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However, some conservatism still remain since common matrix variable required to
satisfy the whole sets of LMIs and the time delays are assumed to be either constants
or differentiable and upper bounded. To the best of our knowledge, so far, the result
on the stability for nonlinear neutral polytopic systems with interval time-varying
delays has not been fully studied. The result of [12] for linear neutral polytopic sys-
tem with constant delays. Paper [13] deals with asymptotic stability of nonlinear
neutral systems with time-varying delays, but without polytopic uncertainties and
the time-varying delay function is assumed to be differentiable.

In this paper, we revisit the robust exponential stability problem for nonlinear
neutral systems with both convex polytopic uncertainties and interval time-varying
delays. The novel feature of the results obtained in this paper is twofold. First,
the system considered in this paper is nonlinear neutral subjected to interval, non-
differentiable delay, which means that the lower and upper bounds for the time-
varying delay are available, but the delay function is bounded but not necessary to
be differentiable. This allows the time-delay to be a fast time-varying function and
the lower bound is not restricted to being zero. Second, by constructing a set of
new parameter-dependent Lyapunov Krasovskii functionals, novel delay-dependent
sufficient conditions for the exponential stability of the system are obtained in terms
of LMI conditions.

The paper is organized as follows. Section 2 presents notations, definitions and
some well-known technical propositions needed for the proof of the main result.
Delay-dependent exponential stability conditions of the system are presented in
Section 3. An numerical example illustrated effectiveness of the conditions is given
in Section 4.

2. Preliminaries

The following notations will be used throughout this paper. R+ denotes the set of
all nonnegative real numbers; Rn denotes the n−dimensional Euclidean space with
the norm ∥.∥ and scalar product xTy of two vectors x, y; λmax(A) (λmin(A), resp.)
denotes the maximal (the minimal, resp.) number of the real part of eigenvalues
of A; AT denotes the transpose of the matrix A and I denote the identity matrix;
0n denote the zero matrix in Rn. Q ≥ 0 (Q > 0, resp.) means that Q is semi-
positive definite (positive definite, resp.) i.e. ⟨Qx, x⟩ ≥ 0 for all x ∈ Rn (resp.
⟨Qx, x⟩ > 0 for all x ̸= 0); A ≥ B means A − B ≥ 0; C1([a, b], Rn) denotes the set
of all continuously differentiable functions on [a, b]. The segment of the trajectory
x(t) is denoted by xt = {x(t+ s) : s ∈ [−h̄, 0]}.

Consider a nonlinear neutral system with interval state-delay and convex poly-
topic uncertainties of the form
(2.1){
ẋ(t)−D(ξ)ẋ(t− τ) = A0(ξ)x(t) +A1(ξ)x(t− h(t)) + fξ(t, x(t), x(t− h(t))), t ≥ 0,

x(t) = ϕ(t), t ∈ [−h̄, 0],

where x(t) ∈ Rn is the system state; time-varying delay function h(t) satisfies the
conditions

0 ≤ hm ≤ h(t) ≤ hM ,
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and h̄ = max{hm, hM}. The state-space data are subject to uncertainties and
belong to the polytope Ω given by

Ω =

{
[A0, A1, D, f ](ξ) :=

p∑
i=1

ξi[A0i, A1i, Di, fi], ξi ≥ 0,

p∑
i=1

ξi = 1

}
,

where A0i, A1i, Di, i = 1, ..., p, are given constant matrices with appropriate dimen-
sions and fi := fi(t, .) are given vector functions satisfying

(2.2) ∥fi(t, x, y)∥2 ≤ a20i∥x∥2 + a21i∥y∥2, i = 1, 2, . . . , p, ∀(x, y), t ≥ 0.

The initial function ϕ ∈ C1([−h̄, 0], Rn) with the norm

∥ϕ∥ = sup
−h̄≤t≤0

√
∥ϕ(t)∥2 + ∥ϕ̇(t)∥2.

Definition 2.1. Given α > 0. System (2.1) is α−exponentially stable if every
solution x(t, ϕ) of the system satisfies the following condition:

∃γ > 0 : ∥x(t, ϕ)∥ ≤ γ∥ϕ∥e−αt, ∀t ≥ 0.

We introduce the following technical well-known propositions, which will be used
in the proof of our results.

Proposition 2.2 (Schur complement Lemma [1]). For given matrices X,Y, Z with
appropriate dimensions satisfying X = XT, Y T = Y > 0. Then X + ZTY −1Z < 0
if and only if [

X ZT

Z −Y

]
< 0 or

[
−Y Z
ZT X

]
< 0.

Proposition 2.3. Let S be a symmetric positive definite matrix. Then, for any
x, y ∈ Rn and matrix F , we have

2⟨Fy, x⟩ − ⟨Sy, y⟩ ≤ ⟨FS−1FTx, x⟩.

The proof of the above proposition is easily derived from completing the square:

⟨S(y − S−1FTx), y − S−1FTx⟩ ≥ 0.

Proposition 2.4 ([3]). For any symmetric positive definite matrix W , scalar ν > 0
and vector function ω : [0, ν] −→ Rn such that the concerned integrals are well
defined, then [∫ ν

0
w(s)ds

]T
W

[∫ ν

0
w(s)ds

]
≤ ν

∫ ν

0
wT(s)Ww(s)ds.

3. Main result

Let Uki, (k = 1, . . . , 7, i = 1, . . . , p),M be n×n matrices, Pi, Qi, Ri, Si, Ti, Zi, (i =
1, . . . , p), be symmetric positive definite matrices and constants α > 0, ϵ > 0, we
denote

Ξi(Pj , Qj , Rj , Sj , Tj , Zj ,Uj) =
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=



Ξ11 AT
0iU2j Ξ13 AT

0iU4j −UT
1j +AT

0iU5j Ξ16 Ξ17

∗ −Rj UT
2jA1i 0 −UT

2j UT
2jDi UT

2j

∗ ∗ Ξ33 Zj +AT
1iU4j −UT

3j +AT
1iU5j UT

3jDi +AT
1iU6j UT

3j +AT
1iU7j

∗ ∗ ∗ −Qj − Zj −UT
4j UT

4jDi UT
4j

∗ ∗ ∗ ∗ Ξ55 UT
5jDi − U6j UT

5j − U7j

∗ ∗ ∗ ∗ ∗ Ξ66 UT
6j +DT

i U7j

∗ ∗ ∗ ∗ ∗ ∗ Ξ77


,

where

Ξ11 = AT
0i(Pj + U1j) + (Pj + U1j)A0i + ϵa20jI +Qj +Rj − Tj ;

Ξ13 = PjA1i + UT
1jA1i +AT

0iU3j + Tj ;

Ξ16 = PjDi + UT
1jDi +AT

0iU6j ;

Ξ17 = AT
0iU7j + Pj + UT

1j ;

Ξ33 = −Tj − Zj +AT
1iU3j + UT

3jA1i + ϵa21jI;

Ξ55 = −U5j − UT
5j + Sj + h2MTj + (hM − hm)2Zj ;

Ξ66 = −Sj +DT
i U6j + UT

6jDi;

Ξ77 = −ϵI + UT
7j + U7j ,

M = diag{M,06n}

λ1 = min
1≤j≤p

λmin(Pj), λP = max
1≤j≤p

λmax(Pj), λQ = max
j

λmax(Qj), λR = max
j

λmax(Rj),

λS = max
j

λmax(Sj), λT = max
j

λmax(Tj), λZ = max
j

λmax(Zj),

λ2 = λP + hmλQ + τ(λR + λS) +
1

2
e2αhM

(
h3MλT + (hM − hm)2(hM + hm)λZ

)
.

[P,Q,R, S, T, Z](ξ) =

p∑
j=1

ξj [Pj , Qj , Rj , Sj , Tj , Zj ],

Uk(ξ) =

p∑
i=1

ξiUki, k = 1, . . . , 7.

Theorem 3.1. Assume that, for system (2.1), there exist matrices U1i, U2i, U3i, U4i,
U5i, U6i, U7i (i = 1, . . . , p), a symmetric semi-positive definite matrix M , symmetric
positive definite matrices Pi, Qi, Ri, Si, Ti, Zi, (i = 1, . . . , p), and a positive number
ϵ, such that the following linear matrix inequalities hold:

Ξi(Pi, Qi, Ri, Si, Ti, Zi,Ui) +M < 0, i = 1, . . . , p;(3.1)

Ξi(Pj , Qj , Rj , Sj , Tj , Zj ,Uj) + Ξj(Pi, Qi, Ri, Si, Ti, Zi,Ui)−
2

p− 1
M < 0,(3.2)

i = 1, . . . , p− 1, j = i+ 1, . . . , p.
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Then exists a positive number α∗ such that every solution x(t, ϕ) of the system
satisfies

∥x(t, ϕ)∥ ≤
√

λ2

λ1
∥ϕ∥e−αt, t ≥ 0, ∀α ∈ (0, α∗].

Proof. From the conditions (3.1), there exists δ > 0 such that

Ξi(Pi, Qi, Ri, Si, Ti, Zi,Ui) +M < −δI, i = 1, 2, . . . , p.

Consider the equation

ρ(α) = 2αλP +
(
1− e−2ατ

)
(λR + λS) +

(
1− e−2αhm

)
λQ

+ h2M

(
e2αhM − 1

)
λT +

(
hM − hm

)2(
e2αhM − 1

)
λZ .

Note that, the function ρ(α) is continuous and strictly increasing in α ∈ [0,∞),
ρ(0) = 0, ρ(α) → ∞ as α → ∞. Hence, there is a unique positive solution α∗ of the

equation ρ(α) =
δ

p
and ρ(α) <

δ

p
for all α ∈ (0, α∗]. For any α ∈ (0, α∗], consider

the following Lyapunov-Krasovskii functional

(3.3) V (t, xt) =

6∑
i=1

Vk,

where,

V1 = xT(t)P (ξ)x(t),

V2 =

∫ t

t−hm

e2α(s−t)xT(s)Q(ξ)x(s)ds

V3 =

∫ t

t−τ
e2α(s−t)xT(s)R(ξ)x(s)ds,

V4 =

∫ t

t−τ
e2α(s−t)ẋT(s)S(ξ)ẋ(s)ds,

V5 = hM

∫ t

t−hM

∫ t

s
e2α(θ−t+hM )ẋT(θ)T (ξ)ẋ(θ)dθds,

V6 = (hM − hm)

∫ t−hm

t−hM

∫ t

s
e2α(θ−t+hM )ẋT(θ)Z(ξ)ẋ(θ)dθds,

and α > 0 will be defined.
It is easy to verify from (3.3) that

(3.4) λ1∥x(t)∥2 ≤ V (xt) ≤ λ2∥xt∥2, t ∈ R+.

Taking derivative of V1 along trajectories of system (2.1) we have

V̇1 = 2xT(t)P (ξ)ẋ(t)

= xT(t)
[
P (ξ)A0(ξ) +A0(ξ)

TP (ξ)
]
x(t)

+ 2xT(t)P (ξ)
[
A1(ξ)x(t− h(t)) +D(ξ)ẋ(t− τ) + fξ

]
,
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where, for convenient, we denote fξ := fξ(t, x(t), x(t− h(t))) =
∑p

j=1 ξjfj .

From (2.2) we obtain

a20jx
T(t)x(t) + a21jx

T(t− h(t))x(t− h(t))− fT
j fj ≥ 0, j = 1, . . . , p,

and hence,

(3.5)

p∑
j=1

ξj

[
a20jx

T(t)x(t) + a21jx
T(t− h(t))x(t− h(t))− fT

j fj

]
≥ 0.

By completing the square we have

fT
ξ fξ =

( p∑
j=1

ξjfj

)T( p∑
j=1

ξjfj

)
=

p∑
j=1

ξ2j f
T
j fj + 2

∑
i<j

ξjξjf
T
i fj

≤
p∑

j=1

ξ2j f
T
j fj +

∑
i<j

ξiξj(f
T
i fi + fT

j fj)

=
( p∑
i=1

ξi

)( p∑
j=1

ξjf
T
j fj

)
=

p∑
j=1

ξjf
T
j fj .

Then, it follows from (3.5) that

ϵ
[
a0(ξ)

2xT(t)x(t) + a1(ξ)
2xT(t− h(t))x(t− h(t))− fT

ξ fξ

]
≥ 0,

for any ϵ > 0, where a0(ξ)
2 :=

∑p
j=1 ξja

2
0j and a1(ξ)

2 :=
∑p

j=1 ξja
2
1j . Therefore, the

derivative of V1 satisfies

V̇1 ≤ xT(t)
[
P (ξ)A0(ξ) +A0(ξ)

TP (ξ) + ϵa0(ξ)
2I
]
x(t)

+ 2xT(t)P (ξ)
[
A1(ξ)x(t− h(t)) +D(ξ)ẋ(t− τ) + fξ

]
+ ϵ

[
a1(ξ)

2xT(t− h(t))x(t− h(t))− fT
ξ fξ

]
.

(3.6)
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Next, taking derivatives of Vk, k = 2, . . . , 6, along trajectories of system (2.1) we
obtain

V̇2 = xT(t)Q(ξ)x(t)− e−2αhmxT(t− hm)Q(ξ)x(t− hm)− 2αV2;

V̇3 = xT(t)R(ξ)x(t)− e−2ατxT(t− τ)R(ξ)x(t− τ)− 2αV3;

V̇4 = ẋT(t)S(ξ)ẋ(t)− e−2ατ ẋT(t− τ)S(ξ)ẋ(t− τ)− 2αV4;

V̇5 = h2Me2αhM ẋT(t)T (ξ)ẋ(t)− hM

∫ t

t−hM

e2α(s−t+hM )ẋT(s)T (ξ)ẋ(s)ds− 2αV5

≤ h2Me2αhM ẋT(t)T (ξ)ẋ(t)− hM

∫ t

t−hM

ẋT(s)T (ξ)ẋ(s)ds− 2αV5;

V̇6 = (hM − hm)2e2αhm ẋT(t)Z(ξ)ẋ(t)

− (hM − hm)

∫ t−hm

t−hM

e2α(s−t+hM )ẋT(s)Z(ξ)ẋ(s)ds− 2αV6

≤ (hM − hm)2e2αhm ẋT(t)Z(ξ)ẋ(t)

− (hM − hm)

∫ t−hm

t−hM

ẋT(s)Z(ξ)ẋ(s)ds− 2αV6.

(3.7)

Furthermore, by applying Proposition 2.4 and the Leibniz-Newton formula, we have

−hM

∫ t

t−hM

ẋT(s)T (ξ)ẋ(s)ds ≤ −h(t)

∫ t

t−h(t)
ẋT(s)T (ξ)ẋ(s)ds

≤ −

[∫ t

t−h(t)
ẋ(s)ds

]T

T (ξ)

[∫ t

t−h(t)
ẋ(s)ds

]

≤ −
[
x(t)− x(t− h(t))

]T
T (ξ)

[
x(t)− x(t− h(t))

]
;

(3.8)

and

−(hM − hm)

∫ t−hm

t−hM

ẋT(s)Z(ξ)ẋ(s)ds ≤ −(h(t)− hm)

∫ t−hm

t−h(t)
ẋT(s)Z(ξ)ẋ(s)ds

≤ −

[∫ t−hm

t−h(t)
ẋ(s)ds

]T

Z(ξ)

[∫ t−hm

t−h(t)
ẋ(s)ds

]

≤ −
[
x(t− hm)− x(t− h(t))

]T
Z(ξ)

[
x(t− hm)− x(t− h(t))

]
.

(3.9)

By using the following identity

−ẋ(t) +D(ξ)ẋ(t− τ) +A0(ξ)x(t) +A1(ξ)x(t− h(t)) + fξ = 0,
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we have

2
[
xT(t)U1(ξ)

T + xT(t− τ)U2(ξ)
T + xT(t− h(t))U3(ξ)

T

+ xT(t− hm)U4(ξ)
T + ẋT(t)U5(ξ)

T + ẋT(t− τ)U6(ξ)
T + fT

ξ U7(ξ)
T
]

×
[
−ẋ(t) +D(ξ)ẋ(t− τ) +A0(ξ)x(t) +A1(ξ)x(t− h(t)) + fξ

]
= 0.

(3.10)

Combining from (3.6)-(3.10) we have

(3.11) V̇ (t, xt) + 2αV (t, xt) ≤ ηT(t)Φ(ξ)η(t),

where,
ηT(t) =

[
xT(t) xT(t− τ) xT(t− h(t)) xT(t− hm) ẋT(t) ẋT(t− τ) fT

ξ

]
,

and

Φ(ξ) =



Φ11(ξ) A0(ξ)
TU2(ξ) Φ13(ξ) Φ14(ξ) Φ15(ξ) Φ16(ξ) Φ17(ξ)

∗ −e−2ατR(ξ) U2(ξ)
TA1(ξ) 0 −U2(ξ)

T U2(ξ)
TD(ξ) U2(ξ)

T

∗ ∗ Φ33(ξ) Φ34(ξ) Φ35(ξ) Φ36(ξ) Φ37(ξ)
∗ ∗ ∗ Φ44(ξ) −U4(ξ)

T U4(ξ)
TD(ξ) U4(ξ)

T

∗ ∗ ∗ ∗ Φ55(ξ) Φ56(ξ) Φ57(ξ)
∗ ∗ ∗ ∗ ∗ Φ66(ξ) Φ67(ξ)
∗ ∗ ∗ ∗ ∗ ∗ Φ77(ξ)


,

Φ11(ξ) =
[
A0(ξ) + αI

]T
P (ξ) + P (ξ)

[
A0(ξ) + αI

]
+A0(ξ)

TU1(ξ) + U1(ξ)
TA0(ξ)

+ ϵa0(ξ)
2I +Q(ξ) +R(ξ)− T (ξ);

Φ13(ξ) = P (ξ)A1(ξ) + U1(ξ)
TA1(ξ) +A0(ξ)

TU3(ξ) + T (ξ);

Φ14(ξ) = A0(ξ)
TU4(ξ); Φ15(ξ) = −U1(ξ)

T +A0(ξ)
TU5(ξ);

Φ16(ξ) = P (ξ)D(ξ) + U1(ξ)
TD(ξ) +A0(ξ)

TU6(ξ);

Φ17(ξ) = P (ξ) + U1(ξ)
T +A0(ξ)

TU7(ξ);

Φ33(ξ) = −T (ξ)− Z(ξ) +A1(ξ)
TU3(ξ) + U3(ξ)

TA1(ξ) + ϵa1(ξ)
2I;

Φ34(ξ) = Z(ξ) +A1(ξ)
TU4(ξ); Φ35(ξ) = −U3(ξ)

T +A1(ξ)
TU5(ξ);

Φ36(ξ) = U3(ξ)
TD(ξ) +A1(ξ)

TU6(ξ); Φ37(ξ) = U3(ξ)
T +A1(ξ)

TU7(ξ);

Φ44(ξ) = −e−2αhmQ(ξ)− Z(ξ);

Φ55(ξ) = S(ξ) + h2Me2αhMT (ξ) + (hM − hm)2e2αhMZ(ξ)− U5(ξ)− U5(ξ)
T;

Φ56(ξ) = U5(ξ)
TD(ξ)− U6(ξ); Φ57(ξ) = U5(ξ)

T − U7(ξ);

Φ66(ξ) = −e−2ατS(ξ) + U6(ξ)
TD(ξ) +D(ξ)TU6(ξ); Φ67(ξ) = U6(ξ)

T +D(ξ)TU7(ξ);

Φ77(ξ) = −ϵI + U7(ξ) + U7(ξ)
T.

Using property
∑p

i=1 ξi = 1 we have

V̇ (t, xt) + 2αV (t, xt) ≤ ηT(t)
[ p∑
i=1

ξ2i Ξi(Pi, Qi, Ri, Si, Ti, Zi,Ui)
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+

p−1∑
i=1

p∑
j=i+1

ξiξj

(
Ξi(Pj , Qj , Rj , Sj , Tj , Zj ,Uj) + Ξj(Pi, Qi, Ri, Si, Ti, Zi,Ui)

)]
η(t)

+

p∑
i=1

ξiη
T(t)Ψiη(t),

where,

Ψi = diag
{
2αPi, (1− e−2ατ )Ri, 0, (1− e−2αhm)Qi,

h2M (e2αhM − 1)Ti + (hM − hm)2(e2αhM − 1)Zi, (1− e−2ατ )Si, 0
}
.

Therefore,

V̇ (t, xt) + 2αV (t, xt) ≤ ηT(t)

−
p∑

i=1

ξ2i +
2

p− 1

p−1∑
i=1

p∑
j=i+1

ξiξj

Mη(t)

− δ
( p∑
i=1

ξ2i

)
∥η(t)∥2 + ρ(α)∥η(t)∥2.

(3.12)

Observe that,

(p− 1)

p∑
i=1

ξ2i − 2

p−1∑
i=1

p∑
j=i+1

ξiξj =

p−1∑
i=1

p∑
j=i+1

(ξi − ξj)
2 ≥ 0,

p
( p∑
i=1

ξ2i

)
≥

( p∑
i=1

ξi

)2
= 1,

then from (3.12) we have

(3.13) V̇ (t, xt) + 2αV (t, xt) ≤
[
ρ(α)− δ

p

]
∥η(t)∥2, t ≥ 0.

For any α ∈ (0, α∗] we have

V̇ (t, xt) + 2αV (t, xt) ≤ ηT(t)
[
ρ(α)− δ

p

]
∥η(t)∥2 ≤ 0

which implies

V (t, xt) ≤ V (0, x0)e
−2αt, t ≥ 0.

Taking (3.4) into account, we obtain

∥x(t, ϕ)∥ ≤
√

λ2

λ1
∥ϕ∥e−αt, t ≥ 0

which concludes the proof. �

Remark 3.2. In this paper, by using an improved Lyapunov-Krasovskii functional
we obtain directly the exponential estimate for solutions of polytopic neutral system
(2.1) without using assumptions on the stability of neutral operator [8].
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Remark 3.3. It is worth noting that the condition (3.1) means the asymptotic
stability of each ith-subsystem, while the condition (3.2) implies the asymptotic
stability of the ijth-subsystems and if p = 1 this condition is automatically removed.
Then theorem 3.1 is reduced to the exponential stability criterion for neutral systems
with nonlinear perturbations and time-varying delays.

Remark 3.4. Theorem 3.1 gives conditions for the exponential stability of neutral
systems with nonlinear, polytopic type uncertainties and interval-time varying state
delay. These conditions are derived in terms of linear matrix inequalities which can
be solved effectively by various computation tools [1].

4. An example

Consider the nonlinear neutral system (2.1), where

A01 =

[
−1 0
−1 −1

]
, A02 =

[
−1 −1
0 −2

]
, A03 =

[
−3 −1
0 −1

]
;

A11 =

[
−0.5 0.1
−0.1 0.2

]
, A12 =

[
0.1 −0.1
0.1 −0.5

]
, A13 =

[
−0.2 0.4
−0.5 0.4

]
;

D1 =

[
0.1 0.1
0 0.1

]
, D2 =

[
0.1 0
0 −0.1

]
, D3 =

[
−0.1 0
0 0.1

]
;

a0i = a1i = 0.1, i = 1, 2, 3.

Delay function h(t) = 0.5 + d(t), where{
d(t) = 0.5 sin2 t if i ∈ I = ∪k≥0[2kπ, (2k + 1)π]

d(t) = 0 if t ∈ R+ \ I.

It is worth noting that, the delay function h(t) is non-differentiable, interval time
varying in R+. Therefore, the stability criteria proposed in [9, 13, 15, 16] are not
applicable to this system. We have hm = 0.5, hM = 1, τ = 1. By LMI toolbox of
Matlab, we find that LMI conditions (3.1), (3.2) are satisfied with M = I, ϵ = 102

and

P1 =

[
85.5661 6.9397
6.9397 52.6648

]
, P2 =

[
74.6947 9.2670
9.2670 147.8895

]
,

P3 =

[
137.3857 13.1879
13.1879 41.1895

]
, Q1 =

[
28.8406 11.1200
11.1200 21.8652

]
,

Q2 =

[
32.6350 16.3100
16.3100 82.0828

]
, Q3 =

[
127.5799 2.2804
2.2804 18.3659

]
,

R1 =

[
27.1430 12.2736
12.2736 15.5309

]
, R2 =

[
29.9222 27.8139
27.8139 78.6832

]
,

R3 =

[
120.2473 18.2163
18.2163 8.4003

]
, S1 =

[
12.4857 1.8011
1.8011 19.8902

]
,

S2 =

[
17.2561 0.5387
0.5387 13.0135

]
, S3 =

[
13.0859 1.1669
1.1669 11.1598

]
,



EXPONENTIAL ESTIMATE FOR ROBUST STABILITY OF NEUTRAL SYSTEMS 551

T1 =

[
33.9760 −6.1901
−6.1901 15.8206

]
, T2 =

[
13.7778 19.4778
19.4778 77.8855

]
,

T3 =

[
12.2321 −4.8051
−4.8051 14.9685

]
, Z1 =

[
26.7516 −1.4499
−1.4499 56.5555

]
,

Z2 =

[
47.3321 −9.1867
−9.1867 50.2910

]
, Z3 =

[
65.5498 −16.5890
−16.5890 40.6353

]
,

U11 =

[
11.4849 −10.1346
−10.3104 5.9741

]
, U12 =

[
11.4849 −10.1346
−10.3104 5.9741

]
,

U13 =

[
11.4849 −10.1346
−10.3104 5.9741

]
, U31 =

[
11.4849 −10.1346
−10.3104 5.9741

]
,

U32 =

[
2.3684 0.2624
4.3405 −2.9379

]
, U33 =

[
−1.1523 3.9144
−6.6555 0.8054

]
,

U51 =

[
55.9962 −9.3215
−8.3719 41.0290

]
, U71 =

[
14.9702 5.0667
−2.6189 17.8526

]
,

U72 =

[
19.3078 0.3527
−0.2927 22.2819

]
, U73 =

[
18.6734 −3.1088
−4.6628 17.0935

]
,

U2i = U4i = U6i = 0, i = 1, 2, 3, U52 = U53 = 0.

Moreover, from (3.1) we find that

Ξi(Pi, Qi, Ri, Si, Ti, Zi,Ui) ≤ −M− δI, i = 1, 2, 3,

where δ = 1.6079. Taking some computation by theorem 3.1, we have

ρ(α) = 298.098α+ 127.6275
(
1− e−α

)
+ 143.4444

(
1− e−2α

)
+ 101.7989

(
e2α − 1

)
and the positive solution of the equation ρ(α) = δ/3 is α∗ = 0.5850722618× 10−3.
Applying Theorem 3.1, the system is globally exponentially stable with any con-
vergence rate α ∈ (0, α∗]. For α = 0.00058, every solution x(t, ϕ) of the system
satisfies

∥x(t, ϕ)∥ ≤ 3.2327∥ϕ∥e−0.00058t, t ≥ 0.

5. Conclusions

In this paper, the problem of the robust exponential stability for nonlinear neu-
tral differential equations with interval non-differentiable time-varying delays and
polytopic uncertainties has been studied. By constructing a set of new parameter-
dependent Lyapunov functionals, novel delay-dependent conditions for the robust
exponential stability are derived in terms of linear matrix inequalities, which allow
simultaneous computation of two bounds that characterize the exponential stabil-
ity rate of the solution and can be easily determined by utilizing MATLABs LMI
Control Toolbox.
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[10] S. Mondié and V. L. Kharitonov, Exponential estimates for retarded time-delay systems: An
LMI approach, IEEE Trans. Automat. Control 50 (2005), 268–273.

[11] P. T. Nam and V. N. Phat, An improved stability criterion for a class of neutral differential
equations, Appl. Math. Letters 22 (2009), 31–35.

[12] P. T. Nam, H. M. Hien and V. N. Phat, Asymptotic stability of linear state-delayed neutral
systems with polytope type uncertainties, Dyn. Syst. Appl. 19 (2010), 63–72.

[13] J. H. Park, Novel robust stability criterion for a class of neutral systems with mixed delays and
nonlinear perturbations, Appl. Math. Comput. 161 (2005), 413–421.

[14] J. P. Richard, Time-delay systems: an overview of some resent advances and open problems,
Automatica 39 (2003), 1667–1694.

[15] H. Shao, New delay-dependent stability criteria for systems with interval delay, Automatica
45 (2009), 744–749.

[16] W. Zhang, X. Cai and Z. Han, Robust stability criteria for systems with interval time-varying
delay and nonlinear perturbations, J. Comput. Appl. Math. 234 (2010), 174–180.

Manuscript received June 16, 2010

revised March 5, 2011

L. V. Hien
Department of Mathematics, National University of Education, 136 Xuan Thuy Road, Hanoi,
Vietnam

E-mail address: hienlv@hnue.edu.vn

V. N. Phat
Institute of Mathematics, VAST, 18 Hoang Quoc Viet Road, Hanoi, Vietnam

E-mail address: vnphat@math.ac.vn


