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Robust stability criteria for uncertain genetic
regulatory networks with time-varying delays

Wengin Wang and Shouming Zhong

Abstract—This paper presents the robust stability criteria for
uncertain genetic regulatory networks with time-varying delays. One
key point_of the criterion is that the decomposition of the matrix
D into D = D; + D,. This decomposition corresponds to a
decomposition of the delayed terms into two groups: the stabilizing
ones and the destabilizing ones. This technique enables one to take
the stabilizing effect of part of the delayed terms into account.
Meanwhile, by choosing an appropriate new Lyapunov functional,
a new delay-dependent stability criteria is obtained and formulated
in terms of linear matrix inequalities (LMIs). Finally, numerical
examples are presented to illustrate the effectiveness of the theoretical
results.

Keywords—Genetic regulatory network; Time-varying delay; Un-
certain system; Lyapunov-Krasovskii functional

I. INTRODUCTION

ENETIC networks are biochemically dynamical sys-
Gtems, which are attracting more and more attention
from biology, engineering and other research fields. Genetic
regulatory networks (GRNs) are the mechanisms which have
evolved to regulate the expression of genes, and the expression
of a gene is regulated by its production. They have become an
very important research area in the biological and biomedical
sciences [1], [2], [3], [4], [5], [6], [7]1, [8].

Recently, the mathematical models are useful for studying
the mechanisms of organisms and the behavior of gene net-
works from the data observed. Generally, there are two types of
genetic regulatory network models: the Boolean model [1], [2],
[3], [4] and the differential equation model [5], [6], [7], [8]. In
Boolean models, the activity of each gene is expressed in one
of two states: ON or OFF, and the state of a gene is described
by a Boolean function of states of other related genes. On the
other hand, the concentration of gene products are determined
by variables, such as mRNAs, proteins and continuous values
of the gene regulation systems in the differential equation
model. In practical biological model, gene expression rates
are usually continuous variables rather than ideal ON-OFF
switches. Several typical GRNs have been modelled and
studied, both in theories and in experiments (see [8], [9], [10]).

Due to the completion of the transcription and translation
of DNA, mRNA, and the diffusion to a certain place of a
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protein need time, time delay is a common occurrence in
modeling gene regulation processes (see [11], [12]). Therefore,
mathematical models without addressing time delays may even
provide the wrong predictions of the mRNA and protein con-
centrations. Furthermore, the gene regulation process is always
subject to intrinsic noise which is due to the random births and
deaths of individual molecules, and extrinsic noise which is
derived from environment. Meanwhile, because of the use of
an approximate system model for the purpose of simplifying
models, the uncertainties are inevitable. This means that one
has to investigate the robust stability of uncertain systems [13],
[14], [20], [21], [22].

In the paper, we consider the stability problem of the
uncertain genetic regulatory networks based on a descriptor
model transformation and the decomposition technique of
discrete delay term matrix which have been introduced for
stability analysis of delayed systems. We construct a differen-
tial equation model for the uncertain gene regulation networks
with time-varying delays. By choosing an appropriate new
Lyapunov functional and employing control theory analysis
methods, some less conservative delay-derivative-dependent
stability criteria have been derived in LMIs forms, which can
be easily checked in practice. Finally, two examples are also
given to demonstrate the effectiveness and advantages of our
analysis.

II. PROBLEM FORMULATION AND SOME PRELIMINARIES

Based on the structure of the genetic regulatory network , a
single gene auto-regulatory genetic network with time delays
containing n mRNAs and n proteins was considered by the
following equations [15]:

{ 1 (t) = —aimi(t) + bi(pr(t — o (t)), -+, pu(t — o(1)))
pl(t) = —Cipi(t) + d,m,(t — T(t)), 7= 1,2, e, N (1)

where m;(t),p;(t) are concentrations of mRNA and protein
of the ¢th node at time t, respectively. a; and c; are the
degradation rates of the mRNA and protein, d; is the trans-
lation rate, and b;(-) is the regulatory function of the ith
gene, which is generally a nonlinear function of variables
(p1(t),p2(t), - -+ , pn(t)), but has a form of monotonicity with
each variable, 7(t) and o(¢) are the time-varying delays.

In this network, gene regulation function b;(-) plays
an important role in the dynamics. Typical regulatory log-
ics include AND-like gates and OR-like gates [16], [17],
[18] for b;(-). Here, we focus on a model of genetic net-
works where each transcription factor acts additively to reg-
ulate the ith gene. The regulatory function is of the form
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bi(p1(t), p2(t), -+ . pa(t)) = 227_1 bij(p;(t)). which is called
SUM logic [19], [23]. The function b;;(p;(t)) is a monotonic
function of the Hill form, and if transcrrptron factor j is an acti-

(/80"
Y5 T (p, (1)/8,) 75 ° if transcrlptron

factor j is a repressor of gene i, b;; (p; (t)) = v W'
where H;(j = 1,2,---,n) is the Hill coefficient, 3; is a
positive constant, «;; is the dimensionless transcriptional rate
of transcription factor j to gene i, which is a bounded constant.
Therefore, (1) can be rewritten as:

{ mi(t) = —am;(t) + 300 wijh;(pi(t — o(t))) + us
pz(t) = _Cipi(t) + dzmz(t - T(t))> i=1,2--,n

(2
where h;(z) = (z/8;)7 /(1 + (x/B;)™7), u; is defined as a
basal rate, u; = > jer ®ij and I; is the set of all the j which
is a repressor of gene i. The matrix W = (w;;) € R™™" is
defined as follows:w;; =

vator of gene i, b;; (p; (t)) =

ay;  if transcription factor j is an activator of gene i
0 if there is no link from node j to node i
—ay; if transcription factor j is a repressor of gene i

In compact matrix form, system (2) can be rewritten as

—Am(t) + Wh(p(t —o(t))) + u

m(t) =
{ p(t) = ~Cp(t) + Dm(t — (1)) @
where m(t) = [my(t), ma(t), ---, mn(t)]T,
p(t) = [pl(t)7 pZ(t)a R pn(t)]T»
h(p(t)) = [hi(p1(t), ha(p2(t), -+, ha(pa(t)]”,
A =diag(ai,az, - ,an), w=(ug,ug, - ,up)",

C:diag(617627"' acn)a D :diag(dlad27"' adn)7

It should be noted that the definition of h(-) guarantee the ex-
istence of an equilibrium for system (3). Let [(m*)T, (p*)T]T
be an equilibrium point of the system (3), and we always
shift the intended equilibrium point to the origin by letting
m(t) = m(t) — m*, p(t) = p(t) — p*. Thus, we have

{ m(t) = —Am(t) + Wh(p(t — o(1)))
p(t) = =Cp(t) + Drin(t — 7(t))

where m(t) = [ (t), ma(t), -, ()],

“

p(t) = [pr(t), pa(t), -, Bul(®)]”, ~

h(p(t)) = [hl(ﬁl(t)), ha(Pa(t), -+, hn(pn(t))]", with

hi (P (1)) = hy(B; (#) +p7) — hy(F7).

Let z(t) = [mT(t), pT (t)]7 the system (4) is equivalent to:
i(t) = —Az(t) + Da(t — 7(t)) + Wf(a(t —o(t)) (5

Where‘i:[ég]v D:[gg}v W:[gvg f(z(t) =

[%((T;((tt))))} with h(m(t)) = 0.
ue to the modeling inaccuracies and changes in the en-
vironment, the parametric uncertainties may enters into GRN

(5), the uncertain GRN can be formulated as follows:

i(t)=— (A+ Ad)x(t) + (D + AD)x(t — 7(t)) ©
+ (W + AW) f(z(t — o(t)))
where AA = [AoA AOC] ) AD = [AD 8] AW = [8 Agv] .

In order to conduct the stability analysis for the above
genetic networks, the following assumptions are necessary.
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Assumption.1 The parametric uncertainties AA, AW, AC,
AD satisty: [AA, AW, AC,AD] = EF(t)[Ha, Hy, He, Ha,
where F,H,, H,,H, and H,; are some given constant

matrices  with  appropriate  dimensions,  and F(t)
satisfies : FT(t)F(t) < I, for any ¢ > 0. And
let [AA AW, ,AD] EF(t)[H,, Hy, Hy), where

F() o}Ha:[Hao]Hw:

E:[Eg] Ft) =17 e 0 H,

[6 7] Ha= [, 0]

Assumption.2 7(¢) and o(t) are the time-varying delays
satisfying: 0 < 7(t) < 1, 7(t) < 7 < 00; 0 < o(t) <
o2, 6(t) < o4 < 0.

Assumption.3 Since h; is a monotonically increasing func-
tion with saturation, and from the relationship of f (- ) and h(-),

we know that f(-) satisfies the sector condition: /; % <
Iz

lJr for j = 1,2,--- ,n. which implies that L >0,

UTz;—fi(x

M > 0, where l and lJr are some constants. Let

l

Lo= drag(l1 Ay, 1), L1 d1ag(l+,l§’,--- ).

Remark 1 It should be noted that the activation functions
in [19],[24] need to satisfy the following condition: 0 <
fi(x)/z < kj, for j = 1,2,---,n. which is equivalent to
fi(@)(fj(x) — kjx) < 0. It is easy to see that the assumption
3 endows with less restriction than monotonically increasing
condition in [19],[24], the constants l; and l;-r are allowed to
be positive, negative,or zero. Obviously, the class of functions
satisfying the assumption 3 is larger than the class of functions
satisfying the condition in [19],[24]. Hence, our results will
be less restrictive than those given in the literature.

Lemma 1. For any x,y € R™ and a positive scalar ¢,then we
have

20Ty < exTa + e yTy.
Lemma 2. (Schur complement). Given constant
symmetric matrices S7,S52 and S3,where S; = S1 , and

Sy = ST > 0,then S; + STS; 1S3 < 0 if and only if :

51 S3 SZ 53

[ S3 =8 rS;;F Sh

Lemma 3.[25] For any positive definite matrix M € R™*"™,
a scalar p > 0, vector function w : [0,p] — R™ such that
the integrations concerned are well defined, the following
inequality holds

[y w(s)ds]" M[ [ w(s)ds] < p [ w” (s)Mw(s)ds
Lemma 4. (Lower bounds theorem [26]) Let fi1, fo, -+, fn:
R™ — R have positive values in an open subset D of R™.
Then, the reciprocally convex combination of f; over D

}<0,or ]<0.

satisfies
7 % + HlELX %
{al\az>ozaz—1}z f Zf ng izng
subject to
m fi(t)  gi5(t) ] }
: R — R7 7,0 t) = 1,7 t ) 7 Z 0
) gt =0 | 10

Remark 2 To handle the integral terms, the Jensen inequality
lemma [25] has been generally adopted. However, from the
application to delayed systems in [26], we can see that the
Lower bounds theorem which is based on the integral in-
equality lemma but with the less number of decision variables,
comparable to those based on the Jensen inequality lemma.
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III. ROBUST STABILITY CRITERIA FOR GENETIC
REGULATORY NETWORKS

In this section, several theorems and corollaries are pre-
sented for the genetic regulatory networks with time-varying
delays.

In order to derive discrete delay-dependent stability condi-
tions, which include the information of time delay 7'( ), We
usually uses the fact: z(t — 7(t)) = z(t) — ft i E
to transform the system (6) into the following system w1th a
distributed delay:

i(t) = — (A+AA— Dy)x(t) +

+ (W + AW f(a(t — o(t))) — Dy /t s
%)

where D = Dy + Do, D, Dy are constant parameter matrix
which make the stability result less restrictive to some degree.
Such process is generically called a parameterized first-order
model transformation [26] since only one-integration over one
delay interval is used herein.

Firstly, a asymptotic stability result is developed for GRNs
(7) with AA = AD = AW = 0, that is:

i(t) = — (A — Dy)a(t) + Dox(t — 7(t))

W (et — o()) — Dy /f_ s ®

(Dy 4+ AD)z(t — (1))

Theorem 1 For given constants 7o, 74, 04, the system (8) is
asymptotically stable, if there exist matrices P; > 0, Q; > 0,

=12 Ri>0,i=12% [ E]>0, [2 %] >0 A
= diag(Mi, M2, 5 Ani) > 0, i = 1,2; T; =diag (t1i,t2,
7tn1) > Oa 1= 1527 P27 P37 L07 le QQ, Jla J27 J3
and F; with appropriate dimensions respectively satisfying:

Py = Pyq + D1+ 01, <0 )
where
@11 =— W, (L1T1 Lo + LoTi Ly — Q1
+ P —15Qa)W, — W} (2T —
Ta)Q1)War — Wi, ((1

— R)W, — W] (P
Ro)Wy = W ((1-
- O'd)R1 + L1T2Lo + LngLl)

Wxa - W}—‘a((l - Od)RZ + QTI)WfO' - Wg;QQW 1
WhHQ2Wes
(10)
19 =WI(P, — PYYW, + WE(P{ + LiAs — LoAy) W,

+ W) Pf Way + W[ (A — Ao)Woy + W] (B +
LoTy + LTy )Wy + W T Wes + WE JoW,s + W
JsWas + WE (=(1 = 04)Ey + LoTs + L1 To) Wy,
WEhQaW.
(11)
with
Wz = In On,7n]7 Wy = [On,n In Onﬁn} )
Wf = On,2n In OTL,57’L] ) Wa:T = On,?m In On,4n )
on‘ = On,4n In On,dn} ) Wfo' = On,fm In On,2n )
VVsl = On,6n In On,n]» W92 = [Onﬁn In}a
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W [I On 2n In OnL2n *In ~On7n] )

W(E’y - [ (A Dl) On,2n D2 On,n w - Dl On,’n:l .
Proof. Following [27], we represent (8) in the following

equivalent descriptor system form:

i(t) =yt), )
y(t) = —(A = Di)a(t) + Dax(t — (1))
T ~ t
+Wf(x(t —o(t)) — Dy ft—-r(t) y(s)ds
Then, take the following Lyapunov-Krasovskii functional for
system (12):

V(t) = Vi(t) + Va(t) + Va(t) + Va(t) + V5(t)
where

Vi(t) = 2" (t)Pr(t)
= [T yT(1)] [é 8} |:P3 ng] ng]

Va(t) QZ)\U/ fi(s) —17s) ds
+2ZAi2/O '(zjs—fi(s)) ds

— ' T ' (s)
Va(t / ' (8)Q1x(s ds+/ o
3( ) (1) ( ) 1 ( ) t—o(t) |:f( (5)):|

(12)

X[ E] [fféz"i»] ds
—7'2/ / $)Q2y(s)dsdf
—T2 +9
Let £7(t) = [z T(t) T(t) fr(a(t) = (tt— Tt(t)) Tt -
o0) £ (e — o (0) (! 9(5)ds)T (7 y(s)ds)" |

Taking the derivatlve of V (t) along the tra_lectorles of system
(12) ylelds
V() = Vi(t) + Va(t) + Va(t) + Va(t) + Vs (1).

6 i vy
=2[z"(t) y [ }

x [ —y(t) = (A - Dl) ( )jr Dtﬂ(t — (1))
Wzt —o(t) — D1 [, y(s)ds
=¢T(O)[2W, (P1 — PS)Wy — Wy (P2 + PY)W,
+ 2W,] P W,y + 2W,) PY W, JE(t)
. S (13)
Va(t) =2[f (2(t)) — Low(t)]" A1 [—(A — D1)z(t) + D2
2(t—7(t) + Wf(z(t —o(t) - . y(s)ds]
+2[Laa(t) — f(x(t)]" As[~(A — D1)a(t) + Ds
ot =r(®) + Wilat=o() =D | u(s)ds]
=T (1)2W] (A1 — Ao)Way + 2W,1 (L1 Ay — LoAy)

WayE(1) .
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Va(t) <a" (H)Qua(t) — (1 — 7a)a” (t — 7(£))Qx
T
et =)+ [ ] [ EI[00)] -«
a(t—o®) 17 (R B[ alt—o()

—9d) {f(z(tw(t)))} [ ] [f(w(tw(t)))}

=T ()W, (Qr + R)We — WE((1 - 70)Q1)
X War + W/ RWy + 2W] E\ Wy — W]
x (1= o0a)R)Wao — Wng((l —0a)R2)Wyo
—2W (1 = 0a) E1)WolE(t)

(15)

Vit

~—

<O~ [ ()Qu(5)ds

t—7(t)

<r2y (D) Quy(t) — 7 / yT (5)Qay(s)ds

t—To

t
— Ty /t_T(t) yT (5)Qay(s)ds

t—7(t)

<Ot - s [y s

L—T2

t—7(t) - t
< Qs / y(s)ds — 2 / yT(s)ds (16)
t—7o () t—7(t)

t
X Qz/ y(s)ds
t—7(t)
" T
jtt—r ¢y Y(s)ds =
<2y (H)Qay(t) — {W__;(g) ] [@:8:]

Je=dy y(s)ds
|: fttff(t) y(s)ds :|

t—r(t)

t—ro y(s)ds
=" ()W, (13 Q2)Wy — W Q2 W
— WEQaWea — WEHQ2Wio)E(2)

In addition, for any T; =diag(t1;,%2;, -
1, 2; it follows that:
= 2[f(x(t)) — Liz(t)] " Ta[f (x(t)) — Lox(t)]
= 2[f(x(t — o(t))) — Luz(t — o (t))]" T»
x [f(z(t —o(t)) — Loz(t — o(t))]
=" ()[-2W,) LTy LoW, — 2W [ TYWy + 2W,]

(LoTy + Li Ty )Wy — 2W, L Ty LoWao — 2W7,
x TiWyo + 2WE (LoTs + L1 To) Wy, JE(t) > 0

g

'7t2j)207 ]:

an

Meanwhile, by the Leibniz-Newton formula, the following
equality is true for any matrices J with appropriate dimension:
267 (1) T[a(t) — a(t — 7(2)) - / y(s)ds] = 0. (18)
t—7(t)
where J=[JL 00JT 00 JT 0]
Combing (13)-(18) ,we have

V(t) <€ (t)D1&(t)

Therefore, V(t) < 0 holds if ®; < 0. From (9), we can see
that the GRN (8) with time-varying delays is asymptotically
stable. This complete the proof.

Remark 3 One key point of the criterion in Theorem 1 is

19)
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that the decomposition of the matrix D into D = D1 + Dg.
This decomposition corresponds to a decomposition of the
delayed terms into two groups: the stabilizing ones and the
destabilizing ones. This technique enables one to take the
stabilizing effect of part of the delayed terms into account.
Remark 4 1In [22], the stability conditions were obtained
for the delays 7(t) and o(t) satisfying 7(¢t) < 7, < 1 and
6(t) < o, < 1, however, in Theorem 1, the delays 7(t) and
o(t) satisfy 7(t) < 74 < 00 and 6(t) < 04 < 0o respectively.
Therefore the stability criteria derived turn out to be less
conservative.

If there is no decomposition (D1 =0, D = ﬁg), the
following Corollary can be turned for checking the stability
of system (5).

Corollary 1 For given constants 7o, 74, 04, the system (5)
is asymptotically stable, if there exist matrices P, > 0, Q; >
: : : . [Ri E )
0,i=12% k>0, i=1% ["F] =0 [2%]>
0, Ai =diag(A1i;A2is--+ ,Ani) > 0, @ = 1,2, T; =diag
(t1i7t2i7"' at’m) > Oa 1= 1:27 P27 P3a L07 Lla Q2 and
E; with appropriate dimensions respectively satisfying:
By =Dy + Dy + Ci)ng <0 (20)
where
®yy =— W (L1TiLo + LoTi L1 — Q1 — Ry + Q2)
x Wy =W, (P + Py —13Q2)W, — Wi (214
— Ro)Ws = W (1 = 7)Q1 + Qo) Wor
— Wl (1 = 0a)Ry + LiToLo + LoTa L) Wao
— WJTU((I — Ud)RQ + 2T1)Wfo— — WSEQQWSQ
1y =W (P, — PYW, + WE(P] + LiAs — LoAy)
X Way + W, Py Way + W[ (Ay — Ag) Wy
+WE(E + LoTy + LiT)Wy + WX QoW
+ W (=(1 = 0a)Er + LoTs + L1 To) Wy,
— W] QoWeo + WLQ2Wes

2n

(22)

with R

W, = (I Onenl, Wy=[Onn I Onsal,

M:/f = [On,Qn In On,4n] 5 VI;/IT = [On,?)n In On,?m] )
Wxa = [OnAn In On,Zn] 5 Wfa = [On,Sn ]n On{n} 3
WQ = [On,Gn In] )

me: [*A On’gn D On’n W On,n]

Base on Theorem 1,we can perform the robust stability
analysis for the uncertain genetic regulatory network (7).
Theorem 2 For given constants 1o, 74, 04, & > 0, 1=1,2,3,
the system (7) is robustly asymptotically stable, if there exist
matrices P; > 0, Qg> 0,2=1,2;R; >0, 1 =1,2;

[}il g;] Z 07 |:(‘i2 8§i| Z 07 Az :diag()\li,)\gi7 e 7)\7“) >

5 i = 1,2; E :diag (tli,tgi, 7tni) > 07 T
1,2, ]327 Pg, Lo, Ll, Q27 Jl, .]2, J3 and E1 with ap-
propriate dimensions respectively satisfying:

@y PYE (A—A2)E (LiAa—LoAy)E W,

* 751’1 0 0 0
Ei= o« —e5! 0 0 <0 (23)
* * * —63_1 0
* * * * 754;1
878 scholar.waset.org/1307-6892/12436
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with
WAzy = l_Ha On,2n Hy On,n H, On,Qn] E4 = 51_1+
5" +e5 " and the others have been defined in Theorem 1.

Proof. Following Theorem 1, we represent (7) in the fol-
lowing equivalent descriptor system form:

a(t)=ylt), B X
y(t) = —(A+ AA— Dy)x(t) + (D2 + AD)z(t — 7(¢))
+H(W + AW) f(a(t — () = D1 [/, y(s)ds
(24)

Consider the same Lyapunov-Krasovskii functional in the
proof of Theorem 1, do the differential along the trajectory
of (24).

Noting that, for any constants ¢; > 0 i=1,2,3, it is clearly
true that:

29T (t) P [~ AAx(t) + ADz(t — 7(t))

+ AW f(2(t = o ()] = 29" ()P EF()Wary€ (1)
<e T ()W, Py EET P,W,£(t)

+ EflgT(t)ngyWAryf(t)

(25)
2fT(x(t))(Ay — Ag)[-AAz(t) + ADxz(t — (1))
+ AW f(a(t — U(lﬁ)))]~ i 26)
<exlT (W] (A1 — M) EET (A — Ao) W& (1)
+ ey T (WAL, Wanyé()
2T (t)(LiAy — LoAy)[-AAz(t) + ADxz(t — 7(t))
+ AW f(z(t — o (t)))] @7

SEggT(t)WE(LlAQ — LoAl)EET(LlAQ — L()Al)
X ng(t) + EglgT(t)ngyWAl‘yf(t)

Combing (13)-(19),and the above inequalities, by Schur com-
plements (Lemma 2), we have:

V() <€T(EiE(D) (28)
From (23), we can see that the uncertain system (7) is robust
asymptotically stable. This complete the proof. [

Similarly to Corollary 1, If there is no decomposition
(D1 =0, D = Dy), the following Corollary can be turned
for checking the stability of system (6).

Corollary 2 For given constants 7o, 74, 04, €; > 01=1,2,3,
the system (6) is asymptotically stable, if there exist matrices
PL>0 Q>0 i=12 R >0,i=12 ["B}7]>
0, [ 982 20, As =diag(\uis Aaiy -+ Ani) >0, i = 1,2,
T; :dlag (th',tzi, s 7tni) >0,1=1,2; P, P3, Lo, Lq,

Q- and E; with appropriate dimensions respectively satisfy-
ing:

&1 PYE (M—A2)E (LiAs—LoA)E WZ,

~ * —el ! 0 0 0
== * * —e; 0 0 <0 (29
* * * —8;1 0
* * * * —€&4 1
with WAzy = [*Ha On,2n Hd On,n Hw On,n]
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IV. ILLUSTRATIVE EXAMPLES

In this section, two numerical examples will be presented
to illustrate the effectiveness of our results.

Example.1 Firstly, let us consider the genetic regulatory
network (5)with time-varying delays. The parameters are listed
as follows:

. 0 = 0 07 -25
D=diag { 0 0.8 o} W = {—2.5 0 0 }

0 0 0 -25 0
And f(z) = 2% /(2% +1), Lo = diag (0.1,0.1,0.1) L, = diag
(0.65,0.65,0.65). The time delays 7(t) and o(t) are assumed
to be: 74 = 0.7, 04 = 0.5 [24] .

It should be pointed out that, the delay-dependent conditions

n [24] are not feasible when 75 > 1.1. However, it can
be checked that system (5) is asymptotically stable from
Corollary 1 and the feasible solution of LMIs (24) — (26) is
obtained when 79 = 5. Due to the limitation of the length
of this paper, we only provide a part of the feasible solution
here:

28.1396 16.5614 —0.7061
Pl = [16.5614 32.1684 —1.5847]
—0.7061 —1.5847 6.8041

39.0312 14.2313 —2.0212
Ql = |:14.2313 37.5365 71.3875i|
—2.0212 —1.3875 20.1990

Figure.1 shows the trajectories of variables x(¢) and y(t)
with the initial condition [0.6 0.5 0.4 0.5 0.4 0.3]7.

Trajectories of x(t) and y(t) of the genetic network (5)

Fig. 1.

Example.2 In this example, we consider system (6) with the
parameters listed as follows:

A =diag (5,5,5,5,5), C =diag (2.5,2.5,2.5,2.5,2.5),
D=diag (0.3,0.2,0.4,0.2,0.2), H,=H, =H,=Hy

0 02 02 0 0 0 -1-10 0
- 0 0 2 0.2 -1 0 0 —1-1
=F=|0-02 0 002, W=|0 1 0 0 -1
02 0 2 0 -1 0 -1 0 0
0 —-0.202 0 0O 0 1 -1 0
2
F(t) = I5><5, (1‘) =X /(1‘ +1)

Lo =(0.1,0.1,0.1,0.1,0.1), L; = diag (0.65,0.65,0.65,
0.65,0.65). The time delays 7(¢) and o (t) are assumed to be:
74 = 0.7, 04 = 0.5, 7o = 5. It can be checked that system
(6) is asymptotically stable from Corollary 2 and the feasible
solution of LMIs (29) is obtained. A part of the feasible
solution is listed as follows:

1.6413 1.0595 1.3013 —1.3011 —0.1889
1.0595 1.5594 1.2432 —1.4562 —1.0437
Pl = 1.3013 1.2432 2.5833 —1.3414 —0.8862

—1.3011 —1.4562 —1.3414 4.8820 2.1172

—0.1889 —1.0437 —0.8862 2.1172 4.0938
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0.8154 0.2097 0.2271 —0.2486 —0.0553
0.2410 0.6797 0.2799 —0.3028 —0.2069
0.2842 0.2908 1.0518 —0.2983 —0.2139
—0.2787 —0.2849 —0.2732 1.4173 0.4174
—0.0318 —0.1866 —0.1947 0.4058 1.2281

Figure.2 shows the trajectories of variables x(t) and y(t)

P =

with the initial condition [0.6 0.5 0.4 0.3 0.2 0.5 0.4 0.3 0.2 0.1]7".

) B 10 5 o s [ 35

Fig. 2. Trajectories of x(t) and y(t) of the genetic network (6)

V. CONCLUSIONS

In this paper, we have worked out some new stability
criteria for genetic regulatory networks with time-varying
delays via the Lyapunov functional method. We consider the
stability problem of the uncertain genetic regulatory networks
based on a descriptor model transformation and the decom-
position technique of discrete delay term matrix which have
been introduced for stability analysis of delayed systems.
This decomposition corresponds to a decomposition of the
delayed terms into two groups: the stabilizing ones and the
destabilizing ones and it enables one to take the stabilizing
effect of part of the delayed terms into account. Finally, the
feasibility and effectiveness of the developed methods have
been shown by numerical simulation.
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