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ABSTRACT

In this paper, the globa exponentia stability and global
asymptotic stability for a class of uncertain delayed neural
networks (UDNNSs) with time-varying delay and linear frac-
tional perturbations are considered. Delay-dependent and
delay-independent criteria are proposed to guarantee the ro-
bust stability of UDNNSs via linear matrix inequality (LMI)
approach. Additional nonnegative inequality approach isused
to improve the conservativeness of the stability criteria. Some
numerical examples are illustrated to show the effectiveness
of our results. From the simulation results, significant im-
provement over the recent results can be observed.

. INTRODUCTION

The existence of time delays is often a source of oscilla-
tion and instability of practical systems. Neural networks has
been applied in many mathematical and practical applica-
tions, such as approximation, association, diagnosis, decision,
generalization, optimization, prediction, and recognition.
Many neural networks have been proposed in recent years,
such as bidirectional associative memory neural networks
[16], cellular neural networks [3], Cohen-Grossberg neural
networks [13], and Hopfield neural networks [11]. The de-
layed neural networks (DNNs) may be used in many areas
including the moving images processing and pattern classi-
fication. The implementation in hardware for very large
scale integration chip, modeling errors, parameters fluctua-

Paper submitted 01/31/12; revised 08/24/12; accepted 02/07/13. Author for
correspondence: Chang-Hua Lien (e-mail: chlien@mail.nkmu.edu.tw).
Department of Marine Engineering, National Kaohsiung Marine University,
Kaohsiung, Taiwan, R.O.C.

tion, and external disturbance may destory the stability of
DNNs. Hence stability of DNNs is very important and sig-
nificant in practical applications. In practical analysis for
uncertain DNNSs, it is reasonable to consider the parameters
varying in some prescribed intervals or staisfying some
classes of parametric uncertainties. DNNs with interval
variations are caled the interval delayed neural networks
(IDNNs) [2,5, 8,9, 11, 12, 15]. In[10] and [18], DNNswith
linear fractional parametric perturbations have been inves-
tigated. IDNNs and DNNs with general structural perturba-
tion in [4] are speical cases of DNNs with linear fractiona
parametric perturbations. Hence we will consider the sta-
bility analysis of DNNs with linear fractional parametric
perturbations in this paper.

Depending on whether the stability criterion itself contains
the size of delay, criteria for DNN can be classified into two
categories, namely delay-independent criteria[2, 5, 9, 12] and
delay-dependent criteria [2, 4, 5, 8-10, 15, 18]. Usually the
latter is less conservative when the delay is small. In the
Lyapunov-based delay-dependent results, the slow-varying
constraint 7(t) <1is usualy imposed on the time-varying
delay [8, 9, 11, 15]. The constraint will be relaxed and de-
lay-dependent result will be proposed in this paper. In[2, 12],
algebraic stability, criteria were proposed based on Halanay
inequality, Young's inequality, and Lyapunov functional. Itis
usualy difficult to find feasible solutions for these algebraic
criteria. LMI approach is an efficient tool for dealng with
these control problems. The LMI problem can be solved quite
efficiently by using the toolbox of Matlab [1]. In[4, 5, 7-11,
13-15, 18], stability criteriafor DNNs have been proposed via
LMI approach. Additional nonnegative inequality approachis
used to improve the conservativeness of the obtained results
[17]. In this paper, LMI-based delay-dependent and delay-
independent criteria are proposed by using new Lyapunov
functional. In general, our approach is useful and is easy to
generalize to other forms of UDNNSs.

The notation used throughout this paper is as follows. For
amatrix A, we denote the transpose by A", spectral norm by
[Al, minimal (maximal) eigenvalue by Amin(A) (Amnad(A)),
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symmetric positive (negative) definiteby A>0(A<0). A<B
means that matrix B — A is symmetric positive semi-definite.
For a vector x, we denote the Euclidean norm by ||x|. For

the state x; of system, we definex(8):=x(t + 8), V&< [—1y, O]

and denoteitsnorm by ||x ] = sup \/||x(t + s)||2 +||x(t+ s)||2 .
—7yy <s<0

| denotes the identity matrix. n={1,2,..,n} . diag[a]
denotes diagonal matrix with the diagonal elements a;.
diag[a]’, denotes block diagonal matrix with diagonal
row vector a.

VIA Al'={A=(g) R
with A=(g;) and 5=(§J)

1. PROBLEM FORMULATION

Consider the following uncertain DNN with interval
time-varying delay:

X(t) = -{C+AC]x(t) +[ A+ AAly(t) +[B+ AB]y(t — z(t)) + J,

t>0, (1a)
y(t) = f(x(t)), t=0, (1b)
x(t)=¢t), te[-7,,0], (1c)

where x(t) =[x (t) X, (t) X,(O)]", n > 2 is the number
of neurons in the network, 0<z(t)<7,, 7(t)<7,, Y1) is
theoutput, J =[J, J, J.1" isthe external bias vector,

C is a positive diagonal matrix, A is the feedback matrix, B
is the delay feedback matrix, and ¢ is the initial continuous
function. The linear fractional perturbation matrices AC,
AA, and AB are assumed to satisfy the following conditions:

AC =MAg(t)Ng, AA=M A, ()N, AB=M A (t)N;,

(1d)
where
Ac(t)=[1 -F (O] "R (1), ©.0¢ <1, (1¢)
A =[1 = RO Fa(t), 0,0} <1, (1f)
Ag(®) =[I - Fa(Op] "Fa(1), 005 <1, (19)

where Mc, Ma, Mg, Nc, Na, Ni, O, ©,, and Og are some given
constant matrices with appropriate dimensions. F¢(t), Fa(t),
Fg(t) are some unknown matrices representing the parameter

perturbations which satisfy

Fd(F.(t) <1, FL(t)F\(t) <1, Fg (t)Fs(t)<1. (1h)
The activation functions of DNN (1) given by
fFx®) =[104)  F06(0) CH(9)I
are bounded and satisfy the following conditions
0< ) =) o = 2 cqtien, %)

4:1_52
wherelL; >0, i e n, are some positive constants.
Assume X=[% X, -+ X]" e R" isan equilibrium point

of system (1), then we can obtain the following system:

Z(t) =—-[C+ AC]z(t) +[ A+ AAlg(z(t)) +[ B+ AB]g(z(t — (1)),

®
where
2()=[z() z®) - 7O =xO)-%,
9(z(t) =[9,(z (1) 9.(z(1)) 9n ()",
g (z (1) =fi(x®)-fi(X)=fi(z®+%) - fi(X),
9,(0)=0. (4a)

Let W, =diag[w;] and Y, =diag[y;], | = 1, 2, be two
diagonal matrices with w;;, y; >0. From (2) and (43), we
have

os%sms 6, (z()z 0 <L, - Z(0), (4b)
0<g/(zM) <L -9 (zM)zM <L -Z(), (40)
0" (2()Wa(2(0) < g (Z()Wz(0),

0" (2()TW,2(t) < 7 (YT W,T2(0), (4d)

9" (2t -V, 9(z(t - 7(1))) < g (Z(t —TONTY,2(t - 7(1)),

g' (z(t—T(W)NTY,z(t —7(t)) < Z (t—7(t))TY,Tz(t — 7 (t)),
(4e)

where T'=diag[L,] .
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Remark 1. The activation function fi(x) = 0.5(|% + 1| —
|x —1|) isagenera form satisfying (2) withT"=1.

Definition 1[2]. Theequilibrium point % of system (1) issaid
to be the globally exponentialy stable (GES) with conver-
gence rate ¢, if there are two positive constants o and ¥
such that

[x(t)-%|<W¥-e* for al t=0.
Lemma 1 [10, 18]. Suppose A(t) =[l — F(t)®] *F(t) with
unknown matrix F(t) satisfying F' (t)F(t) <1, © is a given
constant matrix and satisfies @' < |, then for real matrices

H, E and X with X = X", the following statements are equiva-
lent:

() Theinequality is satisfied
X+HAME+ETAT(H)HT <0,

(I There existsascaar £> 0, such that

X H eFE
* —g1 £-0"|<0. (5)
* * —&-|

I11. GLOBAL EXPONENTIAL STABILITY
ANALYSIS

In this section, we present a delay-dependent criterion for
the global exponential stability of system (1) with (2).

Theorem 1. The equilibrium point X of system (1) with (2)
and 7, <1 (resp., 7, >1 or unknown) is unique and globally
exponentially stable (GES) with convergence rate a > 0O, if
there exist some n x n positive definite symmetric matrices
P, Qu Q (resp., Q1 =0, Q; = 0), Ry, Ry, S», a5n x 5n
positive definite symmetric matrix Sy, some n x n positive
diagonal matrices V, Wy, W5, Yy, Y, some matrices U € R™",
S, e R*™", and a positive constant ¢, such that the following
LMI conditions are satisfied:

rn 812] |:21+i 22}
S= >0,R>S, 2= <0, (6)
* ’ * 23

where * isthe symmetrical form of matrix,

T =g {ry S+ S, 1 -l

0 0 0's},

0 0 0

+[I —I

Ty X, L Xy X
* 2, 0 0 X,
= oLy Xy Zy

Lo Xy Xy Zy O 0

0 0 0 0 0 0
X,=12% Xy Zyx O 0 0|

0 0 0 0 %, O

L 0 0 0 0 0 X,

s = * * Xy O 0 Zen
3 ’
* * * 299 O 0
* * * * 21010 0
* * * * * 21111

3, =-PC-C"P+20-P+Q +20- TV +2IW,I —&>*™ . R,,
r,=€%".R, 2. =-CU", X, =PA+T(W, -W,),

Y5 =PB,Z,=PM_, X, =PM,, X, =PM,,

To=—& N., 2, =—€2™ [(1-7,)-Q +R]+2I'Y,T,
T =T(Y,-Y,), 2, =U"-U +7, - (R+7,R),

T, =UA+V,Z, =UB, X, =UM_, X, =UM,,

T =UMg, 2, =-2W+Q,, Z,0=€"N,,

T =—2Y,—(1-75) €™ .Q,,Zy, =& -NL,Z,=£-Of,
T ,=€0,,% =¢£-0f,

Yge =Ly = Lgg = Xgg = Xy = 2 =€ |.

Proof. The Lyapunov functional candidate of the system (1)
and (2) isgiven by

Vo(z) =€ 2" (1)Pz(t) +Vi(2) +V,(3,), (78)

t

Vi(z)=[ €2 (9Q9)+ 9" (s)Qa(%(s)]ds

t—7(t)

[ @ (5= (=) 7 (R +7, -R)AIs
()
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V,(z) = 26 Z X “V g (9)ds, (70)

where V =diag[v, ---v,] and the integral term Joz“)vi g,(9)ds

isnonnegativein view of (4b). Thetime derivativesof V,(z)
in (7) along the trajectories of system (3) with (4) satisfy

V,y(z) =€ 7' (t)- 20Pz(t) + €™ - 2 (t) Pz(t)
+€- 2T ()P +Vy(z) +V,(z)
=& .[Z (t)(-PC-C"P+2a-P)z(t)
+2Z' (t)PAg(2(t)) + 22" () PBy(z(t ~7(1)))]
+Vi(2)+V,(2), (8a)
where C=C+AC, A=A+AA, B=B+AB. With 7, <1,

Q>0 Q,>0, or 7, >1, Q =0, Q,=0, the time derivative
of V,(z) isbounded by

Vi(z) = €2 (1)Qz(t) + 9 (2())Q,9(2(1)
~(1-#()- e 2 (t - 7(1))Q(t - 7(1))
- (1-#())- €0 g' (2(t-7(1))Q,9(2(t - (1))
+7y -2 (R +7y - R) (D)

_ J't; &N 7 (S)(R +7, - R,)2(s)ds
-7 J':_T &Y . 7(9)T R, 2(s)ds]

<e?[Z' ()Qz(t)+9' (2(t)Q,9(z(t))
—(1-7p)- €2 -2 (t-7())Qz(t - 7 ()
—(1-75)-€*™ - g' (z{t - 7(1))Q9(z(t — 7(1))
+7y -2 (R +7y - R)(1)

20Ty t D T D
-6 me 2(s)" RZ(s)ds

~g e [ A9 R(s)ds].

t-7(t)

(8b)

From condition in (4c), the time derivative of V,(z) is
bounded by

Vo(2) = 4¢3 [“vg (9ds+ 26 Y vg (2 (1))

0

<da-@ Y [FyLsds+ 263 vg 2 ()20
i=1 i=1

=& [20- 7' (t)T'Vz(t) + 29" (z(t))VZ(t)]. (8c)

Define
Z'()=[Z'(t) Z'(t-7(t) Z'(t) g'(z(t) 9" (zt—z(®))].

By Leibniz-Newton formula and LMI (6), the following
additional nonnegative inequality can be introduced:

I Z0] 8 S [20],
col Zs) | | 2 S, A9

= e L7(t)- 27 (t)S,Z(t) + 2Z7 (1) S, [ 2(t) - 2(t — 7(t))]

0 < e—ZaTM

* J.tif(t) 2'(s) S,(s)ds

<@ {7, - Z"(1)S,Z(t) +2Z" (1)S,[2(t) - 2t - 7(1))]

+ ]y 7 (98,2808 (8d)
From (3), we have
—Z(OUT +U) ()
+ 7' (YU[-Ca(t) + Ag(z(t) + By(z(t - 2(1)))]
+[Cz(t)+ Ag(z(t) + By(z(t -z ) U 2(t)=0.  (8¢)

By theinequality in [4], we have

t
—20T,
-7, - € M I
M t-7(t

) 2(s)" R,z(s)ds

t
< _ . —20(Tyy . J‘
<-7(t)-€ )

2(s)" R,z(s)ds

t—7(t)

< —g 2% [Jt Z(S)ds}T Rz‘: J‘;m) z(s)ds}

=—e""™ - (2(t) - 2(t - 7(1)))" Ry(2(t) - 2(t - 7(1))). (8
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From (4d) and (4€), we have Act) O 0 Hc
+[Ec Ex Eg]| 0 A O | H,
9" (Z())rW,z(t) - g" (z()W,9(z(t)) 2 0, 0 0 Ay Hg
ZT (OTW,Iz(t) — g (z(t))TW,z(t) >0, (9a) HTTA() O 0T

+|H, 0 A 0 |[E E\ E, (12

9 (Z(t-7(ONTY2(t-7(1)) -9 (z(t—7(1))Y,9(z(t-7(1))) 20, 0 0 AW

B

' (t—7())TY,Iz(t —7(t)) — g" (z(t — 7(t)))TY,z(t — 7(t)) > O,
(9b) where

From the inequality R > S,, in (6) and conditions (8)-(9), EC:[MTP 0 MIUT 0 O]T,HC :[_Nc 000 0],
we have

. E=MTP0|\/ITUTOOT,H=000N 0},
Vo(2) +2€°" -[9" (2(t) TWz(t) - 9" (z(t))W,g(z(1)) . [ 8 . J w=l ~ 0
E,=[MIP 0 MIUT 0 0] ,H,=[0 0 0 0 N
+ 7 (OTW,TZ(t) — g7 (2(0) TW,2(1)] 5 =[ M3 : ] He =[ -
+2e* - [g" (z(t —T()))TY,z(t — 7(t)) From conditions (1€)-(1g), we have
- g' (2t —z())Y,9(z(t - 7(1))] Act) 0 0
0 A O
+2e" [ Z (t—7(t)TY,Iz(t — z(t)) 0 0 A)
-g' (z(t - 7(ONTY,2(t - 7(t))] [1-F()©. ] F(t) 0 0
t = 0 [ =00, Fu) 0
<e.7T.3 -Z+j 7' (s)(S,, - R)(s)ds a
- 1 t—z(t) 2 0 0 [I _FB(t)QB] R ()
< gt 7T '21 Z, (10) F.(t) 0 0 ®. 0 0 -1
=<l-| 0 FL(t 0 0 © 0
where A(t) A
o 0 Fm|O0 0 e
(S, 0 -C'U PA+I'W PB+TY] @) 0 0
C
Zp O 0 O | 1o R® o |
21 =| * * 233 UA+V UB + Z, (11) 0 0 F (t)
* * * 244 0 B
L * * * * Z55 | where
$,=—PC-C'P+20-P+Q+2a TV +2IW,[ —e % .R,, Ft o0 o T[FR® 0 0
) 0 F@® O 0 F(@M 0 |<I.
Y, Xy, Xy, Xe, and X have been defined in (6). From 0 0 R 0 0 F()
(5), the matrix in (11) can be rearranged as
) ) By using Lemma 1, LMI condition £ < 0 in (6) will imply
Z, 0 X5 %y X ¥, <0 in (10). By the S-procedure of [6] with conditions
B 2, 0 0 0} (8)-(10) and X, < 0, there exists apositive constant p > 0 such
=" *oEy Iy g |+X that

* * * 2
“ 9 7 20t 2
S S Y Vo(z) <—p-€||zt)[




C.-H. Lien and K.-W. Yu: Exponential Stability for Uncertain Delayed NNs 151

From the condition V(z) <0, we have
Vo(z) <Vo(%)
where
Vo(7,) =2 (0PZ(0)

+ I_Om) e -[Z2' (5)Qz(s)+ 9" (2(3))Q,9(z(s))]ds

+[° e (st1,) 7 (SR +7, -R)2(s)ds

Ty

+ Zan: J';(O)vi g,(s)ds
[ (P) + Ty A (Q) + Ty + A (TQ,T)
+ 72 Ao (R+ Ty R + Ay (TV) 2]
=3 [[;.
with
0, = Aax (P) + Ty + A (Q) + Ty A (TQ,T)
+ 75 A (R Ty - Ry) + A (TV).
On the other hand, we have
Vo(2) 2 € 2" ()Pz(t) 2 Ay, (P)- € || 20

Consequently, we have

2

ol - 5= -2

From Definition 1, thisimpliesthat the equilibrium point X
of system (1) is globally exponentialy stable with con-
vergence rate o Next we will prove the uniqueness of the
equilibrium point X, i.e., the equilibrium point z=[0 --- 0]"
of (3). Assume Z is an equilibrium point of the system (3).
Then we have

—-Cz+ Ag(2)+Bg(2) =0.

Multiplying both sides of preceding equation by 2z"P , we
have

7' (-PC-C"P)z+ 22" PAg(2) + 22" PBg(2) = 0.

From (9) and £ in (6), we have
7' [-PC-C"P+20-P+20t- TV +Q —€2™ .(1-7,)-Q
+2I(W, +Y,)T]Z2+ 22" [PA+ PB]g(2)
+2Z' [TW,~W,) + (Y, - Y,)19(2) + 9" (D[-2W, — 2Y,]g(2)
+9"(D[Q, ™™ -(1-75)-Q,19(2) 20,
[Z' 2" 0 ¢g"(® g'@E[Z Z 0 g'(9) g'(2] 20
Thisimplies
[Z' 2" 09'(9 g'(PIT[Z" 2 0 g'() 9" (D' 20,

where X, is defined in (11). Note that the condition £< 0 in
(6) is equivalent to X, <0 in (11), this will imply the result
z=g(2)=[0 --- O].
[0 --- 0" isuniquei.e, X isthe unique equilibrium point
of uncertain DNN (1). This completesthe proof. i

Hence the equilibrium point Z=

By setting a=0and Ry =R, =U =S=0in Theorem 1, we
may obtain the following delay-independent asymptotic sta-
bility condition (independent of z,) for system (1) with (2).

Coroallary 1. The equilibrium point X of system (1) with (2)
and 7 < 1 (resp., o > 1 or unknown) is unique and globally
asymptotically stable (GAYS), if there exist some n x n positive
definite symmetric matrices P, Q;, Q. (resp., Q1 =0, Q. = 0),
some n x n positive diagona matrices Wi, W, Y1, Y, and a
positive constant &, such that the following LMI conditions are
satisfied:

211 O 213 Z“141 215 Z16 217 z“18
* 5, 0 0 0 0 O
I D 0 0 0 =,

L I S 0 0 O S0
s |t % Ao 0 ) 0 <0
* * * * * 266 0 0 269 0
* * * * * * 277 O O 2710
* * * * * * * igs 0
* * * * * * * * igg 0
* * * * * * * * * 21010

(13)
where
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%, =-PC-CTP+Q +2IW,I", 5., = PA+T(W, —-W,),

™M»

1a=PB, 2 =PM,2,=PM,, 2, =PMg,

™M>

8 =—€ NI, 2, = [(1-7,)- QI+ 2TY,[, 2, = T(Y, - Y,),

™M>

33:_M+Q2‘i39:S.N;'EM:_ZYZ_(]'_TD)'QZ'

2410:‘8'N;’isszg'@;ieg:g'Glliuo:g'@TB:

Lo =Xgg = Xg7 = Lgg = gy = Zygp0 = —€ - |.

Remark 2. In Corollary 1witha=0and Ry =R, =U =S=0,
the obtained result is delay-independent of ;. Hence the
result “zy < " can be guaranteed when the LMI (13) is
feasible.

IV.NUMERICAL EXAMPLES

Example 1. Consider the UDNNSs in (1) with (2) and the
following parameters: (Example 2 of [10])

10 -1 05 -2 05
C: ) A: 3 B: ]
01 05 -15 05 -2
M.=M,=M., = 0 0
e AT TR 01 —01)

1 0 05 0 01 01
Ng = , N,= , Ng = ,
0 05 0 1 0 O

04 0
r{ } 0.=0,=0,=03. (14)

With 75 = 0.2, LMI conditionsin Corollary 1 have a feasi-
ble solution:

0.8112 0.1937 _[0.3581 0.0991
0.1937 09452|" ' |0.0991 0.2138]

), =

-0.6585 3.1723 0 0.8847

2.3825 0 0.1643 0
W = y W2 = ’
0 1.9513 0 0.0368

[ =
06111 O v _ 03178 O
0 0165 2 | 0 00491

The system (1) with (2), (14), and 7 = 0.2, is asymptoti-
caly stable and the equilibrium point X isunique. With 7, =
1, LMI conditions in Corollary 1 are not feasible. Hence
Theorem 1 should be used to show delay-dependent results.

_{2.9551 —0.6585} _[0.8847 0 }

£ =0.2989.

1
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Table 1. Some comparisonsfor system (1) with (2) and (14).

Some upper bounds of the time delay for the stability of system (1)
with (2) and (14)
Results [10] Our results
= 0
(Constant) T < <= (GAS)
=05 Ty = 2.9653 Ty < oo (GAS)
=09 7y = 0.8629 Ty < oo (GAS)
= =0, 5y = 5000000 (GAS)
m=lor Not provided u (GAS)
unknown a=0.1, 5, =215 (GES)

With ¢=0.1, p = 1, 5y = 215, LMI conditionsin Theorem 1
still have a feasible solution. The system (1) with (2), (14),
7 = 1, and 7y = 215, isexponentially stable with convergence
rate o= 0.1. Inorder to show theimprovement, we summarize
some comparisonsin Table 1.

Example 2. Consider the UDNNSs in (1) with (2) and the fol-
lowing parameters: (Example 1 of [14])

[1.2769 0 0 0
co 0 06231 O 0
1o 0 0923 0 |
0 0 0 0448
[-0.0373 0.4852 -0.3351 0.2336
A -1.6033 0.5988 -0.3224 1.2352
0.3394 -0.086 -0.3824 -0.5785|
|-0.1311 0.3253 -0.9534 -0.5015
[ 0.8674 -1.2405 -0.5325 0.022
B 0.0474 -09164 0.036 0.9816
1.8495 26117 -0.3788 0.8428 |’
|-2.0413 05179 11734 -0.2775
(01137 0 0 0 L 0 0 O
re 0 01279 0 0 |_|[0L 0O
0 0 07994 0 0 0L of
o 0 0O 02368 |0 0 O L,

Mc=M,=M,=N.=N,=N,=0, 0, =0, =0, =0.
(15)

Some comparisons of proposed results are shown in Table
2

With f,(x)=L x05(|x +1-|x -1),i=1,23, 4, z(t) =
50,J=0, x(t)=[10 -10 5 -5|",te[-50,0], the system

state trajectories are shown in Fig. 1, where 0 is the unique
equilibrium point.
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Table 2. Some comparisonsfor system (1) with (2) and (15).

Some upper bounds of the time delay for the stability of system (1)
with (2) and (15)
Results [7] [14] Our results
=0 |1<7(t)<35841|1< 7(t) <3.8363| 7y <o (GAS)
=05 |1<7(t) 25802 | 1< 7(t) £2.7299 | 17y < (GAS)
=09 [1<7(t)<22736 | 1< 7(t) <2381l | 7y <o (GAS)
a=0,
=1or 7w = 12016155
u?\k_nown 1< 7(t) £22393 | 1< 7(t) £2.3114 (GAS)
=01, 5y =229
(GAYS)
I I I I I I x1
————————— x2 |7
e X3
,,,,,,,,,,,,, x4 |1

8L ,

0 50 100 150 200 250 300 350 400 450 500
t

Fig. 1. Thesystem statetrajectoriesof DNN (1) with (15).

V. CONCLUSIONS

In this paper, the global stability and uniqueness of equi-
librium point for a class of uncertain delayed neural networks
with time-varying delay and linear fractional perturbations has
been investigated. Based on the LMI approach and some
proposed additional nonnegative inequalities, some delay-
dependent and delay-independent criteria have been proposed
to guarantee the exponential stability and asymptotic stability
of UDNN, respectively. Some numerical examples by using
the proposed results have shown great improvement over
recent published results.
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