p2

t

ORS IROLONE

+ f VT ($)Pyy(s)ds

-Tq

+f xT(s)PSx(s)ds+ftt_T3 xT(s)Pgx(s)ds

t—1T,

t
L YT SPy(s)ds
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0t
V) =1 ff 37 () Quy (wduds

—Tq t+s -
|| #weitoduds +
. —T, t+s
|| #wesstduds
—T3  t+s -
|| v weseduds
—T3 t+s
0t
Vs(t) =1 ¥y (W)Qsy(W)duds
—1.(f) t+s

(*)
Calculating the derivation of V; (t) along the solution
of the system (4), we have

Vi(6) = 2x" (O)Px(t) + 2y (D)QY (1)

(5)
V() = pyxT(©Px(t) — pyx" (t — py)Pyx(t —
p1) + P2y (OPy(t)--py" (t —

P2)P2y(t = p2) (6)
V5(8) < yT(©)Psy(€) = y" (t — T (D) Psy(t
M)A -1
+yT (O Py () =y " (t = 1)Py(t — 1,)
+xT () Psx(£)—xT (t — 7,)Psx(t — T5)
+xT () Pex(£)—xT (t — T3)Pex(t — 13)
+yT (O Py(®) =y (t — 13) Py (t — T3)
@) ,
V(0 = T OO =7 [ oWk

+T33T (00 (D) — 72 [, 2T (W Qx(Wdu
+2AT(0)Qs%(8) — 7 AT ()Qax(w)du
3T (O (®) ~ 13 [, T WQyWdn  (®)
Vs(®) =7 2, (7" (©Qsy (B)ds — 71 [, 37t +
5)Qsy (t + s)ds —

0 . .
T1 t—‘rl(t)yT(t)st (t)dS (9)
By Lemma 1 and assumption H,, we have

t
1, f () Q) du
t-14

t-71(8)
=-7 f " (W Qy(wdu
t—71
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t
-7 f Y (w)Q1y(Wdu
t—71(t)

S_

Y;t(;_flr(lt)))] [Ql _Ql] Y;t(;_flr(lt)))]

_ [ y(t) ]T [Ql —Ql] [ y(t) ]
y(E—1,()] L+ y(t—11(0))
Similarly find other integral terms. In addition
0=2[x" (£) + 2" (]S, [-2() + 2(D)] =
2[x"(0) + X" (D)1
[—%(t) — Ax(t — p) + Wg(y(t — (D) +
Kx(t — 73(t))]

=—2xT(£)S;x(t) — 2xT(t)S; Ax(t — p;) +
2xT(©)S;  xWg(y(t —1y)) +2xT(£)S, Kx(t —
73()) — 227 (1)S;
x x(t) — 2xT(t)S; Ax(t — p;)
+2x" (S, Wg(y(t - 1))
+2xT(£)S; Kx(t — 13(t))

Similarly find ‘y’ term. For any positive-definite

matrices A;, A, the following inequalities hold. The
proof can be found in [19, 21]:

[ y(t) ] [_AlL AR [ y(®) ]

g(y(®) gy(®)
17)
y(t—o®) l [—AZL AZR y(t—a(t)) l
g (¥(t-e®)) (vt - o))
>0.

(18)

From (6) to (18), we have V(t) < &T(t)p&(¢),
(19)
Where ¢ is defined in (5) and
gT = [xT(t)'xT(t - ,01):xT(t - TZ),XT(t - Tz(t))'
x"(t —13), %" (t — 13(1)), y"(©), y" (1),
Yyt = p),y" (t — 1),y (t — 1,(D)),
Yt =13),9"(y(®), 9" (y(t — ()]
(20)
Which implies V (t) < 0.It is easy to prove V(t) = 0
iff
x(O=y(t)=0.
On the other hand, from (*) and theorem (1)
conditions, we note that,

Vi (i, x (81, J) — Vi (b, x (), D)
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= X (6 P (b)) —
xrj;z(tlz)Pixm(tlz)
= X (ti DDy Py Dige X () — X (£ ) P (t10)
= X (ti ) (D Py Dy — Py) X (ti0)
Vi (e, x (), )

<V, (i, x (), 1) (21)
Which implies that
Vi (tr, x (), ) < Vi(ti, x(85), D,
kez, (22)

According to the Lyapunov stability theory, the
GRNS (4) are asymptotically stable. The proof is
completed.

IV NUMERICAL EXAMPLE

In this section, an example is given to demonstrate
the feasibility and efficiency of our theoretic results.
Example 4.1 Consider the genetic regulatory
networks

{mi(t) = —Am(t — p) + Wf(p(t — 7. (D) + 1,
pi(t) = —Cp(t — po) + Dm(t — 7,(1)),

ey 9 w2 9]

8 0] ~_[-09 07 , 1] T
C‘[o 2] D‘[ 0 9]’ I‘[z]’ R -l
f(s) =(1i_52)’ 7,(t) = 0.01]sint|, 7,(t) =
0.01| cost|.
When p; = p, =[0.2 0.2]7,kif =0.65,k; =0,
R=diag[0.325 0.325], L=diag [0 0].
The sampling period is taken as 7 = 0.01. Solving
LMIs (a),
We obtain the following feasible solution, due to the
length of the paper we have not provided all the
solution here.

P:[0.3384 0.0297] Q:[32.2522 4.0331
0.0297 0.3799)" 4.0331 50.4246)
=[0.0071 0.0007 _ [0.0081 0.0004
17 10.0007 0.0097)°°2 7 10.0004 0.0102)
X_[—0.3439 —0.0312 Y_[—0.3765 —0.0258
“1-0.0311 -0.38511 " 71-0.0259 —-0.5085

The gain matrices of the designed controller can be
obtained as follows:

-1y _ [—48.5668  0.7458
K=$;X _[ 0.6336  —48.9883)°
-1y _ [-46.4711 —0.8717
M=S;" Y = —0.8318 —49.8324/

]
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This means that all conditions in Theorem 3.1 are
satisfied. By Theorem 3.1, the system (1) is
asymptotically stable under the given sampled-data
control.

V CONCLUSIONS

In this paper, we have dealt with the stabilization
problem of GRNs with leakage delays and impulses.
Here we have considered the problem of how to
stabilize the system by using sampled-data control
strategy. Further some sufficient conditions were
derived by a suitable Lyapunov function and input
delay method. Finally, a numerical example has been
given to show the effectiveness of our theoretic
results.
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