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Exponential Synchronization of Master-Slave
Neural Networks with Time-Delays

Hamid Reza Karimi, Sergey Dashkovskiy

Abstract— This paper establishes an

synchronization method for a class of master and slave neural
networks (MSNNs) with mixed time-delays, where the delays
comprise different neutral, discrete and distributed time-delays
and the class covers the Lipschitz-type nonlinearity case. By
introducing a novel discretized Lyapunov-Krasovskii functional
in order to minimize the conservatism in the stability problem of
the system and also using some free weighting matrices, new
delay-dependent sufficient conditions are derived for designing a
delayed state-feedback control as a synchronization law in terms
of linear matrix inequalities (LMIs). The controller guarantees
the exponential /_ synchronization of the two coupled MSNNs

exponential H_

regardless of their initial states. Detailed comparisons with
different number of segments are made and numerical
simulations are carried out to demonstrate the effectiveness of
the established synchronization laws.

I. INTRODUCTION

In the last few years, synchronization in neural networks has
received a great deal of interest among scientists from various
fields [1, 2]. The first idea of synchronizing two identical
chaotic systems with different initial conditions was
introduced by Pecora and Carroll [3], and the method was
realized in electronic circuits. The methods for
synchronization of the chaotic systems have been widely
studied in recent years, and many different methods have been
applied theoretically and experimentally to synchronize
chaotic systems, such as feedback control [4-10], adaptive
control [11-15], backstepping [16] and sliding mode control
[17-21]. Recently, the theory of incremental input-to-state
stability to the problem of synchronization in a complex
dynamical network of identical nodes was studied in [22].

On the other hand, in practice, due to the finite switching
speed of amplifiers or finite speed of information processing,
time delays are often encountered in hardware implementation
[23-27], which may be a source of oscillation, divergence, and
instability in neural networks. Therefore, the stability problems
of neural networks with time delay have gained great research
interest. Recently, both delay-independent and delay-
dependent sufficient conditions have been proposed to verify
the asymptotical or exponential stability of delay neural
networks, see for instance the references [28-38] and
references therein. Among these results, Mou et al. [39], Gau
et al. [40], He et al. [41], and Park [42] very recently derived
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an improved exponential stability condition over the existing
criterion. It can be realized that, up to now, few attempts have
been made towards solving the synchronization problem of
neural networks with different neutral, discrete and distributed
time-delays.

In this paper, we contribute to the further development of an
exponential #_ synchronization method for a class of master

and slave neural networks (MSNNs) with mixed time-delays,
where the mixed delays comprise different neutral, discrete
and distributed time-delays and the class covers the Lipschitz-
type nonlinearity case. The main merit of the proposed
method lies in the fact that it provides a convex problem via
introduction of a complete quadratic Lyapunov-Krasovskii
functional with additional decision variables such that the
control gains can be found from the linear matrix inequality
(LMI) formulations. Therefore, an appropriate discretized
Lyapunov-Krasovskii functional is constructed in order to
establish some less conservative delay-dependent sufficient
conditions for designing a delayed state-feedback control as a
synchronization law in terms of LMIs using some free
weighting matrices. Then, the controller is developed based
on state measurements so as to guarantee that the exponential
H_ synchronization of the two coupled MSNNSs is achieved

regardless of their initial states. All the developed results are
tested on a representative example.

Notations. The superscript 'T" stands for matrix transposition;
R" denotes the n-dimensional Euclidean space; R”" is the set
of all real m by »n matrices. The vector v, denotes the unit
column vector having a ‘1’ element on its ith row and zeros
elsewhere. |.| refers to the Euclidean vector norm or the

induced matrix 2-norm and diag{---} represents a block

diagonal matrix. A (4) and 4 (4) denote, respectively, the
smallest and largest eigenvalue of the square matrix 4. The
operator sym{A4} denotes 4+ A" . The symbol * denotes the
elements below the main diagonal of a symmetric block
matrix.

II. PROBLEM DESCRIPTION

In this paper, the master-slave neural networks (MSNNs) with
mixed time-delays are described as follows:
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x(t) =—Ax@O) + W, f(x(0))+ W, g(x(t =7,)) + W; X(t = 7,)

+W, jh(x(s)) ds+o,

(M)

x(t) = (1), tel-7,0]

z, () =C x(t)+C x(t—7))+ C; jh(x(s)) ds,
t-73
V(O ==AyO)+W, f(yO)+ W, gt =7)+W; (1 =75)
+W, j'h(y(s))ds+Ew(t)+u(t)+o,

1-73 2
te[-7, 0] @

(O =9,

2, ()= C () +Cy y(t=7)+ C5 [h(¥(5)) ds,

-13

with x(t) =[x, (1),%,(),-x,O] €R", ¥O)=[1,0),y,0),-y,OF e R
where x,(¢) and y,(¢) are the master system’s state vector and the

slave system’s state vector associated with the ith neuron;
u(t)e R" is a coupled term which is considered as the control

input; w(t)e R? is the disturbance and z (), z,(H)e R’® are the
controlled outputs of the master and slave systems,
respectively. f (x(1)) = [ £, (x, (1)), f2 (2, (), =, f,(x, (O],

gx(t—1)) =[g, (x5 (t = 7)), &, (x,(t = 7)), -+, g,(x,(t=7))] and
h(x(0) =1 (3, (0), (x5, (0), b, (x, ()] denote  the
functions, A=diag{a,}>0, the vector 0=[o0,,0,,--,0,]" is the

activation

constant external input and the scalars z,>0, for i=1,2,3,
denote the known neutral, discrete and distributed time-delays,
respectively, and 7 :=max{z,,7,,7;} . The initial functions ¢(¢)
and ¢(¢) are continuously differentiable functionals.

Definition 1. ([37]) The MSNNs (1)-(2) are synchronized
globally exponentially if there exist scalars a>0 and M >1

such that [e(r)| < M e'“’[||§||+||§||] , where {(f)e C([-7,0];R") is

an initial condition and e(z) = x(¢)— y(¢) is the synchronization
error such o and M are called the exponential decay rate and
decay coefficient, respectively.

Let e(r)=e"e(r) . The error dynamics between (1)-(2), namely
synchronization error network, can be expressed by

&ty =—~(A— D))+ W, 1, (0)+ Wy € i (it — 7)) 0te™ Wy &t~ 1)
+e Wyt —1y) + W, j )y ((s)) ds— EVi(r) —i(0), 3
=73
an=¢,0),  tel-7,0]
Z,(N=C e@) +C2eml e(t—1)+C; j'e”(”“') Vs (e(s)) ds,
-3
where di(t) =e™u(t), W) =e“w(t), Z(O)=Z,0)—-%,0)

=e"(z,(0-2,(1), ¥, @0) =1, ©), ¥, (&), 9,0,
Vot = 7)) =[W0 (&, (1 = 7)), Wy (&, (1 = 7))+, ¥, (€, (t = 7))
and  y5 (€)W 31 (€ (1)), Y3 (& (1), +.¥5,(e,()]"  with
EO)=e"(fx®O) ~f0:0), ¥y 0))= (g O)-g 1)),
v, @ @)=e" (1 (x,(0)=h(3,(1))) and ¢,(0)=e"(9()) - (1)) -
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In this paper, the following assumptions are needed:
Al) ([37]) The nonlinear functions f;(s),g,(s),h(s), for any

i=l1,
ﬁSMSﬁ, g’-swsg+’hfgwgh;’

i o
85175, 5175,

---,n , satisfy, respectively,

5,78,
for Vs,,s,e Rwhere /7, ;" , g7, g, h ,h are constants.
A2) Let the difference operator D:(([-max{z,7,,7,}0,R") >R
given by Dx, =x(t) —-W, x(t—7,) be delay-independently
stable with respect to all delays [10]. A sufficient condition
for A2) is that all the eigenvalues of the the matrix W, are
inside the unit circle, i.e. 4, (W;)<1.
Remark 1. One can easily check that, for any i=1,---,n, the
functions ¥,,(¢,(1)),¥,,(¢,(¢)) and (e, (¢)) satisty, respectively:

pBCO) o @O @)

' ¢ (1) T e o e(r) '
The problem to be addressed in this paper is as follows: given
the delayed MSNNs (1)-(2) with a prescribed level of
disturbance attenuation y > 0, find a driving signal u(¢) ,

i(t)= K, 6(0)+ K, é(t—7) + K, [&(s) ds 4)
=73
where {K,};, are the control gains to be determined such that
1) the network (3) is globally exponentially stable;
2)under zero initial conditions and for all non-zero
w(t)e L,[0,], the H_ performance measure, i.e.,

J, = T[éf Oz, -7y W ()W) dt, satisfies J_ <0 ;
0

in this case, the MSNNs (1)-(2) are said to be asymptotically
stable with an H_ performance measure.

III. MAIN RESULTS

In this section, sufficient conditions for the solvability of the
problem of the delayed state-feedback control design are
proposed using the Lyapunov method and an LMI approach.

Theorem 1. Let 4, =7,/N be given for any positive integer N .
For the MSNNSs (1)-(2), a state feedback controller given in the
form (4) exists such that the synchronization error network (3)
is globally exponentially stable with an exponential
synchronization degree >0 and a disturbance attenuation
level y>0, if there exist some scalarsd, d;,o,,p,,4,

(1=12,---,N), matrices B.L,L,L, O;, S.H, R1_/ =RZJ‘, 77/ :7:71-
(i,j=0L---,N) and positive-definite matrices P,Z,,Z,,U,,U,
satisfying the following LMIs

{P‘ ~Q~}>O,{U1 _U‘]>O,{U2 _U2}>0, (5a-c)
# R+S ¥ 8, *  H,
g, D o’ D 0°
# =8, =Ry 0 0 0
M=| = * —-H,-T, 0 0 |<0° (5d)
* * * -3U, 0
* * * * _3U2
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where
. [—LZ —Q‘N+e“T‘C,7C2} {—a Pl W™ } { Pl W™ } {7@ } s
! -5L, a8 Plwe™ | |8 PIwe™ | |-6L,] "
* -8y +e*cic, 0 0 0 0
E.=| » * —Hy 0 0 0
* * * -U, 0 0
* * ® ES 7U2 0
* i ® * * Zss
{ ~Pl(4-aD-L, PI—PZ} 4
Z,, = sym( . 7 |+ diagisym(Qy) + S, +Hy
~6P/ (A-—al)-5L, -OP]

+TU, - F'ANF~ —=G'A,G  —H'AH U}
1 ,
PIw, +5(F*+F A, F(Q +G')A2:| F(H+ +H-)A3}

SPW, 0 0
0 0 0

Plw,+clc, Pl W,y e® -PE
SPW, SPW,e®™ | |-SPE
0 0 0

S5 = diag{-A,,Z, =Ny, T3 Z, — Ay, = %8 Z, + C1 Cy ~Z,,~7°1}

L5 =

Ro,o - Rl,l Ro,l - Rl,z RO,N—] - RI,N
R ,—R R ,—R Ry —R
R, =h, 1,0 : 2,1 L1 : 2,2 LN-1 ] 2,N
RN—I,O - RN,I RN—I,I - RN,z RN—I,N—I - RN,N
To,o _Tl,l To,l _Tl,z TO,N—I _TI,N
TI,O _T2,1 T1,1 _Tz,z Tl,N—l _TZ,N
Tds = hZ : : . s
TN—I,O - TN,I TN—l,l - TN,2 TN—l,N—l - TN,N
200 +Ryy 207 +Ry, - 20y +R5y
o 05 Oy
D =h —Ry, “Ry, v —Ryy |,
0 0 0
| 0 0 0 ]
Ty Tos Ton
Ryo Royr - Row 0 0 0
Ez RI,O Rl,l ' RI,N s (3 ? ?
P PO =R Ty, e Tya |
0 0 0
RN,O RN,l : RN,N .
0 0 0 |
R([)‘,l R(‘Jl,z R(‘JI,N Toa,] Toﬁz T(fN
o o Oy 0 0 0
D= _Rzav,o _RJHVJ : _RX/,N—I y (: 8 aO
1 0 0 0 O'=h Tyo Tyy Tyna
. . . . 0 0 0
0 0 0 )
- - L 0 0 0 ]

with S, = diag{S, - S,.8, = S,,--,Sy_, =Sy} » H; = diag{H, - H,,
Hy—Hy, . Hy —Hy},0=[0,.0,..0y1,8 =1/Iy diag{S,.S,.
Syt 0 =(Q,+0,1)/2, 0 =0,-0,)/2, B, =R, ,+R, . )2,
R;,q :(Rp,q _thlﬁl)/ 2, Ty =Ty +Tp,qfl)/ 2, Tyy=T,, T, l’ﬂ*l)/ 2,
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Fr=diagfi". 1y, N}, G =diaglg{ .5, .gn} » H =diagihi ,hy ,
cnhyy L FTo=diagify fy o Sy}, G =diagley gy gyt H =
diaglhy ,ly -+ hy b, Ay =diagloy, 0,0y}, Ay =diag{p, py,- Py}
and A, =diag{l,4,,--, Ay} . Then, the controller gains in (4)
are given by K, =(P/ )L, .

Proof: Choose a Lyapunov-Krasovskii functional candidate as

6

Viy=2v@, (6)
i=1

where
0
Vi) =en)" Ré@)+20)" [ Q&) ér+&) dé,
V()= jv?z (€)' Zy 1, (és)) ds+ jg(s)r Uy é(s) ds s
Vi(t) = ?é(z +OT S e+ &) dE+ ? Té(r +5)" R(s,&) é(t+ &) ds d& s
V,(t) = Té(z +ETHE) et + &) dE+ f Té(z +5) T(s,&) é(t + &) ds dE,

] n-n

tot t 2
Va)= | [[§5@O) dO1Z,[[5(E(0)) d6] ds+ ] [(O—t+5)ps @O Z, §15(@6)) d6ds,
13 s s 0t=s

Vo(t) = j o)’ da]Uz[jé(e) d6) dertf j(0—1+s)é(9)TU2 &) do ds.

(Ta-D)

Derivatives of V,(¢), i=1,---,6 , are given, respectively, by

=13 s

. . 0 0 .
Vi) =2e(0) R e+ [ O&)ét+&) dE1+2e()" [ Q) e(t+&) dE

-7 -7
Vo () =, @) Z, 9, () +e()T U, é(1)
- ’/;2 (e(t— T ))T Z, '/72 (et - 7)) —e(t— Tz)T U, et -7;)

Vi(t)=2 ?é(z +ETSE)e(t+E) dE+2 (j) Té(l+s)T R(s,8) &(t+&) ds dE

AOEY) ?é(me;)f H(E)é(t+&) d§+2? _?é(t+s)T T(s,E) 6(t +&) ds dE

Vi(t) S 7305 (8(0) Z, iy (2(0)—e B [e™ Dy, (66) dB1Z,[ [y (6(0)) dB)

1-73 -73

V() <7280 Uy )T [660) dO1UsT [6(6) d6)

(8a-f)
According to Remark 1, we have
- (V}li (éi (t)) - fi+éi (t))T (V;li (éi (f)) - fi_éi (t)) 20, (93)

_('/,)Zi(éi(t_rl))_g;—éi(t_Tl))T(‘/AIZi(éi(t_Tl))_gi_éi(t_rl))Zo , (9b)

Wy (@ (0) = B e, (0) Wi (@)= he,(0) 20, (90)

which are, respectively, equivalent to
ZAQRWAGELS (10a)
lﬁz(t—TI)TAg[Wz(t—T])ZO, (10b)
ACENAGELR (10c)

where 7,(1):=[&(1)" ,(&(t))' T and
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ivi

Moreover, from (3) and (4), the following equation holds for
any matrices P,, P, with appropriate dimensions:

_ W' +h;
N
* -y’

2@6)" P +e(t)" PIY(~é(0) ~(A+ K, —aD)é(0)~ K, &t~ 1))
+ W (E(0) + We™ iy (0 — 7)) — o Wae™ &1 1)

an

+ Wye™ &t —1,) — K, jé(s) ds+W, je“’*‘)y}} (é(s)) ds— Ew(t)) =0

-73 -73

According to [43], the delay intervals [-7,,0]and [-7,,0] are,

respectively, divided into N segments [6,.6,,] and [ép,épfl] s
p=1,--,N ofequal length, i.e. b, =7,/N , where 6, =—ph and
ép =—ph, . In the sequel, the continuous functions (X.),S(.),H(.),
R(,) and T(,) are chosen to be piecewise linear,
06, +xh) =(1-K)0, +K0, , ,S(8, + Kh)=(1-K)S, +xS

H@,+xh)=(1-xH, +xH,,,

i.e.,

p-12

(1_ K')qu +ﬁRp4,q4 +(K_ﬁ)Rprq’
(1=-BR,, +xR,,  +(B-©R,

K> f

R(9p+Kh1>gq+ﬁhl):{ IC<,B

(=0T, + BT, + (k=BT
(=BT, +xT,,, +(B~ K)wap

/)

T(8,+xh,0,+Bh)= { c<p

with S(é)—h”(S
—RE.0) 8

f
=T,

-5,), 0O=h'"Q,,-0,)>
R(;'e) 'R, ~R,,) and

H(f) =K' (H,,-. -H),
a_fT &, 9)+ T(cf 0)

1t ~Tpg) - Thus, one obtains

. 0
260" [ Q&) e +&) dé
a (12a)
=26(1)" %hli (05 +(1-2K)0)] &t +6,, +xhy) di

p=l 0

0
26t-7)" [ R(-1,8) é(t+&) dé
- (12b)
N 1
=28(t-1)" X[ Ry, +(1-20)Ry, , | 1e(t+6, +Kkh)dK
r=l 0

0
26t -7,)" [ T(=2,,8) et +§) dé =
e v (12¢)
20t —7)" Yy [ [Ty, +(A1=26)Ty , Jé(t+ ép +xhy)dx
r=l 0

je(t+§) S&)e+¢&) ds_zj et+0,+xh) (S, —S,)et+0,+Kh)dx

-7 pr=l0o

(12d)
Ic(l+§) H(E)e(t+&) ds= zj {t+0,+xh) (H, ~H,)t+0,+xh)dx

r=lo

(12¢)
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[ je(r+s) (—R(s §)+ R(s,8)) é(t + &) ds d&
n-n 9 (12f)
=h z zj &t+6,+Bh) (R, —R,,)é(t+6,+Kxh)dxdp
q= lp 1o

j j ot +s)" (—T(s §)+ T(s, &) é(t+ &) dsdf =

9% (12)

hy z] z}j &t+0,+Bhy) (T, 1,1 ~T,,)ét+0,+xhy)dxdp

q=1p=l0

0 .
26()" | (-0(&)+R(0.8)) é(t +&) dé
o (12h)

N1
=2mé()" X[ 204 +R;, +(1-2K)R( ) é(t+6, +kh) dx
=10

20" | T0.6)a(0+8) dé =
o (12i)

N 1 ~
2mé0) Y[ (Tg, +(1=26)T¢ ) &t +6, +Khy) dic

r=10
Now, from (3), using the obtained derivative terms in (8) and
(10)-(12), we obtain the following result,

072,07 MO+ O < 2 ()E, + DT, D
+0'0,0" +%(D" 0,0 +0°U, 0" )1.(0)

(13)
—i g(ca) dedJ g.(k0) dx—} ()" dxT,, } d.(ka) dx
0 0 0 0
1 1
-[ op(e)©, pp(re) dx~| gp(K:0)" O, pp(x300) dic
0 0
with 7, (t) = col {&(1), &(t), é(t — 7,), &(t — T, ), (t — T,), ¥, ((1)),

PA@EO)H@D), [PA@&8) d6JA@E—T)A0)}, 2pO) =(D° +(1-20D" )"

-3
X1, 2,0) =0 +(1-200"Y 2.0), ¢, (K:0) =[x, (1), b, (K3)" ]",
8, (k30) =[1,(0)", §,(x;0)" T and

P_|:P1 0:| 0 = (71 -1 Q.= 02 -1
A e e A

s [FK.-0,+clc, 0 B | on 5
11 RTKZ _aP}TW.‘ eazg RTVV; 15
| -S,+Cl'C, 0 0 0|
T e * -H, 0 0
* * * -U 0
s % * ® P
sym(Qy)+Sy +Ho—F*AF~
s r 0 I 0
Fnmam? [—(A—K,—al) _JH ~G'AGT—H'AH +73U,
* U]
1 _
o ([P s, %(G*+G’)Az %(H*+H’)A3
X5 = D’ +P§TW, 0 0
0 0 0
Pw,+clc,| | Pfw,| |-PfE
W, P, -PE
0 0 0

with ¢ (i;@) = col{e(t + 6, + Kh,),é(t + 0, + kb)), -, 8(t + 6, +Kh)},

6.(-,0) = col{ie(t+6,+ Kh), é(t+6, +Khy),-+-,é(t +6y +Khy)}.
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By assuming U, =U;", from (5b)-(5¢c) it can be easily seen
that @, >0, (i=12). Then applying the Jensen’s inequality

[26] to the forth and fifth terms in the right side of (13), one
finds

202, - 7RO WO +V (< 7.0 E, Z.(0) (14)
where 7 (1) =[7,0)".] 6.(x:0)" dx. [ § ()" dxT’ and
0 0
E, +%(D“ Up'+0'U,07) -D o
g = * -S,-R, 0
* * _Hd - T:Is
Fora y>0 and under zero initial conditions, one has
Jo < [0 2.0 - P90 0+ VO] di (15)
0

and J_ <0 means that EK, <0 satisfies the H_ performance
measure, and by applying Schur complement, one gets

=z, D* o* D¢ o

x —S,-R, 0 0 0

* * -H,-T 0 0 |<0- (16)
d ds

* * * -3U, 0

* % * # =30,

Following [27] we choose P, =0P,,d0€ R, where ¢ is a tuning

scalar parameter. Therefore, considering L, =P/ K, results in
the LMI (5d).
On the other hand, the conditionJ_ <0 for w(¢)=0 implies

V(t)<0. Then, we have ¥(¢) < ¥(0) . From (6)-(7), one gets
V(0 € Ao PO + 712 (0,0 [E1 + 710 (G 2,6
|1 N 2 N 2
72 2 OD|C] + 712 ()0 ST + 70 s (R, ) o €
617 + 23 A (7,050 I

1 + +
237 s (7 Z3H ) 4 A WD [C]

+ T3 Aan (H, )}Y:o

=l o e

where A, = A, (P) + 71400 (Q,)3-0 + 71 Ay (G*TZIG*)+

z-]j"max (Sp)]IY:O + lelmax (R )?7/:0 + 1-2/1max (Hp)IIY:O +

P.p
BT, a2 D ol H L) AU a0 8y = 2 (V)

Moreover, V(1)>e*"e(t)’ B e(t) > ¢ 4, (B)||e(t)|| - Therefore,

ol [P B el

which shows that the synchronization error network (3) with
(4) is globally exponentially stable and has the exponential
convergence rate k. This completes the proof. m

IV. NUMERICAL EXAMPLE

Consider the MSNNs (1)-(2) with the following matrices
adopted from [6, 10]:
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1+7 20 -
A:IZ,W,:[ 7 },Wz_{ 132y 01

0.1 1+7 0.1 —1.327
2474 40
02 2+74
7,=1,1,=05,7,=02,0(t)=[03 —0.7) pt)=[0 0]
S (x5 (0) = g, (1)) = h(x, (1) = 0.5 (|x, (1) +1|=|x; (1) 1))

W3=0.l[2,W4={ },C,=C2=C3=1,E=[1 1],

Table 1
Yopima COMparision w.r.t. N and o .
a=0.5 a=1 =15
N=1 0.3065 0.3250 | 0.3345
N = 0.2920 0.3205 | 0.3285
N=3 0.2895 0.3165 | 0.3215

In light of Theorem 1, LMIs (5) using Matlab LMI Control
Toolbox for different values of parameter N, i.e. Ne {1,2,3},

and different values of the exponential synchronization degree
o, ie. ae{0.5115), are solved and the values of the

parameter y,

0

ima ar€ Obtained and shown in Table 1. It is easily

seen that for a fixed value of the exponential synchronization
degree @, ¥,,,. is decreased as the parameter N is increased

and for a fixed value of the parameter N, 7,,,,, is increased
as the parameter ¢ is increased. Moreover, the control gains K,
for ¢ =0.5 are calculated and illustrated in Table 2.

Table 2
Controller gains (with =0.5) w.rt. N.
N=1 N=2 N=3

>

10 [12784 03765}

10 1.7759 0.3182
0.5684 1.2305 '

10° 2.5903 1.0947
0.3237 0.2737 '

1.3883  2.3299

K, [-0-21 17 042374} 0.5864 0.0560 -1.0150 -0.4911
0.1541 -0.2781 0.0676 0.2468 -0.3406 -0.8680

K, -0.0965 -0.1318 0.2450 0.3790 0.0864 0.0560
-0.1093 -0.1201 0.4570 0.8645 0.0676 0.0468

V. CONCLUSION

This paper presented the exponential H_ synchronization

problem for master and slave neural networks (MSNNs) with
mixed time-delays, where the mixed delays comprise
different neutral, discrete and distributed time-delays and the
class covers the Lipschitz-type nonlinearity case. An
appropriate discretized Lyapunov-Krasovskii functional and
some free weighting matrices were utilized to establish some
delay-dependent sufficient conditions for designing a delayed
state-feedback control as a synchronization law by convex
optimization over linear matrix inequalities (LMIs). It was
shown that the synchronization law guaranteed the
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exponential A synchronization of the two coupled MSNNs

regardless of their initial states. Detailed comparisons with
different number of segments were made and numerical
simulations were carried out to demonstrate the effectiveness
of the established synchronization laws.
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